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

The power supplies and the operating position are shown. Note the neat-
ness and accessibility of every feature of the station arrangement. High
voltage d. c. to the main and auxiliary transmitters is obtained from a
motor-generator and a mercury-arc rectifier and filter. Fuses, relays,
batteries. charging equipmient and the like are all in the power-supply
room. The receiver is in front of the operator, key and controls at ‘;ls
right, and the message file box at his left. Ample space is provided for
the manitor, frequency meter, and station log when not in use. Two-wire

voltage (Zeppelin) feed is used to separate antennas for the different trans-
mitters and there is a separate receiving antenna to facilitate “‘break-in"’
work. The Official Broadcasts to A.R.R.L. Members are sent simultane-
ously on 3575 and 7150 kc. The main transmitter unit has interchangeable
coils of heavy tubing with compression-type threaded brass couplings and
may be shifted quickly to any of the different amateur frequency bands.
WIMK is a busy station but always ready for a call from any ‘“*ham.”
Operating schedules are published regularly in QST.
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FOREWORD

N presenting a wholly revised suventh edi-
tion of The Radio Amateur's Handbook the
publishers can only hope that it will be
found as helpful as previous prints of this

book and enjoy as wholehearted a reception at
the hands of the amateur fraternity.

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

This book is made available by the American
Radio Relay League, the radio amateur's own
organization. Written by amateurs, for anyone
and everyone interested in amateur work, it is
hoped that it will continue to be a helpful manual
to those active in amateur work and instrumental
in assisting beginning and prospective amateurs
to get into the game and get the maximum of
enjoyment out of it by directing their efforts
along the lines that bring results most quickly,
surely and inexpensively.

In 1925 Mr. Francis Edward Handy, for
many years the League’s communication man-
ager, commenced work on a small manual of
amateur operating procedure, at the direction of
the A.R.R.L. Executive Committee. It was
deemed desirable to include a certain amount of
‘““technical’” information, since an amateur’s
results are so greatly influenced by the disposi-
tion and adjustment of his apparatus. When Mr.
Handy completed his manuscript he had written
a considerable-sized hook of great value. 1t was
published in 1926 and cnjoyed an instant success.
Produeced in the familiar format of the League’s
magazine, QS7', unusual as that is for a publica-
tion of this nature, it was possible to distribute
for a very modest charge a work which in volume
of subject-matter and profusity of illustration
surpassed most available radio texts selling for
several times its price — and which, because it
was written by an eminently practical amateur,
was of the greatest possible value as a guide to
other amateurs. Three successive editions were
revised by Mr. Handy as reprinting became
necessary.

Throughout the year 1928 the League con-
ducted a technical development program at its
headquarters laboratory for the purpose of
developing new apparatus and methods which
would overcome the handicaps of reduced space
in the radio spectrum which were to become
effective upon the radio amateur at the beginning
of 1929, by virtue of the then newly-signed inter-
national radio treaty. This work was under the
direction of Mr. Ross A. Hull, well-known Aus-
tralian amateur and technical journalist, and was
brilliantly successful. In 1928, then, Mr. Hull
joined Mr. Handy as co-author of the Handbook,
and three additional editions have since appeared
under their joint authorship.

To a total of ten printings the fame of the
Handbook has echoed around the world. Its suc-
cess has been really inspiring. Quantity orders
have come from many a foreign port; schools and
technical classes have adopted it as a text; most
important of all, it has become the right-hand
guide of practical amateurs in every country on
the globe. But amateur radio moves with amazing
rapidity and the best practices of yesterday are
quickly superseded by the developments of
to-day. Ever since the day the sixth edition
rolled from the presses another revision has been
seen to be necessary — the Handbook must keep
up to date. Now in the headquarters establish-
ment of the League there are many skilled ama-
teurs, each a specialist in his ficld. We have been
increasingly aware, the last few editions, that the
Handbook was becoming a family affair, with
more and more of us participating in its com-
position. When it was time to preparc a seventh
edition we found that a natural division of the
Jabor brought many members of our establish-
ment into the picture, and so this edition is
presented as the work of the headquarters staff
of the A R.R.L.

The book has now been completely revised,
with every chapter modernized in the light of
current amateur practice. Naturally it continues
to be based on Mr. Handy’s earlier work. As our
communications manager no one is better fitted
than he to write the chapters on operating a
station and on the work of the A R.R.L. Com-
munications Department. Natural to him, too,
as the member of our staff most interested in the
early instruction of new operators, is the author-
ship of the chapters on getting started, on elec-
trical fundamentals, and on how our radio
signals are sent and received. The opening chap-
ter, a general exposition of amateur radio, is
from the pen of Mr. A. L. Budlong, the assistant
secretary of the League. The seven bulky chapters
in the central part of the book, dealing with the
construction and operation of all types of appa-



ratus, are the joint work of Mr. James J. Lamb,
the technical ecditor of QS7T, and Mr. George
Grammer, the assistant technical cditor of @ST.
In their work on our magazine they are, of course,
constantly abreast of the latest thought in ama-
teur technical circles, and to them fell the arduous
task of completely revamping the apparatus
chapters in terms of present best practice. As
before, the production of the book has been

handled by the personnel which produces QS7.

We shall all feel very happy if the present
edition succeeds in bringing as much assistance
and inspiration to amateurs and would-be
amatcurs as have its predecessors.

K. B. WARNER
EDITOR
Hartrorp, October, 1930

FOREWORD TO EIGHTH EDITION

’I‘he very gratifying reception of the first print
of the seventh edition has brought us to an
unexpectedly ecarly reprinting. Less than six
months old, the ‘““apparatus’ chapters remain
the last word in amateur practice, but we seize
this occasion to insert revised text for Chapters
IIT and IV, on ‘“Fundamentals’” and ‘‘How
Radio Signals Are Sent and Received,” which
had been prepared in advance against the next
revision. Modernized and perhaps made more

eagy to comprchend, we hope they will aid be-
ginner and old-timer alike in understanding “how
radio works.”” They are the work of Mr. Ross A.
Hull, associate editor of QST

With no intent of heralding this print as a
completely revised edition, custom obliges us
to call it the eighth edition.

K B. W.

WesT HarTrorp, April, 1931
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The Amateur’s Code

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

The Amateur ts Loyal. 1le owes his amatcur radio to
the American Radio Relay League, and he ofters it his
unswerving loyalty.

The Amateur i3 Progressive. He keeps his station
abreast of science. It is built well and efliciently. His
operating practice is clean and regular.

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

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

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

PAUL M. SEGAL, WOEEA,
Director, Rocky Mountain Divisian, A.R.R.L.
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CHAPTER 1
Amateur Radio

MATEUR radio to-day is an established
institution. Thousands of people pursue
it as a hobby; a powerful and prosper-
ous organization bonds together these

followers and protects their interests; an inter-
nationally-respected radio magazine is published
solely for their benefit. The Army and Navy seek
the cooperation of the amateur in developing
communication reserves; the public depends on
amateur services in major emergencies; the coun-
tries of the world recognize him as one of the
established branches of the radio art and provide
space on the air for him when writing up inter-
national radio treaties.

Thirty odd years ago amateur radio did not
exist — the name, had it been used, would have
meant nothing. All the development just men-
tioned, then, has taken place within the com-
paratively short time represented since the open-
ing of the present century.

It is the purpose of this chapter to trace,
briefly. this development.

\ HO was the first, amateur?

Long familiarity with the breed has
made possible a most likely assumption. It is
probable that within a few days of the announce-
ment by Marconi of the successful termination of
his first experiments in radio communication, an
ambitious young Italian with an insatiable curi-
osity had wormed himself into the confidence of
the illustrious Senatore and acquired enough of
the rudiments of the new art to attempt a dupli-
cate of the original apparatus. He was the
world’s first amateur. Qur conviction of his ex-
istence is in no wise lessened by the fact that
history neglects to mention him.

History does come to our aid as soon as we
turn to the American amateur. Prior to the ad-
vent of radio telegraphy there existed a class of
yvoung fellows whose hobby centered around
“electrical experiments.”” They built eclectric
motors and wet cells to run them; they assem-
bled Wimshurst static machines; they con-
structed backyard telegraph lines.

When Marconi announced that it was possible
to send messages without wire and proved it by

transmitting the letter “S’" across the Atlantic
Ocean, the older heads murmured in awe and
consulted their Bibles. Our youthful electrical
cxperimenters, on the other hand, perceived im-
mediately that here was something a hundred-fold
more engrossing than “electricity.” With one
voice they asked, “How does he do it?’’ and with
one purpose of mind they proceeded to find out
for themselves.

At least one American youngster had a receiv-
ing set built at the time of Marconi’s first trans-
atlantic experiment, nor was his enthusiasm
dampened by the fact that he did not have suffi-
cient knowledge of the new art to make his ap-
paratus function.

So early in the radio picture, then, we see the
beginning of amaleur radio — the pursuit of
radio, not as a business or means of profit, but
as a hobby to be indulged during one’s spare time
for the love of the work and the pleasure it re-
turns to the individual. Aside from its early be-
ginnings, the sheer spontaneity of the start of
Amateur Radio is significant. No one said, ‘‘Lct
us have Amateur Radio” and then proceeded
coldly to develop it. Instead, it blossomed inde-
pendently in the minds of hundreds of American
youths and men who saw in the new scientific
marvel 2 means for personal enjoyment and a new
agency for personal inter-communication. Once
begun, it grew and grew. Nothing has stopped
it yet.

It is difficult to clamp a definite date on the
beginning of any widespread movement, but we
may regard the year 1901 as the one in which
Amateur Radio received its start in this country.

FOR ten yvears progress was slow, crude and
fraught with difficulties, There were few
books on the subject, none of a popular nature.
There were no radio magazines. Much of an
amateur’s transmitting and receiving equipment
was homemade, of necessity, the glorious era of
ten-cent-store radio being some twenty years in
the future. Only a few concerns in the country
carried radio equipment of any kind.

But progress was made. The coherer and mi-
crophone detector gave way to the crystal, with



its enormously increased sensitivity. The gingle-
slide tuner displaced the straight aerial-to-
ground hookup, and was itself displaced by the
more flexible three-slide tuner. This, in tum,
was superseded by the loose-coupler with vari-
able-condenser tuning. There were rumors filter-
ing through of a new type of detector, the audion
bulb, invented by DeForest, which was cven
superior to the crystal and which needed no ad-
justment.

The transmitters were all spark. The begin-
ners used spark coils, straight spark gaps and —
sometimes — a simple kind of antenna tuning.
Their more wealthy brothers used high-voltage
transformers. Power was limited by one’s pocket-
book, and some pocket-books did not stop short
of the five-kilowatt mark.

Rotary gaps were developed and were pounced
upon.

Wavelengths were to a certain extent accidental
— but the aim was high. Unfortunates with lim-
ited antenna facilities had to be content with
250 or 300 meters; most of the big fellows were
from 300 up — as likely as not, around 1000.

By 1912 ranges had increased to the point
where the fellow with several kilowatts was
sometimes heard three and four hundred miles,
in favorable sections of the country. The average
radio amateur, however, contented himself with
more moderate distances, and used his set for the
most part in conversing with friends on the other
side of the city.

At this point it is well to remember that there
was as yet no governmental regulation of any
kind when it came to ‘“wireless.” Anyone who
wanted to put a radio transmitter on the air
could do go. He could use any power he chose,
assign himself a call of his own, pick his own wave-
length, or change it at will, and operate either as
an amatcur or a commercial when and as he
pleased.

There were probably in the neighborhood of
six hundred amateurs in active operation by the
end of 1911, with the total Navy and commereial
stations coming to only some 25 per cent of this
figure.

HE law came for the first time in 1912. Gov-

ernment representatives returned from an in-
ternational radio meeting in London armed with
detailed regulations to govern the newly-arrived
industry and sundry announcements were im-
mediately made to all amateurs as follows:
Every amateur operator must heneeforth take out
a license for himself and his station. Amateurs
would have to keep their power down to a maxi-
mum of onc¢ kilowatt. They could not operate
above two hundred meters. Commercial and
Navy stations now had definite rights, and their
traffic was to be accorded priority. Official call
Ietters would be issued to each station and were
to be used by it when transmitting. A few special
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licenses would be issued to operate on 375 and
425 meters.

Initial alarm in the amateur ranks at these
pronouncements was soon allayed when it was
found by experiment that if the matters of ob-
taining licenses and of showing consideration to
the commercial and government stations were
complied with, observance of the other features
was not particularly necessary. *“Two hundred
meters”’ would cover anything from 250 to 375.
“One kilowatt” could be stretched to two with-
out much fear of government admonishment.
Regulation, in a word, was not accompanied by
enforcement beyond the bare essentials, either
in the amateur ranks or in any other branch of
radio, in those first early days.

Under this happy state of affairs the amateur
grew and prospered, and by the first part of 1914
had increased in number to about 2000. Except,
however, for a slight increase in transmitting
range to four or five hundred miles for the big
fellows, and the use of audion bulbs — non-
regenerative — by some of the more advanced
stations for receiving detectors, the art re-
mained in about the same state.

IN the early part of 1914, Hiram Percy Maxim,

an ardent amateur in addition to being a
world authority in the field of sound, desired to
send an amateur radiogram from his home in
Hartford, Connecticut, to another station in
Springficld, Massachusetts. His own transmitter
not having sufficient range to reach Springfield
he conceived the idea of having it rclayed by an
intermediate station at Windsor Locks, Con-
necticut.

1t was done.

Now it is not claimed that this in itself was
unusual. Ships were using the relay principle to
get messages from mid-ocean to shore with the
assistance of other ships. It is reasonable to as-
sume that amateurs themselves had previously
relayed messages beyond the limits of their own
particular sets.

The act itself, therefore, had no particular
significance. The application of the act, however,
had all the significance in the world. Maxim had
for many months thought of starting a national
amateur organization. He had not carried it
further than the idea state because he could
think of no prime moving force, no basic¢ princi-
ple around which to rear the structure. Ameri-
cans have always been great ‘‘joiners,” but if an
amateur organization were ever to progress
beyond the paper stage it must offer something
more than one’s name on the rolls. In short,
unless he could find something definite for such
an organization to do, he could not justify its
existence.

The morning after the Hartford-Springfield
relay while his thoughts were harking back to
the previous evening’s success, the old ideas about



AMATEUR RADIO 3

the national organization wandered through his
mind — something clicked — and the problem
was solved!

For here, without a doubt, was the idea
around which the organization could be sue-
cessfully and strongly built, The missing block
in the puzzle had been found and fitted. The
organization would be a relay organization. It
would have as its object the developing of relay
routes over all the country among all the ama-
teurs, so that by this means an amateur in one
part of the country could send a message hun-
dreds of miles to an amateur in another part;
perhaps even send a message from one coast to
another!

WITHIN a week, a name had suggested it-
self suitable for this new organization,
and a month later it was decided to start the
ball rolling. Witness, then, in May, 1914, H. P.
Maxim and another Hartford amateur, C. .
Tuska, sitting down and writing a letter to each
one of the amateurs listed at that time in the
government call-book, announcing the formation
of the American Radio Relay League, outlining
its purposes, and soliciting membership. There
were no dues; membership was free on applica-
tion.

Response was immediate and enthusiastic.
Applications came back in every mail. In the
early summer of 1914 was issued the first pub-
lication of the American Radio Relay League —-
a little blue-bound call-book listing the names,
addresses, calls, power, range, receiving speed
and operating hours of three hundred League
members. This sold for 50 cents.

By letter and radio the word was spread.
Membership increased rapidly. In January,
1915, the League was incorporated under the
laws of the State of Connecticut as a non-com-
mercial organization with no capital stock. In
Mareh, 1915, a second call-book was issued,
listing some six hundred members. In the mean-
time, through radio contacts and correspond-
ence, attempts were being made to build up the
relay routes for which the organization had been
formed. Some success was being had in this line.
In late summer of 1915, however, a serious diffi-
culty loomed and demanded attention. It was
proving a real task to acquaint the growing mem-
bership with the plans and schedules by means of
letters only. Increasingly it became evident that
4 bulletin of some kind was necessary. The
League, however, had no funds; membership was
still free and the call-books were sold at cost.

What to do?

The answer came in December of 1915 when
each member of the League received in his mail
a sixteen-page magazine called QST. This, it
was announced, was being published privately
at the expense of Maxim and Tuska and was
thenceforth to be the official publication of the

League. League membership continued to be
free. Any League member who wanted to get the
magazine could have it by sending in $1.00 for a
year’s subscription.

Response was again immediate; QST con-
tinued, and, except for & period during the War,
has since been published monthly as the official
organ of the League. Since the War the League
has owned it.

AVING now a journal in which to chronicle
the activities of the membership, Amateur
Radio rolled up its sleeves, hitched its belt and
settled down to business. A member, discovering
some new improvement for his apparatus,
would write an article on the subject, and within
a month everyone was benefiting by it. Manu-
facturers, invited to advertise, found a new and
responsive field for their wares. Some of them
began to manufacture apparatus peculiarly
suited to amateur needs.

Early in 1916 a plan for an organized relay
system was promulgated; by the end of that
year six major trunk lines had been established
and four of them were being actively developed
under trunk line managers.

Earlier in the year — February 22, 1916 —
occurred the first attempt at a nation-wide relay
test when Kirwan, 9XE, of Davenport, Iowa, in-
augurated the first Washington’s Birthday Relay
with a message from Col. W. P. Nicholson, of the
Rock Island Arsenal, addressed to the governors
of every State in the Union. The Pacific Coast
got the message fifty-five minutes after it had
been started at 9XE; the Atlantic Coast, sixty
minutes after; New Orleans had it in twenty
minutes and Canada had it in twenty minutes.
The success of this test, though far from 100 per
cent, created the greatest enthusiasm and led to
a prediction in QST that a transcontinental mes-
sage would eventually be sent with but two inter-
mediate relays.

It was during the summer of this year, too, that
Charles E. Apgar, an amateur at Westfield, N. J.,
copied on phonograph records all the trans-
missions of the supposedly neutrality-observing
German radio station at Sayville, and thereby
provided evidence for the Government to take
it over.

As a fitting close to the year, two manufac-
turers brought out special amateur regenerative
receivers — instruments which so marvelously
Increased the sensitivity and range of receiving
apparatus that a transcontinental relay was
immediately proposed.

Here, indeced, was high adventure!

TIIE year 1917 had no more than dawned
when an amateur message did cross the coun-
try. On January 27th three messages were
started from the station of the Seefred brothers,
6EA, on the Pacific Coast, and passing by quick
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iamps through 9ZF, 9ABD and 2AGJ, ended
up at Maxim’s station, 1ZM. But this accom-
plishment was almost immediately over-shad-
owed by a greater one. On February 6th a message
was started from the East Coast, relayed to the
West Coast, and an answer returned in the record
‘ime of one hour, twenty minutes! Though the
calls of most of the stations participating in this
epochal event are now in other hands, mention of
the routing is nevertheless justified. It was, start-
ing from 2PM on the East Coast, through 8JZ,
9ABD, and 9ZF to 6EA, on the West Coast, and
back via the same stations.

In this same month an important change took
place in the A.R.R.T.. T'or nearly three years
Maxim and Tuska had been acting as self-
appointed president and secretary, respectively.
By 1917 the League had grown to such an extent
that a more bhusiness-like organization was
deemed advisable. On February 28, 1917, then,
a group of amateurs met at the call of Mr.
Maxim in New York. When they dispersed,
after a two-day session, they had written and
adopted 2 constitution that outlined the policies
of the League, specified the machinery for the
election of officers, divided the country into six
divisions, to be supervised by division managers
and assistants, and had elected hy vote twelve
A.R.R.L. directors and four officers. These offi-
cers were: president, Hiram Percy Maxim; vice-
president and general manager, A. A. Hebert;
secretary, C. D). Tuska; and treasurer, C. R.
Runyon, Jr.

With a real organization now behind it, with
transcontinental relays a reality, with manu-
facturers at last catering whole-heartedly to
amateur wants, with the trunk lines beginning
to move traffic regularly, with a report of a west
coast station hearing an east coast station direct
and with a League membership of nearly 1000,
organized amateur radio in early 1917 was poised
for tremendous strides in development.

IT was two years before those strides were
taken, however.

Yor, coincidentally with its declaration of war
on Germany in April, 1917, the United States
Government placed a ban on the operation of all
amateur apparatus. Amateur antennas were
lowered; amateur transmitters were sealed;
amateur receiving apparatus was ordered dis-
mantled.

But wait 2 moment —

A representative of the Navy Department met
with President Maxim and Vice-President
Hebert in New York and requested the aid of
the A.R.R.L. in enlisting its skilled relayers as
radio instructors and operators for the duration
of the war. The need, it was explained, was
desperate.

*“How many do you want?’’ asked Mr. Maxim.

“Five hundred!” replied Lt. MeCandless.

“How soon do you want them?”

“Immediately!”

“Can vou put that in terms of days?”

“Yes — we want them within ten days!”

A last broadcast went out over the League’s
relay routes. Within ten days the Navy had its
five hundred operators!

Thereafter, deprived of its basis of existence
and steadily losing members to the armed forces
of the United States, the League kept on as best it
could for the henefit of those who were too old
or too young to enlist and to bring the able-
bodied members into the service. Everything
possible was done to keep going. TTope was held
out during the summer of 1917 that the war ban
would not prevent experimental work with
dummy antennas. [t was a vain hope. Further
orders were issued, strictly prohibiting the use of
radio apparatus for any purpose whatsoever.
The order was a death-blow. QST stopped pub-
lication with the issue of September, 1917, afier
having been run for several months at a loss,

The League closed its desk, locked the office,
hung a “Not In” sign on the door knob, and
went to war.

Before it was over, three thousand additional
A.R.R.L. members had followed those first five
hundred pioneers.

HE war ended on November 11, 1918.
Eleven days later the old Board of Direc-
tion met in New York, authorized President
Maxim to attend a hearing on a proposed radio
bill in Washington, and adjourned after agree-
ing to meet again [or the purpose of getting the
League started.

In February, 1919, the Board met again and
listened to a report by Vice-President Hebert
on the condition of the lLeague. This report stated
that all membership dues had lapsed, and that
there was but $33 in the treasury. It ended by
recommending that if the League were reorgan-
ized, a paid secretary should he employed, and
that QST should he bought from its owner, Mr.
Tuska, and become the property of the League.

That Board had nerve and determination. On
the first of March it again met, and voted to
reorganize the League. Further, it voted to pur-
chase QST for the A.R.R.L. The fact that there
was only $33 in the treasury and that the pur-
chase price of QST, including several months’
unpaid printing bills, was close to $5000, did not
deter it one whit. It appointed a comumittee to
devise a financing plan, told them to go to it, and
adjourned.

Before the month was up, another meeting
was held, attended this time by several of the old
members of the League temporarily in New
York. The first action taken at this meeting
was to draw up a new constitution. It was done.
New officers were elected then as follows: presi-
dent, H. P. Maxim; vice-president, R. H. G.



AMATEUR RADIO 5

Mathews; treasurer, C. R. Runyon, Jr.; secretary,
C. D. Tuska: traffic manager, J. O. Smith. The
last-named office was a new one created under
the new constitution.

It was immediately determined to advise as
many former League members as could be
reached of the reorganization plans. Orders were
given to the secretary to print up a miniature
two-page QST and send it out. When it was
pointed out that to send out such a bulletin
would cost nearly $100, the eleven men present
stopped the meeting temporarily, dug down in
their pockets, and in a few minutes had placed
$100 on the table. The men who thus made
possible the first step toward reorganization were:
Victor Camp, H. L. Stanley, J. O. Smith, W. F.
BBrowne, A. A. Iebert, K. B. Warner, R. I. G.
Mathews, C. D. Tuska, H. P. Maxim, A. F.
Clough and H. E. Nichols.

When they met two weeks later, applications
were beginning to come in. It was voted to re-
sume publication of QS7T, and K. B. Warner,
formerly of Cairo, Illinois, was elected the paid
secretary of the League.

On May 3, 1919, the Board again met to listen
to a plan proposed by the Finance Committee.
Briefly, it was to borrow %7500 from former
League members, issuing in return certificates
of indebtedness payable in two years with inter-
est at 5 per cent per annum. The proposal was
approved. It was also voted to purchase QS7.
Secretary Warner was instructed to lay plans
immediately for the first issue of the magazine.

In June the first post-war issue of QST was
printed with money loaned for the purpose by
the printer himself, and the A.R.R.L. bond issue
was advertised to the members. [t was stated
that if the League were to continue, $7500 must
be subscribed by the membership. No security
could be offcred — the League had no assets.
The loan would be a loan on faith only.

Amateur spirit is a very wonderful thing. If
you don’t believe it, consider this: as one man
the old League members subscribed to that bond
issue. The League went on.

HE A.R.R.L’s first job was to get the ban

on transmitting lifted. Eight months had
passed since the termination of hostilities but
transmitting was still prohibited. The League
sent protests, appeals and entreaties to Wash-
ington, but month dragged after weary month
with no results. Amateur radio fumed, swore and
turned to building long-wave receivers for diver-
sion. It was a poor sop, at best,

October — and the ban was lifted! An im-
mediate headlong rush to get on the air took
place. Manufacturers were hard put to supply
apparatus fast enough. Fach night saw addi-
tional dozens of stations joyously erashing out
over the air.

Gangway!

ING SPARK! Grown now to full maturity,
it reached its highest peak in the sueceeding

eighteen months. We have already seen that the
way had been cleared for this development just
prior to the war. Thousands of war-trained ama-
teurs had returned home with the re-opening of
their stations as their first thought. They had
lost none of their knowledge. It had, in fact, been
augmented by experience in the signal services of
the Armny and Navy, and to this had been added
valuable training in discipline and organization.
The period of enforced waiting immediately
after the close of the war had simply added to the
pressure, and when the ban was finally lifted,
an unprecedented period of activity resulted.

Those who operated amateur stations during
this period will never forget it. Every evening
heard scores of distinctive notes booming and
echoing from one end of the country to the other.
It was a time of extreme competitive effort,
pitched to the nervous tempo of post-war
tension,

In all fairness, however, it must be chronicled
that the interference was terrible!

BUT it was an era of progress. Records were

made and broken, and broken again. A
message was relayed from Hartford to Los
Angeles and an answer returned in 614 minutes.
6ZK in California was heard in New York City.
9ZXN in Chicago was heard in Panama. 2RK in
New York was reported by a ship operator at
Gibraltar. Relay routes grew over night; traffic
mounted higher and higher. It became necessary
to make the position of Traffic Manager a paid
job, and Fred H. Schnell, of Chicago, came to
Hartford as the League’s traffic official. The
League paid off its bonded indebtedness, and
began to put money in the bank. An official
emblem was adopted — the now-familiar dia-
mond. At the request of Canadian amateurs,
A.R.R.L. operating territory was extended to
include Canada, and four Canadian divisions
were created. The Bureau of Standards at Wash-
ington requested and secured the cooperation of
League members in a nation-wide fading test.
The First National Convention of the League
was held in Chicago (Aug. 30th-Sept. 3d, 1921)
and was attended by four hundred amateurs from
all over the United States.

ONE of the principal characteristics of ama-
teur radio is the rapidity with which current
practice, regardless of how good it may be, is
thrown aside — lock, stock and barrel — for
something that is proved to be better. No more
conclusive demonstration of this can be cited
than the despatch with which tube (C.W.)
transmission replaced spark transmission in the
amateur stations of this country.

Continuous wave transmission for the amateur
was an outgrowth of his war expericnce. While
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serving in the Army and Navy he had secn five-
watt tubes covering very respectable distances.
Interesting stuff, this C.\W. Something to think
about.

An undercurrent of C.W. experimentation be-
gan with the resumption of post-war transmission
in 1919. It was confined to a small group for one
very excellent reason: power tubes were not yet
commercially available. Only a favored few were
in a position to acquire government war-time
tubes. The acquiring, 1t may be said, was done by
devious methods.

Those experimenters made some highly in-
teresting discoveries. C.W. traveled incredibly
long distances with Jow power. It was sharp.
It did not create vicious local interference. It
cut through static.

Such decided advantages could not be over-
looked. When power tubes became available
commercially early in 1921, the A.R.R.L.
started a campaign advocating the adoption of
C.W. for amateur use. Conversion, at hrst,
proved a slow process. The rank and file refused
to be stampeded by the slide-rule minority, and
remained loyal to the spark pending what it
considered definite proof of the superiority of the
tube transmitter.

