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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 obhtained from a
motor-generator and a mercury-arc rectifier and filter. Fuses, relays,
batteries, charging equipment and the like are all in the power-supply
room., The receiver is in front of the operator, key and controls at his
right, and the message file hox at his left, Ample space is provided for
the monitor, frcquency 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 “hreak-in"
work. The Official Broadcasts to A. R. R. L. Members are sent simultane-
ously on 3575 and 7150 ke. The main transmitter unit has interchangeable
coils of heavy tuhing with compression-tvpe 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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FORWARD TO SIXTH EDITION

HFE Radio Amatewr’s Handbook is in-

Z tended both as a reference work for

member-operators of the American
Radio Relay League and other skilled am-
ateurs and as a source of information to
those wishing to take part in amateur radio
activities but having little or no idea how to
et started. The choice and sequence of
material have been planned with particular
thought to the needs of the beginning am-
ateur but each subjeet has been developed
and carried on to embrace the most modern
amateur practice in that particular depart-
ment of activity. The book is designed to be
a practical rather than a theoretical work,
and necessary theoretical discussions are
made as simple and fundamental as possible.

This book is made available by the Ameri-
can Radio Relay League. the radio am-
ateur’s own organization. Written by am-
ateurs, for anyone and everyone interested
in amateur work, it is hoped that it will be
a helpful manual to those active in amateur
work and instrumental in helping beginning
and prospective amateurs to get into the
came and get the most that there is in the
enjoyment of amateur radio by directing
their efforts along the lines that bring re-
sults most quickly, surely and cheaply.

In 1925, Mr. F. E. Handy, now the
League’s Communications Manager, com-
menced work on a small manual of amateur
operating procedure, at the dirvection of the
A.R.R.L. Executive Committee. It was
deemed desirable to include a certain amount
of “technical” information, since an am-
ateur’s results are so greatly influenced by
the disposition and adjustment of his appa-
ratus. When Mr. Handy completed his man-
usceript he had written a considerable-size
book of great value. It was published in 1926
and enjoyed an instant success. Produced in
the familiar format of the League’s maga-
zine, QST, unusual as that is for a publica-
tion of this nature, it was possible to dis-
tribute for a very modest charge a work
whieh in volume of subject-matter and pro-
fusity of illustration surpassed most avail-
able radio texts selling for several times its
price. TSeveral successive editions have heen
revised by Mr. Handy as) reprinting became
necessary, and the book’is now one of the
institutions of amatcur radio. Its fame
went around the world and “Handy’s Handy
Handbook”, as it has come to be known, has
heconte the hible of practical amateurs in
every country on the globe.

The present edition has been extensively -

revised and concerning this a word of ex-
planation is in order. TIn late 1927 a new

international radio convention was adopted
by the nations of the world, an international
treaty making profound readjustments in
every part of the structure of radio, taking
effect at the beginning of 1929. Throughout
the year 1928 all classes of radio users, all
over the world, were studying and planning
to meet the requirements of the new con-
vention. Operating procedure was changed.
New technical requirements made obsolete
many practices which were satisfactory
theretofore. Particularly were these things
true of amateur radio, for the privileges
allotted to radio amateurs were reduced by
the new treaty, which meant a greater con-
gestion in operating and the nccessity for
improving methods. Recognizing this con-
dition the amateur organization, the A. R.
R. L., during 1928 carried on a technical de-
velopment program, under the direction of
Mr. Ross A. Hull, for the development of
apparatus and methods which would over-
come the handicaps of reduced space in the
radio spectrum and give assurance of con-
tinued successful operation. The beginning
of 1929 really marked a separation between
the old and the new in amateur radio. Our
Handbook, then, needed an overhauling in
its technical phases, not only to keep abreast
of normal progress but to revise treatments
which had been perfeetly satisfactory in
1928 in terms of the new requirements of
1929. Mr. Hull, as the director of the
League’s technical development program,
was the logical man to join Mr. IHandy
in the current revision, and the present
work represents a collaboration between
them,

{ The book continues to be based on Mr.
Handy’s earlier editions. Some of it has
been l'etained')intact. The chapters on
operating practice have been revised by Mr.
Handy in terms of modern procedure. The
chapters on station apparatus and adjust-
ment have been revised by Mr. Huli in
terms of the results yielded by the League’s
technical development program.

Some of the material is taken from QST
contributions from members of the League,
and to them we are indebted. The book be-
comes, however, increasingly a family affair
of the A.R.R.L. headquarters staff. TIts
production is managed by the personnel
which produces ST, the opening chapter,
entitled “Amateur Radio”, is from the pen
of Mr. A. L. Budlong, assistant to the A.R.
R. L. Secretary; and this already-too-long
foreword by the League’s Seeretary.

K. B. WARNER.







CONTRNTS

Headauarters Station WIMK Frontispicee
[Poreword .. ... v
The Amateur— His Code of Fthics oo e viii
Chapter T—Amateur Radio ... o 1
Chapter TI—Getting Started .. .. . e 11
Chapter THI—Fundamentals ... e i e v ans 27
Chapter TV—Ilow Radio Signals Arve Sent and Recetved oo oo, 41
Chapter V—Building a Station— The Receiver oo oo oo, 55
Chapter VI-—-Building a Station- -The Transmitter ... ... o o oL, 73
Chapter VII—Power Supply. Keving and Interference Elimination ... ... ... 108
Chapter VI -Antennas oo e 153
Chapter IN—I'requeney Meters—Radio Measurements oo oo oo oo 143
Chapter X The A RLRLL. Communications Department ... oo .. 156
Chapter XI-—Operating a S‘Lzltinn e 162
ADDCNAIX L 182
Index o 198
Membership Application Blank . . ... X
(. R, S, Application Blank .. xXi

Vil



il

HI

v

v

Vi

The Amateur’s Code

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

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

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

The Awmateur s Friendly. Slow and patient
sending when requested, triendly advice and
counsel to the beginner, kindly assistance and
cooperation for the broadecast listener; these
are marks of the amateur spirit.

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

The Amateur is Pairiotic, His knowledge and

his station are always ready for the service of
his country and his community.

—PAUL M. SEGAL, WOEEA.

Director, Rocky Mountain Division, A.R.R.L.
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CHAPTER 1

Amateur Radio

of this Handbeook will read this chapter

first, nor is he particularly urged to do so.

It is more likely that practical considera-
tions have governed the acquisition of the book
and that the first rush will be to the ‘“How-
To-Build-I1t” chapters which follow.

We expect this to be so, nor would we have it
otherwise. Learn the code— build your re-
ceiver and transmitter—put them into opera-
tion! Then, when the first flush of success has
passed, come back to this chapter, and at your
leisure, find out something of the history and
development of the class to which you now
belong.

Amateur radio to-day is an established
institution. Thousands of people pursue it as
a hobby; a powerful and prosperous organiza-
tion bonds together these followers and protects
their interests; an internationally-respected
radio magazine is published solely for their
benefit. The Army and Navy seek the co-
operation of the amateur in developing com-
munication reserves; the public depends on
amateur services in major emergencies; the
countries of the world recognize him as one of
the established branches of the radio art and
provide space on the air for him in writing up
international radio treaties.

Thirty years ago amateur radio did not
exist—the name, had it been used, would have
meant nothing. All the development just
mentioned, then, has taken place within the
comparatively short time represented since the
opening of the present century.

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

IT CAN hardly be expected that the buyer

HO was the first amateur? Long fami-

liarity with the breed has made possi-
ble a most likely assumption. It is prob-
able 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
curiosity had wormed himself into the confi-
dences of the illustrious Senatore and aequired
enough of the rudiments of the new art to
attempt a duplicate of the original apparatus.
He was the world’s first amateur. Our convic-

tion of his existence 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
advent of radio telegraphy there existed a
class of young fellows whose hobby centered
around ‘“‘electrical experiments”. They built
electric motors and wet cells to run them:
they assembled Wimshurst static machines;
they constructed backyard telegraph lines.

When Marconi announced that it was pos-
sible 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 experimenters, on the other hand,
perceived immediately that here was some-
thing 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 them-
selves. At least one American amateur had
a receiver bhuilt at the time of the first Trans-
Atlantic experiment, nor was his enthusiasm
in any degree dampened by its failure to per-
form.

Enter, Amateur Radio!

FOR ten years 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 receiv-
ing 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 equip-
ment of any kind.

But progress was made. The coherer and
microphone detector gave way to the crystal,
with its enormously increased sensitivity.
The single-slide tuner displaced the straight
aerial-to-ground hookup, and was itself dis-
placed by the more flexible three-slide tuner.
This, in turn, was superseded by the loose-
coupler with variable condenser tuning. There
were rumors filtering through of a new type of
detector, the audion bulb, invented by
DeForest, which was even superior to the crystal
and which needed no adjustment.
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The transmitters were all spark. The
beginners 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 acci-
dental—but the aim was high. Unfortunates
with limited 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.

There must have been five or six hundred
amateurs by the end of 1911, With the total
Navy and commercial stations eoming to only
fifteen or twenty percent of this figure, the
advantage obviously lay with the amateur
when it came to dominating the air. If a
commercial station wanted to do any work it
was usually necessary to make a polite request
to the local amateurs to stand by for a while.
If the request was not polite or an amateur-
commercial feud happened to exist, the ama-
teurs did not stand by and the commercials
did not work.

HE law came for the first time in 1912.

Government representatives returned from
an international radio meeting in London
armed with detailed regulations to govern the
newly-arrived industry and sundry announce-
ments were immediately made to all amateurs
as follows: Every amateur operator must
take out a license for himself and his station.
Amateurs would have to keep their power down
to a maximum of one kilowatt. They could
not operate above two hundred meters. Com-
mercial and Navy stations now had definite
rights, and were no longer fair game. Oflicial
call letters would be issued to each station and
were to be used by it when transmitting. A
few special 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
obtaining licenses and of showing considera-
tion 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 or three without too much fear of govern-
mental admonishment. Regulation, in a word,
was not accompanied by enforcement beyond
the bare essentials, either in the amateur ranks
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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 trans-
mitting range to four or five hundred miles for
the big fellows, and the use of audion bulbs—
non-regenerative—by some of the more ad-
vanced stations for recciving detectors, the
art remained in about the same state.

E LIKE to think of destiny as—well,

Destiny—advancing relentlessly despite
the futile efforts of puny man. It perhaps
would be more accurate to say that man, by
taking advantage of every-day incidents, makes
a hole through which Destiny can forge.

Destiny caught up with the amateur in 1914.
The tale is tradition among old-timers, yet
ever worth retelling. It was in the carly part
of this year that Iiram Percy Maxim, of
Hartford, Conn., desiring to send a message
to Springfield, Mass., with an amateur trans-
mitter whose range did not extend to Spring-
field, conceived the idea of having it relayed
by an intermediate station at Windsor Locks.

It 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 assume that amateurs themselves had pre-
viously relayed messages beyond the limits
of their own particular sets,

The act itself, therefore, has no great signifi-
cance. The application of the act, however,
has 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 principle around which to rear the struc-
ture. Americans 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 some-
thing definite for such an organization to do,
he could not justily 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 the natignal organization wandered
through his mind—something clicked—and
Destiny had camped on the amateur’s door-
step.

For here, without a doubt, was the idea
around which the organization should be
successfully and strongly built. The missing
block in the puzzle had been found and fitted.
The organization would be a reluy organiza-
tion. It would have as its object the develop-
ing of relay routes over all the country among
all the amateurs, so that by this means an
amateur in one part of the country could send
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a message hundreds of miles to an amateur in
another part; perhaps even send a message
from one coast to another!

ITHIN a week, a name had suggested

itself suitable for this new organization,
and a month later it was decided to start the
ball rolling. Witness, then, in May 1914, IL. P.
Maxim and another Hartford amateur, C. D.
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 .lmerican Ruadio Relay Leayue,
outlining its purposes, and soliciting member-
ship. There were no dues; membership was
free on application.

Response was immediate and enthusiastic.
Applications came back in every mail. In
the early summer of 1914 was issued the first
publication of the American Ruadio Relay
l.eague—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 50c.

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-
commercial organization with no capital
stock. In March, 1915, a second call-book
was issued, listing some six hundred members.
In the meantime, through radio contacts and
correspondence, attempts were being made to
build up the relay routes for which the organi-
zation had been formed. Some success was
being had in this line. In late summer of
1915, however, a serious difficulty loomed and
demanded attention. It was proving a real
tusk to acquaint the growing membership with
the plans and schedules by means of letters
only. Increasingly it became evident that a
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 (S7. 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; (/ST con-
tinued, and, except for a period during the
war, has since been published monthly as the
official organ of the League.

HAVING now a journal in which to chronicle
the activities of the membership, Progress
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.
Manufacturers, 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 ol them were being actively developed
under trunk line managers.

ISarlier in the year—FKebruary 22, 1916—
occurred the first attempt at a nation-wide
relay test when Kirwan, 9XE, of Davenport,
Iowa, inaugurated the first Washington’s Birth-
day Relay with a message from Col. W. P.
Nicholson, of the Rock Island Arsenal, ad-
dressed to the governors of every State in the
Union. The Pacific Coast got the message
fifty-five minutes after it had been started
at 9X1; 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 1009,
created the greatest enthusiasm and led to a
predietion in (ST that a transcontinental
message would eventually be sent with but
two intermediate 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
transmissions of the supposedly neutrality-
observing German radio station at Sayville,
and thereby provided evidence for the Govern-
ment to take it over.

As a fitting close to the year, two manu-
facturers brought out special amateur regener-
ative receivers—instruments which so marvel-
ously increased the sensitivity and range of
receiving apparatus that a trans-continental
relay was immediately proposed.

Here, indeed was high adventure!

HE year 1917 had no more than dawned

when an amateur message did cross the
country. On January 27th three messages
were started from the station of the Seefred
brothers, 616A, on the Paciiic Coast, and pass-
ing by quick jumps through 9ZF, 9ABD and
2AGJ, ended up at Maxim’s station, 1ZM.
But this accomplishment was almost immedi-
ately over-shadowed by a greater one. On
February 6th a message was started from the
Eust Coast, relayed to the West Coust, and
an answer returned in the record time 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,
starting from 2PM on the East Coast, through
&J7Z, 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.L. For 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 business-like
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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 a constitution
that outlined the policies of the League, speci-
fied the machinery for the election of officers,
divided the country into six divisions, to be
supervised by division managers and assistants,
and had elected by vote twelve A.R.R.L.
directors and four officers. These officers
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 trans-continental relays a reality, with
manufacturers at last catering whole-heartedly
to amateur wants, with the trunk lines begin-
ning 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 4,000, organized amateur radio in
early 1917 was poised for tremendous strides
in development.

[

HOSes s* ides were never taken—not that
year.

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

But wait a 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.
Mazxim.

“Five hundred!”’ replied Lt. McCandless.

“IHow soon do you want them?”

“Immediately!”’

“Can you put that in terms of days?”’

‘“Yes—we want them within ten days!”

Destiny again,

A last broadeast went out over the League’s
rélay 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 benefit 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.
Hope was held out during the summer of 1917
that. the war ban would not prevent experi-
mental work with dummy antennas. It 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. @ST stopped publication with the
issue of September, 1917, after 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 Direction
met in New York, authorized President Maxim
to attend a hearing on a proposed radio bill in
Washington, and adjourned after agreeing to
meet again for 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 League. 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 reorganized, a paid secretary should be
employed, and that (ST should be 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 purchase QST for the A.R.R.L. The fact
that there was only $33 in the treasury and
that the purchase price of QST, including
several month’s unpaid printing bills, was
close to $5,000, did not deter it one whit. It
appointed a committee 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 then elected as
follows: president, H. P. Maxim; vice-presi-
dent, R. H. G. 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 constitu-
tion.

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 ST 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 re-
organization were: Victor Camp, H. L. Stanley,
J. 0. Smith, W. F. Browne, A. A. Hebert, K. B.
Warner, R. H. 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
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resume publication of ¢S7, 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 Com-
mittee. Briefly, it was to borrow $7300 from
former League members, issuing in return certif-
icates of indebtedness payable in two years
with interest at 59, per annum. The proposal
was approved. It was also voted to purchase
QST. Secretary Warner was instructed to
lay plans immediately for the first issue of the
magazine,

In July the first post-war issue of (ST 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. It was
stated that if the League were to continue,
$7500 must be subscribed by the membership.
No security could be offered—the League had
nolassets. 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.

THE A.R.R.L.’s first job was to get the ban
on transmitting lifted. Eight months had
passed since the termination of hostilitie but
transmitting was still prohibited. The Leugue
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 diversion. 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. Each night saw
additional dozens of stations joyously crashing
out over the air.

Gangway!

ING SPARK!

Grown now to full maturity, developed
and perfected by years of pre-war and war
experience, it reached its highest peak in the
succeeding eighteen months, Glorious old
sparks! Night after night they boomed and
echoed down the air lanes. Night after night
the mighty chorus swelled, by ones, by twos,
by dozens, until the crescendo thunder of
their Stentor bellowings shook and jarred
the very Universe! A thousand voices clam-
ored for attention. Five-hundred-cycle’s
high metallic ring. The resonant organ
hasso of the sizty-cycle “sync”. The harsh
resounding snarl of the straight rotary.

Character: Nervous, impatient sparks,
hurrying petulantly. Clean-cut business-
like sparks batting steadily along at o
thirty-word clip. Good-natured sparks that
drawled lazily and ended in a throaty
chuckle as the guap coasted down-hill for
the sign-off.

Survival of the fittest. Higher and higher
powers were the order of the day.

The race was on, and devil take the hind-
most.

Interference.

Lord, what interference!

Dedlam!

Well, it could wot be Utopla.

UT 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 63 minutes.
6ZK in California was heard in New York City.
97N 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 kigher. It became
necessary to make the position of TTraflic
Manager a paid job, and Fred H. Schnell, of
Chicago, came to IHartford 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 diamond. At the request of
Canadian amateurs, A.R.R.L. operating terri-
tory was extended to include Canada, and four
Canadian divisions were created. The Bureau
of Standards at ashington requested and
secured the co-operation of League members
in a nation-wide fading test. The First
National Convention of the League was held in
Chicago (Aug. 30—Sept. 3, 1921) and was
attended by four hundred amateurs from all
over the country.

1N the latter hulf of 1921 the giant Spark,
storming unmolested across the country-
side, met a stripling in his path. Each in-
stinctively recognized the other as an
enemy. The stripling stepped aside, but a
year later they were to meet again. This
time there was mo stepping aside. David
met Goliath, and the gilant fell. Let us
anticipate that meeting by a year and bid
the gallant old warrior farewell while he is
yet m his prime.

The King is dead—Long live the King!

Hail C. W.!

CONTINUOUS Wave Transmission for the
amateur was an outgrowth of his war
experience. While serving in the Army and
Navy he had seen five-watt tubes covering
very respectable distances. Interesting stuff,
this C.W. Something to think about.

An undercurrent of C.W. experimentation
began with the resumption of po t-war trans-
mission in 1919. It was confined to a small
group for one very excellent reason: power
tubes were not yet commerecially avaliable.
Only a favored few were in a position to acquire
government war-time tubes. The acquiring,
it may be szid, was done by devious methods.

Those experimenters made some high'y
interesting discoveries.  C.W. traveled in-
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credibly long distances with low 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 hecaume available
commercially early in 1921, the A.R.R.L.
started a campaign advocating the adoption
of C.W. for amateur use. Conversion, how-
ever, proved a slow process. The rank and
file remained loyal to the spark with its brute-
force appeal, and refused to be stampeded on
the slight evidence of the slide-rule minority.
Argument had no effect. “Long live Spark”
became their watch-word.

It was apparent that nothing short of a clean
knock-out victory for C.W. would convince
them. This, as we shall soon see, was not long
in coming.

N December, 1921, thirty American amateur

stations were heard in Furope! It electrified
the amateur world—but it was not an accident.
All but three of those thirty stations were
logged with American amateur receiving equip-
ment operated by an American amateur who
had been sent to England at the expense of the
League solely for that purpose. Not that we
doubted the ability of our British cousins to do
a good job on the receiving end, hut—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 Scotland. [Ior
ten bitter cold rainy days he made his home in a
drafty tent with the receiving equipment, while
every American amateur who could get a set on
the air shot signals at him. When he dis-
mantled 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 accomplished, too.
More than two-thirds of the signals that got
across were from C.\. stations. 1ere 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 faith placed in it by the amateur world.
The excitement of the Trans-Atlanties 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 copying dozens of
American signals. Within a few months two-
way communication with Hawaili was taking
place nightly, and in the Fall of 1922 all previ-
ous 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 intermediate relay station
was needed to bridge the gap from Hartford
to Hawaii. The year closed with another
trans-Atlantic test. If further proof of the
merits of C.W. were needed, this test supplied

it. Three hundred and fifteen American calls
were logged in urope. What was more, one
French and two British stations were heard
on this side. Two-way communication with
Ilurope loomed as a possibility.

Trans-Pacifies!

Hardly had the year 1923 opened when New
Zealand amateurs 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 a bit bewildering to
keep up with developments.

NERTIA is more than a name 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
experiments he chose long wavelengths because
spark apparatus was easier to handle at long
wavelengths. Followed 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 itself was
a superior one for communication. The 1912
London Conference fostered this belief by doling
out the longest waves to the long-distance
services. As wavelengths got down around
1,000 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
appearance in 1912 the majority continued on
the high side of 240 meters. Grumblings and
dark glances greeted moves on the part of the
Radio Inspectors to get amateur stations down
to at least 220 meters in 1921 and 1922. Nor
did the overwhelming success of the 1922
Trans-Atlantics suggest to the amateur world
generally that there might be a catch in this
matter of wavelength. The Trans-Atlantic
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 wavelength,
but we mean it differently.

With such a frame of mind existing, it is
little wonder that no particular attention was
paid to a short item early in 1922 announcing
that Boyd Phelps, then assistant editor of
(ST, had worked Boston on 130 meters with
splendid signal strength. Nor was any par-
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ticular excitement aroused by the statement
of a small group of amateur experimenters eurly
in 1923 that a series of 100-meter tests had
shown better signals over given distances for
this wavelength than for 200 meters.

HE needed jolt came on November 27,

1923. On this date Schnell, 1MO, and
Reinartz, 1XANM, worked for several hours
with 8AB, Deloy, in France, for the first two-
way communication across the Atlantic. It
was a great accomplishment, but the significant
thing was this: all three stations used a wave-
length in the vicinity of 110 meters.

First suspicions that it might have been a
freak were dispelled when additional stations
dropped down to 100 meters and found, some-
what to their astonishment, that they too
could work two-way across the Atlantic. The
exodus from the 200-meter 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. Muny 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 Aus-
tralia, 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
immediately it showed undreamt-of possi-
bilities 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 climax. Downward, ho!
A year later, as far as the average amateur
was concerned, a plugged cent would have
bought the entire wavelength spectrum above
100 meters.

From this time to the present represents a
three-year period of unparalleled'accomplish-
ment.. 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 dis-
tinguish the nationality of calls. The League
began issuing what are known as WAC certi-
ficates to those stations proving that they had
worked all the continents. Several hundred
such certificates have been issued. Repre-
sentatives of the A.R.R.L. went to Paris
several years ago and deliberated with the
amateur 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.

l T is usually difficult to conceive of improve-
ment on the latest developments. The per-
spective, of course, is too close. A year ago
amateur radio decided that at last the ultimate
had been reached, and that there were now no
more worlds to conquer.

No?

To-day amateurs are making unprecedented
strides in the development of transmitting and
receiving apparatus. A systematic study of
c¢ireuits for good and had features is proceeding
as never before. Ten meters a year ago was
definitely out of the picture as useless. Yet,
as these lines are being written, an amateur
beam station in Massachusetts is putting strong
and steady ten-meter signals into Galifornia
and New Zealand.

History alone should furnish sufficient proof
of the fact that there exists no such thing as
“the ultimate”.

EGISLATION has always been the arch

enemy of the amateur. We have already
seen that but for human erring on the part of
the early lawmakers in 1912, the first en-
counter 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 de-
trimental to the welfare of the amateur. To
list the various bills and outline their histories
would tire the reader and accomplish 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 Con-
gress a single bill pertaining to radio legislation
without the amateur cause being personally
represented by one or more officers of the
League.

A menace of another kind put in its appear-
ance during 1926 and 1927. There appeared
a tendency on the part of municipalities to
create city ordinances restricting local amateur
operation.  For six months the League waged
a battle in two States against the constitution-
ality of such ordinances, and in 1927 obtained
a court opinion denying the right of munici-
palities to regulate or restrict amateur opera-
tion.

Perhaps the greatest crisis in all amateur
history came in the Fall of 1927 when world
delegates again met for an international radio
conference at Washington, D. C. At this
conference entire delegations from some of the
most powerful nations on earth endeavored to
have the amateurs forever ruled off the face
of the earth. Only sustained effort on the
part of League representatives, backed by the
splendid support of the United States and a
few other friendly delegations, made it possible
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to emerge from that conference with the
amateur privileges we enjoy to-day.

In no field of amateur activity have the
advantages of organization been more appar-
ent than in that of legislation. Little influence
is exerted by a single individual appearing at
a Congressional hearing and speaking for him-
self as an amateur. It is another matter when
several men appear and say ‘“We speak for the
17,000 amateur operators in this country.”

MATEUR radio is one of the finest of

hobbies, but this fact alone would hardly
merit such wholehearted support as was given
it by the United States delegation at the recent
international conference. 'There must be other
reasons to justify 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 gkilled radio personnel in time
of war. The other is best described by the
words ‘‘public service”.

We have already seen 3500 amateurs con-
tributing their skill and ability to the American
cause in the Great War. After the war it was
only natural that cordial relations should pre-
vail 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. 8. dirigible Shenandoah
made a tour of the country, amateurs provided
continuous contact between the big ship and
the ground. In 1925, when the United States
fleet made a cruise to Australia and the Navy
wished to test out shortwave apparatus for
future communication purposes, it was the
League’s Traffic Manager, Fred Schnell, who
was in complete charge of an experimental
high-frequency set on the U. S. S. Sealtle.

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

The public service record of the amateur is
a brilliant one. These services can be roughly
divided into two classes: emergencies and
expeditions. It isregrettable thatspace limita-
tions preclude detailed mention of amateur
work in both these classes, for the stories con-
stitute 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
principal, and in many cases the only, means
of outside communication in more than sixteen
storm and flood emergencies in this country.
The most noteworthy were the Florida hurri-
cane of 1926, the Mississippi and New England
floods of 1927, and the California dam break
and second Florida hurricane in 1928. In all
of these amateur radio played a major role in
the rescue work, and amateurs earned nation-
wide commendation for their resourcefulness

O

in effecting communication where all other
means failed.

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

It was amateur radio which, in 1927, gave
to the world the story of the tragic end of the
Hawaiian flyer Dallas Spirit.

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

Other explorers noted this success and made
inquiries to the League regarding similar
arrangements for their journeys. In 1924
another expedition secured amateur co-opera-
tion; in 1925 three expeditions benefited by
amateur assistance; in 1926 five expeditions
secured amateur co-operation; in 1927 this
number increased to six, and in 1928 no less
than nine expeditions were depending upon
amateur communication for their contact with
civilization. In practically all cases amateurs
were taken along as operators, and in many
instances the apparatus was of amateur con-
struction.

On the Byrd Expedition now in the Antarctic,
three of the four radio operators were re-
cruited from the amateur ranks, and amateur
stations in the United States are furnishing a
great part of the communication with this
country.

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. If the
amateur has at times seemed a happy-go-lucky
sort of individual, with insufficient regard for
regulations, it should be remembered that at
those particular times the radio world was a
far different one than at present; stations
were comparatively few, broadcasting had not
yet arrived, precise measuring instruments were
not generally available, and the amateur was
doing only what all radio services were doing.

Out of it all has emerged the amateur radio
and the radio amateur of to-day. 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. Ile has a grow-
ing list of glorious accomplishments to his
credit. He 1s, to-day, law-abiding to the
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extreme; the quickest critics of amateur off-
wave operation are amateurs themselves.

The story as related has necessarily been
brief. Many stirring incidents have gone
unmentioned entirely, through lack of space;
such incidents as have been included have been
accorded only a sentence or two, where a
chapter would be necessary to record all the
absorbing details. Yet we hope that through
it all the reader has glimpsed that indefinite
and elusive something which always has and
for all time will be an integral part of amateur
radio, prized as one of its most cherished pos-
sessions—a something which casts aside all
marks of rank, caste or creed and binds to-
gether 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 organiza-
tion in the world. It is strictly of, by and for
amateurs, is non-commercial and has no stock-
holders. The members of the League are the
owners of the A.R.R.L. and QST.

The League is organized to represent the
amateur in legislative matters. It is pledged
to promote interest in two-way amateur com-
munication and experimentation. It is inter-
ested in the relaying of messages by amateur
radio. It is concerned with the advancement
of the radio art. It stands for the main-
tenance 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.

The operating territory of the League is
divided into thirteen United States and six
Canadian divisions. You can find out what
division you are in by consulting Chapter X of
this book. The affairs of the League are
managed by a Board of Directors. One direc-
tor is elected every two years by the member-
ship of each United States division, and a
Canadian General Manager is elected every
two years by the Canadian membership.
These directors then choose the president and
vice-president, who are also directors, of
course. No one commercially engaged in sell-
ing or manufacturing radio apparatus can be a
member of the Board or an officer of the League.

The president, vice-president, secretary,
treasurer and communications manager of the
League are elected or appointed by the Board
of Directors. These officers constitute an
Executive Committee to act in handling matters
that come up between meetings of the Board,
their authority being subject to certain re-
strictions.

The League owns and publishes the magazine
QST. QST goes to all members of the League
each month. It acts as a monthly bulletin of
the League’s organized activities. It serves
as a medium for the exchange of ideas. It
fosters amateur spirit. Its technical articles

are renowned. (ST has grown to be the
“amateur’s bible” as well as one of the fore-
most radio magazines in the world. The
profits (ST makes are used in supporting
League activities. Membership dues to the
League include a subscription to @NT for the
same period.

HEADQUARTERS

From the humble beginnings recounted in
the story of amateur radio, League head-
quarters has grown until now it occupies
twelve rooms in a new office building and
employs more than two dozen people. Work
at headquarters is divided into the following
departments: executive and secretarial; adver-
tising; editorial and technical; accounting;
communications; information; and circulation.
It is interesting to note that with one exception
the head of each of the above departments
holds an amateur license, and that eight other
members of the headquarters staff also are
licensed amateurs.

Members of the League are entitled to write
to Headquarters for information of any kind,
whether it concerns membership, legislation,
or general q(uestions on the construction or
operation of amateur apparatus. If you don’t
find the information you want in this book,
write to A.R.R.L. Headquarters, 1711 Park
Street, Hartford, Conn., telling us your probh-
lem. All replies are directly by letter and no
charge is made for the service.

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

W1IMK

For many years it was the dream of the
League 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
WI1MK. The sole duties of one of the members
of Headquarters are to operate this station
day and night.

WIMK has two transmitters. The main
one is that shown on the table and is a 500-watt
tuned-plate tuned-grid transmitter with inter-
changeable coils for the different amateur fre-
quencies. An auxiliary transmitter, shown
under the table, is a 250-watt Hartley per-
manently tuned to a given wave in the forty-
meter band. Both transmitters are keyed
simultaneously on 40 and 80 meters when send-
ing official broadcasts to the membership.

Full-wave and half-wave horizontal Hertz
antennas are used respectively for 40-meter and
80-meter operation. Two Zeppelin feed-lines
from the transmitters excite these antennas.
A separate receiving antenna is used to facil-
itate break-in operation. The receiver is a
shielded one of conventional type, using plug-in
tube-base coils. Power-supply equipment is
contained in a separate room and either motor-
generator or mercury-arc supply is available
by means of switches on the operating table.
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The current operating schedules of W1 MK
may be obtained by writing the Communica-
tions Department at Ieadquarters or by con-
sulting ¢S7T.

TRADITIONS

As the League has come down through the
years, certain traditions have become a part
of amateur radio. Developments in radio
have altered the apparatus used by amateurs
a great deal in the last decade but through all
the changes some personalities have stood out
above the rest, typifying the spirit of the
amateur.

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

The Old Man with his humorous stories on
“rotten radio” has become one of amateur
radio’s principal figures. Ilis 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 specu-
lation in amateur circles concerning the
identity of T.O.M., but in twelve years of
writing he has not once given a clue to his real
name or call.

The Wouff-Ilong is amateur radio’s most
sacred symbol and stands for the enforcement
of law and order in amateur operation. It
came to being originally in a story by T.0.M.
For some time it was not known just what the
Wouf-Hong looked like, but in 1919 The Old
Man himself supplied the answer by sending in
to League Headquarters the one and only
original Wouff-Hong, shown below. It is
now framed and hangs on the wall of the
Secretary’s office at A.R.R.L. Headquarters.

The Rettysnitch another weird instrument
of similar origin, is used to enforce the prin-
ciples 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
(NT. Follow the suggestions made in succeed-
ing chapters of this book in getting started.
Write the Information Service for help in any
special problems that come up. An interest
in amateur radio is the only essential quali-
fication necessary in becoming a member of the
League. Ownership of a station and knowl-
edge of the code are not pre-requisites. They
can come later.

Inquiries regarding membership should be
addressed to the Secretary of the League, or
you can use the convenient application blank
in the rear of this book.



CHAPTER 1I

Getting

HE story of amateur radio has heen
briefly ‘told for the benefit of the
newcomer. It gives to many people
a new breadth of vision. KEnjoyment
from broadcast reception alone is soon ex-
hausted. The thrill of hearing programs
from distant stations soon gives place to a
search for Dbetter quality in local programs.
The novelty of listening to broadcast speeches
and music wears off in a matter of months.
To understand and enjoy radio in the full-
est sense we ought to listen to all that takes
place. The broadcast listener has Dbut
skimmed the surfuce of radio fun. He has
no conception of the joy that will be his,
once he has put his finger on the throbbing
pulse of two-way radio. Long waves, set up
by frequencies below the hroadcast band,
bring us a horde of flute-like signals. Press
messages, storm warnings, and weather reports
from all over the world tell their story to whom-
ever will listen. Some stations speak slowly
and leisurely so that even the beginner can read.
Others race along furiously so that whole

sentences are meaningless buzzes. Countless
ship stations work near the broadcast band.
Ships report their position daily. Hundreds

of human-interest messages are sent to and
from the shore stations every day. The
communication activities conducted on the
short waves, produced by electric currents at
frequencies above the broadcast band, are
most interesting of all. Numberless amateur
two-way conversations, also transoccan com-
mercial radiotelegraph messages, short-wave
broadeasting of voice and music, transmissions
from government and experimental stations,
and signals from expeditions exploring the far
parts of the earth are among the attractions
that lie here. The signals on both sides of the
broadeast band of frequencies constitute new
fields of interest for the broadcast listener to
conquer. Perhaps for most persons the things
going on in the more recently discovered and
used high-frequency bands are more interesting
than any other activities in the entire radio
spectrum. It is certain that in this broader
view of two-way radio, the new man may be
assured of such a varied wealth of new expe-
riences as he has never known in the narrower
enjoyments offered by reception of Dbroad-
casting.

The greatest distances that have thrilled us
with faint music are just beginning distances
for our short-wave receivers. No continental
limits confine the “DX” possibilities. I'riend-
ships in every corner of the world follow two-
way communication. A short-wave receiver

Started

brings endless possibilities to light. A low-
powered and inexpensive radio telephone
may be built to use in talking with other
stations over considerable distances. How-
ever, most amateurs prefer to learn and use
the Continental telegraph code. Code signals
will easily cover four or five times the distance
possible for the same or more complicated
radiophone equipment. The reliability of
radio telegraph communication is vastly better
than that of any voice work.

There is nothing difficult about building
a receiver and transmitter. The parts are
inexpensive; the construction is simple. In
“getting started” the first step is to spend
some evenings patiently learning the code.
Before doing any operating it is necessary to
obtain station and operator's licenses from the
Department of Commerce. These are free of
charge. Before we are ready to apply for
licenses we must build the station, get the
tra(llnsmitter ready to operate, and learn the
code.

MEMORIZING THE CODE

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

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

In receiving code signals each letter must
be associated directly with the sound heard.
The code must first be memorized. Learn
the code, pronouncing the symbols “dit darr”
rather than ‘dot dash”. Do not visualize
the letter “A” as a dot and a dash. Recog-
nize the sound “dit darr” as ‘““A” directly.
Learn a few letters every day until the al-
phabet and figures have heen mastered. Have
a friend ask you the letters in non-alphabetical
order. Repeat them in terms of “dit-darr”
language until familiar with them all. Prac-
tise until you know the sounds as letters with-
out pausing to think of them in terms of dots
and dashes. Don’t expect to learn it all in a
day. Take things easy. Learn a few symbols
at a time. Review each day the letters learned
the previous day. Be optimistic. You will
be surprised at your progress.

Here is one way to memorize code char-
acters suggested by Mr. IHoward R. Ward
which may prove helpful to some. Several



dozen small eards 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 edge is given
the corresponding code symbol in dots and
dashes. In use the cards are shuffled and re-
viewed by the individual who is learning Conti-
nental 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,
actual practise in using it (receiving) should
be attempted. Proficiency in code speed is
gained, as in other things, by constant practise.
Good sending at moderate speeds is harder to
learn than receiving. It 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 practise set is one aid to learn-
ing code, especially if someone who is a good
operator can help by sending to you. A
buzzer, a telegraph key and a dry cell con-
nected as shown in the diagram make a buzzer
practise set. Using a head-set will give more
nearly the conditions that obtain in actual
radio receiving. It will keep out outside
noises. A variable condenser of about .001
uf. max. shunted by another small fixed ca-

Add a wire con-
necting to pivoted
end of grmature here

lllllJDryCe//S

CONNECTIONS OF A BUZZER CODE PRACTIC:
SET WITH A TELEIHONE IEAD 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 vibrator contaets. The
condenser may be omitted and the tone may bhe
changed by changing the number of dry cells.

pacity (determine this value experimentally)
can be used to control the audibility if desired.
A high-pitched buzzer signal is helpful in learn-
ing 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 practise for learning
the code can use a 199 or 201-A tube connected
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as an audio oscillator. An old audio ampli-
fying transformer with good windings, a pair
of 2000-ohm headphones, a telegraph key,
three No. 6 dry cells, a UX-199 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

old Audro
Transformer

Phones

3
A-Battery l;'"ll'

CONNECTING AN AUDIO OSCILLATOR
(HARTLEY) FOR CODE PRACTISE WORK

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
Sec. or Pri. in case one of the coils on the trans-
former is reversed. Reversing both sets of
leads will have no effect. Keying gives a fine
signal in the phones without making any noise
in the room.

In picking out a key for a practise set some
care should be taken to get a well-balanced,
smooth-action key. A fairly “heavy” key
with large contacts is best to use right from the

start. It will save buying another key for the
station later on. Good sending depends partly
on the key.

USING A KEY

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

Do not hold the key tightly. Let the hand
rest lightly on the key. The thumb should
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be against the left side of the key. The first
and second fingers should be bent a little.
They should hold the middle and right sides
of the knob respectively. The fingers are
partly on top and partly over the side of the
knob. The other two fingers should be free
of the key. The sketch shows the’correct way
to hold a key.

A wrist motion should be used in sending.
The whole arm should not be used. One
should not send “nervously” but with a steady
flexing of the wrist. The grasp on the key

CONNECTIONS OF BUZZER
KEY, BATTERIES AND THE CATLIN.GRIP

should be firm, not tight, or jerky sending will
result. None of the muscles should be tense
but they should all be under control. The
arm should rest lightly on the operating table
with the wrist held above the table. An up-
and-down motion without any sideways action
is best. The fingers should never leave the
key knob.

The code is made up of different combina-
tions of dots and dashes. The sending of
intelligible signals depends on proper key-
ing by the transmitting operator. The dots
and dashes must be of the proper relative
length. Suitable spaces must be left 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. Deginners key a bit stiffly, making
a C like two N’s. Muscle control improves
with a few hours’ daily practise.

RECEIVING

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

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

STARTED

Do not try to write down the dots and dashes;
put down the letters.

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

Always have the letters sent you for practise
a little faster than you can comfortably re-
ceive. When the sending is so fast that you
can copy just two out of every three letters,
your mind will be speeded up and you will try
toget 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
sending is best to develop for radio work. A
:ﬁgged key of heavy construction will help in

is.

~;, When signals can be copied “solid” at a
rate of ten words a minute it is time to start
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LETTERS AND FIGURES OF THE CONTINENTAL
CODE

practising with a key in earnest. The para-
graph on “using a key” and the diagram show
just how to grasp a key. An experienced
operator should be present right at the start
to offer suggestions. Otherwise a wrong idea
of spacing or of holding the key may develop
into a habit that is hard to break. While
learning to receive, you have become fairly
familiar with good sending. Try to imitate
the machine or tape sending that you have
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heard. This gives a good example of proper
spacing values.

When beginning to handle a key do not
try to send more than six or seven words a
minute. A dot results from a short depression
of the key. A dash comes from the same
motion but the contact is held three times
as long as when making a dot. A common
mistake of beginners is to make it several
times too long. There is no great space be-
tween the parts of a letter. An “S”’is made
by three up-and-down 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 practise should not be extended over
too-long periods at first. The control of the
muscles in the wrist and forearm should be
developed gradually for best results.

Individuality in sending should be sup-
pressed rather than cultivated. Sending is
something like writing, however. Individ-
uality is bound to show in all hand-sending.
Unless the spacing is even and regular, re-
ception becomes guess-work. The operator
who practises on a buzzer until he has de-
veloped a good “fist” is appreciated by every-
one he “works”. His sending is legible and
gets favorable attention.

A good rule in sending is never to send faster
than you can receive. Then you can tell what
your signals sound like to the operator who
must copy them. Speed needs to be held in
check. “Copiability’”” is what we want. Re-
peats 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 abeut the “Vibroplex™
and ‘““‘double-action” keys. The “Vibroplex”
makes dots automatically. The rate of making
dots is regulated by changing the position of
a weight on a swinging armature. Dots are
made by pressing a lever to the right. Dashes
are made by holding it to the left for the proper
interval. A side motion is used in hoth types
of keys.

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

LEARNING 'Y LISTENING

Another method of learning the code will
appeal to some individuals. We all want to
try our skill on some real messages when we
have progressed this far. The next step after

memorizing the letters is to put into practise
on an actual receiving set what we have
learned.

A number of high-power stations can be
heard in every part of the world. Many
commercial short-wave stations send on wave-
lengths below one hundred meters 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
long-wave code practise. Powerful trans-
atlantic commercial stations send on wave-
lengths between 5,000 and 20,000 meters.

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 practise) are used in the text of the mes-
sages. These stations send at speeds depend-
ing on the reception conditions at the time of
transmission. It is usually possible to pick
a station going at about the desired speed for
code practise. There is an increasing number
of such commercial services now using short-
waves so it is possible to “learn by listening”
on short waves although there will be less
confusion if we start out with the long-wave
apparatus which will next be described.

After building a receiver and getting it in
operation, the first step in “learning by listen-
ing” will be to hunt for a station sending
slowly. Listen to see if you ecannot 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. Some-
times you will hear signals that you cannot
interpret. Long-wave stations use keying
systems that allow a signal to go out between
the dots and dashes on a different wavelength.
You will readily learn to distinguish between
this “blacklash”, as it is called, and the actual
signals that you can copy. Whenever you
hear a letter that you know, write it down,
Keep everlastingly at it. Twenty minutes or
half an hour is long enough for one session.
This practise should be repeated three or four
times a day. Don’t become discouraged.
Soon you will copy without missing so many
letters. Then you will begin to get calls,
which are repeated several times, and whole
words like “and” and “the”. After words
will come sentences. You now know the code
and your speed will improve slowly with
practise. Learning by this niethod may seem
harder to some folks than learning with the
buzzer. It is the opinion of the writer, who
learned in this way, that the practise in copy-
ing actual signals and having real ditiiculties
with interference, statie, and fading, is far
superior to that obtained by routine buzzer
practise. Of course that is of great value at
first in getting familiar with the alphabet.

Many short cuts have been proposed for
quickly memorizing the code for increasing
speed of reception. Most of them have some
good points. Learning the code is mostly a
matter of getting practise, however. An omni-
graph is of some assistance if a large number
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of records can be obtained. It is an expense
that few can afford. Unless many different
sets of “copy’ are available one soon hecomes
familiar with the material and it is of no more
value. Phonograph records of code signals
can be obtained but have similar drawbacks.
Examinations for operator’s licenses are con-
ducted using an omnigraph. Therefore it is
desirable to become familiar with tape or
omnigraph sending to insure easily passing the
examination. “Machine sending” on long or
short-waves is about as good as an omnigraph
except that the speed cannot be controlled at
will.

