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FIX ANY RADIO

REPAIR ANY
RADIO IN MINUTES

Locate the source of trouble in any radio without equipment.
Make needed tests. measure voltage, trace the signal, by using only
a resistor, small condenser, and a erystal detector. Inject signals
without any signal generator. Test parts by the new Compurison
method. Test tubes without equipment. Repair any radio expertly
following illustrated, simplified plans. Improve your radio servicing
ability. Examine the plan without obligations—without risk. Send
coupon.

Other Supreme Publications

Find radio faults with a new simplified method. Re-
pair radios in minutes instead of hours. Revolu-
tionary, different Comparison technique permits
vou to do expert work almost immediately. Most
repairs can be made without test equipment. Sim-
ple point-to-point, cross-reference, cireuit sug-
gestions locate faults*quickly and easily.

PRACTICAL RADIO FOR WAR TRAINING

This new, 1943 manual will ¢larify the important radio facts, explain
the principles which may have puzzled you. and point the way to faster
radio repriring. You will find hundreds of practical hints for mounting
Parts, testing components, trouble-shooting, using instruments. Needed
useful theory in each chapter is followed with practical applications.
This is the book that will help you repair radios faster, or obtain a good
radio War-job, or get ahead in the Armed Forces. Use this timely book
4s your ready reference for finding the right answer to eovery

radio problem. Written by M. N. Beitman, 336 larte pages, 6x9 95
inches. Printed on thick, enamel paper. Almost 300 illustra-

tions and diagrams to help you. Seal leatherette cover. Attrac- —
tive manual-binding. Price only ................... ...,

_ How to MODERNIZE Radios for Profit

Cash-in by improving audio circuits, modernizing

HOw 10 cabinets, adding features usually found on late mod-
’1“’""‘" el sets. Practical job-sheets with schematics and pho-
LR tographs make the work easy. You are told how to

for pROFIT

and how to complete the job quickly and ef-
ficiently. The complete, large size, 8%4 x 11
in. manuul is priced at only . ... .... o

LRI

obtain modernization work, what to 1:har;ze,$.l 00
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MOST-OFTEN-NEEDED RADIO DIAGRAMS
‘The most pepular radio diagrams available in
1941 low priced muanuals. Large size: 81 x 11 inches.
RARIO 1942 Manual, Volume 5, 204 pages....
DIAcRAMS IR 1941 Manual, Voluine 4. 192 paces. ... s 00
1940 Manual, Volume 3, 208 pages.... mm—

© 1939 Manual, Volume 2, 192 pages....| each NET
Tt J 1926-38 Manual, Volumeo 1, 244 pages, 52 50
alignment, hints, parts lists........ Q

PRACTICAL RADIO MATHEMATICS

Introduces and explains the use of arithmetic
and elementary algebra in connection with units,
color code, meter scales, Ohin’s Law. alternating
currents, ochmmeter testing, wattage rating, se-
ries and parallel connections, capacity.
inductance, mixed circuits, wvacuum
tubes, curves, the declbel, ete., ete., and c
has numerous examples. Net...,......

SEE YOUR JOBBER OR SEND COUPON

COMPLETE

3150

SPECIAL OFFER
READ THE DETAILS

FOR BEGINNERS OR EXPERTS

Learn important short-cuts in trouble-
shooting; find any radio fault with ease.
Follow the comparison tests given on 16
large trouble-shooting blueprints. Over
1,000 practical repair hints. Hundreds of
simplified tests using a 5¢ re-
et sistor, and a filter condenser.
Covers every radio set—new
and old. Introductory material
for beginners and to serve as a review for ex-
perienced radio men. Also several chapters on
test equipment. Presented in manual form, 112
illustrated pages, 8/ x 11 inches. Entire plan
is stark new and will help you get ahead in
radio quickly.

Developed hy
M. N. Beitman,
radio engineer,
teacher.author,
& serviceman.

PRACTICAL USEFUL FACTS AND HINTS
Hundreds of service hints, trouble-shooting ideas, simpli-
fied testis, repair suggestions, and alignment methods are
included. Benefit by the experience of others. Use the
most practical method for finding the fault and making
the repair. Save time on every job.

FIX MOST SETS WITHOUT TESTERS
Follow the COMPARISON technique and repair 4 out of 5 sets
without equipment. Speed up vour work; locate faults quickly:
make repairs efficiently. Be fair with yourself and try this new
plan without obligation. Take advantage of our
“no-risk” trial. Send coupon today. Use this time-
saving, money-making radio servicing technique
for 10 days without any obligations. Sec how
quickly you will learn these helptul methods. Save
time on every radio job every day. Learn new
short-cuts in radio servicing. Get ahead in Radio. N
Amaze others with vour ability to find radie faults and make re-
{m(;rs. Prepare for higher rank and better pay in the Army. Act
oday.

e

MONEY-BACK GUARANTEE

Tou must be entirely satisfied or your money will be re-
funded without 2o question. The training will more than
pay for itself on the first radio job or with higher rank In
the Army. Examine and use this unique plan for 10 days
at our risk. Send coupon right now—use the plan this week.

SUPREME PUBLICATIONS
328 S. Jefferson St., Chicago 6, Il

Ship my copy of the complete Simplified Radin Servicing by
COMPARISON Method manual. 1 must be entirely satisfied.or you
will refund my total remittance.

{01 am enclosing $1.50, full price. Send postpaid.
{JSend C. O. D. I will pay the mailman $1.50 and a few cents postage.
[J Also send other Supreme Publications books as listed in letter.
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MITH,

Presigent
National R:nd -o Instntum,

Established 28 Years

He has directed the training of more
men for the Radio Industry than any
other man in America.

The 915 U. S, Broadcasting Stations
give steady jobs tg thousands of Radio
Technicians, Operators, with average
pay among the country’s highest paid
industries

Radio Repairing ig a booming business
today because no new Radios are being
made. Many make $50 n week in full
time jobs—others $5. $10 a week EX.
TRA for spare time work!

Civilian Radio Operators are needed
for good Government jobs and in Avia-
tion Radio. Police Radio, Commercial
Radio. Now is a good time to get started
in these fields.

B il sond e i Lascn s

to show how | train you
at home in spare time

for ool folty i

Mail the Coupon for a
FREE lesson from my
Radio Course. It shows
how N.R.I. trains you for
Radio at home in spare
time. And with this sam-
ple lesson I'll send my 64-
page, illustrated book,
“WIN RICH REWARDS IN

RaD10.” Tt describes the
many fascinating jobs
Radio offers, tells how

you can train for them at
home in spare time!

More Radio Technicians
and Operators Now
Make $50 a Week
Than Ever Before

There’s a big shortage of
capable Radio Technicians and
Operators because so many
have joined the Army and
Navy. Fixing Radios pays bet-
ter now than for years. With
new Radios out of production,
fixing old sets, which were for-
merly traded. i in, adds greatly
to the normal number of serv-
icing jobs.

Broadcasting Stations, Avia-
tion and Police Radlo, Ship
Radio and other communica-
tion branches are scrambling
for Operators and Technicians
to replace men who are leaving.
You may never see a time
again when it will be so easy to

get started in this fascinating
field. The Government too
needs hundreds of competent
ctvilian and enlisted Radio men
and women. Radio factories,
now working ‘on Government
orders for radio equipment, em-
ploy trained men. And think of
the NEW jobs Television, Fre-
quency Modulation, Electronics
and other Radio developments
will open after the war! This is
the sort of opportunity you
shouldn’t pass up.

Many Beginners Soon Make
$5, $10 a Week Extra
in Spare Time

There's probably an opportunity
right in your neighborhood to make
money in spare time fixing Radios.
I'll give you the training that has
started hundreds of N.R.I. students
making 35, $10 a week EXTRA with-
in a few months after enrolling. The
N.R.I. Course isn't somethinz just
prepared to take advantage of th
present market for technical
and courses. It has
develobed, perfected during the 28
years we have been teaching Radio.

Find Out What N.R.l.
Can Do for YOU

MAIILL, THE COUPON for FREE
sample lesson and my 64-page book.
You'll discover things you never knew
about Broadcasting, Radio Servicing.
Electronies, other interesting Radio
fields. You'll read letters from many
men [ trained. You'll see the many
fascinating jobs Radio offers and how
YOU can get started. And you'll have
my free lesson to KEEP. There's no
obligation—no salesman wili eall. Just
MAIL THE COUPON in an ¢nvelope
or paste on a penny postall—J. E.
SMITH. Dept. 3JX. National Radio
Institute, Washington. 9. D, C

Extra Pay
in Army, nF#
Navy, Too \7/
R =22
Men likely o £o¢ _into
milltary  serviee, soldiers,
sallors, marines. should

mail Coupon Now!
lmz Radio helps men Ret ex-
tra rank. extra hrrsuze.
more interestinik  duti

much hiEher pay.
1.70] Service met Aare
N.R.1. students. Also pre-

bares’ for jood Radlo lobs
after Service cnds.

bocks

been tried, tested,
\!
\

TRAINING
MEH FOR
VITAL
RADIO
JOBS

| Trained These Men

i

FREE LESSON
I'll send you a FREB

Good for Both s esson

). E. SMITH, President, Dept. 3JX,
National Radio Institute, Washington, 9, D. C.

Chief Operator Broadcasting
Station

lesson, “'Gettlng Ac;
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—use jt—without obliga-
tion. Tells how Super-
beterodyne Receivers work
—why Radio Tubes fail—
how to fix Electrodynamie
Speakers, Output Trans
formers. Gives hints on
LF, Transformer repair—
$10 a Week In Spare Time how to locate defective
I repajred some Radlap Sots when soldered joints—Antenna,
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WHAT’S AN AMERICAN,
GRANDPA?

Son, it’s a little hard to de-
scribe an American! Mz'xybe I
had better start by saying he
is a peaceful fellow, hates to
start anything that he thinks
will hurt his fellow man. Some
folks think he is slow-starting,

allicratters
v 3 T = “-:L-
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well, maybe so, but once he
gets started he can produce
faster than anyone, especially
those who threaten the peace
and security of his home or
his liberty to go and come or
do what he wants to do.

BUY MORE BONDS! (ﬂﬁ s

1943

Son, an American is the fight-
in’est fellow I know of when
you threaten him with the
loss of any one of the real

American principles.
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SCR-299 .

- VANGUARD OF INVASIO“"‘*@

il ior
THE SCR-299 Mobile Radio Communications unit played a greal part in the invasiop of Afnca
and Sicily . . . these units were used as mobile radio stations, transmitting voice commands to fast moving
armored units while in action, or as permanent radio stations . . . even under the most difficult operating
conditions. A leading military authority said, ‘'My observations in the theatres of war make it
possible to say that the SCR-299 hit the jack pot in the mobile radio field os has__.

the jeep in transportation.”

BUY MORE BONDSt

the hallicrafters co.

CHICAGO, U.S. A b

THE WORLD'S LARGESYT EXCLUSIVE MANUFACYURER .OF SHORT WAVE RADIO COMMUNICATIONS EQUIPMENY
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. ... Don’t expect to buy
your ultra-modern radio re-
ceiver the week after peace
has been declared . . . .

with

POPULAR ELECTRONICS

‘RADIO’S GREATEST MAGAZINE’’

NEW RADIO INVENTIONS

IN THE POST-WAR WORLD

By the Editor —HUGQO GERNSBACK

OR the past several months we have been treated to a
unique spectacle in radio history—to sit in on a preview of
some new radio inventions which will come into being after
the war.

While everyone in the field must admit that there will be many
revolutionary changes and marvelous radio applications after the
war, the catch is that the term “after the war” is, and will
remain, excecdingly flexible.

Supposing that by extraordinary good luck the war should be
over by the end of 1946; will all the impatient radio customers
have their new-fangled radio sets in January, 1947? The answer
is a categorical “NO.”

The reasons for this are manifold, as will be seen from the
following short resumé, which by no means gives all the reasons.

If we look back through radio history, as well as the history
of any number of inventions—whether they be the automobile,
flying machine or telephone—it will be seen that no new invention
has ever made its appearance overnight on the commercial market.
Thus, for instance, we had radio broadcasting as early as 1908,
when Dr. Lee de Forest was Droadcasting phonograph records,
the same as we do today. Yet it took 12 years untit KDKA of
Pittshurgh went on the air in 1920 and when the country at
large finally took to radic in earnest.

It should also not be forgotten that the radio tube was invented
by Dr. Lee de Forest in 1907, and there seems no particularly
good reason to laymen why the complete radio tube set, as we
know it today, should not have been manufactured and sold on
a large scale in 1908. Nevertheless, that is exactly what did not
happen. No radic sets in large quantities were sold until about
1924, There were many reasons for all of this, too numerous to
catalog all of them. A few reasons are given here:

When KDKA went on the air, it took several years to build
broadcasting stations which people could listen to in all parts
of the country. Although factories worked overtime to fill orders
for broadcasting plants, and although high premiums were paid
to rush stations to completion, yet there was the usual time lag.
The industry simply was not prepared to take care of the man
orders they received. There seems also no very good reason, if
you look hack, why self-contained power operated radio receivers
could not have made their appearance in the vear 1922-23. Re-
member, we were using batteries with all radio sets in use in
those days. Next we switched to battery eliminatgrs, which had
their vogue for a year or two, and then. several years later the
modern radio set, as we know it today, and which you plug into
your light socket, was offered to the public. The reason here was
that it took years to evolve the necessary radio tubes and other
instrumentalities necessary for the operation of a modern radio
receiver,

It will be exactly these things that will hold up most of the
fabled radio sets which will make their appearance “after the war.”

To begin with, all radio manufacturers, without exception, are
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now working on war orders. It is also quitt true that many of
the far-siphted ones have already made plans for the post-war
radio set. Many of such ultra-modern radio sets are already out
of the blueprint stage and samples and models have been built.
That does not, however, mean that the manufacturers can start
delivering scts the week after the war is ended. They first must
change their entire production from a war basis to a peace basis.
They have to retool, make new molds and new jigs, while new
machinery must be built to switch over from the war to the
peace effort. All this takes time.

Then there arises the problem of patents on a number of new
radio inventions which already have been made. It is known that
there have been made so far a number of importaat, if not revolu-
tionary, radio inventions. More of them will be made before the
end of the war. Many of these inventions will make the ultra
modern radio set, of which I spoke—and which already may be
out of the blueprint stage—completely obsolete by the time peace
is declared. These are not insurmountable obstacles, by any means,
and I do not wish to leave the impression that it will take five
or ten years after the war is over until the ultra-modern radio
set will make its appearance in quantities. Nevertheless, it cer-
tainly will take several years, even under the best and most
favorable circumstances.

Even if the radio manufacturers all did get together—which
they have never done in the past—and pool all the important new
inventions, therc still will be a necessary technical delay of at
least one year or more for the following simple considerations.

It is conceded today by practically all authorities that the
present radio broadcast channels are already obsolete. Very soon,
at the close of the war, there will spring into being thousands
of frequency modulation stations, The Federal Communications
Commission already has hundreds of applications for such sta-
tions which cannot be built for lack of materials. Therefore,
these stations with all of their broadcasting equipment mist be
completed first. That means a terrific amount of equipment which
is certainly going to chioke many branches of the radio industry
for some time. It is also conceded that the country will want
television some time after the war, and that most of the radio
receivers that will be sold must work on 6 meters or below—
and on frequency modulation bands. But again, television—as
I mentioned in my editerial in the July, 1943, issue, is not ready.
There is still a good deal of work to be performed before the
television receiver can be put into mass production.

All in all, it will be seen from the above that it will take from
one to three years after peace has been declared until the ultra-
modern receiver can be bought at a radio store.

This does not mean that there will not be certain “stop-gap”
radio receivers sold in the imterim period. The same may be said
of the automobile, because the car which you will buy at the
end of the war will probably be a 1942 model in many respects,
until the automobile industry, too, has switched over from a
war to a peace production.
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*eTHE RADIO MONTH IN REVIEW®e

A Digest of News Events of Interest
to the Radio Craftsman

ELECTRONIC ANALYST SPEEDS WAR CHEMISTRY

NEW electronic device, the mass

spectrometer, faster and more accurate
than a dozen top-notch chemists, is ready
to do its part in winning the war by greatly
accelerating wartime chemical research,
according to a statement released last month
by Westinghouse. It is a valuable laboratory
tooi for scientists seeking more powerful
gasblines, new plastics and improved syn-
thetic rubber. An average college student
can be taught to operate the spectrometer in
a few weeks.

Developed by 32-year-old Dr. John A.
Hipple, physicist at the Westmghouse Re-
search Laboratories, the electronic “chem-
ist” swiftly and precisely analyzes many of
the complicated gases formed in making
butadiene, the principal ingredient of several
types of synthetic rubber. In 15 minutes this
spectrometer will dissect a complicated gas
molecule a twenty-five-millionth of an inch
long and can be adjusted to automatically
produce an autograph that tells the chemist
the composition of the gas.

At present, certain analyses require from
15 hours to three days of painstaking labora-
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tory work by five to ten skilled chemists.
Others cannot be done at all. Results at-
tained by thesc tedious methods are much
less accurate than the molecular “portrait
that comes out of the spectrometer.

Butadiene molecules, Dr. Hipple ex-
plained, are carefully built up from carbon
and hydrogen atoms according to definite
chemical patterns, much as a tile-setter sel-
ects colored blocks to form a design on a
floor. As the molecule is being put together in
a butadiene plant, its composition must be
checked at intervals to make certain that
the chemical pattern is being followed.

Present methods of determining the
molecular structure are so slow that a batch
of butadiene has often gone through the
various treatments of the process before the
analysis is completed. If there is an error in
the molecular design, the butadiene will
make a poor quality synthetic rubber. Some-
times a batch of butadiene has to be re-
processed, causing lost production time.

The spectrometer is housed in a cube-
shaped cabinet five feet high. Its key part is
a yard-long glass vacuum tube shaped into
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a quarter-circle. This tube, lined with metal,
is fixed between the poles of an electro-
magnet.

Molecules of the gas being analyzed are
given an electrical charge at one end of the
tube and are shot toward the other end at
a speed of approximately a million feet a
second by high voltage electricity. The
electromagnet pulls at these speeding
molescules so that only those having a cer-
tain mass, or weight, travel down the center
of the tube, around the bend and through a
tiny slit in a metal target at the other end,

The molecules going through the target
are collected on a metal plate where they
give up their charges. Then the charges
are amplified and counted by electric meters
that indicate how many molecules of a cer-
tain weight are in the mixture.

Molecules weighing less than those hitting
the target are pulled to the metal lining of
the tube before they can get around the bend.
Heavier ones offer .more resistance to the
electromagnet’s pull and strike the other
wall of the tube as they try to negotiate the
bend.

The mass spectrometer requires only a
thimbleful of gas for each test. Butadiene
plant chemists now have to draw off a
bucketful of gas for the involved laberatory
procedure of breaking down the mixture by
“fractionating" or distilling.

POST-WAR TELEVISION

TELEVISION 15 going places after the
war, but, judging from statements made
last month by Ralph Beal, research
dxrector of RCA, and E. F. McDonald of
“crystal-gazer” fame, it is by no means
clear just where it is going to go.

Mr, Beal says that full-scale television
will become a fact “within the shortest
space of time required to reconvert the radio
manufacturing industry from war to peace
production.”

The president of Zenitl, on the other hand,
insists that television for all is not half so
near as the public has been led to believe.

“Television is technically ready, but it is
economically unsound because no means for
financing the programs has been discov-
ered,” insists Mr. McDonald. “There is
notlnng wrong with television that money
won't cure—but there won’'t be programs
feeding into homes until a ‘box office’ for
the producers is found.”

Television receivers should not be sold
to homes on the argument that television will
spring into common use overnight when the
war ends, McDonald maintained.

“Premature and exaggerated publicity
about television is misleading the public
now Just as it did four years ago,” he de-
clared. “Television won't become a great
industry until the economic riddle of how
it is to be supported is solved.”

The cost of receivers to the consumer was
another point seen as holding up the rapid
spread of television. Before the war, a
television set cost nearly $400. Mr. Beals
warned against taking this as a probable
post-war figure. Wartime discoveries, he
said, have acted as a catalyst to speed up
television research, and new methods and
materials will have their effect. Post-war
labor and material costs, now unpredlctab]e,
will also be a factor in the price of receiving
sets making a close guess as to their cost

dpossﬁ;]e (See also the July Radio-Craft

torial on this subject.)

Wartime rescarch, according to the RCA
executive, has greatly advanced television
technique, and has made possible a set’ with
a vision screen two feet square, and at a price
within the means of the average family.
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ELECTRONIC SPAGHETTI?

ADIOMEN have long been familiar with

the use of spaghetti (varnished cambric
tubing) in the insulation of radio wiring,
and more than one remembers when every
wire in the set—however far isolated from
others—had to have its overcoat. The
Westinghouse announcement last month
that spaghetti was being used in the con-
struction of vacuum tubes thercfore caused
no surprise.

No surprise until the radioman discovered
that it was real spaghetti—the edibie vari-
ety—that was being used! It is inserted in-
side the coiled filament of vacuum tubes as
a support for the wiring, with the great
advantage that the spaghetti can be easily
burned out after the filament wires are
welded in place.

The former practice was to use steel sup-
ports, and much time was wasted removing
them.

The photograph shews a worker making
connections to the slender flament wires.
The spaghetti inside the filament coil may
readily be scen.

“A stick of spaghetti placed inside a tiny
wire coil supports the coil while it is being
welded,” explained D. D. Knowles, manager
of -electronics engineering. “A piece of steel
formerly was used as the support but it was
difficult to remove. Spaghetti can be burned
out in a flash.

“Because of the important savings tn tiine,
man-power and mmaterials, we are recom-
mending Mr. Hayes for a \WPB Award of
Individual Production Merit. His method
enables us to produce 50 per cent more fila-
ments and at the same time allows assembly
operators to spend part of their time on cther
production jobs.”

Wire filaments for many tubes, the engi-
neers pointed out, are coiled in the shape of
a small spring three-quarters of an inch
long. When each coil was being welded to
the rest of the tube mechanism, a steel piece
about as thick as a seven penny nail was
inserted inside the spring coil to support it
and keep it in accurate alignment.

“This steel ‘nail’ had to be split with a
saw before inserting it 1 the coil,” Mr.
Hayes explained. “Without the split, the
nail was difficult to remove after the weld-
ing job because the coil tended to tighten
around it. Sometimes removing the steel
piece jarred the coil and it had to be re-
aligned. The whole job was troublesome
and time-consuming, and I was assigned the
task of breaking the bottleneck,

“After trying about everything else. I
got down to spaghetti. We now insert a little
stick of spaghetti where the steel picce used
to go. After the filament is welded, electric
current is passed through the coil te re-
move any impurities in the metal and this

.

W. D. TERRELL RETIRES

NE of radio’s oldest Old-Timers retired
from active service last month, when
William D. Terreil gave up his post as chief
of the FCC's Field Division on August 31st.
He was given the office of “Wireless Ship
Inspector” by the Department of Commerce
in 1911. His “staff” comprised another in-
spector, the late R. Y. Cadmus. In 1915, he
became “Radio Inspector in Charge”, with
a force of 35 persons. Later he was put in
charge of radio regulation in the old Radio
Division and when the Federal Radio Com-
mission was created in 1926, he continued
his supervisory activitics.
When the FCC took over all communica-
tions in 1934, Mr. Terrell was made head
of the Field Division.
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burns up the spaghetti in a flash. No spa-
ghetti, no removal problem.

This assembly operation formerly re-
quired about five minutes to complete for
each tube filament, the engineer pointed out.
By using spaghetti instead of steel, the job
now can be handled in a quarter of that time.

Mr. Hayes explained that his idea didn’t
take final shape all at once:

“I thought of spaghetti but decided to
visit a manufacturer and find out how ac-

curately it can be produced with regard to
exact size. [ found that spaghetti can be made
with fair precision. It is strong enough not
to break 1f handled carefully and can be
machined in a lathe. For our experiments,
I put a stick of spaghetti on a lathe and
machined it to the correct diameter.

“We have supplied the spaghetti maker
with a die to enable him to produce sticks
the correct diameter for our tube operation.
From now on he is in war production.”

— e

RADIONICS—ELECTRONICS

HE Radionics-Electronics battle has

crossed the Atlantic. Last month’s issue
of Electronic Engincering (London), de-
voted a short editorial to the subject.

The British attitude is chiefly one of sur-
prised pleasure that Elecfronics is credited
to them. “It is the general impression over
here,” says the editor, “that the word was
coined by the McGraw-Hill Co. So we are
smarter than we thought!”

Beyond that, no great enthusiasm for the
new term is manifested in the article. The
coiners are warned to beware of meddling
with etymology, as the consequences may be
unexpected, and it is suggested that a vig-
orous campaign might well be launched
to change “electrocution” into the more

1943

ctymologically correct ‘‘electrocussion!”

It is further suggested that the tests sug-
gested by A. P. Herbert, author of “What
a Word,” be applied. These are: “Ask the
new word: Are you intelligible? Are you
pleasing ? Are you legitimate? Are you need-
MP"

Judged by these standards, Electronie
Engineering respectfully suggests, Radi-
onics is an also-ran.

The British editor welcomes with pleasure
Radio-CrafPs defense of Electronics, and
ends his article by quoting Mr. Gernsback’s
May statement . . . In 1924 I coined the
humorous word RADIOTICS for a radio
joke column. Maybe that is the less be-
fuddling term.”
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POPULAR ELECTRONICS

By RAYMOND F. YATES

PART VIII--PHOTOCONDUCTIVE CELLS

VEN with
modest mate-
rials and a

few rudimen-
.tary tools, any
student of elec-
tronics c¢an as-
semble selenium
cellsanduse
them in fascinat-
ing experinents
that will do far
more than words
to teach the fun-
damentals of the art. Every experiment is
an adventure, and the following chapter will
be devoted to the experimental employment
of both photo-voltaic and photo-conductive
cells, such as selenium. A full discussion of
the construction of selenium cells is the
object of the present chapter.

The reader has been learning something
about cells based on photoelectric surfaces
enclosed in glass containers. The conduc-
tion of these cells under the action of light
and anode attraction is due to the release
of electrons from the photoelectric surfaces.
Such cells are often referred to as photo-
emissive cells, while the cell that is about
to be considered is called photo-conductive.
In the case of selenium, the action of light
brings about an internal change in the
atomic structure of the selenium that has
the effect of lowering its electric resistance.
The real nature of the effect is quite un-
known, but selenium, it must be remem-
bered, is not photoelectrically responsive in
the same way as photoelectric cells of the
vacuum or gaseous types. The cells of these
types actually generate a minute current,
while selenium does nothing of the kind.
The resistance of the material is lowered
under the action of light; hence more cur-
rent is allowed to pass. Thus relays can be
closed by light control.

The selenium cell has Jimitations that
prevent its- being used in connection with
experiments where speed is a vital factor.
Selenium has a certain time lag, and al-
though this amounts to an insignificant
fraction of a second, it is nevertheless great
enough to prevent the use of the material in
connection with television. For all ordinary
purposes, however, cells of this material
can be used with a great deal of success.
They possess the added advantage of being
easy to make at home and of costing very
little. They also possess a ruggedness of

*Application for Trade Mark Title. pending in V. 8.
Patent Office.

A home-made photo-cell,

construction and of operation that is not to
be had with other celis. On the whole, they
are ideal photoelectric material for the ex-
perimenter to play with.

A large number of these cells may be
made in the home laboratory for the cost
of a single photoelectric tube of either the
vacuum or the gaseous types. Chemically
pure selenium costs about $1.50 per pound,
but it must be kept in mind that a compara-
tively large number of cells may be made
with a single ounce of the material.

The life of a selenium cell will depend
upon how carefully and how intelligently
it is prepared. It must be confessed it will
also depend upon some unknown factor
that makes the efficiency of any cell, no
matter how carefully prepared, a mere mat-
ter of conjecture. Most cells will last over
a period of months and some will last for

Townsend, save that brass strips are used
in place of brass washers. The two strips
are separated with some sort of insulation
and then wound into the form of a spiral

PORCELAIN TUBE

BARE COPPER WIRE
(SEPARATED)

TWO WIRES (BARE)

TERMINALS SEPARATED

 MicA

SHEET

o

Flg. 1 {A)—The Bidwell selenium photo-cell cell
as wound with copper wire on a small notched
mica strip.
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Fig. | (B.)—Some experimenters prefer this form

of winding for a photo-conductive cell.

years without having their sensitivity drop
more than 30 per cent. Even though condi-
tions of production are under perfect con-
trol and a group of cells are put through
together under precisely the same condi-
tions, these cells will not run uniforn.

Selenium cells are formed by applying a
thin layer of molten selenium over two elec-
trode surfaces, these surfaces being as close
together as possible. One of the early cells
designed for ordinary use and still pre-
ferred by many amateurs was made by
simply winding two small and clean copper
wires side by side on a mica plate approxi-
mately an inch and one-half long and one
inch wide. It may be made even smaller
than that. The trick of winding a piece of
heavy thread on the mica slab with the two
copper wires is resorted to, thus keeping
the wires spaced the required distance apart.
Once the wire and the thread are in place,
being wound as tight as possible, the thread
is removed so that the molten selenium will
flow down into the spaces between the sep-
arated wires. Some amateurs wind their
cells on mica forms that have had their
edges notched saw-tooth fashion, so that the
wires will be sure to remain in place.

The type of cell just described is known
(after its designer) as the Bidwell cell.
Another popular form has become known
as the Townsend cell. In this type two sets
of brass washers are placed or mounted upon
a spindle with the proper insulation sand-
wiched in between. The selenium is then
smeared over the exposed edges of the brass
washers.

The principle of still another type of cell,
the Mercadier type, is very similiar to the

RADIO-CRAFT

Fig. | (C.)—A variant of the Bidwell cell, wound
on an ordinary porcelain wali-insulator tube.

and held in place with two wooden clamps.
In all the various cells mentioned, elec-
trical connections are established through
binding-posts that are connected to the two
sets of copper wires or the two sets of
washers or strips. When the selenium is
placed in the dark, the resistance between
the electrodes is great enough to cut the
passage of any ordinary voltage almost to
zero. A comparatively large amount of cur-
rent is permitted to pass if the cell is ex-
posed to light. Hence, when cells are left
connected to their electrical circuits, it is
advisable to arrange them in light-tight
compartments equipped with removable
covers. This will prevent the flow of any
serious amount of current and will also add
greatly to the life of the cell, which, if left
constantly exposed to light, would even-
tually become fatigued and useless.
Selenium is related on the periodic table
both to sulphur and to tellurium, and at
present our national supply comes from

A close-up of the 210 phfc;'o-cell circuit with shield
off.
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working over the muds of our electrolytic
refineries,

Somecthing has been said heretofore about
melting the selenium in the construction of

oifa|
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photo-sensitive cells. Really, the matter is
hot quite as simple as that. Not only must
the selenium be melted (it acts very much
like sealing-wax when exposed to a2 suffi-
cient degree of heat), but the resulting cell
mist thereafter be ammealed. WHAT IS
MORE, THE FUMES ARISING FROM
MOLTEN SELENIUM ARE HIGHLY
POISONOUS, AND THIS \WORK
SHOULD BE CARRIED ON EITHER
OUT-OF-DOORS OR NEAR AN
OPEN WINDOW.

Although a number of types of cell grid
(that is the cell before the selenium has
been deposited). have been proposed, the
beginner will do well to choose one of the
types illustrated in Fig. 1. The Bidwell
cell should by all means have as its founda-
tion mica or an equally good insulator
capable of enduring not only the heat ap-
plied in the melting of the selenium but also
the long session of annealing which is car-
ried on at elevated temperatuyes.

The selenium employed should be of the
chemically pure (C.P.) variety, and here
let it be said that seleniuin merely melted
and spread over a grid will not function
photo-electrically. In such a state the sele-
nium is amorphous, and for reasons still
not clearly understood, the selenium must
be reduced to a crystalline state before it
exhibits the property of photoelectric con-
duction. Selenium is an insulator in the dark
and a partial conductor when exposed to
light. For this reason, it must always be
used -with a battery. It is not a case of
generating current as in the case of the
ordinary photo-celi but rather of permitting
current to pass in small amounts due to a
great reduction in electrical resistance.

A clean gas flame such as that of a
Bunsen burner is best suited not only to the
melting of the selenium hut to the annealing
as well. A holder will also be helpful.

After the grid has been prepared, it is
arranged over the Bunsen flame in such a
way as to avoid direct contact and too sud-
den an application of heat. Indeed. as
selenium melts at a point somewhere in the
neighborhood of boiling water, there is little
advantage and only a chance of possible
damage to the grid in permitting the tem-
perature to go much beyond this. A chem-
ical thermometer will help a great deal.
Another reason that the temperature rise
of the grid should be gradual is to prevent
. the warping of the grid ii the type shown
at B in Fig. 1 is employed. Sudden heating
of the type shown at C will endanger the
porcelain insulator and might result in
cracking,

Of the three types of cells shown, perhaps
the Bidwell (A) cells offer the hest possi-
bilities for the amateur or beginner. The
materials required are easily available and
the mechanics of the device are delightfully
simple. Inasmuch as it is desirable to have
a uniforin distance hetween the copper wires
or electrodes, it will be found expedient to
wind the wires in place, using a piece of fine
string or heavy thread to keep them sep-
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arated. The wires should be as close to-
gether as possible without actually touching.
They should also be wound tightly to pre-
vent their shifting after they have been set
in place and before the molten selenium is
applied. After the cell has been completed,
the hard sclenium between the wires will
prevent any movement. Just before the mol-
ten selenium is set in place, it might be ad-
visable to test the separation of the wires
with a buzzer and battery to check for a
short circuit. Otherwise, the builder might
later wonder why the cell refuses to func-
tion.

Returning to the matter of actually ap-
plying the selenium, we again point to the
necessity of keeping the cell grid at a tem-
perature not exceeding the melting point of
the element and also of making sure that the
temperature is not raised suddenly.

As the scleniti melts upon contact with
the hot cell grid (the wires) it is spread
thin, with the blade of a jackknife as a
spatula. The spreading should be as uni-
form as possible over the entire grid area.
The thinner the surface of the selenium the
better. A thin surface of selenium will al-
most be transparent, certainly translucent.
We repeat that the worker should be care-
ful not to inhale any fumes from the molten
element. They are extremely dangerous, and
it might be advisable to breathe through a
moistened handkerchief while this work is
being done. The odor of molten selenium is
characteristically like radishes—avoid it.

In no case should the worker permit
selenium to cool quickly after melting. Such
abuse quickly destroys all photo-activity of
the element. After the selenium has been
carefully put in place, the Bunsen flame
should be lowered gradually over a period
of an hour or so until a return to normal
temperature has been made.

This annealing of the selenium must be
accomplished with care. It is not difficult,
and perfect results will be had if the simple
directions given herewith are carefully fol
lowed out. It is not a question of skill but
rather one of caution and strict attention to
instructions. No liberties should be taken
witlh the following information.

To anneal, first place a large piece of
mica (such material may be had at the local
hardware store for a few cents a sheet)
over the ring of the stand. The selenium-
covered cell is placed on this to avoid direct
contact with the heat; we deal here with
re-radiated heat. The ring is also lifted higl,
so that only moderate heat will at first conie
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Using a flashlight for a start-stop switch.

from the Bunsen borner. After a few mo-
ments of this to take the chill from the cell,
the ring is lowered, an inch or so at a time,
until a point is reached where the surface
of the deposited selenium turns a dull gray
color. Once this condition of color and semi-
plasticity is reached, the worker should
take care to see that no further increase
in temperature takes place. If at any time
during the annealing process actual melting
is observed, the applied heat should be im-
imediately reduced. A condition must be
cautiously approached where the heat will
be applied at a point just below melting,
and for a period of two and one-half hours.
After the lapse of this time. the leat is
gradually reduced until normal room tem-
perature is reached. The descent should
1ake about one hour.

Before the worker goes to the trouble of
mounting the cell, he should check it elec-
trically or photo-electrically. to make sure
that it is sufficiently active to warrant such
care. The test is made with the simple
electric circuit shown in Fig. 2 with a
milliammeter taking the place of the relay.
Under such conditions, we should have a
current reading of a milliampere or more
when a 60-watt lamp is brought near.

No matter how uniform the conditions
are kept in the home construction of these
wonterful photo-electric devices, uniform-
ity of response is very difficult to achieve.
For that reason, the builder of such cells
is advised to make several at a time and
thereafter to choose by actual test the one
that is best.

Once a cell has been sclected by test and
its response is known to be good, provision
should be made to protect it in some sort of
glass or wood-and-glass envelope. In the
wood-and-glass envelope cigar-box wood

(Continued on page 758)
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AMPLIFIER
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APERTURE
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SENSTTIVITY
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Photo A.—The photo-cell unit with its control box and amplifier.

RADIO SCALE

e

LECTRON.-
E IC devices

in the lighter

forms of in-
dustry have be-
conie so COMMOn
that no one is
surprised at their
invasion of the
grocery store, as
in the Electronic
Coffee Roaster
described a short
time ago. A further application which finds
its use not only in stores, bhut in warchouses,
factories and all packaging establishments
where containers are filled to _a certain
weight, is the Electronic Scale Control.

The photo-cell, so commonly used for
scanning objects to be counted, persons ap-
proaching a door to be opened, or intruders
entering a forhidden area, can easily be
used to note the position of a scale pointer.
When it approaches the point on the scale
indicating a pre-determined weight, a relay
can be actuated and an alarm sounded, or
filling devices stopped.

An ingenious adaptation of the photo-cell
to this type of work is the United Cinephone
Photo-Electric Cut-Off, illustrated in Photo
A. This comsists of an ingenious small photo-
cell housing, and a larger unit which holds
the amplifier, relay and power supply. The
housing, less than 3 x 214 x 14 inches, con-
tains not only the photo-cell but a lamp to
be used as light source, and a one-tube
“head amplifier.” A parabolic mirror behind
the light source projects a beam out on a
narrow path toward the scale plate.

The whole compact asseimbly is mounted
on an arm which can be pivoted to bring
the photo-cell and light source before any
portion of the dial plate (see Fig. 1), thus
operating the relay at any weight to which
it may be desired to set the device. In auto-
matic filling operations, the relay when ac-
tuated, may be made to put machinery into
motion which will stop the filling, move
another container into position on the scale,
and start again.

The principle of operation is simple, The
scale plate is made of a light-diffusing ma-
terial and the pointer of a bright reflecting
metal. Rays from the light source cover a

Fig. 3.—The heart of the
oscillator cut-off,
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Photo B.—The radio oscillator type of cut-off,

more or less narrow band in front of the
aperture. When the pointer reaches a spot
half way between that portion of the scale
plate which lies directly ahead of the photo-
tube and that portion directly ahead of the
aperture, the angles of incidence and re-
ftection are such that a considerabte quan-
tity of light is reflected into the photo-cell,
and the relay is actuated. (The action i
shown in Fig, 2.)

This unit is so constructed that, if neces-
sary, it may be added to a scale already
in operation. Even should the scale have
a bright plate and a black pointer, it can be
made to work by using a relay which makes
its contacts on the let-go. Then the relay
is held down till the pointer moves into po-
sition, when its release makes the local cir-
cuit to carry out whatever effect is desired.

A more interesting type of control which
works from a moving pointer—such as that
of a scale—is the Universal Controller
made by \Wheelco Instruments., This is
something that the radic man will under-
stand and appreciate. In fact; it resembles
a radio receiving circuit so closely that one
is tempted to insert a pair of headphones
and sec if there may be a signal floating
around in the wiring.

Briefly, the operation is that of an oscil-
lating tuned radio circuit, The two coils
“A” of Fig. 3 act as the inductor. A flag
“C” is so mounted on the indicating arm that
when the pointer passes the scale division
to which the coils have heen previously set
by hand “B,”, the metal flag passes between
the two coils. The circuit is immediately
detuned, causing a drop of current in cir-
cuits associated with the relay, the solenoid
of which is de-energized, thus breaking or
making contacts, as desired.

This type of control can be operated with
the one tube shown in the photograph
(Photo B), It does not require the amplifi-
cation that is needed in -systems using a
photo-cell and the current change in its plate
circuit can be made large cnough to op-
crate the relay directly.

This circuit, like the one using the photo-
cell, is an absolutely “contactless” relay,
thus avoiding all the difficulties of sticking
which crop up in any control device de-
pending on contacts.

The oscillating cut-off circuit is used by

RADIO-CRAFT

its makers purely as a temperature control
at present, though there is no reason why it
cannot he applied to almost any instrument
using a pointer. Indeed, as may be seen
from the article “A Condenser Analyzer,”
in this issue, it appears that the oscillating

PHOTO-ELECTRIC
HOUSING

Fig. l.—How the photo-slectric unit is mounted.

circuit may be used in a wide range of con-
trols, measuring devices and relays. Changes
in either the capacity or the impedance of
a circuit may be used to operate it, and it
is capable of an infinite number of grada-
tions in response. Using a meter, it may be
made to give a report in detail, instead of

APERTURE
AMPLIFIER ____

i

il HII“'I(M’/
UGHT i
RAY

’

2 ol
POINTER

Fig. 2—Action of the photo-cell scala cut-off.

the black-and-white “off-on” of the relay
circuit. There is much room for research
in this direction.
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Two views of the completed square-wave generator. The important features are pointed out in the underside view.

SQUARE-WAVE GENERATOR

wave- generator were given in the Feb-

ruary issue of Radiwo-Craft. It was

stated at that time that an improved de-
sign would be published at a later date. The
following article will describe the newer
and improved generator.