This proof, as we shall see, was not long
forthcoming.

IN December, 1921, thirty American amateur
stations were heard in Kurope! It electrified
the amatcur world — but it was not an aceident.
All but three of those thirly stations were logged
with American amateur equipment operated by
an American amateur who had been sent to
England at the expense of the League solely for
that purpose. Not that we doubied the ability
of our British cousins to do a good job on the
receiving end, but — well, safety first. They had
had little experience with 200 meters. So Paul
Godley was sent over, and put up an antenna at
the very edge of the sea on a bleak moor in Scot-
land. For ten bitter cold rainy days he made his
home in a drafty tent with the receiving equip-
ment, while every American amateur who could
get a set on the air shot signals at him. When he
dismantled his apparatus at the conclusion of
the tests it had been demonstrated for all time
that amateur signals on 200 meters could span
the Atlantic.

Something else had been accowplished, too.
More than two-thirds of the signals that got
across were from C.W. stations. Here was an
argument that could not be laughed off. The
spark contingent thought it over, sighed re-
signedly, and began poring through catalogues
of C.W. equipment. From that time on, the
future of tube transmission was assured,

C.W. proved a most accommodating play-
mate, and immediately started out to justify the

{zih placed in it by the amateur world. The

excitement of the transatlantics had not yet
died down when a young fellow named Dow
wrote from Hawaii to say that he was having no
difficulty at all in copving dozens of American
signals. Within a few months two-way communi-
cation with Hawali was taking place nightly, and
in the fall of 1922 all previous amateur records
were shattered to bits when Maxim started a
message to Hawaii and had an answer back in
less than four and a half minutes! Only one inter-
mediate relay station was needed to bridge the
gap from Hartford to Hawaii. The year closed
with another transatlantic test. If further proof
of the merits of C.W. were needed, this test sup-
plied it. Three hundred and fifteen American
calls were logged in Europe. What was more, one
French and two British stations were heard on
this side. Two-way communieation with FKurope
loomed as a possibility.

Hardly had the year 1923 opened when, too,
New Zealand amatcurs reported logging stations
from every district in the United States. In mid-
summer of the same year this news was eclipsed
by reports from Australia that they were hearing
many American amateur signals from all but
the eastern districts, and coincident with these
reports word came that several ships in Chinese
and Japanese waters had logged West Coast
amateurs.

It was becoming just & bit bewildering to keep
up with developments.

INERTIA is more than a vame in the physics

text book and a factor in mechanical problems,
It is something to be reckoned with in many lines
of activity - — including amateur radio.

When Marconi began his communication ex-
periments he chose long wavelengths because
spark apparatus was easier o handle at long
wavelengths. Iollowed a natural inference on
the part of the radio world: long waves are best.
The mistake, of course, lay in assuming that
because the apparatus functioned better at a
long wavelength the wavelength itseli was a
superior one for communication. The 1912 Lon-
don Conference fostered this belief by doling
out the longest waves to the long-distance
services. As wavelengths got down around 1000
meters, they were apportioned to services with
more limited range requirements. When it came
to our resulting United States law, the amateur,
being more or less of a nuisance at the time, was
limited to a maximum of 200 meters. It was the
firm conviction of most folks that this would
effectually prevent him from getting out any
farther than his backyard.

To a certain extent, then, the amateur must
be forgiven if for the first twenty years of his
existence he persisted in a belief that the only
way to get DX was to boost the wave as high
as possible. Even after the law made its appear-
ance in 1912 the majority continued on the high
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side of 240 meters. Grumblings and dark glances
greeted moves on the part of the Radio Inspec-
tors to get amateur stations down to at least 220
meters In 1921 and 1922. Nor did the over-
whelming success of the 1922 transatlantics
suggest to the amateur world generally that there
might be a catch in this matter of wavelength.
The transatlantic success was a success in spite
of the wavelength, and that was all there was to it.
To-day we say it was indeed in spite of the wave-
length, but we mean it differently.

As is always the case, however, the experi-
mentally-minded class of amateur was at work,
and was seriously interested in the business of
determining the real value of the traditionally
worthless wavelengths below 200 meters. It

started in to find out. During the first part of

1922, Boyd Phelps, then assistant editor of QS7,
wrote an account of successful communication
between Boston and Hartford on 130 meters.
Results were excellent. Early in 1923, under the
leadership of QST’s then technical editor, R. S.
Kruse, a systematic effort was made to determine
the communications possibilities of wavelengths
in the vicinity of 100 meters. Three separate
transmitters in various parts of the country
transmitted alternately on pre-arranged sched-
ules, starting at 200 meters and going down in
jumps of ten meters until 90 meters was reached.
Listening stations recorded the results at various
distances. In every case better signals were
logged as the wavelength dropped, and articles
on the possibilities of short-wave transmission
began to appear in QST.

N November 27, 1923, was accomplished the

first amateur two-way work across the
Atlantic, when Schnell, 1MO, and Reinartz,
1XAM, worked for several hours with S8AB,
Deloy, in France! It was a great accomplishment,
but the significant fact was this: all three sta-
tions used a wavelength in the vicinity of 110
wmeters.

There was the possibility, of course, that it
was a ‘“‘freak” performance, but any suspicions
in this direction were quickly dispelled when
additional stations dropped down to 100 meters
and found that they, too, could work easily
two-way across the Atlantic. The exodus from
the 200-mceter region started.

In early 1924 the Hoover Radio Conference
assigned amateurs bands at 20, 40 and 80 meters.
It must be admitted that the move from 100 to
80 was made with misgivings by many. There
was magic in 100! It speedily developed that
there was just as much magic in 80 — perhaps
a little more. Many other European countries
were worked, two-way.

Thought turned to 40 meters. A pretty low
wavelength, to be sure — but you never could tell
about those short waves. What had worked once
might work again. Forty was given a whirl,

and responded instantly by enabling two-way
communication with Australia, New Zealand
and South Africa.

Surely this must stop somewhere! It stood to
reason that 20 was too low for any use. But — it
was given a try-out. No good? Almost immedi-
ately it showed undreamt-of possibilities by
enabling an east coast station to work a west
coast station direct at high noon. The dream of
amateur radio — Daylight DX!

This capped the elimax. Downward, ho! A
vear later, as far as the average amateur was
concerned, a plugged cent would have bought the
entire wavelength spectrum above 100 meters.

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

IT is usually diflicult to conceive of iraprove-
raent on the latest developments. The per-
spective, of course, is too close. Wherefore, each
year in amateur radio sees some who are con-
vinced that at last the uitimate has been reached,
and that further improvement or development is
impossible.

It was this class that decided there were no
more worlds to conquer after spark had attained
its peak of development in 1921. Yet, within a
year, the introduction of tube transmission had
opened unlimited fields for endeavor. C.W.
development on 200 meters represented an “ulti-
mate’ until we uncovered the 100-meter region,
and that in turn was regarded as a stopping
point by the pessimists until the majority had
shown what, could be done with 80 meters, and
40, and 20. Twenty metcers, at the present time,
represents the lowest of the amateur wavelength
assignments that is useful for communication
purposes with any degree of dependability, but
this has not kept enterprising amateurs from ex-
ploring the still higher frequencies. At the ama-
teurs’ own request, the international radio
treaty of 1927 assigned them narrow bands in
the vicinity of five and ten meters. Both regions
have since been subjected to experiment and
scrutiny, the ten-meter region in particular
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having been given detailed study and made the
basis of world-wide cooperative tests with very
interesting results.

When it became possible for an amateur to
communicate all over the world on short waves
with nothing more than a 7l4-watt tube, the
ultimate element cried that here at last was a
stopping point.

Well, there is more to amiateur radio than DX.
It is true that we have reached the ultimate when
it comes to distance — earthly distance, that is.
Yet at no time in the history of amateur radio
have we made greater strides, or had broader
horizons ahead of us, than at present. We are
learning to work our world-wide communication
with less power and equipment, both through
transmitter development and perfection of re-
ceiver design. New tubes and equipment emerge
from the laboratory, and we devise ways to
utilize them to maximum benefit In amateur
experimentation. No sooner do we learn how to
permit the satisfactory operation of two stations
where only one could operate hefore, than we
make four work where the two did, and then six
or eight where the four transmitted. The relative
values of given wavelengths were catalogued
only to observe that these values are changing
from year to year due, presumably, to variations
in sunspot activity. Amateurs, as never before,
are turning to the apparatus that has done so
much for them, finding out what makes it *“tick,”
and seeking to make it tick better. Greater stabili-
zation of transmitter frequency is being attained;
more accurate standards of measurement for that
frequency are constanily being developed.

A belief that there are no more fields to conquer
is merely proof of mental staguation on the part
of the believer. Iistory alone furnishes us suffi-
cient assurance of the fact that there will never be
an “ultimate.”

EGISLATION has always been the arch enemy

4 of the amateur. We have already seen that
but for human erring on the part of the early law-
makers in 1912, the first encounter with this
formidable antagonist would very likely have
ended in virtual extinction.

Due to the intervention of the Great War, no
further international threat was to be made until
1927. Meanwhile, however, plenty of trouble of
this kind made itself felt within the borders of our
own country. As the state of the art advanced,
more and more attempts at radio legislation were
fostered in Congress. Most of these in their
original form were detrimental to the welfare of
the amateur. To list the various bills and outline
their histories would tire the reader and accom-
plish no useful end. Let this statement suffice:
since the organization of the A R.R.L. in 1914
there has never been presented in either House of
Congress a single bill pertaining to radio legisla-
tion without the amateur cause being personally

represented by one or more officers of the
League.

A menace of another kind put in its appearance
during 1926 and 1927. There appeared a tendency
on the part of municipalities to create city ordi-
nances restricting local amateur operation. For
six months the League waged a battle in two
States against the constitutionality of such ordi-
nances, and in 1927 obtained a court opinion
denying the right of municipalities to regulate or
restrict amateur operation.

Perhaps the greatest legislative crisis in all
amateur history came in the fall of 1927. At that
time, world delegates assembled in Washington
for another international radio conference — the
first since the London Conference of 1912. Such
international meetings were supposed to be held
every five years, but the Great War had caused
their postponement. The Washington Conference
was a critical one for the amateur. In 1912 he did
not exist in suflicient numbers to be given con-
sideration, from a world standpoint. In 1927 he
did, but unfortunately our Government was prac-
tically the only one in the world that had actively
sponsored amateur radio during the 15 years
which had elapsed since London. Amateur repre-
sentatives at the 1927 gathering, then, faced an
overwhelming majority of hostile delegations —
nations which not only did not wish to recognize
the amateur but who, In many instances, wanted
to see liim forever ruled off the face of the earth.
The short waves he had pioncered were proving
very valuable for other purposes. Only sustained
effort on the part of League representatives,
hacked by the consistent and splendid support of
the United States and a few other friendly dele-
gations, made it possible to emerge from that
conference with the amateur privileges we enjoy
to-day.

It must not be assumed that amateur radio is
now past all legislative perils. It probably never
will be. But the fact above all others that is
stressed with respect to the Washington Confer-
ence is that it resulted in the amateur, for the first
time in history, being officially written into an
international document and recognized as one of
the classes entitled to space in the radio spectrum.
Future international conferences may seek to re-
strict the amateur, but they cannot any longer
deny his existence.

MATEUR radio is one of the finest of hob-
bies, but this fact alone would hardly merit
such wholehearted support as was given it by the
United States delegation at recent international
conferences. There must be other reasons to jus-
tify such backing. There are. One of them is a
thorough appreciation by the Army and Navy of
the value of the amateur as a source of skilled
radio personnel in time of war. The other is best
described by the words “public service.”
We have already seen 3500 amateurs contribut-
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ing their skill and ability to the American cause in
the Great War. After the war it was only natural
that cordial relations should prevail between the
Army and Navy and the amateur. Several things
occurred in the next few years to strengthen these
relations. In 1924, when the U. S. dirigible
Shenandoak made a tour of the country, amateurs
provided continuous contact between the big ship
and the ground. In 1925, when the United States
hattle fleet made a cruise to Australia and the
Navy wished to test out short-wave apparatus
for future communication purposes, it was the
League’s Traflic Manager, Fred Schnell, who was
in complete charge of an experimental high-fre-
quency set on the U. S. 8. Seatlle.

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

One of the most brilliant examples of amateur
cooperation with the military was furnished in
January of 1930 when, at the request of the War
Department, League operators organized a com-
munication net for contact with the ‘“Arctic
Patrol” flight of the Army’s First Pursuit Group
from Michigan to Spokane, Washington, and re-
turn. Amateur stations all over the country co-
operated to maintain communieation with the
accompanying transport plane when it was in the
air, and with the flight personnel at the various
stopping places. The service furnished elicited the
highest praise from War Department and Air
Service officials.

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

Since 1919, amateur radio has been the prin-
cipal, and in many cases the only, means of out-
side communication in more than eighteen storm
and flood emergencies in this country. The most
noteworthy were the Florida hurricane of 1926,
the Mississippi and New England floods of 1927,
aud the California dam break and second Florida
hurricane in 1928, In all of these amateur radio
played a major rdle in the rescue work, and ama-
teurs earned nation wide commendation for their
resourcefulness in effecting communication where
all other means failed.

It is interesting to note that one of the
principal functions of the Army-Amateur net-
work 1s to furnish organized and codrdinated
amateur assistaunce in the event of storm and
other emergencies in this country. In addition,
Red Cross centers in various parts of the United

States are now furnished with lists of amateur
stations in the vieinity as a regular part of their
emergency measures program.

In 1923 the American Railway Association sent
a representative to the A.R.R.L. National Con-
vention at Chicago to talk over plans for amateur
codperation in railroad emergencies. In 1924,
1925 and 1926 the League maintained an emer-
gency network of some eighty stations for the
benetit of a large eastern railroad. Five times this
network rendered service when wires went down.

Amateur codperation with expeditions started
in 1923, when a Ieague member, Don Mix, of
Bristol, Conn., accompanied MacMillan to the
Arctic on the schooner Bowdoin in charge of an
amateur set. Amateurs in Canada and the United
States provided the home contact. The success of
this venture was such that MacMillan has never
since made a trip without carrying short-wave
equipment and an amateur to operate it.

Other explorers noted this success and made
inquiries to the League regarding similar arrange-
ments for their journeys. In 1924 another expedi-
tion secured amateur cooperation; in 1925 three
benefited by amateur assistance, and by 1928 the
figure had risen to nine for that year alone. To-
day practically no exploring trip starts from this
country to remote parts of the world without
making arrangements to keep in contact through
the medium of amateur radio.

When the Byrd Expedition went to the Antare-
tie, three of its four operators were amateurs, and
amateur stations in the United States furnished a
great part of the communication with this coun-
try.

Even in aviation the amateur contributes his
services. Byrd utilized it in both his Arctic and
Antarctic trips; Wilkins took along an amateur
operator to the polar regions when he made his
flights over the great wastes north of the Ameri-
can continent, and on both this and his Antarctic
trip utilized communication with amateurs for
the handling of tratfic. When the ill-fated Dallas
Spirit went out over the Pacific searching for lost
Hawaiian flyers, amateur stations on the West
Coast copied its transmissions right up to the
fatal tailspin which sent the plane plunging into
the sea. Service of a slightly different nature was
furnished for the National Air Races both at Los
Angeles and Cleveland, when amateurs installed
and operated the entire equipment necessary to
maintain instantaneous cominunication hetween
the judges’ stand and the outlying pylons, check-
ing planes in the races, reporting “down’’ plancs,
and furnishing immediate details of all fouls, ete.
So successful was this work, particularly at Cleve-
{and, that it is probable similar codperation will
be sought by National Air Race officials in every
future meet.

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

SO ends this story of amateur radio. It has been

the aim to make it an accurate story, with no
attempts to glorify the amateur beyond his just
due, nor any effort to smooth over rough spots in
amateur progress.

To-day the amateur’s position is fixed forever
in the radio world. He has a name for being a
progressive, resourceful and capable type. He has
a growing list of glorious accomplishments to his
credit. Ie is, 1o-day, law-abiding to the extreme;
the quickest critics of amateur oli-wave operation
are amateurs themselves.

The story as related has necessarily been brief.
Many stirring incidents have gone unmentioned
entirely, ithrough lack ol space; such incidents as
have been included have been accorded only a
sentence or two, where a chapter would be neces-
sary to record all the absorbing details. Yet we
hope that through 1t all the reader has glimpsed
that indefinite and elusive something which al-
ways has been and for all time will be an integral
part of amateur radio, prized as one of its most
cherished possessions — a something which casts
aside all marks of rank, caste or creed and binds
together amateurs the world over — a something
which, for want of a better name, we call Amateur
Spirit.

THE AMERICAN RADIO RELAY LEAGUE

The American Radio Relay League is to-day
not only the spokesman for amateur radio in this
country but is the largest amateur organization in
the world. 1t is strictly of, by and for amateurs, is
non-commercial and has no stockholders. The
members of the League are the owners of the
AR.RL. and QS7.

The League is organized to represent the ama-
teur in legislative matters. It is pledged to pro-
mote interest in two-way amateur communica-
tion and experimentation. 1t is interested in the
relaying of messages by amateur radio. It is con-
cerned with the advancement of the radio art. It
stands for the maintenance of fraternalism and a
high standard of conduct. One of its principal
purposes is to keep amateur activities so well
conducted that the amateur will continue to
justify his existence. As an example of this might
be cited the action of the League in sponsoring the
establishinent of a number of Standard Frequency
Stations throughout the United States; installa-
tions equipped with the most modern available
type of precision measuring equipment, and
transmitting ““marker” signals on year-round
schedules to enable amateurs everywhere to accu-
rately calibrate their apparatus.

The operating territory of the League is
divided into thirteen United States and six Cana-
dian divisions. You can find out what division

you are in by consulting QST or the Handbook.
The affairs of the League are managed by a
Board of Directors. One director is clected every
two years by the membership of each United
States division, and a Canadian General Manager
is elected every two years by the Canadian mem-
bership. These directors then choose the pres-
ident and vice-president, who are also direc-
tors, of course. No one commercially engaged in
selling or manufacturing radio apparatus can be
a member of the Board or an officer of the
League.

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

The League owns and publishes the magazine
QST. QST goes to all members of the League
each month. 1t acts as a monthly bulletin of
the League's organized activities. It serves as a
medium for the exchange of ideas. It fosters ama-
teur spirit. Its technical articles are renowned.
QST has grown to be the “amateur’s bible” as
well as one of the foremost radio magazines in the
world. The profits QST makes are used in sup-
porting League activities. Membership dues to
the League include a subscription to QST for the
same period.

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

HEADQUARTERS

From the humble beginnings recounted in the
story of amateur radio, League headquarters has
grown until now it occupies an entire floor in a
new office building and employs more than two
dozen people. Work at Headquarters is divided
into the following departments: executive and
secretarial; communications; advertising; edi-
torial and technical; accounting; information;
and circulation. It is interesting to note that with
two exceptions every man in the headquarters
establishment is a licensed amateur; and one of
the two exceptions ig a new office boy who is even
now studying to become an amateur!

Members of the League are entitled to write to
Headquarters for information of any kind,
whether it concerns membership, legislation, or
general questions on the construction or opera-
tion of amateur apparatus. If you don’t find the
information you want in QST or the Handbook,
write to AR.R.L. Headquariers, Hartford,
Connecticut, telling us your problem. All replies
are directly by letter; no charge is made for the
service.

If you come to Hartford, drop out to Head-
quarters. Visitors are always welcome.
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For many years it was the dream of the
League's officers that some day Headquarters
would be able to boast a real “he-station’” and a
permanent operator to run it. In 1928 this dream
became an actuality, and the league to-day
owns and operates the station shown in the
frontispiece, operating under the call WIMK.
The sole duties of one of the members of Head-
quarters are to operate this station day and
night.

WIMK has two transmitters. A tuned-plate
tuned-grid transmitter using two UV-204-A’s is
employed for 3575-ke. operation, and when de-
sired can be used on 7150 ke. with equal facility.
During the summer of 1930 a crystal-controlled
transmitter with a Type ’61 output stage was
installed, working cqually well on 7150 ke. or
14,300 ke, This is used on 7150 ke. when both
transmitters are keyved simultancously in sending
Official Broadeasts to League members on the
schedules announced monthly in QST'. It is ex-
pected that this equipment will be modified to
permit transmitting standard frequency or
“marker” signals in connection with A R.R.L.
standards.

Power supply to the two transmitters is ob-
tained from a motor-generator and a mercury
vapor {Type ’72) tube rectifier and filter system.
A mereury arce is available for use in emergency.

The shielded receiver employs screen-grid r.f.
amplification, and 1 addition the operator can
utilize “peak” audio selectivity if desired.

A dynatron-oscillator frequency meter is pro-
vided in addition to erystal and absorption-type
standards to facilitate accurate checking of the
frequeney of received signals. It might be pointed
out, too, that every dot and dash transmitted by
the station is monitored, so that troubles in ad-
justment or apparatus are thus quickly apparent
to the operator.

Two horizontal Hertzian antennas (half-wave
and either one-wave or two-wave) are used.
Zeppelin feed lines from the transmitters excite
these antennas at the proper frequency. A sepa-
rate recelving antenna is provided to facilitate
break-in operation.

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

TRADITIONS

As the League has come down through the
years, certain traditions have become a part of
amateur radio. Developments in radio have al-
tered the apparatus used by amateurs a great deal
in the last decade but through all the changes

some personalitics have stood out above the rest,
typifying the spirit of the amateur,

The Old Man with his humorous stories on
“rotten radio” has become one of amateur
radio’s principal figures. His pictures of radio and
radio amateurs are characteristic and inimitable.
The Old Man sits in his shack and reflects on the
“rottenness’’ of everything. He glares at* Kitty,”
spitting out his grouch to all who care to listen.
There is much speculation in amateur circles
concerning the identity of T.0.M., but in fifteen
vears of writing he has not once given a clue to
his real name or call.

The Wouff-Hong is amateur radio’s most sacred
symbol and stands for the enforcement of law and
order in amateur operation. [t came into being

LTS - —

THE WOUFF-HONG AND THE RETTYSNITCH
(Photograpks are noi to the same scale)

A PR oty MWH'*

originally in a story by T.O.M. For some time it
was not known just what the Wouft-Yong looked
like, but in 1919 The Old Man himself supplied
the answer by sending in to League Headquarters
the one and only original Woufi-Hong, shown
here. It is now framed and hangs on the wall
of the Secretary’s office at A.R.R.L. Head-
quarters.

The Retlysnitch, another weird instrument of
similar origin, is used to enforce the principles of
decency in operating work.

JOINING THE LEAGUE

The best way to get started in the amateur
game Is to join the League and start reading
QST. Inquiries regarding membership should be
addressed to the Secretary, or you can use the
convenient application blank in the rear of this
book. An interest in amatcur radio is the only
qualification necessary in becoming a member of
the A.R.R.L. Ownership of a station and knowl-
edge of the code arc not prerequisites. They can
come later.

Learn to let the League help you. It is organ-
1zed solely for that purpose, and its entire head-
quarters personnel is trained to render the best
assistance it can to you in solving your amateur
problems. If, as a beginner, you should find it
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difficult to understand some of the matter con-
tained in succeeding chapters of this book, do not
hesitate to write the Information Service stating
vour trouble. Perhaps, in such a case, it would be
profitable for you to send for a copy of a booklet
published by the League especially for the be-
ginner and entitled “How to Become a Radio
Amateur.” This is written in simple, straight-
forward language, and describes from start to

finish the building of a single simple amateur
installation. The price is 10 cents, postpaid.

Every amateur should read QST each month.
It is filled with the latest amateur apparatus
developments, ‘‘dope” on current expeditions
which use short-wave radio for contact with this
country, and the latest “ham” news from your
particular section of the country. A sample copy
will be gladly sent you on request.



CHAPTER II
Getting Started

IGH points in the history of amateur
radio have been chronicled briefly for
the benefit of the newcomer. Amateur
radio is a tremendously fascinating

hobby. There is lasting enjoyment in its many
varied angles and worth-while possibilities. There
is the enduring satisfaction that comes from doing
things with the apparatus put together by our
own skill. With a low-power station it is possible
to communicate all over the world and to keep in
touch with the hundreds of fellows who have
equipment similar to your own. Amateur radio
has been said to be the only medium which makes
it possible to communicate beyond the range of
the speaking voice without paying tribute to
sorme commercial communications organization.

To understand and profit [rom radio fully we
must understand all that takes place. Most peo-
ple know about broadeasting and broadcast
reception but have slight conception of what is
going on in the whole radio spectrum of fre-
quencies. The broadcast listener has scarcely
touched on the possibilities of radio enjoyment
and his interest in the novelty of hearing musical
programs and speeches soon palls or wears off in
a matter of months. The greatest distances that
sometimes thrill new broadecast listeners with
faint music are just beginning distances to high-
frequeney receivers. The high frequencies con-
stitute a new but now quite well-developed field of
interest that insures any individual a wealth of
new experiences unknown in the narrower field of
broadecast listening or one-way radio. If listening
only is considered it will be found that the many
different things going on in the high-frequency
bands are more interesting than those in the rest
of the radio spectrum. But the joy of the fellow
who builds 2 station and is at once in touch with
the throbbing pulse of two-way radio is different
from that of a mere listener. It is the difiference of
being a participant at a banquet and not a mere
onlooker.

The low frequencies (helow the broadeast
band) bring us a horde of flute-like signals if we
care to listen. Press messages, storm warnings,
weather reports, radio beacons and ship-shore
traffic tell a story to whoever will listen. Some
stations send slowly and leisurely. Even the be-
ginner can read them. Others race slong furiously
so that whole sentences become meaningless
buzzes. Ship stations operate just outside the
broadeast band, reporting their positions daily.
Hundreds of human-interest messages are sent to
and from the shore stations every day.

The high frequencies (above the broadeast
band) contain even a greater number and variety

of radio services. Numberless amateur two-way
conversations in voice and code, trans-ocean
commercial radiotelephone and telegraph mes-
sages, high-frequency international broadcasting
of voice and musie, transmissions from govern-
ment and experimental stations including
facsimile picture transmission and television serv-
ices, airplane dispatching, pelice radio broad-
casts, and signals from private yachts and ex-
peditions exploring the remote parts of the earth
are among other attractions that lie here. Re-
cently a number of the long distance and trans-
occan fliers have taken high-frequency radio
equipment and reliable operators along. With
suitable but simple apparatus one can listen and
follow the progress or take down the story of the
flight far in advance of the newspaper rumors and
official reports.

The process of designing and constructing radio
equipment develops real engineering ability.
Operating an amateur station with even the
simplest equipment, likewise develops operating
proficiency and ability. Many an engineer, op-
erator or executive in the commercial radio field
got his praectical background and much of his
training from his amateur work. So, in addition to
the advantages of amateur radio as a hobby, the
value of systematic amateur work to a student of
almost every branch of radio cannot well be over-
looked. An increasing number of radio services,
each expanding in itself, requirc additional per-
sonnel, technicians, operators, inspectors, engi-
neers, executives, and in every field a background
of amateur experience is regarded as valuable.

Amateur radio makes it possible to develop
friendships with other men who have stations in
every part of the U. S. A. and Canada, or for that
matter it may be said that friendships in every
part of the world follow two-way communication.
We do not mean to say that the first contacts are
going to be with foreign amateurs. Experience in
adjusting the simple transmitter, in using the
right frequency band at the right time of day
when foreign stations are on the air, and practice
in operating that will make it second nature for
you to do the right thing at the right time will
lead up to the day when you communicate with
the first foreign station. There is nothing hard
about it. High power is unnecessary. No conti-
nental limits confine the DX possibilities of
high-frequency work.

A high-frequency receiver alone brings the
almost endless possibilities to light. A low-
powered and inexpensive radio telephone may be
built to use in talking with other stations over
considerable distances. However, all amateurs
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must learn the Continental telegraph code (so-
called because it is used on the European conti-
nent for both wire scrvices and radio, and to
distinguish it from the Morse code used on land
wires in this country). Most amateur station
owners prefer to use telegraphy for most of their
contacts, although there has been some growth of
interest in voice communication in certain sec-
tions of the country. There are two reasons in the
main for the preference for radiotelegraphy. The
apparatus is far less expensive and complicated to
adjust. Less equipment and power are required
and fewer tubes are used. Code signals will casily
cover four or five times, the distance possible for
the same or more complicated radiophone equip-
ment. The reliability of radiotelegraph com-
munication is far better than that of voice work.
Telegraphy is less susceptible to interference,
fading, distortion and the like. In all communics-
Lion accuracy comes first and telegraphy of course
avoids misunderstanding and confusion due to the
eccentricities of speech and the similarity of cer-
tain phonetics.