In “learning by listening’’ try to pick stations
sending just a bit faster then your limit. In
writing, try to make the separation between
words definite. Try to copy the whole of short
words hefore starting to write them down.
Do the writing while listening to the first part
of the next word. DPractise and patience will
soon make it easy to listen and write at the same
time. Good operators can often copy several
words “behind’’ the incoming signals.

It is largely a matter of individual choice
whether one decides to build a simple short-
wave receiver (see first receiver described in
chapter on “Building a Station”) to usc in
getting code practise from the high-power
government and commercial stations now
transmitting on high frequency (short-waves)
or whether one should use the transmissions
of long-wave stations for reception until pro-
ficiency is gained. The long-wave trans-
missions are free from interference, fading
effects and the like, for the most part, and they
are available practically 24 hours per day.
Either type of receiver is inexpensive and
easy to build. The constructional details of
a reliable medium- and long-wave receiver
will be described next in order. The tuning-in
of long-wave stations is not usually as eritical
as in the case of the short-wave stations, which
may make the long-wave receiver suggestoed
best for the novice.

A MEDIUM- AND LONG-WAVE RECEIVER

For use in obtaining code practise an ex-
cellent receiver can be made by purchasing
a couple of good variable condensers, a 3-coil
swivel mounting, and a few honeycomb coils
wound on 214” forms. The “three-circuit” re-
generative (primary-secondary-tickler) circuit
should be used, giving tlexible and selective
tuning with no trouble in getting it to work.
Such an all-wave receiver will work most
efliciently on the long-waves. It will be in-
ferior to a special receiver for short-wave and
broadcast work, however.

Right here we will list the materials needed
to construct such a long-wave code-practise
receiver:

1 three-coil honeycomb mounting

2 good variable condensers (.001 uf. max.)
1 .00025 uf. fixed mica grid condenser

1 2- to 6-megohm grid leak

1 .001 uf. fixed mica by-pass condenser

1 30-ohm rheostat

1 good tube socket for 201-A or 199 tubes
(Either type may be used successfully,
choice depending on whether you prefer
dry cells or storage battery filament supply.)

1 22'14-volt block B-battery

1 pair headphones

10 feet of bus or stranded wire for making
connections

1 basehoard, about 1”7 x 10" x 12”" for mounting
apparatus

1 6-volt storage battery (or 3 No. 6 dry cells)

1 terminal strip with five binding posts or
Fahnestock clips

1 single-circuit jack (or use clips to hold phone-
cord tips)
Brass angles to support variable condensers

3 honeycomh-wound coils (of 500, 750, and
1250 turns, respectively)

A three-coil mounting and coils to cover
suitable ranges can be obtained from the

THREE COIL REGENERATIVE
RECEIVER FOR MEDIUM AND
LONG WA\EBECEPTION -

Pacent Electric Company, 91 Seventh Ave,
New York City, or Charles Branston, Inec.,
Buffalo, N. Y. .

For the commercial ship and shore stations
coils of 75, 100 and 150 turns may be _pux:ch'c_xsed.
The table of 3-coil combinations will indicate
coil sizes to cover other services and frequencies
(wavelengths). Various sizes of coils may be
added as desired. By plugging them into the
coil mounting, using the coil combinations
suggested in the table, the set may be changed
to be responsive to different kinds of radio
transmissions on various frequency bands.
You can then hear the different kinds of radio
communication that we have mentioned by
listening on the proper frequency for a particu-
lar service.

With coils of moderate size .Arlingt_o_n’s
Navy Press and coded weather, 1n addition
to a great many lower-powered ship and shore
stations, can be heard. llowever, we shall
not want to listen to high speed ship-shore
traffic handling at first. ‘T'he press and weather
reports sent broadcast at medium rates of
speed will make excellent material for code
practise. The transmissions on the longer
wavelengths (lower frequencies) which may be
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received with the larger coils are more suitable
for hour-after-hour of continuous code practise.
The ““tuning-in” of different stations is accom-
plished with the variable condensers. The
tone of the incoming signal can be varied to
suit the operator. In the circuit shown, 1,000-
micromicrofarad variable condensers are used
in the antenna circuit (A) and across the
secondary coil (S). (1,000 uuf. = .001 pf. as
specified in the list of materials.)

3-COIL. COMBINATIONS FOR

Frequency in ke.
(Wavelength in meters)

Service

tickler (T) is on the right. The secondary
coil is the onc which really determines the
wavelength band that can Le covered with a
certain size of secondary tuning condenser.
The dotted line means that equally good
results may be expected with the filament
cireuit either grounded or ungrounded. The
principal advantage in grounding the fila-
ment and connecting the movable plates of
the variable condenser to this side of the circuit

RECEIVING VARIOUS SERVICES

Amateur & Broadeast 2150-850

(140-350)
Broadeast & Com’l 1200-430 (250-700)
Com’l Ship-Shore 670-200 (450-1500)
Com’l and Navy 430-135 (700-2200)
Govt. & Com’l 270-75 (1100-4000)
U.S. & Foreign Arcs 130-62 (2350-4800)
U.S. & Foreign Arcs 120-35 (2500-8500)
Com’l and Press 97-20 (3100-15000)

Same and NSS Time 50-14.3 (6000-21000)

Such a three-coil outfit as deseribed works
best on frequencies below 400 ke. (wavelengths
above 750 meters). It can be made to work
within the broadeast range also but it will not
be the most desirable form of receiver for
frequencies above 1500 ke. (wavelengths below
200 meters).

The tickler should be at the grounded end of
the secondary coil to avoid or minimize un-
desirable tuning effects.

All the parts for a one-tube set are shown
properly connected in the picture diagram.

A A
or
oaed il
AUS
T '|'|'l'|'|__'——]
Phones or Primary of
Amplifying lransformer )

THREE CIRCUIT REGENERATIVE RECEIVER

By adding one or two more vacuum tubes as
suggested by the dotted lines much louder
signals may be obtained. It is assumed that
phones will be used so that not more than two
tubes will he desirable for most}code-practice
work,

The antenna coil (A) is the left-hand coil
in the sketch while the secondary coil (S) is
in the center of the co mounting and the

Turns Turns Turns Antenna coil con-
Ant. Sec. Tic. aection for (001 uf.
Coil Coil Coil variable condenser
35 25 35 Series
75 50 35 “
150 100 5 “
200 150 100 “
300 250 150 “
200 300 150 Parallel
500 500 200 “
750 750 300 t
750 1250 500 “

is that it minimizes the detuning effect of the
hand when brought close to the condenser dial.

The schematic cireuit diagram shows two
methods of making the antenna coil connec-
tion. The “series” connection shown in all
the diagrams may be used for il wavelengths

V-
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Condenser

= Gnd

CONNECTING A DOUBLE-POLE DOUBLE - THROW

SWITCH TO CHANGE THE ANTENNA COIL AND CON-
DENSER QUICKLY FROM A SERIES TO A PARALLEL
ARRANGEMENT

but with the “parallel” arrangement shown
at the left it will be easiest to tune our antenna
circuit clear up to the twenty thousand meter
wavelengths which will result in the best signal
strength. A given primary coil can be made
to cover a large band of wavelengths by using
a series condenser for the shorter wavelengths
and changing to paraliel for reaching longer
wavelength stations.

The farther apart we move the antenna and
secondary coils, the easier the set will oscillate
and the “sharper” the tuning. Different
stations can be separated more easily when
the coils are not too close together.  Varying
the position of the coils changes the “coupling”
as explained elsewhere. The tickler should
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he brought up toward the secondary coil until
a light click is heard in the phones. Then the
set is oscillating and stations may be tuned in
by the process of turning the dial of the second-
ary tuning condenser (the one across S). When
a station is found, the tickler can be readjusted
for loudest signal strength. Louder signals
still cun pe obtained by bringing the antenna
more nearlv in tune by varying the setting of
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as in the picture diagrams. In building most
apparatus a schematic diagram and a photo-
graph will make everything clear. It is sug-
gested that the beginner carefully compare a
few picture and schematic diagrams if not
entirely familiar with the latter.

We have not room in this book to include
pages of pictures of apparatus giving the
proper symbol for each device but a number
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SKETCH SHOWING ARRANGEMENT AND CONNECTIONS FFOR LONG-WAVE

RECEIVER

and ope-ctoge amplifier (shown dotied).
foudspeaker work if desired. but detector

Another stage may be added similarly for
alone or detector and one step of amplifi-

cation in any cvent gives ample signal strength for use with ficadphones,

the antenna condenser, which will also make
a slight readjustment of the tickler coil position
desirable.

READING DIAGRAMS

Schemuatice diagrams show the dilferent parts
of a cirecuit in skeleton form. Picture diagrams
show the connections and apparatus as it
actually appears in the station or laboratory.
A little study of the symbols used in schematic
diagrams will be helpful in understanding the
circuits that appear in 57 and in most of the
radio books that we have mentioned. The
diagrams are easy to understand once we have
rubbed shoulders with some real apparatus
and read about it. Schematic diagrams are
used in all electrical work because they save
so much space and time when discussing the
various circuits. Picture diagrams are simpler
to use but diflicult to draw. Photographs of
apparatus show the actual arrangement used
better, but the wiring is not always as clear

of picture diagrams have been put in at dif-
ferent points so that a comparison of picture
and schematic diagrams will enable one to
understand what is intended in all the schematic
diagrams here and elsewhere. In general, coils
are indicated by a few loops of wire, resistances
by a jagged line, and variable elements in the
cireuit by arrowheads. If a device has an iron
core it is usually shown by a few parallel lines
opposite the loops indicating coils or windings.

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

You may find a correspondence school
course of some help. It depends on the in-
dividual’s ability to absorb by mail. In any
event, though, study things out from the
information available in this book—then jump
in and enjoy the experience. Learn by doing!
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Station
Cal!

NAA

NPG

NSS

NAR
NAT

NPL
NAH
NAJ
NAM

NPM

The following stations may bhe heard transmitting press or commercial traitic.
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SOME TRANSMISSIONS USEFUL FOR CODE PRACTICE

Kes, Frequencey

Location

Arlington, Va.

San Francisco, Cal. 417
42

Annapolis, M.

Key West, Fla.
New Orleans, La.

San Diego, Cal.
New York, N. Y.
Great Lakes, Ill.
Norfolk, Va.

ITonolulu, I'. I1I.

(Wavelength,

neters)

(74.72)

68,112 (4412, 2679)

4015
112

(74.72)
(2679)

4015,8030,12,045
(74.72,37.86,24.9)

112, 16,060 (2679, 18.68)

U

690

(2679)
(435)

(All five frequencies)

53,3350 (71.85,35.9)
.8, 108, 8350

(7009,2778,35.9)

1038
17.6
102
106
102
30.6

108
132

52

54

(2778)
(17,045)
(2941)
(2330)

(2941)
(9304)
2776)
2273)

(2459)

(5555)

26.1,106 (11,494, 2830)

to aid in identifying the stations you may hear.

WAX
WCC
WII
WIK
WIR
WIzZ
WNU
WOP
WQK
WQM
WRQ
WSA
WSE
WSO
GBR

Miami, Florida
Chatham, Mass

New Brunswick, N. J

Rocky Point, N. Y.
Rocky Point, N. Y.

New Brunswick, N. J.

New Orleans, La.
Rocky Point, N. Y.
Rocky Point, N_ Y.
Rocky Point, N_ Y.
Marion, Mass

Fast Hampton, N. Y.
East Moriches, N. Y.
Marion, Mass.
Rugby, England

GLC-GLJ-MUU

POZ
AGS
AGC
LCM
i1DO

FL

LY
YN

Carnarvon, Wales
Naucen, Germany
Nauen, Germany
Nauen, Germany
Stavanger, Norway
Rome, Italy

Paris, France

Frequency

130, 136,

in ke,

54, 138, 188, 500

500
21.8

13,930
4050

90, 177,

6965

500

13,900

21.2, 31.8,

18.2
170
22,2
462
107
258

16.7

67.8

16.6, 97

DY)

Y]

11,800

24.7
27.6

30, 37.5, 41.2, 93.8, 113, 4000, 9380

Bordeaux, France
Lyons, France

15.8
19.6

Greanwich

TCivil Time Subject matter

0115 *Aviation weather and up-
per air reports

0300 Marine weather

0400 Weather b. c. to Europe

0700 Navy press broadcast

1315 *Aviation weather and up-
per air reports

1500 Marine weather

1700 Hydrographic

2045 Weather

0255-1655 ‘I'ime signals

1415-0215 Aviation weather

1530-0330

0600

0700
0255-1655
0300-1700
1600-2200
1500
0430-1630
1000
1505-2200
0400-1545
2200

1655
0100-0130
1330-1545
2045 “

9630-1830 Weuather, hydrographic
;230 3 ““
2335

Weather, hydrographic
*Aviation

Weather, hydrographic
Navy press

Time signals

Weather, hydrographic
Weather, hydrographic
Weather

Weather

Navy press

Weather, hydrographic
Weather, hydrographic

Time signals
Weuather

Time signals
The list is given

Wave length in meters
(5552, 2175, 1599, 600)
(2300, 2200, 600)
(13,750)

(21.5)

(74.0)

(43.07)

(3331, 1700, 600)
(21.55)

(16,465)

(1760)

(13,505)

(650)

(2800)

(11,620)

(18,000)

(14,100, 9450, 4425)
(18,060,3100)
(13,000)

(25.5)

(12,140)

(10,850)

(10,000, 8000, 7300, 3200, 2660, 75, 32)
(18,900)
(15,300)



GETTING

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

Most beginners are puzzled by certain ab-
breviations which are used right along on
long-waves. Many code groups are sent by
different commercial organizations to shorten
the messages and to reduce the 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 excellent pruactise signals.
Occasionally, when receiving conditions are
fine, a blur of code will be heard which results
when tape is speeded up to 100 words per
minute and photographic means are used to
record the signals.

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

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

When the receiving operator is uncertain
of a word or part of a message, he asks a repeat
from the transmitting station at the first
opportunity. “RQ)” is the prefix that tells
what is meant. “RQ’’ is used when the receiver
questions the message. “RQ F 271 irvingbank
third” means, “What is the third word in the
text of Dordeaux’s number 271 addressed to
the cable address Irvinghank?”

The answer to an “RQ” is a “BQ”. If the
third word of number 271 was ‘“‘membership”,
LY will answer the “RQ” by sending, “BQ F
271 third membership.”

When the public asks for information about
a message, a service message is sent. The

* These hroadcasts are made in the regular Weather
Bureau word code, which can be easily translated by
means of Weather Burcau Code, 1924, W. B. No. 814,
copivs of which may be procured from the Superintend-
ent of Documents, Washington, D. C., at $1.25,
These broadcasts are made for the benctit of Army,
Navy and commercial aviation ficlds, for marine
services, husiness organizations and as a  general
public service.

t See index for reference to *time conversion” to
translate this into your local time.
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prefix “SG” is used for this. If the reply
comes back with the prefix “SVC” (service),
“SG”, or in the form of a “BQ" showing the
company to be at fault, the company does not
charge for the service message. If “ST” is
added to “BQ’” the message in question was
clear of errors the first time transmitted, and
the service message is “by request”. In this
case the service message is paid for by the
inquirer.

1.CO and LCD in the prefix refer to the
text as being “language of country of origin”
or ‘“language of country of delivery.” RP
means ‘“reply prepaid.”

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

UNDERSTANDING TIME SIGNALS AND
WEATHER REPORTS

Amateurs in the United States will probably
find the time signals, weather and press reports
from Arlington, Va., (NAA) and Annapolis,
Md., (NSS) most useful and interesting in
learning the code. Sometimes before sending
the press NAA will request listeners to stand
by (QRX) for a certain time while ship traffic
is cleared. That gives us a chance to see how
traffic is handled. Then the “U.S. Navy
P'ress” will follow with interesting world-wide
news items. A 12-to-15-word code speed is
employed. After we have practiced so we can
do several words per minute, some regular
listening to NAA and NSS will soon enable us
to copy letters, words and whole sentences.

The time signals start at 7:55 a.m. and 9:55
p.m., E.S.T., daily. Every tick of the stand-
ard clock at the Naval Observatory is sent as
a dot. The 29th second of each minute is
omitted as well as the last five seconds of the
first four minutes of time signals. The last
ten seconds hefore the hour are omitted. The
heginning of the dash which is sent at noon and
ten p.m. is exactly the hour.

Weather reports go something like this:
“CQ de NAA USWB T02081 DB01251 100442
P99265,” ete. 'This introduction means,
“General call to all stations from Arlington,
Va., United States Weather Bureau.” The
report gives conditions at various points two
hours previous to the time of transmission.
The key-letters refer to the different observa-
tion points. A few of the commoner ones
follow:

T-—Nantucket, Mass.
DB--Delaware Breakwater.
H—Cape Hatteras, N. C.
P-—Pensacola, Fla.
B—Bermuda.
C—Charleston. S. C.
S—Sydney, Nova Scotia.
SF—San Francisco, Cal.
ST Seattle, Wash.
K—Key West, Fla.
DU—Duluth, Minn.

G- Green Bay, Wis,
D—Detroit, Mich.
M-—Marquette, Mich.
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CH—Chicago, III.
V—Cleveland, O.
DI-—San Dijego, Cal,
WA—Washington, D. C.
AC—Atlantic City, N. J.
NF—Norfolk, Va.
E—Eastport, Maine.
JA—Jacksonville, Fla.
AT—Atlanta, Ga.
F—DBuffalo, N. Y.
KC—Kansas City, Mo.
J—St. John'’s, Newfoundland.
SL—St Louis, Mo.
PB—Pittsburgh, Pa.
O—Omaha, Neb.
DA—Dallas, Texas.
TA—Tampa, Fla.
NO—New Orleans, La.

The weather reports from different naval
radio stations follow the same form and all may
be translated as will be explained. The first
part of the bulletins is devoted to weather
reports, the second part to weather forecasts
and storm warnings. Useful weather maps
may be prepared from the information con-
tained in the first part of the broadcast.

The first three figures give the barometer
reading. ‘“P992” shows that the barometer
at Pensacola reads 29.92 inches. “6” shows
the direction of the wind:

0—Calm, no movement
1—North

2—Northeast

3 -Kast

4—Southeast

5—South
6-—Southwest

T—West

8~ Northwest

The last figure gives the velocity of the wind
in statute miles per hour. 1 nautical mile
equals 1.15 statute mile. “5”, for example,
indicates “fresh breeze” according to the table
below which is known as the Beaufort scale
of wind intensities.

Figure Air Statute M.P.H.
0 Calm Less than 1
1 Light air 1-3
2) Light breezes 4-7
3 Gentle breezes 8-12
4 Moderate breezes 13-18
5 Fresh breezes 19-2.4
6 Strong breezes 25-31
K High wind 32-38
8 Fresh gale 39-16
9 Strong gale 47-54
10 (W) Whole gale 55-63
11 (S) Storm 64-75
12 (H) Hurricane 76 or more

When several 5-unit groups of figures are
given, the first two groups are surface ob-
servations at stations indicated by the key
letters. Additional groups contain upper air
data which can be interpreted in the customary
way. When ship reports are included in the
first part of the bulletin, these follow the
reports from land stations. Following the
call signal of the ship station are two groups
of five figures each. The second group gives

the barometric pressure and the wind direction
and force as explained. The first two figures
of the first group indicate the latitude of the
reporting ship, and the other three figures give
the longitude.

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

Official Broadcasting Stations of the
A.R.R.L. send the latest Headquarters’ news
on amateur frequencies. The messages are
often interesting and they are sent slowly
enough for code practice between 15 and 20
words a minute. Lists and schedules appear
frequently in the membership copies of QST.

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

SHIP-SHORE STATIONS

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

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

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

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

A 600-meter wavelength is used for calling
and 700 to 850 meters is used for working.
300 meters is used for naval radio compass
work. The navy uses 952 meters as its calling
wave, although some traflic is handled on it
also.

When ITF says, “WSA ITF P” he means,
“I have a peid message for you. The reply
from WSA is usually, “ITF K 700”. The
operator at WSA then proceeds to listen on
700 meters or thereabouts and to copy the
message. The prefix “P” in the message
shows that it is a “paid” message. “TR”
is the prefix to a position report which is sent
daily showing the position of various ships
for the information of owners and the public
who await ship movements anxiously. “SVC”
indicates that a service message is coming.
The letters “GOVT” indicate that a govern-
ment message will be sent. “GOVT S B”,
“GOVT W B”, or “GOVT HYDRO” in the
preamble indicate that the message to follow
contains official business of the U.S. Shipping
Board or Weather Bureau. “GOVT’ is also
transmitted as the first word in the address and
is counted as one word. Other signs in the
preamble indicate different classes of radio-
grams. A collated radiogram is indicated by
“TC” sent in the preamble and as the first
item of the address, and such messages must
always be repeated back to the sending station
for verification. “RP” is used for ‘‘reply
prepaid”’, “POST” to show “delivery by mail”
is desired, “GP” on radiograms to be called
for at a post office, “TR” on those to be called
for at a telegraph office and “I'M” (with figure

representing the number of addresses) on
messages with one text but several addresses.
“W”, “WDS”, “CK”, or “GR” refers to
the number of words or the check of the mes-
sage. “M” indicates routing via the Radio
Corporation of America who control some
of the large traffic-handling commercial sta-
tions. A short commercial message with a
“radio” check might be sent from WLC to
ITF as follows: “ITF WLC R HR P 1 W 11
CONEY ISLAND NY 217P 14 to WILLIAM
RICHARDSON SS GENUARO MNEW-

LONDON —...— ADVISE WHAT NEW
MACHINERY NECESSARY—...—TOMP-
KINS AR WLC K”.

The time and date precede the address.
Suppose the operator of ITF misses a few
words; he may ask WLC to repeat: “RPT
TXT”. To ask for missing words, “WA”
and “WB”’ refer to the “word after” and “word
before” a specific word. In the appendix a
table of ‘“miscellaneous abbreviations” pre-
scribed by the Washington International
Radiotelegraph Convention may be consulted
for the interpretation of other convenient
operating procedure you may hear.

Ship stations send a “position report” daily
or as may be required by the vessel’s owners.
The letters “TR” precede the report, which
includes the distance from ship to the shore
station in nautical miles, the position as briefly
as possible and the next port of call. The
speed of the ship is sometimes included. A
sample report: “TR 150 OFF CAPE HAT-
TERAS BOSTON 5 .—.—. ITF”.

The presence of unnecessary capital letters,
periods, commas or other marks of punctuation
may alter the meaning of a text. For this
reason commercial communication companies
use a shiftless typewriter (capitals only). The
texts of messages are typed in solid block
letters (all capitals) devoid of punctuation,
underlining and paragraphing except where
expressed in words. In all communication
work, accuracy is of first importance.

GAINING CODE SPEED

Code speed depends mostly on the amount
of practice one gets. Any one can learn the
code. A desire to learn, plus determination
and persistence at the start, are the prime
requisites a beginner should have.

As soon as the scattered letters begin to
make words and sentences, the beginner is
repaid a thousand-fold for his time and trouble.
Low frequency, 20-60 kc. (or long wave 5,000~
15,000 meter) flute-like signals have a charm
all their own: the medium frequencies, 60-
600 ke., (500-5,000 meters) contain the throb-
hing “human-interest stuff”’; the broadcast
band, 1500-600 kc., (200-500 meters) brings
us music that entertains; the amateur short-
wave, high-frequency signals, 30 mc. to 1715
ke., (10-175 meters) give us the thrills of local
and world-wide two-way contacts with others
just like ourselves. liach wavelength has its
particular characteristics and the whole spec-
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trum of radio activities is a field where we can
explore and enjoy the findings when we will,
not forgetting to keep the contents of messages
secret as required by law.

OBTAINING A GOVERNMENT LICENSE

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

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

Application blanks for new amateur station
licenses may be obtained from any one of the
Supervisors of Radio. All licenses are of
course subject to such general regulations as
the Federal Radio Commission may issue from
time to time.

Amateur operator’s licenses are issued in
three grades. Amateur Extra First Class
Radio Operator, Radio Operator Amateur
Class, and Temporary Amateur Operator’s
License are the names by which these licenses
are known.

The Temporary Amateur License is given
amateurs who do not live near the Super-
visor’s office, after they have passed a brief
examination by mail. “Anyone can get ap-
plication blanks for operator’s and station
licenses from the nearest Supervisor by asking
for them. Temporary Amateur Operator’s
Licenses are issued to be effective only until
the applicant ean appear to be examined in
person which is required within a reasonable
distance of the points where examinations are
regularly given. When you have studied the
code and are properly qualified, you can readily
get one or two licensed operators in your
vieinity to make affidavit to the fact that you
can send and receive at 10 words per minute
as required by the Secrctary of Commerce.
It is to be noted that this temporary license
will authorize its holder to operate only a
particular station, also that such licenses are
1ssued for periods not exceeding one year.

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

“Applicants for this grade of license must
pass a code test in transmission and recep-
tion 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 adjust-
ment and operation of the apparatus which
he desires to use and of the International
Regulations and Acts of Congress 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 stations only.”

The requirements for passing the amateur
examination are not difficult. Information on
all amateur station and operating rulings of the
Federal Radio Commission and the Depart-
ment of Commerce may be obtained on applica-
tion to the Supervisors. Special attention
should be given to the regulations concerning
amateur stations.

Applicants are expected to be familiar with
amateur receiving and transmitting equip-
ment. The construction and function of each
part of the apparatus should be studied. They
should be able 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. Applicants 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 inter-
ference (QRM). Applicants who fail to qualify
may be re-examined after three months from
the date of taking their unsuccessful examina-
tion.

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

To be eligible for the examination for an
Amateur Extra First Class Radio Operator’s
License the applicant must have had at least
two years’ experience as a licensed radio opera-
tor and must not have been penalized for viola-
tion of the radio laws. The code speed require-
ment is 20 words per minute receiving and
transmitting. Applicants must pass a special
examination in which 75 per cent will consti-
tute a passing mark. The possession of one
of these “‘extra first” operator’s licenses is a
special mark of distinction and proficiency.
The superior grade of license is a stimulus to
better operating and should be the goal of
every operator. The possession of such a
license is a mark of achievement and every
amateur is urged to apply for this form of
operator’s “ticket” as soon as he can qualify.
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While any grade of amateur operator’s license
is sufficient for the operation of an amateur
radio station, a commercial “ticket” is proudly
displayed in many a “ham shack.” There are
three classes of commercial licenses, the Com-
mercial Extra First Class, Commercial First
Class, and Commercial Second Class. To
obtain a Commercial Extra First Class license
one must be able to take both Morse and Conti-
nental codes at high speed. Previous operat-
ing experience as holder of a commercial first-
¢lass license is necessary also. For the Com-
mercial First and Second Class licenses code
speeds of 20 and 12 words-per-minute in Con-
tinental code are required, respectively. Ap-
plicants desiring to operate broadcasting sta-
tions only will be given an examination pertain-
ing specifically to broadcasting apparatus and
the limitation will be specifiecd on the second
class license issued. Commercial first and
extra first licenses authorize the holders to
operate any licensed radio station. For pas-
sing the cxamination given in qualifying for
any of the commercial classes of operator’s
license, advanced operating knowledge and
theory are required. The examination in-
cludes questions under the headings of expe-
rience, diagram of receiving and transmitting
apparatus, transmitting apparatus, receiving
apparatus, operation and care of storage bat-
teries, motors and generators, international
and U. S. laws and regulations. Some excellent
books are available if one desires to study
them in order to qualify. See our recom-
mendations in the appendix in this connection.

Request application blanks and informa-
tion from the nearest Supervisor of Radio.
The country is divided by the Department
of Commerce into nine Inspection Distriets.
The addresses and territories of the different
Supervisors follow:

First Distriet: Mauaine,
Vermont, Massachusetts, Rhode Island and
Connecticut. Address, Supervisor of Radio,
Customhouse, Boston, iass.

Second District: New York (countics of
New York, Staten Island, Long Island, and
the counties on the Hudson River to and
including Schenectady, Albany, and Rens-
salaer) and New Jersey (counties of Bergen,
Passaie, Essex, Union, Middlesex, Monmouth,
Hudson and Ocean). Address Supervisor of
Radio, Customhouse, U. S. Sub-Treasury Build-
ing, Wall, Pine and Nassau Sts., New York
City.

Third Distriet: New Jersey (all counties
not included in second district), Pennsylvania
(counties of Philadelphia, Delaware, all coun-
ties south of the Blue Mountains, and Franklin
County), Delaware, Maryland, Virginia, and
the District of Columbia. Address Supervisor
of Radio, Room 13, Customhouse, Baltimore,
Maryland.

I'ourth District: Alabama, Tennessee, North
Carolina, South Carolina, Georgia, Florida and
the Territory of Porto Rico. Address Super-
visor of Radio, Room 524, Post Office Bldg.,
Atlanta, Georgia.

New Iampshire,

Fifth District: Mississippi, Louisiana, Texas,
Arkansas, Oklahoma and New Mexico. Ad-
dress Supervisor of Radio, Customhouse, New
Orleans, La,

Sixth District: California, Nevada, Utah,
Arizona and the Territory of Hawaii. Address
Supervisor of Radio, Customhouse, San Fran-
cisco, Cal.

Seventh District:  Oregon, Washington,
Idaho, Montana, Wyoming and the Territory
of Alaska. Address Supervisor of Radio,
2116 L. C. Smith Bldg., Seattle, Wash.

Eighth District: New York (all counties
not included in the second district), Penn-
sylvania (all counties not included in the third
distriet), West Virginia, Ohio and Lower Penin-
sula of Michigan. Address Radio Supervisor,
504-6 Commerce Building, Detroit, Mich.

Ninth Distriet: Indiana, Illinois, Wisconsin,
Michigan (upper peninsula), Minnesota, Ken-
tucky, Missouri, Kansas, Colorado, Iowa,
Nebraska, South Dakota and North Dakota.
Address Supervisor of Radio, 2022 Engineering
Building, Chicago, Il

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

Tube sets for C.W. telcgraph work or for
radiophone communication on certain amateur
bands are readily licensed. Spark sets are no
longer licensed to operate on amateur wave-
lengths. If an applicant lives near the Super-
visor of his district it is only necessary for him
to get in touch with the Supervisor. The neces-
sary arrangements for taking the examination
and getting a station license can be made in
person or by mail.

The Federal Radio Commission licenses
amateur telegraph stations to work in unv or
al’ of several frequency bands. If voice is to be
used, the stution must be built to work in the
1715-2000, 3500-3550, or 56000-60000 ke. (150-
175, 81.53-83.7, or 5-5.36 meter) bands. Ama-
teur transmission is prohibited in the United
States between the hours of 8:00 and 10:30
P. M. local standard time, and on Sundays
during loeal church services. if and when inter-
ference to other services exists. Interference
to other serviees cannot he permitted. Quiet
hours are prescribed when readjustments of the
transmitter or alterations of a non-selective
receiver will not do away with the trouble.

AR.RIL. *“Vigilance Committees” have
been organized in a number of communities.
Amateurs, broadcast listeners, and representa-
tives of the local newspapers make up the com-
mittees. They investigate reports of amateur
interference, put the interested parties in touch
with each other, suggest ways of reducing or
getting rid of the interference and see that the
blame is placed where it belongs. When quiet
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hours are necessary, they are recommended.
In cases where suggestions are disregarded,
the interference is reported in detail to League
Headquarters. In extreme cases the matter
has to bhe turned over to the Radio Division,
Department of Commerce. 98¢, of the inter-
ference experienced by broadcast listeners comes
from power leaks and foreign ships who trans-
mit in the broadeast band when near our shores.
The Vigilance Committees have done much to
educate the broadcast listener regarding the
sources of interference and they have reduced
what little amateur interference there has been
to a negligible quantity.

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

_There should not be the slightest hesita-
tion in constructing a station on the grounds
that it will “interfere” or “draw lightning.”
A receiving or transmitting antenna properly
grounded will “leak” off a charge gradually to
ground, prewenting the accumulation of voltage
that might cause a disruptive discharge with
danger to life and property. An antenna is a
protection, not a hazard.

AMATEUR REGULATIONS

Amateur radio stations are authorized for
communication only with similarly licensed
stations and. effective Jan. 1, 1929, on wave-
{)eng(}hs or frequencies within the following
ands:

Kiloeycles Meters
400,000 to 401,000 0.7496 to  0.7477
56,000 to 60,000 500 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 429
3,600 to 4,000 75.0 to 85.7
1,715 to 2,000 150.0 to 175.0
The five last mentioned wavelength  bands
have prored most useful in  carrying on actual
communication  over great  distances. The pur-

pose of the Government in assigning many
wavelength bands to amateurs is to give the
amateur the freedom which has always been
his due. Only thus can knowledge of the
behavior of the shorter wavelengths incidental
to actual communication be developed most
fully. The cxperimenter is most interested

in the two first mentioned wavelength bands
about which least is known.

Amateur stations must use circuits loosely
coupled to the radiating system or devices that
will produce equivalent effects to minimize
key impacts, harmonics and plate supply modu-
lations. Conduective coupling, even though
loose, will NOT be permitted, but this restric-
tion shall not apply against the employment
of transmission-line feeder systems to Ilertzian
antennas.

Amateur stations are not permitted to com-
municate with commercial or government
stations unless authorized by the licensing
authority except in an emergency or for test-
ing 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
difficulty in establishing communication with
commercial or government stations.

Amateur stations are not authorized to
broadcast news, music, lectures or any other
form of entertainment. Spark transmitters
will not be authorized.

No person shall operate an amateur station
except under and in accordance with an oper-
ator’s license issued to him by the Secretary
of Commerce.

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 fraudu-
lent signal of distress, or communication relat-
ing thereto.

All persons who may have knowledge of the
text or simply of the existance of radio tele-
grams, or of any information whatever, ob-
tained by means of the radio service, shall he
hound to maintain and insure the secrecy of
correspondence.

All amateurs should be familiar with the
laws and regulations, especially those pro-
visions 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 of 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 satis-
factory proof that the licensee (a) has violated
any provision of any Act or treaty (or regula-
tions made under such Act or treaty) binding
on the United States which the Secretary of
Commerce or the Commission is authorized
by this Aect to administer; or . . (d) has
transmitted superfluous radio communications
or signals or radio communications containing
profane or obscene words or language; or (e)
has wilfully or maliciously interfered with any
other radio communications or signals.



GETTING

OUR AMATEUR BANDS

The amateur has accumstomed 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 com-
munication on a given frequency at a given
time of day, the suitability of a given band for
traflic or DX, the desires of the individual
amateur in choosing his circle of friends with
whom he expeets to make contaet on schedule,
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our own communication methods and practise
a great many more contacts than this would
seem to indicate can be managed, however.
This comparison is made simply to give a
practical idea of the width of each bhand.

The 7000-ke. and 14000-ke. (40-meter and
20-meter) bands have proved most generally
useful for low-power work over long distances
both day and night. 14000-ke. (20-meters)
is the best frequency to use to cover great
distances 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 worl by the Federal
Radio Commission at the request of the
A.R.R.L. early in 1928 has proved itself very
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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 several 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 thig relation is not exact and holds
true for only certain sections of some bands.
The bands are commonly referred to by ama-
teurs as the 1750-kc., 3500-ke., T000-ke.,
14000-ke., 28-me., and 56-me. bands, so named
for the portion common to each in this har-
monic relationship.

The sketch showing the several amateur
bands takes account of the fact that at double
the frequency a signal occupies double room in
the spectrum. It will be seen that the 56-me.
and 28-me. bands are the same in practical
width, that the 7000-ke. and 14000-ke. bands
are narrower, but that the 3500-ke. and 1750-
ke. bands are double these in width and widest
in point of the number of stations that can be
accommodated. A rating of our bands by
‘‘commercial channels” available shows 60,
52, 18, 13, 33, and 25 channels available, start-
ing with the 1750-ke. (160-meter) band. By

RELATIVE WIDTHS OF OUR AMATEUR BANDS

useful for long and moderate distance com-
munication on different occasions. It is still
too early to predict its ultimate field of useful-
ness. Our experimenters have obtained good
trans-ocean communication on this frequency
on several occasions and find it similar to
14000 ke. in some of its effects. We must look
to them for information which will make this
band of inecreasing 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 distances (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 oc-
casions when we desire foreign contacts.

The 1750-ke. band contains many beginning
amateurs, practising code by listening to trans-
missions arranged for their benefit. Many
beginners 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 schedules on this frequency. It is
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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

e covered with ease.

In summer, transcontinental and foreign
daylight work is best accomplished using
28000 ke. and 14000 ke; 14000 ke. and 7000
ke. also may be used at night for the same
purpose. 1750 ke. is good at night for mod-
erate distances. Amateurs once conducted a
great deal of foreign contact work on 3500
ke. in addition to the domestic 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 started, due to
less congestion and interference from other
amateur stations, although there are lots
of good things to listen to on the other

frequencies.

CANADIAN REGULATIONS

Canadian amateurs wishing operator’s li-
censes must pass an examination before a
radio inspector in transmission and re-
ception at a speed of ten words per min-
ute 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 e\ammatlon 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 can-
didate.

The form of application for station li-
cense may be obtained either from a local
Radio Inspector’s office or direct from the
Department of Marine and Fisheries, Radio
Branch, Ottawa. This consists of a blank
form with spaces for details regarding the
station equipment and the uses to which it
is to be put. The applicant must also sign
a declalatlon of secrecy which, as a matter
of fact, is executed at the t1me of obtain-
ing the operator’s license. The annual fee
for station licenses for amateur work in
Canada is $2.50.



CHAPTER III

Fundamentals

EFORE we go on to study the prob-
lem of economically bmldmg a sta-
tion and getting it working we should
step aside just a moment to get some

idea of how radio signals can be sent and
received.

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

ELECTRICITY

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

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

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

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

THE ELECTRIC CURRENT

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

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

MAKING CURRENT ELECTR!CITY

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



SERIES AND PARALLEL CONNECTIONS,
EM.F.,, CUCRRENT FLOW

A number of cells or generators grouped
together as a source are termed a “battery.”
By conneeting a number of cells together
a more powerful current source is obtained
than can he made by a single cell. Any
high school physics book will explain about
the different kinds of electric batteries.
Certain chemical solutions and elements are
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always think of the flow of negatively
charged particles as an ‘“electron flow”,
toward the positive terminal of the battery.
The clectric current is a “current flow”
away from the positive terminal. The dia-
gram shows what is intended. Only because
the electron theory had not been advanced
when the conventional definition of positive
and negative was made do we need to make
this distinction. The current flows in the

oo A R R2 Ra R¢e B
IES AW MWW—AWWN— Riotal =R/ +R,#R3+R
A /
PARALLEL %R, 3R, 3R, iR, Riotal= 7, 75757
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RESISTANCES CONNECTED IN SERIES, PARALLEL,AND SERIES-

PARALLEL

hest suited for making cells for certain jobs,
Electrie cells and in fact all pieces of electri-
cal apparatus nray be connected in ‘“‘series”
or “parallel” or “scries-parallel” depending
on which way is hest for a given purpose.

In any ecleetrie cell, there are two differ-
ent chemical clements in a solution.  De-
pending on the choice of elements and solu-
tion a certain electromotive foree will he
developed and maintained. One terminal
will always be positire (4) while the oth-
er terminal will always be negotive (—)
with respect to it. When the two terminals
are connccted by a wire or conductor an
cleetric current flows.

<« Movement of electrons

009 02090° 9
Current flow 1n conductor —»
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N
Two Cell Batlery
CURRENT FLOW

In the circuit erternal to a battery the
“current’” is said to flow from positive to
negative. The clectrons on the other hand
are said to flow from the negative pole of
the battery to the positive. Thus we must

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

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

When I is the current in amperes, E is
the electromotive force in volts and R is
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the circuit resistance in ohms. A simple
formula expresses Ohm’s Law:
E )
R=— 8= E = RI
I R

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

A good analogy can be made by consider-
ing for a moment some fluid acting in a
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THE ELECTRIC CIRCUIT AND
MEASURING INSTRUMENTS

mechanical circuit. In Figure 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 electrie cireuit. The walls of the pipe
offer “resistance” to the flow of fluid just as
the atomic structure of the connecting wires
and resistor hold back to the flow of clectric
current in the eleetric circuit. A water
pressure mecter and a “rate-of-flow” meter
have the same uses in such a circuit that
the voltmeter and ammeter have in measur-
ing the clectrical pressure and rate of cur-
rent flow in the electric circuit.

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

USING OHM’S LAW

Every part of an clectric eircuit has some
resistance. We have shown how cells can be
connected in series, how resistances can be
connected in series. Different clectrical in-
struments can be connceted in series in the
cleetrie circuit. In the diagram on the next
page, the tubes, the rheostat, and the three
cells of the storage battery make up the
series circuit. The two vacuumn tubes are
connected in parallel, but they are in series
with respect to the rest of the cireuit. The
rheostat is a variable resistance and is used
to change the current flowing in the cir-
cuit by changing a part of the resistance of
the whole circuit and therefore in effeet
changing the whole resistance which is the
sum of all the parts. The rheostat has
part of the circuit resistance, the exact
value depending on the position of the rheo-
stat arm and the amount of resistance wire

that it includes in the circuit. The cells
themselves have some ‘“‘internal” resistance,
depending on their condition. The fila-

ments have an increasing resistance with
increase in temperaturce. This in turn de-
pends on the current through the tubes. The
lead wires in the circuit resistances are so
small that they can be negleeted for prac-
tical computations. If the lead wires are of
copper and have a large cross-sectional
arca (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 necd not consider it. If dry cells are
uscd, their resistance may be neglected if
they are new. Storage cells always have
a very low internal resistance if they are
cared for and kept charged.

VOLTAGE DROPS

When current flows through a resistance
we have what is called a “voltage drop”
across the resistance. The voltage drop i3
always equal to the voltage which causes
the current to flow through the resistance.
The voltage drop across the filament of a
vacuum tube can always be found by Ohm’s
Law and is the“resistance” (of the filament)
times the current flowing through it. The
sum of all the voltage drops across the
various pieces of apparatus in a series
circuit is always equal to the voltage of the
source (or the sum of the voltages in the
circuit if there be more than one source).
This law is known as Kirchoff’s Law. So
the combined voltage drop across the rheo-



stat and the paralleled filaments will be al-
ways equal to the voltage of the storage
battery (six volts).

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

On the box in which the tube came we
find that the wmanufacturers specify a
terminal voltage of 5 volts and a filament
current of .25 (%) ampere for cach tube.

e 100hms —~
R4=20 0hms i

Representing internal
reg'stance a'?'t/;e cells
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The resistance of the filament under any
operating conditions can be determined by
Ohm’s Law or from facts about the tule
supplied by the manufacturer. A five-volt
tube which takes a filament current of one-
fourth ampere has a resistance of 5 di-
vided by %4 or 20 ohms. When two tubes
are connected in parallel the resistance of
the combination is:

R, Ra
7 R,

_ 20x20
T 20720

!
R 45— = =10 ohms

77T R

Now we can check the accuracy of our
problem solution by using our answers and

UX 201A fubes m/oara//e/

R= R, +R, *Ry*Rx +_,-IT /
Ry
(Neglecting Ry, R, and Rs
247s becomes: )
R=Ry + RBeRs

The battery, rheostal
and Lubesare connected
in series

Storage Ba &rg
3 cells (In Series) X 2 volts (each) = & volts

SERIES-PARALLEL CONNECTION SHOWING HOW TO SOLVE FOR THE TOTAL RESISTANCE
IN THE CIRCUIT

This then will be the voltage drop or ter-
minal voltage of the tube under operating
conditions. We have twotubes eachrequiring
.25 amperes so our storage battery will have
to supply 2 x .25 or .5 (%) ampere. If pos-
sible, always find the current and voltage
(or the effective resistance) of the portions
of the circuit in parallel before trying to
find out about the series branches of the cir-
cuit.

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

Now we know two things about the rheo-
stat. The voltage drop across it must be 1
volt, The current through it is .5 ampere.
By Ohm’s Law the resistance is:

K 1
= — == 2 ohms.

1 ]/.3

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

R =

the em.f. in the circuit and solving for
the current.

[_£_ 6 vo/ts _
SR " i0obmsrzobms ~ 2 ATpere

R=combined, resistance of lubes plus
resistance of rheostat at orgper setéfrzy

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

Ez
Power (watts) == I'R = El = —
R

Heat (British Thermal Units)
= I'RT (9.5 x 10")

If the current in a resistor and the re-
sistance value are known we can readily find
the power that is used. If the voltage drop
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across a resistance and the current through
it are known we can determine the resist-
ance value (from Ohm’s Law) and also the
power used (EI), which is always equal to
the product of volts and amperes.
Maximum power in the load is spent in
keating when the load resistance cquals the
internal resistance of battery or generator.
Magnetic cffects are always present when
a current flows in a eircuit. Lines of mag-
netic forece or influence surround the cur-
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rent carrying conductors. When a conducter
is wound into a coil of many turns the mag-
netic field hecomes stronger because there
are more lines. The laws of the magnetic
circuit are similar to those of the electric
circuit but we do not use them as often
in elementary work. The magnetic force is
spoken of in terms of magnetomotive force
(m.m.f.) which depends on the number of
turns of wire, the size of the coil, and the
amount of current flowing in the coil. If
ten amperes flow in one turn of wire the
magnetizing effect is 10 ampere-turns. If
one ampere flows in ten turns of wire the
magnetizing effect is also 10 ampere-turns.