The carlier model was completely satis-
factory for average use. When the device
was to he used as a laboratory instrument,
it was not quite good enough. Accuracy is
the key-note of design for such work, and
it was to obtain accuracy that the new in-
strument was developed. In the earlier
model, the reproduced square waves were
not absolutely true. A slight difference in
time existed between the upper and lower
time base. The output circuit—though con-
stantly variable over a range of 2,000 chms
—had no facility for constant output for a
given output impedance. The square-wave
character tended to drop off toward the up-
per {requency limit of the instrument. These
factors all acted to limit its usefulness for
laboratory work.

All these limitations have been over-
come in the new model. Thus the instru-
ment has been developed into a true labora-
tory measuring device. The original model
has stood up under a series of tests designed
to find its limitations. The output is con-
stant over the entire frequency range—
from 6 cycles to 120 kilocycles—for any
setting of the attenuator. Variations in the
power supply circuit, up to 20% plus or
minus, bring about no change from the cali-
brated frequency.

The calibration was done by hand, a Gen-
eral Radio standard generator being used
as the standard. Once calibrated, it should
hold to its marked frequencies indefinitely,

The actual circuit used is very little dii-
ferent from the original. The reader who
has not seen the explanation of that device
should not be alarmed at the apparent lack
of anything which would cause feed-back.
As_stated of the first generator, the high
mu of the tube, plus the distributed ca-
pacity of the circuit, will cause sufficient
oscillatiod. This point should be noted in
selecting a tube for the oscillator. It is
advisable, in these times of tube famine, to
be able to make a second or third choice if
the tube specified is not obtainable. Any
high-mu twin triode will probably work
well in this circuit, but a low-mu type
would not oscillate, unless connected up
like a multivibrator, with a small feed-back
condenser from the plate of the second to
the grid of the first section of the tube. The
tubes used were: 7F7 twin triode, 7C7, 7C5
and 7Y4. The selection was based on no
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THE design details of a simple square-
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By WARREN MILLER

other consideration than that of availability.
Whereas other tubes of similar type have
been very hard to get, the 7-series are
fairly easy to procure. Subjeéct to the cau-
tion already given, any of these tubes may
be replaced by others the constructor has
on hand.

The chief new feature of this generator
is the use of a dual potentiometer. One sec-
tion of it is in the grid circuit. This is used
to change the frequency. The other section
is in the plate circuit of the first tube. It
compensates the differences that occur for
the variations of frequency in the time con-
stant, as seen by this plate circuit.

The combined effect is to produce a uni-
form and true square wave with equal tops
and bottoms.

The accuracy, between the two sections of
the dual control, must be within 10% over-

all. To get the correct taper with this con-
trol, it was necessary to use a No. 6 taper
(as shown on the Centralab chart) and
operate the control in reverse. This gives
an even spread over the frequencies cov-
ered.

Another feature is that the rough fre-
quency control covers the range in four
steps. The steps are in direct multiples of
each other. Step 1 starts at 6 cycles and
funs to 120 cycles. Step 2 runs from 60
to 1200 cycles, ten times the fundamental.
Step 3 multiplies by 100 and step 4 by 1,000.
Frequencies are read on the calibrated fre-
quency dial and the readings are multiplied
by the factor indicated on the rough fre-
quency dial, which controls the 4-point
rough frequency switch. These readings
will be true on all ranges.

It will be evident from the foregoing
that a very important consideration is the
accuracy of the condensers used in the
4-step f{requency multiplier. Condensers

(Continsted on page 759)
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Circuit of the square-wave generator. 7-series tubes are used because of greater availability.
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rectifier with a grid. There seems little
reason for the third element in such a
tube—at least to the radioman who is
satisfied that diodes are the ultimate in
rectification, whether for signal, radio
power, or industrial use. Yet the grid makes
possible the use of this tube for a host of
applications which diode rectifiers cannot
handle. Thyratrons are used for supplying
steady voltages to loads whose current de-
mands vary widely, for speed control of
motors and voltage regulators for genera-
tors. The Ignitron welder uses a Thyratron
timing control. A small thyratron has long
been used as a relaxation oscillator in the
sweep circuits of inost osciltoscopes, and
the tube is also used in stroboscopes. It can
be used as an inverter, to obtain alternating
current from direct (and if necessary to
convert it back to D.C. again), or even to
change A.C. {from one frequency to another.
The thyratron principle of operation is
the same as that of any other triode—with
one important difference. The tube consists
of a heated filament which acts as a cathode
or emitter of electrons; an anode or plate
of metal or carbon, operated at a positive
voltage with respect to the cathode—in a
rectifier circuit, carrying current only when
at a positive voltage—and a grid between
cathode and anode, to control the electronic

THE Thyratron is a triode rectifier—a

(A)

CATHODE GRID SHIELD

E E o GRID.
FIG.1

Fig. |1—Relative positions of cathode, grid and

plate in thyratron triode and tetrode.
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Second only in tmportance to the Ignitron among gaseous
rectifiers, the Thyratron can do many things impossible to its
more powerful colleague, operating control and timing cir-
cuits, supplying regulated volteges and currents, changing
frequencies, making D.C. out of A.C. and A.C. out of D.C.
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flow. The tube contains tnercury vapor or
some inert gas.

It is in the action of this grid that the
difference between a thyratron and a high-
vacuum tube exists. The grid may be set
at a negative value so great that for a given
plate voltage, no current will flow. (With
certain types this “negative” voltage may be
zero, or even a few volts positive.) Now,
if the grid is made slightly less negative,
current wilt start to flow to the plate. Be-
cause of the gas in the tube, ionization takes
place, the electrons knocking further elec-
trons from the atoms which compose its
"atmosphere”, and carrying them along to
the anode. The positive charge on the ions
attracts more electrons from the cathode,
with the result that the internal resistance
of the tube is very low. Electrons leaving
the cathode are not repelled by a heavy
space-charge ahead of them, but are im-
pelled forward by the positive ion cloud.
Voltage drop in a tube of this kind is ltow,
as in any gas-rectifier—varying from 10 to
20 volts—and currents are high.

Because of this low internal resistance,
currents may easily rise to a value that
would destroy the tube. The internal resist-
ance of a high-vacuum tube acts as a par-
tial protective device when load circuits
have very low impedances. Connected in
similar circuits, thyratrons would simpl:
blow out, as indeed would a diode gas-tube
in the same circumstances. It is therefore
necessary to be sure that enough external
resistance be provided to limit current safe
values.

IONIC SHEATHS AROUND THE GRID

The ions have another effect on the grid.
Attracted by it, they gather round and form
a thin sheath which completely neutralizes
its charge. Any increase in the negative
voltage on it will simply result in the attrac-
tion of enough additiénal ions to maintain
the neutralization. Thus the area around the
grid is always at a potential roughly equal
to that of the ion atmosphere at the same
relative distance from cathode and plate,
and changes in grid voltage have no effect
on anade current. The grid can prevent plate
current from flowing—it can start the cur-
rent flow—but it can do nothing about it
after it starts.

RADIO-CRAFT

In this respect, the thyratron is like an
ignmitron, which can also determine the
starting time of current flow, but cannot
stop it once it starts. Both these tubes exer-
cise control over the output through deter-
mining the point in the cycle at which con-
duction will start. They differ in the man-
ner of exercising that control. An ignitron
is a tube with a normally non-emitting

@m

FiG. 2

Thyratron control circuit. Output voltages may be
requlated by adjusting tha instant of firing.

cathode, which starts the current at a given
instant by causing the cathode to become an
emitter. A thyratron has a cathode which is
ready to emit electrons at all times, and
operates by preventing electrons emitted
from reaching the plate until the instant of
“firing.” "After that instant, neither the ig-
nitor or the grid has any more effect until
the plate again becomes negative on the
next half-cycle, ionization ceases, and the
contro! elements take charge again.

This is the difference between the thyra-
tron and the ordinary radiotron or pliotron.
The grid of the latter maintains some con-
trol at all times, and an increase or decrease
in its voltage affects the anode current. The
grid of the thyratron has no effect once
plate current starts to flow (with the rare
case that in some types an extremely high
negative grid voltage may cut off the cur-
rent if the anode voltage is very low).

DESIGN OF THYRATRON ELEMENTS
The structure of the thyratron grid dif-
fers greatly from the one in a high-vacuum
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A group of thyratrons,
ran?inq from one of the

ler sizes up to the
largest type. Left to right,
thyra-
FG-

sma

they are:
trons FG-97, FG-95,
172 and GL-414.
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tube. Because it must shut out all electrons,
and because once a very few find it pos-
sible to travel toward the plate, ionization
will commence and the grid become ineffec-
tive, it is important to assure that no_elec-
trons can get past by going areund the'grid,

ANV

LOAD T
13w
A.C.
FiG.3

Grid control by phase shifting. The firing instant may
be selected by varying condenser and resistor values.

Therefore the grid in a-thyratron is usually
made solid, and designed to shield both
cathode and anode completely, with only one
or a number of holes to permit electron flow.
A common type of thyratron grid is shown
in Fig. 1 (a). In form it resembles the
cylindrical plate of a radiotron, rather than
anything we are accustomed to calling a
grid. This cylinder surrounds anode and
cathode, and is closed between them by a
partition with a single hole in the center,
through which all the electrons pass when
the tube is conducting. Another type of grid
surrounds the cathode, and is perforated
with a number of holes in a pepper-shaker
effect. The first type is generally associated
with tubes which require a negative voltage
to keep the tube from conducting—the sec-
ond with types which fire when the grid is
a few volts positive.

THE SCREEN-GRID THYRATRON

Another grid peculiarity in the thyratron
—rpartly due to its large surface and partly
to the gas-filled tube—is the grid conduc-
tion phenemenon. The action of a radiotron
grid in collecting electrons as it approaches
zero bias is well known. Even though it
may not be actually positive, a few electrons
are carried to it by momentum and set up
a very small grid current. In the thyratron,
it is the positive ions which are attracted by
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the negative grid, and current is in the op-
posite direction. The very large grid has
an extensive collecting surface, however,
and in some tubes grul starting currents
may be high. This is an important feature,
as some control devices are not alle to
supply the power required by the grid cir-
cuit.

The screen-grid thyratron is the answer
to this problem. The structure is shown at
Fig. 1 (b). The old grid remains as is, but
is connected to a constant source of nega-
tive voltage. The control voltage is applied
to a small cylinder, or even ring, which
surrounds the hole in the screen-grid. Now
most of the starting grid-current is carried
by the large shield-grid, and because of its
small surface, the control grid draws little.
Thus the grid-circuit impedance may be
relatively high, and the grid may be trig-
gered by low-power devices.

SOME GRID CONTROL CIRCUITS

The methods used in triggering vary ac-
cording to the application. Voltage may be
obtained from the alternating current cir-
cuit, from some direct current source such
as a rectifier, or from both, in combination.
Should it be desired to have the tube fire
at some fixed point in the cycle, a circuit
like that of Fig. 2 is effective.

The variable resistor permits manual reg-
ulation of the instant of firing and therefore

of the output voltage.
A more commonly used method of apply-
ing control voltage is by some tvpe of

phase-shifting circuit which can be de-
signed to cause the grid to pass its critical
point at any point n the cycle. Such cir-
cuits may use a combination of inductance
and capacity, or resistance and capacity, or
both, to shift the phase to the desired oper-
ating point, and may he made manually
or automatically adjustable, so that output
voltage can be varied from practically zero
to maximum. One such circuit 1s shown in
Fig. 3.

Thyratrons vary from those used in oscil-
loscope sweep circuits, whose normal cur-
rent may be 1 milliampere, to large power
types, handling 75 amperes or more.

Where extremely large amounts of power
are to be handled, such as in the giant
rectifiers used for transportation systenis,
in steel mills and mines, ignitrons are gen-
erally used. Even in such units, thyratrons
may be found in the control circuits wher-
ever the output has to be varied to meet
special conditions or maintained steady in
spite of variable loads.

In view of the range of variations, it
is difficult to present the characteristics of
a “representative group” of thyratrons, but
the data given below gives characteristics
of a number of different types:

(Continued on page 759)
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Above.—WAVE operating a Link Trainer {background) and giving instructions to N
Pilot shut up inside the artificial airplane. Upper Iefi).——Radugophgnln the "csleaoredeg
land" fo an Incoming aviator at Floyd Benneft Field. Middle.—WAVYE radic operators
handling vital communications at the airfield radio station. BoHom.—WAVES in the
control tower at Floyd Bennett Field. The WAVE in the foreground is directing the
pilot- while her '‘shipmate’” is keeping the incoming plane under observation.

(AL dlustrations official U.S. Navy Photos)

WAVES

WOMAN has long played an important réle in times of war—and

not always a passive one. The poet of old who sang:
“Oh Woman! In our hours of ease,
Uncertain, coy and hard to please;
When pain and anguish wring the brow,
A ministering angel thou!”
was referring to his heroine’s deeds of mercy on the field of battle.

Less gentle maidens have left records of valor in our own revolu-
tion; and have led armies in various countries from Sweden to China.

This is the first war in which the participation of women may be said
to be decisive. Early in the struggle they were already manning the
ground stations of Britain's anti-aircraft defenses. Women observed the
arrival of enemy aircraft and dispatched the fighters who went out to
meet them. Women were placed in all positions where a man could be
released thereby to go on combat duty. Women even began to be seen
in the blue uniform of the Roval Navy.

The United States followed suit, when on July 30, 1942, President
Roosevelt signed a bill authorizing the establishment of the WAVES.
At that time the idea of women in Naval offices seemed strange enough
to some members of the Naval establishment. “Those days are gone
forever!” Though to the general public the WAVE is simply a young
woman in a chic uniform, whose duties are unknown, the Navy has
accepted them completely and without reserve. Possibly the reason is
that in many cases their work was found better than that of the men
whom they freed for sca duty.

The WAVES on this page are from the important Third Naval Dis-
trict, which includes New York City. The Naval Air Station at Floyd
Bennett Field, near the citv, leads the country in WAVES personnel.
More than 130 young women are on duty at that station.

Not only do the new “seamen” operate-the control towers, log flights,
work out weather charts and do the detail work of the Naval air sta-
tions, but WAVES with ratings of aviation metalsmiths, parachute
operators, Link Trainer operators, and aviation machinist’s mates also
have their places on the staffs of the scattered Naval air stations which
guard the sea coasts of the United States.

The WAVES’' work is not confined to mechanical duties, either.
Many of them are cxpert aerographers (Naval lingo for “Weather
Women”). In the non-aviation branches of the Navy as well as in the
air service, one of the chief occupations for which the seawomen are
training is that of “radioman”. Others are preparing for a wide variety
of jobs, including gunnery instructors, censors and pharmacists. Those
who already have special qualifications usually find work employing
their. own particular skills. ‘

The Radiomen WAVES get their training at the good ship “U.S.S.
HUNTER", known to tandlubbers as Hunter College, The Bronx.
More than 3,000 seamen in training are in (Contimeed on page 763)
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TALKIE FOR NAVY DIVERS

technicians have used their spare

time during the last months to design

and construct a portable, practical
communications system for divers. This
is something the United States Navy has
been wanting for some time.

Twenty-seven units have been built by the
group and have been accepted by the Navy.
Much of the designing and modeling was
done by Daniel W. Gellerup, Technical Su-
pervisor of Radio for The Milwaukee
Journal. The group are part of the staff
of WTM]J/\WSSM. Gellerup served in the
Navy during World War L.

Most of the time spent on the work was
in the evenings after the men had com-
pleted their duties at the station. Their lab-
oratory was the small but complete base-
ment workshop of Herman Lasche, one of
the station technicians,

According to Gellerup, the Navy's prob-
lem was to get a small, portable system that

M ILWAUKEE' radio - communications

could be rushed to the scene of a disaster’

and used immediately. They already had
some big 110 volt units operating on alter-
nating or direct current aboard their rescue
and repair boats, but wanted something more
maneuverabie.

Jack Browne, head of the Diving and
Salvage Company of Milwaukee was asked
by the Navy’s diving school to see what he
could do. Browne called in Gellerup, who
went to work on the problem immediately.

It was no casy task. The Navy wanted
something simple that wouldn't have to
hang around the diver’s neck. Gellerup and
his several associates finally came up with
an adaptation of various types in use, to-
gether with somie new ideas.

Previous tests had been made of several
practice units in the pressure tank at Mar-
quette University in Milwaukee. A sample
was then sent to Washington where the
Navy suggested some changes. These were
made and the Navy contract for 27 units
followed immediately.

Approximately 40 hours of labor went
into each outfit, according to Gellerup, and
that did not include work done by various
sub-contractors on certain parts. Even with
a “double-A” priority rating it was very
difficult to get some parts. In one case the
set had to be re-designed because a tube
called for in the original plans was unavail-
able. The same thing came up with various
other parts.

The diver's talkie system is a compact
looking affair weighing about 25 pounds and
operating on six volt storage batteries. One
spcaker is in the diver's lielmet and an-
other is in the amplifier above the surface.
Both speakers are also used as microphones,

The diving amplifier equipment is de-
signed to provide for two-way communica-
tion between a diver's tender station on the
surface, and one or two divers. Speech pick-
up and reproduction in all cases are ob-
tained on the reproducers, these units be-
ing used both in their normal capacity and
as microphones. The system is normally set
up for transmission of speech from all con-
nected divers to the tender. Switching fa-
cilities are provided on the control panel
to select and talk to any onec diver from
the surface station. Volume control is also
provided to make the specech more intel-
ligible, as picked up under varying pressure
conditions.

The amplifier is housed in a heavy formed
steel case plated and painted to resist cor-
rosion, On the front of the case is located

RAPIO-GRAET | (for

SEPTEMBER,

By BOB CARMAN

the control panel on which are the manual
controls. The amplifier itself is mounted on
a chassis of special design which is fastened
to the bakelite control panel. This panel, in
turn, is securcd to the cabinet, making the
whole assembly splash-proof.

Connection to the two divers’ cables is
made through two receptacles along the
bottom of the rear of the amplifier cabinet.
These receptacles are of special design to
accommodate the standard Navy Diving
Equipment plug. The plugs are so polar-
ized as to prevent the insertion of any plug
in the wrong receptacle. Caps for all re-
ceptacles are provided for their protection
when not in use.

The tender’s speaker unit is of the direct
radiator type. This is mounted in the front
panel. A protective screen is provided for
the front of the reproducer to protect it
from mechanical damage.

The divers' reproducers, which mount
in the diving helmets, consist of small per-
manent magnet units with a suitable
mounting bracket and protective grille.
These speakers have an impregnated fibre
cotie.

The amplifier is a resistance-capacitance
coupled circuit using one type 6J7 vacuum
tube as voltage amplifier. The second stage
is coupled to one 6F6 in the output. Suitable
input and output transformers are provid-
ed so that the speaker can be used as such,
or coupled to the first grid as microphone.

VIBRATOR POWER SUPPLY

The power supply from which the ampli-
fier is designed to operate is a 6 voit D.C.
source. A vibrator type of voltage convert-
er is used to secure the necessary plate volt-

age. This converter is supplied as a unit
mounted on the chassis. Incorporated in the
unit is a self-driven vibrator, one OZ4 or
6X5 rectifier, a transformer, and the neces-
sary hlter chokes and condensers to remove
the high transient voltages developed by the
rapid switching of the battery current by
the vibrator.

Heater operation is obtained by connect-
ing the tubes in a parallel circuit. The pow-
er supply is fused and is controlled on the
amplifier control panel by means of an
“ON-OFF"” power switch.

Manually adjusted controls for this sys-
tem are located on the control panel. These
cousist of one volume control, two switches
for controlling the direction of transmis-
sion, and the power switch. The volume
control is provided to obtain the correct level
at cither the tender’s or the diver's repro-
ducers. The two two-position switches, one
for each diver, provide means for trans-
ferring the divers’ reproducers from input
to output and the tender’s reproducer from
output to input. These switches are so con-
nected that the normal, or unoperated, posi-
tion provides speech transmission from all
connected divers to the tender’s reproducer.

To put the diver communication system
into_operation, the switch is turned to the
“ON” position, and thirty seconds allowed
for heating the tubes to proper operating
temperature.

As communication is established, the
volume controls should be adjusted so that
a condition of maximum intelligibility is se-
cured. In general, it was found that this
condition existed with the coatrols set for
as low an output leve!l as could be heard
over the surrounding noise. Experience in
operating these sets also demonstrated that
“naturalness” of any particular voice is not
necessarily the condition for maximum in-
telligibility.

Me.

Gellerup and his under-water intercommunicator, construction details on which have not

yet been released by the Navy.
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“Genius,” said one commentator, “consists in an
infinite capacity for taking pains.” It is not only
through startling and complex tnventions like bomb-
sights and radiolocators that the war will be won.
Such small but importent devices as the headset at
the left have an important place. Attention to such
details raises the efficiency of an army in dozens of
little ways, with crushing cumulative effect,

SIGNAL CORPS HEADSET

hearing aids!"” said the Old Lady

from Dubuque visiting a Signal

Corps Class for radio operators.
“The manpower shortage must really be
acute if the Army has to take men who are
hard of hearing.”

But the Old Lady from Dubuque was
wrong. Those “hearing aids” are new head-
phones which are a direct outgrowth of the
new American helmet that protects the
sides of the soldier’'s head and the back of
his neck from bullets, and shell and bomb
spiinters.

In World War I, when American soldiers
wore ratlier flat helmets, any headset could
be worn with them. But in this war, the
helmets come well down over the sides of
the head. Signal men had to remove their
helmets when operating radio sets, for it
was impossible to wear regular headphones
under them. This increased their liability to
head wounds and made listening difficult,
for the noises of battle leaked past the
“muffs.”

€¢ B LL those fine young men_ wearing

How the new U. S, Army headset looks in
action.

720

Signat Corps engincers at the Labora-
tories at Fort Monmouth, New Jersey,
in cooperation with electrical engineers of
American industry, set to work to design
a new headset, and after months of experi-
ment arrived at the answer.

The new headset is small—with its flat,
narrow headband, it fits easily under the
new helmet. It provides more dependahble
communication than any headset previously
used, for one part of it is a small, soft plug
which fits into the orifice of the outer ear
and is a more effective seal against out-
side 110ises than were the large rubber cups
previously used. It also does away with the
discomfort occasioned by the use of the
larger rubber ear cups in tropical countries,
where the pressure of the rubber on sweat-
dampened skin often caused severe irrita-
tion. The new headset is designed to permit
free circulation of air.

Sanitation, too, is provided. When older
types of headset were re-issued, phones
which had been in contact with the ear of
one wearer were soon against the car of
another. If the new headset is re-issued, a
new pair of plug inserts will ordinarily be
given to each new wearer; they will be
as much his own property as his tooth-
brush.

At least onc authority on hearing has ex-
pressed the definite opinion that blows
against the ear of the wearer of a new
headset will be less harmful than if no
headset, or an older type headset is worn.
An object striking the receiver actually
causes relatively little shock to the wearer,
for its force is cushioned by the rubber-like
suhstance of the insert.

The headband is made of semi-spring
steel so it can be hent to the shape of the
wearer’s head. The inserts are made of neo-
prene which is considered even better than
rubber. On the cord is a clothes clip en-
abling the operator to attach it to his shirt,
thus keeping any pull on the cord from be-
ing transmitted to his ears.

The receivers have a higher sensitivity
and a higher fidelity of response than those
used in former mulitary headsets. This is
due to the fact that the signal has less air
to vibrate, since the insert focuses the
sound from the diaphragm directly in to
the ear canal.

When needed, an impedance matching
transformer is part of the headset. This en-
ables it to work into a radio having a high
er output impedance.

The headset has a flat frequencv re-
sponse curve over its entire useful range,
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One of its major advantages is that it can
be used in both teleplione and radio opera-
tion. Its design has three vital industrial
advantages. It uses far less material than
any previous headset. It uses very little
strategic material.

And finally it answers that good old
question: Why use two when one will do
the trick? For, where formerly the Signal
Corps required several types of headsets to
operate successfully with the various com-
munications sets employed, the headphones
can now be used interchangeably with all
ground signai cquipment.

Both illustrations Official U. S. Army photos by
the Signal Corps.

Rough-Riding Radios

The toughest of all pieces of radio equip-
ment now engaged in fighting the war to a
successful finish is the tank receiver. This
brain of the tank, through which it rececives
the instructions which enable it to take its
part in complex actions, is a rugged brother
of the automobile radio. Like it, compactness
is the greatest virtue, but unlike it, that com-
pactness must be joined with an ability to
resist rough handling which was practically
inconceivable to manufacturers of auto sets.

Just converted to tank radio production,
experts for one of these organizations pro-
tested what appeared to be fantastic specifi-
cations. The demands were nonsensical, they
insisted. Tank radios were in principle very
little different from those used by the police
in their scout cars.

A demonstration was nccessary to con-
vince them. A police radio was installed in
a tank and given a ride over rough terrain
for just one mile. Then the remains were
returned to the factory experts. After onc
glance at the wreck, they agreed that the
Signal Corps’ specifications were conserva-
tive. Not only were tubes broken but a
large number of the apparently solid sol-
dered joints had come apart. and even the
coils were partly unwound.

Rough handling is only one of the troubles
of tank radio. Another is interference. To
combat this, all tank radios use the principle
of frequency modulation, which permits
static-free and fairly clear conversation
among the crew. and from one tank to an-
other. The problem of mechanical interfer-
ence is not so easy-to solve, and such things
as the grinding of gears, clanking of heavy
tracks, and the deafening blasts of the gun
are now the greatest obstacle to easy com-

munication.
SEPTEM®BER,

for 1943



Left—Control room

planes.

from which planes are qulded
Center—intercept ohlcers and plotters report '
Right—An interception on the field of battle.
Army Asr Forces Photos

‘enemy'’
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RADIO PLANE ROBOT

research methods is this new system

worked out by the Army Air Forces

School of Applied Tactics at Orlando,
Florida. It comprises the largest military
operational map known to exist at the pres-
ent time, used in conjunction with a group
of all radio-controlled model “eep planes”
which are “flown’ over the area by short-
wave radio control.

The robot planes are radios on wheels,
self-propelled by electric motors fed from
storage batteries in their “undercarriages.”
They are only 18 inches high, 14 inches long
and 8 inches wide, and the controllers can
determine their course and guide them with
the sending set as they would real planes in
actual war.

The map over which they “fly” on wheels
covers the floor of a huge auditorium. It
measures 97 by 113 feet and represents an
area of 50,000 square miles of territory sur-
rounding the strategic city of Shanghai.
This particular area was chosen becatise it
has not been fought over with air equlpment
comparable to that now available. Thus it
is a practically unworked field of air
strategy. Students who . have already re-
fought in their classes the great air battles
of the South Seas and Africa may now at-
tack entirely new and unsolved problems,

The planes are controlled entirely by
short-wave radio from the hidden con-
trollers’ room. Speed and “altitude” are un-
der control at all times. The new observer
is invariably awed to see the little cars
moving across the map without any appar-
ent aid or guidance.

THE latest in air defense and tactical

SOME THEORETICAL MOUNTAINS

Six inches represents one mile on the
large scale of this map. Thus a plane “fly-
ing” at 200 miles per hour moves over the
floor at about 20 inches a minute. Speeds
are adjustable from 120 to S00 *miles per
hour.” A few theoretical mountain ranges
are thrown 1in to create interest and com-
plicate flying problems, the actual terrain
represented by the map being mostly flat
delta country. If a controller fails to keep
his “plane” at the proper altitude in cross-
ing one of .these hypothetical mountain
ranges, he crashes and loses his pilot.

Students, scated around and above the
map—or field—have a god’s-eve view of
formations in flight over large areas of

RADIO-CRAFT for

SEPTEMBER,

{Cover Feature)

country, can see their reactions in any tac-
tical situation. This would clearly be impos-
sible in actual maneuvers with real planes.
Ouly a small part of the action would be
visible under such circumstances. Any at-
tempt to work out the same problems by
the customary means of table-maps or
blackboards would necessarily be dull and
lifeless, and would miss entirely the dy-
namic quality of such actions so important
in the actual field of combat.

According to Lt. Col. William G. Foster,
head of the controller’s section in the Air
Decfense Department, the map and synthetic
planes give the controller better practice
than the actual use of aircraft. Besides the
expense of using planes, there is no risk to
military personnel and with the use of ro-
bots, an enemy situation can be presented
to interfere with the controller’s course. He
must meet and counter the enemy success-
fully in order to complete his problem and
mission.

Still another value is in devising new
tactics. When fighter pilots and controllers
have seen American tactics and the tactics
of the enemy, our own weaknesses appear.
Then with the aid of the map and synthetic
planes to move over it at any desired speed,
tactics to meet these developed by the enemy
are worked out, as well as original ap-
proaches and methods of attack.

THE CONTROL ROOM

Intercept officers and plotters in the con-
trol room present a scene indistinguishable
from one in which actual planes are guided
over a real field of combat. The WAC
plotters keep tab on the positions of the
“planes” and note the course and speed of
enemy invaders. The large table map they
use is an exact replica of the big map over
which the robots are guided. The chief
controller depends on this map for his exact
knowledge of the relative positions of
“friendly” and “hostile’” planes. Contact
with the field of action is maintained by
microphone.

Just to lay out the map with its actual
area of 10,961 square feet took Lt. H. D.
Bennet and five helpers an entire day. A
crew of painters, using spray guns, worked
another week.

The robot-planes are the product of evo-
lution, having started some months ago as
scooters, on which the pilots propeHed

1943

themselves at orders of the. controller.
Semi-automatic planes, electrically pro-
pelled and controlled by pilots in the field
through orders over the handy-talkie de-
veloped into the present completely auto-
matic set-up, in which the movement of
anything from a single plane to an entire
wing moves at the command of a radio dial.

. o

TESLA SAW RADAR FIRST?

One logical contender has not been heard
from—for the very good reason that he
died a few months before the public an-
nouncement of Radar. Yet he described the
action and application of the instrument
in at least as much detail as recent releases,
and did it, not in 1931 or 1922, but in 1900!

As you have no doubt guessed, that man
was Nikola Tesla. In an article on the
possible uses of wireless, published in the
Century Magazine, June, 1900, he stated:

“That communication wnthout wires to
any point of the globe is practical with such
apparatus would need no demonstration, but
through a discovery which I made I ob-
tained absolute certitude. Popularly ex-
plained, it is exactly this: When we raise
the voice and hear an echo in reply, we
know that the sound of the voice must have
reached a distant wall or boundary, and
must have been reflected from the same.
Exactly as’ the sound, so an electrical wave
is reflected, and the same evidence which
is afforded by an echo is offered by an
electrical phenomenon known as a ‘sta-
tionary’ wave—that is, a wave with fixed
nodal and ventral regions. Instead of send-
ing sound-vibrations toward a distant wall,
I have sent electrical vibrations toward the
remote boundaries of the earth, and instead
of the wall the earth has replied. In place
of an echo I have obtained a stationary
electrical wave—a wave reflected from afar.

“Stationary waves . . . mean something
more than tclegraphy without wires to any
distance . . . For instance, by their use we
may produce at will, from a sending sta-
tion, an electrical effect in any particular
region of the globe; we may determine the
relative position or course of a moving ob-
ject, such as a wvessel at sea, the distafice
traversed by the same, or its speed.”

Possibly, then, the whole problem can be

solved by all parties agreeing to ac-
claim Tesla as the real “Father of Radar’!
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ARMY FIELD PORTABLES

The extensive use of short-range radio communication apparatus is one of the
great features diﬁ‘erentiatiyg this from previous wars. The tempo of modern com-
bat rests on the tank-radio, the walkie-talkie and the swift interchange of infor-
mation between ground and air forces. Some of the smallest of these transmitter-

sponsible for the Army’s communica-

tion system, and for the ground com-

munication of the Army Air
Force. To maintain the lines of communica-
tion special types of transmitters and re-
ceivers are required.

Not many facts have been published
about the sets wused by the Corps. It might
therefore he intercsting to give some de-
tails about a few of the pack sets—or, as
they have been aptly styled—walkie-talkies,
at present in use.

One of the most interesting of the trans-
mitter-recejvers used by the U. S. Army
is the type 511, Although originally de-
signed for cavalry, this set is now being
extensively used by the infantry for com-
munication between company and battalion.
Circuit details of the set—which is fixed-
tuned on six frequencies—are not available,
but some of the salient features in design
may be given.

“Miniature” technique is employed in the
design of this nine-tube set, which is housed
in a metal case measuring approximately
6 x 6 x 8 inches, mounted on a heavy spike
3 feet 6 inches long. Although intended for
insertion in- the cavalryman’s stirrup buck-
et, the spike is useful for inserting in the
ground.

Access to the tubes and other parts is
gained by sliding the base plate down the
spike. This reveals a second plate, which,

THE United States Signal Corps is re-

receivers are described in this article.

when withdrawn, comes away with the
shield-cans of all the tubes. Incidentally,
rubber cushioning is provided in each
tube-shield,

The joints of the case are rubber-faced
to render them waterproof except under
most  unfair treatment; the set can be
passed through water without suffering
damage, but cannot be left permanently
stbmerged.

When extended, the 6-foot telescopic
aerial, fitted to the top of the case,
switches on the set. The send-receive
switch is fitted at the base of the aerial
where it is accessible and easily depressed.
A multiple cable from the set is connected
by means of a 9-way plug to a case meas-
uring approximately 10x9x2 inches,
which is carried on the operator’s chest.
This case contains the combined A and
B batteries, spare oscillator coil and the
combined microplione-speaker.

This interesting set, weighing 16 pounds
complete, has an appreciable range and has
been used with considerable success in
North Africa and Guadalcanal.

Photographs have recently appeared in
the lay press of another Army set, which
has been called the “handy-talkie.” This
transmitter-receiver, used for communica-
tion between platoon and company, is about
14 inches long. It is used like the hand-
pitece of a modern desk telephone.

The same miniature technique of the 511

A US. Army Signal-
man On maneuvers, us-
ing the handy-talkie.
This, though not the
most recent, is proba-
bly the most universal-
ly used of all the small
Army transceptors at
the present time.

Photo by U.8. Army Signal Corps
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The walkie-talkie in use as a receiver. The oscillator
is now a detector, and the modulator an audie
amplifier.

is employed in the design of this set, which
has 7 tubes and weighs approximately 5
pourds. Very few details are available re-
garding the circnit. Like the set already de-
scribed it is switched on by extending the
short telescopic aerial.

The original “walkie-talkie” pack set is a
2-tube combined transmitter-receiver of
considerably larger size and weight. 5he
whole outfit complete with two telephone
hand sets, telescopic rod aerial, spare
tubes and batteries 1§ carried in a can-
vas haversack on the back of the operator,
and weighs approximately 27 lbs.

This set, although now obsolescent, is
still used in considerable quaiftities in the
Army.

When used as a transmitter one plate
functions as the oscillator in a medified
type of crystal-controlled Harsley €ircut;
the plate being maintained at R.F. ground
potential. The second tube functions as the
anplifier of the Heising (constant current)
modnlation system. For reception these
tubes operate, respectively, a8 super-regen-
erative detector and A.F. amplifier.

The set has a frequency range of from
52.80 to 65.80 megacycles using one oscil-
lator coil. There is a separation of 400 ke.
between the 33 available frequencies.

Power for the set is provided by a block
battery, which, when continuously operated,
has a life of approximately 20 hours. When
used intermittently the effective life of the
battery is, of course, two or three times
as long.

The set is housed in an alaminum alloy
case. A plug on the hottom of the case 1s
inserted directly in the socket on the top of
the battery. Among the accessories 1s a

(Continued on page 763)
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REPAIRING
AC METERS

By F. J. LINGEL*

ROUGH picture of servicing methods
for moving-coil type direct current
meters was given in the previous two
articles (Radio-Crafi, May and June,
1943). No mention was made of the mov-
ing-iron type alternating-current instrument.
These are not used as extensively as are
direct-current meters, but have a number
of applications. Even in test instruments,
alternating-current meters are occasionally
of the moving-iron type, and they are often
found on the panel of a radio transmitter.
The filament voltmeter is usually a moving-
iron type. So is the line voltage meter some-
tiyues used 1 making adjustments to com-
pensate for variations in line potential.

Moving-iron meters consist of the fol-
lowing parts:

FIELD COIL, generally wound with
several thousand turns of fine enameled cop-
per wire in the case of voltmeters and with
a few turns of heavy wire in the case oi
ammeters. The field coil may either be
wound on a bakelite form or else made
self-supporting, It is held in position around
the moving element by screws or a suitable
clamp and in general may be removed with-
out disturhing the moving element itself.

MOVING ELEMENT, which as a rule
consists of a moving iron vane and a fixed
vane, arranged to repel each other in a so-
called book type moving—iron system. The
ficld coil is wound around the iron vane
with its axis parallel to the axis of the
moving element. At a given moment in an
alternating current circuit, the top cdges
of both vanes will be polarized north and
the bottom edges of hoth wvanes will be
polarized south in such a way as to cause
the vanes to repel each other.

*Triplett Electrica! Instrument Co.
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(Photo courtesy Triplett Electrical Instrument Co.)

At anpther part of the cycle, both top
edges will be south and both bottoms north.
The effect is still to repel, and the repul-
sion is In proportion to the strength of
current flowing through the meter.

The “book-type” element gets its name
from its construction. This is similar to the
covers of an empty loose-leaf hook. The
front cover of the book is held rigidly in
position against a field coil and is called
the fixed vane. The back cover of the book
opens and closes against the front cover
and is called the moving (iron) vane. With
zero current flowing through the field coil,
the vanes are close together, as in a closed
hook. When current flows through the field
coil the vanes gradually move apart as in a
partly opened hook.

THE DAMPING SYSTEM usually
consists of a lightweight aluminum vane
moving in a closed air chamber. The air
damping chamber is generally molded into
a bakelite plate and 1s covered with a thin
b}-ass sheet held in place hy two screws
directly under the dial. The damping cham-
ber eliminates wide oscillation of the pointer
as the line voltage varies.

THE SERIES RESISTOR, used in
voltmeters, is connected in series with the
field coil to give the proper full-scale de-
flection at the required voltage.

The other parts are essentially the same
as those used in D.C. instruments, such as
pi\{ols. jewels, hairsprings, scale plate,
pointer, ctc,

COMMON TROUBLES OF A.C. METERS

_Repair of moving-iron meters is often
simpler than that of the moving-coil type,
as they are more simply and often much
more ruggedly built than direct current

ZERQ ADJUSTMENT FORK

BALANCE
WEIGHTS

e —

Cutaway view of mov-
ing-iron meter. It will
be seen that the fixed
vane comes to a V-
point. Thus repulsion
causes the moving
€L vane to try to slide
d past in the direction
where there is less
iron to oppose it.

(Photo courtesy Weston
Electrical Instrument
0.y
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meters. Their troubles are fewer and casier
for the skilled serviceman to remedy.
Among the most common are:

BUI%NOUT. This may occur in volt-
meters or milliammeters. It may occur from
excessive overload or power-line surge and
will result in an open field coil ‘in some
cases and a shorted turn field in others. If
the field is open, the meter will read zero:
in the case of a shorted turn the indication
may be 10 to 50 per cent lower than normal.

Ammeters are generally free from burn-
out as they are wound yith few turns of
heavy wirc.

PIVOTS AND JEWELS. Under severe
vibration and shock, these may become
damaged or dirty. Pivots may become dull.

DAMPING VANE. Sticking or erratic
motion of the pointer may bhe caused by
lint or other dirt in the damping hox, which
contacts the vane and prevents its free
motion.

SERIES RESISTOR. This is subject
to the same trouhles as the series resistor
in a D.C. voltmeter.

A FEW SIMPLE REPAIR METHODS

In the case of a burnout, if the coil is
not badly burned, it may be possible to
unwind the scctions, repair the broken or
shorted piece and rewind. An “open” can
of course, he detected by the break in the
wire. The shorted section can be determined
by connecting an ohmmeter across the ends
of the wire and then noting the indication
as the wire is removed. A sudden rise in
the reading will indicate that the section
with the shorted turn has been reached.

If the field eoil is badly damaged by the
burnout, a new one can he wound. Enameted
copper wire of the same size as that in the
burned-out coil should he used. The size
may be determined by measuring the diame-
ter with a micrometer, or by taking a sec-
tion of the wire (approximately three feet
long) and measuring its resistance. The
wire to be used for replacement can then
be determined from the wire table avail-
able in mest handbeoks.

A new coil can be wound on a lathe or
made carefully by hand, keeping the turns
neat. uniform and as closely wound as
possible,

ADJUSTING THE FIELD COIL

After the field coil has been completely
wound, but before it is baked or varnished,
mount it in the meter and adjust for full
scale deflection by removing turns. This
can be done with voltmeters, milliammeters
and low range ammeters. Voltmeters may
also be adjusted by changing the amount
of series resistance. High range ammeters

(Continued on page 752)
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Radio Service Data Sheet

Above is the Model DK-93.
Turn-table is shown in the
inset, lower right.

ALIGNMENT INSTRUCTIONS

An output meter and a signal genera-
tor are required for proper alignment of
these sets. The oscillator should be cali-
brated at the following points, 455 Ke.,
600 Kc., 900 Ke., 1500 Kc., 1720 Ke., 2.0
Mc. 5 Mc,, 5.5 Mc., 6 Mc., 9.5 Mec,, 12 Mc.,
16 Mc., and 18.0 Mc. Always keep the
output of the signal generator as low as
possible to prevent A.V.C. action and
false settings. Connect the high side of
the generator to the antenna terminal
and t]he Iow side of it to the ground ter-
minal.

After pointer has been set on BC and
calibrations checked, with range switch
on Band Spread (Full CCW) set conden-
ser so pointer is on 12 Mec. on “Foreign
Spread Band.” Set “Spread Band"” Osc.
trimmer for maximum output. Check for
image on 11.1 Mec. (A weakened signal
should be heard.) Align antenna Band
Spread trimmer for maximum signal.
Turn condenser so pointer is on 9.5 Me.
Adjust Spread Band Ose. padder for
maximum signal. Check for image. (No
signal should be heard on 10.4 Mec.) Align
Antenna Band Spread padder for maxi-
mum signal. Go back to 12 Mc. and repeat
above. If much readjustment has to be
made on trimmers, the padders must be
checked again. Great care must be taken
in adjusting Band Spread trimmers.
Image must be checked. A fibre screw-
driver must be used to adjust. band
spread.