There is nothing difficult about building a re-
ceiver 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 a station license from the
Federal Radio Commission and an operator’s
license from the Radio Division of the Depart-
ment of Commerce. These licenses are supplied
{ree of charge and both are obtained through the
office of the Supervisor of Radio of the Depart-
ment of Commerce located in your inspection
district. The addresses of the different Super-
visors will be given later in this chapter. Before
we are ready to apply for licenses we must build
the station, get the transmitter ready to operste,
and learn the code.

Don’t let any of these things worry you. Take
one thing at a time. First purchase or build a
simple receiver. There are plenty of high-fre-
quenecy receivers manufactured or available in
kit form but it’s not a bad plan to put one to-
gether from some of the data given in Chapter V
of this book. Building the first receiver often
results not only in a more satisfactory job but in
dispelling that hasty and false conclusion that
amateur receivers and transmitters are com-
plicated and expensive. You can gain confidence
and such elementary technieal knowledge as may
be required as you go along. Of course there are
advanced forms of amateur equipment that are
intricate, complicated to build, hard to under-
stand and adjust, and it will be best to avoid
these until the rudiments of the game have been
learned. Such elementary theory as is required to
get your government licenses is fully explained
right in this book. Anyone can assemble the few
pieces of apparatus required in our simplest re-
ceiver which is recommended [or beginners, or the

transmitter which has become most popular for
starters-in.

The A.RR L., has available a little booklet
describing just the simplest kind of a station with
the details of getting the first station on the air
separated from all the advanced apparatus
deseriptions. If you would like to have this or
want the information sent to a friend that you
helieve would benefit therefrom, send ten cents
to cover printing and mailing costs and the
pamphlet “How to Become a Radio Amateur”
will go forward direct from Headquarters,

MEMORIZING THE CODE

While the receiver is under construction it is
well to start memorizing the code. A few letters a
day can be memorized, each day reviewing the
four or five studied the previous day. In two
weeks you can know the whole alphabet. Then it
is necessary to keep going over the letters and
Continental characters to increase familiarity and
proficiency umntil the characters can be put to-
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LETTERS AND FIGURES OF THE CONTINENTAL

CODE

gether quickly as received or sent, just as we use
groups of letters in reading and writing to make
words and express thoughts.

The easiest way to learn the code is for two
people to practice together or in connection with
the work of a larger group. Two individuals can
usc a key and buzzer to send to each other. A
single individual ean also use a buzzer to see how
signals should sound. Another method, learning
by listening, is useful for an individual learner
and so both methods are outlined here.

In the Appendix are the Continental Code
characters. There are also phonctic symbols to
help in learning quickly. The Continental Code is
a dot and dash system used all over the world by
radio operators.

In receiving code signals each letter must be
associated directly with the sound heard. The
code must first be memorized. Learn the code, pro-
nouncing the symbols ‘“dit darr” rather than



GETTING STARTED 15

“dot dash.” Do not visualize the letter 4 as a dot
and a dash. Recognize the sound ‘dit darr” as
A directly. Learn a few letters every day until the
alphabet and figures have been mastered. Have
a friend ask you the letters in non-alphabetical
order. Repeat them in terms of ‘‘dit-darr” lan-
guage until familiar with them all. Practice until
you know the sounds as leiters without pausing to
think of them in terms of dots and dashes.

Don’t expect to learn it all in a day. Take
things easily. Learn a few symbols at a time. Re-
view each day the letters learned the previous
day. Be optimistic. You will be surprised at your
Progress.

Here is one way to memorize code characters
which may prove helpful to some. Several dozen
small cards are procured. At the bottom of each
card a letter of the alphabet, a figure, mark of
punctuation or phrase that is much used in radio
work is written. On the same side of each card
and at the top cdge is given the corresponding
code symbol in dots and dashes. In use the cards
are shuffled and reviewed by the individual who
is learning Continental while either the top or
bottom edge of the card is kept covered with the
thumb or a blank card. Such cards may be readily
carried about and used at odd intervals.

As soon as the code has been memorized, ac-
tual practice in using it (receiving) should be at-
tempted. Proficiency in code speed is gained, asin
other things, by constant practice. Good sending
at moderate speeds is harder to learn than receiv-

Buzzer

Add a wire con-
ﬂect/?: to pivoted
end of grmature here

1|1}
3 Dry Cells

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

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

ing. 1t is best not to use a key or try to send much
until ten or twelve words a minute can be read
and copied.

PRACTICING WITH A BUZZER

A buzzer practice set is one aid to learning code,
especially if someone who is a good operator can

help by sending to you. A buzzer, a telegraph key
and a dry cell connected as shown in the diagram
make a buszer practice set. Using a head-set will
give more nearly the conditious that obtain in
actual radio receiving. It will keep out outside
noises. A variable condenser of about .001 ufd.
max. shunted by another smeall fixed capacity

old’ Qudio
Transformer

SEC PR/

+
4-Battery !

CONNECTING AN AUDIO OSCILLATOR
(HARTLEY) FOR CODE PRACTICE WORK

(determine this value experimentally} can be
used to control the audibility if desired. A high-
pitched buzzer signal is helpful in learning the
code. The small sum of money any apparatus for
learning the code costs is a good investment.

ANOTHER GOOD CODE PRACTICE OUTFIT

The chap in cramped quarters whose room-
mate objects to buzzer practice for learning the
code can use a Type 99 or 01-A tube connected
as an audio oscillator. An old audio amplifying
transformer with good windings, a pair of 2000-
ohm headphones, a telegraph key, three No. 6
dry cells, a Type '99 tube and socket, and a 20-
to 50-ohm filament rheostat are all the equipment
required. A diagram explains the connections.
(The circuit is a Hartley.) The ““B” supply comes
from the plus A terminal as shown. This means
that it is important that the A-battery polarity
be just as shown or the outfit will not work. The
lead from the key can be connected to a point of
lower positive potential on the A-battery or
rheostat with about as good results. If nothing is
heard in the 'phones with the key depressed after
everything has been connected, reverse the leads
going to the two binding posts at either trans-
former winding. Reversing both sets of leads will
have no efiect. Keying gives a fine signal in the
"phones without making any noise in the room.

In picking out a key for a practice 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 buying another key for the station
later on. Good sending depends partly on the key.
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USING A KEY

The correct way to grasp the key is important.
The knob of the key should be about eighteen
inches from the edge of the operating table and
about on a line with the operator’s right shoulder,
allowing room for the elbow to rest on the table.
A table about thirty inches in height is best. The
spring tension of the key varies with different
operators. A fairly heavy spring at the start is
desirable. The back adjustment of the key should
be changed until there is a vertical moveinent of
about one-sixteenth inch at the knob. After an
operator has mastered the use of the hand key the
tension should be changed and can be reduced to
the minimum spring tension that will cause the
key to open immediately when the pressurc is
released. More spring tension than necessary
causes the expenditure of unnccessary energy.
The contacts should be spaced by the rear serew
on the key only and not by allowing play in the
side screws, which are provided merely for align-
ing the contact points. These side screws should
be screwed up to a setting which prevents ap-
preciable side play but not adjusted so tightly
that binding is caused. The gap between the con-
tacts should always be at least a thirty-second of
an inch, since a too-finely spaced contact will
cultivate a nervous style of sending which is
highly undesirable. On the other hand too-wide
spacing {much over one-sixteenth inch) may re-
sult in unduly heavy or ‘“muddy” sending.

Do not hold the key tightly. Let the hand rest
lightly on the key. The thumb should be against
the left side of the key. The first and second
fingers should be bent a little. They should hold
the middle and right sides of the knob, respece-
tively. The fingers are partly on top and partly
over the side of the knob. The other two fingers
should be free of the key. The 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

Drycells

~Z CONNECTIONS OF BUZZER
KEY, BATTERIES AND THE CATLIN GRIP

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
-=zer control. The arm should rest lightly on the

operating table with the wrist held above the
table. An up-and-down motion without any side-
ways action is best. The fingers should never leave
the key knob.

The code is made up of different combinations
of dots and dashes. The sending of intelligible
signals depends on proper keying by the trans-
mitting operator. The dots and dashes must be of
the proper relative length. Suitable spaces must
be left between 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 intervals depend on the rate of sending.
Beginners key a bit stifly, making a C like two
N’s. Muscle control improves with a few hours’
daily practice.

RECEIVING

Now that we have memorized the code we
must begin to practice sending and receiviug us-
ing the code practice set. Someone 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 com-
pare different letters. Learn each by its own in-
dividual 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 charaecters. Prac-
tice on letters and then on groups of letters. Write
down what you receive to better codrdinate the
process of receiving and recording signals. Do
not try to write down the dots and dashes; put
down the letlers.

Code groups are more valuable for ordinary
practice than straight FEnglish texts. The fre-
quency with which certain letters appear in com-
mon writing gives more practice on some letters
than on others. Concentrate on the practice 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 practice a
little faster than you ean comfortably receive.
Do not stop to think too long about a letter or
word that has been missed. Go right on to the
next one or each ‘“miss” will cause you to lose
several characters. When the sending is so fast
that you can copy just two out of cvery three
letters, your mind will be speeded up and yvou
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 transmissions are
seldom free from interference a ‘““heavier” style of
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sending is best to deveclop for radio work. A
rugged key of heavy construction will help in this.

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

When beginning to handle a key do not try to
send more than six or seven words a minute. A
dot results from a short depression of the key. A
dash comes from the same motion but the contact
is held three times as long as when making a dot.
A common mistake of beginners is to make it
several times too long. There is no greatl space be-
tween the parts of a letter. An § is made by three
down-and-up motions of the key in regular
sequence. The letter G is made by holding the first
two contacts and making the third one without
any pause at the contact. Key practice should not
be extended over too long periods at first. The
control of the muscles in the wrist and forearm
should be developed gradually for best results.

Individuality in sending should be suppressed
rather than cultivated. Sending is something like
writing, however. Individuality is bound to show
in all hand-sending. Unless the spacing is even
and regular, reception becomes guess-work. The
operator who practices on a buzzer until he has
developed a good ‘“fist” is appreciated by every-
onc he “works.” His sending is legible and gets
favorable attention.

A good rule 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 *Vibroplex”
and ‘‘double-action”’ keys. The *Vibroplex”
makes dots automatically. The rate of making
dots is regulated by changing the position of a
weight on a swinging armature. Dots are made by
pres.,mg a lever to the right. Dashes are made by
holding it to the left for the proper interval. A
side motion is used in both types of keys.

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

Good sending seems easier than receiving, but
don’t be deceived. A beginner shouldn’t send fast
on any type of key. Keep your transmitting speed
down to the receiving speed, and rather bend your
effort to sending well, remembering to space be-
tween characters with more space between words,
but leaving no disproportionate spaces between
parts of a character.

LEARNING BY LISTENING

Another method of learning the code will ap-
peal to some individuals. We all want to try our
skill on some real messages when we have pro-
gressed this far. The next step after memorizing
the letters is to put into practice on an actual
receiving set what you have learned.

A number of high-power stations can be heard
in every part of the world. Many commercial
high-frequency stations send on frequencies
above 3,000 kiloeyeles (3,000,000 eycles) and can
be copied with the simple receivers described in
this book. A one-tube or two-tube receiver can
be quickly and cheaply put together for code
practice. Formerly it was considered necessary to
construct special low-frequency receivers to get
code practice. To-day, however, there are power-
ful trans-ocean stations in operation on high
frequencies. Many of them use tape transmission.
The sending is perfectly regular. Often words are
repeated twice. Both understandable English and
secret code (most excellent for code practice) are
used in the text of the messages. These stations
send at speeds depending on the reception condi-
tions at the time of transmission. It is usually
possible to pick a station going at about the
desired speed for code practice.

After building a receiver and getting it in
operation, the first step in ‘‘learning by listening "
will be to hunt for a station sending slowly. Listen
to see if you cannot recognize some individual
letters. Use paper and pencil and write down the
letters as you hear them. Try to copy as many
letters as you can.

Whenever you hear a letter that vou know,
write it down. Keep everlastingly at it. Twenty
minutes or half an hour is long enough for one
session. This practice 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 scveral times, and whole words like
“and” and ‘“the.” After words will come sen-
tences. You now know the code and your speed
will iinprove slowly with practice. Learning by
this method may seem harder to some folks than
learning with the buzzer. It is the opinion of the
writer, who learned in this way, that the practice
in copying actual signals and having real diffi-
culties with interference, statie, and fading, is far
superior to that obtained by routine buzzer prac-
tice. Of course the use of a buzzer is of great value
at first in getting familiar with the alphabet.
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Many short cuts have been proposed for
quickly memorizing the code or increasing speed
of reception. Most of them have some good
points. Learning the code is mostly a matter of
getting practice, however. An omnigraph is of
some assistance if a larze number of records can
be obtained. It is an expense that few can afford.
Unless many different sets of “copy’’ are avail-
able one soon becomes familiar with the
material and it is of no more value. Phonograph
records of code signals ean be obtained but have
similar drawbacks. Examinations for operator’s
licenses are conducted using some form of ma-
chine sending. Therefore 1t is desirable to hecome
familiar with tape or omnigraph sending to insure
easily passing the examination. ‘“Machine send-
ing”’ on low or high frequencies is about as good
as an omnigraph except that the speed cannot be
controlled at will.

“Tape’ or ‘“machine” transmission and re-
ception is used to speed up traffic handling to the
limit fixed by relays and atmospheric conditions.
Most beginners are puzzled by certain abbrevia-
tions which are used. Many code groups are sent
by different commercial organizations to shorten
the messages and to reduce the expense of sending
messages which often runs as high as 25 cents a
word. Unless one has a code book it is impossible
to interpret such messages Five- and ten-letter
cypher groups are quite common and make excel-
lent practice signals. Occasionally, 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.

In “learning by listening” try to pick stations
sending just a bit {aster then your limit. In writ-
ing, try to make the separation between words
definite. Try to copy the whole of short words
before starting to write them down. Do the writ-
ing while listening to the first part of the next
word. Practice and patience will soon make it easy
to listen and write at the same time. Good opera-
tors can often copy several words ‘“behind” the
incoming signals.

A word of caution: the U.S. radio communica-
tion laws prescribe heavy penalties for divulging
the contents of any radiogram to other than the
addressee. You may copy anything you hear for
practice but you must preserve its secreey.

VOLUNTEER CODE PRACTICE STATIONS

If our new receiver is adjusted first to the
1715-to 2000-ke. amateur band we may be able to
pick up amateur stations voluntarily transmitting
code practice to help beginners. They also assist
newcomers to gain proficiency by working with
them on the air as soon as they get licenses. Fach
fall and winter season the A R.R.L. solicits
volunteers, amateurs using code only, or often a
combination of voice and code transmission, who
will send transmissions especially calculated to

assist beginners. These transmissions go on the
air at speeified hours on certain days of the week
and may be picked up within a radius of several
hundred miles under favorable conditions. Words
and sentences are sent at different speeds and
repeated by voice, or checked by mail for correct-
ness if you write the stations making the trans-
missions and enclose a stamped addressed
envelope for reply.

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

INTERPRETING WHAT WE HEAR

As soon as we finish our receiver and hook it up
we shall begin to pick up ditferent high-frequency
stations, some of them perhaps in the bands of
frequency assigned to amateurs, others perhaps
commercial stations belonging to different serv-
ices. The loudest signals will not necessarily
be those from near-by stations. Depending on
transmitting conditions which vary with the fre-
quency, the distance and the time of day, remote
stations may or may not be louder than relatively
near-by stations.

The first letters we identify probably will be the
call signals identifying the stations called
and the calling stations, if the stations are in the
amateur bands. Station calls are assigned by the
government, prefixed by a letter (W in the
United States, VE in Canada, (i in England, ete.)
indicating the country. In this country calls will
be made up of such combinations as WICYQ,
W8BCMP, W3BZ, WIMK, etc., the figure or dis-
trict number indicating the radio inspection
district and giving a general idea of the part of
the country in which the station heard is located.
The reader is referred to the chapter on “Operat-
ing a Station’ for complete information on the
procedure amateurs use in ecalling, handling
messages, and the like. Many abbreviations are
used which will be made clear by reference to the
tables of Q Code, miscellaneous abbreviations,
and ‘“ham” abbreviations included in the
Appendix. The table of international prefixes, also
in the back of the book, will help to identily the
country where amateur and commercial stations
are located.

The commercial stations use a procedure differ-
ing in some respects from amateur procedure, and
to some extent the procedure of Army, Navy and
government stations is different from this, each
service having a modified procedure meeting its
own requirements. On the other hand, the Inter-
national Radiotelegraph Convention has specified
certain regulations, abbreviations and proce-
dures which govern all services and insure basic
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uniformity of methods and wide understanding
between stations of all nations, regardless of
services.

LCO and LCD in the prefix of commerecial
messages refer to the text as being ‘‘language
of country of origin” or ‘language of coun-
try of delivery.” RP means ‘“reply prepaid.”
Also the prefix often shows the class of traffic and
the station to whom the message is going. The
low-frequency commercial stations number mes-
sages periodically. Ship and shore stations start a
new series of message numbers each day and with
each new station worked. The commercial sta-
tions use ‘“de” for an intermediate. Army and
Navy stations will be observed to use “v” in
place of the “de.”

The communication laws specify that a
call shall be made by sending 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,
“GBR GBR GBR de CKA CKA CKA.’ The
answer, ‘‘CKA CKA de GBR K,” signifies that
GBR is ready for traffic.

High-speed automatic telegraphy, television
and facsimile or picture transmission all involve
rapid rates of modulation and each form of
transmission sounds somewhat similar to the
others, even to the experienced ear, although
good operators will be able to distinguish the
telegraphy from the others if the speed is only
moderately high. To the beginner, each will
sound like a steady buzz and be quite meaning-
less.

Commercial traffic is classed as “ordinary”;
“deferred”; “urgent”; and “rush.” “Ordinary”
messages have a straight prefix. I in the prefix of
a message indicates that it is ‘“‘paid” or ‘‘per-
sonal” traffic rather than business falling under
some other classification. TR is the prefix to a
position report. SVC shows that a service
message is coming. The letters GOVT indicate
that a government message will be sent. GOVT
S B, GOVT W B, or GOVT HYDRO in the
preamble indicate that the message to follow con-
tains official business of the U.S. Shipping
Board or Weather Bureau. GOVT 1is also trans-
mitted as the first word in the address and is
counted as one word. Other signs in the preamble
indicate different classes of radiograms. A collated
radiogram is indicated by 7'C’ sent in the pre-
amble and as the first item of the address, and
such messages must always be repeated back to
the sending station for verification. The number is
sent first in a commercial radiogram. W, WDS,
CK, or GR refers to the number of words or the
check of the message. A short commercial mes-
sage with a “‘radio” check might be sent from
WAX to RXC (Panama) as follows:

RXC WAX P 36 wll Mriamr rra 317p 30 To
FRANK CLARKE CARE £S HARBINGER BALBOA

—---— ADVISE NEW MACHINERY REQUIRED
— - - - —— PATTERSON AR

When the receiving operator is uncertain of a
word or part of a message because of poor recep-
tion of automatic transmission he asks a repeat
from the transmitting station at the first oppor-
tunity. RQ is the prefix that tells what is meant.
RQ is used when the receiver questions the mes-
sage. ‘““RQ WaxX 30 CLARK THIRD’ means, “What
is the third word in the text of WAX’s number 36
addressed to Clark?” The answer to an RQ is a
BQ and in this case might be, ‘“Bq wax 36
THIRD MACHINERY.”

WEATHER REPORTS

A number of stations regularly transmit marine
weather, aviation weather! and upper air
reports, navy press, time signals, etc., on high
frequency and since the detailed reports are sent
at moderate speed, amateurs have found them
useful for code-practice purposes as well as inter-
esting for their own sake. A 12- to 15-word per
minute code speed is employed. Arlington, NAA,
for example, sends such information simultane-
ously on 4015, 8030, and 12,045 kes. daily at 1315
G.C.T.7 and at other times on these and other
frequencies.

LEAGCE 0.B.S. SYSTEM

Official Broadcasting Stations of the A.R.R.L.
send the latest Headquarters' information ad-
dressed to members on amateur frequencies.
The messages are often interesting and many of
them are sent slowly enough for code practice
between 15 and 20 words a minute. Lists and
schedules appear frequently in the membership
copices of QST

The latest official and special broadcusts are
sent simultaneously on 7150 and 3575 ke. (41.9
and 83.8 meters) from Ileadquarters Radio
Station W1MK at the following times (E.S.T.):
8 p. m. Sunday, Monday, Tuesday, Thursday,
and Friday; 10 p. m. Monday and Friday; mid-
night Sunday, Tuesday and Thursday.

LEARN BY DOING

Many amateurs have asked, “Will a corres-
pondence school course help we in learning code
and studying the technicalities of radio?” Per-
haps. You may find a radio course with or without.
personal instruction helpful or a source of valu-
able information. It depends on the individual's
ability to absorb by mail. Good books are valuable

! These broadcasts arc made in the regular Weather
Bureau word code, which can be easily translated by means
of Weather Bureau Code, 1924, W. B. No. 814, copies of
which may be procured from the Superintendent of Docu-
ments, Government Printing Office, Washington, D. C,, at
$1.25. These broadeasts are made for the benefit of Army,
Navy and commercial aviation fields, for marine services,
business organizations and as a general public service.

T See index for reference to "time conversion' to trana-
late this into your local time.
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for study and reference. Use this manual which
covers practically everything pertaining to ama-
teur station and operating work — then jump in

The map shows how the country is divided into
inspection districts, nine in number. The addresses
of the different Supervisors, and the territory in

Address, Supervisor of Radio

Customhouse, B&ton, Mass.
Sub-Treasury Bldg., Wall, Nassau
and Pine Sts., New York, N. Y.

Ft. McHenry, Baltimore, Md.

Federal Bldg., Atlanta, Ga.

Customhouse, New Orleans, La.
Customhouse, San Francisco, Calif.
1012 Exchange Bldg., Seattle, Wash.

30th Floor, David Stott Bldg.,
Detroit, Mich.

District Terrvtory

First Maine, New Hampshire, Vermont, Massachusetts, Rhode Island and
Conrecticut.

Second New York (counties of New York, Staten Island, Long Island, and the
counties on the Hudson River to and including Schenectady, Albany and
Rensealaer) and New Jersey (counties of Bergen, Passaie, Essex, Union,
Middlesex, Monmouth, Hudson and Ocean).

Third New Jersey (all counties not included in second district), Pennaylvania
{counties of Philadelphia, Delaware, all counties south of the Blue Moun-
tains, and Franklin County), Delaware, Maryland, Virgimia and the Dis-
trict of Columbia.

Fourth  Alabama, Tennessee, North Carolina, South Carolina, Georgia, Florida and
the Territory of Porto Rico.

Fifth Mississippi, Louisiana, ‘l'exas, Arkansas, Oklahoma and New Mexico,

Sixth California, Nevada, Utah, Arizona and the Territory of [Iawnii.

Seventh Oregon, Washington, Idaho, Montana, Wyoming, and the Territory of
Alaska.

Eighth New York (all counties not included in the second distriet), Pennsylvania
(all counties not included in the third district), West Virginia, Ohio and
Lower Peninsula of Michigan.

Ninth Indiana, Illinois, Wisconsin, Michigan (upper peninsula), Minnesota, Ken-

tucky, Migsouri, Kansas, Colorado, Iowa, Nebraska, South Dakots and

North Dakota.

and enjoy the experience of operating a station
and ‘“being an amateur.” Learn by doing!

OBTAINING GOVERNMENT LICENSES

As soon as you are able to copy ten words per
minute and have mastered the elementary theory
you are ready to think about obtaining your
amateur operator's license. It is well to be able to
copy one or {wo words faster than ten-per, per-
haps, to make up for the effect of any nervousness

U. 8. INSPECTION DISTRICTS

which may handicap you as it does most of us
during any sort of examination, While you will
need no license in the United States to operate
any kind of a receiver, both an operator's and a
station license are required before you ean law-
fully send a single dot or dash over the air.
Happily, neither license costs anything to obtain.
The first step toward getting them is to write to
or call on your government Supervisor of Radio
at the main or a branch office in your inspection
district, requesting application blanks for ama-
teur station and operator’s licenses.

2022 The Engineering Bldg., Chi-
cago, ),

each of the nine districts, are indicated in the
tabulation above.

OPERATORS LICENSES

Amateur operators’ licenses are issued in three
grades. Amateur Extra First Class Radio Opera-
tor, Radio Operator Amateur Class, and Tem-
porary Amateur Operator’s Certificate are the
names by which these licenses are known.

The Temporary Amateur Cerlificate is given
amateurs who do not live near the Supervisor's
office and cannot conveniently present them-
selves for examination, after they have passed a
brief examination by mail. Temporary Amateur
Operator's Certificates are issued to be eficctive
only until the applicant can appear to he exam-
ined in person, which is required within a reason-
able distance of the points where examinations
are regularly given. When vou have studied the
code and are properly qualified, you can readily
get one or two licensed operators in your vicinity
to make affidavit to the fact that you can send
and receive at 10 words per minute as required
by the Secretary of Commerce. It is to be noted
that this temporary Certificate will authorize its
holder to operate only a particular station, also
that such certificates are issued for periods not
exceeding one year. You should be ready for
examination at any time for it is probable that in
a few months from the time a ‘‘temporary” is
issued the Supervisor will be making a periodic
inspection trip through the district, and will
nolify you where to appear in your own locality
for examination for a full-grade Amatecur Class
“ticket.”

The regulations are quoted as follows with re-
gard to the license issued for Radio Operator,
Amateur Class:

‘““ Applicants for this class of license must pass a
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code {est in transmission and reception at a speed
of at least ten words per minute in Continental
Morse Code (five characters to the word). An
applicant must pass an examination which will
develop knowledge of the adjustment and opera-
tion of the apparatus which he desires to use and
of the International Regulations and Acts of Con-
gress insofar as they relate to interference with
other radio communications and impose duty on
all classes of operators. A percentage of seventy
will constitute a passing mark. This license is valid
for the operation of licensed amateur radio sta-
tions only.”

To be eligible for the examination for an
Amateur Extra First Class Redio Operator’s ILa-
cense the applicant must have had at least two
vears’ experience as a licensed radio operator and
must not have been penalized for violation of the
radio laws. The code speed requirement is 20
words per minute receiving and transmitting
plain language and a speed of at least 16 words
per minute in handling coded groups. Applicants
must pass a special examination in which 75 per
cent will constitute a passing mark. The posses-
sion of one of these “extra first” operator’s li-
censes is a special mark of distinetion and
proficiency. The superior grade of license is a
stimulus to better operating and should be the
goal of every operator. It is a mark of achieve-
ment and every amateur is urged to apply for this
form of operator’s ‘‘ticket” as soon as he can
qualify.

PASSING THE EXAM

The requirements for passing the amateur
operator's license examination are not difficult in
any way. A written examination is necessary as
proof of the ability of the operator and assurance
of his understanding the equipment he proposes
to operate. All amateurs are required to know the
Continental code. Special attention and study
should be given to the regulations which concern
amateur stations, to the important international
regulations, and to a number of the most-used
“Q” signals. The full text of the regulations for
amateur stations, and extracts from the radio
law, the Radio Act of 1927, which explain the
administration of the regulations and the penal-
ties for certain violations, are included in the
Appendix. Know the regulations for amateur
stations and the various penalties prescribed in
the Radio Act thoroughly. Be able to draw a
complete schematic diagram of your transmitter
and receiver and explain their operation briefly.
All the information necessary to get an amateur
license is right in this book.

Applicants are expected to be familiar with
amateur receiving and transmitting equipment.
The construction and function of each part of the
apparatus should be studied to make it easy to
explain the operation and elementary theory.

In the examination the applicant is required

to tell what apparatus he expects to use, to draw
a simple diagram of connections, and to explain
the operation. The diagram should show switches
and ground connections just as they are in the
station. The applicant must be able to identify a
distress signal (SOS) and to understand the
signal used telling him to stop sending (QRT)
when he is causing interference (QRM).

