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CONTINUING LEADERSHIP

« « - through the war and beyond!

The start of the new year finds instrument head-
quarters still bu'sy at it'in the final drive for
victory. Dependable WESTON instruments, in all
familiar types, continue flowing in unprece-
dented quantities to every battle front. In new
types, too; for all during this period of stress
WESTON development laboratories also have
led the way . .. continually meeting the new

measurement problems of this mechanized war.
Thus when instrument priorities are relaxed,
WESTONS will continue as industry’s standards
for all measurement needs. For, new measure-
ment tools as well as old will be available in their
most trustworthy form . . . here at instrument
headquarters. Weston Electrical Instrument
Corp, 616 Frelinghuysen Ave., Newark 5, N. J.

Aaboratory Standards . .
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J. E. SMITH, President
National Radio Institute
(Our 30th Year)

$200 A MONTH
IN OWN
BUSINESS

“For sereral years
1 have been in
business for myself
making around $200
a month. Business
has steadlly in-
creascd. 1 havo N.R.L to thank for
my start in this field”” ARLIE J.
FBOEENER, 300 W. Texas Ave.,
Goose Creek, Texas.

$5 to $10 Week in Spare Time

“I am cngaged In
sparc time Radlo
work 1 &rerage
from $5 to $10 =z
week. I often wished
thet I had entrolled
sooner, All this
EXTRA money sure
dooes como In
handy.'' THEO-
DORE K. DuBREE,

Horsham. I’a.

fst Lieutenant in Signal Corps

‘[ cannot divulge
any informstion as
to my type of work
but I can say that
N.R.1. Iraining Is
coming in mighty
handy these days.”
RICHARD W, AN-
DERSON (8ddress
omitted for mili-
tary reasons.)

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

I will send you a sample Lesson, ‘‘Getting Acquainted with
Reeoiver Servicing,” 1o show you how practiesl 1t is 1o train
for Radie at home in 8nare time. It's a valuable lesson. Study
jt—keep it—use it—without obligntion! Tells how ‘‘Suberhet’
Clreuits work. Kives hints on Iteeciver Servicing, Locating
Telcets, Repair of Loudspeaker. LF. Transformer. Gang Tuning
Condenser, etc. Ilustratlons. And with this Lesson I'll
send my  Gd-page lllustrated book. "Win Rich Rewards in
""" It describes many fascinating jobs Radlo offers, cx-
plains how N.R.L trains you at home for good pay in Radlo!
Get both FREE by mailing coupon!

Big Demand Now for Well-Trained Radio
Technicians, Operators

There's & Dbig_shortage today of capable Radlo Techaicians
and Operators. Fixing kadlos pays better now than for years.
With new Radios out of production. fixing old scis, which
wero formerly traded In, adds greatly to the normal number
of sercicing jobs.

Brosdeasting Stations. Avlatlon and Pollee Rndlo. and other
Ttedio branchcs are serambling for Operators and Techniclans.
Radlo Manufacturers, now working on Governuent orders
for Radle cqulpinent, cmploy trained men. The Government.
100, necds hupdreds of combetent clvilian” and cnlisted Radio
men and women. You may never Ece A tlme again when
It will be so eas¥ to get started in this faseinating fleld.

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

The moment you enroll for my Course 1 start sending you
ESThA MONEY 108 SHEETS ttat show how to earn EXTRA
money AxIng lindios, Many make $5. $10 8 week EXTRA In
spare time while still learning. 1 send you SIX hik kits of
real Radlo parts. You LEARN Radlo fundamentals from my
lessons—PRACTICE what you learn by building 1ypleal ele-
cults 1lko those illustrated on thts page—PROVE what you
learn by Intcresting tests on the dreuits You build.

Bo Ready to Cash in on Good Pay Jobs
Coming in Television, Electronics

Think of the NEW jobs that Televigion. Frequency Modu-
lation, Electronles, and other Radio developments will open
after the warl You have o real opportunity. I will train
you to be ready to cash In when Victory releases these
amazing wartimo Rsdio developments for Deacetlme uscs!
But tho opportunlty the war has giyven beglnners to et
started In the fascinating field of Radle may never be re-
peated. Bo take the first step 8t once. Get my FREE Lesson
and G4-page. illustraled book, Np obligstlon—no salesman
will call. Just mail the coupon in an envelone or paste it on
a penny postal. Gel Btarted today on the road ta better pay!
-, . "SMATH. President, Deot. 4AX, National Radie
instltute. Washinoton 9, D. C.