* Tighten oscillator trimmer serew for max-
imum capacity, then unscrew until second
heak is secured.

** Tighten R.F. trimmer screw for max-
imum capacity, then unscrew until first peak
18 secured.

Note A—Set gang at minimum.

Note B—Strongest signal and rock gang.

FARNSWORTH RADIO
MODELS DC-90, DK-91,

Watts
Voltage

6SK7 R.F. Amplifier

DK-92, DK-93

ELECTRICAL SPECIFICATIONS

At 117 Volts A. C.
AC

Nine Tube A.C. Three Band Superheterodyne

Broadcast Band
Spread Band

Short Wave

6SA7 Mixer

6J5GT

6SK7 LF. Amplifier

Oscillator

540 — 1720 K.C.
9.4 —12.1 Mc.
Band 5.4 —18.1

TUBE COMPLEMENT

6V6G Output
6V6G Output
5Y3G Rectifier

TABULATION FOR ALIGNMENT

Steps in Series Set Genera- Set Gang Adjust Located
With Antenna tor At At
1 250 mmf. 4556 Kec. Note A 2nd 1. F. Top of
Trimmers LF.
Trans.
2 250 mmf. 456 Ke. Note A 1st L.F. Top of
Trimmers LF.
Trans.
3 e o Push Wave Trap See Fig.
L Station Trimmer
Button
4 “ 1720 Ke. 1720 Ke. B. C. Osc. S
Trimmer
5 ” 1500 Ke. 1500 Ke. B. C. Ant. o
Trimmer
6 al 600 Kc. Note B 600-Kec. "o
Pad
© T Recheck 1500 Ke. — — T
8 400 Ohms 18 Mec. 18 Me. S: W. Osc. 2 ¥
Trimmer*
9 B 16 Mc. 16 Mc. S.W.Ant., " "
Trimmer**
10  Check 6 Mec. == = s -
11 400 Ohms 12 Mec. 12 Mec. S. B. Osc.  #
Trimmer*
12 = 12 Me. 12 Mc.  S. B. Ant. &
Trimmer**
13 ” 9.5 Mec. 9.5 Me. S. B. Ose. oS
Padder
14 " 9.5 Me. 9.5 Mc. S. B. Ant. “a “
Padder
16 Recheck 12 Me. — — )

6SQ7 Detector & Audio
6SQ7 Inverter & A.V.C.

BK Models 100, BC Models 90

105-125

To
Obtain

Max.
Output

Max.
Output

Min.
Output

Max.
Output

Max.
Output
Max.
Output
Max.
Output

Max.
Output
Max.
Output

Max.
Output

Max.
Output

Max.
Qutput
Max.
Output

Max.
Output

Max.
Output

PUSH BUTTON SET UP

To prevent the buttons from being set up on the wrong
stations a signal generator should be used.

The button to the extreme right is the manual tuning

button.

Adjust the lower screw (see fig.) first as this is the
oscillator; then adjust the upper screw for maximum out-

put.

STRINGING DIAGRAM

PHONO_AADIO U:-.:» .:::H.::‘”‘;:u;-ﬂ~
TONE GONt, e 2 © & D~

VOLUME

EiCACICCE I

PusH BUTTONS BS 8C

10iaL BUTTON)

DsC.

AANGE
SwiTen

TUNING

Tuning condenser in_full mesh position.

When tu

Button Layout

ning knob is turned clockwise,

¥ pointer moves from left to right, drive

drum tuwns counter-clockwise,
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OUTPUT TRANSFORMERS

among the easiest of all to repair. It
is only necessary to unwind them
carefully, noting the number of turns
and the way the ends are fashioned, then
rewind again with the correct size wire and
the same number of turns. Unlike power
transformers, they are seldom burned to a
point where counting turns is impossible. It

OUTPUT TRANSFORMERS are

PREFERRED
L0AD 7000n

VOICE
L

en

FIG.) '+B

is much easier to get all the turns back in the
same space than when rewinding a power
transformer. The output has two windings
only—the power transformer several, and
each winding has its own problem of ter-
minals and insulation. Methods of rewind-
ing transformers of all kinds were described
in the September, 1942 issue of Kadio-
Craft.

In spite of their simplicity, many a radio-
man has no idea of how output transformers
do their job. They are simply mysteries
stuck in between -the output tube and the
speaker. It is with the idea of clearing up

POWER
NiL

[ FIG.2

some of this mystery, and to help servicemen
and others in adapting transiormers on
hand to jobs slightly different from the ones
they were designed to do, that this article
1s written.

Let us look at Fig. 1. The first question
we ask 1s, why an output transformer at all?
Why not connect the voice coil of the speak-
er directly in the plate circuit? This used to
be done with the old magnetic speakers, and
it worked all right. The answer, “impedance
mismatch”, is known to everybody but not
understood by quite that many. The pre-
ferred load for the pentode tube shown is
around 7,000 ohms, and the resistance of the
voice coil is only about 2.

What of it? Fig. 2 will give us.an answer
to that. Here we have a generator with an
output of 10 volts, and an internal impedance
of 10 ohms (due to the wire with which it
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is wound), We want to get the maximum
amount of power out of this generator, and
will try various loads. As a start, we con-
nect one with a resistance of 1 megohm.
Very little power is taken by this load—
hardly enough to measure—{or power is the
product of volts and amperes, or_the square
of the current times resistance. Either way
you figure it, you get about 100 millionths
of a watt. This is no way to get power out
of our generator, so we will try a heavy bar
of copper—resistanceé too low to measure
with any ordinary instruments. Heavy cur-
rents flow, but because of the extremely low
resistance of the bar, practically no voltage
(I X R) appears across it, so again we get
a result approximating zero.

Next let’s try a load of 10 ohms. We now
get a current of onc ampere .in the load.
By cither of the above-mentioned methods
of figuring wattage, we find the power in the
load to be 10 watts, about 1/70 horsepower.
Substitute a 5-ohm and a 20-ohm resistor
for the load, and you find that the most
efficient transfer of power takes place wien
the tmpedance of the load and that of the
source are equal. Qur 2-chm voice-coil
would act much the same as the copper bar
of Fig. 2. Practically all the power generated
by the tube would be wasted inside itself,
and a negligible fraction turned into useful
power in the voice coil. If we want to get
any power out of the power tube, we have
to match it up with an impedance somewhere
near its own.

Now back to Fig. 1, and see what we can
do to get an efficient transfer of power. Can
we decrease the impedance of the tube, in:
crease that of the voice coil; or find some
other way of bringing them together?

Impedance of a tube is due chiefly to the
resistance of the space between cathode and
anode. [t is different for different tubes, and,
in any given tube, varies with the voltage
apphed to the plate, and especially to the
several grids between cathode and plate.
Tubes now in common use as amplifiers
call for a plate load between 3,000 and 7,000
or more ohms. These load impedances are
not equal to the internal impedance of the
tube. Considerations of ‘fidelity as well as
power efficiency get into the argument, and
some power efficiency is sacrificed to get
better quality of reproduction. The load im-
pedance is a compromise between the best
value for maximum power transference and
that for minimum distortion.

We can do little to reduce tube impedance.
In fact, the tubes used today have a higher
impedance than those which were common
some years ago. Neither can we raise voice
coil impedance a great deal. The coil should
be as small and light as possible if it is to
be sensitive and reproduce signals faithfully.
Any increase in bulk would cut its sensitivity
an increase in weight would harm its
fidelity. The logical thing 1s to use some kind
of coupling unit. Here is where the trans-
former comes in.

In any transformer, such as the one in
Fig. 3, the ratio of voltages and of im-
pedances between primary and secondary
depends on the turns ratio. If the primary
has 1,000 turns and the secondary 500, a
voliage of 120 on the primary will produce
60 volts across the secondary. The voltage
ratio is the same as the turns ratio. If a 60-
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volt lamp, drawing 1 ampere, is connected
to the secondary, it will be found that the
current in the primary is only ¥ ampere.
This 1s reasonable—we are using 60 watts
in the secondary and should expect the same
wattage to be supplied to the primary.

The impedance of the secondary is 60
ohms (60 volts/1 ampere). The primary im-
pedance is 120 volts/Y2 ampere, or 220
ohms. With a voltage ratio of 2, the im-
pedance ratio is 4. If we try a secondary of
333 turns, the voltage will be 15 that of the
primary, but the impedance will be enly 1/9,
or—in reverse phrasing—a turns ratio of
1:3 results in an impedance ratio of 1:9.
The impedance ratio varies as the square of
the turns ratio, 4 being the square of 2 and
9 of 3. (For a number of examples and an
elememary treatment of transformer action,
see “Lenz's Law in Modern Speech,” in the
February issue.)

This impedance ratio, rather than the
voltage change, is the important thing about
output transformers. This is why so many

1000 TURNS

9

FIG.3

students and servicemen are unclear about
them. They understand the voltage-changing
function, but do not know just how the
transformer acts as a changer of impedances.

To find out how, as well as why, let us
tear down transformer T of Fig. 1. The pri-
mary of one such consisted of 2990 turns of
No. 36 wire, the secondary. 60 turns of
No. 21. The core cross-section was 34 x |
inch, and the window (if anyonc is inter
ested), was 3§ x 114 inch.

This transformer is shown in Fig. 4. The
turns ratio is roughly 60 to 1. The impedance
ratio—the square of that—is 3600 to 1. If
the voice coil has a resistance of 2 ohms,

WINDOW
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X
Ix Yy 1N, %
(L]

FI0.4

it will reflect back into the primary an im-
pedance of 7,200 ohms, practically what we
want for this tube. The matching problem
is solved. Power is taken from the tube by
an impedance of 7,000 ohms, and fed into
the speaker irom one of 2 ochms.
The next thought likely to come to the
reader is: Why not get the proper ratios by
(Continued on page 753)
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*SERVICING ®

SERVICING NOTES

Trouble in . . . .

.« .. AIRLINE 521, 522

No reception—all voltages O. K.
Trouble is due to the input LE. trimmers,
which short due to mica breaking off around
the edges.
Remove the LF. can and install new mica.
EARL LASKE,
Chicago, 1l

.« .. CORONADO 4868

Normal operation on shortwave, nil on
broadcast. With finger or aerial on grid-cap
of 6L7 and set tuned to 900 Kc., station at
1530 is heard.

Padding condenser, (C6, .0034 mfd.) open.
This is the front one of two mica condensers
from wave band switch to series padding
condenser.

Replace with one of the same capacity,
or with a3 003 shunted by a variable padder
which can be adjusted to bring it to the
correct capacity.

W. J. DouGHERTY,
Kincaid, Kan.

- ... SILVERTONE (SEARS, ROEBUCK)
BATTERY SETS

This note is in regard to Silvertone Bat-
tery-Operated Rececivers using a type 1G6
tube as the R.F. amplifier and mixer. The
complaint in nearly all cases was that the
set operated perfectly on either shortwave
bands or on the higher-irequency standard
broadcast band, but on approaching approx-
imately 800 kc. the set became inoperative
and the oscillator even stopped functioning.
The tubes in these sets would invariably
test OK.

After several attempts at alignment and
finding that the sets were in alignment
with a signal generator I found that the
1C6 tube though testing OK was giving
trouble. In some cases it required nothing
more than replacing the 1C6 and some
cases showed that the ballast tube had
changed value causing a slight discrepancy
in the filament voltage. In eitlier case the
trouble cleared up and another headache
was out of the shop.

Larry M. STEWART,
McComb, Miss.

< ... SILVERTONE 6122

Trouble: Excessive hum—all filter and
by-pass condensers O.K.

This was cleared up by adding 20 mid.
capacity across cathode resistor of, 25L6-G,
the output tube of this set.

. . RCA BKI

The 6L7 pentagrid converter went had.
No other such tube was available. Substi-
tuted a 6A8-G with good results. Had to
change the tube socket as this particular
socket had no soldering lug for the anode-
grid eonnection of the 6A8. A 20,000-ohm,
1-watt resistor was used to drop the voltage
te the anode-grid. This was connected di-
rectly to the high voltage source of supply
and to the anode grid. No extra by-passing
was necessary for this resistor.

Frep P. STEINMETZ,
Chandler, Indiana
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. ... PHILCO 38-10
Trouble: Intermittent
panied with hum.
This will usually be found due to an in-
termittent coupling condenser in the A.F.
stage.

fading accom-

FrREp HARTMANN,
Woodside, N. Y.

ATTENTION SERVICEMEN!

Do you have any Servicing Notes avail-
able which you would like to bring to the
attention of the readers of Radio-Craft?
1§ so, send them along and if they are pub-
lished a six months' subscription to Radio-
Craft will be awarded you. If your notes
are illustrated you will be given a one-ysar
subscription.

.+ . . GENERAL TELEVISION MODEL 534

Complaint was broad tuning. The trouble
was due to a paper condenser in the oscil-
lator grid circuit of the 12A8-GT tube.

Though this condenser may check good,
replace it with a mica condenser of the
same value, .00025 mfd. Oscillator grid cir-
cuits are a poor place to use paper con-
densers.

Joun Rockr,
Milwaukee, Wis.

. .. . MAJESTIC MODEL 9!

Trouble, in two of these sets recently
serviced : A buzzing, static-like noise, which
ruined reception on the high end of the
band.

A 01, 600-volt papcr condenser across
the line-regulating ballast tube cured this

trouble.
Frep T. Rick,
Mebane, N. C.

.+ .. RECEIVERS WITH 35Z5's

To repair a set using a 3525 tube when
the 7.5-volt section of the filament is burned
out, simply connect another No. 47 pilot
lamp across it. The regular pitot then burns
at normal brightness and the filament vol-
tages are all normal. I have seen a number
of suggestions on repairing the burned-out
section of a 35Z5 but to my mind this is the
quickest, easiest and most satisfactory
method.

JAcKk GARRex,
Los Angeles, Calif.

. ... CANADIAN MARCONI 89.90 & 90

Distortion in these sets, static-like noises
and squealing, can all be traced to the inter-
stage transformer between the types |B4
and 30 tube.

Replacing with resistance-capacity coup-
ling remedies the trouble and also improves
the tone considerably.

Motor-boating is caused by a defective
8-mfd. condenser, (C-16).

EpGar \WILLIAMS,
Baltimore, Ont.

. ... A TUBE-CHECKER KINK

I have installed a 6-8 volt pilot lamp con-
nected to the proper tap on.my tube checker.
Upon iuserting a tube in the tester the pilot

I?f;

will dim down noticeably if the heater ele-
ment is O.K. This gives a quick filament
check. Many times [ have found intermittent
heaters indicated by the pilot flickering.
This saves considerable time, especially on
jobs with 13-tubers.

.- .. OSCILLATING 50Lé's

If troubled with severe oscillation in sets
using S50L6 or 35L6, try shielding the tube.
I have cured a number of cases of the sort.
A new 5016 or 35L6 will do the trick, but
is not always at hand.

Curirrorn C. HoRINE,
Bloomington, [llinois.

....EMERSON 108 U4

This had a bad modulation lhum that
could not be cured by ordinary methods.

The trouble was a poor connection on the
jumiper connecting the two cathodes of the
25Z5. Voltages were normal but since only
one half of the rectifier was working an
overloaded (or cross-modulation >—Editor}
condition caused the hum.

Tius was a very hard one, as the bottom
of the socket is very inaccessible and the
jumper looked all right.

W, Horvari,
Erie, Penna.

. «.. LAFAYETTE MODEL 219

(”T)his might he useful in other sets as
well.

Trouble: \Weak. Lined up the I.Fs,
noted that the set worked well on a good
outside aerial, looked for a trimmer to line
up the loop antenna in the set and found
none.

Adding a trimmer increased the volume
greatly. It would seem that although these
loops are matched to the sets at the factory,
something may cause them to get out of
adjustment later,

C. L. HoLmax

Danville, Ky.

. ... GENERAL ELECTRIC E53

Cuts down to about two-thirds volume
with distortion. Will play clear for about
5 minutes and then distort again.

Replace the 01 condenser (C20 on
schematic) which is in series with a 27,000-
ohm grid resistor from the 500,000-0hm sec-
tion of the volume control.

- ... PHILCO 70

Trouble: No pep at low-frequency end of
dial.

Check antenna portion of volume control.
The rotor arc does not make good contact.

. ... DELCO MODEL RII28

Trouble: Intermittent whistle.
This is due to an open 0.1-mid. condenser
from G2 to ground in 6K7 tube circuit.
W. A. RIEVELEY,
Vancowver, B. C.

. ... UNITED MOTORS 4052 A.C.-D.C.

Motor-boating at full volume.

Check the condenser {rom center tap of
volume control to ground. Replace with
good .00025 mfd. by-pass.

W. J. DougGiigrty,
Kincaid, Kan.
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e RADIO TRAINING ¢

RADIO WAVES AND

Aerials Are Not Always What the

a transmitting antenna is usually woe-
fully inadequate. He imagines the sim-
ple system shown in Fig. 1-A* as in-
cluding all of the essential elements—a
transmitter coupled on the one hand to a
vertical o horizontal radiator (either di-
rectly or by means of a resonant or non-
resonant R.F. transmission line) and on the
other hand to the Earth.
Now one of the things we all learn
through our studies in scientific fields is
that our senses rarelv present to us a com-

THE average beginner’s conception of

Fig. |—What an antenna looks like [I-A},
and what it is, {1-B).

plete picture-of anything. This is no excep-
tional case, for, where 10 our eyes a trans-
mitting antenna might indeed look like
Fig. 1-A, it has been conclusively demon
strated that electrically it is actually more
like Fig. 1-B. Here the antenna is divided
into an infinite number of tiny elements
(R.—L) each consisting of the following
electrical quantities:

(1) L, the inductance offered by the in-
dividual elemental length of antenna wire to
the flow of R.F. current. The reactance im-
parted by this quantity increases with the
frequency according to the relation X =
2rfL

(2) R., the series resistance offered by
the elemental length of wire to the current.
This, of course, is independent of the fre-
quency.

(3) Rw, the leakage resistance between
the element and Earth or to objects (trees,
buildings, etc.) connected to Earth. This
occurs as a result of leakage across insula-
tors and even through the air itself. Ry is
greater in damp weather than in dry
weather. It is independent of {requency.

(4) C, the electrical capacitance between
each elemental length of the anmtenna and
the Earth or objects connected to the Earth.
This reactance decreases as the frequency
increases (X¢ = afC)

WHAT ARE STANDING WAVES?
As most of us know, a transmitting an-
tenna must be cut to a certain length for a

* All figures in this article marked with an
asterisk (*) will eontain a straight line repre-
senting a transmitting antenna, and the reader
should imagine these figures rotated about this
linc "as an axis through 360° to derive the full
meaning of the diagram in our 3-dimensional
space.
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gived frequency. It is common practice, in
short wave work at least, to cut the an-
tenna to approximately half the wave-
length to be used, and then to tune it nicely
by means of lumped inductances and capac-
itances inserted at the base,

Let us imagine a wire in “free space”
(i, e, well clear of all trees, buildings, and
other conductors, and of the Earth) cut to
an exact electrical half wavelength for a
given frequency—say, 1000-kc. Such a wire
would be for all practical purposes 150
meters long (1000-kc. corresponds to a
wavelength of 300 meters, and half of this
would be 150 meters, a meter being 39.37
ches. )

Next, let us suppose that we deliver to
this antenna a 1000-kc. current from a
transmitter. \Ve now have what is known
technically as a “half-wave antenna resonat-
ing at its natural frequency”, for we cut the
antenna just 12 wavelength long for 1000-
ke, and we are delivering a 1000-ke. cur-
rent 10 it.

Now let us, like the good scientists we
try to be, perform a number of éxperiments
to determine just HOW the current and
voltage are distributing themselves along
our wire:

First, let us break the wire at various
intervals along its length and insert good
R.F. ammeters (11115 ts a rather expensive
project, and we'll not be able to get the
meters until after the warl). Then we
observe the readings indicated by the
meters and find that they are somewhat as
shown in Fig. 2-A.

Obviously there can be little or no current
at the ends of our wire, and the highest
value atfained by the cwrrent becomes
greater and greater as we proceed from
either end toward the center where it at-
tains its mavimum value.

Now let’s take a look at the voltage. A
neon bulb would make an excellent voltage
indicator, so we shall solder neon bulbs
along our wire at regular intervals in order
to determine the VOLT AGE relations
along the wire, the brightness of each lamp
being indicative of the HIGHEST VOL-
TAGE attained at the point where it is
installed. Our results are as shown in
FIG. 2-B

Here we discover just the opposite condi-
tion. The voltage atfains its maxtmwm value
at the ends of the wire, and the highest
value reached progressively decreases to-
ward the center where it is zero.

These current-voltage relations, which

PART I—Nature of Radio Waves

may seem odd to the novice, are frequently
encountcred in radio, and we say that there
is a STANDING WAVE on a wire where
they obtain. Let us review them briefly.:

(1) On the wire arc just one “half
wave' of CURRENT and one “half wave”
of VOLTAGE.

{2) The CURRENT is -zero at the
ENDS, and reaches its MAXIMUM only
at the CENTER. .

(3) The VOLTAGE (just opposite)
reaches its full value at the ENDS and is
ZERO at the CENTER.

This is difficult to comprehend, but it 1s
what happens. WHY it happens cannot
be explained within the scope oi this ele-
mentary article, as its full explanation re-
quires some mathematics.

Now let us describe two simple mechani-
cal analogies of the above phenomena which
will perhaps clarify them somewhat.

(1) The CURRENT FLUCTUA-
TIOXNS in a half wave antenna may be
represented by the vibrations of a stout
rubber band held fixed at the ends and
plucked at the center so as to vibrate as in
FIG. 3-A. Our rubber band would, of course,
have to vibrate a million times a second to
really represent our 1000-ke. R.F. current.

[CAUTION!!! THE READER MUST
BEAR IN MIND THAT THIS IS
PURELY AN ILLUSTRATION!! The
rubber band merely represents the instan-
faneous valnes at points along the wire of
the current. Please don't get the idea that
the ANTENNA itself is vibrating, or that
the CURRENT hops into and out of the
wire like our rubber band!!]

In FIG. 3-A:

(a) An imaginary straight line between
A and E may represent the antenna wire.

(b) The MAXIMUM current amplitude
is ohtained at the center (HDK).

(c) The highest amphtude attained de-
creases toward either end.

z(id) The amplitude is ZERO at either
end.

11 the reader now imagines that the region
ABOVE AE represents POSITIVE values
of our alternating 1000-kc antenna current
(i.e, represents currents flowing in the
direction, iet us say, FROM A to E), while
the region BELOW AE represents NEGA-
TIVE values (i.e, flowing in the opposite
direction), he will have a complete picture

Fig. 2—The -R.F. am-
meters show how cur-
rent is distributed
along the antenna wire
when & signal is being
transmitted. Voltage

ANTENNA V\;IRE

{ANTENNA WIRE o nTER

CENTER

N

distribution at the ‘ Py
sami“ﬁme is shown by §\\\8/4 \\\811 \8, 8 \8’ \\8// §\\\\8ﬁ/é
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RADIO ANTENNAS

New Student Believes Them to Be

By EUGENE P. BERTIN

of the current fluctuations at ANY point
on the wire.

For example, at D, the center, the cur-
rent alternates thru all values between
“H-amps. POSITIVE"” to “K-amps. NEG-
ATIVE"” H and K are the MAXIMUM
values attained by the curremt ANY-
WHERE on the wire. (That's why our
R. F. ammeter here indicated MAXIMUM
current 11 Fig. 2-A.)

At point C, our current alternates thru
all values from “4G amps.” to “~J] amps.”
G and ] are the highest values of current
ever attained at C, and note carefully that
they are LOWER than H and K which are
the highest values attained at the CENTER.
(Thus an R. F, ammeter placed here womd
Eea(l LESS than at the center, as in Fig.

-AL)

Again at B, the current passes through
all values smaller than “+4-F” and “~I"
amps., and since these values are s/ill smaller
than the highest values attained at C, an
R. F. ammeter would read a still lower av-
erage current value.

Thus the highest value attained by the
ctrrent is maximunt at the center and be-
comes progressively LESS toward either
end where it is ZERO.

(2) VOLTAGE fluctuations in our wire
may be crudely represented by screwing a
thin steel strip (as used to hold large pack-
ing hoxes together) at the center and set-
ting both ends in vibration (Fig. 3-B). Our
steel strip would have to vibrate a million
times a second to represent adequately our
1000-ke voltage!

[CAUTION! This, too, is purely an
illustration!! The antenna doesn’t vibrate,
and it would be an extraordinary voltage in-
deed that hopped in and out of its wire like
our steel strip which merely represents -

LINE REPRESENTING
CURRENT VALUES

= S — \;_ —
J VIBRATING s SE
[ l TEEL STRIP
{B) :

stantaneous voltage values along our wirel]
In Fig. 3-B:
(a) An imaginary straight line between
A and D may represent the antenna wire.

“RADIO TRAINING ®

For example, at the ENDS of the wire
(A and D) the voltage passes successively
through all values betweewr “4-E or E’

volts” and “~H or ~H' volts” as the 1000-kc
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(b) The MAXIMUM voltage amplitude
is obtained at the ends, A and D.

(c) The highest amplitude attained de-
creases from either £ND toward the center.

(d) The voltage amplitude is ZERO at
the center.

I1f the reader now imagines that the region
above AD represents POSITIVE values
of voltage, while the region below AD rep-
resents NEGATIVE values of voltage and
the line AD itself represents ZERO volt-
age, he will have a good picture of a “stand-
ing wave” of voltage, and of the VOLT-
AGE FLUCTUATIONS at ANY POINT
along the wire.

e T = —
CENTER VIBRATING -
o H RUBBER END ®
e - BAND
e N =
e
— f ==
—_——— =
——= — Fig. 3—Another view
1 -, e g-
\\JL~, - = Ay of current and voltage
: distribution. At A are
E‘END shown the values
= i through which current
SEATER may pass during a
G CREW B .
. Ki e - cycle, at any point on
e —ID_ the antenna wire. Sim-

ilar voltage values are
shown at B, while at C,
the average current
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alternating R. F. voltage alternates, and
since these are the HIGHEST values at-
tained by the voltage ANYWHERE along
the whole wire, we see why it was that our
neon lamps glowed most brilliantly at the
ENDS of our wire (Fig 3-B).

At B the voltage alternates between all
values smaller than “4F and -I volts” and
NEVER EXCEEDS THESE VALUES,
which, note carefully, are less than E or
H, the highest values attained at the ends.
That is why our neon lamps placed here
glowed less brilliantly than at the ends.

Again at C, the voltage alternates through
all values between “4G and =J volts”
which limiting values are still less than the
peak values at B. Thus we should expect a
neon lamp here to be dimmer still, which
was indeed the case (Fig. 2-B).

THUS THE HIGHEST VALUE AT-
TAINED BY THE VOLTAGE IS
GREATEST AT THE ENDS AND BE-
COMES PROGRESSIVELY LESS TO-
WARD THE CENTER WHERE IT IS
ZERO.

Incidentally, it should he mentioned that
in order that our crude illustration might
convey the correct picture of voltage PO-
LARITY along the wire, it is necessary to
imagine that while the RIGHT half of
the steel strip is vibrating UP, the LEFT
half of the strip is vibrating DOWN, and
vice versa. In other words, the POLARITY
of the voltage is opposite on opposite ends
of the wire, the RIGHT half going
through POSITIVE values, while the
LEFT half goes through NEGATIVE and
vice versa,

Now the writer has been attempting to
show as clearly as possible how the R. F.
current and voltage are distributed in a
resonant wire in free space. We have seen
that in such a wire, resonant at its natural

(Continued on page 750)
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The complete amplifier described by Mr. Edmonds in this article.

thor, have looked at a smal! commer-

cial radio filling a large room with

crystal-clear volume and have thought
it would be nice to have an amplifier of
such small size that would give such high
undistorted output. Perhaps you have looked
in the back of the set and been amazed to find
a single pentode or tetrode such. as the 6F6
or 6V6 responsible for all the volume. You
have taken down the number of the tube
and gone home and immediately built up a
little class Al job, thinking that the use of
that tube would cure all amplifier problems.

H.O\V many experimenters, like the au-

And you have been cruelly disappomnted. All

-voltages, resistances, and loads test exact-
ly as they should to conform to the ratings
given in the tube manual for that tube, and
vet at a very low level compared to the
level of the commercial set, terrific distor-
tion sets in, and the output stage turns the
sine wave on its grid into a dreadful goulash
of flattened wave tops and curious peaks
in the plate circuit. If you have put away
an attempt like this as a failure, get it out
again, for there's fun ahead.

It’s ten to one that you used something
hke the circuit of Fig. 1 when you decided
to build a phono amplifier with this magic
tube with which to amaze your friends.
This is the typical circuit we all know well.

You looked up the correct ratings for the
tube, used mathematics correctly to deter-
mine the resistance values, and bought the
right output transformer. Why does the set
work so much less well than the commer-
cial amplifier ? One of the answers is, it uses
self-bias, while the commercial probably
has some form of fixed bias.

FIXED BIAS IS FEASIBLE

Let_us see exactly what we are up against.
In the first place, the erdinary cathode-
biased class Al stage proves to be highly in-
efficient and low in fidelity for two main
reasons: (1) the bias voltage, whicl should
be very stable, is varied by being developed
by a wvarying current, ie., the plate and
screen current of the tube, and, (2) since
the effective plate voltage on a tube is meas-
ured between plate and cathode, raising the
cathode to a positive potential, as is done
with cathode-biasing, reduces the effective
plate voltage on the tube by the amount of
the bias voltage. This last disadvantage be-
comes important in A.C-D.C. sets, whert¢
plate-voltage is low, and in sets using pow-
er triodes, such as the 2A3, where the re-
quired bias is very high.

As to the first trouble, stability (ie,
voltage regulation) of the bias voltage is
of wutmost importance, and, for good ef-

-]
The old standard
audic amplifier.

Changes in grid-bias

at an audio rate,
caused by varying cur-
rent through the cath-
ode resistor, put a
definite limit on the
emount of power this
unit will handle with-
out serious distortion,
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FIXED BIAS

More Power-

By DEAN S.

ficiency, a 1% variation should never be ex-
ceeded. Looking at the cathode-biased stage,
we see that such regulation is impossible.
Some experimenters connect hundreds of
microfarads across the cathode, and this no
doubt helps. But it cannot eliminate the fact
that the bias voltage developed by this

FIG. 2 =
o - - = -

An attempt to avoid some of the consequences
of cathode biassing.

method i5 to some extent dependent on the
varying conditions inside the tube, no mat-
ter how big a condenser is used. Besides,
why waste money buying huge capacities?

Our primary aim, then, is to make the
bias voltage completely independent of the
tube to be biased. This is the primary fea-
ture of fixed bias. One way to do this is to
connect the cathode of the 6F6 output tube
of Fig. 1 to a point on a bleeder across the
B+ supply (Fig. 2). One can sece that
throngh R2 we have two current ¢ompo-
nents—the cathode current and the bleeder
current. The cathode current is subject to
the same variations as before but the bleed-
er current (assuming a decent power sup-
ply) is constant.

We can achieve only a small part of our
aim with this set-up. \We have failed to
make the plate-cathode potential equal to
the plate-ground potential, and (unless we
have used outrageous values of bleeder cur-
rent) we have only about 50% freed the
voltage from dependency on the varying
cathode current.

To get true fixed bias we must begin by
grounding the cathode and look elsewhere
for a negative voltage which we may ap-
ply at the low end of the grid return. Here
we see that the class Al amplifier.presents
a much simpler problem than the class AB2

SEPTEMBER, 1943

for



AMPLIFIERS

-Fewer Tubes

EDMONDS, JR.

NIRRT TR AT TG

An approach [not entirely successful) is made to true fixed bias in
the circuit at the right.

or B modulator, chief figure in the night-
mare aroused in most experimenters’ minds
by the mention of fixed bias. First, the class
Al amplifier never draws grid current. This
is our prize postulate in dealing with fixed
bias for small tetrodes and pentodes, for
see what it allows us to do: We may put
practically any combination or value of re-
sistors we like in the grid return, and not
worry about voltage drops, since (excepting
by-pass condenser leakage) there is never
any current whatsoever (under proper cir-
cuit conditions) flowing in anything in series
with the grid of a class Al stage.

Second, the ordinary receiving type pow-
er tube has no critical grid impedance, and
so we may forget about that. All we have
to do is to unground the grid return of out
6F6 in the circuit of Fig. 1 (or of any other
tube in a similar application—the 6F6 i1s
here used mercly as an example} and ap-
ply the right bias from the simplest source
we find handy—anything that gives 22.5
volts and is stable. Some tubes, like the 6V6,
have a fairly low maximwn permissible
grid resistance. The solution to this problem
is merely to usc transformer coupling.

AN OLD-TIME SYSTEM

One of the most widely used methods of
biasing is the type using a resistor in the
negative return of the power supply. It is
the one found in 90% of the commercial
A.C. sets. In this type, a resistor is insert-
ed between the power transformer’s high
voltage sccondary centertap and ground.
The entire B4 current must pass through
the resistor in such a direction that a volt-
age, negative with respect to ground, builds
up across the resistor. By using the correct
resistance value, the correct voltage for
biasing the output stage may be obtained.
Fig. 3 shows the circuit of Fig | adapted
for this biasing system. The value of Rl
may be determined as follows by applying
Ohm’s Law: If I. represents the total cur-
rent drawn from the power supply (in-
cluding current drawn by any bleeders
which some circuit other than that of Fig.
4 may use), then, for a 6F6 in class Al
(22.5 volts bias) :

Rl = 225
I,
The tap may be adjusted to the correct
point (8 volts for a 6C5) on RI by means

of a voltmeter connected from the tap to
ground (ground positive). Be sure not to
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attempt to measure the bias voltage at any
other point than right on the hot end of
R1 (for the 656 bias voltage) or right on
the tap (for the 6C5 bias voltage) for if
you try measuring it at the grids or after
the decoupling resistors with anything but
an electronic voltmeter, the current drawn
by the meter will cause an appreciable volt-
age drop through the resistors in the circuit
{decoupling and grid resistors).

This circuit 1s still far from true fixed
bias. The drop across Rl prevents the
full voltage output of the power sup-
ply from being effective as “B” voltage, and
the current through RI is not steady. We
have only succeeded in moving the second
disadvantage of ordinary cathode bias to
another part of the circuit and in reducing
but not eliminating the first disadvantage.

This circuit works best in a large ampli-
fier or radio where a number of tubes and
perhaps a high-current bleeder draw cur-
rent through the bias resistor. Since the
plate current variations in one stage are 180
degrees out of phase with the variations in
the next, the average bias current in such
sets may be fairly close to constant. An-
other disadvantage is a greater tendency
toward hum, which requires a series of de-

coupling resistor-condenser networks, to
prevent the hum from reaching the grids
of the audio tubes. Extra filtering is also.
required——note the two pairs of filter con-
densers in Fig. 4. Low supply voltage and
additional difhculty in filtering the output
of a half-wave rectitier make the system en-
tirely impractical for A.C.-D.C. sets. It is
cheaper to use two.tubes in push-pull with
cathode bias than to buy the condensers and
find the extra chassis space required to bias
a single tube by this method.

A PRACTICAL AMPLIFIER

The commercial A.C, set designers have
several tricks that the experimenter might
well profit by to help him overcome the dis-
advantages while retaining all the advan-
tages of this system of fixed bias. Fig. 4
shows the circuit of an audio system closely
paralleling that of a GE. set. The circuit
was noted cdown while the set was in the
author’s shop for servicing because of the
efficient way in which the type 41 operated
and the neatness with which most of the
undesirable features of the bias supply sys-
tem just described were overcome. The
main feature of the circuit is the substitu-

(Continued on page 754)
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PICK-UP PERFORMANCE

PART I

By TED POWELL (Associate, L R.E.)

play-back performance of any phono
assembly is the mechanical alignment
of the pick-up and turntable.

If the turntable height is too great for the
pick-up arm, the pick-up stylus mechanism
cartridge will not be parallel to the record
disc and the needle slant will be too great.
As the result, the underside of the needle
will ride the advancing side walls of the
oncoming modulation grooves. It will ride in
the centers of the modulation troughs only
at about the maximum swing of the grooves

T HE most obvious factor affecting the

TRALKING
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Fig. la—Tracking error when a short pick-up
arm is used.

since it is tangent to the modulation waves
at these points. This exaggerated “skating”
or “toboganning” will result in wave-form
distortion—especially at the higher audio
frequencies—since there are more modula-
tion waves per inch, greater curve slope and
therefore greater toboganning effect.

If the turntable height is not great enough,
needle slant is too small. While less skating
and superior tracking results, needle scratch
and record groove wear will be increased.
The tracking is better, since the stylus shaft
is free of the groove walls. The increased
stylus hiss and record wear are caused by
the near-perpendicular position of the stylus
shaft which results in greater shear stress
effect on the record plastic. Besides, stylus
tip contact area is smaller and stylus pres-

TRACKING

TRACKING RADIU
""?0"/ ERROR BWING
NO s,
TRACKING ~
ERROR Th—

Fig. tb—The action of an offset pickup head
in reducing tracking error.
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sure is greater. This is especially true where
low-priced heavy-pressure pick-ups are con-
cerned.

PICK-UP HEAD ALIGNMENT

Perhaps the most serious and most com-
mon tracking error encountered in phono
work is due to the failure of the pick-up
head to maintain exact tangency to the rec-
ord grooves over the useful radius swing
of the pick-up arm because of the simple
geometry involved. 1f a pick-up with an
arm 12 to 16 inches long is used on average
sized recordings, the tracking error is not
very great, if a good compromise location
is selected for the pick-up pivot base. When
a shorter arm unit is used, considerable
tracking error will occur over the two ex-
tremes of the useful radius swing of the
arm, especially when the stylus is riding the
innermost grooves on the recording disc.

At a point near the middle of the record
groove area, there is exact pick-up head
tangency to the modulation grooves. As the
pick-up arm gradually swings to a position
where its stylus cartridge longitudinal axis
is no longer tangent to the record grooves,
the needle swing is no longer parallel to the
axis of the modulation waves and they are
unsymmetrically distorted as far as the
stylus mechanism is concerned. Skating is
also exaggerated.

This tangency tracking error can be min-
imized by using a pick-up with a stylus head
off-set about 30 degrees or so. A medium-
sized arm with a tangent off-set head used
on a standard-sized recording will result in
only about one or two degrees of tracking
error. When a longer arm of about 12 or
14 inches s used with such a head, the track-
i(ng) error is negligible. See Fig. 1 (a) and

b).

THE INSIDE OF THE BEND

When a pick-up assembly is being mount-
ed and manufacturer’s specs are not avail-
able, a compromise spot for the pick-up base
should be so chosen as to prevent excessive
divergence from stylus cartridge tangency
over either extreme of the arm’s radius
swing over a large record disc. Furthermore,
tangency should be favored at the inner rec-
ord grooves since the radius bend of these
inner grooves is greater and the diameter is
smaller.

Two detrimental effects take place si-
multaneously. The increasing groove curva-
ture and decreasing diameter result in an
increasing divergence from tangency be-
cause of the simple geometry involved. Fur-
therinore, since the groove velocity grad-
ually decreases, more and more modulation
waves per inch are required for a given fre-
quency signal. The modulation wave curva-
ture slope is therefore steeper and tangency
tracking error and stylus, skating is still
further exaggerated. Roughly speaking, a
compromise spot should be so chosen for
the arm pivot base so that exact tangency
occurs at about fwo thirds the way in from
the outermost modulation grooves.

Incidentally, by drawing a hair-line mark
down the pick-up head’s long axis and then
securing a thin Straight-edge to the top of
the head at right angles to this center-line
and directly over the stylus tip with some
scotch tape or sticking plaster, the optimum
spot for the pick-up base can be found more
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readily. When this thin straight-edge passes
through the t.t. center-pin, exact tangency
exists.

Another simple mechanical tracking error
will result if the t.t. is set at a side pitch
with respect to the pick-up arm or if the
pick-up arm is set at a side tilt. The needle
swing 1s no longer centered with respect to
the modulation groove, the pick-up head
will tend to vibrate or “walk” up and down,
and the under side of the tilted needle will
tend to climb the groove wall ridges on the

Fig. 2—Compromise specifications for stylus
and groove [after Beers and Sinnet)

Stylus pressure—|2 grams approximately

Groove Depth—0.0025 inch

Angle between groove walls—88 degrees

Groove through radius curveture—0.0023

Stylus tip taper angle—é4 degrees

Stylus tip radius—0.0030 inch

Stylus-in-groove wedging angle—44 degrees

Stylus-in-groove tracking diameter—0.0046 inch

Clearance between bottom of groove trough

and stylus tip—0.0004 inch approx.

side towards which it is tilted. Thus both
skating and unbalance stylus mechanism
swing combine to produce wave-form dis-
tortion which will chiefly consist of even-
order harmonic and even-order harmonic
cross-modulation distortion.

LESSER KNOWN DISTORTION EFFECTS

Sometimes amateurs cut their recordings
with a modulation groove with too great an
amplitude swing. Two distortion effects
present themselves when such an over-cut
recording is played back.

In the first place, a pick-up unit is an
electrg-mechanical transducer much the
same as a microphone or a speaker and if
overloaded, will develop various types of
distortion, especially harmonic, harmonic
cross-modulation and the lesser-known fre-
quency-modulation distortion.