Refer to the following chapters for explanations
of how a vacuum tube oscillates in the receiver
and transmitter, what might prevent oscillation
(several reasomns), schematic diagrams showing
circuits similar to your own, including the source
of power, the filter, oscillator, receiver, antenna
and ground, ete. Be able to explain how regencra-
tion is controlled and what other methods could
be used, how the receiver is tuned and what is
meant by tuning, how a vacuum tube deteets and
amplifies, how you determine whether your trans-
mitter is operating in the amateur frequency
bands, what frequency stability is and how it may
be affected by different adjustments, types of
power supply, etc. Then know the regulations
regarding quiet hours, the powers of the Federal
Radio Commission, the international regulations
relative to the exchange of communications be-
tween the amateur stations of different countries,
regarding superfluous signals, secrecy of mes-
sages, constancy of frequency and freedom from
harmonics, meaning of SOS, CQ, QRT, etc., and
the penalties for different violations.

Applicants who fail to qualify may be re-
examined after three months from the date of
taking their unsuccessful examination.

When existing operator's licenses expire, a
renewal must be applied for and will be issued to
all classes of operators (except commercial extra
first class) without examination provided the
operator has had three months’ satisfactory serv-
ice in the last six months of the license term. One
year of such service out of the two-year license
term may be accepted at the discretion of the
examining officer.

All of this sounds fearfully complicated but it
really isn’t —as many tens of thousands of
licensed amateurs have proved. Progress is
amazingly fast once you start.

STATION LICENSES

It is easy enough to give the matler a little
study and pass the operator’s license examination.
As for the station license, there is no examination
in connection with that. It is necessary to fill out
the application blanks the Supervisor sends you
quite completely, however, answering all ques-
tions and returning the forms to the Supervisor’s
office.

In addition to entering the main facts concern-
ing your proposed station, such as the location,
power, etc., the name, age, and citizenship of the
station owner are required. Aliens may not obtain
station licenses. 1t will be noted in the amateur



regulations that the F.R.C. has ruled that ama-
teur stations, as a general class, are in the public
interest so that detailed explanation on this point
is not required. 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 Federal Radio Commission licenses ama-
teur telegraph stations to work in any or all of
several frequency bands. If voice is to be used,
the station must be built to work in the 1715-
2000, 3500-3550, or 56,000-60,000 ke. (150-175,
84.5-85.7, or 5-5.36 meter) bands, except that the
holders of Extra First Class operator’s licenses
may now also receive, upon special application,
authority to opecrate ’phone in the additional
band 14,100-14,300 ke. (20.98-21.28 meters).

Applications for renewal of station licenses
must be filed so as to be received at the offices of
the Supervisors of Radio in charge of the district
in which the station is located at least thirty days
prior to the expiration date of the license sought
to be renewed, and failing this it is necessary for
the licensee to cease operating until action has
been taken on the application in due course.

POSTING OF LICENSES

1t is also ordered by the Federal Radio Com-
mission that every station license shall he posted
b+ the licensee in a conspicuous place in the room
i which the transmitter iz located, and the
licessxs of every station operator shall be posted
in a conspicuous place in the room occupied by
said operator while on duty.

AMATETR REGULATIONS

The full text of the amateur regulations is given
in the Appendix including the basic definitions of
an amateur and what constitutes cominercial
correspondence. In general the text of the regula-
tions is self-explanatory but some of the more
important points to be observed shouid be men-
tioned and discussed at this point.

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

“ Amateur stations shall not transmit or receive
messages for hire nor engage in communication
for material compensation, direct or indirect, paid
or promised.” This proviso gives further protec-
tion against commercial enterprises masquerading
as amateurs, and defines the test of commercial
tratlic as that involving any sort of ‘‘compensa-
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tion” for the handling thercof. Accordingly,
insofar as this country is concerned, an amateur
may handle any traflic he sees fit to handle, so
long as he receives no compensation of any kind.
It must be remembered, however, that the
International Convention restricts the exchange
of communications between different countries
(internationally) so that messages must be in
plain language relating to experiments in prog-
ress, or remarks must be limited to those of a
personal nature and of such unimportance that
they would not normally be transmitted by way
of commercial telegraph, radio or cable.

Portable amatcur stations will be licensed but
must confine operation to definite points for which
an itinerary has been filed in advance of trips
with the Radio Supervisor. Note that portable
stations may not be used while in motion under
which condition they fall under the classification
of mobile stations. Amateur mobile stations are
not at present licensed.

““The licensee of an amateur station shall keep
an accurate log of station operation, in which shall
be recorded the time of each transmission, the
station called, the input power to the last stage
of the transmitter, and the frequency band used.”
Amateur stations are authorized to use a maxi-
mum power input into the last stage of a trans-
mitter of one kilowatt. The Radio Act requires
that the records of a station must be available to
the radio authorities on demand. Such logs then
assist the Supervisor in investigating interference
cages, alleged off-frequency operation or other
violations, determining when changes in fre-
quency and power were made, which conditions
interfere and which do not, ete. The AR R.L.
has designed a log-hook especially to take care
of this government requirement which will be
described when we come to the discussion of
“Qperating a Station.” An accurate and com-
plete station log is compulsory.

“Amateur stations must use adequately
filtered direct current power supply or arrange-
ments that produce equivalent effects to minimize
frequency modulation and prevent the emission
of broad signals.” The intent is to do away with
a. c. signals and to prohibit transmitters with
inherent frequency instability from producing
“wobbly” signals on the air, using an unfair
amount of the frequency territory to eficet
transmission. This parallels the regulation that
requires that the minimum amount of power
necessary to effect communication over a certain
distance be used. As will be seen in subsequent
chapters, variations in plate voltage effect the
frequency of an oscillator, so that it takes a d.c.
power supply to comply with the regulations in
every example of a self-controlled oscillator.
Only oscillator-amplifier transmitters {crystal-
controlled or sclf-excited oscillators) can be
permitted to use a.c. plate supply, and even they
only under the provisions (1) that they have a
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buffer stage so that the changing plate voltage
on the amplifier has no opportunity to get back
into the oscillator and aflect its frequency and
(2) that the oseillator and buffer stage are, of
course, fed with d.c. In ham language, modulated
signals are still permitted but “wobbulated”
signals are prohibited.

In general it is evident throughout the regula-
tions that amateur stations should be judged by
their external effects. Whenever general inter-
ference with broadcast reception on receiving
apparatus of modern design exists, the Commis-
sion regulations regarding quiet hours must be
observed, and these will continue in effect until
it can be shown that adjustments or alteration of
the transmitting arrangement or methods of
treatment of the receivers to do away with the
trouble have eliminated the difficulty. The quiet
hours shall be eight to ten thirty p. m. local time,
deaily, and, in addition, quiet hours shall be ob-
served on Sunday morning from 10:30 a. m. until
1 p. m. 1t should be noted that if use of one
frequency band causes local interference but
another band does not, the station remains free
to operate on the bands that do not give rise to
this difficulty. Even operation on a different fre-
quency in the same band may be used for opera-
tion if it can be shown that it overcomes the
trouble.

Amateur stations are not permitted to com-
municate with commercial or government sta-
ions unless authorized by the licensing authority
except in an emergency or for testing purposes.
This restriction does not apply to communication
with small pleasure craft such as yachts and motor
boats holding limited commercial station licenses
which may have difliculty in establishing com-
munication with commercial or government
stations.

Amateur stations are not authorized to broad-
casl news, music, lectures or any other form of
entertainment.

No person, firm, company or corporation
within the jurisdiction of the United States shall
knowingly utter or transmit, or cause to be
uttered or transmitted, any false or fraudulent
signal of distress, or communication relating
thereto.

All persons who may have knowledge of the text
or simply of the existence of radio telegrams, or of
any information whatever, obtained by means of
the radio service, shall be bound to maintain and
ingure the secrecy of correspondence.

All amateurs should be familiar with the laws
and regulations, especially those provisions and
penalties respecting violation of terms set forth
in station and operators’ licenses, secrecy of
messages and malicious interference. A penalty of
%500 fine for each and every offense is stipulated
(in addition to other penalties provided by law)
for conviction oi a violation of any provision of
the Radio Act or regulations made under that

Act or of the provisions of treaties ratified and
adhered to by the United States.

The Radio Act of 1927 provides for the licensing
of radio operators'by the Secretary of Commerce.
Operators’ licenses may be suspended by the
Secretary of Commerce for a period of not more
than two years upon satisfactory proof that the
licensee (a) has violated any provision of any
Act or treaty (or regulations made under such
Act or treaty) binding on the United States
which the Secretary of Commerce or the Com-
mission is authorized by this Act to administer;
or . .. (d) has transmitted superfluous radio
communications or signals or radio communi-
cations containing profane or obscene words or
language; or (e) has wilfully or maliciously inter-
fered with any other radio communieations or
signals.

OUR AMATEUR BANDS

The amateur has accustomed himself to many
changes of different kinds in the last seven or
eight years. Following each change in regulations
there has been a readjustment to meet the new
conditions. The number of stations working in
our different amateur bands depends on the
individual purpose, convenience and enjoyment
each man finds in using a certain territory. The
reliability of communication on a given frequency
at a given time of day, the suitability of & given
band for traffic or DX, the desires of the indi-
vidual amateur in choosing his circle of friends
with whom he expects to make contact on sched-
ule, the amount of interference to be expected at
certain hours, and the time of day available for
operating—all influence the choice of an operating
frequency. Many amateurs can use any one of the
sceveral available frequency bands at will.

All our bands are in approximate harmonic
relation, although the graphical representation
shows that some bands are ““wider” than others
and that this relation is not exact and holds true
for only certain sections of some bands. The
bands are commonly referred to by amateurs as
the 1750-ke., 3500-ke., 7000-ke., 14,000-ke.,
28-me., and 56-me. bands, so named for the
portion common to each in this harmonic rela-
tionship.

The sketch shows the several amateur bands.
The density of the shading indicates the relative
amount of amateur operation or amateur comn-
munication going on in each different band in the
spring of 1930. The amount of room in the bands
is roughly proportional, for amateur purposes,
to the width of the bands in kilocycles. "The num-
ber of point-to-point services that could be ac-
commodated without interference in the same
amount of frequency territory is limited by the
frequency stability possible to obtain by present
methods, which of course are subject to constant
improvement, but since amateurs work in hands
and expect interference the consideration from
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the standpoint of the number of stations that can
operate without interference does not strictly
hold. A rating of our bands by ‘“commercial
channels”” available shows 60, 52, 18, 13, 33, and
25 channels available, starting with the 1750-ke.
(160-meter) band. By our own communication
methods and practice a great many more contacts
than this can be managed, however. The com-
mercial-channel rating is based on the fact that

tances in daylight. At night many records have
been made using frequencies of 1750 ke., 3500 ke.,
7000 ke., and 14,000 ke. The 28-me. band opened
for amateur work by the Federal Radio Commis-
sion at the request of the A.R.R.L. early in 1928
has proved itself very useful for long and moder-
ate distance communication on different occa-
sions. It is still too early to predict its ultimate
field of usefulness. Our experimenters have ob-
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at twice the frequency a signal takes twice the
space in the spectrum or at least that it ap-
proaches this as a limit, depending on frequency
stability. Of course this is not exactly true but the
figures are presented as of possible interest since
the F.R.C. follows the plan of allocating point-
to-point channels, allowing a certain small per-
centage of the frequency as a channel width, and
using & convenient even number of ke. which
approximates this value for assignments in
different portions of the high-frequency spectrum.

The amateur bands are usually talked about in
amateur circles by reference to the frequency in
kilocycles or megacycles that is indicated below
each band shown on the chart. Most of these are
in round numbers and in harmonic relation. The
bands may be expressed in terms of either fre-
quency or wavelength as shown in the following
table:

Kilocyeles Meters
400,000 to 401,000 0.7496 to  0.7477
56,000 to 60,000 5.00 to 5.36
28,000 to 30,000 10.00 to 10.71
14,000 to 14,400 20.83 to 21.43
7,000 to 7,300 41.1 to 42.9
3,500 to 4,000 75.0 to 85.7
1,715 to 2,000 150.0 t0175.0

The four last mentioned frequency bands have
proved most useful in carrying on actual com-
munication over great distances. The purpose of
the Government in assigning many bands to ama-
teurs is to give the amateur the freedom which
has always been his due. Only thus can knowledgze
of the behavior of the high frequencies incidental
to actual communication be developed most fully.
The experimenter is most interested in the two
or three first mentioned frequency bands about
which least is known.

The 7000- and 14,000-ke. bands have proved
most generally useful for low-power work over
long distances both day and night. 14,000 ke.
is the best frequency to use to cover great dis-

tained good trans-ocean communication on this
frequency on several occasions and find it similar
to 14,000 kc. in some of its effects. We must look
to them for information which will make this
hand of inereasing practical use.

The 3500-ke. frequency is regarded as best for
all consistent domestic communication. It is good
for coast-to-coast work at night all the year except
for a few summer months. It is recommended for
all amateur message-handling over medium dis-
tances (1,000 miles for example). Much of the
friendly human contact between amateurs is in
the 3500-ke. band. It is the band from which we
make excursions to the higher frequencies on
occasions when we desire foreign contacts.

The 1750-ke. band contains many beginning
amateurs, practicing code by listening to trans-
missions arranged for their benefit. Many begin-
ners may also be heard here making their first
two-way contacts with each other. In addition to
this, 1750 ke. is a popular band for the radiophone
men, and to a few traffic pushers who keep sched-
ules on this frequency. 1t is also open to amateur
television and picture-transmission.

Using the higher frequencies, there is often
difficulty in talking with stations within three or
four hundred miles, while greater distances than
this and also very short distances of ten or
twenty miles can be covered with ease.

In summer, transcontinental and foreign
daylight work is best accomplished using 28,000
ke. and 14,000 ke.; 14,000 ke. and 7000 ke. also
may be used at night tor the same purpose. 1750
ke, is good at night for moderate distances.
Amateurs once conducted 2 great deal of foreign
contact work on 3500 ke. in addition to the do-
mestic work on this frequency, but this has been
for the most part abandoned with the rush to the
higher frequencies. The 1750-ke. frequency has
the advantage that it is best for working with
stations one or two hundred miles away. This
band offers some excellent advantages to the chap
who is getting staited, due to less congestion and
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interference from other amateur stations, al-
though there are lots of good things to hsten to
on the other frequencies.

CANADIAN REGULATIONS

Canadian amateurs wishing operators’ licenses
must pass an examination before a radio inspector
in transmission and reception at a speed of ten
words per minute or more. They must also pass
a verbal examination in the operation of amateur
apparatus of usual types, must have a working
knowledge of procedure, and must have a little
operating ability prior to taking the examination.
Nothing is likely to be asked which is not covered

in this Handbook. The fee for examination as
operator is 50 cents and is payable to the Radio
Inspector who examines the candidate.

The form for application {or station license
may be obtained either from a local Radio In-
spector’s office or direct from the Department of
Marine and Fisheries, Radio Branch, Ottawa.
This consists of a blank form with spaces. for
details regarding the station equipment and the
uses to which 1t is to be put. The applicant must
also sign a declaration of secrecy which, as a
matter of fact, is executed at the timne of obtain-
ing the operator’s license. The annual fee for
station licenses for amateur werk in Canada is
$2.50.



CHAPTER 111

Fundamentals

I is possible for the amateur to build and
operate a station successfully even though
his knowledge of the fundamental electrical
principles may be of a low order. But by so

operating, he suffers a severe handicap. Almost
everything that happens in any radio receiver or
transmitter can be explained in terms of funda-
mental electrical prineiples and an understanding
of these principles is naturally of genuine prac-
tical value in permitting him to construet and
manipulate radio apparatus intelligently. In
addition to its real value in practical radio work,
the gaining of a concept of elementary electrical
phenomena is really a most absorbing diversion

muech more absorbing than the scanning of
some text-books would lead one to believe.

In the limited space of one chapter it is, of
course, utterly impossible to present a complete
outline of electrical principles. And it is equally
imposgible to treat these principles in simple,
direct language still retaining the degree of
accuracy which would be considered essential by
the advanced student. In the present instance,
however, the aim is to treat the subject particu-
larly for those prospective amateurs whose knowl-
edge of electricity is limited to the fact that it
hites when the wrong wires are touched at the
wrong time.

THE BASIS OF IT ALL

Science, with its modern concept. of matter,
tells us that eleetricity is probably the only thing
which exists in the universe. Fvery substance is
known to consist of atoms — the smallest par-
ticles with which the chemisi has to deal. These
atoms, according to the present view, are com-
posed of a great many smaller particles, called
electrons, in constant motion around a central
portion or nucleus. The electron has heen proven
to be a particle of negative electricity and the
nucleus a positive charge, so establishing that
the ultimate particle of matter is the ultimate
particle of electricity also. Whole volumes have
been written in the attempt to provide a concept
of the electron and its hehavior and we can only
suggest a study of them to the individual who
wishes to carry in his mind a complete picture of
its supposed characteristics. The chief thing to
remember is that all eleetrical phenomena result
from the existence and movement of these elec-
trons. When an electric lamp is switched on, it
lights because the normal rotation of electrous
around their nucleuses in the wires from the
power house and in the lamp has been upset
sufficiently to cause some of the electrons to
break out of their own family cirele and move
along the wires.

HOW BIG IS THE ELECTRON?

The electrons are astonishingly small. It has
been computed, for instance, that if an ordinary
16-candle power carbon-filament [amp were
switched on for one second and that if all the
electrons passing through the filament were in
some manner collected they could be counted in
16,700 years only if 3,000,000 people were on the
job constantly counting them at the rate of two
each second. Notwithstanding their extremely
small size, these electrons are extraordinarily
energetic. A further statement may aid in the
formation of some sort of mental picture. It
has been estimated that if it were possible to
collect 2 grams of pure electrons and to form them
into two spheres of equal size held 1 centimeter
apart, they would repel each other with a foree
of 320 million, million, miliion, million tons. And
this leads us to the fact that electrons or negative
particles of electricity mutually repel each other
while negative and positive particles have a very
strong mutual attraction.

In practical work, of course, we do not deal
with individual electrons but with the enormous
clouds of them which constitute matter as we
know it. The number of electrons and their ar-
rangement. around the nueleus of each atom de-
termine the characteristics of the material they
constitute. 13ut the electrons are exactly similar
regardless of the kind of atoms from which they
are obtained, and they all hehave in exactly the
same manner. In the atoms of svme materials,
the arrangement of electrous seems 1o be a stable
one, but in others, the motion of electrons is
irregular and some electrons are constantly
leaving one atom and attaching themselves to
another. When the electrons are held in a stable
condition around the nucleus, the atom — or the
material of which the atoms are a part — is said
to be neutral. Should there be an excess of elee-
trons, the material will have a negative electrical
charge whereas an insufficiency of electrons for
the neutral state will give the material a positive
charge.

When we rub a cat’s fur, or scrape our feet
along a dry earpet, or brush rubber or amber with
a piece of silk, we actually cause electrons to
detach themselves from one material and atiach
themselves to the other — thus charging one of
them negatively and the other positively to the
same degree. The condition is then an unstable
one and should the two objecis be touched again,
the excess electrons on the negatively charged
material will pass to the positively charged body,
producing an electric current in the process. When
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we make use of electric lights, electric heaters,
telephones, flashlights, street cars and radio in
all its forms, it is this movement of electrons
from one atom to another which is actually re-
sponsible for everything that happens. And we
have made great progress when we have realized
that any electric current is actually the result
of a flow of electrons in a body.

CONDUCTORS AND INSULATORS

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

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

HOW ELECTRICITY IS PRODUCED

The ordinary electric cell and the electric gen-
erator are the sources of current used in ordinary
practice. The eleetric cell may take the form of
so-called dry cell; a wet cell or perhaps a storage
cell. In any case, the current is derived by a
chemical action within the cell. In the first two
forms menfioned, the action of the fluid (there is
a fluid even in a “dry "’ cell) tears down the struc-
ture of one of the elements or “poles” of the cell,
producing an excess of electrons in one element
and a deficiency in the other. Thus, when the
elements are connected by a conductor, this un-
balance of electrons results in a flow of eleetrons
from one element to the other and the efiect of
the flow is what we know as an electrie eurrent.
In the storage cell, the chemical change is re-
versible and the cell can be “recharged.” The
manner in which the electric generator produces a
current is to he discussed at a later stage.

THE VOLT, TIHE AMPERE

Just as soon as electrons are removed from one
hody and heecome attached 1o a second one, there
is created & firm desire on the part of the es-
tranged electrons to return to their normal posi-
tion. This desire results in what we know as
electrical pressure. The excess electrons on the

negatively charged pole of a battery, attempting
to return to the positively charged pole, create an
electrical pressure between the two terminals
connected to these poles. This pressure is termed
electromotive force and the unit of measurement,
widely used in our radio work, is the volt. In the
ordinary dry cell {when fresh) the electromotive
force between the two terminals is of the order of
1.5 or 1.6 volts. Should we have two such cells,
and should we conneet the negatively charged
terminal of one to the positively charged ter-
minal of the second cell we would then have twice
the voltage of one cell between the remaining two
free terminals. In this example we have connected
the cells in “series” and the combination of the
two cells becomes what we know as a battery.
In the common “B” bhattery, which has been so
widely used with radio receivers, a great many
small cells are so connected in series to provide
a relatively high electromotive force or voltage
hetween the outer terminals. Another method of
connecting a battery of cells together is to join all
the posttively charged terminals and all the nega-
tively charged terminals. The voltage between
the two sets of terminals will then be just the
same as that of a single cell but it will be possible
to take a greater amount of eurrent from the
battery than would have been possible from the
single cell. The measuring unit of the amount of
current flowing in a conduector is the ampere.

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

DIRECTION OF FLOW

There is one point in connection with ¢urrent.
flow which is likelv to cause confusion in the
reader’s mind if particular attention is not paid
to it. The drift of electrons along a conductor
(which constitutes a current flow) is always from
the negative to the positive terminal. On the other
hand, the usual coneception is that of electricity
flowing from the positive to the negative terminal.
The discrepancy results from the fact that the
pioneer electrical experimenters, having no
accurate understanding of the nature of elec-
tricity, assumed the direction to be from positive
to negative. It is unfortunate that we must still
say that a current flows from positive to negative
when the opposite is actually the case. However,
just. so long as the facts are recognized clearly,
no confusion need resuli,

DIRECT AND ALTERNATING CURRENT

Of course, all electrie currents do not flow con-
tinuously in the same direction along a conduc-
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tor. The currents produced by batteries and by
some generators flow in this manner, and are
termed direct currents. Should the current, for
some reason or other, increase and decrcase at
periodic intervals or should it stop and start {re-
quently it is still a direct current though 1t would
be a fluctuating or intermittent one.

The type of current most generally used for
the supply of power in our homes does not flow
in one direction only, but reverses its direction
many times each second. The electron drift or
flow in a conduector carrying such a current first
increases to 2 maximum, falls to zero, reverses
its direction, again rises to a maximum and agam
falls to zero to reverse its direction again and
continue the process. In most of the power cir-
cuits, the current flows in one direction for
1/120th of a second, reverses and flows in the
opposite direction for another 1/120th of a second
and so on. In other words, the complete cycle of
reversal oceupies 1/60th of a second. The number
of complete cycles of flow in one second 1s termed
the frequency of the current. In the instance
under discussion we would say that the frequency
of the current is 60 cycles per second. All currents
whieh reverse their direciion in this manner are
known as alternating currents. We are to find
that they are not by any means limited to the
circuits which supply power to our homes. Tele-
phone and radio circuits, for instance, are vir-
tually riddled with alternating currents having
a wide variety of frequencies. The currents which
are produced by the voice in a telephone line may
have frequencies between about 100 and 5,000
eycles per second while the alternating currents
which we are to handle in the circuits of a radio
transmitter may have a frequency as high as 14
or even 28 million cycles. Because of the high
frequencies used in radio work the practice of
speaking in terms of cycles per second is an
awkward one. It is customary, instead, to use
kilocycles — the kilocycle being one thousand
cycles. Yet another widely used term 1s the
megacycle — a million cyeles.

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

RESISTANCE AND RESISTORS

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

The most common equipment used in radio

work is the conductor. We have already moen-
tioned that any substance in which an electric
current can flow is a conductor and we have also
pointed out that some substances conduet more
readily than others — they have less resistance.
Most of the conductors in radio apparatus are
required to have the greatest conductivity or the
Jeast resistance possible. They are of metal,
usttally copper. But many of the conductors are
actually placed in the circuit to offer some defi-
nite amount of resistance. They are known under
the general term of resistors and the amount of
resistance they (or any conductor) offer is meas-
ured in ohms.

When a current flows in any electric circuit, the
size or amplitude of the current is determined by
the clectromotive force in the circuit and the re-
sistance of the circuit. The relations which deter-
mine just what current flows are known as Ohm'’s
Law. It is an utterly simple law but one of such
great value that it should be studied with par-
ticular care. With its formula, earrying terms for
current, electromotive force and resistance, we are
able to find the actual conditions in many eir-
cuits, providing two of the three quantities are
known. When / is the ¢urrent in amperes, E is the
electromotive force in volts and £ is the circuit
resistance in ohms, the formulas of Ohm’s Law
are:

R E - E
=7 R

‘The resistance of the circuit can therefore be
found by dividing the voltage by the current; the
current can be found by dividing the voltage by
the resistance; the clectromotive force or e.m.f.
is equal to the product of the resistance and the
current. At a later stage it will be shown just how
valuable may be the practical application of this
law to the ordinary problems of our radio work.

A good analogy can be made by considering
for a moment some ftuid acting in & mechanical
circuit. In C 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 holds 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 measuring the electrical pres-
sure and rate of current flow in the electric circuit.

The higher the “pressure” the more flhnd
will flow through the pipe. The smaller the
pipe the greater its ‘‘resistamce’ and the less
the current permitted to flow.

E=RI

SERIES AND PARALLEL CONNECUTIUNS

The resistors used in electrical circuits to in-
troduce & known amount of resistance are made
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up in a variety of forms, The most common con-
sists of wire, of some high resistance metal, wound
on a4 poreelain former. T'o obtain very high values
of resistance the wire must be extremely fine.
Because this introduces manufacturing difficul-
ties, some of the high value resistors which are not.
required to earry heavy current are made up of
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small resistors of some carbon compound or
similar high resistance material. Resistors, like
cells, may be connected in sertes, in parallel or in
series-parallel. When two or more resistors are
connected in series, the total resistance of the
group is higher than that of any of the units.
Should two or more resistors be connected in
parallel, the total resistance is decreased. The
chart on the next page shows how the value of a
bank of resistors in series, parallel or series-parallel
may he computed.

USING OHM'S LAW

Every part of an electric circuit has some
resistance. We have shown how cells can be
connected In series and how resistances can be
connected in series. Different clectrical instru-
ments can be connected in series in the electric
circuit. In the diagram, the tubes, the rheostat,
and the three cells of the storage battery make up
the series circuit. The two vacuum tubes are con-

nected 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 cur-
rent flowing in the circuit 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 cireuit resistance, the exact value depending
on the position of the rheostat arm and the
amount of resistance wire that it includes in the
cireuit. The cells themselves have some internal
resistance, depending on their condition. The
filaments have an increasing resistance with in-
crease in temperature. This in turn depends on
the current through the tubes. The circuit re-
ststances of the lead wires are so small that they
can be neglected for practical computations. If
the lead wires are of copper and have a large
cross-sectional area (the kind of wire and the size
wire used determine 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 resist-
ance may be neglected if they are new. Storage
cells always have & 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 fow
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 (ol
the filament) times the current flowing through
it. The sum of all the voltage drops across the
various pieces of apparatus in a scries cirenit 18
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 Kirchofi's
Law. So the combined voltage drop across the
rheostat and the paralleled filaments will always
be 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 stage
audio amplifier using two UX-201-A {ubes.
What resistance (Rz) should we connect in
the ecircuit to use a six-volt battery with this
outhit?

On the box in which the tube came we find
that the manufaceturers specify a terminal voltage
of 5 volts and a filament current of .25 (14) am-
pere for each tube. This, then, will be the voltage
drop or terminal voltage of the tube under op-
crating conditions. We have two tubes each re-
quiring .25 amperes, so our storage battery will
have to supply 2 X .25 or .5 (14) ampere. If pos-
sible, always find the current and voltage (or
the effective resistance) of the portions of the
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circuit in parallel before trying to find out about
the series branches of the cireuit.