The length of the magnetic circuit, the
material of which it is made and the cross-
sectional area, determine what “magnetic”
current or flux (P) will be present. Just as
the resistance of the wire determines what
current will flow in the electric circuit, the
reluctance (u) of the magnetic circuit de-
pending on length, area and material acts
similarly in the magnetic circuit.

E

I = — in the eleetrie eircuit so

m. m, f.
$ = —— in the magnetic circuit.
1

The magnetic field about wires and coils
may be traced with a compass needle or by
sprinkling iron filings on a sheet of paper
held about the coil through which current
is passing. When there is an iron core the
inereased magnetie force and the concentra-
tion of the field about the iron is readily
discernible.

Permeability is the ratio between the flux
density produced by a certain m.m.f. and
the flux density that the same m.m.f. will
produce in air. Iron and nickel have
higher permeability than air. Iron has quite
high pcrmeability, is of low cost, and is
therefore very commonly used in magnetic
circuits of electrical devices.

The permeability of iron varies somewhat
depending on the treatment it receives dur-
ing manufacture. Soft iron has low re-
luctivity, another way of saying that its
permeability is extremely high. The mole-
cules of soft iron are readily turned end to
end by bringing a current-carrying wire or
a permanent magnet near. When the in-
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fluence is removed they just as quickly
resume their former positions. When cur-
rent flows around a soft iron bar we have a
Magnet. When the circuit is broken so the
current cannot flow, the molecules again
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assume their hit-or-miss positions. Little
or no magnetic effect remains. VWhen a steel
bar is subjected to the same magneto motive
force in the same way, it has less magnetic
effect. However, when the current is re-
moved, the molecules tend to hold their end-
to-end positions and we have produced a
nermanent magnet. Compass needles are
made in this way. Permanent magnets
lose their magnetism only when subjected to
a reversed ma.f., when heated very hot or
when jarred violently.

The direction of the magnetic field can be
found by what is called the right-hand ruie.
Grasp the wire in the right hand with the
fingers around it and the thumb pointing

Direction of Magnetic
~ Freld

Direction of
Current

o=
-

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

ALTERNATING

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

CURRENT

We shall be much concerned with alter-
nating currents, as all radio work is based
on them. The number of cycles that takes
place each second is called the “frequency”
of an alternating current. Power circuits
irequently use 25-cycle current. Electric
lighting circuits are usually 60-cycle cir-
cuits. Ship radio generators are often
wound for 500-cyele operation. Radio
transmission circuits require energy at fre-
quencies of 15,000 to several millions of
cycles per second. These higher frequencies
can be produced in several ways. We are
concerned with the equipment that is neces-
sary. High frequency alternators and
“arce” sets ean hest be used to produce the
lower radio frequencies. ‘““Spark” trans-
mitters have heen in use for ycars for ship-
shore communication. “Vacuum tube” trans-
mitters are most cfficient and inexpensive
of all. They are widely used today for all
sorts of radio services. The older equip-
ment is interesting but we shall study the
tube transntitter mainly.

INDUCTION

When current passes through a coil it sets
up a magnetic field around the coil. The
strength of this field varies as the current
varies.  Conversely, if a field of varying

Collector or Grish
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Dagram shows mstantaneous values of current and voltage
with eectrical degrees of cail rotation — there are 360 elec-
lrical degrees for every pair of poles so that one complete
mechapical revolution may correspond to more than one clec-
trical revolution

strength passes through a coil an electro-
motive force is induced in the coil. If a
permanent magnet is thrust in and out of a
coil a voltage is induced in the coil. The
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time rate of cutting flux determines the
value of the induced voltage.

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

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

Inductance is measured in “henries”. This
property of a coil depends on its number
of turns, the diameter of the coil, and on
the permeability of the magnetic material of
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the core. In 25-cyele and 60-cycle work an
iron path is usually provided for the flux.
The permeability of iron is much greater
than that of air at these frequencies, All
iron and steel shows a “magnetie lag”. The
flux in the iron lags somewhat bchind the
current producing it. This phenomenon is
known as “magnetic hysteresis”. When the

magnetizing foree (I1) is increased, the
flux density (B) increases very rapidly at
first if an iron core is used. However, for
large values of magnetizing force, the in-
tensity of magnetization becomes constant
and the magnetic substance is said to have
become “saturated”. A further increase in
flux density (B) can only he made by a dis-
proportionate increase in magnetizing force
(H). 1In radio-frequeney eircuits, iron in-
troduces a hysteresis loss. The higher the
frequenecy the lower the permissible flux
density. The iron cannot follow the rapid
changes in flux. It is worthless at the
higher radio frequencies.

FINXED AND VARIARLE INDUCTANCE

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

CAPACITANCE AND CONDENSERS

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

The “electrie field”, sometimes called the
“electrostatic” field of the condenser, is con-
centrated mostly in the space between the
plates. When the plates are connected to
a direct current source, a heavy current
flows for an instant, and deereases to zero.
The condenser is said to be “charged” and if
the dielectric is good, it will hold the charge
for some time. If the current source is
taken away and a wire connected across the
piates, the condenser will discharge through
the wire, A large condenser charged with
several hundred volts will give a visible
spark and discharge with a erash. It will
also eruelly “jolt” one who plays thought-
lessly with its terminals.
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Energy is stored in the electric field of a
condenser just as it is stored in the mag-
netie ficld of a coil.  The cnergy in the
ficld of a coil or condenser is potential
energy. Water stored in a tank high
above the earth has potential energy due to
its position with respect to the center of
the earth.

Capacitances can be connected in series or
in parallel like resistance or inductances,
However, connecting condensers in parallei
makes the total capacitance greater. In the
case of resistance and inductance, the value
is lessened by making a parallel con-
nection. Capacitance is measured in
“farads” or more commonly (in radio worlk)
in the smaller units known as the miecre-
farad or micromicrofarad.

CONDENSERS IN SERIES AND IN PARALLEL

The equl\'alont capac1tv of condensers
connected in parallel is the sum of the
capacitics of the several condensers so
connected.

C = C|+C:+Cs

The equivalent capacity of condensers
connected in series is expressed by the fol-
lowing formula which can be simplified as
shown when but two condensers are con-
sidered.

C,C.
C, + C.

1 1 1 1
— S —dhcodh —
C C, C- Cs

C=

It is sometimes necessary to connect filter
condensers in series, as this increases the
breakdown voltage of the combination while
it of course dccreases the capacity avail-
able, Condensers of just the same size are
most effectively connected in series for this
purpose. Voltage tends to divide across
series condensers in inverse proportion to
the capacity, so that the smaller of two
series condensers will break down first if
the condensers are of equal voltage rating.
High-resistance units are often used in such
applications to equalize the voltage drops
and protect condenser banks from unequal
voltage distribution. As the resistors are
placed directly across the terminals of
each condenser and across the high-voltage
line, they are necessarily wasteful of
power. Before selecting filter condensers
lhe operating conditions, voltage peaks and

m. s. values should Dbe carefully con-
%1dered (See October 1928 QST, page 37.)

The formula for determining the equiva-
lent capacity of two series condensers also
may be used to advantage in designing a
transmitter using the Colpitts circuit.

DISTRIBUTED INDUCTANCE, CAPACITANCE
AND RESISTANCE

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

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

OHM'S LAW FOR ALTERNATING CURRENT

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

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

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

Time

@) Current and Voltage “in phase “with Pure Resistance
mcircud

— Tme

(b) Current “lagging” Vo'tage with Pure Inductance

0 crrevil

61

(€) Current “leading Voltage with Pure Capacitance
1 cireurt

SHOWING AMPLITUDE -TIME RELATIONS OF CURRENT
AND VOLTAGE FOR A COMPLETE CYCLE ( 3é0
Electrrcal Degrees)

as we have scen and the instantancous
values of current and voltage are constant-
ly changing. Some curves show the am-
plitude-time relations of current and volt-
age in circuits where there is (a) resistance
(b) inductance (c¢) capacitance.

Ohm’s Law for alternating currents:

E I
E=1Z I =- 7=

In an alternating current cireuit, the cur-
rent flow is determined by the voltage of the
source and by the resistance (R) and re-

Xu

X=2nrfL
XC

=t
anfc

THE IMPEDANCE TRIANGLE

(showing relations between /mpedance and
its components, reactance and resistance )

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

Sometimes it is useful to show the rela-
tions between I, X and Z in a vector dia-

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

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

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

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

The diagram shows a circuit containing
resistance, inductance and capacitance in
series. The vector (I) is the reference
vector showing the current flowing in such
a circuit. There is a “voltage drop” across
each part of the circuit just as in the case of
a direct current circuit. The algebraic sum
of all the voltage drops around the circuit is
equal to the voltage of the source. In an
alternating current circuit some of the volt-
age drops may be positive and others may
be negative. The voltage (E=RI) is effec-
tive in causing current to flow through
the resistance of the circuit. It is “in
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phase” with the current. The voltage (E;.=
IXL) is effective in overcoming the induct-
ance of the coil. It is 90° ahead of the cur-
rent vector, for the current in a coil lags
the voltage, and when the coil has pure in-
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ductanee the angle is 90°. The voltage
(E+=IX) causes current to flow in and out
of the condenser plates. 1t is 90° behind
the current vector, for the current in a con-
denser {cads the voltage., Right away one
can sce that voltages across eoils and con-
denser in the circuit are about 180° out
of phase. When they are equal in ampli-
tude and eractly oppasite in phase, the con-
dition known as clectrical “resonance” ob-

tains.  The current in the cireuit is “in-
phase” with the voltage. Its value is de-

termined only by the resistance of the cir-
cuit. This is called “series resonance” or
“voitage resonance”.  Sometimes the volt-
ages across the condenser and coil in a cir-
cuit like this build up to values much higher
than that of the voltage source. Then they
become dangervus to both life and equip-
ment. In o vector diagram where size and
angle are correctly shown, the “in-phase”,

“leading” and *‘lagging” components of tae
voltage can be separated. The leading and
lagging components are 180" apart. Sub-
traction gives the “effective” reaction
vector. Combining this with the “in-phase”
vector by the old law of triangles that “the
square of the hypotenuse equals the sum of
the squares of the other two sides” we can
find the “impedance drop” which is the
diagonal of the impedance triangle.

In the second diagram a c11cu1t with re-
sistors, coils. and condensers in parallel is
shown. The voltage impressed on each de-
vice is common to all devices in the circuit.
The current in cach of the three paths is
detelmmed by the applied voltage and the

“resistance” or “reactance” of the path we
are considering. In the condenser branch,
the current will “lead” the applied voltage;
in the coil branch, the current will “lag”
the applied volt.xge; and in the resistance
the current will be in phaae with the ap-
plied voltage. 1If the current in the coil and
that in the condenser happen to be of the
same value, the current supplied by the al-
ternator will be the same as that taken by
the resistance alone. A much higher cur-
rent will be present in the leads between

i

l’) i‘eu[j,lg r Condenser

PICTURE DIAGRAM

L)
!}.b

J /n./ucrcr-
Choie Corl )

o Transtorme

300 volts

D -
[ é 2 l ~3 L. = S amperes
I 4 LS V= /) ampere
"Wy Ay Z:l = Sampere
R I ¢ r 3=

305 amperes

1

!

1

1
assuming @ perfecs
corgense? ond 2 corl
nith Some resistance

5

VECTOR DIAGRAM OF CURRENTS
($o/tae 15 re ference vector in
Fnad el crres uL}

PARALLEL ALTERNATING CURRENT CIRCUIT

the condenser and coil.  This condition is
known as “'paratlel” ov “current” resonance.

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

When the resistance of a device is small
in proportion to its inductance we can
negleet the resistance and simplify caleula-
tion.

FIGURING SOME PRACTICAL PROBLEMS IN
ALTERNATING CURRENT

1t is assumed that we have a d0-meter
transmitter., It is desired to connect a
small condenser across the high-voltage
plate transformer to protect the trans-
former windings from voltages that might
build up across them if high frequency
currents should leak back thru the r.f.
choke and filter to any cxtent, a condition
possible though perhaps unlikely. Re-
membering that the higher the frequeney s,
the lower the “reactance” of any condenser,
we judge that a small condenser will prob-
ably do the trick. TFinding a .02-microfarad
mica-insulated transmitting condenser avail-
able, rated to withstand 2,000 volts, we
decide to consider what may happen if we
connect it across the high-voltage alter-
nating current source.

First of all to sce if it will be practical
and accomplish the result we want, let's
see (a) what the reactance of the eondenser
to the 40-mecter (7,500 kilocyele) leakage
will be and (h) what the reactance will he
to the 60-cycle source. In the formula the
units are eycles and farads so we must re-
ntemher to use the proper conversion fae-
tors.

(a) Xe =1+ 2x fC = 1 6.28 x
7,500,000 x .02x10 * - 1 - 6.28
x7.5x.02 — 1/.942 = 1.06 ohms

reactance at 40-meters (a very low value
which will readily by-pass R.F. and prevent
any harmful voltages building up across the
inductance of the transformer winding).

(b) Xe = 1=+ 224C 1= 6.28 x 60
x .02 x 10 —= 132,800 ohms
reactance at 60-cyeles.

The transformer is a small once and so
we cannot Le sure until we figure it out if
the sccondary current taken by the protec-
tive condenser and the set combined will be
likely to overheat the transformer or not.
The plate transformer we happen to have
has a ratio of 10:1 and delivers 1100 voits
(effective value) when run normally. The
60-cyele current through the condenser will
be:

E 1100
I = — = —— — 0033 amperes -
Xo 132,800
8.3 ma.

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

W 100
] = — == —— = 91.1 ma,
E 1100

The transformer output goes to a tube
reetifier thru a filter which has a 70-henry
choke in one lead, After keying in the
negative lead the current passes through a
3-henry “keying” filter choke to the platey
of two UX-210 tubes. There is a consider-
able voltage drop in the reetifier tubes and
in the resistance of the two choke-coil wind-
ings. In addition to this, a resistor may
bhe added in series with the keying choke
winding to further drop the voltage so our
tube will operate normally with about 400
d.c. volts in its plate cireuit. The proper
size of this resistor is quickly found by
using Ohm’s Law. If it is desired to pro-
duce a drop in voltage of ahout 100 volts,
divide this value by the estimated plate cur-
rent, let us say 100 mils or .1 ampere.
(R /1)

100
——— = 1,000 ohms
1

In purchasing any resistors be sure they
are big cnough to dissipate the heat that
will be produced hy the current they will
have to carry. The power that must be
dissipated in heating is W RIF (watts)
1,000 x .17 == 10 watts (for such a resistor).

Fuach tube takes |15 milliamperes, 2 x 45
= Y0 ma. which the set takes when correct-
ly adjusted.  The .02-mfd. condenser across
our transformer takes a “leading” 60-cycle
current of 8.3 ma. (assuming a perfeet con-
denser with no leakage). There are filter
condensers across the high voltage line.
They are across rectified d.c., however, and
do not affect the transformer current in
quite the same way. Assuming that the
transmitter operates at nearly unity power
factor (currvent in phase with the voltage)
the resultant current taken by the trans-
nmitter «id condenszer will be 00.35 ma.

This is casily computed by using the law of
squares previously referred to.

[=V{I fr(l)? =Vo0™+83* =Yeies =s035ma.

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

FIGURING TIIE CAPACITANCE OF A

CONDENSER
kA (n—1)
a 4 d__\: Q:IAOT

kA
= .0088 —— (n — 1) 107 ufds.
d

area of one side of one plate
(sq. em.)

n = total number of plates

d = separation of plates (cm.)

k = specific inductive capacity of

diclectric.

where A =

The Specific Inductive Capacity (k) is a
property of the dielectrie used in a con-
denser. It determines the quantity of
charge which a given separation and area

TABLE OF DIELECTRIC CONSTANTS

Dielcetric Kilovolts yper
YK cm, to puncmr(.-
Air (Normal
pressure) 1.00 7.8-9.0
Flint Glass 6.6 to10 $0U
Mica 46 to 8 1500
Paraffin Wax (solid) 2.0 to 2.5 400
Sulphur 39 to 4.2 ——
Castor Oil 4.7 150
Porcelain 4.4 —
Quartz 45 —
Resin 2.5 —
Olive 0il 3.1 120
Gutta Percha 3.3 to 4.9 80-200
Shellac 3.1 —
Common Glass 3.1 to 4.0 300-1500
Turpentine 2,23 110-160
Dry Oak Wood 25 to 6.8 ——

Formica, Bakelite,cte. 5 to 6

of plates will accumulate for a given applied
voltage. The “inductivity” of the dielectric
varies as in the following table. “k” is
the ratio of the capacitance of a condenser
with a given dielectric to the capacitance of
the same instrument with air dielectrie.

When the air dielectrie in a variable con-
denser is replaced with some other fluid di-
electric its maximum and minimum ca-
pacitance values are multiplied by “k” and
the “sparking” potential is inereased.

Fluid dielectrics repair themselves after
a break-down unless an arc is maintained
that carbonizes the oil. Dry oil is a good

dielectric with quite low losses. When
solid dielectric is used it should be borne
in mind that dielectric strength (break-
down voltage) becomes lower as tempera-
ture rises. Breakdown is a function of
time as well as voltage. A condenser that
stands up under several thousand volts for
a few seconds might break down when con-
nected to a 2000-volt line for a half-hour.
Example of finding condenser capacitance:
We have 3 plates, 3” x 5”, in air. The plates
are separated %”. 1”7 = 2.51 centimeters.

k= 1. A = 7.62 x 12.70 = 96.8 sq. cm.
d = 3175 em. n —1 = 2,

1x96.8
C = .0088 2x10° = .00005325 nf.

.32

or 53% mieromicrofarads.

If we put this in castor oil the increase
in capacitance, owing to the greater value
of K, will make our -condenser have
a capacitance of

53% x 4.7 = 250 micromicrofarads.

The air condenser might spark over at
about
7.8 x 3175 e.m. = 2.475 kv. (2,475 volts)

In oil (castor oil) it would have 150/7.8
times the breakdown voltage of air.

150
7.8

= 19.25

1934 x 2475 = 47,600 volts
We can find the same value directly:
150 x .3175 em. = 47,600 volts (peak).
Using the formulas for “reactance” we
can find what the voltage drop across this
condenser will be when carrying current at
a specified high frequency.

1
E: = X¢ 1 Xe =

2afe

Where E: is the reactance voltage drop.

C is the capacitance of the condenser
(farads).

f is the frequeney (cycles per second)
X: is the reactance of the condenser in
ohms,

Suppose we are using the 3-plate fixed
air condenser in our antenna circuit, that a
radio frequency ammeter is in series with
it. We are operating on an 80-meter wave-
length (8,750,000 cycles) and the meter
right next the condenser reads 1.3 amperes.
What is the voltage drop across the air con-
denser?

1
X e —
2 (3.1416) (3750000) (53.25) 10°“
1 10°
- —_— = TY7 ohms
1257 x 10~ 1257
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E. = (797) (1.3) = 1034 volts (root mean
square value).

If the wave is a sine wave, this value
multiplied by 1.414 will give the “peak” or
maximum value.

1034 x 1.414 — 1462 volts (peak)

Our radio frequency ammeter measures
the heating effect of all the instantaneous
values of current during the radio-frequency
cycle. The direct current, the square of
which equals the average of the squares of
all the values of alternating current over a
whole eycle, produces the same heat as the
alternating current. Alternating current
meters generally used for a.c. switchboaxd
work read the ¢ffective or root mean square
values which we mention above.

POWER AND POWER FACTOR

In a direct current circuit the power in
watts ecquals the product of volts and
amperes (P=EI). In an a.c. circeuit the

L sine ¢ "}*w

o—

- E
Y Icosg=1,

IN THE VECTOR DIAGRAM 1 C0OS & IS THE

COMPONENT “IN PHASE” WITH THE VOLTAGE

AND I SIN @ IS THE “QUADRATURE” COM-
PONENT

The origin of vectors is indicated by 0. Current

and voltage vectors are shown with a full arrowhead

while the components of the current have the half
arrowhead.

instantaneous power equals the voltage
times the current “in phase” with that volt-
age. P = E (I cos D).

We have mentioned the “leading” and
“lagging” currents that flow electrically
“ahead of” or “behind” the voltage. The
angle between the current and voltage is
called the “phase angle” (®). The cosine
of this angle is the “power factor”. In the
diagram the current (OI) is shown leading
the voltage (OE) by the angle (®). The
cosine (in-phase component of the current)
is OL¢. The sine or 90° out-of-phase com-
ponent of the circuit is I sine @ in the
diagram. This is sometimes known as the
quadrature or the “wattless” component of
the current. I cos & = Ic. Any trig-
onometry text has tables of sines and
cosines of different angles. Strictly speakingz

Ol

the cosine is the ratio 0T is taken as

unity radius for the semicircle so the

cosine can be expressed as Ol¢, some frac-
tion of unity. The power factor is the ratio
of the actual power dissipated in a circuit
(watts) to the volt-amperes (combined
power and wattless power.) The volt-
ampere rating of a circuit is often known
as the “apparent” power. When OI lies
along the line OE, ® = 0 and cos ¢ = 1.
This eondition is referred to as “unity power
factor” and when it obtains P — EI as in
direct current circuits always.

PHASE DIFFERENCE OF A CONDENSER

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

¥ is the angle of phase difference. It is
the angle expressing best the amount by
which the condenser falls short of being a
perfeet condenser.

The better the dielectric of a condenser
the lower the phase difference. The power
factor of a condenser is the ratio of its
resistance to its reactance. P.I'. = R/X =
2xfCR.

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

DEFINITION AND CONVERSION OF RADIO
TERMS

While a complete glossary of quantities
and units, with conversion tables, is out-
side the main purpose of this handbook, the
writer feels that some of the more com-
monly used terms and symbols en-
countered require definition. For com-

Metrie Prefixes Often Used With Radio Quantities

1 One millionth

micro-
I — =
1,000,000 .
1 U
m o One-thousandth milli-
1,000
1
c —_— One-hundredth centi-
100
1
d — One-tenth deci-
10
1 One uni-
dk 10 Ten deka-
h 100 One hundred hekto-
N 1,000 One thousand kilo-
10,000 Ten thousand myria-
1,000,000 One million mega-
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plete and reliable information covering
both terms and graphical symbols the
rcader is referred to “The Report of the
Commtttee on Standardization”, published
by the Institute of Radio Engincers (Ncw
York), and to the “Standard Ilandhook for
Klectrical Engineers.”

The practical unit of eapacity is the farad.
The ability of the dielecetric between the
plates of a condenser to become charged
cleetrically determines the permittance or
capacitance of a given condenser. A ca-
pacity of one farad is defined as that ca-
pacity which will have its plates charged
to a potential difference of one volt when
that quantity of eclectricity known as onc
coulomb (one ampere flowing for one
second) flows into it. In radio engineering
the farad is much too large for practica!
work so that sub-multiples are commonly
used. The microfarad (uf) and micromicro-
farad (uuf) are units used in common radio
practise. The micromicrofarad (unf) is
sometimes referred to as a picofarad (pf),
which is a simpler expression standing for
the same electrical quantity. The centimeter
is taken as the electrostatic unit of capacity
(esu) in the C. G. S. (centimeter-gram-
second) system and can be readily used by
applying the conversion factor given helow:
1 farad (f) = 1,000,000 mi-

crofarads (uf)
== 1.000,000 mi-
cromicrofarads

(uif) or pico-

farads (pf)
= 1.11 micromi-
crofarads (unf}

1 microfarad (uf)

1 centimeter (em) (esu)

1 henry (h) = 1,000 millihenrics
(mh) or
1,000,000 micro-

henries (ph)

(uh) == 1,000
(cm)

centimeters
(emu)

1 microhenry

The practical unit of electric pressure
and potential difference is the wolt. The
electromotiveforce (e.m.f.) or voltage in a
circuit is what causes the flow of current,
just as pressure in fluids causes the flow
of water or gas in pipes. Current always
tends to flow from a point of higher to a
point of lower potential. The C.G.S. units
which equal one volt are the abvolt (10
emu) and the statvolt (300 esu).

The practical unit of the rate of current
flow is the ampere, determined by a fixed
rate of the electro-deposition of silver under
specified conditions.

1 ampere = 10 absamperes (emu) = 3.33
x 107" statamperes (esu).

The practical unit of resistance is the
ohm, defined as the resistance of a mereury
colummn of certain dimensions under specified
conditions. 1 ohm = 10 absohms (emu)
= 9 x 10" statohms (esu). An em.f of 1
volt is required to produce a current of 1
ampere in a resistance of 1 ohm.

inergy and power should be carefuily
differentiated. Energy is simply the ca-
pacity for doing 'vork. Power represents
the expenditure of energy and is a measure
of the rate at which work is done. Power
is measured in watts; work done is measured
in watt-hours. Most electrical devices are
rated by their power consumption in watts.
One horse power (h.p.) = 746 watts.



CHAPTER IV

How Radio Signals Are Sent and Received

HEN a pcehble is thrown into a

still pond, water waves  arve

created which travel outward in

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

W *
The damping"or decrease
namplitude /s due to molecular
Frickion (viscosity) of the particles
of the /ine

WAVE MOTION

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

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

Where
frs freyuenfyf(cyc/ey
f =Y i velocity or propagation (meters/sec )
A is the wavelength (melers)
WAVELENGTH-FREQUENCY CONVERSION

shown on charts and tables in this hook and clsewhere

is based entirely on substitution in the above formula,

V is a constant whose accurate value may be taken as

299,520,000 meters per sec.  Using this and any de-

sired wavelength, the corresponding  frequency s

quickly found. Dividing the result (eyeles per sec.)
by 1,000 gives the frequency in kiloeyeles.

Suppose we know the wavelength is 200
meters.

300,000,000
Then the frequencey is —— -
200
1,500,000 cycles per second.

A radio wave consists of magnetic and
eleetrie lines of force. To ereate a water
wave we can mcchanically agitate the water.
If we simply throw a pebble into the water,
the wave will =oon deerease in height, lose
energy and be damped out. If we regularly
hit the water at suitable intervals we can
keep the wave going out continuously from
the central point. To create a radio wave
we must disturb the medium in which lines
of foree or radio waves can be set up. This
hypothetical medium is usually referred to
asx the ether. A high-frequency electric
current (radio frequency to-and-fro move-
ment of electrons) is nccessary for the
production of radio waves. If this current is
damped ont, the radio wave will also
diminish to zero value. Magnetic and clee-
tric lines of forece go through the same
variations as the current that sets them up.
If we continually supply energy to keep the
electrons in motion, a continuous wave (c.w.)
will he sent out.

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

OSCILLATIONS

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

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

TUNED CIRCUITS

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

“Tuning” a receiver simply refers to the
changing of the variable element (usually
capacitance, but which may be either in-
ductance or capacitance) to change the re-
ceived wavelength.

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

A=1885LC

When L is the inductance in micro-
enries o

C Is the capacitance in microfarads

A 15 the wavelength in meters

USE TIIIS FORMULA FOR DETERMINING TIE
WAVELENGTH, INDUCTANCE., OR CAPACITY

when the other two values are known. Inductance

may he readily measured by using known capacities

in a resonant circuit, finding the wavelength with a
wavemeter, and substituting in the formula.

Simple calculations can be made directly
from the formula. Knowing that inductance
usually varies as the square of the number
of “turns” (n) and as the square of the
diameter of coils (d), suppose we wish to
tap a coil to receive 7000 ke. (40-meter)
signals, instead of 3500 ke. (80 meters)
which a circuit happens to be working on.
The coil is a space-wound affair and we will
neglect the distributed capacitance, which
is otherwise important. (The Greek letter
“alpha” in the formula below means “is
proportional to”.)

Ae< L C  (From above)

A eV o 1
2 2 2 Z
or
ALY Y& 4
2 2 2 2

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

DAMPING, RESISTANCE, SHARPNESS OF
TUNING

We can compare our elcctrical oscillations
to the mechanical oscillations of a pendulu:m.
Given one impulse, the number of times the
pendulum swings back and forth depends on
the medium around it. It will swing longer
in a vacuum than in air. If it is placed in
water, it will stop quickly. The work done
in overcoming molecular friction slows it to
a standstill. The “viscosity” of the water
or air is the measure of this sort of friction.
For a given impulse, the amplitude of swing
will not be so great if the motion is hindered
by some sort of friction. Ioss of energy
causes “damping”. In an electrical circuit
we meet “resistance” which has much the
same effect on electrical osciliations as the
“viscosity”” of the medium has on mechanical
oscillations. The “sharpness” of tuning and
the “amplitude” of electrical oscillations are
greatest when the “resistance” of a ciremt
containing a condenser and coil is lowest.
The diagram shows a tuned circuit which
has a variable resistance as well as a certain
amount of inductance and capacity. The
high-frequency generator G impresses a
constant voltage in the circuit. The cur-
rents that flow vary in broadness and

-~ — RESONANT
FREQUENCY
LINE

—A,

AC
‘]enera lor g
= ‘g
' §
R IR, R, X
Tl - _—
ariable  Condenser FREQUENCY
Resstance

HOW RESISTANCE IN A CIRCUIT BROADENS TUNING

amplitude depending on the amount of re-
sistance in the cireuit.

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

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

If encrgy is supplied in a series of
“timed pushes” the oscillations will rise
to a maximum value and hold that value

continuously. There will be no groups of
/
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[~ Second =
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Q
N Times
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GROUPS OF DAMPED RADIO FREQUENCY
OSCILLATIONS

T

N

Jime

LR LANL LR

CONTINUOUS R.F, OSCILLATIONS

AMPLITUDE

damped oscillations. The wave will be a
continuous wave (CW). The damping
effect of the eircuit will influence the decay-
ing of oscillations when the circuit is broken
as by keying. The encrgy supplied by each
“push” will just make up for the amount
lost thru friction (damping) and the am-
plitude of oscillations will be constant.
The vacuum tube is the most common
generator of continuous oscillations.

The spark transmitter creates such a
highly daniped wave as we have discussed
in the second above paragraph. A con-
denser is charged to a high potential. It
(C) stores cnergy. When charged, the
condenscr voltage breaks down gap (G)
and oscillations take place in the LC (in-
ductance-capacitance) circuit. These are
coupled into the antenna thru the “oscilla-

tion” or “R.F.” transformer (LL:). The

resulting electrical surges take place at the

natural frequency determined by the values

of inductance and capacity in the circuit.

Just as a pendulum has a natural rate of
.;.OT C- Condenser

o —— -
0 G
§ET TC__ G_ Rotary Spark Gap

) OT- Oscillation or Radso
[SNyy—— L(*‘)}k Frequency Transformer
RFC

N/ A-dnterna Ammeter
. T - 10,000 o 40,000 volt

s00~ transformer

RFC-Chokes(for radro frequency)

T

()

CIRCUIT USED IN A "SPARK * TRANSMITTER _

swinging back and forth determined by its
length and weight, every circuit has such
an “electrical” period which depends -on its
inductance and capacity. Unless energy is
supplied to electrical circuits to keep them
“oscillating”, the high-frequency currents
are soon damped out by the resistance of
the circuit just as molecular friction of the
air stops the action of the pendulum. The
escapement of a clock supplics energy from
the spring to keep the pendulum in motion.
In tube scts, the vacuum tube (like the
escapement) provides energy from the
plate supply source at the proper time in-
tervals if the transmitting circuits are cor-
rectly adjusted.

THE ANTENNA

High frequency currents can produce
radio waves. If these currents are confined
to circuits containing lumped inductance
and capacitance, they arc not very effective
in producing radio waves, howcver. An
antenna-ground or antenna-counterpoise
circuit has distributed inductance, dis-
tributed capacitance, and also a compara-
tively high “radiation” loss. Such a cir-
cuit is often referred to as a “radiator” or
“radiating system.” The physical dimen-
sions are quite large and the lower the fre-
quency the larger they have to be to “ra-
diate” successfully.

The antenna or “radiator” is built ex-
pressly for the purpose of setting up the
radio waves. Antennas have a number of
shapes. The T, the inverted L, the V, the
umbrella, and the coil or loop antenna are
common types. The last named is very
poor for most transmitting purposes but
can be used effectively with the very short
waves. Directional transmission is effect-
ed by building antennas of certain shapes.
A loop radiates most energy in both di-
rections along the plane of the loop. The
inverted L transmits best in the direction
opposite from that in which the horizontai
part points. Radio waves like other kinds
of waves can be reflected and refracted.
Suitable reflectors make a “beam’” trans-
mitter that has marked dircetional char-
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acteristics. The short antennas used for
high-frequency short-wave transmission do
rot have any marked directional effects and
we do not have to worry ahout these.

COUPLING

How do we get the radio frequency
energy into our antenna, does someone ask?
The cnergy transfer is accomplished by the
use of coupled and tuned circuits. A pen-
dulum has a certain natural period of
swinging back and forth. We can move the
pendulum back and forth at any rate we
wish by applying cnough force. By far
the greatest response is shown when we
pay attention to the natural rate of swinw
and time our application of force according-
ly. If one of two pendulums of the same
natural period is set in motion and there is
a common link between them that transmits
even a very tiny bit of encrgy, the other
pendulum will gradually get in motion.
Mcchanical resonance exists when the two
pendulums are tuned to the same natural
rate of vibration. The pendulums are
“coupled” by the common link which makes
the energy transfer possible.

(a) When the common link in two elec-
trical circuits is a condenser, we refer to
the coupling as “capacitive” coupling. (b}
When a resistor is used, we speak of “re-
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sistance” coupling. (c¢) When a coil is
used, the coupling is “inductive” coupling.
These three types of direct coupling arc
sometimes called “conductive”, as shown in
the diagram.

The “voltage drop” across the common
link (C, R, or L) caused by current circu-
lating in L, C, (C, R or L) is effective in
producing currents in the L, C, (C, R or L)
circuit. The L, C, current and the value

of C, 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 a3
indirect capacitive coupling and magnetic
coupling, respectively.

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

The value of the condensers and coils
used for coupling and the value of high
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SHOWING CURRENT VALUES IN PRIMARY
AND SECONDARY FOR DIFFERENT VALUES
OF COUPLING

frequency currents (causing a  voltage
drop across the first civcuit) determine .the
power transfer between the two circuits.
Whether the coupling is “inductive” or
“capacitive” is determined by whether the
two circuits are linked by a mugnetic or an
cleetrostatie field. Sometimes both kinds of
coupling exist and this is known as complex
coupling.

All of the above coupling schemes may be
classified as either tight or loose. Coupling
cannot, as is commonly supposed, be meas-
in “inches” separation of coils. The sepa-
ration between the coils (distance and angle
between axes) awd the number of turns
in  cach determines the coeflicient of
coupling. Many turns in two coils very
close together gives us tight coupling and a
big transfer of power. Iew turns at right
angles or far apart give us lovse coupling
with little actual energy transfer.

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

SENDING AND RECEIVING (DAMPED WAVES)
In transmitting, then, we use apparatus

that generates radio-frequency alternating
currents from a high-voltage commercial
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when the antenna circuit is tuned to the in-
coming frequency. The =mall potential in-
duced by the advancing clectric waves
causes oscillations to take place in the an-
tenna eircuit. The radio-frequency volt-
ages in this civeuit can be applied direetly
or indivectly to the grid of a vacuum tubc
or to a crystal detector. These devices have
the property of conducting currvent better
in one dirceetion than in the other. Reetifi-
cation takes piace and the damped impulses
from a spark transmitter or the modulated
voice frequencies from a radiophone may be

received. Continuous waves cannot  be
quite so simply received, however.
THE VACUUAM TUBE
The uscfulness of the vacuum tube is

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

A vacuum tube is familiar to most folks
as an cvacuated glass vessel containing
three elements, filawment, plate and grid.
small vacuum tubes are used for radio re-
ception. Large tubes ave used as ampli-
ficrs of speech or ol weak radio-frequency
sigmals, Kvery tinle we make a long dis-
tance telephone call hundreds of V.T. ampli-
fiers are put into use for our benefit. Still
larger tubes are u=ed in making powerful
radio-frequency currents for sending out
radio waves of long and short length., The
higgest tubes handle many kilowatts of

Vibrator ‘;7 Anlenna < Aztenna
Key . awd\w 7” e \ N\
s / o -
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SENDING AND RECEIVING (damped waves) ThisSending arrangement cavses iterference

and carnnot be used by amateurs.

source. The radio-frequency energy 1s
coupled into an antenna or radialing sys-
tem. IHere it sets up magnetic and electric
lines of force that radiate in all directions.

In receiving radio signals we may use
apparatus similar to the sending cquipment
and reverse the proceduve. Magnetic and
electrie lines from the radiator sweep across
an antenna which we crect for the pur-
pose. Radio-frequency potentials are in-
duced in it. Our antenna has distributed
inductance and capacitance. It therefore
tunes to a certain frequency. We can add
lumped inductance and capacitance if we
please. The maximum response occurs

cnergy. They somelines  have  water
jackets for cooling the plates which waste
some power as heat., Any three-clement
vacuum tube can perform all three kinds
of action if we use it properly.

All substances are made of electrons,
When most metals are heated some of the
clectrons in theiv make-up “boil” off. The
purpose of the filument in our vacuum tube
is to give ofl electrons.  Any light that it
eives is simply incidental to the heating
process. A tungsten filamient has to be
heated very hot hefore it gives up its elee-
trons. It takes lots of energy to do this
and much light is given otl in the process.
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Thoriated filaments are used in most
modern tubes. A coating of barium and
strontium oxides on a filament also parts
readily with electrons. Such tubes do not
take so much power for filament heating.
Plenty of electrons are available and but
little light is thrown off, as the tempera-
ture is not very high.

Electrons are negative particles of elec-
tricity. In a tube full of some fluid like air,
electrons given off will fall back into the
filament. When there is a vacuum around
the filament the heated parts are protected
from oxidation and the electrons easily boil
out and fill this tube. The grid is next to
the filament and if it is well insulated so the
clectrons cannot leak away it will collect
clectrons until it is negatively charged.
Like charges repel and most of the new
electrons coming off the filament will then
fall back into it. Out beyond the grid is
the plate. If we connect a battery be-
tween the filament and plate with the posi-
tive terminal next the plate, the positive
plate will attract the negative electrons.
As fast as the electrons come off the fila-
ment 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 dif-
ferent 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
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bamped oscillation groups in sending anterna
and in antenna-ground orcuit of receiver
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plate current according to 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 is applied in the plate
of our direct current B-battery, the
clectrons will only be attracted to the plate

- approached.

during the parts of an alternating current
cyvele when the plate is positive. The tube
is acting as a “rectifier”. This action is
similar to that of the “crystal” detector in
receiving “spark” and “voice”.

The grid is the controlling eclement of
the vacuum tube. A two-clement vacuum
tube is a good rectifier. It can act as a
“valve” in the circuit, allowing the cur-
rent to flow in but one direction. It is good
for little else, however. The grid is of
open construction and it is placed near the
filament. A battery (C) ecan he connected
in the grid circuit (between the grid and
filament) which makes the grid cither posi-
tive with respect to the filament or negative
with respeet to the filament.

When the grid is positive, the negative
clectrons are attracted more and they get
started away from the filament with more
velocity so that mwore of them reach the
plate. A plate current meter shows that
the plate current has increased. When the
grid is negative, the negative electrons are
repelled and the plate current is decreased.
The grid is near the filament and any
change in grid potential has a large effect
on the plate current. If the grid potential
is varied while the filament current and
plate voltage remains constant, the eftect
on the plate current varies as shown in the
diagram. The filament temperature limits
the emission of electrons causing the bend
at the top of the curves, as saturation is
The bends in the curve (A B

D) can be used for detection. The
straight scction of the characteristic curve
is useful for non-distorted amplification.

II0W A VACUUM TUBE “DETECTS"

For simple detection the cireuit shown is
usually uscd. A tuned cireuit is coupled to
the antenna and connected through a smali
condenser which is shunted by a high re-
sistance to the grid and filament of a
vacuum tube. The whole connection is
called the nput circuit to our tube. The
filament current is provided by a low volt-
age battery (the A-battcry). The head
phones and a higher voltage battery are
connected between the tilament and plate
of the vacuum tube. This is the output
circuit of our tube. The B-Lattery, as it
is called, usuzily has a voltage between 15
and 25 volts,

The cleetric and magnetic field from a
sending station set up voltages in the an-
tenna causing oscillating high frequency
currents in the antenna coil. The result-
ing field about this coil links the coil in
the input circuit to our tube. This eir-
cuit is tuned to resonance at which point
there is a maximum voltage across the con-
denser and coil. One of the terminals of
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the grid condenscr conncets 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 thix terminal of the erid condenser is
positive. The cther plate of the condenser
takes on a negative charge of equal value

K% :

DETECTOR CIRCUIT

ot

et

by robbing the grid of some of its elcctrons.
This leaves the grid itself positive with re-
spect to filament. The resistance of the
grid leak is so high that practically no
charge is lost through leakage in the very
small time required for a half-oscillation.
The positive grid attracts more electrons
from the filament through a momentary in-
crease in the plate current. As soon as the
negative half of the radio frequency cycle
comes along, the other plate of the grid

1w :
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DETECTOR OPERATION
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condenser becomes positive and the grid
itself has a charge ot clectrons.  The nega-
tive grid repels further electrons Lut holds
all that it has rcceived. It continues to
gain clectrons during cach positive part of
the radio frequency cyeles that occur. The
result of a continued damped or modulated
group of oscillations is to make the grid
more or less negative. This causes a dip
in the plate curvent. Between cvery group
of oscillations the negative charge has
time to “leak” off the grid through the
high resistance of the grid leak allowing
the plate current to increase again. When

receiving modulated speech the process be-
comes continuous and the variations in
telephone current are therefore at speech
frequencies.

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

f we wish, we can leave out the grid
leak and grid condenser, substituting a C-
hattery 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 can ever be.
Slightly superior sensitivity on weak sig-
nals is claimed, due to the inereased quiet-
ness.

HOW A VACUUM TUBE “AMPLIFIES”

A smal[ change in grid potential always
makes quite a large change in plate cur-
rent.

This makes it possible to apply cur-
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rents of any frequency to our grid and ta
use the effect of the varying plate current
in a transformer or “coupler” of some sort
to produce greater voltages and currents
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at the same frequency. The power of
course comes from the local B-batteries and
the grid simply controls that local power
supply.

Several tubes can bhe used one after an-
other in an amplifier.  They are coupled
by any of the methods we mentioned under
the subject of coupling. Magnetic coupling
is perhaps most commonly used. Radio and
audio  frequency  transformers are the
simplest examples of magnetic coupling for
amplifying voltages of different frequencies.

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

Maximum voltage amplification is de-
sired between tubes.  Between the last
-3
== % Ty
——Jz"/'nf,
Single  Resistor Maximum power /s dis-
Cell Sipated al the load when
Batter
'7 R/n(.‘. = A’/o.zd
CONDITION FOR MAXIMUM POWER IN A
CIRCUIT

step of an amplifier and phones or loud
speaker we want maximum power transfer.
This is obtained by matching the tube im-
pedance to the primary impedance of the
output transformer. The sccondary 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 dry ecll or generator,
the maxinium power is transferred when
the load and internal impedance character-
istics arc matched.

HOW A VACUUM TUBE “OSCILLATES"”

We have mentioned that vacuum tubes
can and are usced to generate undamped
high-frequency currents. The production
of undamped oscillations is accomplished by
adding energy in “timed pushes” to each
oscillation. A tube can be made to oscillate
by coupling the input and output (grid and
plate) circuits. The inductance and ca-

pacitance in the grid ecircuit usually de-
termine the frequency of oscillation, al-
though the values of inductance and ca-
pacitance in other parts of the circuit may
control this. A coil in the plate circuit
(tickler coil) sometimes couples a part of
the plate cireuit energy magnetically to the
grid cireuit, thus keeping the amplitude of
oscillations unchanged despite the losses
that tend to make them deerease. Every
tube has some capacitance bhetween the
clements. When there is a coil in the plate
circuit therce is bound to he a “reactance
voltage drop” across this coil. This volt-
age 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 oscillation
by adding a small condenser hetween the
errid and plate. A few inches of insulated
wire connected to cach and twisted together
will serve this purpose. Increasing the size
ot the coil in the plate cireuit will do the
«ame thing.