The other distortion factor concerns the
recording itself. When a recording is cut
with modulation waves with an excessive
amplitude swing, the groove side walls be-
come too thin at the peaks of the waves
since these peaks approach too closely to
the adjacent groove modulation peaks. The
groove walls are weakened and their elast-
ance flex increased under the impact of the
stylus and the impedance of its drive mech-
anism. The peaks of the waves are exag-
gerated more or less as the over-thin groove
walls flex at these points, and wave-form
distortion is the result.

(Continued on page 757)
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and accurate tests efficiently finds the

ohmmeter his most useful instrument.

The purpose of this article is to explain
the practical use of this instrument to the
Radio Trainee and the beginner in radio
servicing.

To make the measurements it is necessary
to have on hand an accurate tester which
has a range, in suitable steps, from as low
as .05 ohm to as high as 20 megohms. This
iIs a necessity for modern servicing opera-
tions.

It is needless to point out, in the interests
of safety and the prevention of damage to
the meter, the radio should be entirely dis-
connected from the power line when using
an ohmmeter.

TESTS ON A TYPICAL RECEIVER

We can make the explanation clearer by
using a typical receiver, the Stewart \Var-
ner R-111, for analysis. This set is shown
in Fig. 1. The chassis is not grounded di-
rectly, so in testing we do not put the chm-
meter between the rectifier cathode and
ground but connect it hetween the rectifier
cathode and the on-off switch, with the
switch turned to the on position. This is
the extreme negative point in this set. If
we find the resistance very low, less than
2,000 ohms, we would certainly suspect
a short circuited filter condenser or a short
ih some other circuit part connected across
the cathode (B+) and the on-off switch

The resistance measurement for the out-
put of the rectifier takes two separate tests
in this set since cathodes of the 25Z5 are
not connected together. One goes to the
speaker field and the other goes to the fil-
ter condensers marked 34,14C and 14B. The
resistance measured from the positive side

THE serviceman who must make rapid

®TEST INSTRUMENTS®

OHMMETERS ARE HANDY

The new Trainee or beginning Serviceman often finds that, next to
getting instruments to worlk with, his greatest difficulty is in using
them intelligently. Jack King has a few pointers for him.

" By JACK KING

(cathode of rectifier) of Alter 34 to the
on-off switch should be quite high, above
100,000 ohms in some cases. \With speaker
field 18 disconnected from the circuit the
reading across the terminals of Cl4A
would be high, also probably above 100,000
ohms. The resistance with the field in cir-
cuit may be less than 3,000 ohms, but gen-
crally not below 1500 ohms.

This shows the importance of taking
shunt paths into account when making re-
sistance measurements.

The ohmmeter test across CI4A is.a
check on whether the speaker field is open,
but is ot a good test of the condition of
Condenser CI4A. To check the condenser
we can disconnect one lead and apply an
ohmmeter, Before doing this, the condenser
is shorted to remove any stored electric
charge which could kick over the peinter.
The olimmeter is then applied. The instru-
ment should be set to read resistances as
high as 2 megohims. The red lead is con-
nected to the condenser's negative, and the
black to the positive terminal. As the meter
is applied the pointer swings up, indicating
charge, and then gradually recedes toward
zero, A good electrolytic condenser may
have a leakage resistance of over 100,000
ohms and in some cases as high as 1 or 2
megehms. The exact values will depend
on the.quality of the condenser, its age, and
its capacitance value, the larger condens-
ers generally having higher lcakage and
lower resistance. .

A CAPACITY METER, TOO?

The relative amount of the meter pointer’s
kick during the charging operation, en-
ables the expert serviceman to estimate
pretty accurately the condition of the con-
denser and to decide whether its capacity
is approximately normal. I the condenser

is open, hum, distortion or hoth may be in
evidence in the set.

Though the filter condensers are fre-
quently the cause of distortion, not the
least important element—often the most
important—is the grid condenser. This unit
is marked 15 in the diagram, and is connect-
ed to the grid of the 43 output tube. To
check 15 one dead is disconnected and an
ohmmeter is placed across the condenser’s
terminals. If the condenser is acceptably
good its leakage resistance should be above
20 megohms. The higher the better, but
20 megohms is the lowest acceptable limit.
Otherwise distortion may be produced due
to leakage current through the condenser
to the grid of the output tube.

CHECKING OUTPUT TRANSFORMER

There is a simnple way of checking the
condition of the primary of the output
transformer. Put one prod on the plate of
the 43 and the other on the screen. The re-
sistance may range from 100 to 300 ohms,
depending on the type of radio and the sort
of output transformer employed. Any much
higher value of resistance shows that
something is likely to be wrong, and so
does any greatly lower:value.

Leakage between the primary and the
sccondary of an output transformer, in the
writer’'s practical servicing experience, has
been very rare; still, it can occur. To check
for leakage between the primnary and the
secondary of part number 12 on the dia-
gram, disconnect the transformer froin the
plate and screen of the 43. Then put one
prod of the ohmmeter on the primary,
connecting the meter to either the plate
or the screen lead, it doesn’t matter which
one is used, and put the other prod on one of
the voice coil terminals. The leakage resist-

(Continited on page 747)
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*TEST INSTRUMENTSe

CAPACITESTER

For Dynamic Checks

By ROY R.

FEW years ago while operating a
A service .shop, I needed to obtain a

condenser checker which would test

the quality of a condenser while con-
nected in the circuit. At that time no such
unit was available on the market. While
owning one of the best commercial conden-
ser testers, nevertheless I. had to remove
one side of the questionable condenser from
the circuit in which it was employed to.de-
termine if it were open or had developed
contact resistance.

The condenser quality tested described
in this article is the result of considerable
experiment and design and it has the fol-
lowing advantages: (1) Checks the quahty
of the condenser while connected in the cir-
cuit. (2) Positive indication with no charts
or tiguring. (3) Ease of operation using
ordinary test prods, no shielded wires or
awkward terminal connections. (4) Provi-
sion to test resistance or voltage across
the condenser, simultaneously with the
quality test. (5) A locking crcuit which
could be used in cases where the tester had
to remain across a suspected condenser for
a period of time and would give a positive
indication without the necessity of the op-
erator constantly: watching the indicator.
(6) Low cost, easy construction and eco-
nomical operation.

MAXSON

CHOICE OF CIRCUIT

The circuit decided upon consists of a 76
oscillator, link coupled to a tuned circuit,
both operating at eighteen hundred kilo-
cycles. The link circuit is broken on one
side and brought out to pin tip jacks. The
tuned circuit 1S connected to a 6B7 pentode
section." The output of the pentode section
is rectified in the diode section and the nega-
tive potential developed 1s applied to the
grid of a 6ES tuning indicator tube.

Since the link circuit is carrying radio
frequency at low potential, any resisiance
or reactance in series with it will lower the
encrgy transfer from the oscillator to the
tuned circuit. The frequency chosen,
1800 Lilocycles, will encounter a re-
actance of approximately 10 ohms when
applied in scries with a 01 mfd. condenser.
Most condensers used in radios and associ-
ated circuits have capacities greater than
this. It follows that their reactance will be
less. Since the values of resistances used
n radios are generally 200 ohms or greater,
if a .01 mfd. condenser is placed across a
200 ohm resistor and this combination tested
by this instrument, taking the energy trans-
fer to represent 100 per cent, it will be
found that 95 per cent passes through the
condenser and only five per cent through
the resistor. Therefore if the condenser

! D]
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Two views of the Capacitester as constructed
by Mr. Maxson. The instrument is simple and
not hard to construct.

should open circuit there will be & loss of
95 per cent of the energy transfer in the
link circuit.

In a case where the resistance is devel-
oped internally in the condenser (contact
resistance as it is generally called) the
energy transference loss will be governed
by the voltage drop across this resistance.
It can readily be seen that the resistance or
reactance connected across the condenser
is 50 much higher than the reactance of the
condenser itself, that it may for all practi-
cal purposes be disregarded. Any internal
resistance or contact resistance in the con-
denser itself will reduce the energy transfer
in direct proportion to the amount of re-
sistance developed.

The locking part of the circuit is as fol-
lows. The negative bias used to close the' 6ES
tube’s shadow is also applied to the grid of
a 6I°5 used as the locking tube. Its plate is
connected through a toggle switch to one
side of the secondary of a three to one ratio,
audio transformer. The primary of the
transformer is connected to the A.C. line
connections across the regular power trans-
former. The ground return of the secondary
goes through a 500,000 ohm resistor.

[t takes approximately eight volts nega-
tive bias to completely close the shadow on
the 6E5 magic eye tube and this same volt-
age 15 applied to the grid of the 6F5. Due to
the tube’s high mutual conductance it is
biased to plate current cutoff. However, if
there is any failure of the energy transfer
link circuit caused by the vondenser under
test opening or the circuit being opened in
any way, there is no longer any radio fre-
quency ﬂ'owing through the circuit. The re-
sult is with no radio frequency to amplify
and rectify in the tuned circuit, the grid
bias falls to zero potential on both the indi-
cator and locking tube grids, the indicator
tube’s shadow opens wide and the locking
tube passes plate current the negative com-
ponent of which is applied to the grid of the
6B7 pentode section stopping it from ampli-
fying any further even if the energy trans-
fer link circuit should be closed again.
Therefore the indicator tube’s shadow re-
mains locked open until the switch in the

(Continued on page 748)
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“FALCON-4”

The attractive little receiver at the right is a real

war product, representing the experience of people

faced with four years of shortages, struggle and

threats of tinvasion. Its design and construction

embody several features particularly interesting to
American constructors.

*

much from his European and Aus-

tralasian colleagues, who have been at

war for four years. From Austraha
comes this four-tube dual-wave recciver, a
set designed with the sole aim of reducing
battery drain.

We imagine that we are facing a scarcity,
but the average Aussie thinks of us as sit-
ting in clover. Batteries have heen off sale
for years in that country, and the radio
magazines carry articles on “rolling your
own.” Tubes cannot be obtained by the
expedient of turning in old ones. They just
don't exist. If one 1s necded to complete a
layout, the would-be constructor advertises
for it in the radio press, sometimes offering
to swap some ‘“unobtainable” component of
his own for the desired type.

Thus an Australian set will be found to
have the minimum in hard-to-get parts and
fancy frills. Design is as simple as it could
be made, and components used are the few-
est possible. The result is an attractive,
easy-to-build receiver, the result of the ex-
perience of men who can still “put 'em to-
gether” after four vears of war.—Editor

THE American experimenter can learn’

Most notable advance in battery tube
technique during the past few years, the new
1.4-volt tubes represent an important step
forward towards the ideal in battery re-
ceiver design. Years ago 6 and 4-volt fila-
ments gave way to 2-volt, and now design-
ers have available a highly successful series
of tubes requiring only 1.4 volts across the
filaments,

More important still, filament current has
decreased in -proportion, so that it is now
possible to design a 4-tube receiver drawing
a total filament current equal to that taken
by a single tube several years ago, and
with a total filament wattage only a frac-
tion of that used in radios manufactured a
few years ago.

“B" CONSUMPTION IMPROVYED

An equivalent advance has also been made
on the “B" supply side. Receivers drawing
up to 20 or 24 mils. “B” current at 135
volts were the order of the day a few years
ago. Today, corresponding performance can
be obtained irom a set drawing only 10 to
12 mils at 90 volts,

While this remarkable improvement in
econoniy is largely due to advances made in
tube design, part of the credit must also go
to the new type permanent magnet speakers.
Sensitivity has been increased considerably,
or in other words, using a latest type per-
manent magnet dynamic speaker, consider-
ably more volume is obtainable with a given
output than from an equivalent type speaker
of several years ago.

"FALCON DUAL-WAVE FOUR"
The “Falcon Dual-Wave Four” illus-
trated above is an example of what can he
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achieved with the new 1.4-volt tubes, high-
gain coils and latest high-sensitivity speak-
er. A four-tube dual-wave receiver drawing
.25 ampere “A" current at [.4 volts, and ap
proximately 10 mils “B” current at 90 volts,
it gives a performance comparable with
that of carlier receivers with approximately
double the “A” and “B” wattage.

USES READY-WOUND COIL UNIT

The receiver uses a recent dual-wave coit
unit and a pair of high-gain I.F. transform-
ers, (either air or iron-core types may be
used). A 1A7G is used as mixer-oscillator,
and while this tube was designed primarily
for broadcast operation, it works splendidly
on the short waves as well.

Next follows one of the 1P5-GT multi-
mu pentodes as [.F. amplifier, followed by a
1H5-G as diode detector and triode audio
amplifier driving a 1Q5-G beam output pen-
tode. This tube has characteristics broadly
resembling those of the 1C5-G, but it oper-
ates with considerably less grid bias, and is
therefore nore sensitive. For those particu-
larly interested in “B” economy, the 1Q5-G
has a further important advantage, in that
it may be operated satisfactorily under
over-biased conditions, giving an appreci-
able reduction in “B” battery drain without
serious increase in distortion.

The 1Q5-G has a 1.4-volt filament draw-

ing .1 ampere. With 90 volts on both plate
and screen, and a bias voltage of —4.5, the
plate and screen currents are 9.15 and 1.6
mils, respectively. load resistance is 8,000
ohms, total harmonic distortion 7.5%, power
output .27 watt.

More than ample volume for domestic
requirements can be obtained by using a
good speaker with at least a six-inch cone.
Constructors prepared to pay more can ob-
tain even greater output with an 8- or 10-
inch speaker of high sensitivity.

The circuit of the “Falcon Dual-Wave
Four” is perhaps the simplest possible that

e CONSTRUCTION ¢

could be developed while still incorporating
every worthwhile modern feature. A simple
and effective a.v.c. system has been includ-
ed, operating on the 1A7-G and the 1P5-G.
A fixed tone control, consisting of a .005
mid. condenser {rom the plate to screen of
the 105-G hLas been included, though it
would be a simple matter to incorporate a
variable control if{ desired. However, as
reproduction is very well balanced, the fixed
control is actually all that is necessary.

A list of parts required for the receiver
is given in this article, and together with
the illustrations, ‘will enable those experi-
enced in set building to complete the re-
ceiver without further assistance.

List of Parts

aluminum or steel chassis

stamped and drilled as shown
dual-wave coil unit

iron-core if. transformers

2-gang condenser .
50,000 ohm potentiometer, with switch
octal, 1 6-pin, 1 4-pin sockets

knobs

slide rule type dial

terminals, 1 red, I black

6-wire battery cable

4-pin speaker plug, 1 6-pin battery plug

FIXED RESISTORS

2 .1 megohm carbon
1 2 megochm carbon
3 .1 megohm carbon
3 1 megohm carbon
FIXED CONDENSERS
2 0001 mfd. fixed

1 0005 mfd. fixed

1 005 mfd. fixed

3 .05 mfd. tubular

2 .1 mfd. tubular
TUBES

1 1A7G, 1 1P5G, 1 1HS5G, 1 1Q6G

SPEAKER

1 8 inch permanent magnet dynamic speaker,
input tranformer to match single 1Q5G

BATTERIES

1 L.5-volt A" unit

2 45-volt “B" units

1 4%-volt "“C" battery

MISCELLANEOUS

3 grid clips, solder lugs, nuts and belts, hook-up
wire

—The Australasian Radio I'Vprld. .
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The Falcon-4, a thoroughly standard design. No ideas which would call for extra parts are

presented. Economy of batery
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consumption is the keynote.
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BARB-WIRE TELEPHONE

By FRED H. RANDOLPH

WE call our telephone a *Broadcasting
Line.” 1 don't know where the name
started—probably some of the neighbors
called it that on account of all the radio
apparatus in it. It works from my place
to one about 3 miles away, with one line of
iron fence wire. The return circuit is
ground.

It is not a “carrier communicator.” We
simply use the little two-tube amplifiers to
give us a good signal, and so we can use
speakers instead of headphones for listen-
ing. This makes it simpler. When I want to
make a call, 1 go to the desk, push down
two toggle switches and say, “Oh Charley.
are you there? I want to ask you some-
thing.” 1f Charley is anywhere near the
house, he comes, or his wife. It works the
same as a telephone system, with speakers
instead of bells—and you don’t have to
say, “What? Huh?” If you have the head-
set on and the volume at “full,” when he
answers you will have broken eardrums.

I don't deny that this probably could
have been made better or more efficiently.
Most of the commercial interphones use
the speaker as a microphone. We had car-
bon mikes and used them. These were the
regular telephone transmitter type “and
worked better than a ten-dollar carbon
mike tested later. Our mikes will' stand up
to G volts and give extra strong signals with
less trouble from {eedback.

The mike feeds into an ordinary modu]a-
tion transformer, or “telephone coil.” The
transformer has a 250,000-ohm potentiome-

ter across its secondary, to act as a volume,

control. This can be turned up or down ac-
cording to instructions from the other end.

The first amplifier tube is a 32. You must
have a screen dropping resistor that will
cut the screen voltage down to half the
plate voltage, or the tube will not work
well. We use ordinary 3 to 1 audio trans-

—— |

Schematic of the amplified line barbed-wire line telephone. Here is o circuit built from parts

st hand and engineered by cut-and-try to do a definite and specific job.

formers to couple to the 33's, and believe
it or not, they work O.K.

The 33 works with —18 volts C battery.
You can get good service with -16 volts
“C” and 135 volts on the plate, but when
battery supplies are normal, the 180 volts is
more satisfactory.

The .004 condenser from the 33 plate
to ground acts as a sort of tone control and
permits the tube to work smoother. Some-
times you get oscillation in this stage with-
out it. The output transformer is a 1 to
1, and when you push the switch down,
you connect the speaker at the other end of
the line to your amplifier. There seems to
be very little loss on the line—at least
we get all kinds of volume—even though
an engineer might go crazy trying to fig-

ure out the matching, with our single wire
and ground return.

All of this apparatus can be put into
one cabinet. Throwing both toggle switches

P, cuts you and your power off and
leaves the line set for a call at anytime
from the other station. This line has vol-
ume enough to hear all over the house and
way out in the vard.

Throwing both switches DOWN puts
you and your power on the line, and the
other station (run on the same rules) will
hear you call,

All the grounds shown are “to chassis”
with the exception of the one on the sec-
ondary of the output transformers. These
are outside grounds, and should be good,
especially in dry seasons.

RADIO CHECKER FOR WARTIME

as a continuity or condenser tester, much

faster work can be done by addi ing a

small magnetic loudspeaker to the ap-
paratys, as I can then check by towue¢ with-
out having to look at the neon bulb.

The tester can be made very attractive
looking by securing a black crackle finish
metal box (if unavailable. one made of
plywood, stained and varnished, should do
nicely ). It should have a hole 1 25/32 inch
cut in one side 10 permit the neon bulb to
protrude. A hole on the opposite panel
should be cut and a heavy picce of screen
cemented on the inside to protect the speak-
er grill from possible damage. The size of
the hole of course depends on the speaker
available. The neon tubc now is in the front
panel and the speaker is at the back. Al-
though the speaker is not a necessary part
of the tester, I find that it really does
make up for the slight time required to
mount it !
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| FIND that by using the neon checker

By R. E. CRAGO

The circuit is clearly shown in the dia-
gram. It is an ordinary neon tester. The
25-watt lamp is used as a dropping resistor
to control filament current to the tube in-

MAGNETIC
TEST SPEAKER
PROOS
+
2w,
KEION
Sw.
Hov.
L 3

RADIO-CRAFT

serted in the circuit to supply tone to the
speaker. I used a 71 A—almost any triode or
pentode, would work here. The triode may
be hocked up as a straight rectifier, with
plate and grid tied together. 1 prefer the
circuit shown in the diagram.

A loud, clear signal from the speaker and
a bright glow from the neon lamp tells you
when a shorted condenser is found. Good
condensers show up with a combination
blink and a raw alternating current sound
from the speaker. Used as a continuity
tester, it will be found that different values
of resistance in circuit give different tones,
making it possible to make a rough check
much faster than by paying attention to the
neon bulb alone.

The Serviceman has more work than he
can do these days, and any instrument that
can speed. it up a little is worth while. This
tester is also uscful to the man who can-
not obtain meters with which to build more
exact types of instruments.
SEPTEMBER,
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THE LISTENING POST

ROBARLY the best catch of the pres-

ent time is the new transmitter now

being used by FZI, “Radio Brazza-

ville,” and located in French Equatorial
Africa. It is under the control of the Allied
Nations through the Fighting French under
General Charles de Gaullee When first
heard, only three thousand watts were used.
Now a fifty kilowatt American-made trans-
mitter has been installed. New antennae
have also been erected. The frequency used
is 11,970 megacycles; transmissions being
made during the afternoon and evening.
A news broadcast in English is broadcast
daily at 7:45 to 8 pm, E'W.T. The pro-
gram opens with the French National An-
them, and closes with the Star Spangled
Bauner. Quite often the announcer is a
woman. Reception of this station is very
good, and regular, with a fadeout as dark-
ness approaches the listener.

The National Broadcasting Company, In-
ternational Division, broadcasts durmg a
total of 18 hours daily in nine languages—
Enrglish, Spanish, Portuguese, Italian, Ger-
man, French, Danish, Swedish, and Turk-
ish. The Spanish and Portuguese language
programs are beamed to South America;
while the remainder are directed towards
Europe and Africa. Broadcasts in English,
Spanish, and Portuguese will be found in
our station lists. Transmissions in other
languages are as follows:—

ltalian: 2:15 to 2:45 pm—WRCA-WNBI
5:45 to 6:15 pm—WNBI-WKRD
12:45 to 1:00 sm—WKRD-WLWO-

WCRC-WKTS-
WKLJ
8:15 to 8:30 am—WGEA-WKRD
1:30 to 2:15 pm—WRCA-WNBI
4:30 to 5:15 pm—WRCA-WNBI

German:

Edited by ELmer R. FuLLER

Danish: 12:15 to 12:30 pm—WGEO

3:15 to 3:30 pm—WGEA
Swedish: 12:30 to 12:45 pm—WGEQ
Turkish:  2:!5 to 2:30 pm—WCRC-WCBX

It is anticipated that in the weeks to come
program material from the Southern Furo-
pean Front will be available in recorded
form in London. It is planned to place this
material when it is so available in the North
American Service from 7:15 to 8 pm, on
the evening of its reception in London. This
will be heard on several of the BBC trars-
mitters now being used nightly in the North
American Service, and will be of interest
to us.

A major change in American propaganda
policy seems to be in the offing. It has been
disclosed that a number of powerful sta-
tions will be built throughout the world.
The Crosley Corporation of Cincinnati has
been authorized to install new transmitters
with a total power of 750,000 watts. These
will be built near the other transmitters of
the company.

According to Don Francisco, director of
radio for the Office of Coordinator of Inter-
American Affairs which supervises all
broadcasting to Latin America, plans have
been completed for simultaneous Spanish
programming of ten short wave transmit-
ters. Five of these were formerly served
by NBC and five by CBS. The stations
carrying these programs are WCDA,
WRUS, WRUW, WRUL, WCRC,
WLWK, WLWO, WNBI, WBOS, and
WGEO.

Yours truly recently heard W6XPW, Los
Angeles, California; owned and operated
by Press-Wireless, Inc., broadcasting news
at 8 pm. Frequency used was 12.0 mega-

6:45 pm London GSD 11.75
GRG 11.68
6:47 pm Moscow 9.48, 15.23
7:00 pm Berlin DJD 1177
7:00 pm Spain EAQ 9.86
7:45 pm Brazaville FZt 11.97
8:00 pm Moscow 11.947
8:30 pm Rome 2RO3 9.63
2R0O22 11.94
9:00 pm Berlin DJD 11.77
9:00 pm MexicoCity XERQ 9.415
9:00 pm Tokyo JLG4 15.108
9:06 pm London GSC 9.58
9:15 pm Komsomolsk 15.11, 15.23
9:30 pm Berne HER4 9.54
9:45 pm Vichy 9.62
10:00 pm RiodeJaneiro PRL8S 11.72
10:30 pm Rome 2R0O3 9.63
10:45 pm London GSC 9.58
14:00 pm Berlin DxJ 7.24
11:30 pm Rome 2RO3 9.63
12 midnight Berlin DxJ 7.24
12:30 am London GSC 9.58
GRX 9.69
GSL b.11
1:00 am Batavia 18.135
1:00am Betlin DXJ 7.24
1:10 am Melbourne VLG6 15.23

Reports for the past month were received
from Gilbert L. Harris, of Massachusetts ;
Bob Hoiermann of QOhio; Winslow Wil-
liams of New York; Nick Vangellow of
New York; L. R. Brown of Pennsylvania;
Bill Buehrle, Jr., of Missouri; Thomas W.
Purdy of Toronto, Canada; and Frank
Heiss of Rhode Island. Through the co-
operation of the following, we have been
able to revise our lists of stations, and make
many corrections in our schedules:— The
British Broadcasting Corporation, General
Electric Company, National Broadcasting
Company, Columbia Broadcasting Corpora-

French: 6:45 to 7:00 an—WRCA-WNBI-  cycles. The signals were very weak, but tjon, United Network, New York State
WKRX were understandable through the QRM of Chamber of Commerce, Co-ordinator of
12:45 to 1:15 pm—WRCA-WNBI nearby C.W. stations. Inter-American Affairs, National Associa-
2:45 to 3:15 pm—WNBI Evenming news broadcasts i English are tion of Broadcasters, Station WCAU, and
3:45 to 4:15 pm—WNBI-WRCA being aired as follows:— the San Francisco Chamber of Commerce.
Me., C.ll Location and Schedule Mec. Call Location and Schedule Mc. Call Location and Schedule
470 ZQI KINGSTON, JAMAICA, 6.007 ZRH JOHANNESBURG, SOUTH | 6.080 WLWO CINCINNATI, OHIO. 12:45
3undays. 6:15 to 4:55 pm; AFRICA. Evening transmis- o 1 am.
aily 6:15 to 7:15 pm. sions. o 2 .
4765 HIAB  BARRANQUILLA. COLOM: | 6010 CICX  SYDNEY, NOVA SCOTIA Al = Y ekl S
BIA. Monday to Friday, 7 am to =
4835 HJAD CARTAGENA, COLOMBIA. 11 am; Saturday. 6:45 am to 6.090 CEFW ;Ef}crﬁ?gs' C+A INIA3(? A.
4.865 HJFK  PEREIRA, COLOMBIA. Il am: Sundays, 8 am to I T
] am. i
4.885 HJDP MEDELL'N. COLOMBIA. 6020__ GEORGETOWN, BR”lSH 6.09 ZNSZ NASSAU, BAHAMAS. Evo-
4905 HIAG BARRANQUILLA, COLOM- | GUIANA. 7 am to ? ning transmissions.
BIA. 6.02 —e "GUSTAY SIEGFRIED EINS." | 4.095 OAX4H LIMA, PERU. "Radio Mun-
492 YVSRN CARACAS, VENEZUELA, Variable times of evening. dial."
Evening transmissions. 6.030 HP5F COLON, PANAMA. i pm E
4925 HIAP  CARTAGENA, COLOMBIA. 107 6.038 ZBX 82_’5{,?:" :‘,;dson‘i’gw ki
5.85 SANTIAGO, CHILE; 7:40 pm | 6.03 DXP BERLIN, GERMANY. . 1 0
to midnight. 6,030 CFVP  CALGARY, CANADA. Sun- g )
5.980 VONH-VONG ST. JOHNS, NEW- day, 10 am to 1:30 am; Mon- RIS lA?nr:Ecoa?' beEa: G}:;‘ PN;
FOUNDLAND; 7:30 to 8:15 day to Saturday, 8:30 am to 12:45 am '
pm. 2 am. :
544 ——  MOSCOW, USSR. 648 fo | 604 COBF HAVANA, CUBA. Relays | 6120 ===  BERLIN, GERMANY. Norilfi
7:25 pm. CMEBE. American beam, wvariablg
5.875 TIGPH  SAN JOSE, COSTA RICA 6,070 CFRX  TORONTO, CANADA. Sun- | 4 120 WKTS e * hde
6.005 CFCX MONTREAL, CANADA. days, 9 am to 12 midnight; : “GUSTAV SIEGFRIED EINS"
Sunday, 7:30 am to 12 mid- Monday to Friday, 7:30 am 612 — Variable $i £ E.IN <
night; Monday to Saturday, to 12:05 am; Saturday, 7:30 ! pifakeBtimesgo e o ning:
6:45 am to 12 midnight. am to 12:45 am. (Coptinued on following page)
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Location aknd Schedule"

Mec. Call Location and Schedule Me. Call Location and Schedule Me. Call

6.122 ZFA2 HAMILTON BERMUD A. 7.565 WKLJ NEW YORK CITY; 12:45 to | 959 —— "VOICE OF FREE INDIA."
Mondays, 7 to 7:45 pm. | am. 9 to !l pm.

6.130 COCD HAVANA, CUBA; 7 pm to | 7-660 YNDG  LEON, NICARAGUA. 7:30 | 959 —— "NATIONAL CONGRESS
midnight. pm to 7 RADIO". 11:15 to 11.55 pm.

5.130 CHNX HALIFAX, NOVA SCOTIA. | 7-820 WKRD  12:45 to | am. 9.595 —— ATHLONE, IRELAND. ‘'Ra-
Sundays, 8 am to 6:55 pm; 8.030 FXE BEIRUT-LEBANON. 5:30 to dio Eireann,” 7:10 to 8 pm.
Monday to Thursday, 6:45 sm 6:45 pm; irregular. 9.615 TIPG SAN JOSE, COSTA RICA;
to 10:15 pm; Friday, 6:45 am 8.035 CNR RABAT, MOROCCO. "La Voz de la Victor"
to || am? Saturday, 6:45 am 8.484 XPSA KWEIYANG, CHINA. 7:30 | 9.620 — VOICE OF FREE FRANCE.
il ams S2 PACIHG GOAST 9.62 VIRRE™ FRANGE.  Nor

B. ACIFI AST; &6:15 am : _ vi . FRA 1 h

4.145 HJDE MEDELL!N, COLOMBIA. 730 KESZ to | pm. o:15 American beamh:1 9:45 :Jr:ﬁ
Evening transmissions. 8.955 COKG SANTIAGO, CHILE. Evening | 9.626 ZRL CAPE TOWN, SOUTH AFRI-

4.148 ZRD DURBAN, SOUTH AFRICA. transmissions. CA. Daylight transmissions.
Day and night transmissions. 896 AFHQ  ALGIERS. 6:30 to 7:45 pm: | 9.630 2RO3 R%ME. ITALY; 6:30 pm fto

. WINNIPEG, Canada. 6 to || irregular, midnight.

o cue Mgl Cenada- bto Il | 04 —  FRENCH EQUATORIAL | 9.635 XGOY  CHUNGKING. CHINA.

AFRICA. "Radio lub"'; ast Asia beam, 7:35 +to

6.160 CBRX Y(';;IOC?mUY:%-BO S;:NADA‘ 9 to 10:20 am; 2 to 3:20 pm; 2:55 |sm;b 2:30 Ifo 54 pm;

¢ - E 5 to 5:30 pm. uropean beam, 11:35 am to

6.165 TILS  SAN PEDRO, COSTA RICA. | ¢ 55 1jaT4 - BUDAPEST, HUNG ARY. 12:30 pm: 4 fo 5 pm: North

6.165 BERNE, SWITZERLAND; 9:15 to 9:30 pm; 10:15 to American beam, 10 to 11:30
Canadian beam, 9 to || pm, 10:30 pm. B
except Saturday. 9.437 COCH HAVYANA, CUBA. Evenings. | 9.637 — "GUSTAV SIEGFRIED EINS".

6.170 WCBX  NEW YORK CITY; Ji:45 pm | g 445 TAP ANKARA, TURKEY. Variable times of evening.
to 3 am, 947 JZHA HONG KONG 9.64 COX HAVANA, CUBA. | to f1:15

6.190 WGEO SCHENECTADY, NEW | q48 —— MOSCOW, USSR, 6:48 to pm.

YORK: 12:15 to 2:10 am. 1l pm. 9.64 KZRH  MANILA, PHILIPPINES.

619 — "GUSTAV SIEGFRIED EINS". | 9.482 — "GUSTAY SIEGFRIED EINS". | 9.645 LLH OSLO, NORWAY.

Varisble times of evening. Variable times of evening. 9.645 —— “GUSTAV SIEGFRIED EINS",

6210 ——- "DEUTSCHER  KURZWEL- | ¢.490 WCBX NEW YORK CITY: 7:55 to Varisble times of evening.
LEN SENDER ATLANTIC". 11:30 pm. 9.650 WCRC NEW YORK CiTY; 12:15 to
Evenings. verisble times: | 9490 KRCA PACIFIC COAST; | am to 2 am.
thought to be anti-nezi sta- I pm. 9.670 WNBI  NEW YORK <CITY; 12:15 to
tion. . | 9.50—XEwWW MEXICO CITY, MEXICO. 2 am;: 4:30 to b pm.

6235 — GUSTAV SIEGFRIED EINS™, Evening transmissions. 9.67 COCQ® HAVANA, CUBA. Evening
Varisble times of evening. 9505 JLG2 TOKYO, JAPAN. 7:30 to ransmissions.

6.480 TGWB GUATEMALA CITY, GUA- 7:45 am: B to 8:45 am. 9.685 TCWA GUATEMALA CITY, GUA-
TEMALA. 7 am to 8:10 pm | 9520 —— GENEVA, SWITZERLAND. TEMALA. Night transmis-
daily, except Sundsy. 9 to 10:45 pm. sions.

6.485 HI2ZT  SAN FRANCISCO DE | 952 DZD BERLIN, GERMANY. North | 9.69 LRAI  BUENOS AIRES, ARGEN-
MACORIS, DOMINICAN American beam: evenings. TINA; off at present time.
REPUBLIC. 9523 ZRH  JOHANNESBURG, SOUTH | 9.690 GRX LONDON, ENGLAND. 10:45

6.700 TIEP SAN JOSE, CO_STA RICA; AFRICA. Daylight transmise pm to 12:45 am.

‘La Vor del Tropico" sions. 9.700 WRUW BOSTON, MASSACHU-

7.037 EAJ3 VALENCIA, SPAIN;: 4 to & 9.530 —— BERNE, SWITZERLAND; SETTS; I) pm to 2 am.
pm. U.S.A. beam, 9 to Il pm | 97 —— FORT DE FRANCE, MARTI-

715 GRT LONDON, ENGLAND. 10:45 except Saturday. NIQUE
pm to 12 midnight. 9.530 WGEO SYCkH ENECTA DE. NEW | 9.720 PRL7 RIOdDE JANEIRO, BRAZIL;

7.171 XGOY CHUNGKI i ork; 5:30 pm to midnight. “Radio Nacional”; & to $:55

5 East :si br:ﬁ';, 7%?{::::;5 9530 WGEA SCHENECTADY, NEwW pm.
am: 2:30:4 pm: European York: 3:30 to & am. 9.720 XGOA CHUNGKING, CHINA. 7
beam, |1:35 am to 12:30 pm: | 9.535 HER4  GENEVA, SWITZERLAND. am to | pm.
2 fo.S pm: Asia-Australis- North American beam. 9:30 9.735 CSW7 LISBON, PORTUGAL.
New Zealand beam, 6 to to ? pm, except Saturdays. | 9.750 WCDA NEW YORK CITY; midnight
6:30 am: East Russia beam, 9.535 JZI TOKYO, JAPAN. 2:15 pm; 7 to 2 am.
6:30 to 7 am: Japan beam, to 9:32 pgn: 7:30 to 7:45 am; 9.750 — R.ohME' ITALY. Day and
7 ' . North R 8 to 8:45 am. night transmissions.
ca:ob;}:‘)‘ ?6n+oN'|:3o /:r:ert 9.535 SBU ;AOSTALA, SWEDEN. 12 fo | 9.756 — gURBA:l, .S?UIH AFRICA.
i |15 pm. ay ond night transmissions.
7230 KWID - SAN FRANCISCO, CALL: | g54 viG2 ~ MELBOURNE, AUSTRALIA. | 9.760 WKLJ  NEW YORK CITY
e & T 8 to 8:45 am. 9780 —  ITALIAN UNDERCOVER
pr. ) 954 HER4 GENEVA, SWITZERLAND. STATION; veriable times of

7.230 ——  ROME, ITALY. Doy and night | 9543 XEFT ~ MEXICO CITY, MEXICO. evenings; sometimes aftes-
transmissions; news in English Evenings. noons.
every hour. 9.545 —— "GUSTAV SIEGFRIED EINS." | 9.835 —— "?FREEDOM STATION."2.15

7.250 KGEI SAN FRANCISCO, CALI- Variable times of evening. to 2:27 pm, 7:15 to 7:27 pm;
FORNIA, | am to | pm. 9.545 e KOMSOMOLSK, SIBERIA, spaaks German.

7.28 VLI9 SYDNEY, AUSTRALIA; USSR. 7:40 to B8:20 am: 9.84 CR78E MOZAMBIQUE; News in
Eastern North American 10:15 to 10:30 em. English, 4:50 pm daily.
beam, [English}) 8 am. 9562 OAX4T LIMA, PERU. "Radio Na- 9.86 EAQ MADRID, SPAIN.

7.290 DJX BERLIN. Variable times, cionel” 2 o 8 pm, daily. 9.897 KROJ LOS ANGELES, CALIFOR-
North American beam: nows | 9:565 JRAK  TOKYO, JAPAN. 7 to 9:30 NIA; 11 pm to |:45 pm.
in English st 7 pm and other pm. 9.905 WKRX NEW YORK CiTY
e 9.570 KWID ?AN FRANCISCO, CALI- | 9.935 SVM ATHEN% SREECE

y : ornia; 3 to 6:15 am. 9.98 —— FREN EQUATORIAL

731 2ROI9  ROME ITALY. Doy andnight | g5 viG ~ MELBOURNE, AUSTRALIA; AFRICA. "Radio Club™: 9 to
i tons: N I En g Western North American 10:20 am; 2 to 3:20 pm; §
ish every hour. b in English :

eam, in English, 11 am. to 5:30 pm.

7.345 —— GUAYAQUIL, ECUADOR. | 9580 GSC  LONDON. North American | 10.005 ——  "VOICE OF FREE ARABS".
? to *I pm. beam, 5:15 pm to 12:45 am. Sundays. 3:15 .to 3:30 pm.

7.495 e CAIRO, EGYPT. 3:I5 to &6 | 9590 WLWK CINCINNATI, OHIO; mid- irregular,
pm. i night to 9 am. | 10,085 suv CA?RO. EGYPT. Afternoons;

7.565 KWY PACIFIC COAST; 4:45% to { 959 WLWO CINCINNATI, OHIO; 8:30 irrequler.

7:05 am; 8 to 10:30 am pm to mjdnight. (Continned on page 760)
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TUBES WANTED—Will swap for
or buy all popular tube types. Have
all types of condensers, transform-
ers, also condenser tester and 41
amp. rotary converter A.C. to D.C.
Berkley's, 112-43 Queens Blvd., For-
est Hills, L. I., N, Y.

RECEIVERS WANTED—Want in-
expensive commercial rcceivers in
working condition. Write giving full
etails. Intimate Bookshop, Chapel
Hill. N. C.

URGENTLY NEEDED — Model
4834 Precision V.O.M.; Con-
denser Analyzer; tube tester;
portable eignal! generator. Need
for repair of morale sets at army
post. Must be priced reasonable.
Send full details. T6th Geo. Yar-

brough, Btry. C, 1st C.A.,
AP.O. 836, c/o0 P. M., New
Orleans. La.

TUBE CHECKER WANTED—To
handle all tube types. Also want
signal tracer and other service in-
atruments for cash. Hank's Radio
Service, Box 13, Easton, Minn.

AMPLIFIER & DRAFTING EQUIP-
MENT FOR SALE OR EXCHANGE
—One 12-watt amplifier, 2A3 push-
pull output. Present tube comple-
ment used less than 14 hrs. . .
$21.50. Also have set of drafting
eqpt. used once. Includes two peny,
three bow compasses, 2 dividers, 2
pencils, squares, triangles, ete.
$23.50. 1 want radio testing eqpt.,
especially a set tester and an ohm-
meter. Edmund H. Dean, Falls Vil-
lage, Conn.

COMMUNICATION RECEIVER
WANTED—Short wave model. State
price aond condition. Paul R.
Schramm, 2765 W. Carmen Ave.,
Chicago 25, Illinois.

WANTED — RCP #802-803 comb.
tube  and set tester. any condition,
providing meter is Zood. Also want
battery-operated Signal generator.
State caah price in  1st letter.
Nathaniel Bell, 415 N. Parramore
St., Orlando, Fla.

COMMUNICATIONS RECEIVER
WANTED—In good condition. Give
full details and name price. Wal-
%qer &I Hotaling, R.D. #1, Unadille,

TUBE TESTER FOR SALE—Daco
counter model. Write for details.
A. L. Heinl, Minster, Ohio.

WANTED—One Triplett 666 Uni-
versal volt-chm-milliammeter. or a
tester with similar readings. Must

RADIO-CRAFT
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be
Durand_ Sales Co.,
Green Bay, Wisc.

in A-1 condition. State price.
315 Dousman,

WANTED — Tube tester, Philco
model 050, or Readrite Ranger 4324,
or any well-known make. Nationaol
Radio Service, 506 Warburton Ave.,
Yonkers, N. Y.

WILL EXCHANGE—One complete
“Popular Educator” Course {new}
value $14: one 1931 Gernshack of-
ficial radio service manual; one 335
Unekin complete with bow, 100
Aongs, etc.; one six volt mantel
model 5-tube radio. Will swap all or
parts for radio parts, magazines.
books. etc. of equal value, Clyde
R. Wood, P. 0. Box 296, Yellow
Jacket, Colo.

FOR SALE OR TRADE—Reming-
ton adding machine, like new, adds
to 9 million, subtracts, multiplies,
figures fractions. Will trade for Su-
préeme 685 Radio tube and set
tester, or later model with oscillator
and cathode ray oseiloscope. C. M
Rebelein, Kiester, Minn.