Because the summation of the voltage drops
equals the voltage of the source, the drop across
the rheostat equals 6 volts minus 5 volts or 1
volt. We have assumed that the drops in the
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varies with its temporature but for rated voltage
and current can be determined closely by Ohm's
Law and the information supplied by the manu-
facturer. A five-volt tube having a filament cur-
rent of one-fourth ampere, for example, has a
resistance of 5 divided by 14, or 20 ohms. When
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battery and leads are negligible, which is nearly
true.

Now we know two things about the rheostat.
The voltage drop across it must be 1 volt. The
current through it is .5 ampere. By Ohm’s Law
the resistance is:
£ 1
{=7—-%—2 ohms.

A six-ohw rheostat, giving about three times
this resistance, should be chosen for this purpose,
assuring the full necessary variation and making
it possible to compensate for any excess voliage
after the battery has been on charge, or to reduce
the voltage below five volts if desired.

T'he resistance of a vacuum-tube filament

I

i

/fqprrfsnfing internal
resistance. of the cells

Stor

two tubes are connected in paralle] the resistance
of the combination is:

=) oL "R+ B 20420 10 ohme
£y I

We can check the accuracy of our prohlem
solufion by using our answers and the e .f. in
the circuit and solving for the current:

¥ 6 volis L
= ——— ———— = L4 ampere
2710 ohms+2 ohms ~ = 2"

2 =combined resistance of tubes plus
resistance of rheostat at proper setting

I =

For practical purposes the internal resistaunce
of storage cells in good condition can be neglected,

/
Re Ry Ry #Ry#Ra * Zot
(Weglecting Ry, Rz, and Ry

2his becomes: )
Ry Rs

Ry # Rs

R’le*

The battery rheostat
and tubesare connected
1n series

Battery
3 ce/Ar(/'n Ser/es) X 2 wits {eac/; ) =6 volls

SERIES-PARALLEL CONNECTION SHOWING HOW TO SOLVE FOR THE TOTAL RESISTANCE
IN THE CIRCUIT
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since these resistances are small in comparisou
with vacuum-tube and rheostat resistance. Thus
it is that in the vacuum-tube cireuit shown in
the large diagram, the woing and R, /& and 12,
are neglected.

HEATING EFFECT AND POWER

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

Power (watts) =F£1
We already know that K=[&
Therefore P =18 XI=1R

It will be noted that if the current in a resistor
and the resistance value are known, we can
readily find the power. Or if the voltage across a
resistance and the current through it are known
or measured by a suitable voltmeter and am-
meter, the product of volts and amperes will
give the instantaneous power. Knowing the ap-
proximate value of a resistor (ohms) and the ap-
plied voltage across 1i, the watts power dissipa-
tion in that resistor will be £2/R.

Just as we can measure power dissipation in a
resistance we can determine the plate power
input to a vacuum-tube transmitter, osetliator
or amplifier by the product of the measured plate
voltage and plate current. Since the plate cur-
rent 1 usually measured in milliamperes or
thousandths of amperes, it is necessary to divide
the product of plate volts and milliamperes by
1000 to give the result directly in watts.

Part C of the diagram showing the variation
of output of a generator with diiferent resistance
loads suggests how a voltmeter and ammeter
may be connected for measuring the power out-
put of the generator or the power dissipated in
the resistor. The power will be £ X/ in all cases,
but this product will be zero in either A or B
where either 7 or I is zero. Asshown by the sketch
the maximuwn power in the load is obtained when
the load resistance equals the internal resistance
of the battery or generator.

ALTERNATING CURRENT FLOW

In all of these examples we have been assurning
that direct currents are being considered. When
we impress an alternating voltage on eireuits such
as those discussed we will cause an alternating
current, to flow, but this current may not be of
the same value as it would be with direct current.
In many instances, such as that of & vacuum tube
filament connected 1o & source of alternating cur-

rent by short wires, the behavior of the ecircuit
would follow Ohn’s Law as it has heen given and
il alternating current meters were used to read
the current and voltage we could compute the
resistance of the circuit with suflicient aceuracy
for all ordinary practical purposes. Should there
be a coil of wire in the circuit, however, or any
electrical apparatus which is not a pure resistance,
it would not necessarily be possible to apply our
simple formula with satisiactory results. An
explanation of the reason for this involves an
understanding of the characteristics of other
electrical apparatus, particularly of coils and
condensers, which have very important parts to
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play in all radio circuits. We shall proceed to treat
them.

ELECTROMAGNETISM

When any eleetrie current is passed through a
conduetor, magnetie elfects are produced. Little
18 known of the exaet nature of the forces which
come into play but for convenience it is assumed
that they are in the form of lines surrounding the
wire; they are termed lines of magnetic force. Tt
is known that these lines of foree, in the form of
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concentric eireles around the conductor, lie in
planes at right angles to the axis of the conductor.

The magnetie fickd constituted by these lines of
foree exists only when current is Howing through
the wire. When the current is started through the
wire, we may think of the magnetic field as com-
ing into being and sweeping outward from the
axis of the wire. And on the cessation of the cur-
rent flow, the field collapses toward the wire again
and disappears. When a conductor is wound into
the form of a coil of many turns, the magnetic
field becomes stronger because there are more
lines of force. The force is expressed in terms of
magneto-motive forece (m.m.f.) which depends on
the number of turns of wire, the size of the coil
and the amount of current flowing through it.
The same magnetizing effect can be secured with
a great many turns and a weak current or with
fewer turns and a stronger current. If ten amperes
flow in one turn of wire, the magnetizing effect is
10 ampere-turns. Should one ampere flow In ten
turns of wire, the magnetizing effect is also 10
ampere-turns.

The length of the magnetic circuit, the material
of whieh it is made and the cross-sectional area,
determine what ‘“magnetic’’ current or flux (b}
will be present. Just as the resistanee of the wire
determines what current will flow in the electric
circuit, the reluctance (x) of the magnetic circuit
depending on length, area and material) acts
similarly in the magnetic circuit.,

I= I,m the eleetrie eircuit; so

_mm. f.
- in the magnetic cireuit,

u

The magnetie field about wires and coils may
he traced with a cornpass needle or by sprinkling
iron filings on u sheet of paper held about the coil
through which current is passing. When there 18
an iron core the inereased magnetic force and the
concentration of the field about the iron is readily
discernible.

Permeabiliiy 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, is of
low cost, and is therefore very commonly used in
magnetic cireuits of electrical devices.

The permeability of iron varies somewhat
depending on the treatment it receives during
manufacture, Soft iron has low reluctivity,
another way of saving that its permeability is
extremely high. The molecules of soft iron are
readily turned end to end by bringing a current-
carrying wire or a permanent, magnet near. When
the influence is removed they just as quickly
resume their former positions. When current
Hows around a soft iron har we have a rmagnet.
When the circuit is broken so the current cannot
How, the molecules again assume their hit-or-

miss positions. Little or no magnetic eflect re-
mains. When a steel bar is subjected to the same
magnelo-inotive force in the same way, it has
less magnetie etfect. llowever, when the current
is removed, the molecules tend to hold their end-
to-end positions and we have produced a perma-
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nent magnet. Compass needles are made in this
way. Permanent magnets lose their magnetism
only when subjected to a reversed m.m.f., when
heated very hot or when jarred violent]y.

INDUCTANCH

The thought to be kept constantly in mind is
that whenever a current passes through a coil it
sets up a magnetic field around the coil; that the
strength of the field varies as the current varies;
and that the direetion of the field is reversed if the
direction of current flow is reversed. 1t is of inter-
est now to find that the converse holds true
that if a magnetic field passes through a coil, an
electro-motive foree is induced in the coil; that if
the applied field varies, the induced voltage
varies; and that if the direction of the field is
reversed, the direction of the current produced hy
the induced voltage is reversed. This phenomenon
provides us with an explanation of many electri-
cal effects. It serves in the present instance to
give us some understanding of that valuable
property of coils -— self-inductance. Should we
pass an alternating current through a coil of
many turns of wire, the field around the coil will
increase and decrease first in one direction and
then in the other direction. The varyving field
around the coil, however, will induce a varying
voltage in the coil and the current produced by
this induced voltage will always be in the oppo-
site direction to that of the current originally
passed through the wire. The result, therefore, 1s
that because of its property of self-induction, the
coil tends constantly to prevent any change in
the current flowing through it and hence to limit

the amount of alternating current, owing. The
effect can be considered as electrical mertia.
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Should we pass a continuous and steady direct
current through such a coil we would build up a
imagnetic field as the current started to flow but
since the strength and direction of the field would
be unchanging, the only effect on the current
would be that due to the resistance of the wire in
the coll. A varving or an alternating current 1s,
however, definitely changed in character by
passing through the coil. 1t is for this reason that
Ohm’s Law, as we have outhned it so far, ecannot
be used to determine accurately the conditions in
the circuit.

Coils, because of their property of self-induc-
tion or inductance are termed inductances or
inductors. They are very widely used in radio
work. Those used in the power circuits of trans-
mittiers, where low frequency alternating current
is used, usually consist of several thousand turns
of wire wound on an iron core. In other positions
in transmitters and receivers, where the alternat-
ing currents are of a very high frequency, the coils
usually consist of turns of wire wound on a former
of some insulating material but without any core
other than the air inside the former. In some
cases, taps are taken from the winding so that the
amount of inductance in the cireuit may be varied
by altering the number of turns in use.

Inductance is measured in ‘“‘henrys.” T'he in-
ductance of a coil depends on the number of i1s
turns, the diameter and shape of the coil and on
the permeability of the core. The coils used with
very high frequency currents usually have an in-
duetance well below one henry. For this reason
the more convenient terms wmallihenry and mi-
crohenry are used. The millihenry is one one-
thousandth of a henry, the microhenry one mml-
lionth of a henry.

TRANNFORMERS AND GENERATORS

We have stated that if a magnetic field passes
through a coil, an electro-motive foree is indueerd
in the coil. Not only does this phenomenon pro-
vide us with an explanation of self-inductance in
coils but it permits an understanding of how
transformers and generators operate. Transform-
ors are very widely used in radio work — their
essentlal purpose being to convert an alternating
current supply to one of higher or lower voltage.
In transmitters, for instance, there will be one or
more transformers serving to step down the 110-
volt supply voltage to 7.5, 10 or 11 volts for the
filament of the transmitting tubes. Then there
will be another transformer {o step up the 110-
volt supply to 500, 1000 or perhaps several thou-
sand volts for the plate supply of the transmitting
tubes. These transformers will consist of windings
on a square core of thin iron strips. The 110-volt
supply will flow through a primary winding and
the mugnetic field created by thix current flow,
hecause it is common to all windings on the core,
will induce voltages in all the windings. Should
one of the secondary windings have twice the

number of turns on the primary winding, the sec-
ondary voltage developed will be approximately
twice that of the primary voltage. Should one of
the secondary windings have one third of the
primary turns, the voltage developed across the
secondary will be one third the primary voltage.
Direct current flowing in the primary of such a
transtorm would build up a magnetic field as the
current started to flow but the field would be a
fixed one. So long as the primary eurrent remained
steady there would be no voltages developed in
the secondaries. This is the reason why trans-
formers cannot be operated from a continuous
source of direct current.

A somewhat similar arrangement 1s to he found
in the alternating current generator —— a simpli-
fied diagram of which is shown. In one common
form of alternator, the magnetic field is fixed and
voltages are induced in the coil by its rotation in
the field. The result is exactly sinular to that
which would be obtained if the coil were fixed and
the field rotated around it. As the cotl turns from
the horizontal position it is cut by an increasing
number of magnetic lines of {orce and the induced
voltage increases until it hecomes a maximum
when the coll is vertical. As the coil continues {0
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rotate towards the horizontal position the in-
duced voltage decreases until it becomes zero
when the coil is again in the horizontal plane.
When the coil continues its rotation from this
position, the direction of the field with respect to
the turns of the coil has now heen reversed and
the voltages between the ends of the coil has
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therefvre been reversed. As the coil continues its
rotation, the voltage again climbs to & maximum
and falls Lo zero when the coil reaches its original
horizontal position. In the actual generator, of
course, the rotation of the coil (the armature) is
very rapid. The speed ol rotation in the elemen-
tary machine shown in the diagram would di-
rectly govern the frequency of the alternating
voltage produced. In the practical alternator, of
course, the arrangement is much more complex
and the electro-magnet which produces the field
may have many pairs of poles. A similar machine
is used to generate direct current. The chief
difference in it is that a commutator is provided
on its shaft to rectify the output of the armature.
This process involves changing the direction of
every alternate half-cycle — so causing all the
pulses of voltage generated to be in the same
dircction.
THE REACTANCE OF COILS

As we have said, a coil tends to limit the
amount of current which an alternating voltage
can send through it. A further very important
fact is that a given coil with a fixed amount of
inductance will impede the flow of a high fre-
quency alternating current much more than a low
frequency current. We know, then, that the
characteristic of a coil in impeding an alternating
current flow depends both on the inductance of
the coil and on the frequency of the current. This
combined effect of frequeney and inductance is
termed resctance, or inductive reaclance. The rve-
actance of a coil is computed with the aid of
the formula Xz = 2« fL when Xz is the induc-
tive reactance; » = 3.1416; f is the frequency in
cycles per second and L is the inductance of the
coil in henrys.

CONDENSERS

In radio circuits condensers play just as im-
portant a part as coils. Condensers and coils,
in fact, are almost always used together. The
condenser consists essentially of two or more
metal plates separated by a thin layer of some
insulating medium from a second similar plate or
set of plates. The insulating medium between the
metal elements of the condenser is termed the
dielectric. Unvarving direct current cannot flow
through a condenser because of the insulation
between the plates. But a steady voltage applied
to the terminals of such a condenser will cause 1t
to become charged. The effect, to return to a dis-
cussion of electrons, is simply that one element
of the condenser is provided with an excess of
electrons — thus becoming negatively charged
while the other plate suffers a deficiency of elec-
trons and is therefore positively charged. Should
the charging voltage be removed now and the two
elements of the condenser joined with a conduc-
tor, a flow of electrons would take place from the
negative to the positive plate. In other words, a
current would flow.

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

The unity of capacity is the jurad. A condenser
of one farad, however, would be so large that 1ts
construction would be impraectical. A more com-
mon term in practical work is the microfarad
{abbreviated ufd.) while another (used particu-
larly for the small condensers in high-frequency
apparatus) is the micro-microfarad (abbrevi-
ated pufd.). The first is one millionth of a farad;
the second is one millionth of a microfarad.

A considerable variety of types of condensers is
used in radio work. Perhaps the most commonly
known type is the variable condenger — a unit
comprising two sets of metal plates, one capable
of being rotated and the other fixed and with the
two groups of plates interleaving. In this case, the
dielectrie is almost invariably air. The fixed con-
denser is also widely used. Often it consists of two
sets of metal foil plates separated by thin sheets
of mica, the whole unit being enclosed in molded
hakelite. Yet another type-— usually of high
capacity -— consists of two or more long strips of
tin foil separated by thin waxed papor, the whole
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thing being rolled into compact form and cn-
closed in a metal can. Common units of this
type have capucities between oune and four
microfarads.

ALTERNATING CURRENT IN A CONDENSER

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

Of course, condensers do not permit alternating
currents to flow through them with perfect ease.
They impede an alternating current just as an
inductance does. The term capaciiive reactance is
used to describe this effect in the case of con-
densers, Unlike the performance of induectances,
eondensers have a reactance which is tnversely pro-
portional to the condenser capacity und the
frequency of the applied voltage. The formula
for its computation is therefore .\ =9-L where

2xfC
X, is the capacitive reactance; ==3.1416; f is
the frequeney in cycles per second and € is the
capacity of the condenser in farads.

CONDEN&ER CONNECTIONS

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

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

C =Cl +'02+Ca

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

kRl o GG
C G0 Gy TG+

It is sometimes necessary to connect filter
condensers in series, as this increases the break-
down voltage of the combination while it of course
decreases the capacity available. Condensers of
just the same size are most effectively connected
in series for this purpose. Voltage tends to divide
across scrics condensers in inverse proportion to
the capacity, so that the smaller of two series
condensers will break down first if the condensers
are of equal voltage rating. High-resistance units
are often used in such applications to equalize
the voltage drops and protect condenser banks
from unequal voltage distribution. As the re-
sistors are placed directly across the terminals of
each condenser and across the high-voltage line,
they are necessarilv wasteful of power. Before
selecting filter condensers the operating con-
ditions, voltage peaks and r.m.s. values should
he carefully considered. For complete information

C!

on such things, rcference to the chapter of this
Handbook on Power Supply i8 suggested.

DISTRIBUTED INDITCTANCE, CAFACITY AND
RESISTANCE

o far we have considered three very important
properties of electrical circuits and apparatus:
Resistance, inductance and capacity. Resistors,
coils and condensers are all built to have as much
of one of these properties as possible without
having a great deal of the other two. These
“lumped” properties can then be utilized in a
circuit to produce the required effect on the cur-
rent and voltage distribution. In every =ort of
cot! and condenser, however, we find not the one
property for which the lnstrument was used bt
a combination of all the clectrical properties we
have mentioned. And for this reason most design
work is somewhat of a compromise. Every coil
and transformer winding has resistance and dis-
tributed capacity between the turns in addition
to the inductance that makes it a useful device.
Then, every condenser introduces resistance
losses also. Resistors, as another example, quite
often have considerable inductance and dis-
tributed capacity between the turns of wire with
which it may be wound.

OAM'S LAW FOR ALTERNATING CURRENT

We start to realize the imsportance of these
““accidental” characteristics just as soon as we
endeavor to apply Ohm's Law to circuits in
which alternating current flows. If inductances
did not have any resistance we could assume that
the current through the coil would be equal to
the voltage divided by the reactance. But the
coil will have resistance, and this resistance will
act with the reactance in limiting the current
flow. The combined effect of the resistance and
reactance is termed the tmpedance in the case of
both coils and condensers. The symbol for im-
pedance is Z and it is computed from this formula:

Z=VR+X*
where R is the resistance of the coil and where X
15 the reactance of the coil. The terms Z, R and
A are all expressed in ohms. Ohm's Law for alter-
nating current circuits then becomes
{ ] et k=17
7z I o

In finding the current flow through a condenser

in an alternating current circuit we can often

K
assume that [ 7 (X ¢ being the capacitive re-

“Ne
actance of the condenser). ‘The use of the term
7 (impedance) is, in such cases, made unneces-
sary because the “accidental’” resistance of the
usual good condenser is not high enough to
warrant consideration. When there is a resistance
in series with the condenser, however, it can be
taken into account in exactly the same yanner as
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was the resistanee ol the coil in the example just
given, The impedance of the condenser-resistanee
combination is then computed and used ax the Z
ferm in the Ohm's Law formulas

THE SINE WAVE

In the diagram illustrating the action of the
alternator in generating an alternating voltage
we gave o curve indicating the voltage developed
by the alternator during one complete cycle.
This curve, as obtained with a theoretically per-
feet alternator, is known as a sine curve. All the
formulas given for alternating current circuits
have been derived with the assumption that any
alternating voltage under consideration would
follow such & curve. Tt is evident that both the
voltage and current are swinging continuously
between their positive maximum and negative
maximum values and the beginner must wonder
liow oue can speak of so many amperes of alter-
nating eurrent when the value is changing con-
tinuously. The problem is simplified in practical
work by considering that an alternating cuvrent
has a value of one ampere when it produces heat
at the same average rate as one ampere of con-
tinuous direct current flowing through a given
resistor. This efiective value of an alternating
current, if it follows a sine curve or has a sinu-
soidal wave form, 18 equal to the maximum or
peak current divided by the square root of 2. In
the same way the effective value of an aiternating
voltage is its peak value divided by the square
root of 2. The usual alternating eurrent ammeter
or voltmeter gives a direct reading of this eflec-
tive or root mean square current or voltage.

Referring again to the diagram illustrating the
action of an alternator we note that the point of
maximum voltage on each alternation corresponds
to the point of maximum current. This, we must
learn, is actually not a very common condition.
It has been mentioned that in a circuit containing
inductance the rise of current is delayed by the
eflect of electrical inertia presented by the in-
ductance. Both increases and decreases of current
are similarly delayed. It is also true that a current
must fow into a condenser before its elements can
he charged and so provide a voltage difference
between its terminals. Because of these facts, we
say that a current *“lags’ behind the voltage in
a cireuit which has a preponderance of inductance
and thal the current ‘‘leads’ the voltage in a
circuit where capacity predominates. The three
diagrams show three possible conditions in an
alternating current circuit. In the first, when the
load is a pure resistance, both voltage and current
rise to the maximum values simultaneously. In
this case the voltage and current are said to be
in phase. In the second instance, the existence of
mductance in the circuit has caused the current
to lag hehind the voltage. In the diagram, the
curreni is lagging one quarter evele hehind the
voltage. T'he current is therefore said to he 00

degrees out of phase with the voltage (360 degrees
heing the complete evele). In the thind exanple,
with i capacilive load, the vollage is lagang one
quarier eyele behind the cuwrrent, Uhe phase
difference is again 90 degrees. These, of course,
are theorefical examples in which it is assumed
that the inductance and the condenser have no
resistance. Actually, the angle of lag depends on
the ratio of reactance to resistance in the circuit.

In a direct current circuit the power can he
obtained readily by multiplying the voltage by
the current. However, it is obviously tmpossible
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to adopt the same procedure in alternating cur-
rent work when the current may be at a minim:am
when the voltage 1s at a maximum. In computing
the power in an alternating current circuit we
must take into account any phase ditierence
hetween current and voltage. This is made pos-
sible by the use of a number representing
the power factor of the circuit. 1t can be de-
seribed as the number with which it is necessary
to multiply the product of volts and amperes in
order to get the effective power in the circuit. In
the case of a cireuif with resistance only, when
the current and voltage are in phase, the power
factor would be 1. The power factor in most other
cases lies between zero and one. Anyone familiar
with the terminology of trigonometry may b
alded by the statement that the power lactor is
equal to the cosine of the phase angle.

It is obvious that in alternating curreni eir-
cuits containing inductance, capaeity and re-
sistance 1n various amounts, both “lumped’ and
“distributed,” the electrieal conditions in the
circuit are likely to be extremely complex. Comn-
putation of the power in such a eireuit and of the
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conditions in each component of the eircuit
ivolves a comprehensive knowledge of alternai-
ing current theory and a thorough understanding
of simple trigonowetric functions. Should a
knowledge of such processes be desired, we can
suggest study of ihose text-books to which ref-
erence is made in the Appendix, or to any one
of the many text-books devoted to alternating
current theory. It is generally agreed, however,
that the planning, building and effective opera-
tion of most amateur equipment is not usually
made unduly dificult by an inability on the part
of the operator to undertake the mathematical
analysig of alternating current circuit networks.

At the same time, it is very necessary that the
amateur should have a sufficient understanding
of the characteristics of resistors, inductances
and capacities to enable him to carry a mental
pieture of their performance in a circuit. In the
chapter which follows, we are to explain how the
combination of inductance, capacity and re-
sistance provides us with tuned or oscillatory
circuits, without which all of our radio equip-
ment would be of no practical use. T'o understand
the elements of radio principles without an exact
appreciation of the work accomplished by these
tuned circuits would be quite impossible. In the
meantime, let us see how these fundamentals
which we have discussed may be put to very real
service in the planning of equipment for our
receivers and transmitters.

WORKING PRACTICAL PROBLEMS

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

Plate Power I'nput

A certain transmitter has an output stage in
which a single 203-A tube is employed. A high-
voltage voltmeter is connected across the plate
supply circuit and a milliammeter of suitable
range used in the circuit so as to measure the cur-
rent of this tube only. We have seen that P =
£ xX1. Therefore, assuming that the meters read
1125 volts and 125 milliamperes, the plate input

)

; : Vi R e bl
power will be 112-))(1000 140.6 watts.

Resistance of a Grid Leak

It is necessary to determine whether a resistor
has a resistance of five, ten or fifteen thousand
ohms which would make it suitable for a grid

leak for a Type 10 transmitter, either used
separately or in connection with other resistors
of the same type. A 90-volt, B-hattery and a 0-50
mil scale milliarnmeter are available. The bat-
tery is connected to the unknown resistor through
the meter which is observed to read 10 milliam-
peres. The resistance is next calculated from
Ohm's Law: R=E/I. 90 +.010 =9000 ohms.

Measuring Grid Bias

When the grid-leak resistance is known, the
cwrent through the grid leak measured by a
milliammeter of suitable range enables us to cal-
culate the voltage drop across the resistor, which
18 the same as the bias between grid and filament.
For example, two 5000-0ohm resistors are used in
series as a biasing resistor to a Type '10 tube used
as the r.f. amplifier stage in a small oscillator-
amplifier transmitter. A milliammeter connected
In series with the resistors reads 21 milliamperes.
Calculating the voltage drop by Ohm’s Law
(£ =11) we have the bias as (2 X 5000) times
021, which equals 210 volts.

Capacities

A fixed condenser of 250 micro-microfarads
1s connected in parallel with two variable air con-
densers having a maximum capacitance of 140
micro-microfarads and .0005 ufd. respectively.
What is the total capacitance obtainable for any
adjustment or setting of the condensers? First
1t is necessary to change the ratings to either mi-
crofarads or micro-microfarads to get the three
units on the same bhasis. The answer will be either:
250 4140+ 500 =890 uufd. (micro-microfarads or

picofarads) or
00025 + .00014 + .0005 = 00089 ufd.
farads).

{micro-

Assume the three capacities to he connected
in series. Let us determine the equivalent lumped
capacity:

/IS Y S ¢ 1 1 1

c=a e e 250 T1a0 500~
004 +.00715+.002= 01315

01315 =1
('=76.1 pufd. (micro-microfarads or pico-
farads).

Condenser Reaclance

A high-voltage power-supply transformer may,
under certain conditions, require protection of
the windings from voltages built up due to leak-
age of high-frequency currents back through r.f.
chokes and the filter, or due to r.f. induced in
power-supply leads located in the field of the
high-power stage of a transmitter. The same
circumstances can cause break-down of insulation
in filament transformers. At any rate it will be
assumed that we have a 7200-ke. transmitter
and that it is desired to conneet a small condenser
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across the high-voltage winding. Remembering
that the higher the frequency is, the lower the re-
actance of a condenser, we judge that a small ¢con-
denser will sufficiently by-pass the radio-fre-
quency current, preventing the undesired r.f.
voltage from building up across our transformer
winding (or a choke coil, milliammeter or other
piece of apparatus could be protected similarly).

Finding a .02-microfarad mica-insulated trans-
mitting condenser available, rated to withstand
2000 volts, we decide to consider what may hap-
pen if we connect it across the high-voltage alter-
nating current source.

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

) Xo =1=2 4/C
=1+6.28 KX 7,200,000 X .02 X 10
=]-+6.28 X 7.2 % .02
=1/.905
=1.105 ohms
reactance at this frequency. This is an extremely
low value which will readily by-pass r.f. and
prevent any harmful voliages building up across
an induetance.

b) Xe =1+2 #/C
=1-+6.28 X 60 X .02 X 1078
=132,800 ohms
reactance at 60 cycles.

Currend Through a Reaclance

The transformer is a small one and so we can-
not be sure until we figure it out whether the
secondary current taken by the protective con-
denser and the set combined will be likely to
overheat the transformer or not. The plate trans-
former we happen to have has a ratio of 10:1
and delivers 1100 volts (effective value) when
run normally. The 60-cycle current through the
condenser will be:

Transformer Quiput Currend lo Resistunce Lvad
D

The transformer is rated at 100 watts (VA)
which means that 1t will deliver
w100

=5 =m=91.1 ma.

Resistance Value for Dropping Plate Voltage

The transformer output goes to a tube rectifier
throngh a filter which has a 70-henry choke in
one lead. After keying in the negative lead the
current passes through a 3-henry ‘‘keying”
filter choke to the plates of two Type '10 tubes.
There is some voltage drop in the rectifier tubes
and in the resistance of the two choke-coil wind-
ings. In addition to this, a resistor may be added
in series with the keying choke winding to further
drop the voltage so our tube will operate normally
with about 400 volts d.c. in its plate circut.
The proper size of this resistor is quickly found
by using Ohm's Law. If it is desired to produce a
drop in voltage of about L00 volts, divide this
value by the estimated plate current, let us say
100 mils or .1 ampere. (R=E/I)

100 )
e 1,000 ohms.

Size Resistor lo Handle a Given Current

In purchasing resistors, be sure they are of
ample size to dissipate the heat that will be
produced by the current they will have to carry.
The power that must be dissipated in heating 1s
W=RI* (watts).