REGENERATION

There is always some feed-hack through
the tube inter-electrode eapacity. Usually
detection and amplification are accom-
plished in one tube. Oscillation takes place
only when there is enough feed-back from
the output to the input cireuits so that the
action is continuous as long as power is
supplied and the coupling is sufficient, and
where the feed-back is sufficient to com-
pensate for the losses in the circuit. When-
ever any energy is “fed baek” to the input
of the tube we refer fto the process as “re-
generation”. A signal impressed in the
erid circuit (SC) produces changes in the
plate circuit (T) at the same frequency.
These changes have greater magnitude
than the impressed signal hecause they take

.002
T

A REGENERATIVE
DETECTOR CIRCUIT

power from the plate battery. Whenever
some of the energy is led back to the grid
circuit (or made to react on the grid cir-
cuit) we have “regencration”. The re-
sponse to weak signals is greatly increased
by using regeneration because the original
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voltage impressed on the grid is much in-
creased by the feed-hack. When there is
sufficient “regeneration” we have “oscilla-
tion”. By varying the tickler coupling,
the capacitance across grid and plate, or
the turns in any coils that may be in the
plate circuit, we can control the amount
of regeneration and the ease with which
the set goes in and out of oscillation. In
receiving “spark” and “phone” signals we
want our tube to be adjusted for maximum
regeneration without oscillation. To re-
ceive a continuous wave (c.w.) signal we
want the set to just oscillate.

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

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

HETERODYNE AND AUTODYNE C.W.
RECEPTION

The best and most common way to re-
ceive continuous waves is to use a vacuum
tube to produce weak oscillations of nearly
the same frequency as the incoming con-
tinuous wave (c.w.). The local oscillations
and the incoming oscillations are added
together in the input circuit to onc vacuum
tube.

Two tuning forks of slightly different
frequency “beat” upon each other, alter-
nately adding to and necutralizing each
other. The “beats” are of low frequency
(the difference of the frequencies of ecach
tuning fork) and the amplitudes of the
two forks add so that the beat has first
the sum of the amplitudes, then the dif-
ference (zero). .

In radio work, continuous waves are
ordinarily received by the ‘“beat” method.
Inaudible high frequencies are combined %o
produce an audible beat note. Millions of
cyeles can be generated locally in a small
vacuum-tube oscillator. This oscillator is
coupled to the grid circuit of a vacuum
tube. The incoming oscillations are also
coupled to this same cireuit. The beats
between the two frequencics are present in
the output. The beat frequency cquals the
difference of the two frequencies. ‘“Hectero-
dyne” comes from two Greek words mean-
ing “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 c.w. reception.

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

RECEPTION-—GENERAL

In all radio work, whether the apparatus
is for sending out radio-frequency cnergy
or whether it is for receiving weak im-
pulses to amplify and convert into under-
standable characters, the business of tuning
is important. Tuning is the process of ad-
justing the coils or condensers so that the
cireuit will respond to certain frequencies
(wavelengths) which correspond to certain
stations that we want to receive. When
signals are to Le received, the sending and
receiving stations must have their appar-
atus and circuits tunced to the same fre-
quency (wavelength).

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

Using a coil with a small variable con-
denser and a number of tixed condensers
makes it possible to cover a wide range of
wavelengths ({requencies) with the de-
sired nicety of adjustment. When a big
condenser is used a vernier knob or dial
helps to give casy control. By using one
small variable condenser and a number of
removable coils it is possible to design a
practical and cfficient “tuner” that will
cover any or all the frequencies (wave-
lengths) used by amateurs today.
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Tuning controls should be few in num-
her and casy to operate. Adjustments
should stay put and body capacity effects
must be avoided, especially so in a high-
frequency (short-wave) receiver.

Almost everyone who reads this Hand-
book has seen, used, and perhaps construct-
ed a receiver of some sort for broadcast or
amateur wavelengths, There is little dif-
ference in the procedure followed in mak-
ing a one- or two-tube broadeast receiver
and in building a good short-wave tuner.
In fact, the fundamental change that must
be made is simply to reduce the size of both
the coils and condensers used.

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

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

In receiving code signals the regeneration
control is set 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 circuit is turned slowly
while the regeneration control is moved
Jjust the little bit necessary to keep the tuner

When the antenna is conneeted dirvectly to the
wrid end of the condenser-coil circuit thru a small
fixed condenser, the oscillations of the antenna circuit
take pliace as usual and the voltage drop aeross the
coil and condenser is applied directly to the grid of
the detector tube.

on the edyge of oscillution. When the am-
plitude 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 is al-
ways very weak. The best results (maxi-
mum sensitivity) are obtained with the re-
generation control not beyond the point
where oscillations begin in the local circuit.

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

MODULATION

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

Micophones and modulators vary ecur-
rents by varying the resistance or im-
pedance of the circuits of which they are a
part.

Perhaps the simplest way to manipulate a
continuous wave is to put a microphone in
the antenna circuit (A). The antenna re-
sistance can be varied by speaking into the
microphone. This is a crude arrangement.
The variation in antenna current is usually
small, the modulation incomplete, the power
loss considerable, the current a microphone
will handle limited, the interference pro-
duced illegal.

The absorption method (B) of modulat-
ing a continuous wave (“carrier” wave)
is something of an improvement. A mi-
crophone is connected in an abzorbing cir-
cuit coupled to the antenna. The amount
of cnergy ahsorbed varies with the resist-
ance in the absorbing circuit and the coup-
ling used.

“Grid” modulation and “plate” modula-
tion are accomplished by introducing the
specch trequencies into the input or output
vacuum tube circunits through suitable trans-
formers (to isolate the high voltages and to
match the impedance of the circuits).
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In modern radiophone transmitters the
microphone works into a number of ampli-
tiers, cascaded and coupled together to pro-
duce uniform amplification over the desired
audio range. Sometimes part of the ampli-
fiers are right at the microphone. The
speech or music goes over telephone lines
for some distance to the point where the
station is located and there more amplifiers
are used to get power enough successfully

RFC

The oscillator works stcadily and the
radio frequency is coupled into the antenna
circuit. A radio-frequency choke coil keeps
h.f. current from leaking back into the
modulator and supply circuits. The tload
which the modulator tube takes varies. As
the grid voltage of the modulator tube is
changed at speech frequencies, its plate cur-
vent is made larger and smaller accordingly.
The microphone and its amplifiers have
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SOME MODULATION METHODS

to “modulate” the strong “carrier” radio-
frequency current which is uscd to set up
the radio waves.

The system of modulation most widely
used in radiotelephone practice to-day is
known as the Heising method. In such a
transmitter we have two vacuum tubes.
One is used to generate radio-frequency
power to apply to the antenna. This is
connected as an oscillator. The other tube
is of equal size to the oscillator but is em-
ployed as a modulator tube. Both tubes are
fed from a common plate supply source thru
a large iron-core coil. The reactance of the
chole coil (X) is so great that the current
through it is practically constant and can-
not vary at speech frequencies or higher
frequencies. Thus when the transmitter is
working the current from the source is con-
stant. For this reason the Heising system
is sometimes known as the “constant cuv-
rent” modulation system. The designer
should allow about live times as much re-
actance in the choke coil as there is in the
combined (joint) impedance of the paral-
leled modulator and oseillator tubes. The
average speech frequency (about 300 cy-
cles) is usually talken as a working value in
designing this choke. The hest practice is
to use large tubes and amplifying trans-
formers in the speech ampliticr that can
always operate underloaded giving practi-
cally no distortion——cqual amplification at
all frequencies.

complete control over the plate current of
the modulator tube. The plate currents
of the modulator and oscillator normally
are about the same. When the microphone
is spoken into, the modulator plate cur-
rent can vary from nearly zero to ahout
twice its average value. The reactance
coil (X) keeps the current from the source
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and the voltage across both tubes practi-
cally constant. Therefore while the modu-
lator plate current is varying from zero to
twice its average value, the oscillator plate
current must vary inversely from twice its
normal value to about zero. The high-



52 THE RADIO AMATEUR’S HANDBOOK

frequency output of the oscillator varies
directly with its input. Thus we have a
high-frequency carrier wave completely
modulated with a speech “envelope”.
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Parallel (Heising) modulation. while ex-
cellent for 200 to 550 meter hroadcasting
work, is not in every case as desirable for
short-wave phone operation. No plate voll-
age changes should be permitted in the os-
cillator 1f are are to have the neeessary
constaney  of  frequeney  for short-icave
wark.  Modulation by varying the plate
voltage of the oscillator is undesirable on
short waves. One way around the difficulty
is the use of a master oscillator tube fol-
lowed by one or more stages of power am-
plification and introducing the modulation
in the power amplifier. The size of the
mnodulator can be kept at a minimum by
modulating in the first power amplificr
rather than in onc of the stages nearer the
point where the encrgy is coupled into the
antenna.

The Heising system will often give in-
complete modulation it the modulator is
arranged to work directly with an oscil-
lator having piczo-cleetrie frequency con-
trol.  The oscillating crystal has inertia
which tends to iron out modulation of any
kind. By detuning the output civeuit of
the crystal tube, fairly good modulation
can be obtained although there will be a
tendeney toward self-oscillation and some
unsteadiness due to lessened control by the
erystal,

Series modulation may be used success-

fully in such a case. The plate circuit of
one or more modulator tubes is placed in
series with the plate circuit of the oscil-
lator. The modulator acts as a resistance in
the plate supply line of the oscillator (a
resistance variable at speech or musical
frequencies) and modulates by varying the
voltage applied to the oscillator. The pro-
portions of the voltage drops across the
modulator and oscillator will depend at any
instant on the voltage applied to the grid
of the modulator. While the plate re-
sistance of the oscillator may vary slightly
with the changes in its plate voltage, such
variations will be small compared with the
resistance changes in the modulator tube
plate circuit.  Series modulation involves
running the filament circuit of either modu-
lator or oscillator above ground potential,
insulating  the separate filament supply
source required for one of the tubes for
high  voltages. The oscillator must be
isolated from the modulator by suitable
r.f. chokes. Good results may be obtained
also by applying the series modulation to
the power amplifier, which is the better ar-
rangement unless crystal control is used
(because it permits the oscillator to work
with a steady plate voltage).

When we have a buzzer or a “chopper’
connected in place of the microphone, we
zet “buzzer modulation” or “ICW”  (in-
terrupted continuous waves).  For modu-
lated telegraphy, however, the “constant
current” system of modulation is not im-
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portant. “Grid” modulation is less com-
plicated and expensive, and perfeet repro-
duction of the wave-form is not as necessary
as when voice communication is intended.

FADING AND SKIP DISTANCE

amateur radio or of
zhort wave phenomena can be complete
without mentioning the more commonly
accepted theory advanced in explanation of
the things that have been observed in con-
nection with short-wave transmissions. It
appears that just as light waves can be re-
flected (by a mirror) and refracted (when
passing into a medium of different density

No discussion of
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SHOWING THE VARIOES POSSIBLE
RADIATION

The vertical and near-vertical rays penetrate the
ionized layer and wander away. When one reaches
the “limiting angle™ the ray just does get bent enough
to be kept from wandering away., but it continues to
graze the layer and is after a'l worthless, Below this
angle we have progressive rellection (or refraction)
and the ray returns to earth., As the angle of de-
parture from the transmitter is chosen flatter and
flatter the encrgy strikes so far away as to miss the
earth, possibly going out to the jonized layer again,
and perhaps even being reflected down a second time
if it has energy enough left,
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AVERACGE
BIFFERENT WAVELENGTHS AT
DIFFERENT DISTANCES
The received signal is assumed to have a field-strength

TRANSMISSION PER

of 10 microvolts per meter at the receiving point.
‘The transmitter is assumed to have 5000 watts in the
antenna. The chart is rather confusing but may be
explained as follows. To the left of the line marked
“limit of ground wave’ it shouid be possible to receive
at all times. After that, one must pick a pair of
curves of the same sort (that is for the same time)
and if the distance is between the curves one should
hear the signal.  Thus, a 30-meter wave should be
reliable at all times to 70 miles for the conditions men-
tioncd. From there to 109 miles ils daylight perform-
ance will probably be uncertain while from 400 on it
will gradually die down until at 1600 it will again be
below 10 microvolls per meter. Therce are, of course,
numerouns exeeptions where one does hear it when it
should be ahbsent. The curves are mainly from data
hy A. H. Taylor.
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such as water) so it is with radio waves.
The behavior of radio waves set up by dif-
ferent alternating current frequencies is
harder to understand because these waves
are not visible or audible except by arti-
ficial means of detection. The frequency
spectrum uscd for radio communicaticn is
a wide one and the determination of what
happens is further complicated hv the con-
tinuous variations taking place in the
medium traversed by the radio waves, The
hending or refraction of radio waves is at-
tributed to the presence of free electrons
in the ionized portions of the carth’s upper
atmosphere.  The ionization passes through
a daily and seasonal variation depending on
sunlight and changes in barometric pres-
sure.

Changing reflecting and refracting prop-
orties of the Kennelly-Heavigide layer® arve
sometimes supposed to account for the min-

/o the Sun

THE NATERE OF “SKIPPED DISTANCE” OR

“DEAD BELT”

T Transmitting point.
X—Local signal due to earth-bound or ground wave.
Z—Region of refracted or reflected signal.

ute-to-minute changes in the intensities of
received signals (fading). Changes in the

strength of vertical and horizontal com-
ponents of radio waves due to varying

polarization* also account for fading.

*The Kennelly-Heaviside  layer i s0  named
for the investigators who first suggested the
existence of an ionized region above the earth’s

surface which might have an influence on the propa-
gation of radio waves. It can be shown mathemati-
cally that such ionized layers can transmit an electro-
magnetic wave with a higher velocity than it would
have when travelling through un-ionized space. There
is a more or less increasing state of jonization in the
higcher levels of the earth's atmosphere.  Explaining
jonization we might say that it must be thouwsht of as
the breaking up of neutral gzas molecutes into positive
and negative constituents by ultra-violet licht from
the sun and by direct bombardment of the onter layers
of the earth’s atmosphere by electrons thrown off from
tho sun- notably from =un spots,

Polarization refers to a change produced by the
medium through which the radio waves travel by
which the transverse vibrations in the medium are
limited to a single plane. Near any transmitter the
vibrations take place more or less indifferently in
any plane about the line of propagation depending, to
some extent, on the type of radiator used.
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The third diagram explains what is com-
monly referred to as the “skip” distance,
that distance that signals skip over. The
signal decreases in intensity as we leave
the transmitter due to spreading out and to
encrgy absorption. It finally drops below
a useful value, remaining out (Y) until
we reach a great distance from the trans-
mitter, after which it unexpectedly gets
strong again, gradually dropping in inten-
sity at still greater distances. Assum-
ing radiation from a transmitter at a great
many different angles, the first diagram
shows the different directions in which rad-
iation takes place. The signal may of
course be received ncar the transmitter
due to the ground wave and also in the
area between the “two direet rays” shown.
The skipped distance at night is much
greater than in the day time. It gradually
increases up to ahout midnight. The
skipped distance also is known to be greater
in winter than in summer which seems
reasonable because the ionization should be
less then, due to shorter periods of sunlight.

Fading is reported less violent at very
long distances due to the fact that radiation
can arrive by many routes, thus averaging
conditions and giving a fair signal in spite
of fading along some paths. Right at the
edge of the skip distance interference
effects may oecur with very severe fad-
ing, while beyond this point the rays of
high-angle radiation dic out giving a better
chance for a steady signal. In general

short-wave communication results go to
prove that the skip distance for any given
time decreases with decreasing frequency
or increasing wavelength. While skip-dis-
tance effects are important on our short
wavelengths they are not as noticeable on
the broadeast band and less important still
on the longer wavelengths.

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. However, some charts anil
rules are useful when studying the sub-
ject of transmission phenomena even though
they are approximate. Such a chart is
shown reprinted from QST with some ex-
planation of what it means. It shows
roughly what may be expected of different
wavelengths in radio eommunication.

Amateur experience seems to indicate
that the power of a transmitter is one of
the less important considerations in short-
wave work. Extreme distances are covered
day and night with less than ten watts in
the antenna using 14,000 and 7,000 ke. fre-
quencies (20- and 40-meter wave lengths),
and the signal strength of high and low
powered stations is much the same. The
conditions which obtain in the transmitting
medium itself between two stations attempt-
ing radio communication are undoubtedly
the most important factor in determining
the results in cach case.




CHAPTER V

Building a Station—The Receiver

O GET the greatest fun and benefit

from amateur radio work you willwant

to get into the game with a complete

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

Perhaps you think that building a sta-
tion involves many complicated picces of
apparatus, a speeial building, scparate
power supply, intricate circuits and, last
but not least, a considerable investment of
funds. Such an idea is quite erroneous.
While a station may mecan all these things
if an individual is wealthy, it means noth-
ing of the kind as a rule. Not more than
four or five percent of the thousands of ac-
tive radio amatcurs in this country boast a
quarter-kilowatt transmitting tube, not to
mention the other equipment. The average
amateur carries on both local and interna-
tional communication with a solitary 7TYz-
watt transmitting tube and rarely with
anything larger than a 75-watter.

A “station” is nothing more nor less than
a transmitter and receciver, correlated by
suitable controls. Please 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. This book covers much ac-
cessory equipment to a station in the en-
deavor to be as complete a handbook to the
station owncr as possible. In the first part
ot each chapter the simplest descriptions
of equipment will be found. The beginner
is asked to pay no attention to the para-
graphs on crystal control, synchronous rec-
tifiers, measurements of antenna resistance
and the like. Those subjects can be looked
into later. At the start one should pick out
one of the simple receivers described in this
chapter, build one of the low-power trans-

mitters described in  the first part of
Chapter VI, and get information on power
supply, keying, wavemeters, station ar-
rangement and adjustment from the proper
chapters. Then the sending and receiving
sets may be properly installed on a table
or in a desk in any convenient part of the
home, in a way similar to that shown in
the pictures of station arrangement and in
the frontispiece. That’s really all there is
to building a station.

In building a station there is of ecourse
some constructional and experimental work
to do. There is a great deal of satisfac-
tion in the act of building. considered just
by itself. The “good” station must have
a “good” transmitter and an cqually “good”
receiver. The mechanical and electrical
details of these instruments offer interest-
ing problems to the beginning amateur. It
is the purpose of this booklet to make the
path a little casier for him.

Although we deseribe rececivers and
transmitters in detail, it is not necessary to
follow our mechanical arrangements exact-
ly to get good results. With a few parts
and tools a great deal of ingenuity can be
exercised. Some planning with pencil and
paper, mixed with a little common sense, re-
sults in the “best” station at the lowest
cost. A few hours spent in looking over
the suggestions given here will save money
and enable one to get started right.

GETTING MATERIALS

After the planning is done, the materials
should be ordered. Your local dealer will
have some supplies but probably he will not
have them all. Condensers, coils, meters, in-
sulators, transformers, batteries, tubes
or whatever is needed are carried by some
of the advertisers in QST. Advertisements
containing false claims arc refused. Good
new apparatus is cxantined by the Head-
quarters staff. Editorial mention is only
given when it appears that the apparatus
is really worth calling to the attention of
the members. “Ham-ads” always contain
a variety of good used appuaratus for sale
or exchange. Once in a while complete re-
ceivers and transmitters are offered for
sale in these columns. To get just what
one wants and to save money, most ama-
teurs prefer to “build their own.”



56 THE RADIO AMATEUR’S HANDBOOK

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

TOOLS

Before actual construction is begun we
ought to have certain tools to aid in put-
ting  our material  together. One  or
two pairs of side-cutting pliers with strong
jaws, a pair of round-nosed plicrs, a knife,
two or three sizes of screwdrivers, a drill
stock and some numbered drills, a solder-
ing iron, scriber, reamer, file. small ham-
mer, and perhaps, a little vise will be useful
tools for the builder. All these are usetul
but not all are absolutely necessary. Most
of us can probably scare up some tools by
looking around the house tor a few minutes.

EXPERIMENTAL LAYOUTS

In building apparatus for experimental
purposes 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
spare “breadboards”, a bunch of General
Radio plugs and jacks, I"ahnstock elips, sonie
scrap bakelite pieces for building terminal
boards, angles tor supports and a bunch
of different sized brass machine screws,
wood screws, nuts, and washers will make
it casy to build up and try out new circuits
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 cx-
perimenter,

A table of drill sizes giving the proper
numbered drill to use for passing a screw
through a panel or for tapping to take a
certain size of machine screw is included in
the Appendix for the convenience of League
members who are continually building and
who like to have such information in con-
venient form.  Only the sizes most used in
radio constructional work are given as too
many tap sizes that are seldom of use might
prove confusing. Wood screws also come in
various sizes and lengths. Usually the num-
bers correspond to the drill-size numbers.
the diameter given being that of the screw
just below the head. The length of wood
screws are stocked by most hardware stores
to the ncarest quarter inch of what vou
want. Round-head screws look Dbest.

Whether blued or nickled screws are used
is mainly a matter of choice with the in-
dividual builder.

A small tap holder, a die holder and three
or tour taps and dies covering the 8-32, 6-32,
and 10-32 sizez used most of all can be ob-
tained from a hardware store at a reason-
able cost. Sometimes the local 3-and-10-cent
store will have these tools at a dime cach.
With the dies you can thread brass rod and
run over threads that become “bunged-up”
on machine serews,  With the taps you can
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TOOLS FOR CONSTRUCTION

All are convenient but not necessary., A set of small

taps and dies, a cirele cutter to use in mounting

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

wrenches will be u<eful in addition if regular con-
struction work is planned.

thread the holes that you drill so that they
will take machine screws to hold the appa-
ratus that you wish to mount.

SOLDERING AND WIRING

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

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

Soldering flux keeps the clean surface
from becoming oxidized when heat is ap-
plied.  Acid fluxes or soldering pastes
made by the action of hydrochlorie acid on
zine and supported in a low-melting base
should especially be avoided.  They are
good for mending tin pans and gutter
pipes. They cause corrozion of electrical
connections.  The melted “paste” can cause
a sct to operate poorly or to become in-

appara-
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operative by adding leakage paths across
coils and condensers. Use lump or pow-
dered rosin that can be obtained for a dime
from any drug store.

“Half-and-half” simply means that the
solder is an alloy, halt tin and half lead.
“Tinning” the soldering copper is done by
filing the point bright and clean and rub-
bing it in hot solder with a little flux until
the point is covered with clean solder.
Scrape connections with a knife or file be-
fore soldering, to save time and make a
joint good electrically and mechanically.
The soldering copper must be re-tinned oc-
casionally if it becomes overheated. Tt
should always be used when very hot bhut
not allowed to become “red hot.” A hot
copper makes soldering easy.

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

Splicing wires is best done as shown in
the diagrams. A little care makes a perma-
ment and strong splice of low resistance.
In a twisted pair, “stagger” the splices to
prevent them from hitting together and
short-circuiting under any circumstances.
Tape all splices carefully to avoid trouble.

Battery leads to the recciver may be
bunched to good advantage. Radio-fre-
quency circuits should have the leads well
spaced. Wires should ecross at right
angles when crossing is necessary. Con-
nections between coils and condensers
should be as short as possible. However,
coils and condensers must not be jammed
together too much as this increases the
effective resistance and lowers the sensi-
tivity. Leads a couple of inches long are
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THE WESTERN UNION SPLICE

permissible and will allow us to keep the
condenser out of the field of the coil, which
is the main consideration.

The antenna lead and all the connections
from the condenser and coil should be
kept away from other wiring. The wir-
ing in the audio amplifier can be spaced,
and short leads are good, but they are
not nearly as important here as in the de-
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tector and antenna circuits. To avoid un-
desirable feed-backs the plate and grid leads
should be kept well separated.

The transmitter should be wired neatly in
such a way that it will be electrically
efficient. At the same time, the power
supply and high voltages must be taken
care of in a way that insures safety to life

ANOTHER METHOD OF SPLICING WIRES
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SUPPORTING A WIRE AT INSULATORS

A RIGHT-ANGLE SPLICE

and property. The insulation of lead-in
and high voltage cornductors should comply
with underwriters’ rules.

In the pages that follow we are
going to describe in detail conventional
short-wave tuners. Constructional “dope” for
a moderately-priced transmitter with a
world-wide range is also given. We have
discussed some fundamentals of electricity.
The diagrams and constructional informa-
tion are quite complete. We suggest that
the constructor study the books mentioned
in the Appendix for more complete theory
and general information. The descriptions
of stations in (ST frequently give good
ideas on station arrangement. QST itself
keeps us informed about new developments
that are useful and noteworthy. The
writer believes that knowledge of why a
certain thing is done in a certain way is
desirable before any work on a station is
done. Tor that reason a number of pages
have been given over to simple explanations
of some of the things that happen in radio
circuits.

UNDERWRITERS’ RULES

The speeifiec rules covering radio equip-
ment are given in Article 37 of the National
Electric Code, under the heading of Radio
Fquipment. Some states have adopted this
code or a more strict version of it. Certain
cities have adopted it, too, and they en-
force their regulations through municipal
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inspectors. Before making an installation
it is well to find out if the apparatus and
wiring are subject to a state and city in-
spection as well as by insurance interests.

The following cities have adopted wiring
codes of their own and, therefore, installa-
tions in these cities should be made in ac-
cordance with their special rules: New York
City, Chicago, St. Louis, Denver, Portland,
Ore.; Memphis, Tenn.; Macon, Georgia;
Kansas City, Mo.; Jamestown, N, Y.; New-
ark, N, J.; Camden, N. J.; Sioux City, Iowa;
San Diego, Cal; Little Rock, Ark.; Hot
Springs, Ark,; San Francisco; Gary, Ind.;
Atlanta. Ga.; New Haven, Conn.; Chatta-
nooga, Tenn.; Madison, Wis.; Wilkes Barre,
Pa.; Moline, Ill.; Rock Island, Ill., Peoria,
Ill, Detroit, Mich.,, and Louisville, Ky.

Electrical wiring in Maryland, the Dis-
trict of Columbia, Louisiana, Tennessee,
Ohio, Minnesota, and North Carolina is sub-
ject to the approval of a state inspector.

“Approved” refers to devices designed for
the purpose used in accord with recognized
practice. The device must be acceptable to
the Inspection Department having jurisdic-
tion (there may be a City or State inspector
in addition to the Insurance Rating or In-
spection Bureau.) When there is no in-
spector for the city or state, insurance in-
terests 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 vou
are located so you can get in touch with the
proper authority.

A conference with the Inspection Depart-
ment before making an installation or
change will save inconvenience and expense
later, Your own interests 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 requirements
observed in your particular community. In
some instances a separate power line must
be run directly 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 fash-
ion. High-tension cable, supported on por-
celain pillar insulators, keeping the high
voltage away from all wood-work and neigh-
boring conductors, is a safe type of con-
struction.

A receiving antenna can be connected to
ground before it gets to the set through
either in-door or out-door type of lightning
arrestor. Several approved types are sold
by local dealers with complete instructions
for installation. These arrestors are simply
spark-gaps sealed in a vacuum to lower the
voltage break-down. The ground can be

made by scraping a water pipe or ground
rod clean and bright with a file. A 10c¢
ground-clamp will make a good connection
to the pipe. A yearly inspection will insure
a good ground. An approved lightning ar-
restor operating at a potential of 500 volts
or less is required for each lead-in conductor
of a receiving station. There are no re-
quirements for indoor antennas, however.

Part 5 of the Fourth Edition, National
Electrical Safety Code, classifies transmit-
ting stations as those of low, medium, and
high power. A low power station is one to
which the power supplicd is less than 100
watts and where the voltage supplied is less
than 400 volts. A high power station is one
requiring over 1,000 watts power supply or
a supply voltage aof over 2,000 volts.
Medium power stations are classified as
those not falling into either the low or the
high power class. Most amateur radio sta-
tions fall into the low or medium power
class, unless a voltage in excess of 2,000
volts is used.

The same requirements apply to both
antenna and counterpoise wircs. Antennas
for receiving and low-power transmitting
stations should be supported and insulated
similarly to public service communication
lines while for medium and high-power sta-
tions the requirements for constructing sup-
ply lines for transmitting electrical energy
in like situations shall be met.  Antennas
should not cross over or under supply lines
or telephone and telegraph wires nor should
they run above and parallel to them 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 at-
tached to poles owned and maintained by
local public utilities for supporting power
lines or communication cables or wires. In
most cases local ordinances forbid such con-
struction as a menace to the public welfare.
When antennas are put up in such hazard-
ous locations special precautions should be
taken to have ample strength in the an-
tenna wire and its support and ample clear-
ances.

Antennas should not be supported on
chimneys. When a tree is used there should
be some provision for keeping the antenna
from snapping when the tree sways in the
wind. Any size of wire can be used for a
receiving antenna. Probably No. 14 B, &
S. (Anierican Wire Gauge) hard-drawn
copper wire, enameled to prevent corrosion,
will have the best balance of electrical con-
ductivity and mechanical strength for that
purpose. Sending antenna and counterpoise
wires for medium or high power stations
should have a strength of not less than No.
10 hard-drawn copper wire and should be
insulated with insulators having a minimum
creepage distance of 10 inches or more. A
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clearance above ground of 10 feet is pre-
seribed for receiving and low-power an-
tennas where they cross foot paths and en-
trances to private garages. Above streets
a clearance of 15 to 18 feet is required and
this must be increased to 28 feet when an
antenna or counterpoise for a medium or
high-power sending station is contemplated.
For spans over 150-feet in length these
clearances must be increased. There must
always be at least 10 inches clearance be-
tween antennas of such stations and the
nearest combustible material. There should
be at least a 10 foot clearance when the
antenna or counterpoise of a medium or
high-power station crosses under other con-
ductors. The clearance required is less for
receiving antennas and those of low-power
stations and is specified as 2, 4 and 6 feet
depending on whether communication lines,
low-voltage or high-voltage (above 750
volts) conductors are crossed.

Transmitting antennas and counterpoises
must be grounded by means of lightning
switches. The switch shall be of the single-
pole double-throw type having a minimum
break distance of 4 inches and a blade of at
least .0625 sq. in. cross-section. The switch
should be in the most direet line between
leadin and ground but can be located either
outside or inside the station. Live parts of
the switch must clear the wall (or other
conductors) by 38 inches for a C. W. installa-
tion (5 inches for a damped-wave set).
The switches must be connected so that the
antenna and counterpoise leads can be dis-
connected from the set and connected to the
ground wire whenever the station is not in
operation.

The lead-ins must be made through ap-
proved lead-in bushings. A good but
cheap way to bring in the antenna lead is
to drill a hole in the center of a large
window-pane. A brass machine screw with
rubber gaskets will go through this and
make an excellent lead-in. The lead-in in-
sulator must have a 8-inch clearance be-
vond 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. M. M. Fleron & Son,
Trenton, N. J., manufacture an “approved”
bushing of adjustable length. A “drip
loop” prevents water from following the
antenna wire into the station. Lead-in
bushings or tubes must be rigid, noncom-
bustible, nonabsorptive, and have good in-
sulating properties.

An outside ground is recommended but
not absolutely necessary for a transmitting
antenna. The ground lead should be made
of No. 14 hard-drawn copper wire or of
wire having greater strength and con-

ductivity. Its cross-section should not be
less than that of the lead-in wires. The
ground wire should be run in as direct a
line as possible from the switch to a good
permanent ground. A driven or buried
ground or a waterpipe ground is satisfac-
tory. Never ground to a gas pipe, though.
For ground wires no insulating supports or
insulation i8 necessary. The ground
switeh should have husky blades and jaws.
They may be mounted on pillar-type in-
sulators, on marble or water-proof bases.
Slate bases and absorptive composition
bases will leak electrically and decrease the
effective output of the set. “Mud” Jead-in
insulators will act similarly.

Everyone who owns an amateur station
or who plans to have one should send ten
cents (not in stamps) to Superintendent of
Documents, Government Printing Office,
Washington, D. C., for the booklet, Safety
Rules for Radio Installations, Handbook of
the Bureau of Standards No. 9. This gives
a great number of rules for installing ama-
teur radio equipment.

STATION ARRANGEMENTS

A complete station consists of a trans-
mitter, a receiver. a monitor and frequency
meter, and suitable antennas for transmit-
ting and receiving. The exact arrangement
of these units is not usually of great im-
portance as far as their electrical effective-
ness is concerned but the matter is worthy
of careful consideration in order that the
station may be operated with the greatest
convenience and comfort.

The items which are handled most fre-
quently are the receiver, power switches,
key and monitor. It is well, therefore, to
group these so that they can be operated
without the necessity of changing one’s
position. Perhaps the most popular prac-
tice is to place the receiver towards the left
of the table or bench on which the apparatus
is to be mounted. The monitor is located
alongside the recciver on the right (where
it is near enough to give a good signal in
the receiver) 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.

The filaments of the transmitting tubes
must be lighted before the high voltage is
applied and for this reason 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 well be mounted under the
front edge of the table in a position con-
venient for right hand operation.

Since the transmitter is left at one adjust-
ment for much longer periods than the re-
ceiver, it is as well to mount it well clear
of the other apparatus where it will not be
influenced by the “body-capacity’” of the
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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, and in
some cases a different placement of the
transmitter may be advisable. In order to
reduce the vibrations reaching the trans-
mitter it is often mounted on four rubber
sponges or suspended on heavy rubber
strips.

It should not be necessary to give the
plate supply apparatus frequent attention
and for this reason 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 insulatioi of the high-volt-
age 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 not too permanent a fashion
at first so that he can change things around
when he has gained some experience in the
operation of the station.

DESIGNING THE RECEIVER

The first apparatus to be built for our
station should be a receiving set. For-
tunately the short-wave receiver is not a
complicated affair like the broadcast re-
ceiver. 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 re-
quirement in the receiver is a detector tube
connected to a tuned circuit and provided
with a tickler coil in order that it may be
caused to oscillate. A regeneration control
must be provided so that the detector can
be maintained in a condition of gentle oscil-
lation for the reception of telegraph signals
or held at the point just below oscillation
for phone reception. Since the amateur
frequency bands comprise five narrow slices
of territory widely separated, it is not pos-
sible to cover them all effectively with one
coil in the tuner. I'resent practice is to use
a plug-in coil for each band. Many schemes
have been evolved to provide suitable coils
and coil sockets, the present trend being
towards the use of a tube base or a special
former of larger size plugging into a tube
socket. Larger coils with a horizontal row
of plugs fitting into a similarly arranged
row of sockets also are used in some cases.
The important requirements are that the
coils should be readily changed; that the
contacts should be positive; that the coils

should be mechanically strong so that they
will not be deformed in handling; and that
the coils should be small in diameter in
order to avoid the existence of an extensive
field around them.

The variable condenser used to tune these
coils is an important feature. It should be
of solid construction and good electrical de-
sign. If the contact to the rotor shaft is
not perfect or if it consists of a metal “pig-
tail” which rubs irregularly against the
shaft or the metal end plate, noises will be
generated in the receiver which will handi-
cap reception seriously. Since the amateur
frequency bands are of various widths, a
single tuning condenser with a definite
capacity range will not be very satisfactory,
since if its capacity is suited to tune one of
the lower-frequency bands across most of
the dial the higher-frequeney bands will be
covered in small scgments of the dial. This
will make the tuning in these higher-fre-
quency bands a very difficult process. In
consequence it is very desirable to provide
the receiver with plug-in condensers, or
some other form of tuning capacity unit.
the capacity range of which can be varied
so as to give almost full-dial coverage for
all bands,

The regeneration control is the next most
important item in the short-wave receiver.
It has been given much study during the
last few years and several satisfactory
schemes have been evolved. Almost any
arrangement of the tickler coil and feed-
back control can be depended upon to give
similarly loud signals but some of them
have the advantage of permitting adjust-
ment of regeneration without detuning the
signal. This is very much to be desired.
It is also a great advantage if the regen-
cration control is absolutely quiet in action;
if it permits a gradual adjustment up to and
past the point of oscillation; and if it per-
mits the tube to oscillate gently all across
the frequency band on which the receiver
is working without the necessity of touching
anything but the tuning control. The use
of a variable resistor of 25,000 or 50,000
ohms in the lead to the detector plate prob-
ably gives these desirable qualities with the
least trouble, and its use is recommended.
It is important, however, that this resistor
be of good quality if noisy operation is to
be avoided. Even with the best resistors
it is advisable to connect a fixed condenser
of 1 pufd. or more across its terminals to
reduce the possibility of noises being caused
by poor contact between the movable con-
tact and the resistance element.

In the systems using a rotating tickler
coil or a throttle condenser it is usually
desirable to make the tickler of much
smaller diameter than the tuning coil in
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FIVE METHODS BY WHICH REGENERATION CAN
BE CONTROLLED IN THE DETECTOR CIRCUIT

In the arrangement shown in diagram A the regen-
eration or feed-buck is varied by rotating the tickler
coil which is mounted at the filament end of the
tuning coil. In scheme B the tickler is fixed in rela-
tion to the tuning coil and the regeneration is con-
trolled by variable throttle or feed-back condenser C2.
Circuit C ic a similar arrangement to the latter but
with parallel or shunt plate feed. In scheme 1), which

(Concluded at bottom of next column)

order to reduce the tuning effect of the
regeneration control. In all of the methods
it is cssential that the tickler he mounted
or wound at the filament end and not the
grid end of the tuning coil.

Though the short-wave receiver can con-
sist of the detector tube only, with the
phones in its plate circuit, an audio-fre-
quency amplifier will be found to improve
the readability of the weaker signals. If
the audio amplifier is arranged to peak at
some audible frequency—to amplify signals
tuned to give a note of, say, 1,000 cycles to
a much greater cxtent than signals giving
other frequencies—it will be possible to im-
prove the selectivity of the receiver. In the
operation of a receiver fitted with such an
amplifier the signal to be received is tuned
so that its note is of the frequency at which
the amplifier is peaked. This signal is then
amplified to the full extent of the amplifier
while signals of other frequencies are ampli-
fied to a much lesser degree depending on
the difference between the frequency of the
note produced by them and that produced
by the signal being copied. In this way
interference between stations on neighbor-
ing frequencies is reduced. If the receiver
is to be used for phone reception, distortion
would be produced by an amplifier of this
type and it is therefore necessary to use
audio transformers, chokes or resistances
to couple the audio amplifier or amplifiers
in the same way that they are used in broad-
cast receivers.

The arrangement of the parts in the re-
ceiver and the wiring of them are important
matters. Many amateurs screw the ap-
paratus on a wooden baseboard 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 with a cabinet is
really much preferable and need not be
much more expensive. The panel and
cabinet will afford protection to the ap-
paratus and will give a much more pleasing
appearance than the baseboard covered
with apparatus and wires. In addition, the
panel usually will permit a more convenient
arrangement of the controls.

It is as well to spend some time in con-
sidering the lay-out of the parts so that
the leads in the detector circuit may be
reasonably short, without cramping the
apparatus, and that the tuning coil is con-
venient to the tuning condenser and the
detector tube without being too close to any
large metal parts. It is difficult to specify

is the most popular of all, control of feed-back is af-
fected by the variable resistance R in the detector
plate Jead. In arrangement E the tickler is fixed and
regeneration controlled by adjustment of the filament
heating a scheme giving execellent results when the
feed-back value is so chosen as to give satisfactory
regeneration at proper filament-current values.
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definitely the separation that should be
maintained but an approximate idea of suit-
able spacing can be obtained by studying
the photographs of the receivers. The wir-
ing in the detector circuits should be made
with bus-bar or cnamelled copper wire of

THE PANEL LAY-OUT OF THE TWO-TUBE
RECEIVER
The vernier dial on the left is the main tuning con-
trol, that on the right-hand side heing the regenera-
tion control. The knob in the center controls the
midget variable condenser which is set at predeter-
mined positions for each hand in order to permit
full-scale coverage.

about 14 or 16 gauge so that it will not
vibrate or shale and so “shimmyv” the sig-
nals. 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 appearance
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. Tt 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 ordi-
narily would result in burning out the tubes
will merely blow the bulb. If, when the B
battery is connected, the bulb is blown the
wiring should be checked with care and the
fault located before another attempt is
made. It is surprising the case with which
wires can be misplaced in such a way as to
connect the B battery to the tube filaments.
Even the most experienced amatceurs make
mistakes of this kind and the protection
of the flash-lamp bulb should not be disre-
garded. When the phones are plugged in
a loud click should be heard and a similar
or louder click should be obtained when any
of the connections to the B battery are

made or broken. At this stage it should be
possible to muke the set oscillate by adjust.
ment of the regeneration control. If this
control is moved gradually the detector
should go into oscillation with a soft thud.
A rustling sound produced by static and
miscellancous clectrical noises will show
that the tube is oscillating. If there is any
doubt about whether oscillation has been
obtained or not, the grid terminal of the
detector tube can be touched with the finger.
If it is oscillating a “plonk” will be heard
as the finger touches the terminal and an-
other “plonk” as the contact is broken.

A TWO-TUBE RECEIVER

Now that we have mentioned the gencral
requirements  and  censiderations we can
procced with the deseription of actual re-
ceivers.

The two-tube recciver illustrated is one
of the simplest types that can be built. It
is, however, a thoroughly practical one
which c¢an be depended upon to give readable
signals, when conditions permit, over even
the longest distances. The wooden base-
board measures 11" x 6" x 7%” thick and
upen it is mounted all of the apparatus with
the exception of the variable condensers and
the variable resistor used as a regencration

control. Thege  control  elements are
El, - I
(A 3 a4 |
) [T
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+45-90v
I'HE SIMPLE WIRING OF THE TWO-TUBE SET

Apnaratus required:
Two UX-201-A or UNX-199 tubes and sochels.
¢ 1afd, hy-pass condenser,

Cl—30-uufd, tuning condenser (straight line fre-
queey),

C2—100-; fd, midget variable condenser,

Co—100-y e fd, fixed grid condenser.

Cl—Antenna  coupling  condenser {wo  !."-square

brass plates about 7.7 apart
2,000 updd, fixed by-pass condenser,
w-ampere ballast resistor (Amperite),
R1—2 or { megohm grid-lvak,
R2—50,000-0km variable resistor,
R3—0.1 megohm fixed grid-leak type resistor,
L1, L2—"Fube-base coils described under photograph.
One good audio-frequency transformer,
ilasebeard measuring 11”7 x 67, Aluminum or bakelite
panel 117 x 614",
jack, miscellaneons
serews, brass strip, efe,

PPhone woeod  serews, machine

mounted on an aluminum panel 117 x 63%”
x %" thick. Aluminum of this thickness
can be obtained at most tin shops and hard-
ware stores and should be cut to shape in
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the heavy shears with which these shops
are usually equipped. The pancl can be
given a pleasing finish by stripping it in
a strong solution of washing soda.  When
removed from the solation 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

is operated on the 1,715- or 3.500-kec. bands
this midget is set near its maximum
capacity, the exact position being deter-
mined experimentally, so that the capacity
range of the tuning condenser will be lim-
ited to the value necessary to give full-
scale coverage on those bands. For the
7,000, 14,000 and 28,000-kc. bands the
midget condenser is set at
lower values—each  value

being predetermined experi-
mentally—so that the cf-
foctive capacity range of the
tuning condenser is pro-
gressively  lower for the
higher frequency bands. An
understanding of the reason
why a lower setting of the
sceries midget condenser re-
duces the capacity range of
the tuning condenser can be
obtaining by studying the ex-
planation of the action of
condengers  in series  in

A CLAN VLW OF
The muin tuning ecandenser
seen at tiee left of this recdiver.

and the midpet
Jetvween them

condenser aml und the detector tube,

tion scehet beliind them,
hallast resisfor,

coat of Duco lacquer. A metal panel of this
type is useful in reducing the cffects of
“hand-capacity.” A panel of hakelite ov
hard-rubber, which is preferred by some
amateurs, cun be used. In any event the
panel can he secured to the base by three or
more round-head wood serews in the man-
ner shown in the front view of the set.
When a metal panel is used it is nccessary
to insulate the frame of the variable re-
sistor and the telephone jack from it. This
can be accomplished by drilling holes large
cnough to give clearance between the panel
and the resistor shaft and the jack and by
using washers of thin card or other insul-
ating material between the panel and the
frame of the apparatus mounted on it
From the civcuit diagraun ic can be scen
that two variable comdensers are used in
series across the tuning coil L1, The con-
denser C1 is the main tuning control and
is a high-grade condenser of 50 pufds.
capacity. It is contrelled by the dial on the
left of the panel and can be seen on the
left of the plan view of the set. The midget
condenser C2 is of 100 ppfds. capacity and
is controlled by the knob in the center of
the panel. It is used in 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 amateur bands. When the receiver

TR AW OSIUBL RECEIVER

:'(m(l(‘nﬂ('r can be
is the anlenna
coupling condinser and behind them the tube-base coil, the grid
On the
side is the variahle-resistor regeneration control and its dial,
with tie awlio transformer, amplifier {obe and battery
On the evtreme right is the filament

Chapter TII.  This method
of obtaning full-scale cov-
crage for cach band is only
one of many possible
schemes. The methods used
in the other receivers de-
seribed in the chapter conld
be incorporated in this two-
tube set.

The tuning coils are wound
on bases taken off burnt-out tubes. The ap-
proximate number of turns needed for the
various bands is given under the illustration
of the coils. Thecexact number of turnsneeded

right-hand

connee-

THE TUBE-BASE COILS USED IN

TUBE EIVER
Both grid coils and tickiers in these coils are wound
with 21 gauge d.s.c¢. wire. The numbers of turns
used are as follows:

THE TWO.