TRAINING MEN
6oop For Bory

FOR VITAL
RADIO JOBS

Extra Pay in

-

Nl l
ggﬁén

Men likely to go
military service.

duties. MUCH HIGHER PAY.

1,700 Service men now enrolled.

Army, Navy, Too

diers, sailors, Marines.
should mail the Coupon
Now! Learning Radio helps Service men get
extra rank, extra prestige, more

for good Radio jobs after service ends. Over

64 PAGE BOOK
SAMPLE LESSON

You Build These and Many
Other Radio Circuits
thh Kits 1 Supply!

By the time you've conducted &0 sets of Experi-
ments with Radio Parts | supply—have made
hundreds of measurements and adjustments—
you'll have had valuable PRACTICAL experience.

You Build this MEASUR-
ING INSTRUMENT your-
zelf ecarly tn the Course.
useful for Practical Ra-
dlo work on neighborhood
Radios to plek up EXTRA
spare time money. It is

a  vacuum tube multi-
meter, meusures  A.C..
D.C.. and R.F. rolts,

D.C. currents. Resistance.
Recelver Output.

1
: Mr. J. E. SMITH, President, Dept. 4AX
1
1
1 Mail me FREE, without obligation,
into 1 64-page book. "Win Rich Rewards in Radio.”
) 8 will call. Please write plainly.)
sol- .
1
.Name... ..............
3 : 1
N interesting § AQAreSS - .cvoniinerinnin et
30 preparcs u
B CMY sosnonbnsar conjsnsestnsrmesyy
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your Sample Lesson and
(No Salesman

You bulld this SUPERHETERO-

DYNE .CIR
elector,
etor, L1,

FREE

NATIONAL RADIO INSTITUTE, Washingten 9, D. C.

CUIT containing &
osciliator - mixer - first
stoge, dlode-detes-
tor-a.v.c. stage sod
sudlo stage. It will
bring in local and
distant statlons. Get
the thrill of learn-
ing at home cve-
nings 1n spare time
while ¥ou pul the
sct thromgh fascinat-
ing tests!

Tuilding this A. M.
SIGNAL GENER-
ATOR will give you
raluable  experienco.
Provides omplitude-
modulated slgnals for
test and experimental
purposes.
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“RADIO'S GREATEST MAGAZINE"

v

HUGO GERNSBACK, Editor.in-Chief
FRED SHUNAMAN, Associate Editor
G. ALIQUO, Circulation Manager

¥

IN THE NEXT ISSUE
Electronic Gun Directors
Ghirardi on Meter Errors
More Systematic Servicing
Principles of FM Receivers
‘Fake Radio-Medical Device

Published by Radcraft Publications, Ine.
Publication office; 29 Worthington Street,
Springfield 3, Mass. g .
Editorial and Advertising Offices: 25 Woest
Broadway, New York City 7.

Chicago Advertising Office: Radio-Craft, 520
North Michigan Avenue, Chicago 11, N},

RADIO-CRAFT is published monthly, on the
25th of the month preceding that of dete ; sub-
scription price is $2.50 per year in U, S (In
foreign’ countries, 75¢ additional per vear to
cover postage; Canada, 50c additional.) En.
tered at the post office at Springfield s
second-class matter under the act of March 3,
1879, All communications about subscriptions
should be addressed to: Radio-Craft, 26 West
Broadway, New York 7, N. Y.

¥

Notice of CHANGE OF ADDRESS should
reach as at least one month in advance. Be
aure to give your OLD ADDRESS as well as
the new as without the old address we eannot
fnd your name in our files.

¥

Foreign Agents
London—Atlas Publishing .and Disatributing
[-(;J%' }.td.. 18 Bride Lane, Fleet St., London.

Melbourne—McGill's Ageney, 179 Elizabeth
St.. Australis.

Dunedin—JYames Johnston, Ltd., New Zealand,

v

Text and illustrations of this magazine are
copyright and must not be reproduced without
permigsion of the copyright gwners.

Copyright, 1944, Radcraft Publications, Inc.
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ON THE COVER

Qur illustration shows the new anti-noise lip
microphone now used by the Atmy. This is a ‘‘dif-
ferential”’ microphone which cancels outside sound,
no matter what its intensity. This microphone can
even be used at the height of battle with machine
guns and shells exploding nearby.
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Hallicratiers has the
honor of being the ]sr exclusive radic
manufocturer to receive the Army-Navy

Production Award for the 3rd time!