1000 X .100? =10 watts, which must be dis-
sipated by the resistor for dropping the plate
voltage to the two Type '10 tubes, considered
above. Examining manufacturers’ lists, this size
can be used, but a 20-watt resistor is recom-
mended to give long life and keep the maximum
temperatures low. It is best to allow 40 per cent
or 50 per cent factor of safety, since resistors are
rated for their tnaximum allowable dissipation
mounted in free space. Actually the heat radiation
is limited by mounting resistors near other ap-
paratus. This heat should be kept away from
filter condensers or apparatus whose life varles
inversely with temperature.



CHAPTER 1V
How Radio Signals Are Sent and Received

N OUR discussion of fundamental principles,
we have seen how a flow of eleetrons
through a wire constitutes an electric cur-
rent, and how this current, under certain

conditions, gives rise to electric and magnetic
effects as changes in the current flow take place.
[n addition to the effect which resistance produces
in direct and alternating eurrent, circuits, we have
learned how an induetance or coil tends to pre-
vent any change in the curreat flowing through it
because of the existence, around the coil, of & mag-
netic field, which varies in strength with every
variation in the current flow. We have also sceu
how this field around a coll can link with the turns
of a second ecoil, so inducing voltages in it
voltages which vary in accordance with the
changes in the original current flow. Further, we
have seen how a condenser can be charged by
an applied voltage and how the energy repre-
sented by this charge can cause a current to flow in
any conductor which is connected across the con-
denser terminals. Lastly, we have learned that in
an alternating current circuit, inductance causes
thecurrentto lag behind the voltage while capaecity
causes the voltage to lag behind the current.

THE COMPONENTS COMBINED

With an understanding of these principles it
is not difficult to follow the operation of the
“tuned” or “‘osecillatory” ecircuit — that com-
bination of inductance, capacity and resistance
which is such a common and extremely impor-
tant feature of every radio receiver and {raus-
mitier. In the wiring diagram of any radio equip-
ment examination is almost certain to reveal
one or more tuned circuits, made up of a condenser
and an inductance together with their distributed
resistance. The wiring of such an oscillatory cir-
cuit is given on the next page. It will be seen
that the resistance of the components, though
really distributed throughout the circuit, is shown
as a separate unit “‘ R.” This resistance is the one
undesirable characteristic of the eircuit and an
effort 18 usually made to reduce it to the lowest
possible value,

THE TUNED CLRCUIT,; RESONANCE

Let us assume that a condenser and a coil are
connected together, and review briefly the process
of setting up oscillations in this simple circuit.
Since no vacuum tube or auxiliary apparatus is
provided to supply voltages we must also assume
that the condenser is already charged so that a
voltage is impressed in the circuit. At a given in-
stant one of the condenser plates will have a posi-
tive charge with respect to the other, and the

moment the coil and condenser are connected
together the current will flow from this positively
charged plate, tending to equalize the potential
difference of the condenser. This current has to
make its way through the coil (inductance) and
here it encounters electrical inertia. The induc-
tance tends to prevent the How of current by
changing the energy mto the electromagnetic
field which opposes the current flow. All the en-
ergy in the condenser is finally changed into elec-
tromagnetic lines of force around the coil, no
longer existing as electrostatic lines of force be-
tween the condenser plates. The current flow
from the condenser, at first prevented from build-
ing up due to the inertia of the inductance pre-
sented by the coil, has now reached its maxi-
mum value and the voltage of the condenser has
dropped to zero. At this point the magnetic field
about the coil collapses, returning energy to the
circuit in the form of current, which continues to
flow in the same direction (inductance-inertia
prevents change), charging the condenser to op-
posite polarity. Finally when all the energy has
been restored to the electrostatic field of the con-
denser (now charged in the opposite direction)
the current falls to zero, and the accompanying
magnetic field is also zero. The voltage is maxi-
mum and is now exerted in the opposite direction,
sausing the current to reverse in another attempt
to equalize the potential difference of the eon-
denser. The same cycle takes place again, a mag-
netic field being created as a result of the opposi-
tion of the coil to the current flow. This action
would continue indefinitely exeept for the re-
sistance {which is always an element in practical
circuits) tending to reduce the alternating current
to zero, and which we overcome by means of the
vacuum tube, adding energy to the ecircuit to
make up for its losses due to resistance, and so
that the oscillations ean be continuous.

OSCILLATION FREQUENCY

[t should be clear that if the col (inductance)
1s made larger it will take the current longer to
flow out of the condenser in a given direction,
because the inertia will be greater. Likewise if
we have a larger capacity it will take it longer to
become charged to the maximum voltage (just
as 1t takes a longer tune to fill a larger tank with
water). As has been stated, the velocity of the
electrie current can be considered to be constant.
It is at onee clear that the cireuit with larger
coils or condensers 1s going to take a longer
period to go through a complete cycle of oscilla-
tion as explained in the last paragraph than a
circuit where the inductance and capacity are
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kept. smali. So the smaller the coil and econ-
denser used in the ecircuit, the faster the oscilla-
tions will take place, the lower will be the time
constant, and the higher the frequency (cycles-
per-second or kcs.-per-sec.).

THE FUNDAMENTALS OF TUNING

The important point behind all this explana-
tion 1s that with any combination of inductance
and eapacity, providing the resistance is sufhi-
ciently low, a sudden impulse introduced into the
cireutt will cause an alternating or oscillatory
current to flow in the circuit at a frequency which
1s determined by the values of the inductanee and
the capacity. It is equally important to know
that for any combination of induetance and ca-
pacity there is some particular frequency of an
applied alternating voltage at which current will
flow in the circuit with the greatest ease. 1f we
think back on the explanation of the reactance of
a condenser and coil this fact will be more readilv
understood. The reactance of a condenscr, it
will be remembered, diminishes with an increase
of the frequency while the reactance of an in-
ductance increases with the frequency. In any
combination of the two, therefore, therc must
be some particular frequency at which the
capacitive and inductive reactances are ox-
actly equal. Since these reactances act against
cach other, they will cancel out at this frequency
and the only factor which then remains to im-
pede the current flow is the resistance. The par-
ticular frequency at which this occurs is known as
the resenand frequency of the civeuit while the cir-
cuit 18 said to be in resomance at that frequency.
In more common terms, the cireuit is said to Le
“tuned’ to that {requency.

CIRCUIT CONSTANTS

In all radio work such tuned circuits are used
a great deal. Radio receivers and transmitters
alike make use of tuned circuits. “Tuning' a
transmitter simply means changing the values of
inductance and capacitance so that the ‘res-
onant’’ frequency of the circuit is the desired
value. A transmitter is usually tuned to one fre-
quency and the circuit adjusted for maximum
effectiveness. If more than one frequency is used,
the adjusting is carefully done for each and the
size of coils and settings of condensers carefully
noted in the station record or log.

“Tuning” a receiver simply vefers to the
changing of the variable element {(usually capaci-
tance, but which may be either inductance or
capacitance) to change the resonant frequency
of the receiver to that of the station it is desired
to hear.

There 1s a very definite relation that ecau be
expressed hetween the size of the coil and con-
denser, and the frequency at which the combi-
nation will oscillate. Simple calculations can be
made directly from the formula:

ITANDDBOONK
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When L is the inductance in microhenries,
(" is the capacitance in microfarads,
f1s the frequency in kilocyeles per second,
\ is the wavelength in meters.

THE IMPORTANCE OF RESISTANCE

‘The “sharpness” of tuning and the “ampli-
tude” of electrical oscillations are greatest when
the “resistance'’” of a circuit containing a con-
denser and coil is lowest. The diagram shows a
tuned ecircuit which has a variable resistance as
well as a certain amount of inductance and
capacity. The high-frequency generator (/' im-
presses a constant voltage in the cireuit. The
currents that flow vary in broadness and ampli-
tude depending on the amount of resistance in
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HOW RESISTANCE IN A CIRCUIT BROADENS TUNING

FREQUENCY

the circuit. We get the loudest signals with a
receiver having low resistance circuits and we
gef the highest efficiency in a transmitter when
the resistance of the tuned ecircuits is at a mini-
mum, other things being equal.

In our practical amateur transmitters and
receivers we will find that both the inductances
and condensers used in the tuned circuits wre
quite small. The inductances, for instance will
usually have hetween one and 50 turns of wire
while the condeusers will rarely have capacitics
higher than 500 micro-microfarads. These values
are small, of course, because theyv are used in
circuits which resonate at frequencies hetween
1715 and 30,000 kilocyeles (possibly higher).
It is with such very high frequency alternating
currents that we are so concerned in amateur
transmission and reception.

WHY TRANSMITTEILS RADIATTE

The common low frequency currents which we
use for light and power are conducted with high
etficienncy along wires from the alternators at the
power station to the points where the current is
to be put into service. The conductors constitute
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an essential feature of the system. Magnetic and
clectric fields exist around the wires carrying
such a low frequency current but these fields
are restricted to the immediate vicinity of the
wires.

An electric current at frequencies of 15,000 to
£0,000,000 or more cycles per second creates
magnetic and electric effects (lines of force) far
more difGeult to confine to the immediate vieinity
of the wire circuits. In fact when such a current
is caused to How in a conductor or network of
conductors, resonani at the frequency of the
current and arranged favorably in free space (not
screened or shielded by surrounding objects to
any cxtent) the rapidly alternating electric,
magnetic, and radiation fields (constituting radio
waves) have an effect which may extend a long
distance from the sending station, which after all
is just an assembly of apparatus designed to
create and control the high-frequency alternating
current. The choice of the high frequency, the
power, and the conditions in the transmitting
medium which vary somewhat from day to day,
and season to season, will determine the extent of
the effect at different distances from the sending
station.

THE ANTENNA

Antennas, as the special systems of wires
designed to radiate the energy supplied by the
high-frequency alternating current are called,
are of different types, the efficiency with which
they operate and the directional properties of the
radiation varying with the design. Having dis-
tributed inductance and eapacitance, an antenna
structure has a natural period or response fre-
quency, and can be tuned by addition of coils
and condensers whose constants can be varied.
Antennas can be arranged in different patterns
for directional transmission. Adding coils and
condensers makes it possible to operate antennas
above or below the natural electrical period
determined by the physical dimensions. They can
he operated readily on their natural frequency or
on harmonic frequencies, deriving their alter-
nating current supply divect from the sending
apparatus or via a single- or two-wire trans-
mission line designed to have low copper and
radiation losses. The whale subject is so im-
portant that antennas will receive detailed ex-
planation clsewhere. For the moment it, may be
enough to say that an antenna can be considered
clectrically as simple as a cireuit containing a
condenser, a coil and a resistor connectled to-
gether, these “lumped’ circuit elements being
substituted for the distributed ecapacitance,
inductance and resistance.

Antennas located well in the open and ol con-
siderable physical proportions work best in
setting up a “radiation field” eapable of ereating
a ‘‘potential gradient’’ as the lines of force sweep
across a remote receiving antenna. “Lumped”

circuit elements and well-balanced properly-
coupled feeder lines show desirably poor radiation
characteristics. Discontinuities in any electric
circuit, feeder lines whose impedance is not
properly matched to the load, ete., for example,
give rise to radiation effects and losses from that
circuit, depending on the extent of the reflections
that take place and the amplitude of the so-
called standing waves that are set up on the
conductors. The radiation field or direction of
wave propagation from a simple antenna is at
right angles to both the electric and magnetic
fields of the antenna. These latter fields decrease
in intensity to a negligible value within a few
wavelengths of the antenna, heyond which point
the radiation field is the only one that can he
detected by its cffeets.

Summarizing our view of transmitting, then,
we use apparatus that generates radio-frequency
alternating currents from a high-voltage com-
mercial source. The radio-frequency energy 1is
coupled into an antenna or radiating system.
Here it sets up lines of force that radiate in all
directions.

In receiving radio signals we use apparatus
similar to the sending equipment and reverse the
procedure. The lines of force from the sending
antenna sweep Aacross our receiving antenna,
induce radio-frequency potentials in it, and these
cause currents similar to those in the sending
antenna to flow back and forth. These of course
are very feeble impulses compared to those at the
sending station. 1t is merely necessary to detect.
these impulses and magnify their effect somewhat
so that the impulses can be turned off and on
or varied in more complicated ways, depend-
ing on the nature of the communication
desired.

WAVELENGTH; FREQUENCY

For a few purposes it is convenient to regurd
the propagation of the radiation field to a distance
from the viewpoint of wave-motion, the waves
carrying energy and spreading outward from the
sending station or source with a definite speed
and frequency somewhat like water waves and,
like other waves, subject to reflection and re-
fraction. However, the velocity is not known
exactly. I'requency can he stated, checked, or
measured exactly against a standard time interval
determined by astronomical means. For this
reason, all radio assignments are made in terms
of frequency, primarily.

The approximate velocity of light waves,
electricity and radio waves through space may be
assumed to be 300,000,000 meters (186,000 miles)
per second, or a figure based on the latest ecien-
tifie measurement. can be used. The velocity of
propagation in a given medium is constant, and
the fixed relation between the velocity, length,
and frequency of radio waves can be expressed by
the formuls on the following page.
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Where
f 15 Frequency feycles)
Vis ve/ocztyoré;%payat)b/z{mez&rf/fec)

= N
f A Assthe wavelength (meters)

WAVELENGTH-FREQUENCY CONVERSION

shown on charts and tables in this book and elsewhere 1s bas d
entirely on substitution in the above formula. V is a constant
whose accurate ralue may be taken as 299,820,000 meters pes
sec. Using this and any desired wavelength, the corresponding
Frequency is quickly found. Dividing the result (cycles per sec.}
by 1,000 gives the frequency in kilocycles.

We shall be concerned a great deal with the
way this high-frequency energy can he generated,
controlled and received. Tn some cases the
lower radio frequencies are produced by rotating
machinery (Alexanderson alternator) made pos-
sible by refinements in equipment like that used
in power stations for generating 25- and 60-cycle
current. Iowever, circuits containing condensers
and coils, chosen to have a certain natural period
or frequency, are most often used in converting
direct, eurrent (or alternating current of com-
mercial frequency) to high-frequeney alternating
current useful for radio communication. In prac-
tice, the electric are, the spark gap, and the
vacuum tube have all been used with tuned
circuits for this purpose. The older methods of
creating radio-frequency power have been grad-
ually supplanted and the equipment retired from
service until to-day the more convenient and
versatile vacuum tube reigns practically supreme.
All of the transmission apparatus described in
the following chapters is designed to make use of
the vacuum tube as the generator of radio-
frequeney power.

COUPLING

How do we get the radio frequency energy into
our antenna, does someone ask? The cnergy
transfer 1s accomplished by the use of coupled
and luned circuits.

(a; When the common link in two electrical
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circuits is a condenser, we refer to the coupliug
as “‘eapacitive” coupling. (b) When a resistor is
used, we speak of “resistance” coupling. (c¢)
When a coil is used, the coupling is “inductive”
coupling. These three types of direct coupling are

* ag shown 1n the

sometimes called ““conductive,’
diagram.

The “voltage drop” aeross the eommon link
(Cy, R, or L) caused by current circulating in

L, C, is effective in producing currents in the
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L, Cy eiveuit. The L, C; eurrent and the value of
', R, or L determine what takes place in the
C. L. circuits.

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

These methods of coupling are known as in-
direct capacitive coupling and magnetic coupling,
respectively.

Most amateur stations using short. wave-
lengths use ‘“maguetic’” coupling. In such an ar-
rangement the coupling value may be changed
by changing the number of active turns in either
coil or by changing the relative position of the
coils {distance or angle between them). The ar-
rangement then performs in a simnilar manner to
the transtormer described in the previous
chapter.

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 Jinked by a magnetic or an electro-
static 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 can-
not, ag is commonly supposed, be measured in
“inches” separation of coils. The separation
hetween the coils (distance and angle hetween
axes) and the number of turns in each deterinines
the coeflicient of coupling. Many turns in two
cotls 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.
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When the coupling between two circuits is very
small the two circuits can be tuned readi)y to
he resonant to the sume frequency. As we in-
crease or ‘‘tighten” the coupling, the mutual
inductance increases. The quantity of power
transferred is greater and greater as the coupling
gets tighter and tighter. With most transmitters
there is a certain critical value of coupling that
gzives best results. With a tube set, too close
(tight) coupling often causes instability. The
transmitting frequency becomes unstable or
“wobbly’’ and in extreme cases the tube may stop
oscillating. Too close coupling gives a big reading
on the antenna ammeter but the signal is hard to
hold. It breaks or becomes unsteady due to fre-
queney variations and inherent instability. To
improve “copiability’” and eliminate inexcusable
interference the antenna eircuit must be detuned,
or the coupling reduced, when a self-controlled
oscillator is used directly for transmisgion.

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 understood.

A vacuum tube is familiar to most folks as an
evacuated glass vessel containing three or four
elements, filament, plate, control grid and some-
times a screen grid. Small vacuum tubes are used
for radio reception. Large tubes are used as
amplifiers of speech or of weak radio-{requency
signals. Every time we make a long distance
telephone call hundreds of V. T. amplifiers are put
into use for our benefit. Still larger tubes are used
in making powerful radio-frequency currents for
sending out 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
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= DETECTOR CIRCUIT

as heat. Any three-element vacuum tube can
perform all three kinds of aetion il we use it
properly.

All substances, as we have learned, 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 oft electrons. Any light that it gives is simply
ieidental to the heating process. A tungsten fila-
ment has to be heated very hot before it gives

up its electrons. Tt takes lots of energy to do this
and mueh light 18 given ofl in the process.
Thoriated Hlaments are used in modern tubes
since better electron emussion and filament life
are obtained with thoriated tungsten. A coating
of barium and strontiwm oxides on a filament also
parts readily with electrons. Such tubes do not
take so much power for filament heating. Plenty
of elecirons are available and but little light is
thrown off, as the temperature ig not very high.

In 5 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 elec-
trons 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 is negatively charged. Like
charges repel and most of the new electrons com-
ing off the filament will then fall back into it. Out
beyond the grid is the plate. 1f we connect a bat-
tery between the filament and plate with the
positive terminal 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 circuit. 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 exactly in accord-
ance with Ohm's Law. The temperature of the
filament 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 s applied in the plate of our direct cur-
rent B-battery, the electrons will only be at-
tracted to the plate during the parts of an alter-
nating current cycle when the plate is positive.
The tube is acting as a *‘rectifier,”

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 cir-
cuit, allowing the current to flow in but one direc-
tion. Tt is good for little else, however. The grid is
of open construction and it is placed near the
filament. A bhattery (C) can be connected in the
grid circuit (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 elec-
trons 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 plate current Las increased.
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When the grid is negative, the negative elecirons
are repelled and the plate current is decreased.
T'be grid is near the (Jament and any change in
grid potential has a large effect on the plate cur-
rent. 1f the grid potential is varied while the fila-

r
t
-1
e :
LS
| § :
: NI Using Upper bend i
P |  charactersstic curve -
| X | ANofe average decrease in
& ) /.:/ate current.
1
G /?I/ 01 Vi ?.’, f AGE

|
i
I

j DETECTOR OPERATION

K

nient current and plate voltage remains constant,
the efiect on the plate current varies as shown
n the diagram. The filament temperature limits
in the emission of electrons causing the bend at
the top of the curves, as saturation is approached.
The hends (A, B, C, D in the eurves of amplifier
operation) can be used for detection. The straight
section of the characteristic curve is useful for
non-distorted amplifieation.

HOW A VACUUM TUBE ‘‘DETECTS”

FFor simple detection the circuit shown is
usually used. A tuned cireuit is coupled to the
antenna and connected through a small condenser
whieh is shunted by a high resistance to the grid
and filament of a vacuum tube. The whole connec-
tion is called the tnput circuit to our tube. The
filament current is provided by a low-voltage
hattery (the A-battery). The headphones and a
higher-voltage battery are connected between the
filament and plate of the vacuum tube. This is the
output circuit of our tube. The B-battery, as it 18
called, usually has a voltage between 15 and 25
volts.

The electrie and magnetic field from a sending
station set up voltages in the antenna causing
oscillating high-frequency currents in the antenna
coil. The resulting field about this coil links the
coil in the input cireuit to our tube. This eircuit
is tuned to resonance, at which point there is a
maximum voltage across the condenser and coil.
One of the terminals of the grid condenser con-
nects to one side 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 nega-

tive charge of equal value by robhing the grid of
some of its clectrons. This leaves the grid itsell
positive with respect {0 flament. The resistance
of the grid leak is so high that practically no
charge 18 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 cyele 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 wt has received. It continues to gain clec-
trons during each positive part of the radio-fre-
quency cycles that occur. The result of a con-
tinued modulated group of oscillations is to make
the grid more or less negative. This causes a dip
in the plate current. Between every group ol
oscillations the negative charge has lime to
“leak " off the grid through the high resistance of
the grid leak, allowing the plate current to in-
crease again. When receiving modulated speech
the process becomes continuous and the varia-
tions in telephone current are therefore at speech
frequencies.

A tube can detect without the grid condenser
and Jeak by adjusting it to work on the “bend”
in the curve. Radio-frequency changes in grid
potential will make radio-frequency changes i
plate current. The decrease in plate current
when the grid is negative will be greater than
the increase in plate current when the gnrd
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-battery 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 re-
covers quickly from static crashes when this is
done. It is quieter in operation than a set with a
poor grid leak.

Grid-condenser-and-leak detection gives su-
perior sensitivity to weak signals when it 1s
compared with plate detection or so-called
“power detection” although the latter offers
superior fidelity when handling a received voltage
of relatively high amplitude.

Please note that in explaining detection sim-
ply and in our subsequent account of ampli-
fication, the statements made apply only for
extremely small signals. A family of “curves’ and
much detailed explanation is required to show
“dynamic vacuum tube characteristics” or the
behavior of the tubes wunder actual working com-
dittons.

Take our grid-voltage plate-current curves for
example, the readings shown applying for a con-
stant plate voltage. Actually when the grid of an
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amplilier or detector hecome more positive the
plate current inereases and the plate voltage de-
creases,  beeause the plate-blament, resistance
15 lowered and the external plate resistance he-
comes a greater proportion oi the total plate-
cireuit resistance, thus absorbing more of the
applied B-voltage. With several ‘““statie charae-
teristic curves” taken at different plate voltages
we could follow the tube action (dynamic) by
hopping about from curve to curve to account for
changing tube conditions.

Don't get the idea that the static characteris-
tics are unimportant, for that is not the case.
While the action may not be explained exactly
for working conditions, this type of curve i8 basic
and an understanding of this is prerequisite to
any more advanced study.

HOW A VACUUM TUBL ‘* AMPLIFIES"

A small change in grid poteutial always makes
quite a large change in plate current. This makes
it possible to apply eurrents 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 loeal power supply.

Several tubes can be used one after another in
an amplifier. They are coupled by any of the
methods we mentioned under the subject of
coupling. Magnetic coupling 18 perhaps most
commonly used. Radio and audio frequeney
transformers are the simplest examples of mag-
netic coupling for amplilying 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 & circuit so that it
operates on the straight portion of its plate-cur-
rent 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 1is desired
between tubes. Befween the last step of an ampli-
her and ’phones or loud speaker we want maxi-
mum power transfer. This is obtained by match-
ing the tube impedance to the primary impedance
of the output transformer. The secondary im-
pedance of the output transformer is made equal
to the impedance of the winding on 'phones or
speaker to give best results. Just as in the case of
the dryv cell or generator, the maximum power is
transferred when the load and internsl impedance
characteristics are matched. To give most power
output without harmonic distortion, a more
complicated condition must be ratisfied, and the
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external impedance must he twice the fube
hmpedanee.

Y

ITOW A VAQUUM 'TMBE ().\‘(fll:[u‘\’J‘Eh‘”

We have mentioned that vacuum tubes can
and are used to generate undamped high-fre-
quency currents, The production of undampedl
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AMPLIFIER OPERATION

oscillations is accomplished by adding energy in
“timed pushes” to each oscillation. A tube
can be made to oscillate by coupling the input
aud output (grid and plate) ecirenits, The in-
ductance and ecapacitanee in the grid cireuit
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CONDITION FOR MAXIMUM POWER IN A
CIRCUIT

usually determine the frequency of oscillation, al-
though the values of inductance and capacitance
in other parts of the circuit may control this. A
coil in the plate cireuit {tickler coil) sometimes
couples a part of the plate circuit energy mag-
netically to the grid ecircuit, thus keeping 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 cireuit there is
bound to he a “reactance voltage drop” across
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this coil. This voltage couples some energy
back to the grid circuit, through the grid-plate
capacitance of the tube. Often a tube which
refuses to oscillate can be brought into oseillation
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.

HARMONICS

Just as a violin string may be made to vibrate
giving overtones or harmonics in addition to the
fundamental vibration, an antenna circuit may
be made to resonate at a number of harmonic
frequencies. The fundamental frequency is the
lowest frequency for which the current becomes a
maximum. The harmonics are always higher fre-
quencies and exact multiples of the fundamental.
In radio practice, the fundamental itself is called
the first harmonig, the next higher frequency the
second harmonic, etc. (differing from musical
practice in which the next higher multiple fre-
quency would be termed the first harmonic or
overtone). For example, an antenna having a
fundamental (first harmonic) of 1790 ke. per
second also will oscillate or operate on its higher
harmonics at the following irequencies: 3580,
5370, 7160, 8950, 10,740, 12,530, 14,320 and
16,110 ke./sec. as the 2nd, 3rd, 4th, 5th, 6th, 7th,
S8th and 9th harmonics, respectively. The higher
harmonics usually give a weaker response, but
piezo-electric quartz erysial oscillators often

2nd Harmonic

Fundomental or 73t
Harmonic

3rd Karmonie

a - Current Maxima (anti-nodes)
bedef — Curreni Nodes

CURRENT AMPLITUDE OF Isr, 2no, AND 3r0 HARMONICS
(Oscitlations in a half-wave anterna)

have useful harmoniecs as high as the threc
hundredth.

A coil-condenser eireuit having low resistance
resonates only at a single frequency. Cireuits
(such as antennas) containing much stray dis-
tributed capacity and inductance and having
effective changes in resistance, capacity and in-
duectance with frequeney more readily respoud at
harmonic frequencies. A freec anienna (Tleriz)
may be operated at the fundamental or any har-
monic frequency, while an antenna of the
grounded (Marconi) type will respond only at the
odd multiples such as the third, fifth, seventh
harmonie, ete,

PRODUCTION OF HARMONICS

Distortion i vacuum tube amplifiers often
causes harmonics and we purposely adjust vac-
uum tube eireuits to give us maxinmum distortion
when we desire an output at either radio or audio
frequencies that is rich in harmonics or has
strong harmonies. The amplitude of harmonics
depends on the grid bias and upon the difference
between the average fluctuating current and the
steady value of the plate current. High input
voltage amplitudes or grid swing and high nega-
tive bias are favorable for the production of
harmonics. Due to curvature in the plate-current
plate-voltage characteristic curves and the fact
that there is a different plate-voltage plate-cur-
rent (static characteristic) for each value of
impressed grid voltage, the current wave-form in
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HOW DISTORTED WAVE FORMS CAUSE HARMONICS

the plate circuit becomes distorted, resulting in
the generation of harmonie frequencies. A posi-
tive swing of the grid may, for example, cause an
increase from the average value of the plate cur-
rent of 45 milliaraperes, while an equal negative
swing will cause a decrease of only 15 milliam-
peres from the average value. A low plate-load
{external) resistance or impedance will emphasize
such distortion. Even with a high grid bias, large
iputs to the grid circuit will also cause the grid
to hecome positive during part of the input
cycle, causing grid current to flow, thus decreas-
ing the grid-filament resistance of the tube. This
results in an uneven load and produces further
distortion and harmonics. The way in which dis-
tortion in the output waveform introduces a
harmonie impulse or component is indicated in
our dizgram.

Note that harmonics cannot be generated at
frequencies below the fundamental but always oc-
cur at higher frequencies. Nevertheless it is possi-
ble sometimes to pick up a radio signal when lis-
tening on half the frequeney of a transmitting
station if some tube in our receiver is oscillating
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und a harmounic is present in the receiver. In this
casc the harmonic in the receiver may be beating
with the fundamental frequency of the trans-
mitter.