Grid Turns

Tickler Turns
1.715 ke 49

N

3500 33 7
7,000 " 15 6
14.000 " 6 5
25,000 7 3 3

No spacing is used between turns except in the grid
coil for 28,000 ke, where the spacing is 147, As can
be seen, the 1713-ke. coil is wound on a 2”-diameter
bakelite tube mounted on a tube hase.

o History
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will depend to some extent 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 ad-
justment has been found the turns can be
held in place with a few spots of Duco
cement or banana oil. 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 as C4. It consists of two
pieces of brass about %” square separated

" ¥%”. This condenser can be seen in the

illustration of the receciver between the two
variable condensers. The two brass pieces
are in the form of small angle picces held
with machine screws to a small piece of
hard rubber. It is important that this con-
denser be mounted close to the lead from
the end of the tuning coil to the grid con-
denser C3, and that its capacity be kept
small. Some adjustment of its capacity
may be found advantageous after the re-
ceiver has been put into overation. This
can be accomplished by bending one of the
brass pieces away from or towards the
other.

The tickler coil L2 is fixed in its position
with respect to coil L1 and is wound on the
same tube base about %4” from the filament
end of L1. The number of turns used in this
coil is not very critical but if the number
specified in the list of windings does not
cause the detector to oscillate with the re-
generation control resistor R2 at about the
half-way position, experiment with other
values will be advisable.

Condenser C5 is the radio-frequency by-
pass condenser across the audio-frequency
transformer. Its use is very important
though its capacity is not critical. Without
it the detector could be made to oscillate
only by using an abnormally large tickler
or very high plate voltage. The most satis-
factory plate voltage for the detector is
about 221%. It might be thought from the
diagram that 45 volts is used in this set.
This is not so, however, since the resistance
of R2 at about half-scale setting is sufficient
to drop the voltage to the point where only
about 22% volts are placed on the detector
plate.

The fixed resistor R3 is connected across
the secondary of the audio-frequency trans-
former to eliminate a howl or squawk which
is often produced at the point where the
detector starts oscillating. Experiment with
the value of this resistor is desirable since
in some receivers a very high resistance is
all that is necessary. The higher this re-
sistance is the less will its effect be on the

volume of the signals. The resistor R is an
Amperite or similar filament-ballast resistor
used to hold the filament voltage at 5. It is
used to avoid the necessity of a filament
rheostat.

The UY-type tube socket, to be seen at
the extreme right-hand corner of the base-
board, is used to provide connections to the
A and B batteries. A standard battery cable
(which can be obtained in most radio stores)
is used, its wires, at the receiver end, being
soldered to the prongs of a UY-type tube
base. A battery plug of this type is very
useful in permitting all batteries to be re-
moved in a moment for experiment with
the receiver without any danger of the tubes
being burnt out.

In addition to the parts in the list given
under the diagram it will be necessary to
have an A battery and a B battery. The A
or filament battery can be a storage battery
of between sixty and onc-hundred ampere-
hours capacity for the UX-201-A tubes,
but should UX-199 tubes be used instead the
filament battery can well consist of three
dry cells. It is not necessary to use a heavy-
duty B battery for a receiver of this type
since the drain from it is only of the order
of a few milliamperes.

The operation and adjustment of this and
other receivers will be described later in
this chapter.

A THREE-TUBE RECEIVER

The three-tube receiver illustrated on this
page involves several features different
from those of the set just described. In the
first place an antenna tuning unit is used.

ONE TYPE OF THREF-TUBE RECEIVER
The two large vernier dials control the main tuning
condenser and a special antenna tuning unit. The
three knobs operate the regeneration control, the fila-
ment rheostat and the volume control.

The condenser C1 and the coil L1 of this
unit serve to tune the antenna so that the
maximum available voltage appears at the
antenna coupling condenser C3 and the
grid of the detector tube. The arrangement
does not work in quite the same way as
an antenna tuning coil on a broadcast re-
ceiver, since for some frequencies the capa-
city of C1 would have to be decreased in
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The capacity of the larger unit
should be adjusted by spacing
the plates until the two units in
parallel give open scale tuning
over the 3,500-ke. band. The
connections of these condensers
are given in the table of coil
sizes.

The arrangement of the ap-
paratus in this receiver can be
scen from the illustrations. A

wooden baseboard is used to
support the fixed apparatus,
while the variable units are

| mounted on a bakelite panel.
| The rheostat, volume-control re-
sistor and regeneration-control

A REAR VIEW OF THE TUREE-TUBE RECEIVER

At the right of the baseboard is
socket and the tuning-coil socket.

terminal strip. The antenna tuning coil L1

side the receiver.

order to give the best signal when C2 (the
main tuning condenser) has been increased.
The tuning of C1, however, is never very
sharp and it will not be diflicult to find the
correct adjustment under most conditions.
If desired at any time the switch—shown
in the diagram above L1, C1—can be opened
and the antenna tuning coil disconnected.
A different method is used in this re-

the antenna coupling con-
denser, the detector grid condenser and leak, the dcetector tube
At the left are the two audio
transformers. the audio-amplifier tube sockets and the battery
is connected out-

resistor can be secn grouped at
the left side of the pancl in the
rear view of the set. The main
tuning condenser and the antenna
tuning condenser are on the
right of the sanmie illustration.

AN ALTERNATIVE THREE-TUBE SET
Some idea of the various forms that re-
ceivers can take can be obtained by com-
paring the three-tube receiver just described
with this one. In this case an entirely
different arrangement is used to spread out
the various bands on the dial and the
audio amplifier is changed greatly in order

ceiver to spread out the various
bands. The variable condenser C2
is a special double condenser
which can be built from an or-
dinary straight-line-frequency con-
denser, In the particular con-
denser illustrated in the receiver
the stator plates are removed and
the rods supporting them are cut
in half in order to support the
two new stator assemblies that
are to be used. One of these as-
semblies, which will be used alone
for some of the bands, consists of
a single stator plate which is ex-
posed to a single rotor plate. The
spacing between the plates will
have to be varied so that this two-
plate unit tunes the recciver over
the 7.000-ke. band. The spacing
probably will be equal to about
20 pages of this Handbook. The
second unit of the condenser. the
stator assembly of which is in-
sulated from that of the first. also
consists of one stator plate and
one rotor plate with about half
the spacing used in the first unit.
This stator assembly is connected
to the first one with a short flexi-
ble lead and a clip. so that the
two condenscer units are used in
parallel for some of the bands.
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THE WIRING OF THE THREE-TUBE RECEIVER

Apparatus required:

Three UX-201-A or UX-199 tubes and sockets,

C1—350-puufd. variabhle condenser.

2—Special double condenser described in text.

('3—Antenna coupling condenser similar to that described for
two-tube receiver.

C1—100-pupfd. grid condenser,

C5--2,000-pufd. by-pass condenser.

C6—0.1-ufd. condenser.

R1—7-megohm grid leak.

R2—10-ohm rhcostat.

R3—50,000-ohm variable resistor.

R4—0.1 to 0.25 megohms.

R3—500.000-ohm variable resistor for volume control.

L1—Will vary to suit antenna. 6 turns 3" diameter will be
approximately correct.

I.2—Described under illustration of coil.

Two audio-frequency transformers., phone jack, bakelite panel,
wooden haseboard, miscellaneous screws, wire, etc.
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to make it amplify frequencies of 1,000
cycles to a much greater extent than any
other frequencies. An amplifier of this
type is called a “peaked” amplifier and in
order to differentiate between this receiver
and that just described we will call this the

\\\\\\\\\\\
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THE TYPE OF COILS I'SED IN THE THREE-TUBE
RECEIVER I'IRST DESCRIBED

The number of turns used and the connections of the
special double condenser are as follow:

Frequeney Grid Tickler Condenser
Band Turns Turns Scctions
1,715 ke, T 9 Both
3,500 ke. 37 6 Both
7,000 ke. 26.25 5 Smaller

14,000 kc. 9.25 4 Smaller

28,000 ke. 2.75 3 Both

The grid coils are wound with No., 26 d. ¢. ¢, wire
with the exception of that for the 1,715-ke. band,
which is wound with No. 30 s. ¢. ¢. This finer wire is
used for the ticklers. No spacing between turns is
used for the two Jower-frequency bands hut spacing
equal to the diameter of the wire is used on the other
bands. The tickler of the 28,000-kc,-band coil is
wound hetween the grid turns. These dimensions
possibly will vary in individual cases.

three-tube peaked-amplifier re-
ceiver.

From the circuit diagram it
can be scen that the arrange-
ment of the detector tube is
very similar to that of the two-
tube set. Similar tube-base

adjusted so that the high-frequency end of
the band can be tuned in near the bottom of
the condenser scale. Then the condenser can
be turned to almost the maximum dial
setting and the position of the rotor with
respect to the stator varied until the low-
frequency end of the band can be tuned
in. At this position a shallow hole should
be drilled with the tip of a twist drill to
accomniodate the conical end of the set-
screw, When the spacing has heen deter-
mined for the other bands and the depres-
sions drilled in the shaft the rotor can be
moved from one position to another by
loosening the set-serew and sliding the col-
lar along the shaft. This adjustment of the
condenser, when the coils are changed from
one bhand to another, can be done quite
rapidly.

The first audio-frequency amplifier in this
receiver is a UX-222 screen-grid tube. It
is used in this position since it is particularly
suited to give a highly-peaked amplifier
when a tuned audio circuit is connceted to
its plate. The filament of this tube operates
at 3.3 volts and if the other tubes in the
set are UX-201-A’s the resistances R1 and
R2 will be required to drop the filament
voltage to the correct value. R1 is a fixed
resistance of 10 ohms and R2 is 5 ohms.
The secondary of the audio transformer
is connected to the junction betwcen them
so that the grid of the tube will have a
suitable grid bias.

The coil 1.3 can be the secondary winding

coils are used for I.1 and L2
and regeneration is controlled in
the same manner. The chief
difference is in the tuning con-
denser Ct which is remodeled
from a straight-line-frequency
condenser in a manner shown
in the detailed picture of this
unit. All of the stator plates
except one are removed and
one rotor plate is c¢lamped in a
sliding collar made up from the
parts of another similar con-
denser. This collar is fitted
with a set-screw which holds
the rotor plate to the shaft at
predetermined spacing from
the stator plate. In order to
decide upon a suitable spacing
for each frequency band the
condenser should be set at
minimum capacity and the coil
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THE THREE-TUBE PEAKED
RECEIVER IS WIRED

AMPLIFIER

Apparatus required:

Two UX-201-A and one UX-222 tube and sockets.
C—1-1fd by-pass condensers (3 required).
Cl1—“SHding rotor” type variable condenser—see
C2—2,000-uufd. by-pass condenser.

C3—100-puufd. grid condenser.

C4{—.01-ufd. audio tuning condenser (adjustable).
C5—.006-ufd. audio grid condenser.

C6—Antenna coapling condenser—see illustrations.
R—10-ochm rheostat.

R1—10-ohm fixed resistor,

R2—5-ohm fixed resistor

R3—2-4 megohm grid leak.

R4—50,000-0hm variable resistor,

R5—0.1 megohnu resistor.

L1, L2,—Tube-base coils similar to those used in two-tube sct.
I.3—Seccondary winding of a Ford {gnition ceil.

Ono audio-frequency transformer.
Basehoard 127x7”.

text,

Aluminura panel 12%x6”.
Various screws, brass strips, wire, etc.
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of a Ford ignition coil with the primary
and core removed. Such a coil shunted by
a condenser C4, of about .01 ufds., will
tune to approximately 1,000 cycles and will
make the amplifier peak at this frequency.
The exact capacity of C4 to give the peak
at a suitable frequency had best be deter-

THE SLIDING ROTOR CONDENSER USED IN TIIE

THREE-TUBE PLEAKED-AMPLIFIER RECEIVER
The rotor plate is mounted on a collar fitted with
a set-screw and hence can he moved to or from the
stator plate and set at definite positions, This makes
possible a numher of different capacity ranges and
enablcs any of the hands to he covered only by tuning
across the whole dial.

mined by experiment. Several

tions are favorable and it may seem strange
that there is any justification for more than
the number of tubes used in them. For the
amateur who is interested in obtaining the
most effective communication possible over

THE THREE-TUBE PEAKLED-AMPLIFIER
RECEIVER

The vernicr dial in the center is the main tuning
control. The knob at the left controls regeneration,
while that at the right belongs to the filament rheo-
stat, The panel is of aluminum similar te that used
for the two-tube set.

the longest distances, however, there are
advantages to be gained by using a screen-
grid antenna coupling tube or untuned radio-
tfrequency amplifier. This tube gives an
appreciable increase in sensitivity and
eliminates any influence of the antenna
dimensions over the calibration of the tuning
circuit. Also it avoids radiation from the

condensers in parallel make it
easier to arrive at the correct
value. In the plan view of the
receiver they can be seen at the
rear center of the baseboard im-
mediately behind the tuning con-
denser and Ford coil secondary.
The final audio amplifier is a
UX-201-A tube. It is not needed
to give additional amplification
but its use is essential since the
phones could not be operated sat-
isfactorily in the plate circuit of
the UX-222. The values of the
apparatus are given under the
circuit diagram. The panel of
this receiver, like that of the

two-tube set, is of 1" thick
aluminum. It measures 12”x6".
The baseboard is %” thick and is

A BIRD'S-EYE VIEW OF THE SAME RECEIVER

127x7”.
USING FOUR TUBES

The receivers so far described
are all capable of receiving
amateur signals from the other
side of the world when condi-

Immediately behind the regeneration-control resistor on the left
is the detector tube and the tuhe-hase coil in its socket, Behind
these the audio-frequency transformer and screen-grid audio
amplifier tube can he seen. In the very center of this group is
the antenna coupling condenser consisting of two small brass
angles mounted on a piece of hard rubber. The sliding-rotor
tuning condenser is in the center, with the Ford coil secondary
and its tuning condensers at the rear. On the right the last
audio tube, the battery-connection socket, the filament rheostat
and various by-pass condensers are mounted.
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oscillating detector. In a receiver to be
used for phone reception the use of such a
radio-frequency amplifier is a distinct ad-
vantage since it greatly improves the

-
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THE FOUR-TUBE PEAKED-AMPLIFIER

RECEIVER
The drum dial in the center is, of course, the main
tuning control. The knob on the left is the volume
control while that on the right is for adjustment of
regeneration. The phone jack is mounted on the
baseboard near the rear left corner instead of on the
panel.

Al

.

sensitivity of the receiver when the de-
tector is in a non-oscillating condition. This
particular receiver is titted with a peaked
amplifier similar to that used in the three-
tube outfit and so is
suited for telegraph
reception only. It could
be moditied for phone
work, however, by fit-
ting it with a two-
stage transformer-
coupled amplifier like
that used in the first
of the three-tube re-
ceivers described.

Ux-222

V%
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tube. The plate voltage of the UX-
222 is fed to it through this coil
and consequently it is necessary to insulate
it from the filament circuit with a fixed
condenser C2. The detector circuit is ar-
ranged in much the same way as in the
previous receivers but yet another alterna-
tive scheme is used to provide different
capacity ranges for the tuning condenser
Cl so that all the bands will have full-
scale coverage. In this receiver, Cl1 con-
sists of plug-in midget condensers which
have had some of their plates removed until
they are of a capacity suited to the band
on which they are used. Three such con-
densers are shown in front of the coils
with which they are used. Some idea of
the arrangement of the sockets for these
condensers can be obtained from the close-
up of the receiver. The two G.R. sockets are
mounted on a piece of hard rubber which is
held to the frame of the drum dial by one
of these sockets. It is important that these
sockets be spaced accurately so that the
condenser will plug in firmly and not rock
as the dial is rotated. The fitting of the
G.R. pins to the midget will depend upon
the type of condensers used. With the
condensers illustrated, the pin connected
to the rotor plate was inserted in the

ux-222
UX 201-A

From the diagram it

can be seen that the
grid circuit of the
screen-grid radio-fre-
quency amplifier tube
is not tuned. A tuned
circuit could be used in
place of the resistor R
but its use would mean
a second major tuning
control. The added
amplification provided
by such a tuned input
circuit has not so far
been shown definitely
to justify the added
difficulty in tuning in-
troduced by the second
control.

The plate of the UX-
222 goes directly to the
end of the tuning
coil in the grid cir-
cuit of the detector

Apparatus required:
Two UX-201-A and

Cl—DP’lug-in midget

C6—.01-ufd. audio
R1—10-ohm fixed fil

R3—6-megohm grid

R6—8-megohm grid

HETY. 4135V,

THE CONN

1
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ECTIONS OF THE FOUR-TUBE RECEIVER

two UX-222 tubes and their sockets.

C—1-ufd. by-pass condensers (3 required).

tuning condensers (see photograph).

C2—4,000-upufd. fixed condenser.
C3—100-pufd. grid condenser.
C{~—2,000-uufd. by-pass condenser.
C5—6.000-unfd. audio grid condenser.

tuning condenser (experiment necessary),

R—10,000-ohm gridicak-type resistor.

ament resistor.

R2—5-0ohm fixed filament resistor,

leak.

R4—50,000-ohm variable resistor.
R5—200,000-ohm variable resistor for volume control.

leak.

R7—Filament ballast resistor for .75 amperes.

L1, L.2—I'lug-in coils—sce photograph.

Li3—Secondary winding of Ford ignition coil.

R. F. C.—Recciver-type short-wave radio-frequency choke.

Aluminnm panel 12”x7%", basehoard 12”x8”,drum dial, one audio-frequency
transformer, phone jack, and a variety of screws, wire, etc.
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bakelite end plate in place of the machine
screw which ordinarily held the spring
contact. For the stator connection a G. R.
pin, the threaded portion of which had been

sawn off. was soldered to the head of the
machine screw which supports the stator
plates of the condenser. When it is de-
sired to change from onc hand to another

TIHE FOUR-TUBE

RECEIVER IN PLAN

Behind the drum dial is the audio-frequencey transformer. Beside
the transformer and to the right of it is the screen-grid antenna

coupling tube,
detector tube.

jeeting from the shaft of the drum dial.
feft comprises the two audio

In front of this tube is the tuning coil and the
The plug-in tuning condenser can be seen pro-

The assembly to the

tubes, the Ford coil secondary

(which happens to he enclosed in an aluminum tube shield) and
the fixed tuning condenser for this eoil.

A CLOSE-UP SHOWING THE MOUNTING

THE PLUG-IN TUNING CONDENSERS
The two G. R. sockets are mounted in a picce of hard
rubber. Onec of them serves to secure the assembly
to the frame of the dial and at the same time make
contact hetween the rotor of the condensers and the
frame. The frame. of course, makes contact with the
panel and this is connected to the copper shcet on the
under side of the wooden basehoard. This copper
sheet forms one side of the filament circuit and is

indicated in the diagram as a ground.

FOR

the coils are first changed. Then the dial
is sct at 100 degrees, the set screw on the
dial loosencd and the condenser removed.
The condenser to he used is then set at its
maximum capacity and plugged into place,
the sel screw being tightened to hold the
shaft sccurely. This plug-in condenser
scheme is a thoroughly practical one. It
could well he used in any of the other re-
ceivers providing a dial fitted with a suit-
able set screw was provided.

The coils for this receiver are wound on
special coil forms which can be obtained
at most radio stores. Tube bases could be
used for the coil forms, or other approved
types of coils could be substituted.

The audio amplifier of the receiver is
arranged in the same manner as that of the
three-tube peaked-amplifier receiver and
provides a splendid degree of selectivity.
The peak to be obtained with a Ford coil
secondary as the coil of the tuned audio
circuit is not by any means the sharpest
peak that can be produced by the UX-222
amplifier. In fact a Ford coil is used simply
because its resistance is suflicient to flatten
the peak to a suflicient degree. With a
more sharply peaked amplifier it is difficult
and sometimes impossible to copy signals
which are not extremely steady. Greater
selectivity and a consequent reduction in
interference between stations can be ob-
tained by using a more pronounced peak.
This may mean the sacrifice of some of the
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unsteady signals, however. To obtain a
sharper peak the Ford coil secondary should
be replaced by a coil of lower resistance.
One suitable type of coil can be wound with
3,000 turns of 30 gauge s.s.e. wire
Useramble”-wound  in five 1 -square
slots turned in a wooden former of 2” out-

COIL-CONDENSELl COMBINATIONS FOR THREE
BANDS

Differing from present-day practice, a separate {uning
condenser is used with cach inductance in the four-
tube reeciver to give full-scale dial coverage for each
band. The grid coils are wound with 20 gauge d. s. c.
wire, As a rouwgh guide it can he said that 6 turns
are used for the 14,000-ke. band: 1! turns for the
7,000-ke. band: 31 turns for the 3.500-ke. band. The
tickiers found switable are of 30 gauge d, s, ¢, wire.
5 turns being used for 11.000 ke. 7 turns for 7,000
ke, and 9 turns for 3,300 kc. It is a'most certain
that these figures will vary in individual reccivers.

side diameter. Approximately .07 pufd. will
be required across this coil to tune it to
1,000 cycles. Experiment with other forms
of coils will be found of interest and value.

OPERATING THE RECEIVERS

When the receiver has been completely
wired and after the wiring has been checked,
the batteries should be connected in the
manner shown in whatever diagram is being
followed. Always a flash-lamp bulb should
be connected in the negative B-battery lead
to act as a fuse to prevent the bulbs from
burning out should anything be connected
incorrectly.  When the antecnna has been
connected, the filaments lighted and the
phones plugged into the jack, the regenera-
tion control should be turned towards its
maximum position unt'l the *‘live” sound
of oscillation is obtained. For the reception
of telegraph signals it will be found that
the greatest sensitivity will be had at the
point where oscillation begins. Hence for
the reception of very weak signals it is
usually advisable to “back off” the regencra-
tion control until the detcctor is just about
to stop oscillating. This eritical adjustment
is, of course, nccessary only for the re-
ception of the weakest signals. If the
tickler coil has the correct number of turns

in the four-tube receiver it will be found
that the receiver can be operated for an
entire evening on any one band for me-
dium-distance work without the necessity
of touching the regeneration control. In
the other receivers, which have the antenna
coupled directly to the tuning coil, some
trouble may be had from “dead spots” on
certain portions of the bands. Sometimes
they can be climinated by reducing the
capacity of the coupling condenser but in
other cases it is necessary to place a coil
or condenser in the antenna lead.

Possibly it will be found that the re-
cciver howls just as the detector starts to
oscillate and that reception at this point is
impossible.  This “fringe-howl.” as it is
ternted, can be cured by reducing the value
of the resistance connected across the
sccondary of the first audio transformer. A
resistance not lower than .1 megohm should
cure the trouble completely but it should
be kept in mind that the lower this re-
sistance is the greater will be the reduction
in amplification eau=ed by it.
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TWO WAYS OF SHIFTING THE 'DEAD SPOT"ON A
TUNER

When the recciver has been made to
oscillate quietly, attention should be given
to its calibration. If the coils have been
wound according to the details given it
probably will tune somewhere near the vari-
ous bands. However, it is almost certain
that a final adjustment of the coils will be
necessary to make the edges of the bands
come near the top and the bottom of the
dial scale. As mentioned before, one simple
method of adjusting the coils is to make
them slightly larger than necessary in the
first place, afterwards spacing one or two
of the end turns until the corrcet value of
inductance is obtained. It is not essential
that the bands be tuned in across the entire
dial but time spent in careful adjustment
of the particular tuning system used, so
that the band is spread between at least
15 degrees and 85 degrees, will be well
worth while. The edges of the bands will
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not be hard to find. During the evening,
when amateurs are busiest, the place on
the dial where the amateur stations leave
off and the commercial stations begin should
be quite well defined. At most times the
commercial stations located at edges of the
amateur bands should be operating and
should serve as a guide. These stations
have been termed “commercial markers” on
account of their usefulness in setting the
location of the edges of the bands.

Just as soon as the tuning system has
been adjusted, attention can be paid to the
audio-frequency amplifier to make certain
that it is operating correctly. If audio
transformers are used in a “broadcast-re-
ceiver” type amplifier, there is very little
that can be out of adjustment. In the peaked
amplifier, however, it is quite possible that
the tuned audio circuit of the screen-grid
amplifier is not tuned to a suitable fre-
quency. A check can be made by tuning in
a steady signal with a pure note. As the
beat note is varied from the lowest to the
highest audible frequency—by tuning the
receiver—the signal should increase in
strength sharply at one point and then fall
off sharply as this point is passed. The
frequency at which this sudden increase in
signal strength is obtained should be at
about 1,000 cycles or some other frequency
that is comfortable to read. If the peak
occurs at a higher frequency than this,
more capacity should be connected across
the Ford coil secondary or the particular
inductance used. If the peak frequency is
too low the capacity across the coil should
be reduced.

In the operation of any receiver it should
be remembered that batteries must always
be in good condition and that poor results
are often caused by poor tubes. The batteries
and the tubes should be given first con-
sideration if the receiver becomes noisy or
sluggish in operation. If all joints in the
wiring have been carefully soldered, noises
in the receiver will be caused by poor
batteries and by poor contacts between the
tube pins and the sockets. If the noise
occurs only when the condenser is turned
it is probably the result of dust between
the plates or of poor contact between the
rotor assembly and the lead to it. In some
cases a noise of this type is caused by the
shaft or the dial, if it is metal, rubbing
against the panel or some other metal ob-
ject. Yet another source of noise is the
antenna system or outdoor wiring near the
antenna. Any two wires in poor contact in
or near the antenna can cause serious noises
when they are blown about by the wind.

Quiet operation in the short-wave re-
ceiver is of extreme importance. It is well
to aim at sensitivity and open-scale tuning
but the value of these characteristics is

nullified very greatly if there is not freedom
from extraneous noise.

HUNTING FOR TROUBLE

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

Shorted condensers or closed
cirewits are indwalted by just
the same click asgiven by
Louching the termnals logether
orbya full volimeter reading

Qpens in wiring or coisare in-
drcated by no reading on volt-
meter or by no chick in phones
A weak click or Jow vo/tmeler
reading mdicategaurcurt closed
through a resistlince which may
be a transformer windingor other
part of the set.

+22 A DC voltmeler only reads
correctly when properly con-
nected "/t may be used to in-
drcate polarily. 223 volt units
should be discarded when they
Jall below about 16 volts.

LOCATING FAULTS

(IR 5&““7

couple of pins on the end of the voltmeter
terminals will make it possible to pierce
the insulation for testing purposes.

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

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

An open secondary coil or grid circuit
lead may cause a clicking similar to that
when there is no grid leak. The winding may
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be tested with the voltmeter or phones for
an open circuit. If no signals come through
and there is no “tuning”, probably the
variable condenser is not solidly connected
across the secondary coil. Decreased signal
strength may indicate that the antenna coil
is open or that the antenna or ground are
off. A shorted grid condenser may give the
same effect. If no “clicking” is heard with
the grid leak removed from the set there
may be a shorted grid condenser, a soldering
paste “leak” within the socket or across
the grid condenser, or a poor tube (open
grid). Try a new tube, test the grid con-
denser with the phones or voltmeter, or
clean up any leaky paths that are found
between grid and filament.

THE RECEIVING ANTENNA

A good antenna is desirable for the short-
wave receiver though it will be found sur-
prising how simple and crude the antenna
can be without greatly hampering the opera-
tion of the receiver. Many amateurs use a
receiving antenna consisting of some fine
cotton-covered wire run along one side and
end of the room on the picture molding. An
antenna of this type is completely effective
with a sensitive receiver such as the four-
tube outfit described in this chapter. With
the simpler receivers, however, an outdoor
antenna usually is to be recommended. If
the receiver is used in conjunction with a
transmitter, the transmitting antenna can
be employed by fitting an antenna switch to
connect the receiver to some point on the
leads from the transmitter to the antenna
or feeder wires. If it is desired to work
the station “break-in,” a separate receiving
antenna is necessary. With such an ar-
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rangement both the receiver and transmitter
are in operating condition at the same time
and all that is necessary to transmit is to
press the transmitter key. To receive,
nothing more is necessary than to release
the transmitting key.

A satisfactory outdoor antenna may be
made with a length of 14 or 16 gauge enam-
eled copper wire strung between insulators
at a height of between 10 and 50 feet above
ground. The length of the wire in the
antenna is not a very important considera-
tion but the longer the antenna, up to a
certain point, the louder the signals. Some
amateurs find a very long low antenna, even
800 feet, of distinct advantage in obtaining
a better ratio between the strength of the
signals and the strength of static and other
extraneous noises. When a separate
antenna is used for receiving and trans-
mitting they should be kept as far apart
as possible and preferably at right angles
to each other. This is necessary in order
to reduce the amount of energy absorbed
by the receiving antenna from the trans-
mitter.

And now, when the receiver has been
built, adjusted, and placed in satisfactory
working condition it will be permissible to
sit back and take a long breath. For the
receiver is one of the two essential parts of
an amateur station. If the receiver has
been correctly built and if the location of
the station is satisfactory it will receive as
far as any transmitter can send. If it has
open tuning scales; if it has lots of sensi-
tivity and amplification; and if it is smooth
and quiet in operation, it will be a very
great comfort and a source of splendid
pleasure.



CHAPTER VI

Building a Station—The Transmitter

HE transmitter is the more important
half of the amateur station. Not only
is it more difficult to build than the
receiver and more needful of careful
adjustment but it is more deserving of careful
handling. If the receiver operates poorly
and refuses to do the things it should, no one
but the amateur himself need know about it.
Should the transmitter perform badly, however,
the whole amateur world can hear it and judge
the amateur behind it accordingly. For there
is not the slightest doubt about the fact that
an amateur, these days, is known by the signal
he owns. No amateur is anxious to have a
wobbly signal, a creepy signal, a rough spluttery
signal or any other sort of signal that hlots out
a section of the band wide enough to accomo-
date a half dozen really good signals. Aside
from this, it is soon discovered that a clean
steady signal is a genuine asset purely on
account of its effectiveness. Through bad
interference or over long distance the cleanest
and steadiest signal usually will be the most
readable one even if it is not the loudest.

HOW A TUBE OSCILLATES

Before going any further let us review briefly
the manner in which oscillations are produced
by the vacuum tube in a typical circuit. It
will be a great help if we know just what makes
the “wheels go ‘round”.

When the plate voltage is applied to the
circuit the sudden shock causes some current
to circulate in the condenser-coil circuit. The
currents flow at the natural period of the circuit.
The current flows in and out of the condenser
at millions of cycles per second and there is a
voltage drop across each of the turns of the
coil due to the “reactance” of the coil. Re-
actance is a property of coils due to their
inductance and depending on the frequency
applied to the coil also. This current sets up
a field linking all the turns of the inductance
coil. Radio-frequency potentials exist be-
tween each of the turns of the coil.

The grid potential controls the flow of plate
current within the tube. The D.C. plate
potential is constant. There are two or three
turns between the grid and ftilament clips
(Hartley circuit). The radio frequency voltage
across these turns is applied to the grid. The
rapidly changing grid potential tends to cause
changes to take place in the plate current at
radio-frequency. While the plate current re-
mains substantially constant, the internal
impedance of our vacuum tube is changed
at radio frequency (in effect). Changing
plate impedance establishes a radio-frequency

voltage between the filament and plate of the
tube. The plate coil circuit is part of the
condenser-coll circuit. Therefore the con-
denser-coil circuit receives more ‘‘timed shocks”’
which keep it oscillating at its natural period.

This voltage cannot cause the flow of radio-
frequency currents back through the plate
transformer, for the radio-frequency choke
coils offer a very high impedance to high fre-
quency currents. This radio frequency voltage
is impressed across the condenser-coil circuit
and causes high currents to flow in this circuit.
The energy in this circuit is “stored” first in
the electric, then in the magnetic field. Some-
times this circuit is called 2 ‘“‘tank’ circuit
because of that fact. The current which flows
in this circuit sets up a field about the indue-
tance which embraces all the turns of the induc-
tance. This field causes a voltage to be induced
in the grid turns; this is applied to the grid
circuit of the tube. As long as a sufficiently
large ‘“‘“feedback” voltage is supplied to the
grid there are continuous oscillations.

The tube is really a “converter’” of direct
current energy from your battery or other
plate supply source to radio frequency energy
which you want in the antenna. The clips
are placed on the split coil in the same relative
positions shown in our diagrams. The filament
clip is that one in the center of the coil while
the plate and grid clips are on either end. More
turns are usually needed between the filament
clip and the plate clip than between the fila-
ment and grid clip. The position of the clips
from the variable condensers determines the
wavelength. The higher the capacitance and
the larger the inductance coil in the ‘“‘con-
denser-coil” circuit the greater will be the wave-
length (the wavelength varies as the square
root of the produect of inductance and capacity).

The portion of the coil between the fila-
ment clip and the plate clip may be referred
to as the ‘“plate” coil. The part between the
filament clip and the grid clip is usually called
the “grid coil”.

When the filament is heated, electrons,
negative particles of electricity, are boiled
away from the filament. The plate of the
tube is positively charged and the negative
electrons from the filament are attracted to
it. The grid is nearer to the filament than
the plate and if a positive charge is put on the
grid, it accelerates or speeds up the motion
of the electrons from the filament to the plate
and increases the flow of plate current. If a
negative charge is placed on the grid it retards
or repels the electrons so that most of them
fall back into the filament and the plate current
is small.
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When the key is pressed and the tube is
oscillating we have seen that there is a radio-
frequency current in the condenser-coil c¢ircuit.
This current sets up a magnetic ficld about the
coil in which it circulates (the primary coil).
Transformer action takes place and radio
frequency voltage is induced in the antenna
coupling coil (the sccondary coil). This in-
duced voltage is of course of the same frequency
as that supplied by the tube circuit. The
greatest current flows in the antenna when
the antenna circuit is tuned to have the same
period as that of the coil circuit  and a maxi-
mum reading on the antenna ammeter shows
when this condition obtains.  The coupling
between the two coils depends both on the
number of useful turns in primary and second-
ary and also on the relative position of the
two coils,  Coupling can he loosened by cut-
ting down on the number of turns (of either
coil), by drawing the coils farther apart, or by
leaning one coil over at an angle with respect
to the other.

Energy stored in the tube circuits may be
likened to the energy stored in the flywheel
of u gas engine. Circuits having less than
twice the amount of energy stored that is wasted
or lost tend to be erratic in action. On the
other hand il too much circulating current is
present in the condenser-coil circuit the “copper
losses” will be high. Most of the stored
energy should be in the plate eircuit of the tube.

TRANSMITTER CIRCUITS

Fundamentally there are only two general
divisions of oscillating circuits: those employ-
ing capacitive coupling (vondensers) to feed
back energy from the plate to the grid circuit,
and those using inductive coupling (coils) for
the same purpose. All cirenits are modifica-
tions of these two gencral classes.

The choice of a transmitting circuit is not
of great importance, for if the cireuit is arranged
to suit the particular tube or tubes used, and is
adjusted well, similar results can be obtained
with any of them. In every transmitter pro-
vision is made to tune the condenser-coil
circuits to the required frequency, to tune the
antenna circuit to resonance with the plate
circuit, and to vary the amount of energy fed
into the grid circuit from the plate circuit
(the grid excitation). Other means are pro-
vided to adjust the grid bias, to match the
impedance of the tube, and to adjust the
antenna load to that value which will allow
the most cflicient transfer of energy from the
plate circuit. Some method of making all
of these adjustments is to be found in every
satisfactory circuit. In fact a circuit is nothing
more than a combination of the necessities for
making such adjustments, the object in making
them being to get the largest output into the
antenna without exceeding the input rating
of the tube and always maintaining a steady
clean-cut signal.

The circuits in most general use are the
Hartley, Armstrong or Tuned-Grid Tuned-

Plate, Colpitts and Ultraudion. Also there
is the Master-oscillator-amplifier circuit (which
is an oscillator in one of the above circuits
feeding a radio-frequency amplifier) and the
crystal-control circuit (a erystal oscillator feed-
ing one or more radio-frequency amplifiers).

In the Iartley circuit the plate tank cireuit,
which is a feature of all of the circuits, has its
ends (or clips near its ends) connected to the
grid and plate of the tube. The filament
circuit of the tube also is connected to the coil
at a point nearer the grid end of the coil than
the plate end. In this way the coil is really
divided into two sections, one in the grid circuit
and a larger one in the plate circuit. Oscilla-
tions are maintained because of the inductive
coupling hetween these two sections,

In the Tuned-grid Tuned-plate circuit there
are two tank circuits, one connected between
the grid and the filament of the tube and the

] L

Colpitts Hartley
CLASSES OF OSCILLATING CIRCUITS

other between the plate and filament. In the
short-wave transmitter these two circuits are
not coupled inductively and the capacity of
the tube itself is utilized to provide the coup-
ling between the grid and plate circuits which
is necessary to cause oscillation.

The Colpitts circuit is arranged so that the
filament is connected to the junction of two
condensers which are in series across the coil.
In this way the grid and plate circuits share
the voltage drop across the condensers, and
oscillation is produced in this manner.

A great many variations of these funda-
mental circuits have been evolved and it is not
surprising that the newcomer is often confused
by them. It is well to remember that however
complex or unusual the circuit may appear
it can without doubt be “boiled down” to one
of the fundamental arrangements. And, what
is more important, when it has been adjusted
carefully in every respect it will provide almost
an identical performance to that of any other
circuit.

The keynote of the whole circuit business
is that it is not the circuit that matters, it is
the way in which it is tuned and adjusted.

Of course the tube oscillator does not com-
prise an entire transmitter and the circuit
looks much more complicated when the power
supply system, the filter and the keying ar-
rangement are added. The usual complete
transmitter may be divided into five sections.
In the example given (which is only one of
many types) the first section is the power
supply of 110-volt 60-cyecle alternating current
supplying the plate and filament transformers.
The plate transformer steps the alternating
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current up to a voltage between 400 and 2,500
(depending on the tube used in the transmitter)
while the filament transformer steps down the
voltage to the rated value of the tube filament.
Any variation of the high voltage usually is
obtained by changing taps on the secondary
winding. Adjustment of the output of the
filament transformer is obtained by the use
of a rheostat in the primary circuit of the
transformer. From the secondary of the high-
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CHOICE OF TUBES

The type of tube to be used should be given
consideration hefore a start is made with the
construction of any of the apparatus for the
transmitter. The design of almost every item
in the transmitter will be influenced by the
tube with which it is to be operated. The rat-
ing of the transformers, for instance, the cur-
rent-carrying capacity of the filter, the rating
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A TYPICAL CIRCUIT (MAGNETICALLY COUPLED HARTLEY)

For simplicity’s sake the desirable meters have been omitted from this diagram; their location

may be scen in the many diagrams which follow.

The key similarly is shown in the simplest

Lossible location, but hetter arrangements are available and are discussed in a following chapter.

The antenna is shown working against a ground, as in reeciver practice, to aid in understanding

the diagram. Although an actual ground is heecoming a rarity in amateur transmission the prin-

ciples shown still apply, whether the antenna is operated against ground or c¢ounterpoise or

whether the antenna coupling coil is part of the radiating syvstem or part of a feeder system
feeding a different type of antenna.

voltage transformer the alternating current
is led to the rectifier—the second division—
where it is changed into pulsating direct cur-
rent. ‘This current then goes through the
third section —the filter—where the pulsations
are smoothed out so that the current is now a
steady direct current. This supply is then
led to the tube oscillator which converts it into
a very high frequency alternating current of
the frequency to which the oscillator is tuned.
The fifth section of the transmitter is the an
tenna system. It is tuned approximately to
the frequency of the oscillator and takes its
power from the plate circuit of the tube through
an antenna coil inductively coupled to it. 1In
this chapter we will consider chiefly the tube
oscillator—the apparatus in the fourth section.
The power supply, rectifier, filter keying and
antenna systems will be discussed separately.

of the fixed condensers, the type of variable
condensers and the design of the inductances
all will depend on the power and voltage rating
of the tube.

Fortunately there is a splendid variety of
transmitting tubes to choose {from. What is
more, the tubes available are of high quality
with satisfactory characteristics. If they are
handled carefully and operated correctly they
will give wonderful service.

The amateur usually uses the lowest-power
transmitting tube the UX-210—for his first
transmitter and this practice is a good one.
The use of low power enables the transmitter
to be built cheaply yet providing full oppor-
tunity for the amateur to guin a knowledge of
the operation and handling of a transmitter.
Many of the most experienced amateurs
actually prefer a low-power transmitter of this



Tubes

UX-112A
UX-120
UX-171-A
UX-199
UX-201-A
UV-203-A
UV-204-A
UV-206
UX-210
Uv-211
UX-222
UY-224
UY-227
UX-240
UX-245
UX-250
UX-841
UX-842
UX-845
UV-849
UV-851
UX-852
UV-860
UV-861
UX-865
WE-211A (G)
WE-211D
WE-212A (I)
WE-212D
WE-215A (N)

UX-213
UX-216B
UV-217A
Uv-217C
UX-280
UX-281
UX-866
UX-872
UX-874
UV-876
UV-886

Many of the 1"

grid voltages,

._040*-. 1957* Power Amp.

Fil. Fil. Plate Plate Plate Mutual Voltage Output
Mitki- I ed i i
Volts  Amps Voits mmpa TS Conductance Amplitication  Rating

5.0 0.25 90-157 2.5-8 8800-4800 '890-1670 8.0

3.0 0.125 135 6.5 6600 500 3.3 .110*

5.0 0.25 90-180 10-20 2500-2000 1200-1500 3.0 .130*- 700*

3.0 0.06 45-90 1-2.5 16,500 380 6.25 .007*

5.0 0.25 45-135 1.5-2.5 11,000 725 8.0 .015*.055%
10.0 3.25 1000 125 (osc.) 5000 5000 259 50
11.0 3.85 2000 200 (osc.) 5000 5000 26 250
11.0 14.75 10,000-15,000 135 225,000-115,000 300 345 1000

6.0-7.5 1.1-1.25 350-425 60 (osc.) 5000 1550 7.7 1.54*7.5
10.0 3.25 1000 125 (osc.) 1900 6300 1% 50-100

3.3 0.132 135-180 1.5 850,000 350 300 e

2.5 1.75 180 max. 40 400,000 1050 420 L

25 1.75 45-180 4.0-6.0 9000 1000 90 164*

5.0 0.25 90-130 0.3-2.0  40,000-60,000 500-900 30 B

2.5 1.5 250 max. 32 1900 1850 3.5 1.6*

7.5 1.25 450 max. 55 1800 2100 3.8  4.65*%

7.5 15 350-425 5-9 23,000 1300 30 7.5

7.5 1.25 350-425 14-28 2500 1200 3 7.5
10.0 3.25 1250 max. 5 2100 2390 5 20*-50
11.0 50 2000-3000 75-100 3200 6000 19 100*-350
11 0 155 2000-2500 300 1400 15,000 20 1000
10.0 SRS 2000 75 (osc.) 6000-9000 2000-1300 12 75-100
10.0 3.25 2000 70 150,000 1350 200 75
11.0 10 0 3000 90-150 133,000 2250 300 500

7.5 2.0 500 2 200,000 750 150 7.5

8.7-10 34 750 k25 4000 - S 50
10.0 3.0 750-1000 40-85 3500 3000 12 30
10.75-12 6 25 1600 175 2000 250
14.0 6.0 1500 100-150 2000 8000 16 250
0.8-1.1 0.25 20-90 0.2-0.7  35,000-25,000 260-180 6.5 .

(A.C. r.m.s. per plate,

5.0 2.0 220 65

75 1.25 550 65
10.0 325 1500 200 oo
10.0 325 3000 50

5.0 2.0 300 125

7.5 1.25 700 85

2.5 5.0 5000 (inverse peak) 600 'peak) .. ... .

5.0 10.0 5000 o 2500 ( peak)
Volt. Drop, 90 V. d. c.; Starting Volt., 125 d. ¢.; Max. Current, 50 mils....... ... .. .
Current rating, 1.7 amps.; voltage drop, 40-60. 7
Current rating, 2.05 amps.; voltage drop, 40-60. 7 o e

tubes listed are duplicated in "C” numhers one hundred higher. *Asterisk indicates max. undistorted outp

Where no (*) shows, power output shcwn is that as oscillator. 8'G

means rereen-grid.,

Use

Power Amp.
Power Amp.
Det.-Amp.
Det.-Amp.
Osc.-Amp.
Osc.-Amp.
Osc.-Amp.
Osec.-Amp.-Mod.
Osc.-Amp.-Mod.
S /G Amp.

S /G Amp.
Det.-Amp.
Amp.-Det.

Pwr. Amp.
Amp.-Mod.
Amp.-Osc.
Amp.-Mod.
Amp.-Mod.
Amp.-Mod.-Osc.
Ose.-Amp.-Mod.
Osc.-Amp.