= e hallicrafters

The World's Largest Exclusive Manutacturer of
Shorl Wave Radio Communicalions Equipment
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FOR RADIO MEN
IN THE SERVICE!

“"WRITE A LETTER”

As you know, the Hallicrafters
make a wide range of Radio
Communications equipment, in-
cluding the SCR-299 Mobile
Communications unit: We are
proud of our handiwork, proud of
the job you men have been doing

with them on every battlefront.
RULES FOR THE CONTEST

We want letters telling of actual
experiences with this equipment.
We will give $100.00 for the
best such letter received during
each of the five months of No-

vember, December, January,
February and March! (Deadline:
Midnight, the last day of each
month.)

We will send $1.00 for every
serious letter received so even if
you should not win a big prize
your time will not be in vain.

Your letter will be our prop-
erty, of course, and we have
the right to reproduce it in a
Hallicrafters advertisement.

Good luck and write as many

letters as you wish. V-Mail letters .
will do.

(9 BUY MORE BONDS)

she hallicrafters co.

CHICAGO, y.5.a. .

2611 INDIANA AVENUE - CHICAGO, U.S.A.
MAKERS OF THE FAMOUS SCR-299 COMMUNICATIONS TRUCK

196 RADIO-CRAFT for JANUARY, 1944



SPRAYBERRY TRAINS YOU
QUICKLY FOR WAR -
AND PEACETIME WORK

" -IF YOU REMAIN A~
CIVILIAN OR ENTER
MILITARY SERVICE. . .
Radio Training Will
Enhance Your Future!

e READ THESE LETTERS o

et

¥
- One Job Nets About $26.00 ? |
+Since last week I fixed 7 radios. all
good-paying Jobs and right now 1 am
working on an amplifier system. This
job alone will net me about $26.00. As
long as my work keeps coming in this
{way, 1 have only one word to say and
that 1s “Thanks to my Sprayberry traio-
ing’ and I am not afrald to hoast about
It“—ADRIEN BENJAMIN. North
Grosvenordealé, Conn.

Sprayberry Graduate Wins
Qut In Army Tost

»Since I completed your elegonth .
Course in Rndio I have been drafted
into the Ariny and put into the Signal !
Corps. I had to compete to got the job
T now hold and as a result of my train-
jng with you. I made the best grade
and got tho job. 'The point I am driv-

ing at s if 1t hadn't been for your
¢ thorough course In Radio I would prob-

ably. be peellng potatocs now, I rec-

ommend your training to all becauso it { -
| is written 1n lamguage ihat the aterase !

layman can understand.” — ARCH
PLUMMER, JR., Fort Meads, Md.

Student Makes $15.00 to $20.00
A Week in Spare Timo

=After starting your Course I began
delng minor radio_service jobs and 1,
want to say that I have been flooded |
with work. So much so ihat 1 have had
to nogleet my lessons. 1 want to gay
vour training hns done.a great deal for
me, 1 am making $15.00 to $20.00 a;
week in spare time. Even go, I'm go-
fng to go back to my studles and finis
the Course.’’—SANFORD J. CH
COINE, Whitley, Ontarlo. Canada.

SR T

A SR
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You Do Practice-Giving Experiments
with Real Equipment

The offer I make you here is the opportunity of a lifetime. It's
your big chance o get ready for a wonderful future in the swiftly
expanding field of 13.adio-E|cclronice.l’NCLUDING Radio, Television,
Frequency Modulation, and Industrial Electronice, Bo wisel NOW
s the time to slart. No previous experience i necessary. The
Sprayberry course i short, intensive. and interesting. It starte
right at the beginning of Hadio. You can't get loat. It gets the
various subjects across in such a clear, simple way that you under.
stand and remember. .