WANTED-—V.Q0.M. meter, combina-
tion tube and set tester outbut me-

ter, and caDacitor analyzer. E. L.
Johnston, 172 W. North Street,
Akron, Ohio.

WANTED FOR CASH--30 feet of
single conductor microphone cable,
new or used, in twoO pieces, if nec~
essary. Clement Blair., Box 86, Gap,
a.

'SCOPE FOR S8ALE-—One 2"
Triplett scope; alsp one frequency
modulated signal generator, making
a matched set; will sell the pair for
$70, F.O.B. Also 2 metal locators
or radio tremsure finders complete.
Kenneth E. Mayhall, Belmont, Miss.

URGENTLY NEEDED—Signal gen-
erator, of the modulated type. with
a range of 100 K.C. to 100 "M.C.,
for FM. and AM. receivers; also
multimeter to cover from § to 2
meg. resistance, 0 to 6000 D.C.. and
0 to 5000 A.C. volts at 1000 ohms
per volt. Cash for either or both.
R. Hockey Radic Shop, 3902 Tyler,
Berkley, Mich.

FREE SERVICE DATA: Making 18

t 3
day—to appear free of hoce
other leading radio
short—WRITE
items. “Emerge
Address it lo:g

magazin

SPRAGUE PRODUCTS
North Adams

FOR TRADE—Hallicrafter S 20 R,
original condition. for one of the
following electroniec multitesters:
Weston 669, Supreme 549, R.C.P.
662. Must be in good condition. Give
details and price. Carol Radio, 115
Witthoff St., Queens Village, L. I.

WANTED-—Hallicrafters SX28 or
$X32 and 2% meter equipment
Will pay ‘highest cash Prices or
swap Zenith portable and Hallicraft-
ers HT4. Paul K. Heim, Seminary
Cafnpus, Gettysburg, Pa., ¢/o Radio
Dept.

WANTED — A.C-D.C. ¢
and signal generator, new or in
good condition. Will pay cash. F.
Stuart Godfrey, 602 E. State St,
Saint Johns, Michigan.

multitester

EQUIPMENT FOR SALE—
Hickek #18 signal generator;
Supreme 3" scope; RCA Model
166 Tube Tester (factory re-
vised) ; Superior X-Rayometer,
v.o.m. up to 30 meg.; Simpson
Model 325 {(9” meter) counter
tube tester; Triplett FH1200A
twin meter. 2000 ochms per volt
analyzer; Stancor super
115 V. AC. to 6 V. at 125
amps. ; two G-E handy phone. in-
tercommunications, receivers
model EM-43C. What am I of-
fered? Harry Sklar, 146 Myrtle
Ave., Jersey City (5). N, J,

WANTED-Voltohmmeter A.C.-D.C.
volts, 1000 ochms resistance per voit.
Urgently needed. Eldred Sherrill,
Lapulpa, Okla. (General Delivery.)

Capacitors do the Work of 473!

YVital materials MUST be conserved
for war uses—and this mesns that
servicemen are now faced with the
problem of maklng a *Victory Line®
assortment of 18 Capacitors do the
work of the approximately 473 re-
placement types and sizes previously
supplied for this work.

But servicemen will cooperate ac-
cordingly! They’ll use ‘em—and
they'll make these I8 types fill the
billt! What’s more, they’ll get all the
help Sprague can give them in solv-
ing the headaches that are bound
to arise.

WRITE TODAY for your free

copy of the Sprague “VICTORY
LINE.” Folder. In addition to list-
ing the 9 Atom Electrolytics and the
9 TC Tubulars now available under
wartime restrictionss this contains
helpful data for those applications
where some real “juggling” must
be involved. It tells you. for In-
stance, how to replace 600 volt Ca-
paciters with available 450 volt
types; how to use drys on wet elec-
trolytic johs, and much more.

It’s a folder that will prove in-
valuable in your daily work.

DON'T MISS IT!

charge in th
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TEST EQUIPMENT WANTED--
Tube tester, pocket size tester,
bench tester, ete. Write giving price
and details. Vietor D. Letourneau,
Jr.,, 179 Main St., Holyoke, Mass.

CONVERTER WANTED—32 to 110
voltr 300 to 500 watts. Give price
and details. Milo W. C. ilson,
Bellefonte, Route 2, Pa.

WANTED FOR CASH-—-CB1-60 So-
lar condenser and capacity analyzer;
5 volt A.C. meter (Western or
Triplett); 6 amp. A.C. meter.
Must be in A-1 condition. All re-
plies answered. Wm. H. Zink, 618
N. Chester St., Baitimore 5, Md.

WANTED AT ONCE—Monigomery
Ward portable phonograph with
spring drive. Ray Hauser, P. Q. Box
55, Litchfield, 11l

TUBE TESTER WANTED—Will
pay cash for Radie City 312-C tube
tester, or Triplett model 1612 in
good condition. J. . Patrizi, 115
W. Sherman Ave., Newark, N. J.

C-R TUBE WANTED — Want
cathode ray tube for Phileo 022
'scope. ##2162. Will pay cash. J. R.
Jenes Radio Service, Hamden, Ohio,

FOR SALE—4 ICA and 4 Bruno
s=w coils; 140 mmfd. condensers;
300 tubes in sealed cartons (some
open, but not used)—guaranteed
test; Dpower packs., 180 volts to
400 v. D. C. Priced low. Enclose
stamp for detailed reply. W. F.
Onder, Rt. 1, Box 389, Kimms-

wick, Mo.

’Victory Line’’

SPRAGUE CONDENSERS

AND KOOLOHM RESISTORS

Obvicusly, Sprague cannot assume any responsibility for, or guaraniee goods, etc.. which might be sold or exchanged through nbove classified advertisements,
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* LATEST RADIO APPARATUS

NEW TALK-A-PHONE
Talk-A-Phone Mfg. Co.,
Chicago, Illinois
THIS system, known as Model LP-77,
utilizes in any combination up to ten,
both Master Stations and a new “Selector
Type” Sub-station. Now, in one system,
Master Stations may carry on a completely
private conversation between each other
without interruption or eavesdropping by
the remote stations, and, in addition, may
communicate with the different Sub-

stations at will. Any Master Station may
also have a private Sub-station with which
uo other Master can communicate or listen
in on.

«

With the new innovation of “Selector
Type” Sub-stations, these outlying stations
can now select the Mlaster to which they
wish to speak and originate the call. Thus
a completely flexible inter-office communi-
cation system may he had with instant con-
tact to all vital points without the usc of
a central switchboard operator.

Master Stations can call one another re-
gardless of whether the station being called
has power on or not. Systemis may be built
up progressively beginming with two units
to any amount of stations desired. Variable
volume control is adjusted at each Master
unit from a whisper to full room volume.
Stations can be placed at any distance up
to 2000 ft. from each other. The system also
uses the cxclusive time-tested Talk-A-
Pione “Silent Feature.”

Operation on the system is 110 volts,
AC-DC. Master Stations are housed in

sturdy walnut cabinets, and Sub-stations
cases. These systems are available in 10,
20, 30, 40, 50, etc., stations.—Radio-Craft
SPACE-SAVING CAPACITOR
Aerovox Corporation
A POPULAR type of cil capacitor be-
cause of 1ts handy inverted screw
Aerovox Type 10 is now further improved
by the new double-terminal feature. Here-
sulated terminal and grounded can, al-
though when screw-mounted on a metal
insulating washer.
The new double-terminal feature means

are completely enclosed in durable metal
.
New Bedford, Mass.
mounting and compact dimensions, the
tofore this capacitor has had a single in-
chassis it could be fully insulated by an
that both terminal lugs are insulated from

the “floating” can and no insulating washer
is required. These capacitors, made by
Aerovox Corporation of New Bedford,
Mass., are hermetically sealed and will pass
all immersion tests required by Govern-
mental agencies. This is accomplished by
the use of the new one-piece molded bake-
lite terminal assembly which prevents pene-
tration of moisture and leakage of oil.
These capacitors, available on high priori-
ties only, are filled with either Hyvol
vegetable oil or mineral oil, rated up to
40 mfd. at 600 v. D.C. and to .5 mifd. at
1500 v. D.C. The can, similar in design and
dimensions to the usual inverted-screw-
mounting metal-can electrolytics, is of
aluminum or an approved substitute.
Kadiwo-Craft

.y
@

CONNECTOR FOR RACK USE
Cannon Electric Development Co.
Los Angeles, Calif.

THE’ newest member of the Cannon DP

line of electrical connectors is the DP-
B10C2. This is classed as a rack type con-
nector and is adapted by its design to radio
rack assemblies, transmitters and any gen-
eral applications where both plug and re-
ceptacle must be fixed permanently in their
respective units of equipment.

Differing radically from the standard
round or oval faced connectors, the DP-B
is rectangular and is so designed to fit rack
equipment. The shell is tapered to effect
a close fit when engaged and the two units
of the complete connector are self aligning
but are dependent upon the accuracy of the
equipment it connects.

The insert insulation is made of molded
phenolic, having 8 standard contacts of
brass, silver-plated, and 2 coaxial contacts
of the same material and finish, with isolan-
tite insulators. Two contacts are 30 Amp.
and 6 are 15 Amp. Shell is die-cast alum-
inum alloy, with sand blast and clear
lacquer finish. Four mounting holes have
diameter of .144 countersunk for No. 8
flat head machine screws. Weight of Recep-
tacle 276 (lbs.) and plug .266 (lbs.)
—Radio-Craft

—o@

SUPER-SMALL RELAYS

Automatic Electric Co.
Chicago, Hlinois.

A NEW line of relays, these are very
small in size but provide large con-
tact capacity and a wide range of operate
and release speeds. Typical assemblies hav-
ing a maximum of six contact springs are
only 34" x 114" x 134" in size, and weigh
123 oz. Assemblies with a maximum ca-
pacity of 12 springs are slightly larger, and
weigh about 2 oz. Relays can be supplied
with any number of springs up to the maxi-
mum, and with any combination of “make”,
“break” and “break-make” contact arrange-
ments. Standard contacts will make or
break 1 amp. non-inductive or Y4-amp. in-

ductive load, and will carry 2 amps.
These relays, which are known as_ Class
“S” relays, have contact springs of unique
shape, with independent twin contacts de-

RADIO-CRAFT

stgned to assure one contact “making” eveii
if the other contact is held open by dust or
grit. Operate speeds range from 4 to 25
milliseconds ; release speeds from 2 to 10
milliseconds (or up to 70 milliseconds,
through the use of special coils). Coils from
150 to 3500 ohms can be supplied, for opera-
tion at up to 115 volts; larger coils, up to
10,000 ohms, permit operation at up to 175
volts, or with relcase delay of up to 80
milliseconds at 115 volts. Insulation of coils
and springs is tested at 500 voits, A.C.

_ Vibration resistance, provided by torsion
mstead of power-wasting friction, insures
against false opcration or release of con-
tacts at up to 10.5 G, as determined by a
cathode-ray oscillograph and stroboscopic
examination. Other features of importance
in aircraft and other services include ex-
treme resistance to humidity, and to tem-
peratures from —40 degrees F. to 4130
degrees F.—Radio-Craft

e 2

SOLDERLESS TERMINAL
Aircraft-Marine Products, Ine.
Elizabeth, New Jersey
T HESE new solderless flag type terminals

meet the necd for stacking a series of
parallel terminal connections on a single
stud block without loss of space or electrical
conductivity. This is made possible by a
unique design plus a sufficiently flexible
tongue to permit multiple stacking after
wiring. They may be used for either right
or left hand application—since the terminal
barrel is symmetrically located with respect
to the plane of the tongue. This eliminates
the necessity of distinguishing between and
stacking two different terminals, thereby
simplifying installation and speeding pro-
duction.

For wire sizes 22 to 10, the terminals are
pure copper of maximum conductivity, hot
electro-tinned for maximum corrosion re-
sistance.

No solder is necessary—the terminals are
crimped on wire with hand, foot, or power
tools, and are speedily installed. Special
designs for particular applications are avail-
able.—Radio-Craft
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~THAT'S HOGARTH,
HE'S DIGGING A FOX-HOLE ANNEX
FOR HIS ECHOPHONE EC-1!
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Echophone Model EC-1

{Ilustrated) a compact communications receiver
with every necessary feature for good reception.
Covers from 550 kc. to 30 mc. on three bands. Elec-
trical bandspread on all bands. Six tubes. Seli-
contained speaker. Operates on 115-125 volts AC
or DC.

ECHOPHONE RADIO CO., 201 EAST 26tk ST.,, CHICAGOQ, JLLINOIS
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e QUESTION BOXe

THE QUESTION BOX

QUERIES

All guerles should be accompanied by a fee of 25¢ to cover research Involved. If a schematic or
diagram s wanted pléase send 50c, {0 cover circults up to 5 tubes: for 5 to B tube clreults, 75c:
over B tybes, $1.00.

Be sute to send the fuliest possible datalls when asking questions. Glve names and MODEL
NUMBERS when referring to recelvers. include schematies of your apparatus whenever you have
such. Serial numbers of radios are useless as a means of Identification.

All letters must be stgned and carry FULL ADDRESS. Querles will be answered by mail, and
those of general intecest reprinted here. Do not use postcards—postmarks often make them lllsgible.

No picture dlagrams can be supplied.
Back issues 1942, 25¢ each; 1941, 30¢ each: 1340, 35¢.each.
Any issue, prior to 840, it In stock, 506 per copy.

BATTERY SET WITH NEW-TYPE TUBES

® Picase send me a_diagram for a re-
ceiver using a¢ 1L.C6, 1L.C5, 1LDS5 and 1L B4.
—R.A.L., Modesto, Calif.

A. The diagram is printed here. All

values are in chms or microfarads, except
where otherwise stated. A standard .00365-
mfd. 2-gang condenser is used with a regu-
lar set of broadcast and oscillator coils.

THE AUSTRALIAN “KANGAROO" INVERTER

9
o [ wish if it is possible to obtain a dia-
gram for resistance coupling a single 56,
76 or 6C5 fto push-pull 56’s, 76’s or 6C5’s.
[ would appreciate any information on this
that is possible to obtain.—H.S.B.B., Ne-
gritos, Peru.

A. Since you did not state what you in-
tend to use this circuit for, I can only sug-
gest the output.

The unit itself will have little gain. Th
is because the inverter tube adds practically
nothing to the signal, merely splitting it so
that the two grids of the next stage will
receive equal impulses. You may get more
gain by adding anothe: tube ahead of your
phase inverter.

This circuit came originally from Aus-
tralia, and is known as the “Kangaroo.”

Amfd.
iB
L 4 |
G
Amid. 2
@ (o] Secondary
o o may be
¢ 8 a ¢ for grid's
o - of power
3 g < 8 slage or
9 -2 = © voice coil
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A COLLECTION OF QUESTIONS
o

o Can you please supply the answers to
my private collection of radio guestions?
They are as follows:

Does inverse feedback affect the max-
imume power output of an amplifier? Would
a pentode or beam tube acquire the desir-
able characteristics of a triode (low distor-
tion) and also retain its relatively high
power efficiency if excessyve LF.B. and an
additional voltage pre-amplifier be used?
—V J.F., Milwankee, Wis.

A. Feedback-type amplifiers are rated for
the same power output as those using the
same tubes without inverse feedback. As you
suggest, additional input voltage is required.
As for the second part of the question,

excessive” inverse feedback is by very
definition enough {eedback to produce
undesirable effects. If you simply mean
“large but not excessive” amounts of feed-
back, the answer is yes. Pentodes and other
tubes of high output impedance acquire
ome of the desirable characteristics of
triodes under those conditions. It is possible
that I do not entirely understand the ques-
tion.

[ ]
? What is the unit of electrical energy
and how is it related to Ohw’s Law?

A. The unit of electrical energy is the
joule—it is defined as the amount of energy
required to drive one coulomb through an
opposing potential of one volt. It may be
related to Ohm’s Law through the watt,
as a joule is a watt-second,

? Does electromotive force affect the
speed of electrons? According to Hoyle,
can he mean Morecroft?—Editor) the
speed of electricity is a constant (namely,
186,270 miles per second), but some text-
books use voliage and velocity interchange-
ably when referring to both electric and
clectronic actions.

A. The maximum speed of electricity is
in the order of 186,000 miles per second.
The electrons you have been reading -about
have to start from scratch—that is, a stand-
ing position in the cathode of a tube—and
naturally do not start out at full speed, any
more than would a locomotive. They speed
up according to the voltage which attracts
them, so you may read a term as . . .. ac
celerated through + volts.”

? Are space-charge amplifiers practical?
If so, are they capable of higher gain than
the normal pentode circuit for dirvect voliage
amplification?

A. Space-charge amplifiers have not heen
widely used, which might indicate that they
are not practical. If by.space-charge circuit,
you refer to a two-grid tube with the inner
grid kept at a constant voltage higher than
that of the cathode, and the outer grid used
for control, the gain must necessarily be
lower than with a normal pentode circuit.
SEPTEMBER, 1943
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H. Praswess

Mister—youte getting paid in DYNAMITE!

ET’S NOT KID OURSELVES about this.
Our pay envelope today is dynamite.

If we handle it wrong, it can blow up in
our face . . . lengthen the war ... and
maybe wreck our chances of having
happiness and security after the war.

The wrong way to handle it...and why

The wrong way is for us to be good-time
Charlies. To wink at prices that look
too steep . . . telling ourselves we can
afford to splurge.

We can’t afford to—whether we're
business men, farmers, or workers. And
here’s why:

Splurging will boost prices. First on
one thing, then all along the line.

Then, wages will have to go up to
meet higher prices. And higher wages
will push prices up some more . . . faster
and faster, like a runaway snowball.

The reason this can happen is that
there is more money in pay envelopes
today than there are things to buy with
it. This year, we Americans will have
45 billion dollars more income than there
are goods and services to buy at present
prices. 45 billion dollars extra money!

That’s the dynamite!
The right way to handle it...and why

OurGovernment isdoing a lot of things to

RADIO-CRAFT for

SEPTEMBER,

keep the cost of living from snow-balling.

Rationing helps. Price ceilings help.
Wage-and-rent stabilization helps. High-
er taxes help. They’re controls on those
dangerous excess dollars.

But the real control is in our hands.
Yours. Mine.

It won't be fun. It will mean sacrifice
and penny-pinching. But it’s the only
way we can win this war . . . pay for it

. and keep America a going nation
afterwards.

And, after all, the sacrifice of tighten-
ing our belts and doing without is a
small sacrifice compared with giving
your life or your blood in battle!

Here's what You must do

Buy only what you absolutely nead. And
this means absolutely. If you're tempted,
think what a front-line soldier finds he
can get along without.

Don't ask higher prices—for your own
labor, your own services, or goods you sell.

KEEP PRICES DOWN!

Resist pressure to force YOUR prices up.

Buy rationed goods only by exchanging
stamps. Shun the Black Market as you
would the plague.

Don't pay a cent above ceiling prices.

Take a grin-and-bear-it attitude on taxes.
They must get heavier. But remember,
these taxes help pay for Victory.

Pay off your debts. Don’t make new ones.
Getting yourself in the clear helps keep
your Country in the clear.

Start a sovings account. Buy and keep up
adequate life insurance. This puts your
dollars where they’ll do you good.

Buy more War Bonds. Not just a “per-
cent” that lets you feel patriotic, but
enough so it really pinches your pocket-
book.

If we do these things, we and our
Government won’t have to fight a post-
war battle against collapsing prices and
paralyzed business. It’s our pay envel-
ope. It’s up to us.

Use it up « Wear it out
Make itdo « Ordo without

This advertisement, prepared by the War Advertising Councl, is contributed
by this Magazine in co-operation with the Magozine Publishers of America.
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eRADIO HOOK-UPSe

pidiza:m:! éot

THE RADIO EXPERIMENTER

If you have a new Hook-Up, send it along; a pencil diagram will do. Be sure to include

a brief description,

All diagrams and descriptions accepted and published will be awarded six-month subscription.
Diagrams may be for receivers, adapters, amplifiers, etc. Send them to Hook-Up Editor, Rapio-

CRraFT, 25 W. Broadway, New York C

ALL-WAYVE

I employ this hookup in a battery portable
I am now using. It has a number of dis-
tinct advantages. It uses one 1T4 and one
double-purpose triode, the 1G6-G. It has no
“C” battery. These points save space. The
tubes use only 1.5 volts on their filaments
and can be lighted by one or two flashlight
batteries.

The set is easy to hook up and produces
remarkable results. I am located 115 miles
from the strong stations in New York City,
yet at night I receive them with ample
volume on the small magnetic speaker in
the set.

The short wave coils, down to 19 meters,

ity 7.

PORTABLE

all work firie, and regeneration is smpooth
and easy to control. Standard short-wave
coils arc used. Many times I have listened
to the news from London on this set with
no ground, and only about four fcet of
antenna wire.

In recent issues I notice that some of the
readers want diagrams of simple sets with
iwo stages of audio. I hope this circuit may
be what they have in mind. I have experi-
mented with different parts wvalues, and
these seem the best for me.

RoBert W. L. Magrks.
Hazeley. Pa.

TICKLER

¥,
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THREE-TUBE A.C.-D.C. SET

This diagram of a midget three tube
T.RF. receiver for 115 volt A.C.-D.C,
operation uses two dual-purpose tubes, en-
abling the set to be more compact.

The 6K7-GT functions as a super-control
R.F. amplifier, while the first section of the
6C8-G acts as a detector supplying the A.F.
voltage into the second section for addition-
al amplification.

The 25A7-GT is a combined output pen-

tode, and half-wave rectifier.

A good 3-inch P.M. speaker will handle
the output.

Careful construction and alignment of the
trimmers on the 2-gang tuning condenser
will give plenty of volume.

A ten-foot A.C.-D.C. antenna should be
sufficient.

Doucras KoHL,
St. Charles, Ilinois

1oommfd.

370 mmfd.

CONTROL L T ANT. COIL BROADCAST
L2 o MATCHEDR.F. COIL

BROADIAST

)
mfd. nfd
608G OK7GY 25A7GT _; ;
) w=  JIOV.AC.
LINE CORD = B
RESISTER = £®1,
i o
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CODE OSCILLATOR

The code practice oscillator shown below
uses very few parts and is simple in con-
struction, Feed-back is obtained in the push-
pull transformer primary, while at the same
time the speaker is matched through the

PERMAG SPEAKER
-

CODE OSClLLATOR

secondary winding. It can be se¢n that two
purposes are accomplished in one trans-
former.

The values in the most part are not
critical. By using the center-tapped trans-
former, we get a Hartley oscillator, one of
the easiest to make go and most depend-
able of all. There is no trouble with the
direction of the tickler winding on this
oscillator, either.

This oscillator drove a four-inch speaker
with enough volume to be heard throughout
a large room.

Ricuarp CoLE,
Canal Zone

SIMPLE SPEAKER EXTENSION

INPUT,

REMOTE
SPEAKER|
Ta
|
i
i POT. NOT CRITICAL
Yo+ 10,000 T0 15,0005

The above circuit has been used several
times by me, and I find it very satlsfactory

If a permancnt magnet dynamic speaker is
used only two leads from the radio will be
necessary. A magnetic speaker works quite
well, if the volume is not tco great. This is
even easier to hook up, as no extra output
transformer is necessary.

I also find that using the potentiometer

s shown, the volume of the extension
speaker can be adjusted to the desired level
without affecting the receiver speaker
proper. Neither is there any noticeable de-
crease in receiver output when the extension
speaker is connected. I have used this sys-
tem with the additional speaker up to 70
feet away froin the receiver with good re-
sults.

J. G. WILKINSON,

Ottaws, Canado

SEPTEMBER, 1943
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RADIO SERVICE

GRAB YOURSELF A COPY
OF THIS BRAND NEW MANUAL
Boys! ITS JAM PACKED WITH
DATA, CIRCUITS AND All

THE SET INFO YOU NEED

UP TO DATE OF GOVERNMENT
SHUT DOWN APRIL ’42.

Read These Facts!
LOOK AT A COPY NOW
See for yoursel{ — GOMPARE!

MORE LISTINGS: This 1942 Radio Circuit Manual has nearly
400 more listings than the last edition of a similar manual:
Covers receivers manufactured up to time of Government
shut down order in April 1942. The set you're locking for

here when you need it!

MORE POPULAR SETS: Listings of many popular set
models are far more complete than in other manual
recent edition. Check for yourself on such makes as
Lafayette, Emerson, Pilot, Philco, RCA, Stewart
Warner. This completeness will save you many
times the cost of the book by saving your time en-
abling you to handle work more promptly.

PERFECT DIAGRAMS: There's nothing more annoying
or costly than finding an incomplete circuit drawing.
An artist carefully checked and retouched every
diagram in the Radio Circuit Manual to make sure
of PERFECT diagrams. The priniing is clear, distinct,
complete! You'll enjoy using this manual.

MORE ON PAGE: Ever had to fumble around turning
pages because complete information didn't appear
on one page? The Radio Circuit manual has big
roomy pages which permit more complete data on a
single page than any other manual. Another time-
saver for you.

HANDY SIZE: The Radio Circuit Manual is thin, not
fat, dumpy and bulky. This thin size and large page
size makes it much easier to handle, easier to store

Publlshed B8y 5
RADCRAFT PUBLICATIONS, INC. &

25 WEST BROADWAY,
NEW YORK 7, N. Y.

RADCRAFY PUBLICATIONS, INC.. 25 WEST

Name Address

[od
(Send remittance in form of check or money orderi re€istel your letter U

in a minimum of shelf space. The book lies open
too, without pages flopping over so you have to hunt
for your place again.

QUICK REFERENCE INDEX: The index in this manual
is complete for both 41 and 42 editions. A big feature
is the fact it tells you at a glance if « model is the
same as another model number. No hunting back
and forth, it’s right there. Big readable page numbers
and model numbers make for quick finding of what
you want.

SPECIAL REFERENCE CHARTS: Special late edition
charts on tube and battery interchangeability, pilot
lights, ohms law, color codes. The information you
often search for is here. Also a special article by F. L.
Sprayberry to make your wartime service job easier,

COMPLETE DATA: The big pages feature not only
Schematics, but quick reference IF spot, Parts Lists,
Dial Stringing diagrams, tuning range and data, tube
locations, voltage charts, trimmer locations, push
bufton set-ups, alignment notes and procedures, rec-
ord changer details.

BROADWAY, NEw YORK 7, N. Y DEPT. RC 9-43

Gentlemen: Enclosed find my remittance of $10.00 for which send me. POSTPAID, my copy of the RADIQ CIRCUIT MANUAL—1042

ity . State
you send cash}
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RADIO KINKS

HANDY RADIO “TROUBLE-LIGHTY

When making repairs or looking for de-
fects this clamp-on light made from a
spring clothespin lends an extra hand to the
radio mechanic.

To prevent splitting the wood of the
clothespin, first drill a small hole about
half-way through before inserting screws.
Be sure to use heavy bare wire for the coil
around the base of the bulb.

The uses of this device are practically
unlimited. The battery holder can be made
to hold more than two cells if desired. Al-
most any convenient length of wire can be
used between batteries and lamp. Flexible
twisted cord is good.

G. Bacpy,
Tonawanda, N. VY.

FLASHUIGHTY

BRASS
CONTACT

“INERTIA” KNOB FROM OLD PIANO ROLL

Very attractive knobs, which look almost
exactly like the “inertia” controls on com-
mutiications receivers, can be made of an
old player piano roll, a couple of old dial
bushings and some plastic cement from the
ten cent store.

As shown in the drawing, saw the rolls
s@ that about an inch of the roll is left
with the end. Now drill a ¥4-inch hole. This
is to hold the set-screw of the dial bushing
and to prevent slippage. Put the dial bush-
ing in place, and turn the screw back so
that it will project into the drilled hole.

Work the plastic cement in around the
dial bushing, being careful to keep it prop-
crly centered in the new knob. In some cases
it is advisable to put in some cement first
and bed the bushing inta_it. Continue with
the plastic cement till all the space is filled,
including the drilled ¥4-inch hole.

BREAKLESS WINDER FOR

An arbor which minimizes breakage of
ceramic coil forms during the winding
operation has been devised by A.C. Schlan-
sker, foreman in the G-E Electronics De-
partment. Breakage was a problem in the
operation due to varying mechanical tofer-
ances of the formis and the fact that the
coils are wound under high tension.

Because of the hard, smooth nature of
the formns, any jig which -would hold them
tight enough to prevent slippage created
nressure enough to
cause frequent break-
age. The most con-
venient way to grip
the coil is by pressure
from within, but this
is its most vulnerable
axis. Use of soft rub-

SECTION SHOWING RUBBER RINGS COMPRESSED

These dials will give your set a profes-
sional appearance, and the improvement is
well worth the little time spent in construct-
ing them.

Laurexce HaNT,
Flint, Michigan

END OF oLD
BAKELITE PLAYER
g, PlAND ROLL

BUSHING
FROM OLD =

PLASTIC

CEMENT CUT aBOUT
HERE

HOMEMADE INERTIA" KNOB

CERAMIC COIL FORMS

metal and soft-rubber brass lined washers
with a diameter slightly smaller than the
minimum inside diameter of the ceramic
form. When the ccil form is slid over
the winding arbor, a sliding cap which
fits over one end of the square shaft
is pushed against the stack of rubber and
metal washers by a tailstock center device.
The resulting compression of the rubber
washers ‘bulges their diameters, and they
grip the nside surface of the ceramic coil.

ullis

o CENTER

ber grips over a
wide surface solved
the problem.

<P

The arbor consists CHCCREER

- -ﬂ»-ﬁ-s At

|
4

of a B3quare shaft RUBBER

which can be held in

the chuck of the BRASS
winding machine, LINER

Assembled on the
shaft are alternate
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CONDENSER TESTER

This is a diagram of a tester for con-
densers. It tests continuity and resistance
from 0 to 10,000 ohms.

I have had very good results with this
and trust that Radio-Craft readers will also
have good results.

Lonnie EsTer,
DeKalb, Illinois

0-5V.D.C.

VOLTMETER P30
| socoo  Q=1000 QHMS
(READRITE) Ao

23c0

2000 BCALE OF
al fso0 VOLTMETER
0.0
Y e 1000 \
= 2 3 4
rasa] ¢ T O T T

L E T

a:'r. conp.) 800 600 400 250 173 Ismed O
RES.J»*resrs
Com.

SHIELDED SCREWDRIVERS?

All small assembly operations in which
fillister or round head screws are used can
be facilitated by the use of a shiclded screw-
driver bit developed by F. Capello, a meth-
ods man at General Electric’s Schenectady
Works.

A standard straight screwdriver bit is
used and the shield consists of a thin bush-
ing which is pressed over the bit to com-
pletely shield the working surface of the
screwdriver. This arrangement keeps the
screwdriver centered on the screw and thus
largely eliminates the possibility of burring
the slot or slipping off the screw and thus
marring the finished surfaces. This type of
bit can be used in either manual or power-
driven screwdrivers.

SET TESTER

Following is a diagram of a very simple
set tester which should be of interest to every
beginner.

O3 MMF. AFINPUT
ik O u
CRYSTAL RF. INPUT
- QJ2
DETECTOR
= =e=dl 3
PHONES
! . SIMPLE Ja
TESTER
5
SINGLE-POLE commON GhD,
DOUBLE -THROW SWITCH

This tester in conjunction with a volt-
meter makes servicing a very £asy job.

\Vith Yhis tester radio troubles can' be
found and the defective stage isolated within
a very short time.

As shown in the diagram this tester is
made up of a fixed crystal detector, an .05
mfd. condenser, tip jacks, test prods, and
headphones ; all meounted on a bakelite panel
5 by 11 inches with a voltmeter and a milli-
ammeter.

Epcar Bores
Marion, Illinois
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OHMMETERS ARE HANDY
(Continued from page 733)

ance should be above 20 megohms if the
unit is in good condition. The leakage be-
tween the primary to core should also be
above 20 megohms.

Many radio servicing beginners when at-
tempting to check the secondary of a trans-
former such as 12, completely overlook the
shunting effect of the voice coil. To test
the secondary, disconnect one lead to the
voice coil. Then put the ohmmeter across
the secondary. The resistance may be very
low, perhaps less than 1 ohm in some cases,
so that a low reading ohmmeter shoyld be
used. The voice coil may have a resistance
in the average radio of 3 to 8 ohms. In
some special radios the resistance may
range from 1 to 15 ohms but the first values
are those most commonly found in every-
day work.

ELECTRIC PATHS LEAD TO—

Looking at the diagram, you soon see
one fundamental fact, that all of the plates
and screens trace back to the rectifier

cathode and all the cathodes of the ampli- |

fier tubes go to the on-off switch. There
may be resistance in any path between two
points. We must take resistance into ac-
count when making measurements, but
these basic principles continue to appiy.

The lead which comes off condenser 15
and goes to the on-off switch through
choke 13 is a comnion wire or bus to
which all the cathode circuits connect. We
can check the cathode circuits rapidly by
putting the ohmmeter on the negative termi-
nal of Condenser 14C, and holding one prod
on that terminal and shifting the other
prod to the 43 cathode, 6B7 cathode, 78
I.LF. and 78 1st det., 37 osc. cathodes. The
resistance to the output, 2nd det. and I.F.
cathodes should be zero or very low. The
resistance to the lst det. cathode is equal
to that of part 2, 4000 ohms, to the 37 oscil-
lator 500 ohms (part 1).

The resistance from the negative ter-
minal of condenser 14C to the on-off switch
tay range from 30 to 500 ohmis, in a typ-
ical set.

The rectifier cathode which supplies the

plate and screen circuits of the 1st det.,
I.F, 2nd det. and oscillator tubes is con-
nected to 14B.

POINT-TO-POINT TESTS

In working on a set it is often more con-
venient to use the condenser terminal as a
starting point than to use the pin on a tube,
though this is not always the case. In any
event, we should have low resistance from
the positive terminal of 14C to the first det.
plate and LF. plate. The resistance will
probably be less than 15 ohms. If we find it
1s much higher, or infinitely high, we
would look for an open circuited primary
on transformer 32 or 33. We would also
inspect the wiring to make certain a
broken connection is not causing the
trouble.

Obviously, in the case of the 2nd det.,
the resistance to the rectifier cathode will
be high. It will be equal to the value of
part 3, which is 250,000 ohms. Note that
part 23 has a value of 250,000 ohms. If we
connect an ochmmeter across condenser 15
and find that the resistance is less than
500,000 ohms we should immediately sus-
pect a short or excessive leakage in 15

Another point to notice is that the
screens of the Ist det. and LF. are tied
together, as well as the plate return of the
oscillator. Therefore, we can check by
connecting the ohmmeter to the oscillator
plate and the other side of the meter to the

RADIO-CRAFT for SEPTEMBER,
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e TEST INSTRUMENTS »

The new General Electric line of
SERVICE TESTING EQUIPMENT, de-
signed in the famous G-E Electronic
Laboratory, provides an extensive
choice of portable, compact appa-
ratus suited for accurate, rapid main-
tenance and testing work in the field
or service shop.

For testing radio and electronic
circuits and component parts, these
modern G-E unimeters, tube check-
ers, audio oscillators, oscilloscopes,
condenser resistance bridges, signal
generators, and other utility test
instruments assure you accurate, de-
pendable service. Planned for easy,
error-free reading, the units are
sturdy, stable, shock-resistant and
compact.

G-E testing equipment is now in
production primarily for the Armed
Forces, but it may be purchased on
a priority if you are engaged in war
work. After the war, the full line
will again be available to everybody.
. . . Electronics Dept., General
Electric, Schenectady, N. Y.

ELECTRONICS
DEPARTMENT

GENERAL ELECTRIC CO.
Schenectady, N. Y,

Piease send, without oblization te
me. the General Electric Testing

Instrument Catalog, R-1 (loose-
leaf), for my information and tiles.

Name
Company
Address
GENERAL @ ELECTRIC

ELECTRONIC MEASURING  INSTRUMENTS
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screen of the 1st det, then to the screen
of the LF. tube, The resistance should be
less than 15 ohms, since we are mcasuring
the resistance of the plate coil in the oscil-
lator circuit.

The resistance from the oseillator plate
to the rectifier cathode will he equal to the
resistance of part 17A which has a value of
2500 ohms. The standard commercial tol-
erance is plus or minus 20% on resistors
and any departure from the assigned value
bevond that tolerance would call for re-
placement of the inaccurate part.

The resistance from the screen of the 78
Ist det. to ground can be checked simply
by putting the ohmmeter between the
screen and the low side of resistor 2 in
the cathode circuit. The resistance should
be equal to the value of part 17B—12,500
ohms. The lead of 17A may be discon-
nected from B plus when making this
measurement to avoid the shunting effect of
the condensers in the power supply system.

SHORT CIRCUITS AND SHORT CUTS

In some cases a short circuit will develop
between the primary of 32 and the second-
ary. The B plus and plate wires of the
primary can be disconnected and an ohm-
meter applied to one lead of the primary,
the other side of the meter going to the
grid of the 78 I.F. tube. The resistance
should be higher than 20 megohms if the
transformer 1s in good condition and does
not have leakage.

With switch 26 open, to check the grid
coil 29A and the secondary of 32 we can
make a single, quick measurement between
the grid cap of the lst det. and the grid
cap of the I.F. The resistance should be
low, not more than 50 ohms.

To check condenser 6 we can connect an
ohmmeter across it. The resistance should
be greater than the combined resistance of
part 24 and part 22. The total resistance
of these parts is about 1.61 megohms. If
our measurement shows the resistance
across 6 is less than 1 megohm we should
suspect the condenser and remove it from
the circuit to have it checked. One lead to 6
can be unsoldered and the ohmmeter applied
to the condenser terminals. Resistance
should be above 20 megohms if the con-
denser is in good condition.

Note that the tuning condenser in the
Ist det. grid circuit goes to the common
ground or to 15. We can easily check the
tuning condenser for a short by putting an
ohmmeter across its terminals. The re-
sistance should not be less than 1,61 meg-
ohms.

Contrast this with the necessity of re-
moving the shunt coit from the tuning con-
denser in the [F. circuit when the capacitor
1s to be tested for leakage or a short. The
shunting effect of a coil acress a tuning

condenser is also found frequently in A.C.-
D.C. sets of the midget, T.R.F, type.

The filaments are not shown in the draw-
ing, but may be checked very easily. It is
usually convenient to pull the rectifier tube
out of its socket and then to check the re-
sistance between the plate and filament to
determine whether the ballast tube or line
cord resistor is burned out. You can also
measure the resistance across the terminals
of the electric plug of the radio. It should
be slightly higher than the ballast resist-
ance, since the tube filaments have a very
low resistance when cold. The stress and
strain due to expansion and contraction is
one basic causc of short tube life.

In this discussion we have pointed out
some of the ways in which a serviceman
can check a receiver. You have seen how it
can be done. The way you choose to do it
1s your own business, and you will prob-
ably develop your own and individual tech-
mques. It will be part of your stock in trade
—servicing ability or the power to analyze
with instruments.

Parts List for Reference

1—500 ohm % watt resistor

2-—4000 ohm Y% watt resistor

3—250,000 chm % watt resistor

4—150,000 ohm !4 watt resistor

5—500,000 ohm !4 watt resistor

6—.1 mfd. 100 volt paper condenser
7—Antenna wire

8—.00051 mfd. mica fixed condenser

9A, 9B—500,000 ohm volume control line switch,

in one unit
10A—(Used in Model 111) Power cord and plug
including filament serics resistor
10B—(Used in Model 115) Power cord and plug
including filament series resistor
11—Two gang variable tuning condenser
12—OQutput transformer on 217-A speaker
13—Filter choke assembly
14A-——4 mfd., 3 scction 150 volt dry clectrolytic
14B—13 mfd., 3 section 150 volt dry electrolytic
14C—7 mid., 3 section 150 volt dry electrolytic
15—.02 mfd. 600 volt paper fixed condenser
16—.004 mfd. 600 volt paper fixed condenser
17A—For Model 11, 2500 chm 1 watt res.
17B—For Model 111, 12,500 ohm }; watt res.
17A—For Model 115 only, 2500 ohm 1 watt res.
17B8—For Mode] 115, 12,500 ohm ¥; watt res.
17C—For Model 115 only, 20 obm ballast res.
18—Field coil and housing for 217-A speaker
19—Diaphragm, voice coil, shell and spider
assembly
20—.25 mfd. 100 volt paper fixed condenser
21—.5 mfd. 100 volt paper fixed condenser
22—510,000 ohm % watt resistor
23—260.000 ohm U2 watt resistor
24—1.1 meg. 14 watt resistor
25—.0001 mfd. mica fixed condenser
26—Short wave switch
27—.01 mid. 600 volt paper fixed condenser
28A, 28B—Short wave coil, short wave coupling
condenser, in one unit -
29A, 29B—Antenna coil, oscillator cotl, in one unit
30—Pilot bulb (6.3 volt). Used on Model 115 only.
{For Model 115 only.) Power cord and plug
including filament series resistor. See part
No. 81942 for Mode! 111.
For Model 115 only, 2500 ohm 1 watt res.,
12,500 ohm Y watt res., 20 ohm ballast res.
31—.05 mfd. 100 volt paper fixed condenser
32—1st I.F. transformer with trimmers
33—2nd 1F. transformer with trimmers
34—12 mfd. 100 volt dry electrolytic condenser

-+ =

CAPACITESTER FOR DYNAMIC CHECKS
(Continued from page 734)

plate circuit of the 6FS tube is opened, al-
lowing the other circuits to operate nor-
mally again.

CONSTRUCTING THE CHECKER

The construction of this unit is not at all
difficuft. In the unit described nearly all
the parts used were salvaged from discard-
ed radios. A much nicer tooking tester
could be made by using a metal cabinet,
crackle finished, etc, but with the present
conditions this is rather hard to do. If the
constructor follows the basic design care-
fully and uses new or serviceable parts
the tester will operate correctly regardless
of its external appearance.