S G Pwr. Amp.
S “G Pwr. Amp.
S G Amp.
Amp.-Osec.
Amp.-Osc.
Amp.-Osc.
Amp.-Ose.
Det.-Amp.

Full-Wave Rect-
Half-Wave Rect-
Half-Wave Rect.
Half-Wave Rect.
Full-Wave Rect.
Half-Wave Rect.
Half-Wave Rect.
Half-Wave Rect.
Volt. Regulator
Ballast Tube
Ballast Tube

it as amplifier at proper plate and
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type, finding that they can readily communi-
cate over many thousands of miles with them
under good conditions. The distance that
can be covered by a transmitter is, in fact,
not very much dependent upon the power of
the transmitter. Even a UX-199 tube in the
hands of an experienced amateur can send
across the world when conditions are very
good. The higher-powered transmitters can
send no farther than this but they have the
advantage in being able to put signals with
greater reliability and readability into far
distant countries.

THE UX-852

In addition to the 7.5-watt UX-210 tube
there is the UX-203-A (50 watts); the UX-852
(75 watts) and the UX-204-A (250 watts).
The latter is the highest-power tube that is
used for most amateur work. Many other
tubes, including the screen-grid types, also are
available to amateurs.

In choosing the tube it is well to remember
that a really good performance and a clean
signal can be obtained only if the tube is run
at or under its rated power and only if the
power supply equipment has an ample margin.
In the early days tubes and power supplies
were often heavily overloaded to the point
where the plate of the tube was white hot and
the transformer windings about to go up in
smoke. In those days the whole idea was to
get the highest possible antenna current.
Modern practice is to operate the entire equip-
ment well below its full rating. In this way,
even if the antenna current is but a fraction
of that available, the signals usually will be
more readable at distant points because of their
clear tone and steadiness. Itisan undisputed
fact that 7.5 watts of antenna power from a
75-watt tube can make ar infinitely superior
signal to 7.5 antenna watts from a 7.5-watt tube.

The output ratings and some other character-
isties of the tubes readily available to amateurs
are given in table form. With the exception
of the UX-210, which can be bought at radio
stores, the Radio Corporation transmitting
tubes can be obtained only by ordering direct
to the Sales Department of the company,
Woolworth Building, New York City. The
Western Electric tubes are not obtainable
readily in this country. They can usually
be bgught in Canada from the Northern Elec-
tric Co.

PLANNING THE TRANSMITTER

The low-powered transmitter really can be
considered as an oversize oscillating receiver.
There are few essential differences in its ar-
rangement and not much more difficulty in-
volved in its construction. The chief thing
to remember is that, whereas extremely minute
currents tlow in the tuning circuits of the re-
ceiver, very heavy currents flow in even the
low-powered transmitter. This means that the
first constructional difference between the
transmitter and receiver is in the size of con-
ductors used for the tuning coils and the leads
connecting them to the tuning condensers.
Heavy wiring is required in most other parts
of the transmitter but it is of greatest impor-
tance in the tuning circuits, where the currents
obtained are many times greater than those in
any other portions of the circuit,

Another essential difference between the
receiver and transmitter is that the fields around
the coils and condensers of the transmitter are
very much more intense than in the receiver.
Consequently greater spacing between the
coils and other apparatus is desirable and the
elimination of unnecessarily heavy insulating-
material supports inside the coils is important.

Yet another prime difference is that the
voltages in the transmitter are of a much higher
order than in the receiver. Insulation through-
out the transmitter must therefore be given
particularly careful consideration.

There is a splendid field for the exercise of
thought and originality in the arrangement of
the apparatus of the transmitter. The short-
ness of leads and the placement of the coils and
condensers with respect to the other apparatus
are matters of such importance that the ama-
teur will always be rewarded for time spent
in consideration of the problem. In the pages
that follow some examples of satisfactory lay-
outs will be given. These will serve to give
a general idea of how the transmitter can be
arranged. However, they are not the acme of
perfection. Neither are they applicable to all
types of apparatus. The use of even a dif-
ferent variable condenser than that shown in
any one of the examples—a condenser with
its terminals in a different place—may make
some entirely different lay-out preferable.
The amateur should not allow this discussion
to dishearten him, however, for it cannot be
denied that excellent results are being obtained
every day in amateur stations all over the
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world with the apparatus arranged in quite a
clumsy fashion.

Most of the transmitters to be deseribed are
mounted on a haseboard with all the apparatus
exposed and readily accessible for adjustment
or experiment. If desired, the apparatus can
be mounted on a baseboard and a vertical panel
in a mannei somewhat sirnilur to the receiver.
Unless the appuratus is arranged with great
care, however, this type of construction is likely
to mean a sacritiee of convenience in making
alterations und adjustments.

the leads in the oscillator circuit as short as
possible, at the same time permitting the coil
to be in a clear space by itself. The condenser
C2 in the circuit diagram is that at the left of
the baseboard on which the tuhe is mounted.
The tube base is supported from the condenser
by two small brass angles, one of which can he
seen in the first illustration of the set. The
tube is placed in this position so that the termi-
nals on the socket are convenient to the ap-
paratus to which they are connected and so
that the tube itseif is out in the cpen where

A SIMPLE LOW.POWERED TRANSMITTER
Using a UX-210 tube arranged in a Hartley circuit, this transmitter is an

effective and reliable one for the heginner,

When adjusted and tuned care-

fully it will produce very clean and steady signals—signals which any amatceur
would be proud to own.

A LOW-POWERED TRANSMITTER

The construetion of a simple transmitter
can be accomplished in the shortest time and
with the least difficulty by mounting the ap-
paratus on a bascbouard in somewhat the manner
shown In the illustrations. We will use this
transmitter as an example and describe in it
detail. If the reader studies the circuit dia-
gram, the photographs and the description
carefully he will find that the transmitter is
even simpler than it looks. If he understands
just what it is all about he will find it easier
to modify the arrangement to suit the particular
apparatus at his disposal than to duplicate it
laboriously in every detail,

The baseboard of this transmitter measures
10" x 12”7, The apparatus on it is grouped
into two units—the tube and its associate
equipment on the left and the antenna coupling
coil, antenna condenser and ammeter on the
right. Every effort has been made to make

the heat developed in it can be radiuted readily
In operation the plate of a transmitting tube
gets quite hot and on account of the expansion
of the metal the capacity between the elements
is changed. This change in capacity causes a
change in the frequency of the transmitter
wave. It is for this reason that so many
amateur signals “‘creep” during transmission.
The heating of the plate of the tube represents
power lost and the greater the heating for a
given input power the lower is the efliciency.
Careful adjustment for greater efficiency there-
fore reduces the plate heating but it can never
be reduced to the point where ventilation of
the tube is not an important consideration.

In the close-up view of the transmitter the
condensers C2 and C4 can be seen connected
to the grid and plate terminals of the tube
socket with small angle pieces of brass strip.
Below these are the two filament by-pass
condensers indicated as C5 on the diagram.
‘The purpose of these condensers is to provide
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an easy path for radio-frequency currents
flowing to the filament of the tube which would
otherwise have to go through the resistors R2.
When the filament of the tube is lighted from
alternating current these *center-tap” resistors
are necessary to avoid having the alternating
voltages on the filament reach the grid, for this
would cause modulation or ‘“ripple” on the
transmitted signal. The voltage at the leads
to the filament is constantly changing at the
60-cycle supply frequency but the voltage at
the center point of the two resistors R2 is
constant. Another method of accomplishing
the same result is to use a center tap on the
filament-supply winding of the transformer.
The center-tap resistor arrangement is some-
times preferable, however, since it permits the
use of a filament rheostat in the secondary of
the filament transformer instead of the primary.
Rheostats for the secondary winding are more
readily available than the other type. In place
of the resistors, Christmas-tree lamps or
automobile headlamp bulbs can be used.
They are equally effective.

The most important item of all is the tank
circuit consisting of the coil L2 and the con-
denser C2. It is this tuned circuit that sets

h
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THE HARTLEY CIRCUIT USED IN
POWERED TRANSMITTER

Material required:

One UX-210 tube and socket.

A—Thermocouple ammeter O-1 amps. or automobhile
headlamp bulb.

V--Alternating current voltmeter 0-10 volts.

M A—Direct current milliammeter 0-100 milliamps.

('1—500-ppfd. receiver type variable condenscr.

C2-——500-pnfd. receiver type variahle of good quality.

C3—500-pufd. fixed condenser.

C4—250-uufd. fixed condenscr.

C5—2000-pufd. fixed condensers.

(These fixed condensers should be high-grade 500-volt
receiver type condensers or special transmitting
type.)

R1—10,000-ohm transmitting grid leak.

R2—50- or 100-ohm fixed resistors or Christmas-trce
lamps,

RFC—160 turns of No. 30 gauge d.c.c. wire on 34”-
diameter wooden rod.

1.1, L2—Plate and antenna
illustration.

Wooden haschoard 10%x12”.

Two glass towel hars and wooden supports for same.

Four terminals or Fahnstock clips, miscellancous

wood screws, machine screws, wing nuts, clips, cop-

per strip for connections and brackets, 14 gauge
enamelled copper wire for connections shown in light
nes.

ln['mver aupply, antenna and keying systems for this

and the other transmitters are discussed in separate

chapters.

THE LOW-

coils  described under

A “CLOSE-UP” SIIOWING THE INEAVY “TANK”

LEADS AND SOLID CONSTRUCTION
The plate and grid fixed condensers are mounted
immediately under the tube socket. Below them are
the two filament by-pass condensers and the center-
tapped filament resistor.  On the far side of the tube
cocket iz the plate choke supported from the plate
terminal. On the near side is the grid leak pushed
over a wooden peg in the hase-heard. Heavy flexible
wire is used for the filament lead to the inductance.
a clip being permissible in this case on account of
the low current to he passed hy it. Relatively enor-
mous currents flow in the coil-condenser circuit and
in this case connections hetween the two must be
made with wing nuts, or some cimilar device, In order
to avoid serious losses.

the frequency of the transmitter and it is the
resistance of this ecircuit that influences to a
very great extent the efliciency and general
performance of the transmitter. Even with
a T.5-watt tube the radio-frequency current
circulating in this ecircuit can be as high as 5
amperes, and the avoidance of clips or other
poor contact or the use of small conductors is
therefore essential. The transmitter can take
very high plate currents, can operate unstably
or oan fail to oscillate at all just because there
is a poor contact in this circuit or because the
conductor s too small. In this transmitter the
coils are wound of 14”-diameter soft copper
tubing which can be obtained at most hardware
stores or automobile supply houses.

The coils can be wound on a piece of 2:¢”
outside diameter iror water pipe or on a wooden
former of the same size. One end is first
secured to the former by drilling a hole through
the tubing and the former, if it is iron, and
inserting a machine screw. In the wooden
former, of course, a wood screw would be used.
The winding is then accomplished by rotating
the former in one hand, feeding the tubing to



30 THE RADIO AMATEUR’S HANDBOOK

it with the other. The turns should be wound
close together at the start and later spaced
by inserting a piece of wood between the two
end turns and working it spirally down the
coil. This method makes the spacing more
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. METHCDS OF CONNECTING TO THE
ELECTRICAL CENTER" OF THE FILAMENT CIRCUIT

even than merely pulling the turns apart by
hand. The ends of the coils are hammered
flat and a piece is cut out of the {lat portions so
that they can be slipped under the heads of
the wing-nuts which are to hold them in contact
with the connector strips to the condenser.

The wing-nuts and the connector strips can be
seen in the close-up view of the transmitter.
The connector strips are of :«"-wide heavy
copper. The lead from the coil to the center-
tap of the filament circuit carries relatively
little current. It is therefore possible to use a
clip on the coil to permit adjustment. The
gridleak Rl can be seen in the illustrations
standing vertically alongside the variable con-
denser C2. It is pushed over a wooden rod
which in turn is pushed into a hole in the base-
board. The radio-frequency cholke is the only
other item in the oscillator circuit. It can be
seen on the opposite side of the variable con-
denser to the grid leak. This choke serves to
prevent the radio-frequency current generated
by the tube from getting back into the power
supply. The operation of the transmitter is
greatly dependent upon its effectiveness. The
dimensions given under the diagram should
make a satisfactory choke but it is advisable
to experiment with slightly different values.
A neon bulb is very useful in checking up on
the performance of radio frequency chokes.
If it is held by the glass portion and one of its
contacts is held on a wire carrying radio-
frequency current, the lamp will glow brightly.
When such a lamp is touched on the lead from
the choke to the tube plate it will therefore
light. If the choke is operating properly there
will be only a slight trace of radio-frequency
current at the other end of the choke and when
the lamp is put in contact with the lead from
this end it will light very dimly or not at all.
In a low-powered transmitter of this type the
choke would not be considered effective if the
neon tube lighted brightly enough to be visible
in daylight. A wooden handled screwdriver
can be used in a somewhat similar manner.
When the screwdriver is held by the wooden
handle and its metal end touched on a wire
carrying radio-frequency current a spark
will be seen as the contact is made or broken.
An appreciable spark should be obtained at the

plate end of the radio frequency choke and none
at all at the opposite end.

The second section in the transmitter is the
antenna coupling and tuning unit. It con.
sists of the variable condenser C1 which sits
alongside condenser C2; the O-1 ampere
thermocouple ammeter, which is mounted
above the condenser C1; and the antenna coil
L1, which can be seen resting on the two glass
towel bars which run the length of the base-
board at the rear. These glass rods are used
to prevent the coils from vibrating, to insulate
them from the baseboard, and to permit the
antenna coil to be moved away from or near to
the plate coil, so varying the antenna coupling.
The thermocouple meter is not an absolute es.
sential. It can be replaced by an automobile
headlamp bulb, the antenna current being
estimated by the brilliance of the lamp instead
of the reading of the meter.

A REAR VIEW OF THE
HARTLEY

LOW-POWERED

The tube socket being meunted on top of the plate
funing condenser, itx plate and grid terminals are
particularly convenient to the leads hetween the con-
denser and the coil on to which they are connected
through the plate and grid condensers, At the left
is the antenna tuning unit, consisting of a coil—
which ix moved along the glass rods for variation
of antenna ecoupling—a condenser, and a thermon-
couple ammeter. The meter, though mountied on the
condenser, must be insulated from it. The plate choke
can be seen between the two variable condensers.
Aside from their use in supporting the antenna coil,
the glass rods also serve to prevent the plate coil
from vihrating.

In the illustration of the coils for this trans-
mitter, coils for five frequency bands are shown.
This does not mean that all of them must be
built. Though there are six frequency bands
available to the amateur it is best for the new-
comer to attempt operation in one of them only
until he has mastered the adjustment and
operation of the equipment. One reason for
this is that the antenna system is quite a
simple affair for any one band but becomes
complex and diflicult to adjust when an attempt
is made to make it operate on several bands.
Then, it is a little difficult to adjust the trans-
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mitter for maximum performance on any one
band, let alone adjusting it for several. Any
of the four lower-frequency bands are satis-
factory for the first attempt, though of these
the two higher-frequency bands—the 7,000-ke
and 14,000-ke. bands—will permit of com-
munication over the greater distances.

This transmitter is designed for use with a
tube of the UX-210 type and it should be
clearly understood that it will not prove satis-
factory with a tube of higher power rating or
widely different characteristics.

TUNING

The tuning of any transmitter is a matter
of the greatest possible importance. The per-
formance of even the best transmitter can be
spoiled by the slightest misadjustment, and
on the other hand almost any transmitter can
be made to perform well by an amateur ex-
perienced in the work. Even the most experi-
enced amateur, however, cannot tune the
transmitter effectively unless he is able to
listen to it as he adjusts the controls. The
use of some sort of monitor to listen to the
signal as the transmitter is tuned is essential.
A detailed description of simple monitors will
be found in Chapter IX. It should be studied
and a monitor built before any attempt is made
to tune the transmitter.

When the transmitter has been assembled;
when the antenna and its leads or feeders
have been tightened; when it has been found
that the leads and coil, or the transmitter
itself, will not vibrate, the filament supply
should be switched on and the filament voltage
adjusted to the rated value—7.5 volts. Now
the filament clip should be adjusted to about
the position shown in the illustrations where
the ratio of grid to plate turns is about 1 to 4
or 1 to 5. A low plate voltage should be used
for the first test, about 250 or 300 volts being
a suitable value. The antenna coil should
be taken off or coupled very loosely to the
plate coil when this plate voltage is switched
on, and the filament clip should he readjusted
to give a plate current of about 20 or 25 milli-
amps. The plate current should be switched
off before any readjustments are attempted,
since a serious, perhaps fatal, shock would
result from contact with wiring connected to
the plate supply. Contact with other metal
parts of the set while it is running probably
would mean a bad radio-frequency burn. The
frequency should now be checked by one of
the methods described in the chapter on fre-
quency measurement, and when it has been
made certain that it is within the band the
adjustment can proceed. The plate voltage
can now be increased to normal. The antenna
coil at this time can be coupled more closely
and the antenna tuning varied until maximum
current is indicated. The antenna coupling
can be increased until the greatest possible
antenna current is obtained. This value
should be noted carefully as something to
avoid using at all costs. Without delay the
antenna coupling should now be backed off,

returning the condenser as each adjustment
of coupling is made, until the current is about
857, of the highest value. Now the antenna
should be detuned until the current has dropped
to about 859, of the last 357}, value. Particu-
lar notice should be taken of the signal in the
monitor as this detuning is done, as the signal
probably will be much cleaner with the antenna
de}tunml on one side of resonance than on the
other.

— S —

PLATE AND ANTENNA COILS FOR FIVE BANDS
Coils A, B, ¢, D and E are used for the 3.500-1,000
ke. (s0-meter™), 7,000-7,300 ke, (‘40-meter’), 14,000-
11,100 ke, (20 meter’), 28,060-30.000 ke, (10 meter)
and 56,000-60.000 kc. (5 meler) bands, respectively.
They have an inside diameter of 2%” and were made
by winding the 1,” soft copner tubing over a length
of 234" outside diamecter iron water pipe by hand.
‘To facititate the winding pracess holes were first
drilled in the pipe and the tubing, one end of the
copner tubing being wccured to the iron pipe with a
machine serew hefore the winding was started. The
ends of the coils are hammered flat and drilled to fit
under the wing nuts which hold them ta the condenser
leads. Two antenna coils—to be seen ahove the plate
coils—scrve for use with coils A, B, C. and D. Their
size will be determined to some extent by the type
and constants of the antenna.

After a further check of the frequency, tests
can be made to see whether the keying is clean
and whether keying chirps exist. The various
methods by which keying can be accomplished,
and their adjustment, are treated in another
chapter so we will not touch upon them here.
At this stage of the adjustment process, how-
ever, the checking of keying is all that is neces-
sary before the first CQ can be called.

Successful tuning is greatly a matter of
experience and the amateur will soon find that
many improvements in the signal can be made
by slight adjustments here and there. Just
so long as the signal is observed continually in
the monitor, these adjustments and their effect
will soon be found. When he has had some
experience the amateur will find that he can
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anticipate the efiect on the signul of every
adjustment he malkes.

Summed up in a few words, the aim in all
transmitter tuning is to get the steadiest and
cleanest signal consistent with reasonable
antenna power at the rated input to the tube.

A HIGH-POWERED TRANSMITTER

The chief differences between transmitters
of low and high power are merely in the size
of the conductors and the ratings of the con-
densers and other apparatus. The fact that
the cireuit of this 250-watt transmitter iz the

details of this mounting can be seen in the
close-up view. Two variable condensers are
used across the plate and grid coils simply
because of the difficulty of getting a single
transmitting condenser with the desired 500
or 600 nuids, capacity. I single condensers
of this capacity are available they should be
used.

In the transmitter the two variable con-
densers—of the double-spaced transmitting
type—are mounted on bruss angles on the
haseboard and are connected in parallel by
heavy copper strips !." wide which serve also
as the mountings for the plate and grid coils.

ONE POSSIBLE ARRANGUEMENT OF A 230-WATT TRANSMITTLR

In thix case the tube is connected in the Tuned-grid Tuned-Plate circuit whieh permits a simple
lay-out and short leads when u<ed with a tube which has its plate connection at one end and its
grid connection at the other, On account of the very heavy currents in the plate tank circuit.
the plate inductance and the connections from it to the piate tuning capacity are made of large
conductors. The apparatus js all mounted rigidly so that it cannot vibrate and spoil the signal.

Tuned-grid Tuned-plate and not the Hartley
does not mean that the other circuits would
not be satisfactory for high power or that the
Tuned-grid Tuned-plate would not he quite
effective for low power. The circuit used in
this transmitter was chosen because the long
UX-204-A tube, with its grid terminal at one
end and its plate connection at the other, lends
itself particularly well to a circuit in which the
grid and plate tuning units should be widely
separated. Other circuits could have bheen
used but they would not have permitted the
same simplicity of lay-out or directness of
wiring.

As in the previous examples the apparatus
is arranged on a bhaseboard. The placement of
the parts can he seen clearly in the plan view.
The plate tank, indicated by L2, (3, (4 in the
circuit diagram, is at the left front of the plan
view. The grid tank, shown by L3, C3, (4
in the diagram, is on the right. The antenna
tuning and coupling unit, L1, C1, C2, can be
seen at the left rear corner of the base, the
antenna coil L1 being mounted so that its
coupling to the plate coil can be varied. The

The strips, after running between the terminals
of the condensers, are hent up at one end and
drilled to take 1,” machine serews fitted with
wing nuts. The lugs of the coils fit under
these wing nuts, as ean be seen in the close-up.
Little dithiculty should be had in following the
other constructional details after the photo-
graphs and diagram have been studied. With
the exception of the tank circuits, whereall
conductors are of !'}”-wide copper strip or
copper tubing of the sizes mentioned under the
illustration of the coils, the wiring in the
circuits of the tube is of 'y"" diameter copper
tubing or wire. 1{’ tubing is used in the
antenna circuit. It is not essential that the
lay-out shown be duplicated in detail by any-
one building a similar transmitter. This
arrangement is only one of dozens of possible
ones and, as in the previous transmitters, is
given to provide the reader with a general
idea of the way in which transmitters are
assembled.

In tuning this transmitter the same general
principles are observed as those described in
the case of the low-powered transmitter.
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Extreme care must be taken to avoid contact
with any metal part of the set while it is run-
ning, since the plate supply in this set could
The dials and
knobs can be adjusted when thne set is operat-
ing, providing it has been made certain that

easily result in a fatal shock.

continual checking of the frequency is neces-
sary. The antenna coupling can now be in-
creased until maximum current is obtained and
immediately it should be reduced until the
current is about &3¢, of the maximum value.
It is at this stage that it is so important to

THE HIGH-POWERED TRANSMITTER AS SEEN FROM ABOVE
At the right is the grid unit comprising the tank circuit with its two variable con-
densers in parallel, and the heavy-duty grid leak immediately bchind them. Of
the four fixed condenscrs arranged in a group, that on the right is the grid con-
denser. On the left of the group is the plate circuit hy-pass condenser, the remaining

two serving as the filament hy-pass.

On the left side of the transmitter is the high-

capacity plate tank, with its unusually heavy inductance, and the antenna tuning unit.
To the right of this plate unit the radio-frequency choke can he seen.

the sets-screws in them do not pro-
trude. The plate supply must be
switched off before anything else is
touched.

In transmitters employing this
cireuit it is well first to set the plate
tuning condenser at about 759 of
its maximum capacity, with the
grid tuning condenser at zero.
Then, with the antenna coil re-
moved and the plate voltage low-
ered, the grid tuning capacity can
be increased until the plate current
dips and then rises to about 109
higher than the minimum. Now
the frequency should be checked
and if it is not within the band the
same process should be repeated
until it is.

At this stage the antenna coil can
be coupled loosely and the antenna
or feeder circuit tuned until maxi-
mum current is indicated. If the
plate current at this point is still
below the rating of the tube (when
the plate voltage has been increased
to normal) the grid capacity can
be increased until it has climbed to
the required value, at which time the
antenna tuning should be readjusted.
Each change in the grid circuit will
mean changes in frequency, and

£ it T

A “CLOSE-UP” OF THE PLATE TANK AND ANTENNA
TUNING UNIT

In the immediate foreground is th. 410-pufd. variable con-
denser providing “lumped’ capacity, adjustable for the various
frequency bands. Behind it, and connected in paraliel with it,
is the main tuning condenser. Ileavy copper strip is used for
all connections in the tank, the inductances being attached to
the tank condensers with 14” machine screws and wing nuts.
Coupling between the plate and santenna coils is varied by
swinging the latter on its mounting.



of being able to maintain a much
steadier frequency than those in which
the antenna is fed directly from the
The oscillator of such a
transmitter can be fitted with a very
large condenser in its tuning circuit
so that its frequency will be steady.
The value of this condenser can be
greater than that possible in a tube
feeding the antenna, since the reduc-
tion in efliciency necessary to obtain
a very steady wave in this manner is
not important. The output power
of the oscillator tube should be con-
siderably more than that actually
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THE CIRCUIT OF THE HIGH-POWERED TRANSMITTER

Apparatus required:

One UX-204-A tube and mountains,

‘1. C2—140 pufd. variable antenna or feeder condensers (trans-
mitter type),

€3, ('I—Dnuhlv-sp:u-od transmitting-{ype  variahle condensers
having a combined capacity of 500 pufds. or more. A
single condenser can be used in place of the two if it has
sufficient capacity.

C5—100 pufd. fixed by-pass condenser (5.000-volt rating).

C6—100 pufd. fixed grid condenser of same rating,

C7--2,000 jufd. fixed filament by-pass condensers (preferahly
2,500-volt rating, though 500-volt condensers usually will
NErve).

RI—100-ohm fixed resistors. A center-tapped
former can be used instead.

R2~—Heavy-duty 10.C0C-ohm grid leak. Lecaks rated at 75 watts
or less usually heat and causce frequeney creeping.

RFC—160 turns of 26 gauge d.c.c. wire on *;”-diameter form.

.1, L2, I.L3—Antenna, plate and grid coils described under illus-
tration of them

One or two antenna or feeder thermocouple ammeters 0-3 amps.

V—Alternating current voltmeter, 0-12 volts,

MA—Dircct-current milliammeter, 0-250 m.a.

Wooden basehoard. four terminals, miscellaneous wood screws,

machine screws, wing nuts, brass feet for condensers, copper

connecting strip, 1{” copper tube or wire for canncctions shown
in light lines.

Suitable power supply.
in later chapters.

filament trans-

antenna and keying systems are given

required to excite the amplifier but
such a power can be obtained without
trouble if the oscillator tube is of the
same rating as the oscillator. Tubes
of similar rating are desirable also
because the oscillator can then be
operated below its normal power input
and the tube can be kept quite cool
and in a stable operating condition.
The important point to remember is
that the output of a master-oscillator-
amplifier transmitter will only be as
steady as that of the oscillator. The
extra equipment needed and the
difficulties of its construction will not
be justified unless the oscillator is
made to operate very steadily by
using a high-capacity tuning circuit
and a tube of sufliciently high rating
to permit it to be run well below its
normal power. These points will be
made clearer by describing an actual .

observe the signal carefully in the monitor in
order to decide on which side of resonance the
antenna should be detuned to obtain the
‘cleanest signal. Final check of the frequency |
and slight polishing of the keying and all ad- ]
justments with the aid of the monitor will now
make the transmitter ready for the air.

A MASTER-OSCILLATOR-AMPLIFIER TRANSMITTER

This circuit is so named because the oscillator
tube, mstead of feeding the antenna direct as
in the previous examples, feeds one or more
amplifier tubes which in turn supply the ’
antenna circuit. The circuit has the advantage

GRID AND PLATE INDUCTANCES
FREQUENCY BANDS
For the 3500 kc. band Ap and Ag are the (ml\ used,
Ap heing 34" inside diameter and Ag 2%”. Bp
and By serve for the 7600 ke, band, Cp and Cg for
14000 ke, and Dp Dy for 28000 ke, With the excep-
tion of coil Ap the coils 2 e all 234” inside diameter.
The plate coils are of outside diameter copper
tubing, and the grid coils of 14” tubing. All of them
were wound by hand on pieces of iron pipe. This
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procedure is possible. however, only when the tubing
is of the “soft drawn® grade.
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transmitter in the design of which they were
taken into account.

In the circuit diagram of this transmitter
the oscillator is the tube on the right, arranged
in a Hartley circuit. In the tank circuit of
this oscillator—indicated by dark lines—a
500-ufd. condenser (C2) is used as in the
previous transmitters to aid in obtaining a

.
|
|
|

|
l
l
l

capacity’’ of the operator moving near the set.
The use of such a shield, however, hinders
the ventilation of the tube and it is necessary
to drill several !4”’-holes around its edge near
the base and several in the top to obtain a
circulation of air. Without these holes the
tube would heat badly and the frequency
would creep in consequence. The close-up

1
!

_

THE LOW-POWERED MASTER-OSCILLATOR-AMI'LIFIER
TRANSMITTER

The frequency of this transmitter is set hy the stable oscillator
contained within the aluminum shield. When the amplifier is
correctly neutralized nothing outside the oscillator unit is cap-
abie of cnusing any appreciable shift in the transmitted fre-
quenty. The escillator tube is of the same type as the amplifier,
rperated well helew its power rating.

frequency. The oscillator unit is

views again can be depended upon to give

mounted on the right side of the baseboard on
an aluminum disk and in operation it is enclosed
in a shield consisting of an inverted aluminum
kettle. This shield avoids changes of frequency
which otherwise would he caused by the “body

an idea of the mounting of the apparatus.
In the oscillator the tube socket is mounted
on the aluminum disk. The fixed grid and
plate condensers are supported in a vertical
position from the grid and plate terminals of
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THE TRANSMITTER WITH THHE OSCILLATOR SHIELD REMOVED
Mountadd on ap aluminum disk is the Hartley oscillator. Over it fits the aluminum
ketile. The anplifier unit is mounted alongside the osvillator and between it and the
antenna tuning nnit. Glass rods are used to support the amplifier plate coil and the
antenna coil, eoupling between them being varied hy sliding the Iatter along the rods.
The neutralizing condenser—probakly the most important control in the transmitter—
is monnted beiween the oscillator and amplifier tuning condensers,
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the tube socket, these condensers, in turn,
holding the heavy copper strips that form the
connections to the tuning condenser. At the
center of these strips G.R. sockets are fitted
and into these the tuning coils are plugged.
The mounting of the apparatus and all the
wiring chould be perfectly stiff, since any
vibration will make a steady-frequency output
impossible.

The grid of the amplifier receives its excita-
tion through a coupling condenser C7 from the
oscillator coil. The lead is made to a clip on
the coil and this clip is varied in its position
to vary the amount of grid excitation.
The amplifier tube, which is of the
same type as the oscillator, is
mounted on small brass brackets
from the amplifier plate tuning con-
denser. The plate tank of this tube
has a smaller condenser and more
turns than that of the oscillator, in
order to get the highest possible
efficiency. A high value of capacity
is not necessary to stabilize the fre-
quency, since this has already been
effected in the oscillator.

From the circuit diagram it can be
seen that if the oscillator tule were

choke cannot be seen in the illustrations as it
is under the amplifier tube socket. The choke
in the positive high-voltage lead to the amplifier
is that to be seen sitting in front of the tube
in the close-up of the amplifier unit.

In tuning the oscillator of this transmitter
the same process will apply as that outlined
for the other transmitters. It is as well to
have the grid lead to the amplifier attached
when the tuning is done but the plate supply
to the amplifier should be disconnected. Just
as soon as the oscillator has been tuned to
give the steadiest signal on the required fre-
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removed the circuit would be very
similar to the Tuned-grid Tuned-
plate, the amplifier tube having a
tuned plate circuit L2, C3 and a tuned
grid circuit L3, C2. The amplifier
tube would therefore oscillate by
itself unless special precautions were
taken. The amplifier is prevented
from oscillating by neutralizing it in
much the same manner as the radio-
frequency amplifiers of a broadecast
receiver are neutralized. The neu-
tralizing is accomplished with con-
denser C4 and is an extremely
critical adjustment. We will tell
of it in detail when we discuss the
tuning process.

The placement of this neutralizing
condenser and the apparatus in the
amplifier can be seen in the plan view,
The full plate voltage is across the
neutralizing condenser and to avoid
the possibility of shock and to reduce
difficulties in adjustment introduced

THE CIRCUIT OF THE MASTER-OSCILLATOR-AMPLIFIER
TRANSMITTER
Apparatus required:
Two UX-210 tubes and sockets.
C1, C3—350 ppfd. receiver-type variable condensers
C2—500 ppfd. ditto,
C1—50 upfd. midget condenser and extension shaft.
C5-—2.000 pufd. fixed by-pass condenser.
C6—1.000 pufd. filament by-pass condensers.
C7—25) uppfd. fixed coupling condenser.
C8-—250 ppfd. fixed oscillator grid condenser.
C9—1.000 ppfd. fixed oscillator stopping condenser.
R1—100-0hm. center-tap resistors or Christmas-tree lamps.
R2—100-watt 10.000-ohm grid leak to drep plate voltage for
oscillator,
R3—10.000-ohm grid leak for oscillator (10- or 25-watt size).
RFC -Radio-frequency chokes each consisting of three sections of
50 turns of 30 gauge d.c.c. wire wound in 14”-slots in a
1”-diameter, wooden former and connected in series. The
tubular chokes described hefore should bhe equally satijs-
factory.
L1, L2, L3—Antenna, plate and oscillator conils described under
illustration.
Aluminum kettle and disk for oscillator shield, haseboard 94"x
227, five terminals or Fahnstock clips, wood screws and machine
screws, towe! bars and wooden supports for same, brass angles,
copper strip, and 14 gauge wire for connections.
The power supply, antenna and keying systems are treated in
later chapters,

by “hand capacity’’, it is fitted with an ex-
tension handle.

The amplifier plate coils, like those in the
oscillator, are fitted with G.R. plugs which fit
into similar socicets mounted in copper strip
extensions from the condenser terminals. The
plate coils rest on two glass rods so that vibra-
tion is eliminated. On these same rods the
antenna coil rests. Antenna coupling is varied
by sliding the antenna coil near to or away from
the plate coil. The antenna tuning condenser
and ammeter are mounted on the extreme left
end of the baseboard. The grid of the amplifier
tube is maintained at a suitable operating volt-
age by a bias battery which is connected to the
grid through a radio-frequency choke. This

quency, with the plate input at about 10 watts,
the preliminary neutralizing can be under-
taken. For this work a two-turn coil connected
to a flash-light bulb should be coupled closely
to the amplifier plate coil. With the plate
supply still disconnected from the amplifier
but with the oscillator running, the neutraliz-
ing condenser should now be set at zero and
the amplifier plate tuning condenser rotated
until the maximum indication is obtained in
the bulb. At this stage the neutralizing con-
denser should be adjusted until no such indica-
tion is obtained, even after slight readjustment
of the plate tuning condenser. The plate volt-
age to the amplifier can now be connected and
the amplifier plate circuit tuned until the lowest
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value of plate current is obtained. Antenna
coupling and tuning can now be effected, keep-
ing in mind that antenna coupling still plays
the same important part in master-oscillator-
amplifier transmitters as far as efliciency is
concerned, and that it still has some inlluence
of the frequency stability. When the coupling
has bheen adjusted to give maximum antenna
or feeder current, the coupling should be hacked
off until the antenna current is about 857 of
its former value. No noticeable improvement
in frequency stability or note will be obtained
by detuning the antenna as in the other trans-
mitters. Adjustment of the clip GC should
now be made to give the best cfiicicney in the
amplifier.

If the tuning has been followed in the monitor
the signal probably will be clean and extremely
steady. In most cases further improvement
will be possible by further adjustment of
neutralizing. This can be done effectively by
listening to the transmitter in the monitor with
little or no plate-supply filter and adjusting
the neutralizing condenser until the cleanest
note is obtained. As complete neutralizing
is approached the character of the note will
improve and at the exact point of neutraliza-
tion it will be far superior to that obtained on

r T ]

A “CLOSE-UP” OF TitE OSCILLATOR UNIY
On the left of the tube is the grid leak and the grid
condenser from which the combined connecting strip
and coil mount is run to the variable condenser. A
similar arrangement is used on the plate side of the
tube. On the right side of the tube is the plate r.f.
choke. The filament by-pass condensers can be seen
mounted on the tube base in the immediate fore-
ground.

either side. Neutralizing with the pick-up
coil and tlash lamp bulb is useful to obtain
approximate adjustment but a final check with
the monitor is very valuable.

In higher-powered transmitters of this type
a similar lay-out and construction could be

used, though heavier coils and wiring, together
with condensers of higher voltage rating,
would be necessary. ‘The use of this circuit, as
we have said, will not be justitied fully unless
the oscillator tube is .of ample powerfrating.
1'0 control a UX-203-\ anmplifier a similar tube
would be desirable as oscillator. A UX-203-A

THE AMPLIFIER UNIT IN GREATER DETAIL
‘Tlre beight not beines limited by any shield, the tube,
in this case. is mounted in a convenient position on
hrackets extending from the tuning condenser, Un-
der the tube hase is the plate-civenit by-puass cendenser
and dropped from it is the filament by-pass unit, Pro-
jecting to the left of the tube is the grid coupling
condenser in thke lead from the oscillator.

or a UN-352 would be effective as the oscillator
controlling a UN-552, though two UX-852s
would be a better combination since the same
plate supply couid be used for both. A UX-
852 could be used to control a UX-203-A, In
this case also the same plate supply could be
used for both tubes.

OTHER CIRCUITS—THE COLPITTS

I'here are several other eireuitsin which the
apparatus deseribed eould have been arranged.
The performance obtained with all of them
would be almost identical once the adjustment
had been mastered. Though it is impossible
to describe in detail a transmitter with each
cireuit available, we will mention their dif-
fercr(llt features so that their use will be under-
stood.

In the Ifartley circuit a magnetic feed-back
from plate to grid causes oscillation. In the
tuned-plate-tuned-grid arrangement a capaci-
tive feedback from plate to grid is responsible
for the action that takes place. The Colpitts
circuit action is based similarly on a capacitive
or electric feedback, though not through the
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inter-element capacity of the vacuum tube
itself.

In the Hartley circuit the grid conneects to
one end of the coil, the plate connects to the
other end and the filament goes in hetween the
two. With r.f. currents flowing in the coil-
condenser circuit there is a “‘voltage drop”
across each section of the coil (due to its in-
ductive reactance). This ‘“‘voltage drop”’
always acts so that the grid voltage is exactly
opposite to the plate voltage. When the r.f.
grid voltage swings up the r.f. plate voltage
swings down. The filament is between the
grid and plate in potential.

In the Colpitts circuit, coils and condensers
have been swapped around so that in efiect the
filament is tapped to the center of a condenser
with the grid and plate connections at the out-
side terminals. With r.f. currents flowing in
the coil-condenser circuit there is a “voltage
drop” across éach section of the condenser
(due to its capacitive reactance). This acts
as_above. The “voltage drops” of plate and
grid circuits are exactly opposite in phase, with
the filament in between the plate and grid as
far as voltage is concerned. Hartley action is
dependent on voltage drops across different
parts of a coil. The Colpitts action is de-
pendent similarly on voltage drops across
different sections of a condenser.
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OSCILLATOR, AMPLIFIER AND ANTENNA COILS
FOR FOUR BANDS
Made of 3/16” outside diameter copper tubing and
wound by hand on a piece of iron pipe, these coils
serve for the four bands from 3,500 to 14,100 ke. in
this particular transmitter. In a transmitter ar-
ranged differently some changes in the dimensions
given may bhe necessary. Coils Aa and Ao are the
amplifier and oscillator coils for the 3.500 ke. band.
They have an internal diameter of 2'4%.  Coils Ba
and Bo are for the 7000 ke. band, Ca and Co for
14,000 ke., and Da, De for 28,000 ke. Tor the last
three bands the coils are wound to have an inside
diameter of 14”, Coil E is used in the antenna cir-
cuit for 3500 ke., F for 7000 and 14,000 kc. and G for
28,000 ke. The number of turns used can he seen on
the illustration. Coil II, fitted with a flash-lamp bulb.
is that used for the preliminary neutralizing process.

The differences in all circuits are principally
in ease of adjustment and control. The Col-
pitts controls somewhat differently than the
others. Output and efficiency will remain
about the same, however. In looking at the
cireuit diagram the first thing we notice is that
the grid-leak connects from the grid directly
to the filament with a small choke in series to

RFC, tB

SIMPLEST FORM OF COLPITTS

keep r.f. leakage currents down. While we
had some choice in the matter in the Hartley
and T.P.-T.G. circuits, this connection of the
grid leak is quite necessary in the Colpitts
circuit. A leak connected across C, would be
useless as (', would not afford a return path to
filament (C, acting as a blocking condenser
with infinite impedance as far as D.C. is con-
cerned).  Increasing the capacity of C, raises
the wavelength and increases the grid feed-
back. Increasing C, also raises the wave but
reduces the grid feedback. It is simply a
matter of adjusting the proportion of voltage
drops across the two condensers by changing
their size (and therefore their reactance). A
frequency change is also caused, because chang-
ing either condenser changes the eflective
capacity across the coil. To keep the grid
excitation constant and change the frequency,
C, and C, can both be increased or decreased
together. A separate control of grid excitation
can be had by making grid condenser C. vari-
able or by adding a clip connection to L so that
the lead from C: does not necessarily connect
to the extreme end of the L-C circuit.

In using a practical form of the Colpitts
circuit for transmitting the controls must
be kept down to a reasonable number and
s0 it may be desirable to forego separate clip
connections for control of grid excitation,
particularly as extra leads hung on a circuit
at different points tend to bring in a double
tuning eflect at the higher frequencies we use.

By using a balanced arrangement and modi-
fving our simplest form a little we can get rid
of the necessity of using plate and grid r.f.
chokes.  This is a splendid idea for use in an
outfit for work on different frequencies because
one doesn’t have to worry about plug-in chokes
for the highest efficiency—a practical necessity
if we plan to change our frequency over a very
wide range. The Colpitts circuit as shown
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goes down to our shortest waves with case.
As soon as C, and C, have been put on the
same shaft or otherwise coupled together
mechanically the adjustments are as easy as
with the other circuits and the wavelength can
be changed with the grid excitation constant.

In the first paragraphs of our discussion
of the Colpitts circuit attention was called
to the fact that there is always a point of zero
voltage between plate and grid, both between

B-

®

No plate choke
is necessary

£ L
B G Gl /i]" B-
C9 Neither plate or
L, grid choke
necessary

SOME VARIATIONS OF THE
HOFFMAN BALANCEI{CQLPITTS CIRCUIT

the two ends of the coil and between the two
condensers. That means that there is no r.f.
voltage Detween points x and y (even though
there is the entire d.c. plate potential between
them). Sketch A discloses that the plate
blocking condenser C; has been taken out and
that the plate supply is being fed to the center
of coil L;-L.. The high voltage is all over the
coil and stator plates of both tuning con-
densers—but we have eliminated the necessity
for a plate choke coil.

If C. and C, have thesame capacity, L. and
L, will be about equal in turns, but if C, is
larger as it sometimes is, the arrangement will
be in balance again when the B feed point is
moved down so that L. is smaller. The voltage
node (zero) moves down the coil somewhat
as the grid excitation is decreased by using a
larger capacity at C, without a proportionate
increase in the capacity of C,.

A good way to find the nodal point is to
put an r.f. choke in the B-plus lead and to hunt
r.f. voltage over the whole coil with a neon
tube indicator or insulated metal object. In-
sulation is important here as the coil is alive
and dangerous. Hands off! The connection
for the plate feed should be made to the zero
point on the coil when it is located. If it’s
not exactly right, leave the r.f. choke in the
plus lead to keep what little voltage is present

where it belongs. The choke is relieved of the
major part of its regular job at any rate.

If a large capacity be placed at Cj; as shown
in sketch B it will have very little effect on the
distribution of r.f. voltages over the coil. It
will give us two points at about the same r.f.
voltage and insulated with respect to d.c.
voltages. This condenser should be capable
of withstanding the plate voltage and handling
the circulating current and should be at least
ten times the capacity of the tuning condensers.
The grid-leak and B-plus leads may now be con-
nected as diagrammed. No chokes of any
description are left in our ecircuit. Neither
is a grid condenser absolutely needed. Cs
keeps high voltage d.c. off the grid.

C. and C, both carry the circulating current
and must be transmitting condensers or at
least double spaced receiving condensers if
much power is used. Remember that con-
densers in series have a smaller effective ca-
pacity than either condenser taken by itself.
Two .0005-microfared condensers on the same
shaft in series will behave like a single tuning
condenser with a maximum of .00025 micro-
farads. Use the effective capacity value when
determining coil sizes in designing a trans-
mitter. C, is often made the larger of the
tuning condensers so that the voltage drop
across it will be considerably less than the drop
across C,. C, should have twice the capacity
of C, to make the grid excitation have the
optimum value unless a small grid condenser
is used to limit the r.f. grid voltage.