In working with transmitters careful distine-
tion must be made between “frequency dou-
bling” and harmonics. That is, if we arrange a
distortion amplifier to double the 1790 ke./sec.
frequency of our example, we may secure 3580
ke./sec. alternating current in the output (which
happens to be the same as the 2nd harmonic).
However, if we double frequency again we arrive
at 7160 ke. in the output of this stage. A third
doubler would give us 14,320 ke. in the output.
By properly biasing tubes and tuning the output
circuit to a desired frequency, a vacuum tube
may bhe operated as a frequency doubler or
frequency tripler, ete

REGENERATION

There i3 alwavs 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 enough
feed-hack from the output to the input circuits so
that the action is continuous as long as power is
supplied and the coupling is sufficient, and where
the feed-hack 1s 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 cireuit (7°) at the same frequency. These
changes have greater magnitude than the im-
pressed signal because they take power from the
plate battery. Whenever some of the energy is
coupled back to the grid circuit we have “re-
generation.” The response to weak signals is
greatly increased by using regeneration because
the original voltage impressed on the grid is much
increased by the feed-back. When there is suffi-
cient regeneration we have ‘““osciilation.” By
varying the tickler coupling, the plate current,
the capacitance across grid and plate, or the
turns in any coils that may be in the plate cireuit,
we can control the amount of regeneration and
the ease with which the set goes in and out of
oscillation. In receiving 'phone signals we want
our tube to be adjusted for maximum regenera-
tion without oscillation. To receive a continuous
wave signal we want the set just oscillating.

In a broadeast receiver we always want to pre-
vent 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 voltage to
the grid eirenit. o neutralize the effect of this we
adopt some method to feed back another equal
and opposite voltage (a voltage equal and 180°
out of phase) to our input circuit. To get some
regeneration is desirable, so we usually do not

neutralize completely — the neutralizing voltage
is opposite but not quite equal.

HETERODYNE AND AUTODYNE C.W. RECEPTION

The best and most common way to receive con-
tinuous waves is to use a vacuum tube to produce
weak oscillations of nearly the same frequeney as
the incoming continuous wave (¢.w.). The local
oscillations and the incoming oscillations are

§ !
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A REGENERATIVE
DETECTOR CIRCUIT

added together in the input circuit to one vacuum
tube.

T'wo tuning forks of slightly different frequency
“beat’ upon each other, alternately adding to
and neutralizing each other. The “beats” are of
low frequeney (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, the high-frequency alternating
current impulses are ordinarily received by the
““heat’” method. Inaudible high frequencies are
combined to produce an audible beat note. Mil-
lions of cveles can be generated locally in a small
vacuum-tube oscillator. This oscillator is coupled
to the grid eircuit of a vacuum tube. The incom-
ing oscillations are also coupled to this same cir-
cuit. The beats between the two frequencies are
present in the output. The beat frequency equals
the difference of the two frequencies. *“ Hetero-
dyne” rcomes 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 heterodyne method
of ¢.w. reception.

“Auto-dyne’” means ‘‘self-force.” The stand-
ard amateur regenerative tuner employs the
autodyne method of reception. One vacuum tube
generates oscillations. Incoming signals are cou-
pled into the grid circuit of this same tube direct
or often through one or more stages of tuned or
untuned radio-frequeney amplification. A single
fube thus acts as oscillator, detector, and am-
plifier. ‘T'he oscillations at. the natural period of
the circuit will heay with the frequencies of re-
ceived signals to produce audible effects. Also
harmonic osellations in a receiver, although
weaker, can heat with other incoming irequencies
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and sometimes cause reception of two frequencies
simultaneously or other unusual effects.

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
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convert into understandable characters, the busi-
ness of tuning is important. Tuning is the process
of adjusting the coils or condensers so that the
circuit will respond to certain frequencies which
correspond to certain stations that we want to
receive. When signals are to he rececived, the
sending and receiving stations must have their
apparatus and eircuits tuned to the same fre-
quency.

Our antenna has distributed inductance and
capacitance. It therefore tunes to & certain fre-
quency. We can add lumped inductance and
capacitance to tune it if we please. The maximum
response occurs when the antenna cireuit is tuned
to the incoming frequency. The small potential
induced by the advancing electric waves causes
oscillations to take place in the antenna circuit.
The radio-frequency voltages in this circuit can
be applied directly or indirectly to the grid of a
vacuum tube used as a self-heterodyne or auto-
dyne for beat-note reception. Of course an r.l.
amplifier can be used to magnify weak signals
before receiving them hy the self-heterodyne
method.

Usually sending stations use some fixed fre-
quency while receiving stations “tune’ for the
station that is wanted. Either the condenser or the
coil may be the variable element in the receiving
cirenit. Sometimes both are made variable. The
proper ratio of capucitance 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
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just the coil or just the condenser is made ad
justable.

Using a coil with a small variable condenser
and a number of fixed condensers makes it pos-
sible to cover a wide range of frequencies with the
desired nicetv of adjustment. When a large con-
denser 1s used a vernier knob or dial helps to give
easy control. By using one small variahle con-
denser and a number of removable coils 1t is pos-
sible to design a practical and efficient ““tuner’
that will cover any or all the frequencies used by
amateurs to-day.

Tuning controls should be few in number and
easy to operate. Adjustments should stay put and
body capacity effects must be avoided, especially
o0 in a high-frequency receiver.

Almost evervone who reads this Handbook has
seen, used, and perhaps constructed a receiver of
some sort for broadcast or amateur {requencies.
There is little difference in the procedure fol-
lowed in making a one- or two-tube broadeast
receiver and in building a good high-frequency
tuner except that the latter is usually a simpler,
more straightforward design than the modern
broadcast receiver. 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 cer-
tain irequencies in the musical scale much more
than others. In code reception we can use the
same instruments if we please or we e¢an pick out
some so-called ““distortion’ transformers to give
us more amplification on some one frequency. By
heterodvning or autodyning the incoming signal
to give a beat note of the desired frequency we
qan readily get maximum amplification from such
a transformer. Statie and signals of different fre-
Guency 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.

Reception of high-frequency signals is usually
accomplished by the autodyne method. Our local
receiver oscillates. Our adjustment of the con-
denser-coil circuit determines the frequency of
oscillation. The antenna circuit is coupled to the
condenser-coil eircuit. 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 circuit. The grid of the vacuum tube has
impressed on it voltages of two frequencies. "'he
output circuit of the vacuum tube contains the
difference between these two grid-circuif fre-
quencies. When the two frequencies {one from the
antenna and one locallv generated) are exactly

{ When the antenna is counected directly to the grid end
of the condenser-coil eircuit thruugh a simall fixed condenser,
the oscillations of the antenna circuit take place as usual
and the voltage drop across the coil and condeuser is applied
directly to the grid of the detector tube.
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the same, we have “zero beat " and no sound in the
‘phones unless the incoming signal is modulated.

In reeeiving cocle signals the regeneration con-
trol 18 sei so that the receiver oscillates over the
whole range of frequencies that can be covered by
the set. The tuning dial of the condenser-coil eir-
cuit 18 turned slowly while the regeneration con-
trol is moved just the little necessary to keep the
tuner on the edge of oscillation. When the ampli-
tude of the local oscillations is just equal to that
of the incoming signals, the beat note will be
strongest. In receiving signals the energy from
the antenna circuit 1s always very weak. T'he hest
results (maximum sensitivity) are obtained with
the regeneration control not far beyond the point
where oscillations begin in the local eircuit.

Most vacuum-tube receivers to-day utilize
the principle of regeneration. Part of the energy
in the output cireuit (plate circuit) of the detector
tube is coupled back to the input eircuit (grid
cireuit). The feedbaeck voltage may be applied to
the grid either through the plate-grid intra-tube
capacity or by an inductive feed-back obtained
by using a “tickler” coil.

MODULATION

When something that we do varies the ampli-
tude of the current in a circuit, we have modu-
lated the current. Speech modulation is usually
accomplished by speaking into a microphone.
Microphones for speech only are quite satisfac-
tory when made of a stretched metal diaphragm
in front of some carbon granules whose resistance
varies, depending on the position of the dia-
phragm. I'or musical reproduction 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.

Microphones and modulators vary currents by
varying the resistance or impedance of the cir-
cuits of which they are a part. In modern radio-
phone transmitters the microphone works into a
number of amplifiers, cascaded and coupled to-
gether to produce uniform amplification over the
desired audio range. Sometimes part of the ampli-
flers are right at the microphone. The speech or
music goes over telephone lines for some distance
to the point where the station is located and there
more amplifiers are used. The amount of power
that can be controlled directly by a microphone is
very small. Thus ecombinations of vacuum tubes
used as amplifiers are necessary to build up the
energy to a value which will permit complete
“modulation’’ ol the radio-frequency output of a
large transmitter.

While a certain amount of modulation can he
obtained by a number of ¢rude methods, the radio
regulations to-day require high frequency stabil-
ity, and since the power wasted by incomplete
modulation is considerable, it is profitable to
congider use of only certain types of equipment

that are necessary to produce adequate results.
Therefore the use of microphones directly con-
nected to speech input eireuits, used in ““absorb-
ing” radio-frequency circuits or in the antenna
itself, will not be discussed. Instead, a whole
chapter of modern radiophone practice has been
ineluded.

FADING AND SKIP DISTANCE
No discussion of amateur radio or of high-
frequency phenomena can be complete without

TIME

o CUSRENT /N MICROPHONE

MOOULAYED RADID-FREQUENCY CURRENT

SPEECH ENVELOPE SIMILAR IN
FORM TO VOICE CURRENT

mentioning the commonly accepted theory ad-
vanced in explanation of the things that have
been observed in connection with high-frequeney
transmission. It appears that just as light waves
can be reflected (by a mirror) and refracted
(when passing into a medium of different density
such as water) so it is with radio waves. The be-
havior of radio waves or radiations set up by dif-
ferent alternating current frequencies is harder to
understand because these waves are not visible or
audible except by artificial means of detection.
The frequency spectrum used for radio com-
munication is & wide one and the determination
of what happens is further complicated by the
continuous variations taking place in the medium
traversed by the radio waves. The bending or
refraction of radio waves is attributed to the
presence of free electrons in the ionized portions
of the earth’s upper atmosphere. The ionization
passes through a daily and seasonal variation
depending on sunlight and changes in barometric
pressure.

Changing reflecting and refracting properties
of the Kennelly-Heaviside layer ? are sometimes
supposed to account, for the minute-to-minute
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changes in the inteusities of received signals
ifading). Changes in the strength of vertical and
horizontal components of radic waves duc to
varying polarization * also account for fading.

A diagram explains what is commonly referred
to as the “skip”’ distance, that distance which sig-
nals skip over. The signal decreases in intensity
as we leave the transmitter due to spreading out
and to energy absorption. It finally drops below
a useful value, remaining out until we reach
a great distance from the transmitter, after which
it unexpectedly gets strong again, gradually drop-
ping in intensity at still greater distances. As-
saming radiation from a transmitter at a great
many different angles, the first diagram shows the

VS 1057
\ ‘

0, ANGLE AT FRANSMITTER CORRESPONDING TO THE
FIRST CRITICAL ANGLE

0, ANGLE AT TRANSMITTER CORRESPONDING TO THE
SECOND CRITICAL ANGLE

SHOWING THE VARIOUS POSSIBLE PATHS OF
RADIATION

The rvertical and near-vertical rays peneirate the sonized
layer and wander away. W hen one reaches the ** lémeting angle’’
the ray juss does yet bent enough to be kept from wandering
away. but it continues o graze the layer and is after all worth-
{less, Belme this angle we have progressive reflection {or refrac-
tion) and the ray returns to earth. As the angle of departure
from the transmitter is chosen flatter and flatter the energy
strikes so far away as to miss the earth, possibly going out to
the ionized layer again, and perhaps cven being reflected doun

a second fime 1f it has energy enough left.

different directions in which radiation takes place.
The signal may of course be received near the
transmitter due to the ground wave and algo in

2 The Kennelly-Heaviside layer is so named for the in-
vestigators who hrst suggested the existence of an ionized
region above the earth’s surface which might have an in-
fluence on the propagation of radio waves. It can be shown
mathematically thut such jonized layers can transmit an
electro-magnetio wave with a higher velootty than it would
have when travelling through un-ionized space, There is a
niore or less increasing state of ionization in the higher levels
of the earth’s atmospherc. Explaining ionization we might
say that it must be thought of as the breaking up of neutral
as molecules into positive and negative constituents by
ultra-violet light from the sun and by direct bombardment
of the outer layers of the earth’s atmosphere by electrons
thrown off from the sun — notably from sun gpots.

Polarization refers to a shange produced by the medium
through which the radio waves travel by which the trans-
verse vibrations in the medium are limited to a single plane.
Near any transmitter the vibrations toke place more or less
indifferently in any plane about the line of propagstion
depending, to some extent, on the type of radintor nsed.

the area between the “two direct rays’ shown.
The skipped distance at night is much greater
than in the day time. Jt gradnally inereases up to
about midnight. The skipped distanee also 1s
known to be greater in winter than in summer
which seems reasonable because the ionization
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APPROXIMATE AVERAGE TRANSMISSION PER-
FORMANCE OF DIFFERENT WAVELENGTHS AT
DIFFERENT DISTANCES

The received aignal is assumed to have a field-strength of 10
microvolts per meter at the receimng point. The transmifter is
assumed (o have 5000 watls in the ankenna. The chart 48 rather
confusing but may be cxplained as follows. To the left of the
line marked ''limzt of ground wave' 1t should be possible to
receice at all times, Ajfter that, one must pick a pair of curres
of the same sort {that i3 for the same time) and 1f the distance ig
between the curves one should hear the signal. Thus, a 80-meter
ware showld be reliable at all times to 70 miles for the conditions
mentioned. From ihere to 400 miles its daylight performance
will probably be uncertain while from 400 on it will gradually
die down until at {600 it will again be below 10 microvolls per
meter. There are, of course, numecrous erceéptivns where one
does hear it when it should be absent. The curves are mainly
from data by A. H. Taylor,

should be less then, due to shorter periods of
sunlight,.

It can be seen readily from the charts that the
skip distance is very definitely influenced by the
transmitted frequency.

70 Lhe Sun

THE NATURE OF " SKIPPED DISTANCRE"
T — Transmitting point.
X — Loeal signal due to earth-bound or ground wave.
Z —= [egion of refracted or refiected siynal.



HOW RADIO SIGNALS ARE SENT AND RECEIVED ol

I'ading is reported less violent at very long dis-
tances due to the fact that radiation can arrive by
many routes, thus averaging conditionsand giving
a fair signal in spite of fading along some paths.
Right at the edge of the skip distance interfer-
ence effects may oecur with very severe fading,
while beyond this point the rays of high-angle
radiation die out, giving a better chance for a
steady signal. In general high-frequency com-
munication results go to prove that the skip dis-
tance for any given time decreases with de-
creasing frequency. While skip-distance effects
are important on our high frequencies they are
not a8 noticeable on the broadcast band and less
important still on low frequencies.

There is nothing absolute about any of the
rules that different investigators have devised for
determining whether a signal from a certain
transmitter can be heard at a given point. How-
ever, some charts and rules are useful when
studying the subject of transmission phenomena,
even though they are approximate. Such a chart
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is shown reprinted from QST with some explana-
tion of what il means. It shows roughly what may
be expected of different frequencies or the cor-
responding wavelengths in radio communication.

Amateur experience scems to indicate that the
power of a transmitter is one of the less important
considerations in high-frequeney work. Extreme
distances are covered day and night with less
than ten watts in the antenna using 14,000- and
7000-ke. frequencies, and the signal strength of
high and low power stations i3 much the same.

The conditions which obtain in the medium itsell
are undoubtedly the most important factor in
determining the results.

READING DIAGRAMS

Schematic diagrams show the different parts
of a circuit in skeleton form. Pictures show the
apparatus as it actually appears in the station or
laboratory. A little study of the symbols used in
schematic diagrams will be helpful in understand-
Ing the circuits that appear in QST and in most
radio books. The diagrams are easy to understand
once we have rubbed shoulders with some real
apparatus and read about it. Schematic diagrams
are used in all electrical work hecause they save
so much space and time when discussing the
various circuits. Photographs of apparatus show
the actual arrangement used better, but the wir-
ing 1s not as clear as in the schematic diagrams.
In building most apparatus a schematic diagram
and a photograph will make everything clear. It
is suggested that the beginner carefully compare a
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few picture and schematic diagrams if not entirely
familiar with the latter.

The symbols used in schematic diagrams
throughout this book will be easily understood at
once by reference to the illustration on this page.
Most. of the diagrams shown are plainly labelled
or worded so thet it is only necessury o know the
genersl scheme which ditferentiates coils, con-
densers, and resistors to read the diagram. Ref-
erence to the text will help in understanding fully
what is intended, since diagrams and texft have
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heen prepared to complement each other. In
general, coils are indicated by a few loops of wire,
resistances by a jagged line, and variable elements
in the eircuit by arrowheads. If a device has an
iron core 1t is usually shown by a few paraliel lines
opposite the loops indieating coils or windings.

When you can draw and talk about circuits
in terms of the various conventional symbols vou
are on what i1s familiar ground to every amateur
and experimenter. Then vou can meet the dyed-
in-the-wool expert and understand what he talks
about.



CHAPTER V

Recelvers

And an Introductory Discussion of Station Assembly

O get the greatest fun and benefit from

amateur radio work you will want to

get into the game with a complete sta-

tion. Perhaps some readers of this
Handbook wish to ‘“‘experiment” and to build
equipment for testing purposes only. Some in-
dividuals get their chief pleasure in making mens-
urements comparing the performance of appara-
tus by laboratory methods. Some are never happy
unless they are continually examining different
circuits, becoming familiac with their operation
and tearing them down again. Advanced experi-
menters enjoy making a series of actual trans-
mitting tests to find out more about radio wave
propagation as it varies with frequency, distance,
and time-of-day. However, if you are like most
amateurs, you probably will prefer to put to-
gether a complete but inexpensive station and get
yvour enjoyment fror its operation.

Perhaps you think that building a station in-
volves many complicated pieces of apparatus, a
special building, separate power supply, intricate
circuits and, last but not least, a considerable
investment of funds. Such an idea is quite erro-
neous. While a station may involve all these
things if an individual is wealthy, it means noth-
ing of the kind as a rule. Not more than 4 or 5
percent of the thousands of active radio amateurs
in this country boast a quarter-kilowatt trans-
mitting tube, not to mention the other equip-
ment. The average amateur carries on both local
and international communication with a solitary
71g-watt transmitting tube and rarely with any-
thing larger than a 75-watter.

A “station” is nothing more nor less than a
transmitter and receiver, correlated by suitable
controls. Do not get the impression from a hasty
glance at the amount of material in the next few
chapters that a lot of complicated equipment is
necessary. In the first part of each chapter de-
seriptions of the simplest equipment will be found.
At the start one should pick out one of the simple
receivers described in this chapter, build a moni-
tor and frequency meter according to instructions
in Chapter VI, construct one of the low-power
transmitters in the first part of Chapter VII, and
get information on power supply, keying, station
arrangement and adjustment from the proper
chapters. Then the equipment may be properly
installed on a table or desk in any convenient
part of the home. That's really all there is to
huilding a station.

There is, of course, some constructional and
experimental work to do. There is a great deal of
satisfaction in the act of building, considered

just by itself. The good station must have a good
transmitter and an equally good receiver. The
mechanical and electrical details of these instru-
ments offer interesting problems to the beginning
amateur. It is the purpose of this book to make
the path smoother for him.

Although we describe reccivers and trans-
mitters in detail, it is not necessary to follow our
mechanical arrangements exactly to get good
results. A few parts and tools, a little ingenuity,
some planning with pencil and paper (mixed with
a little cormmmon sense) result in the best station at
the lowest eost. A few hours spent in looking over
the suggestions given here will save money and
enable one to get started right.

After the planning is done, the materials should
be ordered. Your local dealer will have some sup-
plies but probably will not have them all. Con-
densers, coils, meters, insulators, transformers,
batteries, tubes or whatever is needed are carried
by advertisers in QST

QST refuses advertisements containing false
claims. 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 used
apparatus for sale or exchange. Onee in a while
complete receivers and transmitters are offered
for gale in these columns, but to get just what
one wants and to save money, most amateurs
prefer to “build their own.”

While it is possible to put a set together with
the aid of only the proverbial jackknife, a few
good tools of the proper sort will be found in-
valuable in saving time and helping to make a
good job mechanically, The following list is
tvpical of the tools which most amateurs consider
highly desirable, if not indispensable:

Soldering iron (preferably electric)

Large and small side-cutting pliers

Large and small serewdrivers

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

File (not too large)

Knife (Bov-Seout kind)

Hammer

Vise (the small 4" size will do)

Steel rule (6" or 12”)

With these tools it is possible to construct prac-
tically any of the apparatus ordinarily built at
home. Others will be found useful at times, how-
ever. A small tap-holder, a die-holder and three or
four taps and dies covering the 6-32, 8-32 and
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0-32 sizes can be obtained from a hardware store
at reasonable cost. With the dies you can thread
brass rod and run over threads that become
“bunged-up”’ on machine screws. With the taps
you can thread the holes you drill so that they

W\T@ﬂ

TOOLS FOR CONSTRUCTION

AU are convenient bul not entirely necessary. A sel of small
taps and dies, a circle culter to use tn mounting melers on
panels, a bit brace and a 3¢t of sucket wrenches will be useful
wn addition, if regular construclion worlk: is planned.

will take machine screws to hold the apparatus
you wish to mount. A hacksaw, reamer, center-
punch, seriber, tweezers, square and some other
inexpensive tools are also desirable but not en-
tirely necessary.

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

A table of drill sizes giving the proper num-
bered drill to use for passing a screw through a
panel or for tapping to take a certain size of ma-
chine screw is included in the Appendix. Only the
sizes most used in radio constructional work are
given. Wood screws also come in various sizes and
lengths. Usually the numbers correSpond to the
drill-size numbers, the diameter given being that
of the screw just below the head. Wood serews are
stocked by most hardware stores in lengths to the
nearest quarter inch of what you want. Round-
head screws look best. Whether blued or nickeled
screws are used is mainly a matier of choice.

SOLDERING AND WIKING
In wiring different pieces of apparatus a neatly
soldered job will repay the builder in good appear-
ance and reliable operation. Good connections

may be made without solder, but a well-soldered
job has low contact resistances. A soldered outfit
works quietly and uniformly over long periods of
time. Soldering is decidedly worthwhile when
properly done.

Making soldered joints is 2 quite simple matter.
A few points should be kept in mind for best re-
sults. A hot well-tinned soldering iron, clean,
bright surfaces, a small amount of rosin-core
solder or rosin and ‘“half-and-half” soft solder
will do the trick. Tinning the parts to be soldered
before completing a joint will be helpful.

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

“Half-and-half”’ simply means that the solder
is an alloy, half tin and half lead. “Tinning "’ the
soldering iron is done by filing the point bright
and clean and rubbing it in hot solder with a little
flux until the point is covered with clean solder.
Scrape connections with a knife or file before
soldering, to save time and make a joint good
electrically and mechanically. The soldering iron
must be re-tinned occasionally if it becomes over-
heated. It should always be used when very hot
but not allowed to become red hot. A hot iron
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.

In receiver wiring, hattery leads may be
bunched to good advantage. Radio-frequency
circuits should have the leads well spaced. Wires
should cross at right angles when crossing is
necessary. Connections between coils and con-
densers should be as short as possible. However,
coils and condensers must not be jammed to-
gether too much as this increases the effective
resistance and lowers the sensitivity. Leads a
couple of inches long are permissible and will al-
low mounting the condenser out of the field of the
coil.

The antenna lead and all the connections from
the condenser and coil should be kept away from
other wiring. The wiring in the audio amplifier
can he spaced, and short leads are good, but they
are not nearly so iinportant here as in the detector
and antenna circuits. To avoid undesirable feed-
back the plate and grid leads should be kept well
separated.

The transmitter should he wired with the same
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points in mind as in veceiver wiring. At the same
time, the power supply and high-voltage wiring
must be well insulated and sufficiently separated
from other equipment to insure safety to life and
property. ‘The insulation of lead-in and high
voltage conductors should comply with under-
writers’ rules.

In the pages that follow we are going to de-
seribe in detail some successiul short-wave tuners.
Constructional ‘“dope” for moderately-priced
transmitters with world-wide range is also given.
We have discussed some fundamentals of elec-
tricity. The diagrams and constructional informa-
tion are quite complete. We suggest that the con-
structor study the books mentioned in the
Appendix for more complete theory and gencral
information. The deseriptions of stations in QST
frequently give good ideas on station arrange-
ment. QST itself keeps you informed about new
developmentis that are useful and noteworthy.

STATION ARRANGEMENTS

A complete station consists of a transmitter, a
receiver, a monitor and {requency meter, and
suitable antennas for transmitting and receiving.
The exact arrangement of these units 18 not
usually of great importance as far as their elec-
trical effectiveness is concerned, but the matter is
worthy of careful consideration so that the station
may be operated with the greatest convenience
and comfort to the operator.

The items which are hardled most frequently
are the receiver, power switches, key, frequency
meter and monitor. It is well, therefore, to group
these so that they can be operated conveniently.
Perhaps the most popular practice is to place the
receiver towards the left of the table on whieh the
apparatus is to be mounted. The monitor is lo-
cated alongside the receiver on the right (where it
is near cnough to give a good signal in the re-
ceiver) and the key is screwed to the table slightly
to the right of this and far enough back to give a
good support for the operator’s arm.

Since the filaments of the transmitting tubes
should be lighted before the high voltage is ap-
plied, two switches are necessary — one in the
primary of the filament transformer and one in
the supply circuit to the plate supply apparatus.
These switches can be mounted under the front
edge of the table in a position convenient for
right-band operation. With low-power trans-
mitters the filament and plate power are often
supplied by one transformer; in such a case only
one power-line switch will be necessary.

Sinece the Lransmitter is left at one adjustment
for much longer periods than the receiver, it is as
well to mount it clear of the other apparatus
where it will not be influenced by the ‘“body-
capacity’’ of the operator or the vibration of
keying. One possible scheme is to mount it on a
shelf above the right-hand side of the operating
table. The transmitter should be near the antenna

or feeder leads, however, aud in some cases a
different placement may be advigable. In order to
reduce the vibrations reaching the transmitter it
is often mounted ou four rubber sponges or sus-
pended on heavy rubber strips.

It should not be necessary to give the plate-
supply apparatus frequent attention; therefore it
can be on a shelf near the floor or, particularly if
it is a generator, can be rigged in the basement.
In the latter case, of course, particular attention
must be given to the insulation of the high-
voltage leads between the supply system and the
transmitter.

There are scores of possible arrangements for
the station and they will be varied in individual
cases by the arrangement of the room, the size of
the table or bench and the type of apparatus. It
may be a good plan for the amateur to arrange the
apparatus in temporary fashion at first so that he
can change things around when he has gained
some experience in the operation of the station.

UNDERWRITERS' RULES

'The specific rules covering radio equipmenti are
given in Article 37 of the National Electric Code,
under the heading of ‘* Radio Equipment.” Some
states have adopted this code or a more strict
version of it. Certain cities have adopted it, too,
and they enforce their regulations through munici-
pal inspectors. Before making an installation it
iz well to find out if the apparatus and wiring are
subject to a state and city inspection as well as
to inspection by insurance interests.

““ Approved " refers to devices designed for the
purpose used in accordance with recognized
practice. The device must be acceptable to the
inspection department having jurisdiction (there
may be a city or state inspector in addition to the
insurance rating or inspection bureau). When
there is no inspector for the city or state, insur-
ance interests inspect through their rating organi-
zations, one of which covers each part of the
United States. Your local insurance agent can
advise you in whose territory you are located so
you can get in touch with the proper authority.

A conference with the inspection department
hefore making an installation or change will save
inconvenience and expense later. Your own in-
terests and those of fellow citizens will be best
protected from an insurance and fire-hazard
standpoint by having such a conference.

The wiring must follow the requircments ob-
served in your partieular community. In some
iustances a separate power line must be run di-
reetly to the watt-hour meter. A few feet of
“BX” from the nearest outlet to a ‘‘Square-D”
switch box, properly fused at the switch, will
usually be satisfactory. The installation of high-
voltage apparatus and wiring must be done in
approved fashion. High-tension cable, supported
on porcelain pillar insulators, keeping the high
voltage away from all woodwork and neighhor-
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ing conductors, is a safe type of construction.