A chassis nine by twelve inches was used.

RADIO-CRAFT

A panel twelve by eight inches is mounted
on one side with the indicator tube located
in the upper center, the gain control and
A.C. switch on the lower left and the lock-
ing switch on-the lower right. The pin tip
jacks are mounted one pair on each side.
The oscillator and radio frequency ampli-
fier coils are ordinary solenoid broadcast
coils with the primary windings removed.
The oscillator coil is tapped two thirds of
the way down from the grid end for the
cathode comection. Two holes were dritled
in each coil form, an eighth of an inch
apart and a quarter inch below the bottom
of the winding. A single tugn of hookup
wire was wound here and cemented in
place, with the ends threaded through the
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holes and leading out the bottom of the
coil form and shield can in which each coil
is mounted. A 15 mmi{d. mica trimmer con-
denser is connected across each of the
larger windings and a hole drilled in each
shield can opposite the trimmer screw to
permit the coils being tuned to the same
frequency. A screwdriver is used for the
tuning.

The frequency used does not have to be
exactly 1800 kilocycles, any irequency near
this will be satisfactory, preferably the
highest one to which both coils will tune
accurately. The two shield cans containing
the coils are mounted under the chassis three
inches apart and the link coupling turn
leads are fastened in place by means of tie
points. The constructor can place the rest
of the parts to suit himself, providing the
oscillator and the tuned circuit are so ar-
ranged there will be no interaction with
the link coupling circuit open.

On the opposite side of the link circuit
connected to the pin tip jacks, the circuit
is again broken and a one tenth mfd. con-
denser inserted. This enables continuity or
voltage tests across the condenser being
tested simultaneously with the quality test.
A small condenser is connected {rom one
side of the pin-jack circuit to ground. This
prevents any radio frequency pickup due
to capacity between the larger winding and
the link coupling turn. This tip-jack should
be marked and used as the ground poten-
tial side of the test leads. The link coupling
circuit is isolated from ground except for
this small condenser so voltage or continu-
ity checks can be made across the con-
denser under test or from either side of it
to ground. The rest of the circuit is wired
conventionally, using new or salvaged parts.
In either case the constructor will have an
instrument that will find a welcotne place in
any radio shop.

CORRECT TESTING PROCEDURE

To place the unit in operation, allow the
tubes to heat for about 15 minutes. Connect
a jumper across the pin-tip jacks or clip
the test leads together, making sure the
locking switch is in the (off) position. Ad-
vance the gain control until the indicator
tube shadow starts closing. Accurately tune
the oscillator and radio frequency amplifier
circuit by means of the screwdriver trim-
mer condensers to the highest frequency to
which both will respond. This peak will
be indicated by the degree of closing of
the indicator tube shadow. The process will
have to be repcated several times, reducing
the gam control each time the indicator tube
shadow closes completely until the point of
sharpest tuning is obtained.

When this is reached the testing portion
of the instrument is complete. Now adjust
the locking circuit as follows: With the
tink coupling circuit still closed advance the
gain control until the indicator tube shadow
just comes together. Close the locking
switch, if the indicator tube shadow opens
it indicates too much plate voltage on the
6F5 tube. This will havé to be reduced
until closing the switch has no effect on
the indicator tube. This can be done by
placing a small load on the secondary of
the audio transformer by means of resistors
placed across it or by a potentiometer across
the A.C. line with the primary of the audio
transformer connected to one side of the
A.C. line and the center tap of the potenti-
ometer. Whichever method i1s used, adjust
the voltage until closing the locking switch
no longer affects the indicator tube. When
this point is reached, open the link coupling
circuit momentarily and then close it again.
If the unit is wired correctly the indicator
tube shadow will open and remairr so in-
dgﬂmtely until the locking switch is turned
off.

RADIO-CRAFT
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HOW TO USE THE INSTRUMENT

There are only two controls, the R.F.
amplifier gain control and the locking
switch. Heat the tubes to operating tem-
perature, hold the test prods together and
adjust the gain control umntil the indicator
tube’s shadow just closes, Plug an ohmmeter
or voltmeter, depending on whichever
method you prefer, in the two extra pin-
tip jacks provided for this purpose and
proceed to check the condensers in their
circuit, remembering to use the prod so
marked on the ground potential end of the
circuit. An open condenser will be indi-
cated by the indicator tube’s shadow refus-
ing to close completely and in most cases
by refusing to move at all. The operator of
this unit can familiarize himself with its
operation by making tests of combinations
of various sized resistors and condensers in
parallel, noticing the shadow positions with

the condenser in and out of the circuit.

If a condenser is suspected to be inter-
mittent the test leads should be clipped
across it and the condenser squeezed with
the fingers or tapped with a rubber tube
tapper or similar instrument. If the con-
denser makes and breaks contact due to this
treatment it will be shown by the indica-
tor tube's shadow blinking or opening. To
test a condenser over a period of time, the
leads are clipped across it and the locking
switch closed. If the condenser open cir-
cuits at any time the locking tube will keep
the indicator tube’s shadow open, showing
the condenser to be intermittent. A shorted
or partially shorted condenser will be
shown by the discrepancy of the ohmmeter
or voltmeter reading in comparison with
the circuit diagram or voltage chart. This
makes a very handy combination; both a
condenser quality check and a point to point

THE

FIRST NAME

AUDIOGRAPH

When our thoughts turn to praise for blessings
instead of prayers for Victory, Audiograph will find
its place, as a gratifying acoustical aid. Audiograph
is one of our Family of Activities in the field of
electronics—a field destined for service to man.

1943
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FASHION

_

SAVE YOUR SUITS — WEAR
SYLVANIA WORK CLOTHES

This service coat is
a knee-length, double
strength herringbone-
weave dungarece.
Roomy pockets at
arm’s length. Can be
buttoned far down
the front to protect
street clothes. Avaik
able in sizes 36, 38,
40, 42 and 44. Price
each: 81.95.

This service apron,
made of heavy green
duck, has three
tools-and-parts
pockets. Just the
thing to impress
customers with your
efficiency and neat-
ness. Buy several, so
you'll always have
a clean one. Price:
only 25 cents

[ .

Stvomia
f0ip TUets

\ e

This service jacket is
made of the same
tough material as the
service ceat. Single-
breasted, three large
pockets, full-length
sleeves. Just as suit-
able for shop wear as
service calls. Avail-
able in sizes 36, 385
40, 42 and 44. Price:
$1.75

Ovrder from your Sylvania Jobber or direct
from Frank Fax, Departmerns RC-3, Sylvania
Electvic Products Luc., Emporinm, Pa.

SYLVANIA Eiecrric probucts e

RADIO DIVISION
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resistance or voltage reading simultaneous-
ly. using the ohmmeter or voltmeter already
i the shop.

In some instances it may be necessary to
insert a low resistance radio frequency
choke in series with the pin-tip jacks used
ior the meter connection, but in most cases
it will be found the meter movement has
enough reactance in ‘itself that it will not
move the tuning indicator shadow when
connected to this instrument. This con-
denser tester does not indicate the capacity
f electrolytic condensers. The capacity of
paper and mica condensers is cither marked
on them or the circuit diagram, and does
not vary with age or use as with the elec-
trolytic ones. This instrument e/l check
electrolytics for radio frequency reactance
and will pick out a defective one that may be
causing radio or audio feedback due to com-
mon coupling in the filter circuit. In most
cases where the electrolytic condenser
checks OK for capacity and is still opera-
tive in its filtering action a mica or paper
condenser placed in parallel with it will
cure it temporarily until a new one can be
obtained.

In checking plate to grid coupling con-
densers after making the quality test it is
always a good plan to test the condenser for
leakage by means of a vacuum tube or
high resistance voltmeter placed across the
grid leak of the amplifying tube while the
set 15 in operation and no signal tuned in.

——rye—

RADIO WAVES AND

If any voltage is present it indicates either
a leaky coupling condenser or a gassy tube.
This brief outline, plus a few minutes use
of this instrument will prove its ease of op-
eration and value in speedy servicing.

List of Parts Used in Condenser Tester

RESISTORS

R1—15.000 ohms, 4 watt

R-2—25.000 ohm potentiometer with A.C. switch
R3-—500.000 ohm, 1 watt

R4—2. Meg., 1 watt

R5—1. Meg.. 1 watt

R6—30,000 5 watt ww,

R7—13,000 5 watt ww.

CONDENSERS

Cl—I15 mmfd. mica trimmer, screwdriver type
C2—.0001 mica

C3—.0005 mica

C4—.05 600 V. tubular
C5—.01 400 V. tubular

C6—.1 400 V. tubular

C7—.1 600 V. tubular
C8—.006 600 V. tubular
C9—8 mfd. 450 V. electrolytic
C10—.02 600 V. tubular

MISCELLANEOUS

CH1-—2.5 MH RF Choke

CH2—30 HY Filter Choke
%iI/IﬁZ—Solenoid BC coils per text

V5i—6ES

T1--5-Tube BC Power Transformer
T2—3:1 Audie Transformer
4 Pin Tip Jacks, Tube Sockets, Mac.
Hookup Wire, Solder, etc.

Hardware.

RADIO ANTENNAS

(Continued from page 729)

| frequency, the CURRENT is MAXIMUM

at the CENTER, and ZERO at the ENDS,

| while the VOLTAGE distributes itself in

just the opposite manner, being maximum

| at the ENDS and ZERO at the CENTER.

We have shown this with R.F. ammeters
and with neon lamps, and have even di-
gressed into the dangerous territory of
crude mechanical analogies—vibrating rub-
ber bands and stecl strips—in a desperate
attempt to present a difficult subject in sim-
ple terms. \We are now ready to present the
method used by radio engineers to represent
( ...1said REPRESENT) these standing
wave current-voltage relations,

In Fig. 3-C let AB represent our antenna.
Then the solid curved line represents the
maximum values attained by the current
at any and all points along the wire, and
the curved broken line represents the maxi-

mum values attained by the voltage at any
and all points along the wire. Here again
we have a mere REPRESENTATION—
It must be remembered that the current and
voltage are really in or on the wire itself, not
looping about in the space above it! The
curves merely represent their HIGHEST
VALUES at points along the wire.

GENERATION OF RADIO WAVES

Let us now consider Fig. 4. We have
shown (Fig 4-B) a transmitter connected
to a simple vertical radiator and to Earth.
Let us imagine for convenience that the
transmitter is delivering R.F. current to the
radiator at its natural frequency.

Let us study the field phenomena as the
antéenna current alternates.

(1} Suppose we start with voltage and
current relations as at Fig. 4-A, where the
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voltage (represented by the broken line) is
maximum positively, while the current (rep-
resented by the solid line) is zero.

When conditions are such in the antenna
(Fig. 4-B), electrostatic lines of force will
exist hetween the antenna and the earth by
virtue of the capacitance (Fig. 1-B) be-
taveen these two bodies just as they would
between any two bodies at different poten-
tials with respect to one another. Let us
assume that the lines of force are in the
direction indicated by the arrows.

(2) Now, as the voltage progressively
drops (A to C, Fig. 4), the electrostatic
field will tend to collapse back onto the an-
tenna, and as the current progressively
rises an eleciromagnetic field will come into
existence around the wire just as is the case
with any wire carrying a current. This field
INCREASES with the current until—

(3) As in Fig. 4-D, the voltage has
dropped to zero with an accompanying dis-
appearance of the electrostatic field, and the
current has risen to a maximum (positively)
with a corresponding maximum intensity of
the eclectromagnetic field, the lines of force
of which travel, let us say, as indicated by
the arrows (Fig. 4-D).

(4) Now the CURRENT begins to dwin-
dle (C to E, Fig. 4) and the complimentary
electromagnetic field tends to collapse onto
the wire (Lenz's Law—Remember?).
Meanwhile, the VOLTAGE is coming into
its own again, although in opposite (ie,
negative) polarity. This re-invokes the
electrostatic field which increases as the
voltage increases aiid as the electromagnetic
field decreases , until—

(5) At F of Fig. 4, the current has
dropped to zero, the electromagnetic field
collapsed, the voltage attained the negative
peak, and the electrostatic field is at maxi-
mum—this time, however; in the opposite
direction, as shown by the arrows.

(6) Now the process continues until (G)
the current is maximum negative and the
voltage zero again. The negative electro-
static field has collapsed and the negative
electromagnetic field, which has been pro-
gressively increasing, has reached its maxi-
mum. {Note that the arrows are in a di-
rection opposite that of Fig. 4-D.)

(7) The process now continues until the
voltage and current are in the same respec-
tive phases as when we commenced our lit-
tle investigation (Figs. 4-1 and 4-]).

The important things to note -about alf
this are:

(1) An alternating electromagnetic field
has been established in the vicinity of the
antenna by virtue of the alternations of the
R.F. CURRENT fed to the antenna by the
transmitter.

(2) An alternating electrostatic field has
been established in the vicinity of the anten-
na by virtue of the alternations of the R.F.
VOLTAGE applied by the transmitter.

Notice that the electrostatic lines of force
lie in the same planes as the antenna, exist-
ing all around a vertical antenna and the
Earth or BETWEEN a horizontal antenna
and the Earth, while the electromagnetic
lines of force lie in a plane perpendicular to
the antenna. Thus the two fields are per-
pendicular also to one another.

INDUCTION AND RADIATION FIELDS

Now if the frequency used in the preced-
ing considerations were Jow—say somewhere
in the audio range or a little higher—most
of the electrostatic and electromagnetic lines
of force would have time to collapse back
onto the antenna as (respectively) the volt-
age and current decreased to zero.

However, this appears to be far from the
case when we apply currents at RADIO fre-
quencies to the wire. In this case, the cur-
rent and voltage change polarity so quick-
ly, many thousands of millions of times a
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second, that long bhefore the field created
by a given alternation has had time to col-
iapse back into the wire, the succeeding
field has already come into existence and is
rapidly waxing!

Herein lies the whole secret! Here is the
phenomenon which makes radic communi-
cation possible !

That small portion of the field which nev-
er gets out of the vicinity of the antenna and
which largely collapses back onto the an-
tenna when the current or voltage wanes is
termed the INDUCTION FIELD. The
electromagnetic INDUCTION FIELD is
exactly analogous to the fields existing about
ANY wire carrying low-frequency CUR-
RENT. (the 110-Volt house wiring, for in-
stance), and the electrostatic induction field
is analogous to the fields existing between
ANY two wires or other bodies between
which a difference of VOLTAGE exists.

But the rest of the field—the part which

e RADIO TRAINING e

is left outside high and dry and has no time
te return to the wire—somehow leaves the
vicinity of the antenna and goes on out into
space. This is the RADIATION FIELD.

The radiation field, then, consists of two
components at right angles to one another,
the electrostatic field—occupying a plane
PERPENDICULAR to the earth if VER-
TICALLY polarized (ie, if emanating
froma VERTICAL antenna) or occupying
a plane PARALLEL to the earth if HORI-
ZONTALLY polarized—and the electro-
magnetic field—occupying a plane PER-
PENDICULAR to the plane of the electro-
static field, whatever that may be.

The electrostatic field, of course, becomes
weaker and weaker—is alienuated—as the
distance from the antenna increases. Its in-
tensity decreases DIRECTLY as the dis-
tance increases. Thus if it has a given in-
tensity, say “X," at a certain distance from
the transmitter, at TWICE that distance
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its intensity will be 14 X; at FOUR times
the distance it will be 24 X; at TEN times
the distance it will be 1/10 X; etc.

The electromagnetic component becomes
attenuated at a much greater rate, its in-
tensity varying INVERSELY as the
SQUARE of the distance. Thus if its in-
tensity is “X” units at a given distance, at
TWICE that distance it will be ¥4 X; at
FOUR times that distance it will be 1/16
X; at TEN times the distance it will be
1/100 X ; etc.

It seems likely that as the electrostatic
field progresses, it emits an electromagnetic
field of its own, and that it is this
electromagnetic field which induces the
feeble currents in receiving antennas which
are amplified and reproduced.

Most of us know, of course, that these
radio waves travel at a velocity near
186,000 miles or 300,000 kilometers a second.

The exact manner in which these radio
waves progress through space is unknown.
Earlier radio-physics texts elaborated at
great length as to how certain “vibrations”
in a “hypothetical medium” known as the
“ether” counstituted the agency through
which propagational plienomena occurred.
But the “ether” in this particular connection
seems to have fallen into discredit.

Radio-physicists are now attenipting, with
a considerable measure of success, to ex-
plain these phenomena on a basis of the
relatively recent Quantum Theory, the gen-
eral idea being, in a word, that the electro-
static field distorts or strains the shapes of
the electron orbits of the atoms and mole-
cules of the gases constituting the air as it
passes on through space, and when these
“strained” orbits “relax” into their normal
positions again, -electromagnetic radiations
are produced, these inducing the antenna
currents in the receiving antennas in the
neighborhood.
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RADIATION PATTERNS

Several good gquestions have possibly oc-
curred to the reader: “How do these waves
go out from the antenna? In all directions,
or are they restricted to just certain direc-
tions? Do they go up in the air, or just along
the ground ?” etc.

In Figs. 5-A, -B, -C, and -D ave shown
CURRENT distributions of antennas res-
onant at, respectively, 14 wavelength, a full
wavelength, 114 (3/2) wavelengths, and
3% (7/2). wavelengths, and directly un-
der each (Figs. 5-E, -F, -G, and -H) is the
RADIATION PATTERN for (respective-
ly) the antenna current conditions shown in
Figs. 5-A, -B, -C, and -D

In other words, for an antenna with a
standing wave as shown in Fig. 5-A, the
RADIATION PATTERN would be like
a figure “8” as in Fig. 5-B. This “8" is
3-DIMENSIONAL! The reader should
imagine Figs. 5-E to 5-H (inclusive) ro-
tated around the line representing the an-
tenna as an axis. This will give a toroidal
(“dough-nut”) shape to the figure “8” of
Fig 5-E.

The significance of these patterns is as fol-
lows:

The radiation in a given direction is
proportional to the distance from the cen-
ter of the antenna to the periphery of the
radiation pattern for the antenna. Thus,
in Fig. 5-E, radiation in directions OA or
OB (g“broadside") will be maximum, while
radiation intensity will decrease toward
either end until in-directions like OC, for
instance, it is of low intensity, and in direc-
tion OD (“end-on”) it is practically zero.
Thus a HALF-WAVE antenna transmits
MAXIMUM radiation in directions PER-
PENDICULAR to it, and MINIMUM
(almost zero) toward its ENDS.

With the 324 wavelength antenna (Fig.
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5-H) however, radiation in direction OB
is far less than in direction OA. This may
be interpreted into an important generaliza-
tion as follows: As the number of half-
waves standing on a radiator increases, the

| radiation becomes wiore and more ntense

toward the ends and less and less intense
at right angles to the wire.

Perhaps now it may occur to the reader
why so many transmitting stations use
VERTICAL antennas. If the half-wave
antenna in Fig. 5-E is placed on its END
the figure “8” (- - - i.e, the 3 dimensional
toroid) will be on its SIDE, that is to say,
MAXIMUM radiation will not be ema-
nated ALONG THE SURFACE OF THE
EARTH instead of straight UP into the
air or DOWN inte the ground.

\Ve now have sufficient basis to proceed
to our main topic—PROPER, which wiil
appear in the next issue, but we cannot
urge too strongly that if the reader does not
fully grasp the facts thus far set down,
he should re-read the article thus far.

Wave propagation is an important phase
of the science of Radio-physics, and the
writer firmly believes that the reader who
“gets” this article will be in a good posi-
tion to read and understand the chapters on
wave propagation in the regular engineering
texts (with, of course, the exception of
those parts treating the higher mathematical
aspects of the subject).
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REPAIRING AC METERS
(Continued from page 723)

may he adjusted by spacing the turns,

FRICTION. Dull pivots can be sharp-
ened by removing the moving element from
between the bearings. This 15 done by first
unsoldering the top spring connection from
the zero adjuster fork and removing the
two bridge and damping box cover screws.
The moving element may then be examined
carefully for dirt and dullness.

If the pivots show signs of dullness, they
may be sharpened with a small stone and
cleaned with alcohol. The jewels can be
cleaned with alcohol and a small stick
sharpened to a point. as explained in the
articles on repairing D.C. meters.

Examine the damping vane and box for
signs of dirt or chips. Make certain that
the vane is square and does not contact
the walls or cover of the damping box at
any point.

If the trouble is in the series resistor, it
should be replaced by one of the correct
resistance and wattage.

In some cases it may be possible to repair
the series resistor by rewinding a new spool
in a manner similar to that described aboye
for' the field coil. Resistance wire similar
to that used for D.C, meters may be em-
ployed for this purpose. In general, the
series resistor spools for A.C. voltmeters
are required to dissipate considerably more
power than those in a D.C. meter.

The fine wire series resistors may be
protected from moisture by boiling in a
high-melting-point wax until all signs of
bubbles have disappeared. After the spool
has been removed from the wax, clean off
the outer surface to make certain there is
no chance of the wax getting into the mov-
ing element, should it melt in service.

Once an A.C. meter is repaired, it must
be checked and adjusted for balance in the
same manner as a D.C. instrument.

The end play of pivots and jewels should
be adjusted to he approximately 50%
greater than in direct current instruments,
or a maximum of approximately 0.0075
inch. This is to allow for the greater de-
gree of expansion and contraction of the
hakelite supports under changes of humid-
ity and temperature.
SEPTEMBER, 1943
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OUTPUT TRANSFORMERS
(Coutinned from page 726)

winding a 1- or 2-turn secondary and mak-
mg the prunary to match? Does the sec-
ondary have to have the same resistance as
the speaker voice coil? An ochmmeter will
show that this is not the case. The usual
“2-ohm” voice-coil winding on the trans-
former will have a resistance considerably
less than 1 ohm, in some cases so small as
to be hard to measure at all.

The primary is our reason for having a
large number of turns. So far, we have been
talking as if the impedance of a transformer
with an open secondary is infinite. This is not
s0; a certain amount of current passes and
a little power is used up in the best trans-
former. We want to make that primary im-
pedance big enrough so we can ignore it, mn
comparison to the reflected impedance from
the voice coil. This 1s done by using as many
turns and as much iron as is economically
practical.

Since the impedance of our transformer
primary is largely due to its inductance, it
will be at its lowest at the low frequencies.
At such frequencies it will then offer a
lower-than-normal load to the plate, and
low-frequency signals will be correspond-
ingly weaker. In actual practice, a com-
promise has to be made between efficiency
on the one hand, and size and cost on the
other. Even the best transformers begin to
drop off a little, and one that would pass
equally well all frequencies down to the low
audio limit of 16 cycles would be a labora-
tory curiosity. On the other hand, some
cheap transformers have so little inductance
as to reproduce practically nothing below
100 cycles.

A number of other factors cnter into out-
put transformer design. If the number of
primary turns is increased to increase its
nductance, the distributed capacity between
turns increases to a point where the higher
audio frequencies are by-passed, and we get
a tone-control effect much the same as if
we had connected a condenser between plate
and cathode, or plate and plus-B. This is
another place where compromises must be
made.

Another important point is core size. The
core must be made big, not only to mcrease
the pnmary mductance, but to prevent “core
saturation.” The primary carries direct cur-
rent, therefore the core 1s partly magnetized
and has a field around it at all times. This
has no effect on the secondary, as trans-
former action is a result of changes in the
strength of a magnetic field. If we apply
a 400-cycle note from a signal generator to
the grid of our amplifier tube, the plate cur-
rent will increase and decrease 400 times a
second. On each increase the magnetic field
will strengthem—on each decrease it will
weaken. To the secondary it looks as if a
400-cycle alternating current had been super-
imposed on the direct current in the primary
—and we get a 400-cycle note in the speaker.
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T ELECTRIC PLARNTS
L /ect‘u'city éot ﬁty goé—ﬁty where

% ONAN GASOLINE DRIVEN ELECTRIC PLANTS provide electricity

for all communications work in locations where it is not otherwise
available, or for emergency and standby service.
reliable, sturdy Plants are doing a winning job on all the fighting fronts,

Thouzands of these

in communications and other vi-
tal war tasks.

We'll be glad to send details
promptly on your present or
post-war needs for Electric
Plants.

350 to 35,000 WATTS

A.C. 50 to 800 cycles, 110 to 660 volts.
D.C. 6 to 4000 volts. Also dual A.C. and
D.C. output models, Engines are air or
water cooled. Model

OTC serics. air cooled.

shown is from

MINNEAPOLIS, MINN.

There is a limit to
t h e magnetization
of any iron, and
ii the transform-
er is small and the
direct current large,
the core may be |
entirely or almost
entirely magnetized
with no signal ap-
plied Then any
rise in current due
to our 400-cycle
signal would cause
little or no increase
in the magnetic
field, while the de-
crease in current
would have a nor-
mal effect. The
loudspeaker would

COMMUNICATIONS
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1S TOUGH /

SUPREME INSTRUMENTS CORP.

SUPREME

TESTING INSTRUMENTS

The famous 504-A and other
SUPREME Testing Instru-
ments are on active duty in
all parts of the world. Now
more ruggedly buill. more
accurate and dependable
than ever, SUPREME Instru-
ments will be your logical
choice when victory is won.

GREENWOOD,
MISSISSIPPI

not get a faithful
reprodliction of the signal on the grid, and
distortion would be the result. Such mag-
netic saturation of the core must be avoided
by keeping it large. (This is another one
of the reasons for poor reproduction in
midget sets, which often have ultra-midget
output transformers.)

The current in a push-pull transformer
splits and flows both ways through the pri-
mary, the field set up by one half bucking
out the field of the other half. Thus there is
no direct-current magnetization in a push-
pull transformer, and the problem of core
saturation does not appear.

Laminations are usually placed the same
as in a choke, as another attempt to avoid
saturation. That is, all the “E” pieces are
put in from one end and all the “butts”
from the other. This unfortunately cuts
down the inductance as well, but the good
effects outweigh the bad.

As the average individual has no way of
finding out the characteristics of the core
iron he is working with, design of output
transformers is largely a matter of allow-
ing enough iron to be sure to be safe. This
can be carried too far—a very big trans-
former, besides having too much distributed
capacity, may produce such high voltages
by self-induction as to continually break
down tube sockets between the plate and
screen-grid prongs. If a transformer is re-

(Contuuted on following page)
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Our Headphones are used
by the United ' States,
Canadian, New Zealand
:and South African Gov-
i ernments as well as other
Governments not directly
in the war. Folder C-J il-
lustrates rugged, unusual-

scientifically ly sensitive, dependable
Bug

Meavy par mag- Cannon-Ball Headsets.
nets ~ greatly in
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clency.

C. F. CANNON COMPANY
SPRINGWATER, N.Y.

NOW WE HAVE “OPTI-ONICS*

AS the word Electronics continues to
grip the popular imagination, numbers
of variations on the word spring up. The
last two syllables are particularly easy to
kidnap and have been utilized in a whole
series of ‘“-onic” expressions.

Probably the very latest of these is “Opti-
onics,”.a term coined by Mr. J. H. McNab,
president of Bell and Howell Co., to de-
scribe work in which electronic and optical
engineering overlap or supplement one an-
other.
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quired for a new job, the best system is to
use the primary of one already suited to the
tubes, and wind a new secondary for the
job on hand at any given time.

As an example, suppose the speaker of
Fig. | is damaged and we want to substitute
another with a 4-oh(t)n voice coil. The im-

00

pedance ratio is or 1,750. The square
root of that is roughly 42, so our winding
ratio should be about 42 to 1. The correct
put7nlber of turns for the voice-coil winding
is 71,

If it is desired to connect three 2-ohm
speakers to the same output, it is an easy
matter to rewind the transformer for the
purpose. If the speakers are to be near the
output, a parallel connection will probably
be best, if some distance away, a series con-
nection. (Here is one place where we think
of voltages. For a longer wire, there will be
less loss with higher voltage and smaller
currents.) The number of turns for the 6-
ohm connection is 88, for the 0.67-chm
parallel circuit, 29 turns. Voltages and cur-
rents should again be remembered in select-
ing wire. The higher impedance will use
finer wire, on account of the higher voltage
and lower current, while heavier wire must
be used in the parallel circuit.

There is a warning here for persons using
a multi-tapped transformer, The imped-
ances between the 2- and 4-ohm taps of
the unit we have just been considering,
(supposing we were to bring out the two
taps) are quite different. We have 50 turns
for the 2-ohm winding, and 71 for'a 4-ohm
load. If we connect a 2-ohm voice coil be-
tween the 2= and 4-ohm taps, it will be
across 21 turns instead of 50, and its im-
pedance will actually be 0.34 ohm. Thus a
large number of impedances may be obtained
from a few taps. Fig. 5, reprinted from a
Radio-Craft article by A. C. Shaney, indi-

cates how many different impedances can
be obtained across half-a-dozen such taps.

Before leaving the subject, it may be
worth while to point out that the impedance-
matching can be worked both ways. We
have been speaking of our transformer from
a viewpoint of a 7,000-ohm primary only.
We can put it in the plate circuit of a tube
with a 3,500-ohm load {some triode amplifier
tubes require an output load in this order)
and the 71-turn winding which was formerly
a 4-ohm impedance now is suitable for a
2-ohm voice coil. The ratio of impedances
remains the same.

The amateur designer should have little
trouble in winding output transformers to
his own specifications, if he first tears down
a few for study. He will check the output
impedance of the tube from the manual, and
measure the voice-coil of the speaker with
an ohmmeter. Then a careful count of the
windings will enable him to make a sketch
like that of Fig. 3. He will find that pri-
maries run from 2500 to 4500 turns, and
cores Y5-inch to 1 inch square, with odd
exceptions even going beyond these limits.
For safe design, it is good practice to follow
that of the larger units studied. The smaller
ones were probably made that way to sell
at a low price. Wire size should be as large
as possible, the limit being that the coil has
to go back into that window. Core iron must
be of good quality—use audio or output
transformer cores.

Many transformers can be adapted—as
heretotore explained—by simply unwinding
the secondary, noting the number of turns,
then calculating the probable number of
primary turns from the impedance of the
speaker voice coil and the tube output im-
pedance as listed in the manuals., With a
little common sense and intelligent calcula-
tion, transformers already lying around the
shop may be made to do jobs for which
new units would otherwise be required.

FIXED BIAS AMPLIFIERS
(Continued from page 731)

tion of the speaker field coil for the re-
sistor R1 of Fig. 4. By this connection we
not only have a resistor in the negative re-
turn of the power supply, but we have com-
bined field excitation, filter choke, and bias
resistor—a saving of parts which is par-
ticularly desirable under present conditions.

The filter network to prevent the supply
hum across the speaker field from reach-
ing the audio grid presents no serious prob-

lems, although it should be remembered
that no condenser should be connected di-
rectly from the hot side of the speaker field
to ground, as this will in effect bypass pow-
er supply hum around the filter choke. If
the resistance of the speaker field happens
to be exactly the right value, the final
stage’s grid return may be made directly to
its hot side through a filter network con-
sisting of a ¥4 meg. or more resistor and a

Here we have real
fixed bias at last. The
1.V forms an inde-
pendent source of
negative voltage, and
grid potentials can be
adjusted  with the
variable resistors R3
and R4, and are quite
independent of any
normal changes in
voltage or current in
the rest of the am-
plifier. Equipment for

hum filtering and de-
coupling is cut to a
minimum.
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25 mfd. or more condenser as shown. in
Fig. 4. This i1s sufficient to prevent ripple
voltage from reaching the output grid, and
the high value of the resistor, also practi-
cally eliminates any bypassing’ of the hum
voltage around the speaker field. The 25
mfd. condenser should have as low a leak-
age as possible (a paper unit with a 400-
volt rating is satisfactory) to prevent volt-
age drop through the high resistance of the
1% meg. filter. 1f the speaker field has a
resistance higher than that required to pro-
duce the correct bias voltage, a resistor Rl
will have to be added as shown in the fig-
ure. This forms a voltage divider to pre-
sent the correct voltage to the grid return.
It also shunts the speaker field with a re-
sistance, but the value of this resistance is
so high as to have a negligible effect on.the
filtering of the "B” voltage. The value of
R1,.if the bias filter resistor is ¥ meg..and
the .25 mfd. condenser has no leakage, is
given by the formula:

R1 = 500,000 ¢
where E is the D.C. voltage across the
speaker field
e is the required bias voltage for
the output tube.

(This formula ajso applies if the speak-
er field is of the correct resistance, since
in that case

E = e and R1 = 500,000 e = infinity,

and

1]
i.e., no resistance R1 is used.)

This system not only has the advantage
of eliminating parts, but also eliminates
the second disadvantage of cathode bias en-
tirely, for although the voltage drop across
the speaker field prevents the full output
of the rectifier from being used as “B”
voltage, this drop must be present with any
circuit in the form of the voltage drop
across the filter choke. Also, the system
has the improved bias regulation character-
istic found in the circuit of Fig. 3.

The 6F5 tube shown in Fig. 4 is biased
by the -first method discussed in this article
in connection with Fig. 2. This is a par-
ticularly satisfactory method for such low
power, high-mu tubes requiring very low
values of bias and having an extremely low
plate current. The cathode resistor for a

in an ordinary cathode bias circuit is
of the order of 4500 chms, and thus, in ad-
dition to the other advantages oi the cir-
cuit explained in connection with Fig. 2, the
reduction of this value to 190 ohms elim-
inates the need of a bypass condenser—a
comparatively expensive and bulky part.

A TRUE FIXED-BIAS JOB

So far we have not achieved our main
goal—a bias voltage developed by a current
which will be absolutely constant and in-
dependent of varying tube conditions. This
aim may be reached in the circuit of Fig. 5.
This unit makes a most satisfactory phono
amplifier with an amazingly low -distortion
level and high output. The cathode of the
1-V bias rectifier is connected to one of
the high voltage transformer leads. It is
obvious that this connection of the rectifier
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One 11726-G used to supply both high and bias
voltage: for a small receiver cor amplifier.
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will cause a negative voltage approximately
equal to the R M.S. transformer rating for
12 the high voltage secondary to appear
across

We are now faced with the problem of
dropping the voltage to the required values
for biasing the tubes and of filtering said
voltage particularly thoroughly, since we
are using l4-wave rectification. These two
purposes are accomplished at the same time
by the two resistors Rl and R2, which act
as dropping resistors and also as filter re-
sistors in conjunction with C1, C2, and C3.
Owing to the high values of Rl and R2,
filtering is very efhicient, thus reducing hum
to a minimum. C4 further filters the bias
to insure hum-free operation of the more
sensitive first audio stage. R3 and R4 are
1.R.C. potentiometers with metal backs by
the aid of which they were soldered to the
under-side of the chassis. Their shafts were
cut off fairly short and slotted to provide
screw-driver adjustment. The bias voltages
should be measured at the center terminals
of the potentiometers themselves with an
accurate and sensitive voltmeter, and no at-
tempt should be made to measure the bias
at the grids of the tubes unless it is done
with an electronic voltmeter. The potentiom-
cters provide exceedingly fine adjustment
of the optimum bias voltages (-8 volts for
the 6C5 and —20 volts for the 6F6).

This method of biasing is particularly ap-
plicable to A.C.-D.C. systems, where one
rectifier can be made to serve for both pow-
ser and bias supplies. Fig.. 6 is a good ex-
ample. Other tubes such as the 2525, 25Z6,
S0Z7G, and 50Y6GT may be similarly con-
nected, the only difference being in the fila-
ment ratings. Thus the designer can choose
a rectifier which will have filament require-
ments such that it may be used in conjunc-
tion with the other tubes he intends to use.

A GOOD AMPLIFIER

Finally, I give the circuit (Fig. 7) and
general view (photograph) of another am-
plifier operating on the same principle as
the unit of Figs. 5 and 6 but of greater pow-
er output. The 6L6G in the output stage
will deliver full 10 watts at a minimum of
distortion. The power transformer deliv<
ers 375 volts R.M.S. each side of the cen-
tertap, at 150 ma. For this reason the au-
thor thought it necessary to use a separate,
ungrounded winding for the 1-V heater to
insure agafnst breakdown between cathode
and heater. This is probably not necessary,
but it i1s best to be on the safe side. More-
over, a small resistance was inserted as
shown between the 1-V plate and the first
filter condenser, since the light load placed
on the 1-V by the bias voltage divider will
otherwise cause an excessive voltage to

FIG.7

The final circuit, combinin

all the advantages and eliminating the drawbacks of those previously

discussed. Genuine fixed bias, stability and freedom from intercoupling work together to give this
amplifier 10 watts of distortion-free output.

In hooking up the amplifier, one should
be sure to ground the positive leads of Cl,
C2, C3, and C4, since the voltage being fil-
tered is negative with respect to ground.
The vatues of R1 and R2 may be allowed
to vary over quite a range. In general, the
current drawn by the bias system should
be kept pretty low—around 10 ma. or less
—to avoid unnecessary current drain and
unbalancing of the power transformer’s
high-voltage secondary by drawing ap-
preciably more current off one half than off
the other. The values given in Fig. 6 were
found to be quite satisfactory with this cir-
cuit. The potentiometers should be such that
the desired bias voltages can be obtained
by setting the arm of each pot near the cen-
ter of its range. The values given for R3
and R4 in the diagram should work per-
fectly well.

RADIO-CRAFT

build up across said condenser; as it is, a
500-volt rating is desirable for that part.
In other ways, the bias supply is similar to
the one of Fig. 5. The rest of the amplifier
follows standard practice.

It should give long and trouble-free serv-
ice at an efficiency, output level, and dfs-
tortion level seldom equalled in single tube
class Al output stages using the available
receiving-type tubes.

In closing, let me urge again the im-
portance of well-regulated bias for maxi-
mum efficiency, power output and minimum
distortion.

I trust that one or more of the ideas of
circuits suggested in this article will be of
some help to those ambitious amateurs who
want to 7et as much out of their tubes as
the commercials do. Try it once and be
convinced !
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PICK-UP PERFORMANCE
(Continued from page 732)

Still another problem presents itself since
the adjacent grooves are also modulated and
the Telative wall thicknesses between ad-
jacent grooves vary more or less as dif-
ferences of the modulation frequencies in
these grooves. As a result, the varying
groove wall elastance will super-impose a
“*ghost” modulation upon the modulation cut
in the groove retaining the stylus tip. This
“ghost” {requency signal effect will result
in some intermodulation and “masking” in-
terference effects.

SKATING OR BOB-SLEDDING

Another type of tracking error encoun-
tered in phono playback work is known as
“skating”. This effect is especiaily trouble-
some when the stylus tip is too small for the
modulation groove trough. When under-
sized, it will careen about thie modulation
grooves like an Olympics bob-sled making
the Lake Placid run. Skating will be further
exaggerated if the stylus tip pressure is too
light for the stylus mechanism's impedance.

Obviously, if the center of the stylus tip
does not follow the center-line of the modu:
lation troughs at all timnes, the wave form
of the signal put out by the pick-up will not
be an accurate duplication of the modulation
waves cut into the record disc. Since the
wave-form distortion is not symmetrical, the
distortion is even order harmonic and cross-
modulation distortion for the most part.

Even where an exact stylus-in-groove fit
occurs, even-order harmonic distortion is
still possible theoretically. A simple geo-
metric construction of two parallel sine-
waves representing the modulation groove
walls and a scries of included tangent circles
representing the motion of the stylus spheri-
cal tip through the modulation trough will
show up this theoretical fact. A curve iine
drawn through the locus of circle centers
will not be a true sine-wave curve by reason
of the trigonometry involved.

This theoretical distortion effect will be
aggravated when the modulation frequencies
are complex or vary in frequency abruptly.
However, this same effect should more
or less take place during the recording oper-
ation and a complementary compensating
cffect should take place between the cutting
and play-back operations. At any rate, this
3s an interesting point to speculate over.

THE NEEDLE AND THE GROOVE

If the stylus tip is wider than the record-
ing groove (pinch effect), less skating will
result but a high frequency cut-off may take
place and damage of the high-frequency
modulation waves may also take place since
the stylus tip diameter is then comparable
to these modulation wave widths,

Theoretically, the compromise which pro-
duces the best all-round tracking is a shght
“pinch” effect where the stylus is slightly
wider in diameter at the tip than the groove
width. Beers and Sinnet of RCA recommend
a compromisc set of specs as shown on the
diagram, Fig. 2.

While such specs present an optimum
compromise, it is hard to see how they can
be maintained in practise since a stylus is
eventually worn down to fit the recording
grooves by the protective abrasives incor-
porated within the recordings’ plastic mate-
rials. This is especially true of steel and
alloy needles. Even a jewel stylus will in
time bc worn down to some average sized
and shaped tip which will be determined by
the types and makes of recordings with
which it is used. Here again, the importance
of constant stylus renewal is brought out.

Another minor distortion effect along
these same lines is the fact that the modula-
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tion waves are cut by a more or less semi-
spherical sharp-edged stylus while the play-
back stylus has a smooth spherical-shaped
tip. Obviously, the movement of two differ-
cntly shaped needles through the same mod-
ulation grooves cannot be the same. This is
especially true of vertically-cut *hill-and-
dale” recordings used to some extent in
radio transcription work.

The hill-and-dale modulation waves have
been cut by a razor-edged cutting tool
whose cutting edge is at all times practically
tangent to these waves. However, the
spherical tip of the playback stylus will be
tangent to these hill-and-dale waves ouly at
the hill-and-dale spots, or to put it in an-
other way, only at the maximum amplitude
swing spots of the modulation troughs. The
back side of the spherical tip rides the on-
coming hills and the front side of the stylus
tip slides down the receding hill sides. It is
obvious that if the center of the stylus tip
does not remain in contact with the hill-
and-dale modulation waves, its motion will
not be a duplication of the modulation
waves and the signal put out by the stylus
mechanism will not be an accurate duplica-
tion of the recording modulations. The
wave-form distortion is plainly non-sym-
metrical, and even-order harmonic distortion
(mostly 2nd harmonic) and even-order har-
monic cross-modulation distortion is the re-
sult. A similar distortion effect takes place
to a much lesser degree in standard later-
ally-cut recordings.