Having determined the equivalent capacity
necessary to cover a certain frequency range, a
trial value for C, or C, may be substituted in
the formula for series capacities (see chapter
on Fundamentals) and the value for C, or C,
accurately determined.

THE ULTRAUDION

One popular arrangement is shown in the
diagram referred to as the ultraudion circuit.
The tuned circuit consists of the coil L1-L2 in
series with the capacity between the plate and
grid. The frequency can be increased by the
simple process of cutting down the size of L1
and L2. When these coils are cut down to be
mere connecting leads, tubes may be made to

r—&!&ﬂﬂr—"
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A SERIES-FEED ULTRAUDION CIRCUIT
The condenser C2 is used to vary the grid excitation,
C1 being the usual plate-tank tuning condenser. The
antenna or feeder coil is coupled to the plate-tank
inductance as usual,
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oscillate nicely on frequencies as high as
300,000 ke., the limit depending on the size
of the grid-plate tube capacity which is different
in different tubes.

The distributed capacity in the plate choke
very likely by-passes some r.f. energy to the
filament by way of the power supply (filter

condenser). This is avoided in the practical
L ~ L3 o
C, \Cgf here
.
Cs

T, _

—

A SHUNT-FEED ULTRAUDION CIRCUTT

and final arrangement of apparatus by moving
the plate choke eonnection to the grid end of
the tuned condenser-coil circuit as shown in
the next diagram. This is ia reality a change
from shunt or parallel plate feed to serics feed.

ONE SATISFACTORY LAY-OUT

FOR A PUSH-I'ULL

over single-tube circuits in that the effective
tube capacity across the tuning circuits is re-
duced by half because the tubes are really in
series across the tuning coil. It is this tube
capacity that varies when the tube heats and
causes frequency creeping. The push-pull
circuits are therefore less susceptible to this
trouble. This reduction of the effective tube
capacity also results in less radio-frequency
current flowing through the tube and reduced
tube heating on that aceount.

The push-pull circuit can be a Ilartley, a
Tuned-grid Tuned-plate, or the tubes can be
arranged as a push-pull amplifier. In all
cases each tube operates on alternate half-
cycles of the radio frequency in the same way
as tubes in the push-pull amplifier in a broad-
cast recciver operate on alternate half-cyeles of
the audio-frequency current.

In operation the tuning circuits associated
with the tubes are tuned in exactly the same
manner as when a single tube is used.

One practical arrangement employing two
UV-203-A tubes is illustrated. The tuned
grid circuit is on the right of the tubes, the
plate circuit being on the left. The eonstruc-

—

TRANSMITTER

From right to left can be seen the grid coil, grid tuning condenser, two UX-203-A tubes, plate tuning con-
denser, plate and antenna coils and the two feeder tuning condensers. The various fixed condensers and

resistances are

The harmful distributed eapacity is now in
shunt with C2 where it does some good. There
is also less r.f. voltage at the choke using the
series arrangement, which is better. A variable
high-resistance leak of 10,000 or 15,000 ohms
will enable us to adjust the bias to the best
operating value.

The plug-in coils for a practical ultraudion
set are constructed just like the coils described
in the first part of this chapter.

PUSH-PULL CIRCUITS

When two tubes are to be used together as
oscillators or amplifiers they can be connected
In parallel. It is much better, however, to
arrange them in a puch-pull circuit. The
push-pull oscillator circuits have the advantage

mounted underneath the

frame.

tion of these circuits is similar to those of the
transmitters described before. The antenna
coil is the large coil surrounding the plate coil,
the two feeder tuning eondensers being mounted
to the left of it. G.R. stand-off insulators are
used for the coil mountings and 15" copper
tubing is used for the connections in the plate
tank circuit and for the plate and grid coils.
The values of these coils and the tuning con-
densers can be similar to those of the high-
powered transmitter deseribed, though it not
necessary to use the 3.”-diameter tubing for
the plate coils since the power is so much lower.
Other practical push-pull circuits are given.

CIRCUITS EMPLOYING SELF-RECTIFICATION

In order to avoid the necessity of a source of
direct current for the plate supply, two tubes
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can be connected so that when one lead from the
high-voltage transformer is positive, during one
half-cycle, one of the tubes oscillates; and when
the other high-voltage lead is positive, during
the other hali-cycle, the second tube oscillates.
Transmitters in which the oscillator
tubes do their own rectifying in
this manner are known as self-rec-
tified transmitters, They have
the advantage that a rectifier and
filter system is unnecessary but
they have the big disadvantage of
emitting a heavily modulated
signal which can cause a great deal
of interference.

Any of the standard circuits can
be modified to take two tubes
operating in this manner, two plate
by-pass condensers, two radio-
frequency chokes in plate leads,
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GRID TUNED-PLATE TRANSMITTER
—350 pufd. transmitting-type variable condenser.
—1.000 upfd. receiver-type variahle condenser.

25 upfd. transmitting-type variable condensers,
necessary only when low-capacity tubes such
as the UN-852 are uscd.

1, C53—2300 uafd. 5.000-volt fixed condensers.
(6-=2.000 pufd. receiver-type fixed condensers (200-
volt rating).

i
2
3

L1. 1.2, L3—#'late, grid and antenna cells. The dimen-
sions given for the previous transmitters will
be suitable.

R -10.000-0hm grid leak.

R1—Filament center-tap resistor, 100 or 200 ohms.

and serious interference would be
caused by it. With very careful tuning, how-
ever, the note can he given a clear musi-
cal quality and its interfering capabilities re-
duced considerably.

this type

and a center-tapped high-voltage
transformer being necessary.
Should the amateur decide to
use one of the self-rectified circuits
it will be necessary for him to tuke
extreme care in its tuning so that
the signal will be the cleanest
that it is possible to obtain from it.
It is very easy to obtain a rough
rattly note from a transmitter of

5

=500 pufd.

R1—=20,006-0hm grid-leak
R2—Filament

o
o}

A PUSIHEPFULL DARTLEY CIRCUIT
transmitting-type variable condenser.
—250 nufd. transmitting-type variable condenser.
C1—500 wufd, 5.000-volt fixed condenser.
—2,000 pyfd. 500-volt fixed condersers,
if UX-R52 tubes
resistor,

are used.
center-tap

400v

THE CIRCUIT OF A PUSH-PULI

LATOR-AMPLIFIE

In this particular circuit two UX-210
ing two UX-560 amplificr tubes.
tubes will be similar to that specified
variable grid leak with a maximum
has a resistance of 100.000 ohms and
age.  Any difficulties which may
¢ircuit should be cleared up after a

dealing

be

with erystal

-2000v

CRYSTAL-CONTROLLED
TRANSMITTER

tubes are used as oscillators controll-

OSCIL-

IR

The apparatus in the circuity of these

for the other transmitters. RI1 is a
resistance of about 20,000 ohms. Ri
provides the proper sereen-grid volt-

experienced in understanding this
study of the section of this chapter
control work.
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For more detailed information on this type
of ecircuit than it is possible to include in this
handbook, the reader is referred to an article

on page 23 of ¢ST for February 1929. This
RFC
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article deals particularly with the process of
adjustment to obtain a good note and to avoid
2 “broad wave”.

CRYSTAL CONTROL

In all of the transmitters so far described the
Irequency of the output has been set by a self-
excited oscillator. The frequency of the radio-
frequency current generated by such an os-
cillator is influenced by many factors and in
this fact lies the chief disadvantage of all such
transmitters. If the frequency of such oseil-
lators were determined only by the tank coil
and condenser values, little criticism could be
leveled against them. Unfortunately, however,
it is also intluenced by variations in the antenna
or output circuit, by heating of the elements
of the tube, by changes in the filament voltage
and by fluctuations in the plate voltage. Since
these factors are never constants in the amateur
station the frequency of the self-excited trans-
mitter wiil always be unsteady to a more or less
serious extent, depending upon the care with
which the apparatus is built and adjusted.
Then, aside from slow frequency changes, the
self-excited transmitter will always be charace-
terized by rapid frequency changes or frequency
“flutter” unless the plate supply is a pure d.c.
entirely free from any modulution or ripple.

It is because the crystal oscillator almost
entircly overcomes these failings that its pop-
ularity is so rapidly increasing. ‘The crystal—
a thin piece of guartz, carefully ground-—-has
the property of oscillating at a frequency which
is determined almost exclusively by its thick-
ness. When it is incorporated correctly in the
transmitter circuits, the antenna can swing,
the tubes can heat and the voltages fluctuate,
but the output frequency will remain sub-
stantially constant. Riople in the plate supply
will cause a modulation in the amplitude of the
transmitter output but it will not cause ap-
preciable “fluttering” of the frequency. For
this reason the note produced by the erystal-
controlled transmitter, when it is adjusted

correctly, will always he of a piercing musical
character.

THE CRYSTAL

At present good crystals are no longer the
very expensive and scarce items that they were
a few years ago. Reliable and highly service-
able crystals are now generally available. With
their coming much of the trickiness has gone
out of crystal-control operation, and amateurs
can now tackle the construction and operation
of a crystal outfit without the fear (general at
one time) that they were attempting something
far above their heads -something that only the
expert men could ever accomplish successfully.

The cutting of oscillating crystals from the
big quartz crystals is a process requiring much
skill, experience and equipment. Some ama-
teurs with the necessary facilities cut and
grind their own ecrystals with a certain degree
of success but the considerations involved are
hoth complex and of great importance. For
this reason it is assumed that the amateur will
buy his erystal in its tinished form, or, if he is
particularly ambitious, in the form of a partially
ground “‘blank”.

The finished crystals are chiefly of two types

-those cut in such a manner as to be sus-
ceptible to temperature changes to the least
degree, and those cut and ground to permit
them to be operated with the greatest possible
power output. Those of the latter type are
usually described as “power erystals”. They
are particularly suited for amateur work, where
it is desired to obtain the highest power output
for a given cxpenditure on tubes and their
associate apparatus,

Tested **blanks” can be bought in various
thicknesses much more cheaply than the fin-
ished erystals, Sueh ““blanks” must be ground
down with great care until they oscillate at the
required frequenecy. Usually one side of the
blank is *‘finished” and all grinding should he
done on the reverse side in order to limit the
probability of obtaining other than a flat sur-
face. Grinding is usually accomplished by ro-
tating the crystal in irregular spirals on a piece
of plate glass smeared with No. 120 carbo-
rundum powder and water or kerosene. It is
possible merely to bear down on the crystal
with two fingers as the grinding proceeds, but
there is a lesser chance of arriving at a concave
or convex surface if the crystal is stuck to the
underside of a small brass plate, the surface of
which has been ground Hat. Providing the
brass surface and the “finished” surface of the
crystal are both well ground, the crystal and
the brass will adhere if both are moistened
with kerosene.

It is possible to grid the crystal a little at a
time and, by frequent checking in a test circuit,
arrive at the desired thickness by the “*cut and
try” method. It is much better, however, to
compute from the thickness factor (which will
be supplied by reputable dealers in blanks) the
approximate thickness which will be required
to give the necessary frequency. Then, as the
grinding proceeds, the thickness can be checked
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by means of a good micrometer such as the
Starrett No. 218 C-1,”. This tool also can be
used to make certain that the thickness of the
crystal is the same at all points—that bumps
or hollows are not being ground on it.

Even with this procedure it is desirable to
check the frequency from time to time. The
checking can well be done by inserting the

crystal in a circuit similar to that labeled as the .

Lt

ELEMENTARY CRYSTAL CIRCUIT

“Elementary Crystal Circuit”. The output of
the crystal oscillator can then be picked up in
the receiver and its frequency checked against
stations of known frequency in much the same
manner as the frequency of the self-excited
transmitter is checked with the aid of a mon-
itor. A detailed explanation of this process
will be found in Chapter 1X. When the fre-
quency of the crystal is found to be approaching
the desired value it is well to use a finer grade
of carborundum powder. The FF and FFF
grades are suitable’® for the final grindings.

MOUNTING THE CRYSTAL

Even the best crystals may operate poorly if
the mounting is not all that it should be. The
best crystals may be purchased ready-mounted
in specially-designed holders. The specialists
who grind and finish the crystals naturally are
familiar with the requirements of the mounting
and much trouble will often be avoided by pur-
chasing the crystal and mounting complete.

The simplest way for the amateur to rig his
own mounting is to make up two flat brass
plates, the crystal being placed on one of them
and the other being arranged to rest on the
crystal with no more pressure than that pro-
vided by the weight of the brass. The plates
should preferably be turned flat in a lathe and
then ground to a fine finish. Successful plates
can be made, however, by cutting them with a
hack-saw from ! ”-thick brass plate, then
grinding them in much the same way as the
crystal would be ground. A suitable size for
the plates is about 1" square.

Though it is possible to operate the crystal
between such plates merely by arranging the
plates and the crystal in the form of a sand-
wich on a piece of insulating material or on the
table top it is a very much better plan to make
up some form of holder out of which the crystal
or plates cannot be jarred. The arrangement
illustrated on this page is one suitable type.

Connection to the upper plate can be made by
means of a very light leaf of spring brass but a
small spiral of very fine copper wire usually is
more satisfactory. This wire can be soldered
to the plate if care is taken to use an absolute
minimum of heat in the soldering process in
order to avoid warping the plate.

THE OSCILLATOR CIRCUIT

In operation, the two metal plates between
which the crystal is mounted are connected
between the grid and filament of the crystal
oscillator tube. Bias is then supplied to the
grid through a radio-frequency choke. The
plate circuit of the oscillator consists of a coil
and condenser so proportioned as to tune to the
frequeney of the crystal. In some arrange-
ments in which the frequency of the crystal is
to be doubled in a succeeding amplifier, an
additional tank circuit is included in series
with that just mentioned. This tank is tuned
to twice the frequency of the crystal.

Probably the most generally-used tube for
the oscillator is the UX-210. The UX-171-A,
the UX-112-A and the UV-203-A or other
oscillators of similar characteristics are also
satisfactory under certain conditions. In cases
where the voltage on the plate of the tube is of
the order of 150, the UX-112-A probably is the
most satisfactory tube. When a ‘power”
crystal is operated with voltages between 300
and 400 the UX-210 is a splendid tube for the
purpose. The UX-203-A is used with voltages
between 400 and 500 in cases where a particular-

lj——>- 7o
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HARD RUBBER BRASS PLATE

THE 4XE CRYSTAL HOLDER

ly good “power” crystal is available. Most
crystals, under these conditions, would be
fractured and so made inoperative. With a

good crystal it is not difficult to obtain outputs
from the crystal tube of the order of 5 to 25
watts depending on the tube used. The oscil-
lator can therefore be operated to feed the
antenna system direct for low-power work.
Such an arrangement, however, has the dis-
advantage that the full output can be utilized
only at the frequency of the crystal. Some out-
put is available on the harmonics of the crystal
frequency but it probably would be only a
fraction of that to be obtained on the funda-
mental frequency. This energy can be put to
service by tuning the antenna system to, say,
the second harmonie, but it is very much pre-
ferable to introduce it into the grid circuit of an
amplifier tube in which the power can be
boosted before the antenna system is reached.
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The use of one or more amplifiers after the
crystal oscillator is quite standard practice in
crystal-control work. Not only do they permit
the use of a high powered tube to feed the
antenna system but they also make it possible
to double the frequency of the crystal several
times if necessary, so as to allow operation in
any of the amateur bands.

POWER AMPLIFIERS

The amplifiers used after the crystal oscillator
for amateur work can be considered as being of
two types. Those in which the output fre-
quency is the same as the input frequency are
known as ‘‘straight” or “fundamental” ampli-
fiers. In cases where the output of the amplifier
is twice the frequency of the output of the
preceding tube the amplifier is said to he a
“frequency doubler” or merely a ‘“‘doubler”.
Common practice is to use a crystal with a
frequency within the limits of the 1,715-ke. or
the 3,500-ke. band. The crystal tube is then
followed by one or more fundamental ampli-
fiers for operation at the frequency of the
crystal. For operation on the higher-frequency
bands the crystal tube is followed by a sufficient
number of frequency doublers to increase the
frequency to the required value and then prefer-
ably by a final fundamental amplifier to feed
the antenna. It is usually unsatisfactory to
operate the amplifier feeding the antenna as
a doubler.

This practice of using a single crystal to per-
mit operation in any band is somewhat limited
by the fact that all the amateur bands are not
in complete harmonic relation. From the chart
of the amateur frequencies in Chapter 11 it can
be seen that‘only small sections of the amateur
frequency bands are harmonically related. The
frequency of a crystal which will permit oper-
ation in any band must therefore lie between
1,750 and 1,800 ke. If operation is required
on all bands except the 1,715-ke. band the
erystal must have a frequency between 3,500
and 3,600 ke. In the discussion of possible
combinations of tubes for operation on various
bands it will therefore be assumed that the
crystal used is one having a frequency deter-
mined by these considerations.

AMPLIFIERS

The amplifying tubes following the crystal
oscillator can either amplify the fundamental
frequency supplied to their grid circuits or one
of the harmonic frequencies generated by the
previous tube. When the amplifiers are oper-
ated as fundamental amplifiers they must be
neutralized (unless screen-grid tubes are used),
since the grid and plate circuits are then tuned
to thesame frequency. When they are operated
as harmonic amplifiers, neutralization is not
necessary but precautions must be taken to
make certain that the harmonic content in the
tank circuit from which the tube is excited is
sufficient to give ample excitation.

Several possible combinations of tubes and
tank circuits are given in the diagram so titled.

At .1 is shown the simplest practical form of
crystal-controlled transmitter. It consists of a
UX-210 crystal oscillator coupled to the an-
tenna system without any intermediate ampli-
fication. The plate circuit of the tube must be
tuned to the frequency of the erystal in order
that it may oscillate. The antenna circuit,
however, may be tuned either to the funda-

Antenna tuned to
\l[/ 3500 Ke or 7000 Ac

vx-2:.0
Crystal Oscillulor
3500 ne

x-210 UY-210 orUx-4/2+4
Amplifier Crystal Oscillator
1,750 1750 Hg
- O & O
S— o
2N Tank
B

Ux-zio Y1200 0rUN 112-4

Ampiitier Crystal Oscittator
1 500
3 ark" J,;oo 3500 A
000 A, c
Tank' . Tank
C

1

vr-2/0
Uv-203-A 500 ke
UX-860 or ooy Crystal
yr- 8352 g Oxillator
Aamplifrer Amplitrer
J 500 3 500
7000 o 3500
or Towhc Ac
000 A Tank Tank
Tank
D

ux-852 or va-210 or
Ux-Be0 uk-8o5

Crystal
Amplifrer Amplificr Oscitiator
b 1750
OOz O
35004, R
bl Tank
£

Ux-8es or
ur-210

1750 e

3500 A

UN-865 or
crystal
oscitlator

SEVERAL POSSIBLE TUBE COMBINATIONS IN
THE CRYSTAL-CONTROLLED TRANSMITTER

mental frequency or to the second harmonic,
in this case, 7,000 ke. Of course, the energy
available on the fundamental frequency will
not be very great and that on the second
harmonic much less. The transmitter would
serve only for work requiring very low power.

In the Diagram B the ecrystal oscillator is
shown operating on 1,750 ke.. The tank in its
plate circuit is tuned to the crystal frequency
but in this case it feeds the grid circuit of an
amplifier.  When this amplifier is to operate as
a fundamental amplifier its plate tank is tuned
to the crystal frequency, the antenna circuit
also. Under these conditions the tube must be
neutralized since otherwise it wsuld oscillate
on its own accord as a tuned-grid tuned-plate
transmitter. For operation in the 3,500-ke.
band the tank of the amplifier is tuned to that
frequency, its grid being excited from the



THE TRANSMITTER 95

3,500-ke. energy existing in the crystal-tube
tank in the form of the second harmonic of the
crystal frequency. The important point to
observe is that when operating as a funda-
mental amplifier the tube has available for
excitation all of the radio-frequency energy in
the tank of the preceding tube; but when
doubling its excitation is obtained only from
the second-harmonic energy. The energy in
this harmonic is dependent upon the arrange-
ment and adjustment of the tube generating it
and, consequently, when doubling, these ad-
justments are important ones if the excitation
is to be held up to the desirable level. The
most important of the factors intluencing the
harmonic content are the adjustm=nt of grid
bias and the ratio of inductance to capacity in
the tank. In general, the highest possible value
of inductance and the lowest value of capacity
should be used in tank eircuits feeding doublers,
These points will be treated in greater detail in
the discussion of adjustments and tuning.

doubler. As suggested on the diagram a UV-
203-A, a UX-360 or a UX-852 could well be
used in this position. For 14,000- ke. operation
both the first and second amplifiers would be
doublers and this, in all probability, would
prove a disadvantage. As mentioned earlier,
it is usually unsatisfactory to operate the tube
feeding the antenna as a doubler. ¥or 14,000-
ke. operation the output tube would be operated
in this manner.

Diagram K shows the same transmitter oper-
ating from a 1,750-ke. crystal. In this case
operation is possible on the 1,750-, 3,500- and
7,000-ke. bands. As in the previous case the
output tube will have to be a doubler for
operation on the latter band.

In the arrangement shown at /' the output
tube is always operated as a fundamental
amplifier. This is made possible by the use of
an additional amplifier using a UX-210 or
UNX-865 tube. Operation in this manner has
the added advantage that sufiicient excitation

Crystal

14
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T CIRCUIT OF THE OSCILLATOR-AMPLIFIER TRANSMITTER
deseribed earlier in the chapter. modified for erystal control

The constants of the apparatus correspond with those of the

seff-excited oscillator-

amplifier transmitter with the exception of C2 and L3, €2 can be of 250 jufds..
while the coil L3 will be larze enough to tune, with that caparity, to the frequency

of the particular crystal used.

The wire used in L3 need not be heavier than about

12 or 14 gauge

To return to the diagram #, previously
mentioned, we find that operation with it is not
practical on other than the 1,750- and 3,000-ke.
bands. The use of a 3,500-ke. crystal as shown
in Diagram (' makes operation possible on the
8,500~ or 7,000-ke. bands but the arrangement
still has the limitation of operation in two bands
only. In addition, of course, it has the limi-
tation of a low power output. The arrange-
ment I indicates the manner in which an
additional amplifier would be fitted to make
operation possible in three bands. In this case
the erystal frequency is 3,500 Kke. and the
bands in which operation may be had are
3,500, 7,000 and 14,000 kc.

The second amplifier may be a UX-210 but
sufficient excitation will be available from the
first amplifier, when it is correctly adjusted, to
drive a higher-powered tube even if it is a

will be available from the tank of the second
amplifier to drive a tube of any power up to
about 250 watts, since the cnergy on the
fun({amental frequency of the tank is always
used.

A great many tube combinations other than
those shown are practical but it would be
impossible to treat them all. From these few
typical examples the amateur should be able to
plan other arrangements to suit his own par-
;icular needs and the apparatus available to
1im.

By the use of a “power” crystal and high volt-
ages on the crystal tube, or by the use of special
cireuits, it is often possible to obtain sufiicient
energy in the crystal tank to drive a UX-852
or even a UV-204-A tube directly. Such
arrangements, however, are limited to operation
on one band only (possibly two) and have the
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disadvantage that the crystal is being over-
worked. Under these conditions the crvstal,
if it is not eracked, is at least likely to operate
erratically. In other words, though the inter-
mediate amplitiers shown in the diagrams are
not always essential to provide excitation for
the higher-power tubes they are necessary to
permit the frequency doublings required for
operation on the higher-frequency bands.

CONSTRUCTIONAL DETAILS

The_ structural arrangement of the crystal-
controlled transmitter need not differ from that
employed in any other type of set. The only
important requirement is that the oscillator
and each amplifier be treated as a separate
unit, the inductances of which must not he
coupled with those in other parts of the cireuit,

of the crystal oscillator—one tuned to the
fundamental of the erystal and the other
tuned to the second harmonic (twice the funda-
mental frequency). The voltages developed
across the latter tank are utilized to feed the
amplifier grid when doubling.

A transmitter of this type can be operated
at four times the erystal frequency (the 14,000-
ke. band with a 3,500-ke. crystal) by leaving
the amplifier tank tuned to the second har-
monic (7,000 ke, in this instanee) and then
tuning the antenna circuit only to the second
harmonic of the amplitier tank frequency. If
the amplifier is heavily biased there would be
some worth-while energy available on this
frequency (14,000 ke)) and the antenna could
he excited by it.  However, this energy would
be only a small fraction of that available from
the tube operating as a straight amplifier and

A CRYSTAL-CONTROLLED TRANSMITTER
which can be operated at high efliciency on at least three hands with any one crystal

In the case of a low-powered transmitter the
same construction ean be followed as that
described for the master-oscillator-amplifier
transmitter earlier in this chapter. The cireuit
of that transmitter, modified for erystal control,
is given. It can be seen that it differs only in
the arrangement of the oscillator circuit,

With a 3,500-ke. erystal it would he possible
to operate this transmitter on 3,500 ke. by tun-
ing both tank circuits to that frequency and
neutralizing the amplifier in the manner indi-
cated on the cireuit diagram. TFor 7,000-ke.
operation the amplifier tank and antenna c¢ir-
cuits would be tuned to that frequency,
neutralizing then being unnecessary,  With the
amplifier operating as a doubler, however, (as
would be the case under these adjustments) it
is possible that the exciting voltage generated
by the erystal tube on the second harmonic of
its fundamental frequency will be insuflicient to
swing the grid of the amplifier tube fully.
A power crystal operated with the normal
plate voltage on the crystal tube would not he
so limited but other erystals operated at lower
voltages might be. In such cases the ampli-
tude of the second harmonic can be increased
and the operation of the doubler tube im-
proved by using two tank circuits in the plate

the arrangement could not by any means be
considered an eflicient one. "Much more de-
sirable procedure is to add to the amplifier
tubes in the transmitter so that the final
tube can be operated as a straight amplifier
with the antenna tuned to the frequency on
whieh it is operating. One type of transmitter
which permits such operation is that illustrated
in the photographs which follow.

The tirst illustration shows a three-tube unit
comprising a crystal oscillator (which can be
converted to a self-excited oscillator) and two
amplifiers. The intermediate amplifier in this
particular transmitter is of the screen-grid
type —which does not require neutralization.
A three-electrode tube may be used in its
place if some neutralizing arrangement is pro-
vided whenever the tube is operating as a
straight amplifier.

The constructional methods employed in
this transmitter are similar to those shown
and deseribed earlier in this chapter for the
oscillator-amplifier transmitter. The oscil-
lator and each amplitier stage are assembled on
the base-board as separate units, sufficient
spacing being provided between the various
inductances to avoid harmful coupling be-
tween their fields. All radio-frequency wiring



in the transmitter is above

while battery leads, after they have been by-
passed and fitted with their radio-frequency

chokes, run down through the

to the terminals at its rear edge.
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the base-board modates L1 and L2. For erystal operation of
the oscillator, L2 is removed and a new L1
(without any additional shunt condenser) is
plugged into place. Then the crystal is plugged

into the two terminals shown at the extreme

base and thence

O . 1L 1\ E—
|’ UX-210 Ux 865 Shield
! Le s I 162 { l
‘ LU C" LLI 9
f Cis ¢ é _lfw RFC ~ —L |
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i '3_ Ly RFC. CI‘[ [ :g l
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| +50CV. -200v —135v. +90T0135V.

THE CIRCUIT OF T

HE THREE-TUBE CRYSTAL-CONTROLLED TRANSMITTER

('2—1000-1t;1fd. 500-volt fixed condensers,
" 4-—2530-pufd. 500-voit condensers,
C5—2000-pufd. 500-volt condensers.

C6—500-pp

CT—350-unfd.

denser,

fd. 500-volt condensers.

double-spacrd  transmitting-type variable con-

(9-23-plate midget condensers with plates double-spaced.

Cl10—3

0-uufd. receiving type variahle condensers.

("15—500-uufd. receiving type variable condenser.
R3—100-chm center-tapped resistors.

R5—5-0hm
R8—25.000

L1 and L3 wound
antcnna wire. Approx

3.500-ke. band; 10 turns for the 7,000-ke, band;

fixcd resistors.

ohm fixed resistor.

on 3” outside-diameter bakelite tubing with 14-gauge enameled
imately 18 turns will be required when the tank is tuned to the
5 turns for the 14,000-kc. hand. L5

may he wound for the different hand in accordance with the specifications for the plate
tank of the UX-210 in the sclf-excited oscillator-amplifier transmitter given earlier in
this chapter. When the oscillator in this trinsmitter is self-excited L1 is of 6 turns of
14-gauge wire, L2 of 4 turns, and a 500-pufd. fixed condenser is connected across those

ends of the coils which

In studying the wiring diagram with the

tlustration of this unit it will
oscillator is at the right.
When operating as a self-

excited oscillator the in-
ductances L1 and L2 are

both in place and a shield
(indicated on the diagram by
the heavy line) is placed
over the apparatus of the os-
cillator to avoid possible {re-
quency changes resulting
from body-capacity effects.
A High-C tank is, of course,
desirable for self-excited
work and this is made possi-
ble by using a high quality
mica-dielectric fixed con-
denser of 500 pufds. con-
nected between the grid and
plate ends of the inductances.
This condenser is perma-
nently attached to the plug-
in coil form which accom-

run to grid and plate of the oscillator.

right of the diagram. When operating with the

be seen that the  crystal the shield is not essential.

A CLOSE-UP VIEW
showing constructional details of the transmitter
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The first amplifier is a UX-865, the lead to
its control grid being run through a piece of
3 ”-diameter copper tube with which con-
nection is made to the shield over the oscillator.
The sereen-grid amplifier is provided with the
usual form of plate tank coil and condenser
and differs from the amplifiers previously
described only in the provision of a series

Sy

v e

A HIGH-POWERED "PUSH-PULL” AMPLIFIER
which can be excited by the three-tube unit described

resistanceiR3 toJdrop the plate voltage for the
screen-grid, together with its associate by-pass
condenser C2 and radio-frequency choke.

The third tube is a UX-210. In this partic-
ular unit it is provided with a double-spaced
transmitter-type tank condenser and a tank
inductance of heavy conductor. These pre-
cautions were taken since it was planned to
Heising-modulate the tule for 'phone work, in
which case the plate tank must withstand,
during modulation, high voltages and high
output power. The antenna or feeder tuning
condenser and the antenna or feeder ammeter
are mounted at the left of the base-board, the

antenna coupling coil being fitted immediately
behind the tank coil of the UN-210.

One very satisfactory arrangement of the
meters is illustrated in this unit. The filament
voltmeter and the plate milliameter are those
to be seen on a small panel at the baclk of the
base-board. Between them are three jacks
connected in the plate circuits of the three
tubes. The milliammeter is connected through
a flexible lead to the plug, and the plate current
of any of the tubes can then be read merely
by placing the plug in the particular jack de-
sired. The knob seen in the upper jack is fitted
with a small length of bakelite rod. This rod
is pushed into the juck in the plate circuit of
the last amplifier in order to open the jack
and disconnect the plate supply during the
process of neutralization.

TUNING THE TRANSMITTER

The tuning and adjustment of a transmitter
of this or any similar type is not the problem
that some amateurs consider it to be. In fact,
many amateurs now insist that the tuning of a
crystal-controlled transmitter is much more
simple and straightforward than the tuning of
a self-excited transmitter. The most im-
portant aid to tuning a multi-tube transmitter
is, without doubt, a tuning lamp—two turns
of fairly heavy wire, about 3 inches in diameter,
connected to a tlash lamp bulb. This lamp,
when its turns are coupled to one of the tank
coils, is illuminated when there is current in the
tank and the amount of the current can be
well estimated by the coupling between the
tuning lamp and the tank necessary to give a
certain degree of illumination. At a fixed
coupling the lamp will indicate the greatest
current in the tank when it is illuminated to
the greatest brilliancy.

The first step in the tuning is to switch on the
oscillator and tunc its plate tank condenser until
the maximum current is indicated by the tun-
ing lamp. If the crystal is of the type per-
munently fitted in an enclosed mounting it
should oscillate just as soon as the correct tank
adjustment is obtained. If, however, the
crystal is mounted in the open and has been
subjected to some hundling, it is almost certain
that it will require cleaning with carbon tetra-
chloride, ""Carbona” or some other grease sol-
vent. Also it may require “jiggling” into
different positions between the plates of the
holder. Aside from the tuning-lamp indication,
it will be found that the plate current of the
crystal tube takes a sudden drop when oscil-
lation starts. Both of these indications can be
put to service in obtaining the adjustments
for correct operation of the crystal-oscillator
unit. When the first amplifier is to be operated
as a straight amplifier the adjustment of the
oscillator tube bias is not of particular im-
portance providing it is made sufficient to
limit the plate current to a reasonable value.
When the amplifier is a doubler, however, it is
important to operate the crystal tube with the
highest possible bias. It will be found that
there is a certain bias value above which the
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tube fails to oscillate. It is desirable to oper-
ate as near to this point as possible in order
to accentuate the second harmonic in the
output.

The next step is the adjustment of the bias
of the first amplifier. It should be made with
the plate supply disconnected from the oscil-
lator or with the “oscillator” so detuned that
it is not oscillating. When the amplifier is to
operate as a straight amplifier the bias may
be increased only to the point where no plate
current is obtained, but when it is to be a
doubler the bias should be brought first to this
“cut-off’’ point and then should be run to about
twice that value. At this stage the oscillator
should be switched on and by means of the
tuning lamp, the plate tank of the amplifier
should be adjusted until maximum tank cur-
rent is indicated. At this point the plate
current of the amplifier tube will be found to
be the normal rated current if the plate voltage
is normal and if the excitation arriving from the
crystal tube is suflicient. Insuflicient plate
current under these conditions is definite
indication that the excitation is low. In an
intermediate amplifier, however, this may not
be serious since the output of the amplifier
may be ample to excite the next tube even if it
is operating far below its normal rated power.
With the high bias values used in doubling to
accentuate the second harmonie, it is, indeed,
rarely possible to drive the plate current of the
intermediate amplifier to its rated value. It is
quite possible, however, that the amplitude of
the second harmonic is then higher than it
would have been with a lower bias and higher
plate current.

With the intermediate tank current at maxi-
mum, the third tube may now be neutralized.
This is accomplished by opening the plate
circuit of that tube and adjusting the neutral-
izing condenser and the tank condensers until

the bias should be run to the “cut-off”’ point
and then doubled as in the previous tube,
If it is to be operated as a straight amplifier,
sufficient bias to bring the plate current to

THE CIRCUIT OF THE “PUSH-I'ULL” AMPLIFIER

The values of the apparatus in this unit will be

found under the complete diagram in which this
apparatus is utilized for radiotelephone operation

zero (to cut-off) is desirable. In this instance,
as before, the bias is always adjusted with the
oscillator switched off or taken out of oscillation.

HIGH-POWERED AMPLIFIERS

Aside from being a splendid low-
powered transmitter operable at high

Cs Linear Amphifier efficiencies on at least three fre-
o quency bands with any one crystal,
gg? ]— ¢ =T the unit just described will serve to

G e P —F—z [ Arote tans excite almost any of the larger tubes

T™ [™Tay £ —‘i,’,,,”',‘}j’;jﬁ’,‘ available to the amateur. With the

e g_]: output amplifier operating as a

C . - straight amplifier (at the same fre-

-~ T e quency as the UX-210) a UV-204-A or
" SR BLEr o a pair of UX-852 tubes may be excited

) to operate at high efficiency at their

- £l Witoge  +Bias ~Bias rated input. The arrangement of one

A SINGLE-TUBE HIGII-POWERED AMPLIFIER

The values of the apparatus in this unit also correspond with
those given under the complete circuit of the radiotelephone

transmitter

no tank current is to be detected in the output
tank even when the circuits are in resonance.
The process is precisely that described earlier
in this chapter for the oscillator-amplifier
transmitter. With the neutralizing accom-
plished, the bias on the third tube should then
be adjusted. If the tube is to be used as a
doubler, or if it is to be Heising-modulated,

type of amplifier suited for the work
is shown in the illustration of the
vertical panel holding two UX-852’s
arranged in “push-pull”. The wiring
diagram also is given. For telegraph
operation the resistor R7 is not re-
quired. Its use in ’phone work is to be detailed
later.

In operation, the bias of such an amplifier is
the first adjustment. With no excitation being
supplied to the grids of the tubes, it is adjusted
to “cut-off” or slightly beyond that point.
Excitation is then supplied by connecting the
antenna coil terminals of the three-tube unit to
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the taps indicated on the inductance L7 of the
High-C tank L7-Cl1. The position of the
taps on L7 and the coupling of the “‘antenna’
coil to the plate tank of the UX-210 serve to
provide adjustment of the grid excitation. It
should be increased to the point where normal
plate current for the tubes is obtained when
all circuits are tuned.

When a single tube is used in the high-
powered output amplifier the ar-
rangement may be as shown in the
next diagram. In this case the re-
sistor R7 and the condenser (13 are
necessary only when the UX-210 iy
to be modulated for ’phone. The
tuning and neutralizing of such an
amplifier are carried out in just the
sime manner as the lower-powered
intermediate amplifiers, For tele-
graph work the bias of the single-
tube amplitier may be carried to
the “cut-off”’ point or beyond it as
before. In all cases it will be
advisable to avoid doubling in
the output amplifier. When the
larger tubes are used it is douht-

tube being modulated, and the oscillator should
preferably be crystal-controlled. The crystal-
controlled transmitter last described provides
an illustration of good modern practice in
'phone work when fitted with a modulator.
The circuit of a complete radiotelephone
transmitter is given. It comprises the three-
tube crystal oscillator and intermediate am-
plitier unit, the **‘push-pull”’ output amplifier,
and a4 modulator unit. The
modulator tube is a UNX-250
arranged to modulate the UX-
210 which, it can be seen, is
isolated from the oscillator by
the TUX-865 intermediate am-
plifier. The method of modu-
lation used is a variation of the
Heising system described in
Chapter IV. This arrangement
is again shown in Figure (' of
the three modulator circuits
given.  The arrangement B is
much more effective than .t
sicee the modulator is operating
at the full plate voltage while
the voltuge on the modulated
tube is dropped by the resistor
Rl by-passed by Cl. The
scheme € is just another ar-
rangement of the same method,

A COMPLETE MODERN AMATEUR 'PHONE TRANSMITTER
Though this outfit is muech more complex than the average transmitter is likely to he, it serves
to illustrate most of the principles dircussed in the fext

ful if the UX-210 would supply sufficient
exeitation to permit doubling at good efficiency
at any time.

L RADIOTELEIPHONIS TRANSMISSION

Any amateur transmitter with a d.c. plate
supply and an r.f. output not appreciably
modulated by it may be modulated for *phone
operation providing it is tuned to one of the
frequency bands in which ’phone is legal.
However, the self~excited transmitter and some
oscillator-amplifier transmitters are not really
satisfactory for this work. If the carrier of
such transmitters is modulated at all fully,
the frequency of the output varies with or is
“tluttered” by the modulation. Bad distortion
and serious interference usually result. I'or
completely satisfactory ’phone transmission the
frequency of the output should be set by an
oscillator well isolated electrically from the

though a separate choke is provided for the
modulator and modulated tube. The circuit B
or (" may be used with a great many combi-
nations of tubes, some of these being shown in
the full-page set of diagrams. In any of them
the general arrangement of the apparatus and
the adjustment and operation of it will be
similar to that of the crystal-controlled trans-
mitter deseribed.  The only important differ-
ences are in the adjustment of the bius and
grid excitation of any tubes in the transmitter
which come after the tube being modulated.
Tubes amplifying the modulated energy must
operate as linear amplifiers in just the same way
that the audio-frequency amplifiers of a broad-
cast receiver operate.  Also, the output of the
final amplifier—if the modulated tube is before
it—must have its output reduced to one
quarter of the maximum value before modu-
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lation is applied. The output will have been
reduced to one quarter when the antenna cur-
rent has been halved and it is this halving of
the antenna current which provides the most
useful indieation. In tuning the output stage
the grid excitation is first increased to the point
where maximum antenna current is obtained.
The excitation is then decreased by decreasing
the resistance of the grid resistor R7 until the
antenna current has dropped to half of its
former value. When the previous amplifier is
then modulated fully, its output will swing
from zero to four times normal. This means
that the excitation of the final amplifier will
swing between the same limits. The output
power of the final amplifier will be able to follow
this excitation and swing from

zero to four times normal only if
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“cut-off” as in telegraph work. When the
amplifier is two tubes in “push-pull”, the
bias may be operated at “cut-off”” for either
'phone or telegraph. A “‘push-pull” amplifier
is capable of operating as a linear amplifier
under these conditions.

The adjustment of the modulator unit
consists chiefly in varying the bias on both
the speech amplifier and the modulator to
the point where no appreciable flutter of plate
current can be observed even when the micro-
phone is spoken into loudly.

The microphone is an important item in any
"phone transmitter. The ordinary hand micro-
phones usually are good enough for speech

transntission but the more ex-
pensive “double-button’ types

“normal” is one quarter of maxi- T T T "“! are, of course, to be preferred.
mum power. This is why the |§ é | With any microphone, however,
o.ut'put_ is reduced before modu- i"T‘ T ci l it is important to avoid speaking
lation is applied. 'uLUlJl L L | too closely or directly into it.
If the final amplifier is oper- LR 2 I It ix desirable to adjust the
ating after the modulated tube : RFC o | L e freh .
e e o | [ s e ampine s s
single tube, its bias must be ad- it : SSaAr) spe
jus%ed to a po;nt where Sthe plate I . o l low tone of voice to give full
current is the same irrespective of l nE T D 40 wvac fpl(’du‘uti;’,‘tl, n ft}[wntmn;n;-ittt'er'
whether oxitaion is applied or | “Put T NPT The seniion ol ) ooy
will be considerably below the l % T Re | indication is the antenna am-
value used to give plate current ! | meter. With the modulation

THE WIRING OF

Cl—1-ufd. 300-volt condensers.

C2—1-ufd, 1000-volt condenser.

(3—1000-pufd. 500-volt condenscrs.

C4—250-upfd. 500-volt condenser.

C5—2000-ppfd. 500-volt condensers.

C6—500-upfd. 500-volt condenser.

C7—350-pnfd. transmitter-type variable condenser.

C9—A 23-plate midget condenser with plates double-
spaced.

C10—350-pufd. receiver-type variable condensers,

C11——1000-pufd. recciver-type variable condenser.

C12-—250-ppufd. “treble-spaced’” transmitting
denser.

C13—1000-ppfd. 500-volt condensers.

Cl4—Receiver-type variable condensers cut down to
3 plates.

C15- -500-ppfd. receiver-iype variable.

R1—200.000-ohm potentiometer.

R2—4-ohm fixed resistor,

R3-——100-ohm center-tapped resistors,

R1—35000-0hm resistor to carry 100 ma.

Ri-—5-ohm fixed resistors.

R6-—100-ohm fixed resistors.

R7—10,000-ohm ‘‘Adjustat.”

con-

Ux-250 )
C2

ch. | ¢, t - | Lz = 2oLy = iy l
| = [ofo] B "ET b 3 i
P A v [ (TR T a3 |7 e |
R, I ) eec it 3 < L, ]
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2
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THE COMPLETE 'PHONE TRANSMITTER ILLUSTRATED

L.1—16 turns of l4-gauge wire un 37 diameter tube, as
plate coil for crystal operation, 6 turns of same
wire for plate coil of self-excited oscillator,

1.2—4 turns of same wire. When running as a self-

excited oscillator, a 500-pufd. fixed condenser is

shunted across the extremities of L1-L2, i.e., from
rrid to plate.

20 turns of li-gauge wire space-wound on 37

diameter tubing.

15 turns of 22-gauge d.c.c. wire on 2" diameter

tubing mounted inside lower end of L3.

L.5-—3300-ke, inductance.

L6-—6 turns of 94” outside-diameter copper tubing,
turns 1” inside diameter.

I,;—10 turns of 3/16” diameter copper tubing, turns
3" inside diameter.

1.8—3500-ke. inductance.

L9—Each 5 turns of '4"” diameter copper tubing, turns
3” inside diameter.

T1—High gquality audio transformer with new primary
of 250 turns of 30-gaage wire. Any modern high-
quality microphone transformer undoubtedly
would he hetter.

T2— Audio-frequeney transformer.

Ch.—Double “B-eliminator” choke.

L3
L
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Modulator Speech Amplifier

V(s G

.