A receiving antenna can bhe connected to
sround before it gets to the set through either the
in-door or out-door type of lLightning arrester.

| o
Kecerving Transmetiing
Antennd “Antenna.,
- ~feeders

Lightning..
Arge.rte/g ‘

ANTENNA AND FEEDER GROUNDING METHODS
FOR LIGHTNING PROTECTION

Lightning switches are used on the lransmulting anlenna
fend-in or feeders. A lighining arrester vs satisfaclory for the
receiting antenna.

Several approved types are sold by loeal dealers
with eomplete instructions for installation. These
arresters usually are simply spark-gaps sealed in
a vacuum to lower the voltage break-down. The
ground can be made by seraping a water pipe or
ground rod clean and bright with a file. A [0-cent
ground-clamp will make a good connection to the
pipe. A yearly inspection will mnsure a good
ground. An approved lightning arrester operating
at a potential of 500 volts or less is required for
each lead-in conductor of a receiving station.
There are no requirements for indoor antennas,
however.

Transmitting antennas or feeders must be
grounded by means of lightning switches. The
switch should be of the single-pole double-throw
type having a minimum bhreak distance of 4
inches and a blade of at least .0625 square inch
cross-section. The switch should be in the most
direct line between lead-in and ground hut can
be located either outside or inside the station.
Live parts of the switch must clear the wall (or
other conduetors) by 3 inches. The switch must
be connected to the ground wire whenever the
station is not in operation.

Antennas for receiving and low-power trans-
mitting stations should be supported and insu-
lated similarly to public service communication
lines, while for medium- and high-power stations
the requirements for constructing supply lines for
transmitting electrical energy in like situations
must be met. Antennas should not eross over or
under supply lines or telephone and telegraph
wires nor should they run above and parallel to
ther in such a way that a falling antenna might

come in contact with a live wire. Antennas should
not. cross railroad tracks or public thoroughfares.
"They should not be attached to poles owned and
maintained by local publie utilities for supporting
power lines or communication cables or wires. In
most cases local ordinances forbid such construc-
tion as a menace to the public welfare. When an-
tennas are put up in such hazardous locations
special precautions should be taken to have ample
strength in the antenna wire and its supports, as
well as ample clearances. Antennas should not be
supported on chimneys. When a tree is used there
should be some provision for keeping the antenna
fromn snapping when the tree sways in the wind.

Any size of wire can be used for a receiving
antenna. Probably No. 14 B. & S. (American
Wire Gauge) hard-drawn copper wire, enameled
to prevent corrosion, will have the best balanee of
electrical conduetivity and mechanical strength
for that purpose. Transmitting antenna wires for
medium or high power amateur stations should
have u strength not less than that of No. 10 hard-
drawn copper wire and should be insulated with
insulators having a minimum creepage distance
of 10 inches.

The lead-in wires must be brought into the sta-
tion through approved lead-in bushings. A good
but cheap way to bring in the antenna lead is to
drill g hole in the center of a large windowpane.
A brass machine serew with rubber gaskets will
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TWO GOOD METHODS OF BRINGING THE TRANS-
MITTING ANTENNA LEAD-IN THROUGH A
WINDOW
go through this and make an excellent lead-in.
The lead-in insulator must have a 3-inch clear-
ance beyond the wall of the structure. Antenna
leads must never come within 5 inches of supply
wires. A wooden board at the top or bottom of a
window will make a good support for lead-in
bushings under most circumstances. Pyrex bowls
make good bushings. Lead-in bushings or tubes
must be rigid, noncombustible, nonabsorptive,

and have good insulating properties.

Everyone who owns an amateur station or who
plans to have one should send ten cents (not in
stamps) to the Superintendent of Documents,
Government Printing Office, Washington, D. C.
for the booklet Safety Rules for Radio [nstalla-
tions, Handhook of the Bureau of Standards No.
9. This gives a number of rules for installing
amateur radio equupment.
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DESIGNING THE RECEIVER

The first apparatus to be built for the station
should be a receiving set. FFortunately the short-
wave receiver is not a complicated affair like the
broadcast receiver. In its most practical form it
may consist of two, three or four tubes, but even
a single tube can serve to receive amateur signals
over long distances. The first requirement in the
receiver is & detector tube connected to a tuned
circuit and provided with a tickler coil so that it
may oscillate. A regeneration control must be
provided so that the detector can be maintained
in a condition of weak oscillation for the reception
of telegraph signals or held at the point just below
oscillation for ’phone reception. Most amateurs
prefer louder signals than a single tube can give,
and therefore additional tubes are used to provide
amplification. Radio-frequency amplification is
used between the antenna and the detector to
make the receiver sensitive to weak signals, and
audio-frequency amplification follows the detec-
tor to make all signals louder. More than one
stage of radio-frequency amplification is rarely
necessary at amnateur frequencies, and a single
stage of audio is usually sufficient for good head-
set reception, although two audio stages are often
used.

The arrangement of the parts in the receiver
and the wiring of them are important matters.
Many amateurs screw the apparatus on a wooden
haseboard, but this scheme has the disadvantage
that dust and dirt soon collect on the condensers
and coils and noisy operation results. A panel-
mounted receiver fitted in a cabinet is really
much preferable and need not be much more ex-
pensive. The panel and cabinet will afford pro-
tection to the apparatus and will give a much
more pleasing appearance than the baseboard
covered with apparatus and wires. In addition,
the panel will usually permit a more convenient
arrangement of the controls.

It is as well to spend some time in considering
the lay-out of the parts so that the leads in the
detector circuit may be reasonably short without
cramping the apparatus, and so that the tuning
coil is convenient to the tuning condenser and the
detector tube without being too close to any
large metal parts. It is difficult to specify defi-
nitely the separation that should be maintained,
but an approximate idea of suitable spacing can
be obtained by studying the photographs of the
receivers. The wiring in the detector circuits
should be made with bus-bar or enamelled copper
wire of about 14 or 16 gauge so that it will not
vibrate or shake and so ‘“‘shimmy’’ the signals.
In the audio-frequency amplifier, the wiring can
be done with rubber-covered flexible wire and the
difficulties of bus-bar wiring avoided. Bus-bar
can be used throughout, of course, if a neat ap-
pearance is desired. If the receiver is to be reliable
and quiet in operation it is essential that all joints
in the wiring be well soldered. When the wiring

has been completed it should be checked over
carefully before connecting any batteries. Before
connecting the B battery, the A battery should
be hooked up to make sure that the filaments can
be lighted and controlled by the rheostat or
switch. If all the tubes do not light the trouble
should be found before proceeding any further.
It is a good plan to connect a flash-lamp bulb in
series with the lead to the negative terminal of the
B battery so that any fault in the wiring which
ordinarily would result in burning out the tubes
will merely blow the bulb. If the bulb is blown
when the 13 battery is connected, the wiring
should be checked with care and the fault located
before another attempt is made. The ease with
which wires can be misplaced in such a way as to
connect the B battery to the tube filaments is
surprising. Even the more experienced amateurs
make mistakes of this kind and the protection of
the flash-lamp bulb should not be disregarded.
When connecting batteries to a receiver always
connect the wires to the set before hooking on the
batteries. Shocks and inadvertent short-circuiting
of the batteries will then be avoided. When the
'phones are plugged in, a loud click should be
heard and a similar or louder click should be ob-
tained when any of the connections to the B
battery are made or broken. At this stage it
should be possible to make the set oscillate by ad-
justment of the regeneration control. 1f this con-
trol is moved gradually the detector should go
into oscillation with a soft thud. A rustling sound
produced by static and miscellaneous electrical
noises will show that the tube is oscillating. If
there is any doubt whether oscillation is being
obtained, the terminal of the grid condenser
which is connected to the tuning coil can be
touched with the finger. If the tube is oscillating a
thump will be heard as the finger touches the
terminal and another thump as it is removed.

TUNING ARRANGEMENTS AND BAND SPREADING

Since the amateur frequency-bands comprise
narrow slicas of territory widely separated, it is

TYPICAL COIL CONSTRUCTION WITH MANU-
FACTURED FORMS

not possible to cover them all effectively with one
coil and condenser in the tuner. Many schemes
have been evolved to provide suitable coils and
coil sockets, the present trend being towards the
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use of a tube base or a special form of larger size
plugging into a tube socket. A manufactured
form of this type is illustrated on page 57, while
others are pictured later on with the construc-
tional details of the receivers in which they were
used. Larger coils with a horizontal row of plugs
fitting into a similarly-arranged row of sockets
are also used in some cases. The important re-
quirements are that the coils should be readily
interchangeable; the eontacts should be positive;
the coils should be mechanically strong so they
will not be deformed in handling; and they
should be small in diameter in order to avoid the
existence of an extensive magnetic field around
them.

Tuning condensers used in high-frequency re-
ceivers differ greatly in size from those employed
for the broadcast band and lower frequencies.
The usual 350- or 250-uufd. condenser will, at
high frequencies, cover so much territory that
tuning becomes extremely difficult, and the ama-
teur bands occupy only a few divisions on the
usual 100-scale dial. Many amateurs remove
plates from standard-size condensers to reduce
the maximum capacity, or use midget condensers
rated at 50 pufd. or less. If the receiver is to cover
all frequencies between 20,000 and 3000 ke,
common practice is to use a tuning condenser
rated at 150 uufd. with three plug-in coils, but
even this arrangement crowds the amateur bands
in a very small proportion of the dial scale. Most
amateurs prefer to spread the bands over a large

THE "SLIDING ROTOR" CONDENSER

?‘he space which each band occupies on the dial can be
aclbusted by changing the spacing between the rotor and stator
plate.

part of the dial, and to effect this a number of
methods have been devised.

Unfortunately our bands are not entirely in
harmonic relation, and therefore a condenser

which spreads one band satisfactorily will not
give the same spread on others. In order to make
each band cover the same number of dial divi-
sions, the ratio of maximum to minimum capacity
must be different for each band. One method of
making the change is to use plug-in midget tuning
condensers, such as are described in connection
with the four-tube receiver farther along in this
chapter. The standard midget condensers will not

— — e
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TWO SEPARATE STATOR ASSEMBLIES ARE USED
IN THIS CONDENSER

One stator section may be used alone or both may be con-
nected tn parallel by the clip. The two siators are insulated
from each other. In this particular condenser one stator ix
mounted on each of the insulating pieces at the ends. The con-
denser gives (wo capactty ranges without the necessity for the
clip when connected as shown tn the 3-tube a.c. receiver.

always work satisfactorily, and plates must there-
fore be removed until each band is spread as
much as desired. Another successful arrangement
is to reconstruct a regular 250-pufd. condenser,
removing all plates except one stator and one
rotor, and arrange the rotor plate so it can be
moved toward or away from the stator plate,
thus changing the capacity ratio. The illustration
shows how such a condenser may be constructed.
Notches may be filed or drilled in the rotor shaft
after the proper settings of the rotor plate for
different bands have been determined, so that the
set serew can be fitted into a notch with the assur-
ance that the plate has been returned to the exact
position desired. Still another system is to use
two tuning condensers in series, the second con-
denser allowing the maximum capacity in the
circuit to be set to any desired value within com-
paratively wide limits. If both condensers are of
about 100 pufd., each band can be spread as much
or as little as desired, and the spread may be
changed at will.

The amount of spread to use will vary with the
preferences of the individual. A full dial range of
750 ke. will be ample for easy tuning in most
cases, and will allow plenty of clearance on each
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side of the various bands. If one is willing to com-
promise a little, however, the same tuning ca-
pacity can be made to serve for both the 1715-
and 3500-kec. bands, and a second value for the
7000- and 14,000-ke. bands. Only two capacity
ranges are required in this case. Any of the
schemes mentioned above may be used in this
way, and yet another method is permissible. The
stator plates of a large condenser may be divided
into two seections, insulated from each other, and
the number of plates in each section adjusted
until the two capacity ranges are obtained. An-
other illustration shows such a condenser.

himself. The best plan is to construct the sets as
described and then add or subtract turns on the
coils and make adjustments to the tuning con-
dengers with the aid of a frequency meter or hy
listening to commercial stations whose operating
frequencies are near the amateur bands. The
“Radio Amateur Call Book” lists commerecial
stations by frequency, and will prove invaluable
in adjusting the tuning of a receiver,

REGENERATION CONTROL

The regeneration control is the next most im-
portant item in the receiver. Almost any arrange-
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A TUNING UNIT WHICH COVERS FROM 3000 TO 15,000 KC. WITHOUT INTER-
CHANGEABLE COILS

A dial spread of 1600 ke. may be oblained at any part of this range. This is a manufactured
tuner, and it8 construction in the home workshop 18 tmpractical.

A new type of tuning unit has recently been
developed by Hoffman and Mix of the C. F.
Burgess Laboratories, which has a continuous
tuning range from 15,000 to 3000 kc., and permits
full-scale tuning over a band 1500 ke. wide at any
part of the range. It comprises a variometer and
two variable condensers, one with plates cut to a
special design, all being ganged together. The
unit may be used in place of the usual plug-in
coils and condensers in any of the circuits shown
in the following pages. An illustration of this
tuner, which is manufactured by Aero Products,
Inc., is shown.

The exact adjustment of condensers for band-
spreading is not a matter for close specifications or
calculation, but must be determined by experi-
ment. The same is true of the construction of
tuning coils. In the pages which follow approxi-
mate specifications will be given for coils and
condensers, but it must be understood that these
values may not be exact in all cases, and that the
final adjustments must be made by the set. builder

ment of the tickler coil and feed-back control can
be depended upon to give similarly loud signals,
hbut some of them have the advantage of being
more convenient and of permitting adjustment of
regeneration without detuning the signal. It is
also a great advantage if the regeneration control
is absolutely quiet in action; if it permits a
gradual adjustment up to and past the point of
oscillation; and if it permits the tube to oscillate
gently all across the frequency band on which the
receiver is working without the necessity of touch-
ing anything but the tuning control.

Several methods of controlling regeneration are
shown in the diagrams. Those at “B’’ and “D”
are the most commonly used, the latter being
probably more popular than any other. Resist-
ance control is used in the receivers described in
this chapter, and is strongly recommended, since
it gives smooth control of oscillation with a mini-
mum of detuning. It is important, however, that
the resistor be of good quality if noisy operation
is to be avoided. Even with the best resistors it is
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advisable to connect a fixed condenser of 1 ufd._or
more across its terminals to reduce the possibility
of noises being causcd by poor contact between
the movable contact and the resistance element.
The carbon-compression resistors seem to be the
best for this purpose, although the types using a
movable contact on a resistance strip are in most
cases quite satisfactory. Wire-wound resistors
ordinarily give poor results for this purpose.

It is usually desirable to make the tickler much
smaller in diameter than the tuning coil to reduce
the tuning effect of the regeneration control,
particularly when the throttle-condenser method
is used. In all methods it is essential that the
tickler be mounted or wound at. the filament end
and not the grid end of the tuning coil. In the in-
terests of smooth control it will be found advis-
able Lo use just as few turns on the lickler as will
allow the tube to oscillate easily all over the
tuning range. If the tube starts oscillating with a
sudden thumnp instead of a smooth rushing noise,
a lower value of grid leak resistance should be
used.

RADIO-FREQUENCY AMPLIFIERS

A regenerative detector followed by a stage or
two of audio amplification will hring in signals

%i (“)[

HOW A SCREEN GRID ANTENNA COUPLING
TUBE MAY BIE CHANGED INTO A TUNED
kI STAGE

A tuned ctreuit (cotering the same band of frequencies as the
detector ctrcutl) is substituted for the resistur or choke ordi-
narily employed in the antenna circuit. The antenna may be
coupled to the tuned circuil by cither of the methods shoun.,
At (a) a primary of a few turnz 18 used, while at (b) coupling
i8¢ provided by a small condenser (two brass angles facing each
other).

from all over the world on high frequencies, but
many amateurs like to have the additional sensi-
tivity and selectivity which a stage of radio-
frequency amplification will provide. Screen-grid
tubes are well suited {o r.f. amplification, al-
though three-element tubes are almost useless.
A tuned radio-frequency amplifier can be added
to any of the receivers described in this chapter
with very little change in the sets themselves.
Those cquipped with a screen-grid antenna
coupling tube are easily adapted to tuned rf.
amplification, by simply substituting a coil and
condenser of the proper values for the various
bands instead of the resistor or r.f. choke con-
nected between grid and filament of the coupling
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FIVE METHODS BY WIICH REGENERATION CAN
|BE CONTROLLED IN THE DETECTOR CIRCUIT

In the arrangement shoun in diagram A4 the regeneration
or feed-back 1s varied by rolating the tickler coil which 1is
mounted at the filament end of the tuning coil. In scheme B the
tickler 18 fized tn relation to the tuning coil and the regeneration
is cundrolled by the variable throtile or feed-back condenser.
Cireuit C is a similar arrangement to the latter but with parallel
or shunt plate feed. In scheme D, which s the most popular of
all, control of feed-back i3 effected by the variable resistance
in the detector plate lead. In arrangement E the tickier is fixed
and regenerafion controlled by adjustment of the filament.
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tube. The coils and condensers will be approxi-
mately the same as those used in the detector
circuits of the samne receivers. The antenna should
not be connected directly to the grid of the first
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ADDING A TUNED RF. STAGE TO A REGENER-
ATIVE DETECTOR
The tuned circuit 1a, Ci, will have the same constants as Lo,
s, the detector ¢oil and condenser. Cs should be a farrly large
(.006 ufd. or more) by-pass condenser. Cy, .NOG ufd., 18 used to
vrevent short-circuiiing the plate toltage. The grid leak, R,
st be connected acvoss grid and filament of the delector tibe,
as shown, and not across the yrid condenser. No other changes
need be made in the recevver. The part of the circuil shown in
dotted lines should be thorouyhly shrelded and the shicld
grounded.

tube, but should be coupled either through a
small condenser, such as €y in the two-tube re-
ceiver, or by a primary coil of a few turns. The
diagrams show both methods. It is always
advisable and sometimes necessary to place the
r.f. amplifier tube and its associated coils and
condensers within a grounded shield to prevent
feedback from other parts of the circuit, which
would reduce its effectiveness.

A radio-frequency amplifier can be added to
receivers in which the regenerative detector is
coupled to the antenna by a few simple changes in
the set. These are indicated in another diagram.
A.c. (heater type) tubes may be used, the heater
and cathode connections being nmade in the cus-
tomary manner for such tubes.

AUDIO-FREQUENCY AMPLIFIERS

The problem of sensitivity is taken eare ol by
the regenerative detector and r.f. amplifiers, but
in order to obtain “‘comfortable’ signal strength
audio amplification is required. Audio-frequency
amplification for high-frequency reccivers is, in a
great many cases, no different from that used for
broadeast reception, and the usual connections
for transformer or resistance coupling may be
employed.

For reception of amateur code signals, it is un-
necessary and even undesirable to have the dis-
tortionless amplification which is the aim of
designers of broadcast receivers. Expensive audio
transformers with excellent frequency characteris-
ties are therefore not required. In fact, a trans-

former which has a decided “hump” at some
portion of its frequency curve is preferable, par-
ticularly if the hump is in the neighborhood of
1000 eveles. Such a transformer will provide
‘‘audio-frequency selectivity,” since it amplifies
one {requency a great deal more than others.
This is decidedly helpful in receiving signals in the
more erowded amateur bands, because two signals
are rarely on exactly the same frequency, and the
heat notes between the oscillating receiver and
the received signals are usually sufficiently far
apart in the audio scale to allow selection of the
desired signal at the audio transformer ‘“‘peak”
frequency, with the result that there is greater
amplification of the desired signal than of the
unwanted ones,

A dilterent method of obtaining audio-fre-
quency selectivity is incorporated in the four-tube
receiver described a little farther on. A large coil
is tuned by means of smsull fixed condensers to
1000 cycles, and the combination forms a coupling
impedance which acts as a rejector circuit. Beat
notes at about 1000 cycles cannot pass through
this tuned circuit and are, therefore, passed on to
the grid of the next tube, while those of higher or
lower frequency are by-passed to o large extent.
Impedances of this type are obtainable from at
least one manufacturer.

FPor ’phone reception the same prineiples should
be applied as for ordinary high-quality amplifica-
tion. Plate voltage and C bias on the amplifier
tubes are important, and should be those recom-
mended in the instruction sheets accompanying
the tubes or may be taken from the table in
Chapter VIL under “Class A" amplifiers. The
audio transformers should be suited to uniform
amplification over a wide range of audio [re-
guencies,

SCREEN-GRID DETECTORS

Many amateurs have found that screen-grid
tubes used as regeneraiive detectors are much
superior in sensitivity to the three-eleetrode
tubes. Iither d.c. or a.¢. tubes may be used. Usual
practice is to place the tickler in the plate circuit
in the same manner as it is used with the tinode,
hut the regeneration control is often placed in the
lead to the screen-grid. For best results the plate
voltage should be the maximum recommmended
for the type of tube being used, but the screen-
grid voltage should be approximately 20 volts.
The usual sizes of grid condenser and leak for the
control-grid circuit are satisfacstory.

It must be remembered that the output of a
screen-grid tube cither as a detector or audio
amplifier cannot be satisfactorily fed into a pair
of 'phones or the primary of an audio transformer
of customary design. Uhe plate impedance of
screen-grid tubes is so much higher than that of
ordinary triodes that the use of equipment de-
signed for the plate circuits of the latter tubes
will result in the loss of nearly all the amplifica-
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tion which the screen-grid tube provides. For this
reason resistance or resistance-impedance coup-
ling is ordinarily used. When using the Type '24
tube as a detector the resistance in the plate cir-
cuit should be of the order of 200,000 ochms for
maximum results. With the Type 22, 400,000 to
500,000 ohms will be about right.

More detailed discussion of the advantages of
this type of detector will be found in QST for
April, 1930, and September, 1930.

SOME PRACTICAL RECEIVERS

The receiver descriptions which follow are in-
tended to illustrate the points just discussed.
‘The various arrangements need not be followed
slavishly by the constructor, providing principles

THE PANEL LAY-OUT OF THE TWO-TUBE
RECEIVER

The vernier dial on the left is the main tuning control, that
on the right-kand side being the regeneration control. The knob
in the center controls the filament rheostat.

of good design are not violated. For instance, any
of the various band-spreading schemes may be
substituted for the one in the particular set in
which yvou are interested, if such substitution
should be desirable. If you prefer to use manu-
factured coil formsin a set in which the prescribed
coils were wound on old tube bases, by all means
do so, but at the same time remember that some
modification of the coil sizes given will be neces-
sary if the forms differ in diameter very much
from the tube bases. Audio systems may be inter-
changed, likewise. A little common sense applied
to most of the problems you may encounter will
solve nearly all difficulties.

A TWO-TUBE RECEIVER

The two-tube receiver illustrated is one of the
simplest types that can be built. It is, however, a
thoroughly praetical one which can be depended
upon to give readable signals, when conditions
permit, over even the longest distances. The
wooden base-board measures 11" x 6" x 74"
thick and upon it is mounted all of the apparatus
with the exception of one of the variable con-
densers, the rheostat, and the variable resistor
used as a regeneration control. These elements

are mounted on an aluminum panel 117 x 614" x
L2 thick. Aluminum of this thickness can be
obtained at most tin shops and hardware stores
and should be cut to shape by the heavy shears
with which these shops are usually equipped.
The panel can be given a pleasing finish by
stripping it in a strong solution of washing soda.
When removed from the solution the aluminum
will have a clean matt surface which can be
preserved, after the panel has been well washed in
clean water, by giving it a thin coat of clear
lacquer. A metal panel of this type is useful in
reducing the effects of “hand-capacity.” A panel
of bakelite or hard-rubber, which is preferred by
some amateurs, can be used. In any event the
panel can be secured to the base by three or more
round-head wood screws in the manner shown in
the front view of the set.

When a metal panel is used it is necessary to
insulate the frame of the variable resistor and the
telephone jack from it, This can be accomplished
by drilling holes large enough to give clearance
between the panel and the resistor shaft and the
jack and by using washers of thin card or other
insulating material between the panel and the
frame of the apparatus mounted on it.

From the circuit diagram it can be seen that
two variable condensers are used in series across
the tuning coil L,. The condenser C; is the main
tuning control and is a high-grade condenser of 50
uufds. capacity. It is made from a standard 250-
uufd. condenser by removing all except three
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THE SIMPLE WIRING OF THE TWO-TUBE SET

Apparatus required:

Two Type '01-A or '99 tubes and sockets.

C — J-pfd. by-pass condenser.

C1— 60-upfd. tuning condenser (straight line frequency).

Cy — [00-ppfd. midget variable condenser.

Ca — 100-pufd. fixed grid condenser.

Ci — Antenna coupling condenser — two Y4''-square brass

plates about 14" apart.

Cs — 2000-pufd. fixed by-pass condenser.

R — £0-ohm rheostat,

Ry — 2- or 4-megohm grid-leak.

R: — 50,000-0hm variable resistor.

R3s — 0.1-megohm fixed grid-leal: type resistor.

Ly, Ly — Tube-base cotls described under photograph.

One good audio-frequency transformer,

Baseboard measuring 11" x 6''. Aluminum or bakelite panel
11" x 634",

'Phone jack, miscellaneous wood screws, machine screws, brass
strip, ete.

C

+45-90v.

stator and two rotor plates, and is controlled by
the dial on the left of the panel. The midget con-
denser C. is of 100 wufd. capacity and is mounted
just behind the tuning condenser. It is used in
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series with the main tuning condenser to reduce
the capacity range of the latter so that almost full
scale coverage can be obtained on any of the ama-
teur bands. When the receiver is operated on the
1715- or 3500-ke. bands this midget is set near its
maximumn capacity, the exact position being de-
termined experimentally, so that the capacity
range of the tuning condenser will be limited to

--—

THE TUBE-BASE COILS USED IN THE TWO-TUBE
RECEIVER

Both yrid coils and ticklers tn these coils are wound with 24
gauge d.s.c. wire. The numbers of turns used are as follows:

Ban Grid Turns Tickler Turns
1718 ke. A9 8
3500 ** 33 7
7000 * 15 /]
14,000 * 6 v
28,000 ' 3 3

No spacing 1s used belween turns except in the grid coil for
28,000 kc., where the spaciny 18 14" As can be seen, the 1716-
ke, coil 18 wound on a £''-diameter bakelite tube mounted on a
tube base.

the value necessary to give full-scale coverage on
those bands. For the 7000-, 14,000- and 28,000-kc.
bands the midget condenser is set at lower values
—each value being predetermined experimentally

— g0 that the effective capacity range of the
tuning condenser is progressively lower for the
higher frequency bands. An understanding of the
reason why a lower setting of the series midget
condenser reduces the capacity range of the tun-
ing condenser can be obtained by studying the
explanation of the action of condensers in series
in Chapter 1II. The methods of band spreading
used in the other receivers described in the chap-
ter could be incorporated in this two-tube set.

The tuning coils are wound on bakelite bases
taken off burnt-out tubes. The approximate
number of turns needed for the various bands is
given under the illustration of the coils. The exact
number of turns needed will depend to some ex-
tent on the placement of the apparatus and the
arrangement of the wiring. It is a good plan first
to wind the coils with the number of turns given.
Exact adjustment of the inductance can then be
made by spreading out one or two of the end
turns. When the correct adjustment has bheen
found the turns can be held in place with a few
spots of Duco cement or other adhesive. The coils
plug into an ordinary tube socket which can be
seen in the plan view of the set near the center of
the baseboard.

The antenna is coupled to the receiver through
a very small capacity indicated on the diagram at
Cs. 1t consists of two pieces of brass about 15”
square separated 14”. The two brass pieces are in
the form of small angle pieces held with machine
screws to the baseboard. It is important that this
condenser be mounted close to the lead from the
end of the tuning coil to the grid condenser C; or
the stator plates of C», and that its capacity be
kept small. Some adjustment of its capacity may
be found advantageous after the receiver has been
put into operation. This can be accomplished by
bending one of the brass pieces away from or
towards the other.

The tickler coil 7,18 fixed in its

position with respect to coil L, and is
wound on the same tube base about
14’ from the filament end of L. The
number of turns used in this coil is
not very ecritical but if the number
specified in the list of windings does
not cause the detector to oscillate
with the regeneration-control resistor
R» at about the half-way position, ex-
periment with other values will be
advisable.

Condenser Cs is the radio-frequency
by-pass condenser across the audio-
frequency transformer. Its useis very

A PLAN VIEW OF THE TWO-TUBE RECEIVER
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