CURVED-TRACK EFFECTS

Still another tracking error effect which
must be considered is the theoretical groove-
curvature distortion effect. Since the sound
track is a circular spiral and not a straight
groove, the modulation waves are not strict-
Iy true sine waves. They are warped since
their axis is bent into a large circle.

This effect is more pronounced towards
the inner grooves since the curvature of the
1mner grooves 1s greater.

The outer walls of the modulation grooves
have a greater dlameter and a longer peri-
meter than the inner groove walls. The two
hali-cycle peaks of the modulation waves
are not the same in the case of a simple sine-
wave signal and we also have an unbalance
distortion effect to contend with.

Two final minor tracking error effects
exist:

If an clder type heavy-pressure pick-up
is used for play-back work and a mark is
inscribed on both the t.t. rim and record
disc edge before the recording is played, the
marking on the record dis¢ will be found to
be displaced ¥% to V4 inch in the direction

e

opposite to the t.t. rotation after the record-
ing has been played off. In other words,
radial record disc slip exists. This is due
to the stylus friction drag and vibration
effects.

\Vhile such slip is small as compared
against the total sound track length, it can
be assumed that this slip takes place inter-
mittently in small amounts during transient
high-amplitude passages which usually oc-
cur at the lower frequencies. This record
disc slip amounts to a variation in t.t. drive
motor R.P.M. and the net result is a trace
of the familiar “wow".

Another minor effeét similar to this and
noted at about the same time, is a back-lash
effect between the record disc center hole
and the t.t. center-pin. Again, this lateral
chatter effect is more evident at lower fre-
quencies and where heavier pressure pick-
ups are employed.

If, in a high-fidelity phono system, a pin
or shim is jammed in between the record disc
hole and the t.t. center pin, a slight im-
provement in low-frequency response can be
detected by the unaided ear.

Evidently, the record disc slips or oscil-
lates in a horizontal plane at low audio
frequencies, due to weight and momentum
of the relatively heavy pick-up mechanism.
This may result in a small amount of low-
frequency cut-off and distortion.

While ‘these two effects will not be so
noticeable where low- -pressure super-fidelity
pick-ups are concerned, it might be worth-
while to employ some sort of a center-pin
lock-nut or jam-sleeve to anchor down rec-
ord discs used in hi-fidelity radio tran-
scription work.

It is highly possible that sound technicians
checking t.t. motor R.P.M. variation wow
and gear tooth torque variation wow may
have had their readings, charts, curves and
general findings modified by these two rec-
ord disc slip effects without their knowledge.

PICK-UP DESIGN FACTORS

There are still other factors which must
be taken into account in the design of pick-
up mechanisms. These include flexing of
the stylus shaft and its effect upon the
higher audio frequency response; the im-
pedance (mechanical) of the stylus. mech-
anism ; the resonance frequency of the pick-
up arm; the relationship between the stylus
pressure, stylus mechanism impedance, rec-
ord groove material elastance and stylus and
groove shape in order to dampen out reson-
ance effects and flatten and extend fre-
quency response and prevent too much skat-
ng.

POPULAR ELECTRONlCS
(Continued from page 713)

may be used for the case. The hole for the
window should be cut slightly smaller than
the surface of the cell, and the glass win-
dow should be set in place with cement of
the type used for model airplanes. The cell
itself should be carefully kept free of dust
and dirt. Electrical connections are estab-
lished with the pig-tails extending from the
cell. These are connected (and soldered) to
the binding posts on the container.

A wide-mouthed bottle may be employed,
the mouth being cemented to a baseboard

with the model-airplane cement previously |

mentioned. This simple mounting provides
a dust-proof and practical protection for the
cell. Of course, the cell is affected by light
from all angles, with such an arrangement,
and there are many applications where this
exposure might not be desirable.

Relays for such cells may be of either

~the polarized or the unpolarized type. They

may be either purchased or home-made,
and they do not need to be of the ultra-
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sensitive type, inasmuch as a well-made cell
will provide a current response sufficiently
large for the operation of a fairly crude
relay. Such relays may be had from the
electrical supply houses for from two to

FLOATING
GRID

RELAY

FILAMENT

RHEOSTAT (B3 00T
1 [[{+}'3 l

FIG. 5 CoNFRDL

The Type 210 photo-cell. Other old triodes. such

as the 45 ‘and 200-A, are photo-sensitive.
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three dollars. (A mounted cell, complete
with relay, is shown in the photo.) Fig. 2
illustrates the connections necessary for a
relay where some mechanism requiring
heavy current such as a bell or a lamp is to
be operated pliotoelectrically.

The cell, when complete, may be utilized
in a variety of ways. Fig. 3 shows some
industrial applications which may suggest
ideas to the amateur experimenter. Top, we
have a butter-checker. One-pound packages
of butter pass down the conveyor past the
light source and photo-cell. Each pound
pack must interrupt the light for a certain
space of time. If the pound is short, the
interruption is not long enough, and the
belt at right angles to the conveyor is set
in motion, throwing the defective pack off
the conveyor,

Bottom is a device used in certain textile
mills, where the loop of ¢loth going to cer-
tain processes must be kept a certain length.
In this case, if the loop becomes long
enough to iterrupt the lower light beam,
the rollers supplying the cloth are slowed.
if so short that the upper beam is cleared,
the roller taking it away is slowed. Thus
the length of the loop is maintained between
these two limits.

The 22%4 volt battery may be the type
used in radio. An improvement is shown in
Fig. 4 where a bucking battery of 114-volts
and a 5,000-chm radio potentiometer are
used to make the circuit more responsive.
This arrangement improves the operation
of the cell by canceling the so-called “dark
current” or- the current that normally flows
through the cell when a battery is connected
to 1it.

Experiments conducted with the aid of
the photoelectric cell may be many and
varied. Using the various circuits shown,
the builder may entertain himseli for hours
just learning new things about the \war-
velous properties of these devices.

Thanks to the intensive research of Mr.
W. P. Kickle, of Owenshoro, Kentucky, a
surprising photoelectric effect was discov-
ered in ordinary radic vacuum tubes. To
electrical experimenters this will be good
news, because it means that photoelectric
cells can be devised from inexpensive radio
tubes.

It has been found that the old type 210,
the 245 and the 250 tubes are photoelectric
to a marked degree, and that the light re-
sponse is sufficient to trip a cheap relay.
Such tubes may still be found in old sets
taken in by radio dealers.

Tubes which give the best results are
those having open or clear tops so that light
from external sources can reach the grid. It
is essential also that the grid prong be cut
off as illustrated.

A circuit is given in Fig. 5. The filament
voltage is regulated by a power rheostat
in the secondary of the transformer circuit.
The experimenter will have to discover the
best filament voltage by test,

The relays used in connection with these
new photoelectric cells should be capable of
operating on a range between 1 to 10 milli-
amperes,

When operating the tube, it must be re-
membered that the more light that reaches
the grid of the tube, the greater will be the
current output. Therefore it is advisable
that the tube be installed in such a position
that the heam strikes the top head-on, as
illustrated in an accompanying photo at the
top of Page 713, which shows a small motor
being controlled with a flashlight and a
210 tube,

The vacuum tubes will be found unduly
sensitive to body capacity, so it will be
necessary to cover the tube with a metal
shield (as illustrated in the photo on Page
712), which is grounded to the negative
filament. The top of the shield is left open.

RADIO-CRAFT for
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SQUARE-WAVE GENERATOR
(Continued from page 715)

rated at an absolute accuracy of plus or
minus 2% were used in this instrument.

The output attenuator is of the pure re-
sistive type, It is hooked up in the output
of a cathode follower type of circuit. The
first step (lowest volume) is variable, and
is a 50-ohm resistor. The succeeding steps
in ohms are: 100, 200, 500, 1,000, 1,500
and 2,000 ohms, this latter being the total
cathode resistance.

No means for generating pulses has béen
incorporated in this instrument, since it
was felt that the sacrifice of accuracy in-
volved in including this feature would be
out of place in a piece of laboratory appara-
tus. It is possible to bring about a {re-
quency change of almost 25% of the cali-
brated dial readings when operating the de-
vice as a pulse generator. To correct this
would necessitate additional compensating
features which would only cemplicate the
use of the instrument.

For those who wish to incorporate pulse
width control, variable over the entire
range with a ratio of 4 to 1, the following
changes will give the desired results:

A control of 1 megohm is inserted in
series with the plate supply to tube No. 1.
The screen of the second tube is bled to
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Changes necessary to adapt the square-wave gen-
erator for fhe production of pulses are shown in
heavy lines on the figure above.

ground through a 10,000-ohm, 2-watt re-
sistor and is also bypassed by a 10-mfd.
450 wolt electrolytic condenser,

Varying the l-megohm control will then
produce pulses as desired, of any ratio up
to the 4 to 1 maximum.

P O —

THYRATRON RECTIFIERS

(Continued from page 717)
G. E. THYRATRONS

TECHNICAL INFORMATION

These dats are for reference only.

GENERAL DESIGR

| Number of Electrodes
Cethode Type

Voltage, volts
Current, asmperes approx
Heeting Time, typical sec
Tube Voltage Drop, volts
Maximum
Minlaoum
Approx Starting Charactelristic
Anode Voltege
:8hield-grid Voltage
Control-grid voltage
Average Anode to Control Grid
Cspacitance, pul
Letontzatlon Time, microsec approx
Ionization Time, wmicroseo &pprox
Net Weight, ounces spprox
Shipping Welght, pounds spprox
Installation end Operation, Pub. No.

MAXIMUM RATING3

Max Peak Anode Voltage, volts
Inverse
Forward

Max Neg Control-grid Voltage, volts
Before Coanduction
Luriog Conduction

Max Neg 3hield-grid Voltage, volts
Before Conduction
During Conduction

Max Anode Curreat, amperea
Instantaneous, 25 cy ann above
Instantaneous, below 25 cycles
Average
Surge, for design only

Max Control-grid Current, awmperes
Instantaneous
Average

‘max 3hield-grid Curreat, amperes
Instantaneous
Average

Max Time of Aversging Current, sec

Teoperature Limits, cond mercury C

asmbleat T

40

0.5

For dealgn inforration 'see the specification.

FG-95 PO-97 PG-98-A PG-158
4 [ 4 b
InAlrectly Coated Coated Coated
Heated Fil. FL1. F1l.
5.0 2.5 2.5 5.9
4.5 5.0 5.0 7.0
200 5 5 10
26 26 26 30
19 19 8 19
100 1300 100 1000 60 S00 60 100
o 5a) 0 9 ) 0 0 o0
+3.5 -9.0 ¢1.0 -10.0 0 -10.9 0.-3.5
0.2 0.3 0.5 0.3
1220 1000 1002 1000
10 12 10 10

5 5 5 5
7 Ll 4 7
GEN-994 GEH-994 GEH-994 GEH-99%
1909 1000 522 500
1000 1000 500 500
1002 1900 70 300
10 10 10 10
200 300 50 50
5 5 5 5
15 2.9 2.0 13.0
5.9 1.0 1.0 5.0
2.5 0.5 0.5 2.5
90 20 20 8o
1.0 0.25 0.25 280
0.25 0.05 2.05 0.25
.0 0.25 0.25 1.0
0.2% 0.05 0.05 0.25
15 15 15 15
40-8o 40-80
-20 « +50 -20 - +50

“These ratings apply oanly when the FG-95-1s \u&ror ignitor firing.
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ELEMENTARY MATHEMATICS
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tiere Is the book that glves = . good background in
mathematics; that takes all tk Irrluu:m and drudgery
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For
FARM
RADIOS

MODEL “Y.” Adapts any standard 13-volt Farm
Radio for 6-volt Storage Battery operation. Low
drain. No radio changes. Guaranteed. Weight,
4 |ps. Complete {(wholesale) —$6.95,

MODEL “Z.” Adapls 4, 5 or 6 tube, 2-volt radios
for 6-volt operation. Complete (wholesale)—$7.95.
BARGAIN BULLETIN—on radic and electrical
parts. Prompt shipment. Large stock. nt on
request. Write today.

McGEE RADIO & ELECTRIC CO.

R-1225 McGee Street Kansas City, Mo.
760

WESTINGHOUSE THYRATRONS

TECHNICAL INFORMATION

TUBE TYPE U -627 x-628 WL-631 WL-63 XU-63% KU-676 WL-677 Units
) = -
No. of Electrodes 3 3 3 ¥ 3 3 3
Cathode Information
Type Coated Coated Indirect Indirect Coated Indirect Indirect
Fila Flle. Heater Hester ila. Heater Heater
Voltage 2.5 5.0 5.0 5.0 5.0 5.0 5.0 Volts
Current 6.0 11.5 4.5 A5 1L.5 9.5 9.5 Azperes
Min. Heating Time 10 Jeo 200 LT 300 200 Seconds
Tube Voltage Drog {Orld tlod to caumd-)
Max lmum 24 26 24 28 24 Volts
Mo imus 8 B 10 19 8 8 8 Volts
Average 15 15 15 15 15 15 15 Volts
Approximate control characteristics ot 30° Cent. condénsed marcury temperature. Soo curves
Ep: Bg: Ep: Eg: Ep: Eg: Ep: Eg: Ep: Bg: Ep: Ba:  Bp: B
Ep - Poak Porvard 0 0 30 60 30 " 0 100 750 -5 volty
Volts on anods
0 -4 250 -4 100 -1.6 <100 ¢3.5 250  -& 300 -2 2500 -15 Volts
Eg « DC volts
oa grid 800 .6 1000 -8 600 -6.0 *500 -6.0 1000 -8B 700 -4 5000 -28 volts
1500 -9 2300 -1% 1000 -8.0 v1000 -9.0 2100 L& 1000 -6 7500 -42 Volts
Average Grld Current {just befora
breakdovn) 4 5 - 5 8 - Mloroacps.
Je-lonization tlms
max. approx:) 1000 1000 1000 1000 1000 1000 1000 Mlcrosecs
Ionlzetion Tiae
(approx.} 10 10 10 10 10 10 10 Mlerosess
Anode=Orid Capacltance
{approx.) ] 4.3 0.2 L] 5 5 uut,
Socket 3tyls 766732 793202 3ta. TX 3ta. UX 793202 793202 793202
Top Conncctor Style 829334 829334 829334 829334 929334 829304 829334
Dizenslons of Tubs (Overall)
Maxlopm Long 9-1/% 7-14 7415016 9 12 12 Inches
Minizum Length 6-1 8-3/4 5-3/% T-7/16 8-1/2 11-1/2 11-1/2 Inches
Kaxizus dlazster 2-7/1 3-1/8 3 3-3/4 3-13/16  3-7/8 3-7/8 Inches
Max. Ords9 Anode Fotential
Inverae 2,500 2,500 1000 1000 7,500 1,000 7500 Volts
Forvard 1,250 1,250 1000 1000 7.500 1,000 7500 Valta
Peak Grid Voltage Rangs
Maxz, Negstive Value 00 500 500 500 500 00 500 Volts
Max, Positlve Peai 12 12 il 10 12 12 12 Voelta
3n1sld Orid Veltaze Range
Max, Negatlve Value - - - 300 - . - Yolts
Max, Positive Value - - - 5 - - - Volts
Max. Ancda Current Values
Instontaneous,
25 cyclea and above 2.5 g.0 15 15 5.0 %0 a0 Acperes
In=tantanedue,
below 25 cyo¢les - . - 5 - - - hoperea
Average 0.6% 2.0 2.5 2.5 L.25 6.4 **4.0 Ampares
Surge fuaue;n oaly) 25 0 30 90 50 200 -6 Amperes
Max. Control Orld Cuprsnt
Instantansous 2 .80 1.0 1.0 »50 1.0 1.0 Acperes
Average 0 20 25 25 a2 .25 «25 AZperes
#ax. Snleld Grid Currents
Instantanesus - - 1.0 - - . Amperes
Avelrage - - - 0.25 - - - Amperes
Max. Time of Averaging Ancde, Orld and Screen Orld
Curreat "o 30 15 15 30 30 Sceonde
Condensed Mercury Temparature Value
¥axioum 70 70 80 8o 50 70 5¢ o %ant.
¥inlmuts 25 25 40 &0 25 25 25 9 Cant,
Optimun Rangs 5045 40-bs5 40 -bg 80-45 80-45 §0-45 35-45 Cent.
* With anleld grig at ¢ volts

ee® Thess ratings apply only vhen tha tube 18 used in circults wnlch llmit ths short circult curremt

to ths lndicated value.

THE LISTENING POST
(Continued from page 738)

Approval for any eppiications must ba obtained from the tube manufacturer-

Me. Call Location and Schedule Me. Call Location and Schedule
10.22 PSH RIO DE JANEIRO, BRAZIL. | 11.37 CROATIAN FREEDOM STA-
8:15 to 8:30 pm. TION. 2:30 to 2:40 pm.
10.250 XGAP  PEIPING, CHINA. i0 am4o | 1470 —  AZAD MOSLEM RADIO;
noon. 9:30 100‘7:45 an‘co SRESE
. " a 11.470 —— "NATIONAL NGR
10.380 — ‘STATION DEBUNK": Station = O
of all free. 8:30 to 9:30 pm; RAfDlO (INDIA); 12:15 to
says he is in the US.A. 11470 ——  YOICE OF FREE (NDIA®
10.445 — MOSCOW, USSR. 7:40 to| 10 am to 12:05 pm. '
8:20 am. e — RUMANIAN FREEDOM
10.543 DZD BERLIN, GERMANY. STATION. 1:45 to [:55 pm,
4:15 to 4:25 pm.
10.610 ZIK2 BELIZE, BRI_TISH HON- 11623 COK HAVANA. CUBA: daily, |
DURAS. 9 to 9:15 pm. pm to | am: Sundays, 2 to
10620 CEC  SANTIAGO, CHILE. 7:30 fo § pm ' ¥
8:15 pm: irregulor. 11,675 OPL  LEOPOLDVILLE, - BELGIAN
10.620 KES3 PACIFIC COAST; | to 6 am CONGO. 3:15 to 3:30 pm;
10.840 KWV PACIFIC COAST; 2 to 4:30 4:30 to 4:45 pm.
am. 11.8 GRG LONDON, ENGLAND. 5:15
11145 WRUS  7:30 pm to 2 am to 7:15 pm.
11.145 WCDA NEW YORK CiTY; 5 to 6:45 | 11.70 HB5A PANAMA CITY PANAMA,
pm. 11.705 CBFY  VERCHERES, CANADA.
11.150 PRLS8 RIC DE JANEIRO, BRAZIL. 7:30 am to 11:30 pm.
Afternoons and evenings ex- | 11.705. SBP MOTALA, SWEDEN. 2 to
cept Sundays. Off at 1] pm. 2:15 pm.
RADIO-CRAFT for SEPTEMBER, 1943



Mc.  Call

11,705 CXA19
11,708 —

11.71  VLG3

11.720 CJRX
11.72 HSPS
11.72 PRLS
11.730 WRUL
11.730 CBNY
11.73 KGEI
L1.74 HBJ
11.74 HP5Q
11.760 TGWA
11.77—DJD

11.775
1.78

MTCY
GVU

11.78
11.785 OIX3
11.790 HP5G
1179 KGEI

DJZ
0 JZJ

COGF
2R0O22

11.830 WCRC

VLG4

11.847 WGEA

55 DJP
7 VL2

11.893 WRCA

11.900 XEW!
119 VLG?

11910 WBOS

11935 ——

11947 ——

11.970 FZI

RADIO-CRAFT

Location and Schedule

MONTEVIDEOQ, URUGUAY.
Evenings.

FRENCH INDO CHINA.
"Radio Saigon'’; 8 am to 12
noon.

MELBOURNE, AUSTRALIA;
Tahiti beam, news in French,
1:55 am; British beam {Eng-
lish), 2:55 am: Pacific beam
{Jopanese} 3:30 am; New
Caledonia beam (French)
4:30 am: Allied Forces in
South Pacific beam (English}
5:30 am,

WINNIPEG, CANADA.
Noon. to 4:30 pm.
THAILAND.

RIO DE JANEIRO, BRAZIL;
"Radio Nacional': nightly
beamed to North America,
BOSTON, MASSACHU.-
SETTS; 11:30 pm to 2 am.
HAVANA, CUBA

SAN FRANCISCO, CALI-
FORNIA. Evening transmis-
sions.

VATICAN CITY.

PANAMA CITY, PANAMA.
Evenings to midnight.
GUATEMALA CITY, GUA-
TEMALA.

BERLIN, GERMANY. North

American  beam,. evening
transmissions.

MANCHURIA.
LONDON ENGLAND.
North American beam, 4:30
to ? pm.

FRENCH INDO CHINA.
LAHTI, FINLAND. 9:15 am.
PANAMA CITY, PANAMA.
10:30 pm to ?

SAN FRANCISCO, CAL!-
FORNIA; 5 pm to 12:45 am.

With this new, compact unit which fits
into the spare compartment and con-
nects into the ohmmeter circuit with a
pair of leads, Model 785 now provides
for resistance measurements up to a
value of 900 megohms. Thus the broad
range coverage of this versatile main-
tenance tool now is as follows:
DC VOLTAGE . . . 0-1/10/50/200/500/
1000 volts — 20,000 ohms per volt.
(*5000 volt range with external mul-

tiplier.)

AC VOLTAGE . . . 0-5/15/30/150/300/
750 volts — 1000 ohms per volt.

DC CURRENT

. 0-50 microamperes,

1/10/100 milliamperes, 1 ampere and

oLISTENING POSTe

WESTON moo:. 785
INDUSTRIAL
CIRCUIT TESTER!

Tests Insulation
and Cable Cover-
Ing Resistance
Values as Well!

10 amperes (¥ranges above 10 ame
peres with external shunts).

AC CURRENT . . . self-contained ranges
0-.5/1/5/10 amperes (*higher ranges
with an external current transformer).

RESISTANCE . . . 0-3000, 0-30,000,
0-300,000 ohms, 0-3 megohms, 0 to
30 megohms (self-contained battere
ies). 0-900 megohms ( *with compact
Meodel 792 Resistance Tester shown
in illustration}.

*Extra equipment on special order.

For complete facts on Maodel 785 write
Weston Electrical Instrument Corp.,
599 Frelinghuysen Ave., Newark, N. J.

WESTON Instruments

Location and Schedule

BERLIN, GERMANY Me.  Call
TOKYO, JAPAN. 7 fo 9:30 | 171
pm.
MATANZAS, CUBA. Afier-
noon transmissions.
ROME, (TALY. North Ameri- | 12115 ZNR

b L 12.130 DZE
can beam, B:30 pm to mid-
ight. 1219 —
NEW YORK CITY; 5:25 pm
to midnight; 6 am to 5:15 | 12.210 TFJ
pm. 12.455 HCJB
MELBOURNE, AUSTRALIA;
Asia beam (Chinese, Eng-
lish, Malay, Dutch) 6:15 am.
MALAYA; "Radio Shonen":
controlled by the Japanese. | 12.957 WKRD
YICHY, FRANCE.
SCHENECTADY, NEW | 1297 PPH
YORK; 6:15 am to 5:15 pm; | 14.925 PSE
5:30 pm to |1:30 pm.
BERLIN, GERMANY
SYDNEY, AUSTRALIA; Brit- | 15.13 KGEl
ish beam, (England) 2:55 am.
NEW YORK CITY; 5 to 8:45 | 15.150 WNBI
am; 3 to 4:45 pm.
MEXICO CITY, MEXICO 15.150 WRCA
MELBOURNE, AUSTRALIA;
Asia beam (English) 10:15 | 15.155 SBT
am.
BOSTON, MASSACHU-
SETTS. 15.170 TGWA
"SUDETEN GERMAN FREE-
DOM"; 7:35 to 7:55 am:
12:15 to 12:30 am; other | 15175 —
times. 15.190 KROJ
MOSCOW, USSR. 7:30 1o I |
pm.
FRENCH EQUATORIAL | 5190 WKLD
AFRICA; "Radio Brazzaville"; | 16.19 OIX4
3:45 to 4 pm: 11:30 pm to
midnight; also heard with
news in English ot 7:45 pm | 15.190 WKRX
to
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ALGIERS, NORTH AFRICA.
I to 5:30 pm:; "Radio
France'. 4:45 to 5:20 pm.
ADEN, ARABIA. | to 1:30
BERLIN, GERMANY

MOSCOW, USSR. 6:48 to
7:25 pm.
ICELAND. 7 pm; irreqular.

QUITO, ECUADOR, '"'La Vo
de los Andes' {The Voice of
the Andes) in English daily
st 8 am and 6 and ? pm. At
other times in Spanish.
7:30 to 7:45 am; 8:15 to 8:30
am; 5:45 to 6:15 pm.
BRAZIL. 5:45 to 6:15 pm.
RIO DE JANEIRO, BRAZIL.
North American beam, daily
7 to B pm

SAN FRANCISCO, CALI-
FORNIA; 1:15 to 2:15 pm.
NEW YORK CITY; 6 am to
4:15 pm.

NEW YORK CITY; 5 to
11:30 pm,

MOTALA, SWEDEN. 12 to
2:15 pm; morning transmis-
sions.

GUATEMALA CITY, GUA-
TEMALA. Daytime transmis-
sions.

EL SALVADOR; | pm to ?
LOS ANGELES, CALIFOR-
NIA; 3 to 4 pm; 4:15 to 5:45
pm; & to 7 pm.

NEW YORK CITY

LAHTI, FINLAND. North
Americon beam; 9:15 to
9:45 am.

NEW YORK CITY; 6:45 to

7 am.

We're

going places

in electronics—
NOW and ofter the war.

Want to come along?

If you are not now using your full
talents for the war effort, you may
participate in the development of
new and revolutionary communi-
cations methods. Outline your edu-

marital status

Address

cation, experience,

and salary requirements.

BOX 91, Care RADIO-CRAFT
25 West Broadway, New York 7, N, Y.

781




oLISTENING POSTe

Mc. Call Location and Schedule Me. Call Location and Schedule

15,195 TAQ ANKARA, TURKEY 15.230 VLGS MELBOURNE, AUSTRALIA;

15.20—DJB BERLIN, GERMANY. North Western North America, eve-
American beam; 7 to 9:45 nings: news at 1:10 am in
am; 5:50 to 6:30 pm. English.

15.200 XGOY CHUNGKING, CHINA .| 15230 —— KOMSOMOLSK, SIBERIA,
Asia-Austrafia-New Zealand USSR. 7:40 to 8:20 am; 10:15
beam, & to 8:30 am; East to 10:30 am; 5:15 to 5:40
Russia beam, 6:30 to 7 am; pm; 6:45 to 7:25 pm: 9:15
Japanese beam, 7 to 7:20 to 9:40 pm; 11:15 to 11:40
am. pm.

1521 WBOS BOSTON, MASSACHU- | 15.250 WLWK CINCINNATI, OHIO; 5:30
SETTS; noon to 5:15 pm: pm to midnight.
5:30 to midnight. 15250 ——  VICHY, FRANCE. 11:15 am

15,220 —— "VYOICE OF FREE INDIA". to 1:30 pm.
10 am to 12:05 pm. 3

15220 —— AZAD MO SLEM RADIO: 15.270 WCBX 4N”EQ\‘;\I‘::"ORK CITY; 7 am to
9:30 to 9:45 am. ¥ i

15.220 —— "NA'|'|C(,)NA|_ am(;oN(;REss 15.270 WCDA NEW YORK CITY; 7:30 to
RADIO". (INDIA); 12:I5 11:30 pm.
to 12:53 pm. 15.290 WKLJ  NEW YORK CITY N

GET BETTER RATINGS AND ADVANCE QUI
Conversely,

WITHIN THE REACH OF EVERYONE'S PURSE.
No. 25—Home-Made Radio Test Instruments
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A.F.C. Allgnment Made E amic_Servieing—
Dynamic Testing Simplifies Servicing—Modern Re-
celver Test Raqulremenu—senlclng Unlversal A.C.
D.C. Receivers—S8ervicing ‘‘Orphans™ and Priv:
Brand = Sets—Emergency  Servicing Without
Meters—Servicing Coils—Servicing R F. Colls—Serv-
feing _ Osclllator Coils—General Information—RMA
Transformer Color Code—What Causes Echo. Fading?
—Rsdio Bervice Puzzlers.

SPECIAL SEND-NO-MONEY OFFER

Tt ia not nocessary that you send Mmoney
with order. If you wish tolake advantage of
our C.O.D. plan, simply cut cut the coupon.
pasto it on a post card and send It to us.
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If you wish to tako advantage of our special

25 West Broadway, New York 7. N. Y.

L 9

762

NEW RADIO-CRAFT
LIBRARY BOOKS

HBE four latest books of our well-known RADIO-CRAFT Red Books—Nos. 25, 26, 27 and 28-—recently pub-
lished. These four books are all on timely subjects and we recommend every one of them te you strongly.
Now, more than ever, radie education has becoms s burning question. If you are to be in the National
Service: In the Army, Nnry or Alr Force—practical ndi:; knowledge 13 of pa(;aong)ounl importance. YOU CAN

it you are not with the armed forces. there 1s a whale of a Job to be done at home. With

more and mors men golng fnte the service, the demand for practical servicem
Therctfore we say: PROFIT BY THESE UNIQUE BOOKS,

[ btttk etk ettt ket

[ ] to m
following  books:

[ | ulh wqu': arder.
oted

RADIO-CRAFT

U HAVE A D RADIO BACKGUOUND.
becomes ETeater each day.
WHICH ARE PRICED SO LOW THAT THEY ARB

No. 26—Modern Battery Radio Seta
Outllné of Contents: Beglhner’s 1-Tube High-GQain
All-VWave Recelser—Beglnners-Build »This 1-Tubs
irer—A 3-In-1"" Battery Portable—An
Easily-Bulll I-'lwelllml Superregenerative’® 2-in-1
“Card Flle” Battery Bet—A 2:-Tube Superhet. With
Pentagrid _Regenerative 2nd-Detector—Tho 4-Tube
Superhet. Vacatlon Portable—The "'Lunchbox $'° Bat-
tery Portable—'‘The Seafarer’” Loop-Type Boat Radlo
Set—4-Tube Permeability Portable—An All-Purpose
Portable—A Typical Commercial 3-Way Portable
(Pllot Models X-1452 and X-1453}—S8witch for Vary-
ing “’C’" Bias on Battery Radio Sets—Making a
Simple Portable Aerlal—Muking a3 Pilot-Light Fuse—
Oid_Auto Sets for New Csrs—Using a Loop Portable
in Cars—Quasi-Electrie Soldering lron—Lamp Bulbs
a3 Resistors.

No., 2S—All About l"‘requency Modulation

Outline of Contents: The ABC of F.M.—Fre-
Qquency rs Amplnudr Modulation—Basie Facts About
F.M. Broadeasting—Construction—Bulld- This Prac-
tical F.M. Adapter—Audio Amplification—F.M. Audio
Amplifier. Part 1—F.M. Audio Amplifier, Part 2—
F.M. Audio Amplifier, Part §—m.M. Servleo-—Pm. 1.
Antenna Installation and Bervice—Pant Receiver
A'llknment and Diagnosis—Part 3, Test tﬂuipman!
for F.M. Servicing. Engineeting—Part 1. The How
and Why of F.M.—Part 2, The. How and Why of F.M.
—Theors and Deslen Considerations of R.F, sand LF.
Colls in F'M. Recelvers.

B RADCRAFT pyuBLICATIONS. INC. 943 |
M grznnf:.:\te"aroauwny, New York 7, N. Y. ]
¢ by return mail, as per your special offer, the |

(Chec books' selected.)

1300ks will be sent to you -lmmediately. D :“’ l?l5 0 Ne. 251 00 ¢ boEO) Neo. 27 o D N,o‘ :s .
‘ s It K ered).
es.cAhl ] ?'Q";urdﬂocgku:!.”o?l ll'ﬁ?"u'-'."fﬂi ;'Brjcgc . for &rwp‘y ‘::“mm- for lnuvrwbook . .Prt\!o a r?gw cents !

charg L}
ANNOT S[ND A SINGLE 30c BOOK €.0.D.

offer. ordertng three books or more. we make N !
an unusual low price to You as follows: T R n wral § S S ARy YRy RN K b O TIE o WA s
3 hookt—$1.25 4 books—$1.50 | ] PLEASE PRINT CLEARLY .

: N ADDRESS| s ' s e s albmina W 0 6 bW o o dd AL 00, WY 0 Bl ]

Do not fall to send coupon todayt DEmsr « 1 o mr e T gy [ ]
RADCRAFT PUBLICATIONS. INC. 1775 save ahmni‘n.é and’ 0.0, chsreaal Dheck ‘m‘n‘ v ‘you send :

ash, U.8. new postage
0.D. Add 20719 to all prices 8
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'oreifn countries mo C.

Me. Call Location and Schedule

15.29 KWID SAN FRANCISCO, CALI-
FORNIA; | to 2:45 am.

15.300 2RO ROME, ITALY. Day and
night transmissions.

15.32 VLI3 SYDNEY, AUSTRALIA;
Western North American
beam, evenings; news in Eng-
lish at 1:10 am.

15330 WGEO SCHENECTADY, NEW
YORK; & to 8 am; 8:15 am
to 3 pm; 3:15 to 5:15 pm.

15.345 FGA DAKAR,SENEGAL, AFRICA.
3:45 to 5:20 pm.

15.350 WRUL BOSTON, MASSACHU.
SETTS; 7:30 to 11:15 pm.

15.430 —— ACCRA, GOLD COAST.
Heard testing at 2:20 pm.

15,455 PRE9 FORTALEZA, BRAZIL; 5 to
9:08 pm; variable.

1 15.750 —= MOSCOW, USSR. North
American beam, 7:40 to 8:50
am; Sundays, 8:20 to 9:30
am.

15980 AFHQ  ALGIERS, NORTH AFRICA.
8 to 9:45 am.

16.025 AFHQ . ALGIERS, NORTH AFRICA.
Variable times.

17.72 LRAS BUENOS AIRES, ARGEN-
TINA; off at the present
time,

17.750 WRUW BOSTON, MASSACHU.-
SETTS; 7:30 to 10:45 pm.

17.765 ——— VICHY, FRANCE.

17.775 OPL LEOPOLDVILLE, BELGIAN
CONGO. 2:15 to 3:45 pm;
4:15 to 4:30 pm.

17.780 WNBI NEW YORK CITY. 9 am to
2:45 pm.

17.780 WRCA NEW YORK CITY. 9 am to
2:45 pm.

17.800 WLWO CINCINNAT!, OHIO; 5:30
to 8:15 pm.

17.800 TGWA GUATEMALA CITY, GUA-
TEMALA.

17.830 WCBX NEW YORK CITY; 4:55 +o
7:45 pm.

17.830 WCDA NEW YORK CITY; 7:45 am
to 4:45 pm.

17.84 —— ATHLONE, IRELAND; 8:30

to 9:30 am: 1:30 to 2:15 pm.

17.850 PRL8 RIO DE JANEIRO, BRAZIL.

17.870 WNBI NEW YORK CIiTY: 8:30 pm
to midnight.

17915 CR78I LOURENCO MARQUES,
MOZAMBIQUE.

18.135 YDA BATAVYI|A, JAVA: India
beam, ? to noon.

18.45 HBF GENEVA, SWITZERLAND.

18.48 HBH GENEVA, SWITZERLAND.

20.040 OPL LEOPOLDVILLE, BELGIAN
CONGO.

Consolidated Steel Corporation Shipyard
at Orange, Texas, hoasts one of the most
extensive public address systems in the
United States. Through it not only music,
but also news bhroadcasts, arc brought to
the employees.

The system uses 36 loudspeaker trum-
pets, ahd has equipment to pick up broad-
casts from various parts of the Yard, in-
cluding the bandstand in front of the main
clock gate, from which Thursday afternoon
band concerts are broadcast weekly over
KPAC at Port Arthur,

The labor-management committee report
a noticeable favorable effect on both pro-
duction and morale.
SEPTEMBER,

for 19443



WAVES
(Continued from tage 718)

attendance, which brings the:  number in
training and on duty in the Third Naval
District to not far short of 5,000.

Whether as straight radiomen manning
the typewriters at the Communications
Center, as ground-to-plane operators in the
control towers, or at the numerous non-
radio duties of a WAVE, the trim young
ladies of the Navy’s Women’s Reserve have
proved their value even to those skeptics
who a year ago snorted at the notion of
“sailors in skirts.” They are not only free-
ing men for duty at sea, they are in many
cases doing the men’s jobs better than they
have ever been done before.

e

ARMY FIELD PORTABLES
(Continued from page 722)

break-in box, which connects to the bat-
tery plug of the set; this provides means
for connecting separate batteries to the
set if the standard block battery is unob-

VvI-67

g‘r—‘lillll—

% 35C

Circuit of the walkie-talkie

used as fransmitter.
The tubes, disguised

under Army numbers, are
0 and 33

tainable. It also enables meters to be con-
nected to the various circuits for reading
the plate voltages and current consumption
of the microphone relay and plates. The ap-
proximate current readings are:

Receiver plate 21 Ma.
Transmitter plate 45 Ma.
(modulated)
Transmitter plate ?5 Ma.
(unmodulated)
Microphone 35-60 Ma.
Relay 18 Ma.

The controls and components mounted on
the front panel of the set, comprise tuning
calibration switch, cahbratnon adjuster, fila-
ment resistance and switch, filament volt-
meter, and microphone and headphone
socket.—Wireless World, (London)

@

RCA Victor Division of Radio Corpora-
tion of America, announced recently that as
of December 31, 1942, the RCA Manufactur-
ing Company, Inc. was merged into the par-
ent corporation.

The merger was effected for purposes of
efficiency in corporate organization and
production.

RADIO-CRAFT for

SEPTEMBER,

TEMPERATURE CONTROL IN

In this global war, Army and Navy radio
transmitters hdve to work equally as well
in the frozen Arctic as in the steaming
tropics. But to do this, they have to be
adjusted accurately for the effect of
changes in temperature and humidity.

The problem of keeping transmitters on
their proper frequencies is most difficult in
tropical climates. The worst feature is that
the wavemeters used to set them right are
affected by the heat and humidity, too.
They may often be as far off as the trans-
mitters being “‘corrected.”

A tropical wavemeter developed by
Philco engineers attacks this problem’ from
a new angle. Instead of attempting the
almost hopeless task of making the instru-

oWARTIME RADIOe

TROPIC FREQUENCY METER

ment “weather-proof”’ they built in a ther-
mostatic control which compensates for
changes in temperature. This device, similar
in general principles to the thermostat used
to adjust the temperature in thousands of
American homes, varies the effective length
of the wire in the control coil, so that the
change in frequency due to change in tem-
perature is exactly neutralized.

The new meter, designed for tropical
campaigns, is equally useful where sub-zero
temperatures are encountered.

One wonders if it might not be practical
to convert the old discarded wavemeters
into thermometers. Just note the deviation
from the correct frequency at a given tem-
perature, and calibrate same in degrees!

RADIO FACTS = FOR YOUR FUTURE

28700000 homes and

Radios In
6.800.000 cars must be kept
operating.

assignments,

Radio lralned men get intercsting
higher
more Bay.

AFTER WAR
OPPORTUNITIES

Televlslnn now perfected, will be &
ndlmry requiringd many
experts,

ratings and

Get into RADIO now!

YOU'LL BE IN BIG DEMAND FOR YOUR SERVICES!

Here is part of a typical help-wanted advertisement
1 “ELECTRONICS ENGI-
NEERS, 1LABORATORY -ASSISTANTS, PRO-
DUCTION MEN-—Well Paying War Job Plus Peace-
time Career! ldeal working conditions with expanding
man,ufacturers now at war work and planmng peace-
time developments. Unlimited opportumty for an im-

which appeared recently:

portant place in a New World of Radio.”

YOU GET HOME TRAINING
from a real, established Trade School

For 38 years Natlonal Schools has trained ambitious men for Top
Pay Trades in Los Angeles. The same technique, the identical
shop methods that are so successful in train-
ing Radic men at the School, are now avail-
able to you by National’s Plan of Home
Training. You are assigned a progressive
series of instructive lessons and you learn
step-by-step. It’s the Shop-Method Training
Plan, developed for men who want practical,
easy-to-grasp instruction in Radio.

YOU CAN BE A SUCCESS IN

branches without further delay.
tlonal  Schoo; ol

right in your ho

FULL DETAILS FOR A PENNY

home.

FOSTAL
Act Now. You'll be amazed when you
receive our Free Trial Lesson.
tunity Book and full details.

Opnor.

ohlinn-on no cost., Investigate.
Q. K. Ivey H. Schroeder

‘‘National Schools has 2
done wonderful  work
n

for the ma who o -
wants to ket anhead. Booxs

0. K. lvey. N
National Training Pays

“*Your schoollng helped
me obtain & swell fob,
H. Schroeder, U. S. Navy.

1943

Na-

is of Los Ankeles has

rovided 2n amazing method of train-
ng which brings instruction to you

No

FREE  [FRA
TRIAL LESSON [voiaii
PROVES Youl

YOU CAN LEARN

QUICKLY
DID YOU KNOW ?

The Radio Industrv
is part of the Elec-
tronics  group of
over 10,000 estab-
lishments which de-
sign, manufacture,
purchase and sell a
BILLION  dollars’
worth of equipment
annually.