Modulated

Amplifier

Carrier output 7% walts
Peak modulated output 30 watts

Crystal
oscillator

Modulator

Speech Amplifier

Modulated “Buffer”

Amplifier REAmplifier

Carrier output 77 watts
Peak modulated output 30 watts

B

Self Excited
Osctilator

Linear
Push-pull
REAmplifier

Modulator Speech Amplifier

Modulated Crystal
Amplifier oscillator

Carrier output 3.7 watts
Peak modulated output 15 watts

Speech Amplifier
Modulators-in paralie/
ix-869
or

Ur-2i10,

@ REAmplifier  Self excited or
Crystal Oscilfator
Modulated Amplifier
Tubes in parallel

Carrier output 15 watts
Peak modulated output 6o watts

D

pL-/Z Sl Speech
RELpull Hodulator /m/;, v

&)

Modulated
Amplhitier

Carrier output 37 watts
Peak modulated output 150 watts

E

REAmplifier  Seif Fxcited or
Crystal Oscillator

Modulator

SpeechAmelifier Speech Amplifier

Self Fxcited or

Modulated Crystal Oscilator

A/np//// €r
Carrier output so watts
Peak modulated output 200 wutts

F

REAmplitier

Modulator Specch Amplitier

Linear
REAmplifier

Modulated
Amplifier

Carrier output 62.5 watts
Peak modulated output 250 waltts

G

R.EAmplifier  Self Excited or
Crystal Oscillator

Speech
HModulator — 2POECT, P /fﬁ/ei?febr

REAmplifier  REAmplifier Self Excited or
gfn‘/i;z{zgd r p Crystal Oscillator

Carrier output 250 watts
Peak modulated output 1000 watts

H
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systems  discussed, the antenna ecurrent will
rise by about 25 of its steady value when a
note is hummed into the microphone providing
the modulation is fairly complete and pro-
viding there is no serious
distortion.  Distortion is

103

the distortion introduced by the “peaked”
stage.  Many amateurs have success with
recoivers of the type deseribed in Chapter
Vo fitted with good audio-frequency trans-

hest deteeted by listening,
inside the station, with a
pair of “phones connected in
series with 20 or 30 turns of
wire and a crystal detector.
The eoil of this ‘phone
monitor usually will give
suflicient “pick up™” if it is
placed in the vicinity of
the antenna or feceder leads

An excellent article on
amateur radiotelephone
transmission, with detailed
explanation of the prob-
lems of modulation, ap-
peared in @NT for April
1929, Valuable  infor-
mation on :tdjustment ap-
peared in N7 for August
1929,

IFor successful amateur
radiotelephone work it is

very necessary that a suit-
able receiver be used. A
receiver  fitted  with @
“peaked” audio-frequency
amplitier will be quite un-
satisfactory on account of

e o
Modulator arc A%;}//gt’a"rr
s f—
g 2
|
A

Arolificr or
osentlulor

Modu'ator

Amplifier or
£c Oscitlator

—-

{T

THE MODULATOR AND SPPEECH AMPLIFIER UNIT
On the small panel is the micrephone jack, the gain control and the
microphune switch
amplifier can he scen.

Behind it. the microphone transformer and speech

The madulator tube with its associate apparatuy
is at the right.

formers and with bias on the audio tubes
correctly adjusted for distortionless ampli-
fication. However, a high degree of radio-
frequency selectivity is very valuable in ama-
teur ’phone work. Though tuned radio-
frequency ampliticrs operating on the incoming
frequency are not practical, the desirable
seleetivity can be obtained readily by the use
of a super-hetcrodyne. A full description of
one receiver of this type appeared in the March
1929 issue of QNT.

CONSTUCTIONAL AND OPERATING HINTS

There is almost an infinite number of pos-
sible variations in the circuits, the apparatus
and its arrangement in amateur transmitters.
We could fill this Ilandbook with nothing
more than description of effective transmitters
and the methods of building and adjusting
them. It is impossible, however, to give more
than a few typical examples from which the
amateur can gain a sutliciently general idea to
enable him to make modifications to suit his
own ideas or the apparatus available. We will
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now treat some miscellaneous considerations,
ideas and methods but we cannot possibly
cover the entire field. New schemes, ap-
paratus and operating methods are being
evolved constantly and if the amateur would
be familiar with them and improve his station
continually with their aid we can only suggest
that he read and study the magazine QST each
month.

TUBES IN PARALLEL

One vacuum tube is shown in most of the
circuits we have drawn. This does not mean
that only one tube can be used. Two or three
tubes may be used in parallel to obtain greater
power outputs than one tube can supply. Con-
necting tubes in parallel means connecting
grid to grid, plate to plate and filament to
filament. The efficiency of one tube is better
than that of several, however. On the shorter
wavelengths particularly it is better to use a
single tube. With more than one tube we may
get into difficulties with “parasitic” oscillations
in the inductance of leads and the inter-
electrode capacities of the tubes. The use of
one tube results in more certain operating,
cooler tubes, and a steadier wave with fewer
harmonies. The simpler our oscillator circuit,
the easier it will be for us to get it working and
to get the “bugs’’ out of it.

PARASITIC OSCILLATIONS

Parasitic oscillations usually occur when
there is more than one tube operating in parallel
or on very high frequencies where there are
leads and distributed capacities in the circuit
with a strong natural period of their own.
Heating of the grid and plate leads inside the
base is almost a sure sign of parasitic oseil-
lations. A large input and low available
output also lead one to suspect trouble of this
sort. The current at ultrahigh frequencies
may not show up on any meters at all but if
it is there it is robbing the antenna of useful
power. An R.F. ammeter placed in the grid
lead may show a high reading—if parasitic
oscillations are present.

Little grid chokes are used directly in series
with the grid of each tube (if more than one
tube is used) to cut down intertube H.F. cur-
rents and prevent loss of energy through
parasitic oscillations. A resistance of about
100 ohms will do as well. Both are occasionally
necessary. A few dozen turns of fine wire
wound over and over on a 14" diam. tube
fastened down by a secrew through it into the
baseboard, will be effective. These chokes or
resistors are in series with respect to the para-
sitic oscillations that we want to prevent
between tubes. With respect to the main
oscillating eireuit the chokes are in parallel
and have little effect.
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METERS

The meters shown in the diagrams that we
have discussed so far are really necessary to
adjust the circuit properly for best efficiency.
After the set is once adjusted and in operation,
meters are useful but not necessary. We
should have as many meters in the set ag we
feel we can afford. A filament voltmeter is
of first importance. If we do not use a filament
voltmeter or some indication of the operating
temperature of the filament, the life of the tube
may be much shortened by improper operation.
An indicating device for the filament is, there-
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LOCATING THE GRID MILLIAMMETER IN
ATRANSMITTER TO AVOID BURNOUT

fore, a matter of economy. Next we need an
antenna ammeter. The antenna ammeter can
be placed at the point in the antenna circuit
where the antenna current is greatest (at
the voltage node or current loop) but its in-
dication will be useful wherever it is and the
exact location is not extremely important.
If we can afford it we should have a plate mil-
liammeter of the proper range. All meters
should be selected with regard to the tubes
employed and the current and voltage that
we may expect in the different circuits of the
transmitter. With these three meters we can
get along very well indeed in operating our
transmitter. A plate voltmeter can be used
if it is available but is not very useful after
the circuit is once adjusted. Another milliam-
meter for the grid-leak circuit may be purchased
after all the above have been obtained.

RADIG-FREQUENCY CHOKES

Several ideas for mounting plug-in chokes
will suggest themselves to the builder. The
R.F. chokes can be wound on wooden dowels,
each end of the winding being connected to
some short right-angle brass pieces fastened
to each end of the dowel. These brass angles
should be mounted so that the projecting por-
tions on each end are in the same plane. They
will plug into the jaws taken from a discarded
knife switch. Some glass tooth-brush holders
from the “5 & 10" make even better forms that
will mount nicely in large cartridge fuse clips.
The aluminum caps clamp the wire and make
good contact with the clips which should be
mounted near the back of the transmitter
frame where the chokes will he readily acces-
sible when changing wavelength.
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Radio-frequency choke coils should be con-
structed to work best on the particular wave-
length to which the transmitter is tuned.
Often one choke will work in the set for several
frequency bands.

Every radio-frequency choke coil has a
natural period of its own due to its inductance
and distributed capacitance. When connected

B, = are
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ONE METHOD OF MAKING RADIO-FREQUENCY
CHOKES

The former on which the wire is wound is a *“5 and
10" glass toothbrush holder. The threaded aluminum
caps clamp the ends of the wire and serve to make
contact with the two large cartridee fuse clips which
constitute the mounting. Such a choke can be re-
placed readily by others of different values when
necessary.

>

in a tube circuit the choke-period is changed.
For every apparatus layout and tube equip-
ment there will be a “best” choke. The best
we can do is to specify what works best for our
particular set. Mount the choke at right
angles to the main coil and at a distance from
it and everything else. Keeping coils away
from each other and isolated as much as pos-
ssible makes their losses lower and keeps in-
duced voltages out of the argument.

For a short-wave transmitter the best chokes
appear to be those that tune more sharply to a
given frequency. Investigation usually proves
that the chokes have standing waves on them
under operating conditions. Single-layer coils,
space-wound, not over three inches in diameter,
seem to make the best chokes. Spacing the
windings decreases the distributed capacity
and, what is more important, raises the voltage
break-down values at the end turns where the
voltage-per-turn is always high in a sending
set of any power.

In a choke the voltage at the end next the
transmitter is highest (loop) while at the power
supply end the voltage is minimum or zero
(node). This may be checked with a Westing-
house Spark-C or any form of neon-lamp in-
dicator. A screwdriver or other metal object
with an insulated handle may be used likewise
for making such an investigation of eonditions
as mentioned before.

COIL CONSTRUCTION

The tuning coils of the transmitter are

extremely important items. Modern self-
excited transmitters have large values of
capacity across the coils to aid In obtaining a
steady output frequency and in conseyuence
the currents in the coils are of a high order.
If the coils are made with a conductor which is
too small, their resistance will cause serious
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losses in the circuit which will make themselves
evident in the form of heat. In even a low-
powered transmitter the coils can become too
hot to touch if the coils are made with wire,
tubing or strip which is too small. In such
cases the transmitter usually oscillates unstably
unless excessive grid excitation is used. It is
quite common to hear the complaint that the
plate current of the transmitter cannot be kept
down to the rated value without the tube going
out of oscillation. Almost invariable this
is due to losses in coils which are not sufficiently
heavy, or in high-resistance connections be-
tween the coils and their tuning condensers.
In the transmitters described, heavy copper
tubing was used for the coils but this does not
mean that it is the only satisfactory conductor.
1t is, however, readily available, easy to wind,
and it enables the construction of coils without
the nced of wooden, bakelite or hard-rubber
insulating supports for the turns. It is abso-
lutely essential that the coils be mechanically
substantial—that they do not vibrate—since
the slightest movement of their turns will mean
variation in the output frequency of the trans-
mitter. Coils made of copper or brass strip
usually will vibrate unless the strip is very
heavy or unless a supporting frame is used.

THE PLATE TANK INDUCTANCES
for a high-powcred amatcur transmitter ean be made
in this manner. The copper strip is 14” thick and
" wide.

One satisfactory type of coil using strip is
that illustrated. Copper strip 34"’ wide can
be used for low-powered transmitters but
14"-wide strip is preferable for a power of
about 50 watts. For a transmitter of 250
watts or more the self-supporting strip in-
ductance could be used. In this case 3{'-wide
strip 14’/ thick is used.

The constructional details of the former for
the smaller coils are shown in the sketches.
The number of turns necessary for the various
frequency bands will be approximately those
specified for the copper tubing coils. Experi-
ment will be necessary to determine the exact
number, however, and for this reason the
former-wound coils are not quite as practicable
as the self-supporting type. With the latter
coils the spacing of the turns can be varied
until the required value of inductance has been
obtained.
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The first cut shows how the notched strips are
laid out. All six oak strips can be sawed
straight across in a miter-box to a depth of
7w’ Then they'can be staggered the right
amount and the ends sawed off. The stagger-
ing will make the winding progress ahead the
right amount from turn to turn. If a miter-
box is not available each strip can be notched
separately in a vise. Be sure to leave room
on the ends for the mounting bolt and so that
the ends can be sawed off the necessary amount,
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densers. Without any external indication,
there can be radio-frequency leaks through the
insulation which will make it impossible to
obtain a clean note from the transmitter. In
some cases the signal emitted under such con-
ditions is a rough “hash” and no amount of
tuning will improve it. A great deal of trouble
will be avoided if the best condensers available

are built into the set at the start.
The variable condensers for transmitters
operating from a plate supply of 500 volts or
less may be of high-grade receiver

type. For transmitters operating
~Saw Here ) Sawhere from higher voltages than these,
?‘—Q;_I—;d— - R A — o ‘——““ special transmitting condensers are
® = [T T = desirable. Several makes of such
I et EEEE e R S condensers are well advertised.
@] o [T } AREREE 1 - i ° | They are available in many capa-
@] - T IO T TITInT - cities and voltage ratings.
@ll 3 : ! : I | IJ’* "__‘T T 5 It is not necessary that the con-
e - | BREREEEI T T T T densers specified for the transmit-
: R AN NEEN AN EREEY ! ters described should be variable
A_° | [.‘]dl}l;[l..,,,‘.,.l[( NN over the entire range, since they

will be operated chiefly at valucs
between 200 and 500 qufds. Vari-
able condensers of 200 or 250
ifds. can be connected in parallel

LAYOUT FOR WOOD STRIPS FOR INDUCTANCE.

The notches should be sawed a few thousandths
of an inch wide so the strip will slip into place
easily. When the strips are staggered the
right amount strip number 1 can e maced
next strip number 6 and the grooves will pro-
gress uniformly as shown by the dotted line.

The staggering is necessary in order to give
the proper pitch to the winding that will be
put on later. A hole is drilled one-half inch
from the ends of each strip using a No. 27 drill.
After soaking the strips in boiling paraffin for
at least an hour they can be removed. Despite
the fact that the paraffin is not visible on the
surface of the wood, the wood is impervious to
moisture and full of paraftin. Now you can
bolt the wooden strips to the end rings which
were previously drilled, taking care to see that
they are put on in the correct order and that
none of them is reversed in the process. It
is a good idea to number the ends of the strips
when they are first sawed to avoid trouble.

The brass (or copper) strip is next wound
on after anchoring the end with a wood screw
or a brass machine screw as shown in the
diagram. If one strip is not available it will
be necessary to solder shorter lengths together
before starting the winding on the form. After
the winding is completed, the small brass
angles can be attached to hold the coil off the
base in a horizontal position.

CONDENSERS

The performance of any transmitter can be
impaired seriously if the insulation between
points of high voltage is poor. A common
location for trouble of this type is in the con-

with fixed air-dielectri» condensers
of about the same capacity. Such
fixed condensers can be bought
but the resourceful amateur will find that they
can be built up from copper sheet or aluminum
dish pans supported with glass rods or glazed
poreelain.  Many possible constructional meth-
ods present themselves, the chief consid-
crations being to keep down the size of the

. .
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unit so that its field will not be too extensive,
to reduce the supports to a minimum without
sacrificing solidity, and to provide good contact
b}?tween the plates and heavy conductors to
them.

The fixed condensers in other parts of the
set also are important. Mica or glass dielectric
is satisfactory for these, and several types of
suitable condensers are available. Receiver-
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type condensers, providing they are rated at
not less than 500 volts, can be used in trans-
mitters employing the UX-210 tube but special
transmitting condensers will be necessary when
higher plate voltages are used.

HIGH-IMPEDANCE TUBES

The transmitters described in this chapter
were all designed for use with the tubes specified
and they will not operate with the same ef-
ficiency if tubes of widely different character-
istics are employed. Many of the European
tubes and some manufactured in this country
have a very high plate impedance and the
circuits in which they operate most effectively
may be different from those given. In the
first place the high impedance of the tube
malkes it necessary to have a radio-frequency
choke of very high reactance in shunt-feed
circuits (such as that given for the low-powered
transmitter) to attain reasonable efliciency.
In practice, due to the difficulty of making
high-reactance radio-frequency chokes, the
shunt-feed circuits are often almost inoperable
when used with the high-impedance tubes.
No such difficulty is experienced when series
feed circuits (such as that given for the high-
powered transmitter) are employed. The
large values of capacity specified for the tank
cireuits of the transmitters in this chapter also
would result in low efliciency if used with high-
impedance tubes. A greater number of turns
and less capacity would be desirable. In ad-
dition, much higher-resistance grid leaks will
be necessary. Some of the Kuropean tubes
operate effectively with values even as high as
50,000 ohms.

TRANSMITTER ASSEMBLIES

As we have already mentioned, it is by no
means necessary to arrange the apparatus in
the transmitter in the manner shown in the
illustration. Many other excellent schemes
are possible. The board on which the appa-
ratus is mounted can, for instance, be arranged
in a vertical position, with the wiring, trans-
formers, chokes, ete., behind it and the remain-
ing apparatus is front. Alternatively the
apparatus can be mounted chiefly on a base-
board, with the meters and controls on a
vertical panel in front of it. The panel could
be of bakelite or hard-rubber or may be made
of well-dried wood. The important points
to watch in arranging the apparatus are to
make sure that the leads, particularly in the
tuning circuits, can be short; to see that the
coils are well clear of the condensers or other
large metal bodies; and to arrange the parts
in such a way that the controls are convenient
and all apparatus is accessible.

UNSTEADY SIGNALS

One of the chief problems in transmitters
other than those of the erystal-control type
is to maintain a steady frequency. Tirst there
is the frequency creep due to heating of the
tube or other apparatus in the set. 'This can
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be reduced to a minimum by tuning the set for
greatest efficiency. The greater the antenna
power for a given input the less will be the heat-
ing of the tube. The aim is, therefore, to keep
the input at or below the rated value and to
tune the set until the tube operates with the
least heating. With a good antenna most
tubes can he operated at the rated input with-
out the plate showing any color. With any
tube the plate should never be allowed to get
hotter than a dull red. This is most likely
to happen during the preliminary adjustment
when the tube stops oscillating or is operating
in an inefficient manner. For this reason,
during adjustment, it is advisable to have the
key or a convenient switch so arranged as to
permit shutting off the plate power quickly
when necessary.

The detuning of the antenna circuit men-
tioned in the paragraphs on tuning does not
result in appreciably lowered efficiency in the
tube. \When it is said that the greatest antenna
current should be obtained for a given input
to keep the tube coolest it is meant that the
greatest antenna current with the antenna
detuned in the manner described should be
obtained. When the antenna is detuned the
plate current drops. The grid excitation
should therefore be adjusted so that the normal
plate current will be obtained with the antenna
circuit in the detuned condition.

Another common cause of frequency insta-
bility is vibration or swinging of the antenna
or feeders. The elfect of such vibration or
swinging is reduced considerably by the detun-
ing of the antenna circuit but it is essential
that the antenna be supported in such a way
that it is steady even in a high wind. This
point will be given consideration in the chapter
on antennas.

Leaky insulation also is often a serious
offender in this regard. Not only can a leak
destroy the character of the note but it can
be responsible for a wobbly frequency. Trouble
of this type often can be detected by removing
the antenna circuit and listening to the trans-
mitter in the monitor. Sometimes the leak is
visible in the form of a thin are. If the leak
is through bakelite a swelling on the surface
of the insulation often will be noticed.

Perhaps the most common cause of all is
vibration of the coils or wiring. A vibration
which results in serious frequency instability
often is too slight to be noticable. The coils
and wiring should be watched very carefully
during operation to malke sure that the move-
ments of keying, the humming of a transformer
or the vibration of a generator are not trans-
mitted to the set. The mounting of the set
on rubber sponges often will aid in the elimina-
tion of the trouble.

It is only by careful and prolonged attention
to such details that the performance of the
transmitter can be maintained at a high stand-
ard. It is fine to aim at a neat station, an
elaborate lay-out, or an imposing antenna.
Of infinitely greater importance than these
things, however, is the signal—the only part
of the station that the whole world can examine.



CHAPTER VII

Power Supply, Keying and

Interference

ROM the preceding chapter the im-
pression could be gained that a trans-
mitter consists merely of a tube and
the tuning circuits associated with it.

However, it must be understood that the
transmitters deseribed are not complete and
cannot operate until they are provided with
4 power supply. This power supply, though
involving only simple apparatus in some
cases, is at all times of the greatest im-
portance. Care expended in its installa-
tion and adjustment will be well rewarded
by improvement in the signal and in the
overall effectiveness of the transmitter.

The power supply system of any tube
transmitter consists of two units——the sup-
ply for the tube filaments and the supply
for the plate cireuits. It is the latter to
which we will give first consideration,

THE PLATE SUPPLY
In order for the oscillator tube of a trans-
mitter to oscillate, or the amplifier tubes
to amplify, it is necessary to maintain the
tube plates at a high positive potential with
respect to their filaments. If the tube is
to tunction steadily and produce a pure
unmodulated musical signal at the receiv-
ing end, the plate supply providing this
potential must be a steady direct current.
It is this point which is of such great
importance. Rapid fluctuations in the plate
supply voltage cause similarly rapid fluctua-
tions in the antenna power. This. in turn,
results in the production of side-band fre-
quencies and added interference, What is
much more serious, however, is that in the
self-excited oscillator such voltage fluctua-
tions cause not only power fluctuations but
frequeney fluctuations or frequency “flut-
ter.” The extent of this “futter” can be
reduced greatly by the use of a high value
of capacity aeross the tank coils and by
careful tuning adjustment (as described in
Chapter VI) but, with the possible excep-
tion of the crystal-control transmitter, the
“flutter,” the mushy note and the inter.
ference which accompanies it can never be
completely avoided unless the plate sup-
ply is a pure d.e. Slow variations in the
plate voltage also must be avoided since
these result in slow frequency changes or

Elimination

frequency “creep,” making it necessary for
the receiving operator constantly to retune
his receiver in order to hold the signal. Yet
another possible weakness in the plate sup-
ply, to be avoided, is poor regulation (to be
discussed in detail later) which results in
the plate voltage changing  with every
change in load on the plate-supply system.
Trouble of this sort gives rise to a sud-
den frequency change- _a frequency “chirp”
—whenever the load is changed. It is when
the transmitter is keved that this etfect be-
comes so serious.

POSSIBLE SUPPLY SYSTEMS

The simplest form of plate-supply system
is nothing morc than a bank of dry cell
batteries or storage cells.  For the low-
powered transmitter such a supply is not
only inexpensive but particularly desirable
on account of its ability to provide a steady
and quite pure direct current. For a trans-
mitter of any appreciable power, however,
both the installation and upkeep costs mount
rapidly and its use is no longer practical.

For the medium and high-power trans-
nmitters there are two alternatives—to use
a high-voltage generator of ample rating
for the tube or tubes, or to step up the
commercial alternating current to a suit-
able voltage, then converting it to direct
current with a rectifier system and smooth-
ing out the fluctuations or ripple with a
suitable filter. The latter arrangement is
probably the most generally used in ama-
teur stations.

DRY CELLS AS PLATE SUPPLY

Dry-cell batterios usually can be obtained
in 22'% or 45-volt units for plate-supply
work.

The 2215-volt batteries (4" x 4147 x 8")
usually have about 5700 milliampere-hours
capacity when discharged intermittently at
rates not in excess of 350 milliamperes. 200
hours of operating use can be expected when
using such batteries with a UX-210 trans-
ntitting  tube.  With 201-A tubes even
longer life can be expected. Of course the
thickness of the zine shell, the sealing to
prevent evaporation, the composition and
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disposition of the electrolyte, and the de-
polarizing elements used will have a great
deal to do with this life. Our figures are
merely representative of some of the bat-
teries available from reputable manufac-
turers.

Battery capacity will be reduced if bat-
teries are kept in too dry a place, espe-
cially if they are not sealed well, as the
electrolyte will dry out. In damp climates
there is apt to be leakage between the cells
of high-voltage batteries if precautions are
not taken. 1n cold climates batteries keep
very well but may show a temporary loss
of voltage as the activity of the chemicals
is decreased by cold. In this case the volt-
age will rise as current is drawn from the
batteries due to the heat generated inside.

The life and capacity depends on the size,
weight, construction, on the adaptability to
service and on care in installation and use.
The ampere-hour capacity given above is
representative of the average medium-sized
2216 volt 15-cell 5-pound DB-battery. Of
course the figures would be the same for a
45-volt 30-cell 10-pound battery made by
the same firm. The exact battery dimen-
sions are bound to vary somewhat, as these
batteries have been manufactured in a
variety of sizes and shapes to suit the many
kinds of broadcast receivers brought out in
the last few years. In general one can go
best by the weight—the larger and heavier
the battery for a given voltage, the longer it
can be depended on to last if it is made by
a well-known manufacturer instead of by
some fly-by-night concern.

Dry-cell batteries are not suited for use
with larger sets than those using one UX-
210. The economy is rather poor beyond a
50-milliampere discharge rate.

The beginning amateur will have no
trouble in starting off with a set using small
tubes with a dry-cell battery of two or threc
hundred volts for plate supply. A keying
filter may be used with battery plate supply
to keep key-clicks or key-thumps from mak-
ing the set a local nuisance.

B-BATTERY ELIMINATORS

In the last few vears a number of substi-
tutes for A and B batteries have been ad-
vanced. Of course these devices were made
to use with vacuum-tube receiving scts but
they enter the picture here because they
can be used with low-powered transmitters.

These battery eliminators, of course, arc
designed to plug into your 110-volt alternat-
ing current circuit. There are many types
on the market, all containing a step-up
transformer, rectifier, and filter and dif-
fering from one another principally in
the type of rectifier used and the means
for determining and regulating the output
voltages.

109

A few of the B-eliminators give a good
direct current output at between three and
four hundred volts with fairly decent regula-
tion. Using one on a small transmitter
gives excellent results.

The key may be placed in the 110-volt
line or in the d.c. output leads. Both should
be tried. The regulation of these elimina-
tors is sometimes poor, which may give rise
to “yooping” if the key is in the d.c. output.
On the other hand if one tries to key in the
110-volt line to the eliminator the filter may
not permit the d.c. voltage to rise and fall
fast, so that the keying will not be clean-cut.
The dots may even be missing entirely.
When the keying is not quite right in either
the output or the input, one is compelled to
short-circuit some ot the filter chokes of the
B sub or else disconnect some of the con-
densers, tolerating some ripple for the sake
of improved keying. Of course all this is
useless if the transformer and rectifier of
the B-sub are not fit to provide sufficient
plate current for the transmitter. That
should be investigated first.

REGULATION

When we speak of the voltage regulation
of a transformer, generator, rectifier, filter,
or rectifier-filter combination we are talking
about the variation in the voltage the device
delivers with the “load” that it handles.

A rectifier-filter delivers 350 volts, 45 m.a.,
to a UX-210 with the key pressed. We lift
the key and the voltage at the output term-
inals of the filter rises to 500 volts. The
regulation from full-load to no-load is the
difference or 150 volts. Regulation is often
expressed as a percentage. Voltage regula-
tion is the ratio of the diffcrence in full-
load and no-load voltage to the rated load
voltage.

150

350

— 42.8% regulation (rather poor)

The tube load is not necessarily full load
for this rectifier. If we design our rectifier-
filter to give an output of 350 volts, 100
ma., (35 volt-amps or watts), and happen
to be using it under-loaded, we have 42.8%
as a value of regulation for about half-load.
A regulation curve for the outfit ecan be
plotted showing what the pereentage regu-
lation of volts delivered will be for different
loads.

The regulation of mereury-vapor and mer-
cury-arc rectifiers is very good. Dig filters
and traunsformers having lots of resistance
and rectance have notably poor regulation.
Kenotron or Rectron rectifiers and electroly-
tic reclifiers have quite poor regulationwhich
has to be taken into account in building
transmitters. The regulation of batteries de-
pends on the internal resistance of the cells
of which it is made up. This in turn de-
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pends on the depolarizer used, increasing
with the age of dry cells. The internal re.
sistance of storage cells is very low and the
regulation correspondingly good (small).

Storage cells are expensive and many of
them are necessary to give us high-voltage
power. Either Edison alkaline batteries or
lead cells can be used. Equipment must be
provided for charging them. Distilled water
has to be added to replace that lost from
evaporation. In cold climates they must be
kept fully charged to prevent freezing of
the electrolyte. After a few years the stor-
age cells must be rebuilt or veplaced and so
the up-keep is also quite high.

THE RECTIFIER-FILTER SYSTEMS

Assuming that alternating-current power
is_available at 110 or 220 volts, a very
effective high voltage supply sys-
tem can be built up from a high-
voltage transformier, a rectificr
system and a filter. The details ,
of the transformer and the filter
are to be given complete treat- ]
ment later in the chapter and for l
the moment we will Iimit the dis-
cussion to the remaining unit, the
rectifier system. Several types
of rectifiers are available for
use in the plate supply system,
chief of these being the hot-
cathode mercury-vapor tubes, the
mercury are, rectrons, and chemi-
cal rectifiers. Of these the most
satisfactory is the mercury-
vapor rectifier which, though low
in cost, is simple, reliable, clean,
highly efficient and capable of
giving long service. Several recti-
fiers of this type are available at
present, a typical one being that
illustrated. All of them consist of
an anode or plate and a cathode
in a low-pressure mercury vapor.
In some of them the cathode is a simple
filament while in others the cathode is of
the “heater” type, consisting of a metallic
cylinder coated with the “cmitter” and
heated from within by a heater element
in the manner of an “a.c.” receiving tube.

The ratings of tubes of this type usually
are given in terms of peak inverse voltage—
the voltage that the tube will stand in the
direction opposite to that in which the
current normally flows—and peak current.
The peak current is dependent upon the
emission available from the filament or
emitter and in the operation of the mer-
cury-vapor tubes the greatest care must
be taken to see that it is never exceeded.
The important point to take into considera-
tion is that the peak voltage or peak cur-
rent is much greater than the readings of
the meters in the circuit. The peak voltage
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or peak inverse voltage, for instance, may
be taken as 1.4 times the rated transformer
voltage or the voltage indicated by a high-
voltage meter. The peak current in the
plate supply system is not so readily de-
termined since it depends to some extent
upon the type of filter into which the recti-
fiers are feeding. With a large condenser
on the rectifier side of the filter as shown
in the first diagram, the peak current per
tube is roughly three times the load current
from the two tubes. With a large choke
on the rectifier side of the filter as shown
in the second diagram, the peak current per
tube is reduced to about 1.5 times the load
current from the two tubes. It is for this rea-
son that a choke ahead of the filter proper
is desirable when the current to be drawn
by the transmitter is heavy.

Some idea of the operation of a rectifier-
filter type of plate supply can be
obtained by studying the two
diagrams mentioned. In cach of
them the high-voltage secondary
of the plate-supply transformer is
the winding indicated at the left.
In order to permit full-wave recti-
fication it is center-tapped. When,
during one half-cyele of the sup-
ply frequeney. the upper end of
this winding is positive, current
flows through the upper rectifier
from plate to filament and out to
the tilter system from the center
tap of the filament winding. The
peak current which can flow with-
out harming the tube (if it is of
the type illustrated) is the 600
m.a. shown within the cirele. The
voltage drop across the tube on
this half of the cycle is only 15
volts, At the time when current
is flowing through the top tube
the bottom end of the plate trans-
former secondary is negative and
no current can flow through the
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TWO TUBES USED IN A FULL-WAVE RECTIFY-

ING CIRCUIT
With condenser input to the filter, the peak cur-
rent through each tuhe is approximately three times
the average output current from the two tubes. This
filter arrangcement should be used where the output
voltage is relatively high and the output current is
Tow.
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lower tube. A voltage exists across the
elements of the tube, however, and it is
this voltage—the inverse peak voltage
which, with this particular tube, must not
exceed 5,000 volts, On the next half of
the supply cycle the upper end of the
transformer sceondary is negative and the
lower end positive, Current then flows
through the lower tube from plate to fila-
ment and out into the filter, while the
upper tube is doing nothing but withstand-
ing the inverse voltage which is now across

3s00
vt
RMS

IN THIS CIRCUIT ARRANGEMENT, THE FILTER
INPUT IS THROUGH A CHOKE
Here the peak current through e¢ach tube is only
approximately one and a half times the average out-
put current obtained from both tubes. A sacrifice
in output voltage results, though, and this type of
filter should be empleyed in cases where the output
voltage may be low but where high output current
is necessary,

its clements. In this way the tubes take their
turn on each alternate half-cycle to pass
current to the filter and at all times the
current flows out through the center tap
of the filament transformer. This lead is
then the positive high-voltage connection,
the center tap of the high-voltage trans-
former sccondary becoming the negative
conncetion. The output of the rectifiers
drops to zero between cach half-cycle but
the current flow is always in the one direc-
tion. In other words the output is now
a pulsating direct current. If applied to
the transmitter directly from the rectifiers
it would result in a transmitter output
heavily modulated and, if the transmitter
were self-excited, appreciably “fluttered” in
frequency. The use of a filter between the
rectifiers and the transmitter, however,
makes it possible to smooth out the pulsa-
tions until the output is a smooth and steady
direct eurrent. The filter system, to be de-
tailed later, constitutes a store-house in
which some of the output of the rectifiers
is retained during the peak of each half-
cycle so that the transmitter will still have
a supply even when the output of the rec-
tifiers has dropped to zero between the
half-cycles.

A table of rectifier-filter arrangements
for use with various transmitting tubes is
given. From this table it will be possible
to ohtain sufficient information to plan a
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plate-supply system for any of the trans-
nitters described in the last chapter. In
addition a complete diagram showing the
connection of a typieal plate supply to a
typical transmitter is given on the next
page. -

In building up a plate-supply unit em-
ployving tubes of this type it should be
remembered that the filament current is
quite high. Not all tube sockets are suit-
able for currents greater than one or two
amperes and if poor contact at the filament
prongs, overheating of the connections, and
possible tube damage are to be avoided,
the socket should be selected with care. A
further important point to watch is the
tilament voltage at which the tubes operate.
Satisfactery service and a normal life are
obtained only when the filament is held at
the rated voltage.

In the mercury-vapor tubes having an
exposed filament it is necessary to apply
the filament voltage 20 or 30 seconds before
the plate voltage in ovder to permit the
filaments to come up to their normal tem-
perature before operation starts. In the
ense of the “heater”-type tubes a much
longer delay is necessary between the ap-
plication of the filament and the plate volt-

TOSCILLATOR | RECTIFIER

TUBE $ [YOITAGE | APERE | TUBES | 1OTAL

U + { cwrgent | —— 120-voLT DROP
soiser et ruse] BT 7rn ingiibr

e g

| 150 |
ux-210| 350 |0 060 [2uxses !
60 |2uxses| 1250 | 0.090 ? |

ey | 4 . 1= —

[ov-2+1 | | l | Tsso'voupnop
o 1250 |0.175 |ruxses| 3500 |0 265 3~ LTARUT
Uv-203 A 8

o | || lg-;_ T

(LA S N SN HES S

RECTIFILR |
DiacRAM |§ FILTER

[PLan PLATE

!
\

|ux-asz l i —_r-;oo voiLl oror
8211000 [0 100 fruvses| 3500 | 0.300 | (& o 3| TULHET
ux- 860 [ 1 l
° {
| L=

] ‘0T DROP
|ul§\51 I | 'ﬂ 200401 10/
o l3000 0.100 |t 86| 3500 | 0.150 =I——I
ux-860 T T,
I 1 —1c | ss0 vourorop
|ur 2044 2500 |0.275 [4ux 866 3500 | 0 400 «E £ }"‘EI‘&QI’
I b ol T T

NOTES

'® 1000 0hms chosen as resistance of | ly/piaz/ choke.
* Approvmate values
O Tivo tubes may be used 1n parallel without overloading rectifier:

The above table indicates a suitable rectifier and
filter arrangement for transmitters employing 8ix
different types of tubes commonly used by amateurs.

age because the “emitter” is heated in-
directly. In actual operation of the sta-
tion this delay would be a decided disad-
vantage and general practice is now to
leave the rectifier filaments running con-
tinuously during periods when the station
is being operated.

MERCURY ARC RECTIFIERS

For high-powered amateur transmitters
a popular rectifier is the mercury are. Such
rectifiers will handle over six thousand
volts if necessary and are capable of with-
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standing very much higher peak inverse
voltages and peak currents than the smaller
types of mercury-vapor tubes available to
amateurs. At a number of amateur sta-
tions tubes have been installed, obtained for
little or nothing from the local clectric-
licht company that disearded them after
they began to operate unsteadily in a series

OSCILLATOR
TUBE

THE RADIO AMATEUR’S HANDBOOK

street-lighting  system.  Such tubes will
still serve as rectifiers for an amateur plate
supply source for UV-203-A’s or for a Uv-
204-A for vyears providing they are in-
stalled correctly.

The efficiency of such rectifiers is very
high, there being a negligible drop in plate
potential within the tube as in the case
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SIMPLEST FORM OF
FOR MERCURY

“KEEP-ALIVE” SYSTEM
ARC RECTIFIERS

comprise the essentials
In adjusting the

first brought to the right value by means
illator filament is adjusted with the aid
n the filament leads to the rectifiers since
at of the ordinary type if mercary.vapor

of the hot-cathode
The overall cfficiency
an amount depending
circuit used and the instantaneous load
values on the tube. Mercury are rectifiers
are easy to filter, too, The device used for
keeping the hot-spot on the mercury pool
and the inductance for keeping the tube
operating stably will be most of interest to
Handbook readirs.

The “kecp-ulive” cirenit is necessary in
using the mercury-are reetifier with ama-
teur transmitting scts for telegraph work.
An auxiliary electrode near the base of the
tube is ordinarily provided for use in start-
ing the are by an initial flash on the main
pool-—and this starting are is kept in opera-
tion continuously by “keep-alive” circuits
so that the tube will be kept filled with
mereury vapor even when the key is up as
in intcrmittent telegraph work. The auxili-
ary and main mercury pools are connected
through an inductance cail (to steady the
keep-alive are and prevent it from going
out) and a rectificr to a source of low-volt-
age alternating current (about 50 volts on
cither side of th- center tap). Tungar or
lectigon tubes such as used in low-voltage
battery chargers can be used or, lacking
these, an electrolytic rectifier made up in
two half-gallon battery jars will prove

mercury-vapor tubes.
of course is lowered
on the “keep-alive”
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very satisfactory. In opcrating the tube
the glass next the kecp-alive arc gets hot
so that one should take the precaution of
mounting the mercury-are tube in an oil
bath to a level somewhat above the mer-
cury pools to protect the glass. Use light
ras-engine oil of any kind convenient ior
cooling purposes.

The transformer supplying the “keep-
alive” eircuit must be well insulated because
just as in the case of the filament heating
transformer for tube rectifiers, the filament
circuit of the rectifier is at plate potential

CIRCUIT THAT CAN BE USED WHEN THERE
ARE TWO AUXILIARY ELECTRODES (THREE
MERCURY POOLS)

Note that no low-voltage rectifier is necessary for
maintaining the “kecp-alive” arc.

above ground. If no one-tu-one-ratio trans-
former with a center-tapped secondary is
available for the keep-alive circuit a 50-volt
supply can be used with four large chemical
rectifier jars connected in a bridge arrange-
ment.

The choke can be easily built if a spare
transformer winding of the necessary in-
ductance is not available. Some resistance
in series with the choke will help in limit-
ing the current used in the

The connections of the mercury-aic recti-
fier in transmitting ecircuits are just the
same as those of any of the other rectifiers.
The diagrams show scveral different “kecp-
alive” rigs. Most of the stations use the
small 110-volt 10-ampere tubes success-
fully. So many styles and varieties of
tubes are available that we cannot be too
specific regarding any particular rectifier
tube. In general, the tubes are not critical
and a little careful experimenting will en-
able you to get onc going at your station.
At least one amateur has successfully oper-
ated one of the G. E. 10-kilowatt street-
lighting rectifier tubes (Type 40525) with-
out the low voltage rectifier for the keep-
alive circuit. It is best to use a rectifier,
as low-voltage direct current makes an arc
stable,

In handling the tubes remember that mer-
cury is heavy and it must be poured care-
fully to prevent cracking the tube. If a
tube is defeetive due to a poor vacuum it
will not operate. A tube having a good
vacuum will give out a clicking sound when
the mereury is shaken about carefully so
that it splashes a little. If there is much
air in a tube the mercury will oxidize on
trying to start the arc. In mounting the
rectifier tubes the glass should not be
clamped so that there is any strain on it as
it is almost sure to fracture after a few
hours of operation if there is a strain on
some part of the glass.

In onc typical amateur installation the
mercury-are rectifier tube is mounted with
the oil jar in a wooden frame and remote-
controlled by the arrangement shown in the
photograph and diagram. The tube with
its frame is pivoted on a line through the
conter of gravity (Point A in the circuit
diagram) in a sccond larger wooden sup-

“keep-alive” circuit to a valuc
which will just keep the arc
operating stably, preventing the
wasting of power and getting
away from the danger of over-
heating the glass at the auxil-
iary electrode. The primary of
an R. C. A. Th-watt filament-
heating transformer makes a
good choke in an cmergency.
One amateur uscd a choke
having about 800 turns of No.
18 or No. 20 wire wound on a
closed core 114" square (cross-
section). The primary of some
transformer in almost every
experimenter’s “junk box” will
be found to serve in an emer-
gency. The voltage used and
the necessary adjustments are
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not critical. About 2 amperes
“keep-alive” current is neces-
sary for stability.

TUNGAR “KEEP-ALIVE” ARRANGEMENT AT W3AB
Note the framework supporting the tube and the solenoid used

for tilting it by remote control.
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port. A rod B is fastened to the frame of
the tube as shown, a coiled spring pulling
down on one end of the rod and an iron
solenoid armature of eylindrical shape ar-
ranged on the other end of the rod so that
when the coil of wire (solenoid) around the
armature is energized by the closing of the
proper relay, the magnetic pull will tilt the
tube. The low-voltage rectifier circuit sup-
plies the current for operating the solenoid.

h—siiter -

THE WIRING OF THE MERCURY-ARC
INSTALLATION

shown in the photograph. In this case the tilting of
the arc is accomplished hy means of a remotely-con-
trolled solenoid.

In the “keep-alive” circuit is a reverse-con-
nected relay, the contacts of which are held
closed whenever there is no current in the
cireuit leading to the auxiliary electrode.
A storage battery controls the power and
keying relays. When the switeh closes the
circuit to relay W, the power transformer
P and the Tungar rectitier are connceted
to the 110-volt mains. The circuit through
the solenoid being closed, the current goes
through the solenoid windings, pulling
down one end of the rod and tipping the
tube.  The mercury flows over, covering
both lower electrodes and allowing current
to flow in the “keep-alive” circuit. This
energizes the reversed relay, breaking the
solenoid circuit so the spring can pull the
tube into an upright position, striking an
arc as it does so.

THE ELECTROLYTIC RECTIFIER

For an amateur station the electrolytic
rectifier is bhulky and sloppy but works
well. Chemically pure aluminum is hard to
obtain, hut the lead or iron element is
plentiful and cheap.

In designing a chemical rectifier one nmust
be sure to use sufficiently large jars to
prevent undue heating of the solution.
Allow 50 volts to a jar and a ecurrent
density of not over 40 milliamperes per
square inch of aluminum sheet.
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A dilute solution of sodium bicarbonate
(baking soda) gives good results with low
cost. A layer of transformer oil on top can
be used to reduce evaporation, and creeping
will not be as troublesome as when borax
is used. Sodium-ammonium phosphate and
sodium-potassium tartrate are good but
more expensive. The use of borax requires
a saturated solution. If baking soda is used
there will be a heavy white precipitate
formed at the aluminum electrode which
will scttle to the bottom. As this does not
appear after the aluminum is formed, an
old solution can be used for forming and the
electrodes put into a clean solution after
they are formed. Lead and iron are not
satisfactory for use as auxiliary electrodes
in an aluminum rectifier that has an organic
solution, but they work well with a borax
solution or with the dilute baking-soda
solution. A carbon auxiliary electrode will
be satisfactory if an organic rectifier solu-
tion such as citrate, acetate, or tartrate is
used.

Diagrams of connections are shown. An
cxample may help. We have 2 UX-210's
that normally take 45 m.a. each of the plate
current. That makes 90 m.a. the set uses.
Our transformer gives us 550 volts on each
side of the center tap. Assuming 100 m.a.
maximum load, 100 divided by 40 gives us
2% sq. in. of aluminum that must be im-
mersed in cach jar to carry the current.
550/50 makes 11 jars necessary for each
leg of the rectifier (lower diagram). We
should use 12 jars to give the necessary
10% factor of saufety. Some jelly tumblers

Wood Strip

SIMPLY-MADE ELECTROLYTIC RECTIFIERS FOR
LOW-POWER SET

may be pressed into service to hold the
solution. = A small rack and some wooden
pieces holding the aluminum and lead strips
will complete the outfit.

In the bridge-connccted rectifier S de-
livers 550 volts, two rows of 12 jars each
being in parallel across S, 21 jars total
number. There are four groups of six jars
cach. In the diagram showing the plate
transformer with center-tapped secondary,
S delivers 1100 volts (550 each side of
center-tap in making computations. In this
respect to the 1100 volts, showing that the
same number of jars are required for either
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connection. In the case of a center-tapped
transformer, use the voltage each side of
center-tap in making computations. In this
arrangement there are two groups of 12
jars each.

Two UX-210’s will need a rectifier with
the following parts:

28 Aluminum strips, 5 x 17 x 1/327 thick ....33.00
28 Lead strips. 5” x 17 x 1/16” thick .......... 2.