Radio-trained techni-
clans are needed in all
thess lucrative, high-
pay flekis: Radlo and
Droadeasting  Industry,
the Sound Pleture and
Publlc. Address Bus!-
ness, Communication by
Radjo. Wireless and
Wire, Facsimile Repro-
duction, Television, and
in many jndusfrlnl

vRAIN For rutt] THE GIANT RADIO INDUSTRY g_ % plants
RICH REWARDS You learn how to build, repalr and .’,‘&'.-”,,g'é’; }]z:;éﬂm:mny
in thess Jobs servico Radios. learn fundamen- MANY ploying the electron
tals of Broudeasting, basle ele- tube will be revealed to
RADIO EXPERT ments_ef Electronles; you acquire SERVICE the Public and wil
BROADCASTING the abillty to professionally handle MEN have Rreat Money-tnak-
Innﬂ;fnw:[rarcllﬁulssws all types of radlo equipment. 0 ing Dossibilities.
STUGID TECHNICIAN FARN WHILE YOU LEARN ENI'I‘OIV.!,ED
GOYERWMENT SERVICE leam RADIQO In all Its fascinating

100LS

tos Angeles
Colifornia

1 leonel Schaols, Dept. RC-S ( Paste en @
4000 So. Figueroa, Los Angeles, Colif. Penny Postal.)

Mail me FREE, without cbligation, Triol Lesson and Oppor
tunity Book, with fuil details acbownn RADIO Training ot homo.
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SOME EXPERIMENTS WITH RADIUM EMANATIONS

Dcar Editor:

Thank you for your letter of July 5th,
in which you suggested various ways of
making audible the emanations of radium.

I have tried out many of these ideas—
some of them before hearing from you—
but the only one which has given me auny
definite results to date, is a simple circuit
based on the “Floating Grid Relay” as out-
lined in a recent Radio Craft.

I changed the original circuit somewhat,
inserting a 500,000 ohm variable resistor
in the centre lead of the screen voltage con-
trolling potentiometer, and also a pair of
lieadphones 1n the plate lead. 1 coupled this

tube to the input of my amplifier by means
of a very small mica capacitor so that any
sounds produced in the circuit could be
made audible in the speaker.

I tried out various tubes, but the only
one that gave me any definite results was
the 12A8GT, with two grids “floating”—
the one connected to the cap, and the one
generally called No. 2. This No. 2 grid
when wired into the circuit seemed to have
no effect one way or another, so it was
left uuconnected.

By varying the two potentiometers, a
point can be reached whereby the radium
emanations are made audible, by approach-

SUBSCRIBE NOW

AND RECEIVE
FREE THIS

o
[ —

eSS o FULL
7 :'6537 or LIBRARY
. SIZE
WEBSTER
DICTIONARY
378
PAGES

.

FIVE MONTHS $1.00

TWELVE MONTHS $2.00

SPECIAL NOTICE TO OUR READERS

Due to wartime curtallment of paper, we are unahle to meet the increasing newsstand demand
for RADIO-CRAFT. We are therefore making this speciol introductory offer to our readers.
Assure yourself of getting a copy of RADIO-CRAFT monthly by subscribing now and st the same
time co-operate in making this wartime measure effective. Don’t delay—Send in your order today.
Take advantage of our special long-term offer and protect yourself against any possible increase
in price by sending $2.00 for 12 issues.

If you will take advantage NOW of our special subscription offer of five months for $1.00 or
twelve .months for $2.00, we will send you ABSOLUTELY FREE and POSTPAID this 378-page
WEBSTER'S PRACTICAL ILLUSTRATED DICTIONARY—useful and instructive to all. This
self-pronouncing authoritative dictionary—a brand new work throughout—contains the most up-to-
date words now in common use. Over 20,000 definitions in all. In addition, it has tl'.ne follnw|_n_¢:
List of Largest Cities in the U. S.; List of Principal Cities of the U. S.: List of Principal Cities
of Canada; National Parks of the ens
Presidents of the U. S.; Synonyms and Antonyms; Dictionary of Commerce and Law; Dictionary
of Forms of Address; Military and Naval Information (illustrated); Digest of the Purposes of
Current Federal Agenties.

THIS IS A TIME i e R o 7wt
LIMITED OFFER
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ing the grid cap of the tube with radio-
active material, which was placed in a small
glass dish, and held in the hand.

Since this effect is most pronounced when
wearing the earphones, I have come to the
conclusion that the sounds heard are not
due to the actual bombardment of the alpha
particles, but to a low frequency oscillation
which is modulated by the rate of bom-
bardment. The phones apparently form
through the hand holding the radium, a
capacity feed back, and this is caused to ef-
fect the grid by the radium ionizing the
air space between the radium and the grid.

The sounds produced are first a humming,
and as the radium is brought closer this
resolves into a series of individual “pops,”
these finally developing into a roar when
the material is within a half inch or so
from the grid terminal.

That the sounds produced are due to the
alpha particles from the radium can be
easily proven, by merely holding a piece
of card or lead foil between the radium
and the grid, when all sound ceases. Also
if another glass dish of the same size and
shape as the first, but containing no radium,
1s- brought near the grid under the same
conditions, no sounds are heard.

As vet the circuit is not overly sensitive,
since to produce any effect, audibly that is,
pure radium bromide, or polonium must be
used. I have tried pieces of pitchblende,
and Carnotite, as well as other radioactive
materials, and these produce no sound in the
speaker, although they cause scintillations
on zin¢ sulphide, and cause the electroscope
to discharge. I hope by further experimen-
tation to develop a circuit that will react to
these materials.

RorertT A. REED,
Lethbridge, Alberta

(It might be that the better results
achieved when wearing headphones are due
to a ground return from the radium
through body and phone capacity to the
battery and cathode circuits of the ampli-
fier.

The Geiger-Muller type of counter
might be imitated, approximated or pos-
sibly even improved by the experimenter
with nothing more than the usual home
work-shop material at his disposal. Other
ideas, such as high-voltage fields, partially-
ionized space (by heat ot ultra-violet rays),
might be used.

Has any other experimenter done any
work along this line? Radio-Craft would be
interested in any promising results
achieved.)

SRR
ARE WE TOO EASY-GOING?

Dear Editor:

I chuckled heartily over the request for
pictorial diagrams in the June Radio-Craft,
and just as heartily approved of your an-
swer. I suppose I shouldn’t turn such a cold
shoulder on pictorial diagrams—I must
have used them once, [ don't know when!

Congratulations in general on your maga-
zine, and in particular on the last several
paragraphs of the article, “No More New
Parts,” on Page 529, June, 1943. I've often
thought this war, if it accomplishes any-
thing, will knock us out of our heretofore
easy-going way of living,

I'm sure the restriction on the sale of
parts will do just that to most of the experi-
menters. More than once I've rewound a
2.5-volt transformer to 6.3 volts—that was
before the war—and finished the job satis-
fied that there were a few things I'd never
forget about a transformer.

Harorp L. LEY, JR.
Ashland, Ky.

SEPTEMBER, 1943
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WANTS SOUND-ON-FiLM

Dear Editor:

I was much interested in your editorial in
the current issue of Radio-Craft. In view
of the wild promises held out to the public
regarding innovations in radio along with
television that will be available at the end
of the war, your article was very timely.

I am only a layman whose principal di-
version is High-Fidelity radio reception.
I have never been able to get excited about
the prospects of television, as I am of the
opinion that the prevailing type of enter-
tainment would be on the order of vaude-
ville, and there is nothing I want less than
vaudeville, or anything near it.

Frequency Modulation holds greater
promise but it appears that the owner of
a FM set will have to be satisfied with local
programs. If such is the cas€, the avid
listener has little to look forward to.

Radio-Craft had, some months ago, an
article on wide-range “sound-on-film.” The
possibilities of such film for reproduction
of music sounded impressive and I am sure
attracted much attention.

I was wondering if you could run an-
other article on this subject to let music
lovers know if the company is going along
with the plans to put such film on the mar-
ket, and if radio manufacturers plan to in-
clude the reproducing photo-electric fea-
ture in new model radios?

Obviously, the sound-on-film would rev-
olutionize that phase of reproduction and
might furnish the local FM transmitting
stations with worthwhile programs.

A lot of persons like myseli—who are
not interested in radio servicing—recad your
magazine for the reason that it carries ar-
ticles of interest to the layman. We would
like to be kept fully abreast of the prog-
ress of this sound-on-film idea.

TavLOR VEAZEY,
Washingten, D. C.

e 3

LIKES OUR OLD ISSUES
Dear Editor:

Well over a month ago I requested infor-
mation about a receiver, described in one
of your earlier magazines. I regret that I
have neglected to thank you for your kind
cooperation and swift service.

I certainly had not been keeping up with
your present publication. I have a large
stack of old editions over which I have
spent many an enjoyable evening. However,
I now “keep tab on” your latest publica-
tions, reading each one from cover to cover
and consuming information which I never
thought could be had in a magazine. I think
it is the best radio publication on the market
at that price.

Keep up the fine work and thank you

again. PauL HEFFLEY,
Connellsville, Penna.

. —

HEADPHONES CHEER VETS

Headphones which have been hanging
in attics since the days of the crystal set
are now going into action to relieve the
monotony of comvalescence for wounded
soldiers from Tunisia, according to a re-
port received last month from Butler,
Pennsylvania.

The soldiers, hospitalized at the DeShon
General Hospital near that city, were un-
able to use loudspeaker radio in the wards,
the noise being objectionable to some pa-
tients. A campaign for headphones was
launched by a prominent Pittshurgh pro-
{fessional and business women’s club in co-
operation with Radio KDKA. At last re-
port more than 100 headsets have heen
delivered to the DeShon patients.

RADIO-CRAFT
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THE MAGIC ELECTRIC WELDER

Here s one of the moat compnct, Practical welders weo
have ever secn, Anyone ¢an Wse It for shop, farm and
hnme repalrs WELDS, BRAZES. , CUTS ALL
. ANYONE CAN OPERATE
nst tron, aluminum, brass, copper,
Dlete w Rower unit, flame and metallic arc
ments: (Really two weiders In one). Carbons.
Tods, mnk |nclude«l Just Plug It in any electric outlet.
110° DC. For hohbyiat or wroleulon:ﬂ

GET IN ON TNE GREAT WELDING BOOM. This fine set
quickly tnchu you welding. Low cost 10 operate—
Ibuul 5S¢ _an MPL!TE SAFETY is assured. No
fumes with thll outhl SET COMES COMFLETE-—I’IOU‘I-

o

Ing eise to blyc
Usod by the U. S, Navy., American Tel. & Teleg. Co.:
Kodak Labgratories, etc. Nib

NEW OUTFI‘I' Guaranteed for one yeéar. Compléte
sitiple Instructions with each set.

ITEM NO. 158 slg 95
YOUR PRICE .. ....c.u.0usoscosecs e .

WESTERN ELECTRIC BREAST MIKE
This is a !lnn HERL. 'nﬂlh(
ajreraft earbon mlcrophone.
1t weiEhs only 1 ib,
Mike cofmsd with breast

other around cheat.
can bs snappad on
qul(lly hy an Ingenioua ars
renge

Thu o:ullonl mike can
be sdapted for home broad.
casting  or Drlvllc 3
munleation Fyaterms. By
diamounting bresatplate. it
can

.0
foot cord snd TUbber
plug. Finiahed ln lhlfl"dllld
plate. non.rustal
RAND NEW
NEVER
UCH A
ORIG.
PRICE llS 00.
bs.

SthDll{‘K weight,
$ 2,55

TEM NO. 182
VOUII PRICE .,
POWERFUL ALL-PURPOSE INDUCTION MOTOR
IDEAL FOR EXPERIMENTERS—I0 USES

Sturd!ly eonstructad to precision
standards. thie eell - starting
teversible shaded pole A.C. in-
duction motor 18 powerful engurh Ji
for a number uses. |
these are: Automatic

Devicon, Current

Efectrle Fans, Efeetrie Chimos,

Window Dltnllyll. Photoceli Con-

trol Devieas. E
Smalf  Grinders,
Polishare.  Miniatur
Mechanlical Mmodels, Slrent. and
other applications.

trie Vibrators.

Buﬂ'lrs and

sturdy unit will constantly oper-
ate an {8-inch turntable loaded
with 200 f{bs. dead welght—THAT'S POWER!
Dimenslons, 3° high by 2* wide by 1%” deep; has 4
convenlent mounting etuds: shaft it %" long by 3/187
Alametor, and runs In self-aligning oll-retainlng bear-
ings. Designed for 110-20 volts. 50-64 cveles. A c only.
ITEM NO. {47 95

YOUR PRICE

T Bave eirnied below the numhers of the
shipping charges) s enclosed. NO
OR my deposit of $...........
ORDER FOR LESS THAN $3. 00 (Naw U. 8.
Circlo Item No, wanted:

le Prhn elnnrly

lemmwwes u

1943

18 enclosed (20% Fequired).

seesesesss Address

ULTRA

LIFTS MORE THAN 20
iTS OWN WEIGHT

LITTLE GIANT MA
Lifts 5 LIbs. easily.
oz. Made of ALNICO new
magneti¢ steel. Complete
keeper.  World's most p
magnet ever made. The

menter and hobbyist wil

hundreds of excellent uses for this
hizh quality permanent magnet.
Shp. Wt

Measures 1%" x 1%*.
3% lbs.

ITEM NO. 159
YOUR PRICE

-MAGNET

Weighs 4

TIMES

GNET.

high-
with
owerful
experi-
1 find

" VARIABLE SPEED
For 110 Volts, A.C. or

Helﬂht 414", length 7

YOUR PHRICE

. Ship, Wi, 8
7

UNIVERSAL MOTOR
D.C. All Nitkel Plale

Edison chu?hone motor
1/50 H. P. Used bdut in
cmll!nl condition. For
uffing, polishing. drtll
!ng, sawing. runs phono-
aphs. fans. models,
blowers, . _ctc. 8pe-
clal eontro rmits  va-
Tiabie pecds up to 1500
rp.m.  5/18° shaft  ex-
tends both sides of
motor. Cast iron base has
ounting holes.

. Shaft is 13a*

$3.45

POWER ADJUSTABLE RHEOSTAT

Hel is an cellsnt
rhno-u( used especislly
to aulate apeeds of
mll

motor: suc:
our Mandy worluhop ou!-
fit. This rneostat can be
used in eomnection with
motors up to 1./20 h.p.
This fine rheostat 1ia
wire.wound on poreslain
insulation. Tha

binck ,
tnamel atssl u-ln‘ 18 Dnrfor-hd for vantilation.
justable handie retulates spes
. Blze B u2M" OV.l'lll

ITEM NO. 183
YOUR PRiICK
—

Ad-
motor easily and
sh|P wt. 2 lba.

1.45

AMAZING BL
Powerful 250-watt

taln unique lighting effects.
iTEM NO. 87
YOUR PRICE

ACK LIGHT!!

Ultra«Vialet 8ourcs

The best and most prea-
tical source of ultre-violet
light for geReral exXperie
munl-l snd  entertatamaent
all RAuoren

No transfermers of
Fite any

nnun!
any kind nesded,
standard lamp eockat. Moede
with epecisl Alter glans P.r-
mitting only ultra-viel

raYs to come through. Brings
out beautiful opalescent hues
in verlous types of mate-
risls. Swell for smateur
Onrties, plays. ste.. to ob-
Bulb only, 8ho. Wt 1 Ib.

2.45

WATTHOUR METER

Comp -uly overhauled and
edinte ner';ll .

lholr shoP to ek
nt :on-umntlon of l!tl'
lnlderln[{ irons

costs down. If ai-m.num
the parta

brine un price.

orate gear train could

YOUR PRICE .....

HUDSON SPECIALTIES CO., 40 West Broadway, N. Y.C. Y.¢.

IT'S EASY TO ORDER—CLIP COUPON— MAIL Now ORDER FROM THIS PAGE
f------------------------------------------------------P‘
HUDSON SPECIALTIES CO., 40 West Broadway, Dept. RC-9-43, New York, N. Y.
e B U ACEOMPANIED WITH A BEPOSIT.

ship order C.O.D. for balance. NO C.0.D.
stamDs, check or money order accepted.)
33 87 147 153

152

Sead remfibense by ehesk, stamp: or money wd- nnnu ml.r u you send eash ar stampa.

{include

............

157 158 159
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None better then ’
or Now g

WIIEN Victoty is ours and better amplifiers are designed
and perfected. you can your last dollar on the

enginooring swill of amplifier Co. of America. Basic

Deslgn {5 all lmportant. No new developments or improve-

ments have come along during the last few Years whieh

:hwlld make our popular line of direct-coupled ampliflers
solote.

Amplifler Co. of Amerlca, the recognized leader in
improvements and modern direct-coupled FM-AM- ampli-
ficra, has made an outstundlnk contribution to the Sound
Industry by muking avallable their Amplifier Manual
sheclally prepared by A. C. Shaney, Chief Engineer.

Explains the theory and practical application of :

Variable Speed Non-Overloading Push-Pull Expansion;
Non-Frequenty Olscriminating Seratch Suppression:
Push-Pull  Balanted Direct-Counled Amolification :
Push-Pull High-Frequenty Equalization; Push-Pull
Low-Frequency Equalization; Push-Pull Volume Com-
pression: Automatie Volume Limitation: Automatle
Volume Control; Catibrated V.U. tndicator; Audio
Speetrum Control Remote Controf.

If you &re fnterested -in the latest audio developménts.
you can’t afford to be without this complete compilation
of authentic artleles on Direct-Coupled Amplifiers. 32
Pages B¥" x 11*. Oser 100 diagrams and tllustrations.

Priced to Cover Cost of Send Stamps
rintd and Mty L0€. i aan®

AMPLIFIER CO. of AMERICA
396 BROADWAY, NEW YORK, N. Y. |

GEOPHYSICAL %
PROSPECTING = &=
PRINTS
(TREASURE
FINDERS)

50:..
T o

#LAND.MINE LOCATOR

With any ono of the modern Reophyslcal methoxds
doscribed in the Blue-Print patterns. radio outfiis
and instruments can be constructed to locate metal
and ore deposits (prospecting); finding lost or burled
trcasures metal war reiles; sea and land mines snd

duds’; ‘Tineral deposits; ‘subterranean water %eins:
oil deposits f{ufder certain circumstances}: buried
ga3 and water pipes: tools or other metallic objects
sunkon In water. ete.. ete.

Folder No l. R:\dloﬂ\«:tor i"llol Construction and

use of 2 trunsmitter and 3 tube recelver. Re-

Aected “a\t‘ Drln iple. \'Hunl and aunl slgnals.

Foldcr 0. 2. Harmonle Freaueney Loeator, Radle

ates low frequency wave to vecelver. Aural signals.
Folder No. 3. Beat Note Indicator. 2 oscitlators.
Visual and numl signals.
folder No. dlo Balance Surveyor,
loop prinel] le Modulated trangmltter.

aural 8i N
8, Variable lnduclance Monltar.

Balanced

Visual and

a

Folder No. In
ﬂucunce nrlncl lc Aural signa

Fotder 6. ghes lndumnnl‘e Balance Explorer.

rlnel le urll ignala,
‘F]:‘ﬁih D 3 A e Prospéctor. Balanced loop
Very lnn.o t\old of penetration. Aural

nrlndnle.

&

E-ﬁm set of blueprints lnd
heavy envelope (94" x 12137).
slght-page lllustrated a'r x 11"
instructlons and construetion nm

Instructions onclosou in
Blueprints X 347;

folder of soc

The complate set of seven 1oldor|
Shlpning welght 2 Ihs' (agd 253

ping anywhers for’ shio- $ 300
TECHNIFAX

1817 S. STATE ST. CHICAGO.

1L,

. 1
8 TECHNIFAX 1917 so. state, Chicago, 16, 11l 4
1 1
: Enclosed herewlth $... . for which mall to @
g Address below : :
1 Treasure Finder No. I, 2, 3, 4 5 6 7. g
: Complete set of seven folders. O ']
]
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AMERICAN SHORT WAVE

American short-wave broadcasters have
won the battle of South America from the
numerous Axis stations who nightly beam
their broadcasts in that direction, it was
reported last month by the Office of the
Co-ordinator of Inter-American Affairs.

United States networks average 420 hours
of programs per weck, beamed into South
America from 10 shortwave stations in
Spanish, and 3 in Portuguese. To secure
complete coverage, 3 frequencies are used
simultaneously.

Latin America listens on more than four
million receivers. Evidence 4s that they are
increasingly tuned to the Nerth American
and British broadcasts, and that the pre-war
popularity of the German and Italian fea-
tures has practically disappeared. News
commentaries are considered the most im-
portant items, but quiz programs, question-
and-answer features, anti-Axis plays and
programs, and music also have their place
i the programs.

The popularity of American and British
shows is shown further by the arrangements
made and now being made to put them over
South American local stations. Mutual
Broadcasting System has just signed a con-
tract with Radio Mil, of Mexico City, for a
co-operative interchange of programs, and
the British Broadcasting Co. has no less
than 6 representatives in South and Central
America, arranging for additional BBC
outlets.

CIAA prepards a daily average of about
40,000 words of news and commentary in
three languages for the Latin American
service. New plans include short news
broadcasts every hour, as well as the regular
15-minute news programs.

L o

CRAMPTON PARTS LIST

S we have been vigorously reminded

by a number of readers, the Parts List

of the P.A. System by Arthur A. Crampton,
in the July issue was not printed. Here it is:

Parts List
R1—b5 megs.

R2, R6—1,000 chms

R3—1.6 megs.

R4—0.26_meg.

R&, R7, R8—b50,000 ohms

R9, R10, R12—100,000 ohms
Ri11, R13—0.33 meg.

R14—100 chmas

R15, R16, R17--0.6 megohm column controls
C1—10 mfd. 25-velt

C2, C9, C10—0.1 mfd. 400-volt
C3, C11—.01 mfd

C4. C6. C7, CB—8 mifd. 450-volt
Cb—4 mfd.

C12—250 mmfd.

C13, C14-—.02 mfd. paper

There was also a tistake in the drawing
of the oscillator, the lead to the 76 plate
and grid being taken from the filament side,
instead of the line side, of the filament drop-
ping resistor.

- e

BECAU,SE it is considered a more prac-
tical tube to produce than the 5Y3-GT/G,
unrestricted manufacture of the Type 5Y3-G
tube was allowed today by the WPB
through an amendinent to Limitation Order
L-76. The order previously permitted manu-
facture of Type 5Y3-GT/G, but experience
showed that this tube did not always per-
form satisfactorily, and difficulty was ex-
perienced in its manufacture,

The change will not add appreciably to
present civilian tube supplies because of
limitations on available materials, according
te the Radio Division of the War Produc-
tion Board.

RADIO-CRAFT

Tubes ¢ Parts

* No Priority Required,

* Immediate Deli very

latest catalog listing
Condensers, Speakers, Volume
Controls, Vibrators, Resistors, Trans-
formers and hundreds of hard-to-get
replacement parts at unbelievably low
prices!

RADIO WAREHOUSE
364 Wooster Ave,

Write for our
Tubes.
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Allied Radio Corp........... 758
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sion in the preparation of this index.)
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BOOK REVIEWS

RADIO ENGINEER’S HANDBOOK, by
Frederick Emmons Terman. Published
by the McGraw-Hill Book Co. Flexible
leatherette cover, 6 x9 inches, 1019
pages. Price $6.00.

Possibly the best possible review of this
work would be to simply state that Terman
has written an enginéer’s handbook, as the
author’s reputation is such that the very
fact of its publication is sufficient to as-
sure it of a place among the standard works.

The purpose, according to the author, is
“to provide a reference book summarizing
the body of engineering knowledge that is
the basis of radio and clectronics.”

The book keeps well to the subject of
radie. While many of the newer electronic
developments find their place, it is only as
they are related to radio applications.

One of the more interesting sections is
the last one, “Measurements,” which covers
the ground with considerable thoroughness.

Thoroughness, indeed, is one of the pri-
mary objects of the book. The author states
that more than two thousand technical ar-
ticles were reviewed during its prepara-
tion. The fifteen hundred footnotes referring
to published articles cover practically all
the pertinent engineering literature that
bears on any particular subject dealt with in
the text.

Ancther objective which has been suc-
cessfully attained is that of using the space
at hand for the presentation of all the im-
portant facts about a subject in brief hand-
book form, without letting any of it be
crowded out by the inclusion of introduc-
tory material which may trespass on the
field of ordinary good text-books.

An additional gonvcnieuce is the index
of authors which is provided in addition to
the very complete index by subjects.

One interesting effect of the introduc-
tion of this new book is jhat more than one
engineer, worker and student will have to
refer again to the work he has always
known as “Terman” in order to determine
its proper title, by which it will now have
to be known, if ambiguity is to be avoided.

- e - —

BASIC RADIO, by J. Barton Hoag.
Published hy D. Van Nostrand Co. Stiff
leatherette covers, 53 x 85 inches, 379
pages. Price $3.25.

The name might suggest to some a high-
ly-simplified and elemental text, along the
line of other “Basic” subiects. Such is not
the case. To the author, “basic” means those
tube circuits on which the radio art depends,
those circuits which have been tried and
tested through use, and are now funda-
mental. These are studied to the exclusion
of other interesting developments whose
special applications or untried status ex-
cludes them from the “basic” category.

The book is by no means old-fashioned or
conservative. Indeed, a number of circuits
appear on its pages which have never before
been submitted to the beginning student.
These include frequency modulators,
square-wave apparatus and pulse generators,
oscillators using the special ultra-high-fre-
quency tubes, electronic switches, thyra-
tron inverters, etc.

RADIO-CRAFT for

SEPTEMBER,

Probably the most striking feature of the
work is its ability to explain unfamihar and
not-too-simple apparatus in clear and un-
derstandable terms. Possibly it is because
of this that the author confidently attempts
such subjects as square- wave generators
and frequency modulators in an elementary
book.

The text is written in the simplest man-
ner possible. A knowledge of ordinary
arithmetic is all that is required to under-
stand the problems involved. This combi-
nation of scope and simplicity may well
make this book the coming standard popu-
lar work on radio {for more serious readers.

EXPERIMENTS in ELECTRONICS
and COMMUNICATIONS ENGINEER-
ING, by E. H. Schultz and L. T. Ander-
son. Published by Harper & Brothers.
Stiff cloth covers, 6! x 9 inches, 381
pages. Price $3.00.

The authors of this text are instructors
in electrical engineering in the lllinois In-
stitute of Technology. A Signal Corps
Training School has been operated by the
Institute, and the book was prepared to
serve as a guide for laboratory work under-
taken in connection with the course. Since
the trainees spend almost onc-third of their
time in the laboratory, a manual covering
this work must be fairly extensive.

According to the sub-title, it covers basic
circuit theory, electronics, communication
networks, radio and ultra-high-frequency
techniques. The book is divided into 14
chapters, The first two are introductory,
dealing with laboratory technique and lab-
oratory equipment, andyare designed to fa-
miliarize the student with the equipment
with which he will work and the methods
of investigation followed in standard lab-
oratory practice.

The remaining 12 chapters are devoted to
experiments, averaging roughly 10 experi-
ments per chapter. Experiments range from
elementary resistance measurement to in-
vestigation of wave propagation at ultra-
high-frequencies.

The chapter on oscillators also recog-
nizes the importance of high frequencies.
There are experiments with magnetrons,
positive-grid and velocity-modulated oscil-
lators, as well as with transitron types and
the standard radio and audio oscillating
circuits.

The adaption of this book to modern
technique and modern training methods
should make it very useful to instructors
and students,

.

PRACTICAL RADIO for WAR TRAIN-
ING, by M. N. Beitman. Published by
Supreme Publications. Flexible fiber
covers, 6 x9 inches, 336 pages. Price
$2.95.

The complaints of more than one stu-
dent with no previous knowledge of radio,
that his text tells him everything but “how
many turns of what size wire on what size
form will bring in a certain station,” are
met in this book. Designed for home study,
for radio beginners’ courses, pre-induction

1943

radio classes and war plant radio training,
it stresses the practical side of radio. The
new trainee is not scared off at the start
with several chapters of theory which ap-
parently have nothing to do with radio.
This book starts Chapter 1 with a stand-
ard small home radio receiver, and tells
the trainee hiow to get the knobs off it and
get it out of the cabinet. For 32 pages he is
instructed on radio parts, radio tools, sol-
dering and splicing, and not until he be-
gins to feel at home with a receiver, and
is sure that he is actually engaged in a
radio course, is he introduced to the simple
mathematics required in this type of course.
Escellently printed on paper much bet-
ter than is usually found in a book of this
type the text is rendered attractive by the
large number of photographic illustrations.
It will be welcome by that large group who,
because of insufficient education, lack of
familiarity with the practical aspects of
radio, or other reasons, find even the so-
called “elementary” textbooks on the sub-

ject incomplete and confusing.

NOW-A REALLY HIGH-POWERED—
Radio Engineering
lerary

The Library comprises a selection
of books culled from leading Mec-
Graw-H1ll publications in the ra-
dio fleld.

® especially selected by radio specialista of Mec-
Graw-Hill publications

® to give mast complete, dependable coverage of
facts needed by all whose jieids are grounded on
radio fundamentals

® available at @ apecial pricc end terms

HESE books cover ¢ircuit phenomena, tube the-

ory, networks, measurements, and other sub-
jects—give specialized treatments of all fields of
practical design and application. They are books
of recognized position in the literature—books you
will refer to and be referred to often. If you
are a practical designer, researcher or engineer
in any field based on radio, Yyou want these books
for the help they give in hundreds of problems
throughout the whole field of radio engineering.

5VOLUMES.33I9 PAGES, 2289ILLUSTRATIONS

Eastman's FUNDAMENTALS OF VACUUM TUBES
2 Terman's RADIO ENGINEERING
3. Everitt's COMMUNICATION ENGINEERING

Hund's HIGH FREQUENCY MEASUREMENTS
5. Henney's RADIO ENGINEERING HANDBOOK
10 days' emaminatiion. Easy terms. Special price under
this offer less than books ulht separately. Add these
standard works to your library now; pay small monthly
instaliments, while you us+ the books.

10 DAYS' FREE EXAMINATION_SEND COUPRON
(PR L L E L L A L T

McGraw-Hill Book Co., 330 W. 42nd Si. New York 18

Send me Radio Enrlneerlns.' Library, 5 vols.. for 10
'|'lyl examination on approval.
$3.00 plus few cents postafe,
s24a. 0Q |Is pald. or return books postpaid. (We pay post-
age on orders accompanied by remittance of 6rst In.
stallment.)
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U. S. ARMY OPERATES BROADCAST STATIONS

A CHAIN of 23 U. S. shortwave sta-

tions and 90 overseas longwave trans-
mitters are operated by the Special Service
Division of the Army Service Forces, War
Dept. testimony at hearings before the
House Appropriations Committee revealed.
Facilities are used for the information and
entertainment of troops.

“We. found that the troops overseas need
radios,” said Gen. F. H. Osborn, SSD chief,
“and they depend on radios for news and
information, particularly in isolated posts.
We found, for instance, that all through
the Aleutians the stations in Alaska did not
reach the far Aleutian Islands and the only

radio they were hearing was the Japanese
radio, broadcasting in English, and they
did not get any American news.”

Gen. Osborn related that the War Dept.
began to put up small stations, with a radius
of only a few miles. Five are operating in
the Aleutians, and nine more are going up.
At present, the Special Service Division
provides the stations with 34 programs a
we

\boul $21,100,000 of the money requested
for radio cquipment for overseas forces
would be used to buy small radio sets for
'servicemen next year, and about $800,000 to
pay for broadeasting stations.—Broadcasting

Radio School Directory

TO OUR READERS—-NOW IS THE TIME TO TAKE UP RADIO!

NOW, more than ever before America needs trained radio men. The Army, the Navy

and the Air Force are continuously on the lookout for men who have had training

in radio. Scores of war industries require radic men in various capacities throughout

the country. There now is and there will be a great shortage of radio men for years to
come. Reputable schools of Radio advertise to help you.

~— PRE-INDUCTION —
RADIO COURSES

Special Fall Course for High-School Stu-
dents—of Special Interest to 17-year-old
hoys who may he called inte Military

Service.

NEW CLASSES NOW STARTING

e RADIO OPERATING e CODE
© RADIO SERVICING
o ELECTRONICS ¢ TELEVISION |

New York Y.M.C.A. Schools

4 W, 6ath Street MNew York c.ty/
/

INSTITUTE

—_—

COMMERGHAL RADIO
A radio training center for
twenty-three years.

[ J
ResiEnT CoUurses ONLY

Pre-Induction, Broadeast, Service. Aeronau-
tical and Radio teleRraphy ¢lasses now forming
for October 4th. Literature upon request.

Dept. C., 38 West Biddle St.. Baltimore 1, Md.

RADIO-TELEVISION
VITAL to War Effort

Enroll now with new groups. Op-
portunity under war conditions and
real future in peacetime.

RADIO-TELEVISION INSTITUTE

Dept. R. C.
480 Lexington Ave., New Yeork. N. Y.

Correspondence Coorses jn

| RADIO s ELECTRICAL ENGINEERING

B ELECTRICAL ENGINEERING Gct 2poc ernew

wide elec-
ﬂeld Pre 'u'e ourac:l! al Low CO!L for secure
can understand quickly.
t-‘.xu-n finc eourse ip radlo, pub.
lic addrese, phota-electric work.
Trains you to be man. reéal vacuum tuhe
technician. Servicemen neeced badly. Diploma on comple
tion. Tultion $25, either course. Deferred payment nlnn
Get coples of school catalogs. ntudrm
magazines. complete delalls. SEND NOw

llNCDlN ENBIH!ERINB SCHODL FranktinSttn., Bax 61-C55
HIN €. (Formerly at Lincoln, Nebr.)

trlu.
future.

RADIO ENGINEEHING

super-service

Be oa Mk
send and

man. Learn how to
m"(ve mesaaRes in code
and radio. ArmY.

pept. 3.K, Box 928
Canver, 1, Colo.. V. S. A,

Printed in the U.S.A.
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|§ TODAY is the time to turn
your RADIO JOB into a
SECURE POSITION!

Do You Want a BETTER JOB7?7—A Se-
cure Future? NOW is the time to
prepare yourself for a lasting,
profitable  Career in
Radio Engineering!

i The sure way to success is to build your
future on a sound foundation of knowledge
and ability . and the ability that you
develop now is your assurance of a steady,
sure income and & permanent job that will
outlast the temporary employment condi-
tions that exist toduy. CREI technical train-
ing is designed to do just one thing—to
increase your ability., enabling you to hold
the more responsible positions which lead
to higher salaries.

WRITE TOOAY! If sou are
2 professional or amateur radio
man and want to make more
money=={el us Prove to you e
have something You need tO
qualify for the better job oppor
tunities that can be yours. Te
help us iIntelligently
your Ingulry-— pfease state
briefly your education. radio

experience and present position.

CAPITOL RADIO
ENGINEERING INSTITUTE

Dept. RC-9, 3224 16th St.. N. W.. Wash. 10, D. C.

Pre-Induction Courses
| for beginners lead to
higher ratings in Army
and Navy. Catalog free.

MASS. RADIO SCHOOL

18 BOYLSTON ST., BOSTON, MASS., Est. 1899
s =

RADIO TECHNOLOGY

RCA 1Instituto offers an intensive two-year
course of high standard embracing all Dhases
of Radio snd Televislon. Practical training
with modern equipment. Also shorter spe-
clalized courses in Commercial Radio Operat-
ing. Radlo and ‘Telerision Scrvlclng snd
Aviatton Communicstions. For Fres Catalog
wTite Dept. RC-43.

RCA INSTITUTES, Inc.
A Radio, Corporation of America Service
75 VARICK STREET NEW YORK 3. N. Y.

RADIO-CRAFT

LEARN RADIO

SPRAGUE CO. CORRECTION
THOSE “IMPS’“ DID IT!

One of those hard-to-catch typographical
errors that make life imiserable for printers
did an “Imp” job on a recent Sprague Con-
| denser advertisement appearing in this pub-
lication.

This advertisement contained the accom-
panying illustration demonstrating how a

Sprague UT-8 8 mid. 450 volt Atom
Midget dry electrolytic could be used to re-
place the 8 mfd. 450 volt scction of a 3-
section condenser rated at 8 mid. 450 v., 8
mid. 300 v, and 20 mid. 25 v. So far, well
and good—but the trouble came when our
little pet Diagrimp mixed up the “B” and
“C" portions of the accompanying direc-
tions. Actually, they should read as follows:
(A) Cut lead to defective section and tape

end.

(B) Connect cathode (—) side of Atom
to common minus lead of multi-sec-
tion condenser.

(C) Connect cut circuit lead to positive
(+) side of Aton.

By iollowing this procedure, you'll find
that it is seldom necessary to replace an en-
tire multi-section condenser simply because
one section had gone bad. Most defective
sections can be replaced by using a Sprague
Atom of the proper capacity and voltage in
’ the manner illustrated.

o

““IMPLOSIONS"

I N the days before the war that now seem
so far away [ often heard and read of
the unpleasant results of implosiens (to
implode is to burst inwards instead of out-
wards) of cathode-ray tubes. Since then my
job has been concerned to a large extent
with CRTs of all sorts and sizes. I have
known a good few broken, but, so far—and
here I touch wood firmly—I have never seen
or heard an implosion. Possibly that is be-
cause most of the breakages that have come
my way have been caused by the splitting
off of one of the “horns” that contain the
leads to the X and Y plates. When one of
these is broken off, the entrance of air is toa
large extent controlled by the comparatively
small hole in the glass that is opened to it;
there is not the same wild rush that there
would be if the screen or the body of the
tube were splintered. That would probably
cause the father and mother of a bang. [
am told that in that case the “electron gun”
assembly has a way of shooting out en bloc
like a shell from the other sort of gun. The
biggest implosion that I have come across
during the war was that of a transmitting
tube, of which the glass envelope, more than
! an cighth-inch thick, was cut through by an
l arc-over. There was not much noise, and

|

there cannot have been any high-velocity
flying fragments, for the damnage done was

| ntl, save to the tube itself. Even its push-
pull partner was uminjured. Curiously
cnougl, the glass of the bulb was cut off
near the base in an absolutely straight line,
Just as if someone had taken a diamond to
it. Has anybody had first-hand experience
of an implosion of a goad-sized cathode-ray
tube ?—Diallist (Wireless World)
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FROM HUNDREDS OF MILES AT SEA CAME

THE

EPEATEDLY it has been said—'this war is
different”. Yes, different because, on land, at

sea and in the air, battles are being planned and
fought with weapons never before available to our
fighting men. Among these is the electronic tbe. It
is reassuring to know that no nation is making wider
or better use of this great weapon of modern warfare
than the U. S. A. To help serve the vast requirements
of our Army and Navy National Union, for example,

ALARM THAT

SAVED moway!

Midway was ready
when the Jap attempt 10
capture this serategic U. S.
outpost came June 4 to 7,
last year. Long before the
Jap fleet of bauleships, car-
riers, cruisers, destroyers
and transports could bring
their big guns into range—
vigilant patrol planes with
modern radio commuaica-
tions equipmeant had
sounded the alarm. Many
miles from Midway’s
shores American planes
blasted their fleet. . . drove
their survivors into a
frantic homeward retreat.

is producing electronic tubes on a scale far exceeding
its peace-time peak. Yet, dramatic as are the achieve-
ments of electronics in war, there will be even more
miraculous peace-time tasks for tubes to perform,
Expansion in the use of electronic devices will bring
many new calls for service work. With quality tubes,
fine test equipment and new merchandising plans,
National Union will be prepared, as never before,
to help steer this profitable business your way.

NATIONAL UNION RADIO CORPORATION « NEWARK, NEW JERSEY « LANSDALE. PENNSYLVANIA

" NATIONAL UNION

RADIO AND
ELECTRONIC

SIEE

TUBES
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BROADCASTING PR'NC'PLES—;I}QOS .
(2) (3 4 €Sy 8y (& ©°f900DIAGRAMS,CHARTS & PH
QUESTIONS THE KEY TO PRACTICAL
AND RADIO INFORMATION

including Frequency Modulation—Televislon, etc.

Inside Information for Aviation, Marine, Commercial Operailors
and Technicians, Servicemen and Students

772 PAGES, 400 DIAGRAMS, CHARTS & PHOTOS

.‘-' This well organized reading course in Radio is especially suitable for
FACT ) ' ‘ home study and as a ready reference guide to help you learn the inside facts about

E radio. The amount of mathematics required for a successful study of this book is
fully covered as the various chapters include numerous practical radio problems,
carefully worked out, step by step, to their final solution. The contents are PRO-
GRESSIVELY ARRANGED AND CAREFULLY INDEXED.

LATE DATA-EASY TO READ AND UNDERSTAND

Gives Authentic Principles and Practices in Construction, Operation, Service &
Repairs. Covers olearly and concisely Radio fundamentals—Ohm’s Law~Physics of
sound as related to radio science— Measuring instruments—Power supply — Resistors
--Inductors—Condensers—Transformers and examples—Broadcasting stations—
Radio Telepliony—~Receivers— Diagrams —Construction—Control systems— Loudspen -

ers— Antennas—Auto Radio—Phonograph pickups—Public Address Systems—Airernit &
Marine Radio—Radio Compass—Beacons—Automatic Radio Alarms—Short Wave— Loil
Calculations—Testing —Cathode ray oscillographs—Static Elimination—Trouble Pointers—Un-
derwriter's standards—Units & tables. REVIEW QUESTIONS—Ready Reference [udex.

HIGHLY ENDORSED--ASK TO SEE IT ON 7 DAYS’ FREE TRIAL

== === =MAIL COUPON TODAY== e —mem cmemn

THEO. ~UDEL & €O., Publishers, 49 West 23rd St., New York

l Mail \UDELS NEW RADIOMAN'S GUIDE for free examination. If O.K. I will send you $1
in 7 da' «, wuen remit $1 montbly until $4 is paid. Otherwise [ will return it.
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