You Get a Dual-

Purpose Radio Set | '

1 supply you with Ra-
dio Partsywhich you use
to galn pre-experience in
Repalr work. These
same Parts are used for
testing and for Signal
Tracing, etc. 1 make it

Prepares You for a Busi-
ness of Your Own. : . or
Good Radio Jobs -

My training will give you the broad
fundamental principles 80 necessary
a8 & background no matter what
bragch of Bacllllobyou Wliiih dtofspeclallzs
! in. Soon youwll be qualified for a goo!
€8sy, fort r}{rou ito 13‘}“‘ paying job in one of the nation's Ra-
Radio Set Repair and in- - . Hio plants doing war work OR a busi-
stallation Work . . . by [ s X ness of your own. If you enter the
practical, proved, time Army. Navy, or Marines, my training
tested methods. I tcach you how to install  will help you win higher rating and better Day.
and repair Electronic Ec}uipment‘ Your Let me prove what -Sprayberry training can do
success 18 my full respons bility. for you. - ;

JUST OFF THE PRESS!

“How fo Test and Repair Radio
Sets Without Meters”

Developed in the Spray-
berry laboratory, this

instructive volume
tells about an
amazingly sim
ple, yet efficient
method for Ra-
dio trouble-
shooting and re-
pair without use

----—--—-------'- ]
of regular equip- ' (Y OF RADIO ]
ment made @ SP:R_AYBERRY Acpp;_?s]m\ ]
scarce due to g g, L'agop'r’li‘lgbe"y' B =
war., Send for OX, iorado. A T AND ;
this £rec book § picec e my FREE coples ofy HOW 29 &nd “HOW W
now ‘while the ' RE?PAIR RADIO S%"ESRVX]%)IO." [}
supply lasts and a TO MAKE MONEY ]
along with it, I g _”__,,..Age..----------""' [}
will send you an- 1 Nnme......-..........--- ]
other big free [ ] e ST TR o L ]
book describing B Address .-t sanseoee

my Radio - Elec- | _..State c.o.vet

¢ i;.in .e.r.x\-u-zlope or paste O

it ieseswesaeevecst?
: g‘le off this coupon, ma

& postcard.
.

tronic training.
Mail coupon.

s b
|
d
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In a few cubic inches of space National

Union wbe designers plan and build their

electronic skyscrapers. Many fragile parts

of these intricate mechanisms are precisely
balanced, buttressed and welded fast.

For N. U. engineers well know the rough sailing
that’s ahead for these tubes—the shocks, concus.
sion, vibration—relatively far more shattering than
the impact of an earthquake on a modern steel and
masoary building. So their war job is to build tubes
which will stand up and take what comes— whose
parts will stay in precise alignment—whose exact

: S LAV RN . L ==,
Transmitsing, Cathode Ray, Receiving, Specsal Purpiose Tubes s Condensers s Volunie Conirolss Photo Electrje Cells » Panel Lamps s Flushiieht Bulbs

clearances will not be altered—whose air seal will
not be broken.

To master this complicated construction problem
calls for precision engincering of the first order—
and a minute knowledge of the strength, rigidity
and other characteristics of many metals. The point
is—modern electronic tubes are scientific instru-
ments. For post-war tubes of highest character,
teamed-up with service assistance to match, service
engineers can count on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Pactories: Newark and Maplewood, N.J., Lansdale and Robesonia, Pg,

L =
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Shrinking Radio

e o & &

As radio has expanded, its instrumentalities have

never ceased shrinking—and the end is not in sight. . . «-

HUGO GERNSBACK

“bigger and better” as time goes on. Ever since
radio first started from the days of wireless, down
to the present, everything in connection with it has con-
sistently shrunk. When Marconi first started trans-Atlan-
tic wireless, the transmitting stations were gigantic in
size. The towers alone, with their heavy cables, occupied
several square blocks; while the transmitters were verit-
able thunder factories with large and cumbersome gen-
erators consuming thousands of horse power in energy.
* Little by little the muitiple towers, as well as the trans-
mitting power diminished and kept on shrinking, till to-
day it is possible with a portable transmitter—that a man
can carry on his back—to transmit radio intelligence to
the Antipodes.

When the radio broadcast boom, in the early 20s, was
in full swing, our radio receivers occupied the better
part of a good-sized table top and the storage batteries
that supplied the power often weighed several hundred
pounds. It is a far cry from that to our present battery
portables which weigh four or five pounds and which
can receive, on a small loudspeaker, stations hundreds
of mjles away. .

We started out-in 1910 with a vacuum tube over four
inches high, and already radio tubes have shrunk to
the size of a flash light bulb; these tubes, incidentally,
are being used in practically all the hearing-aid instru-
ments today.

Radio aerials, which cluttered up every house roof in
the country with a fearsome array of wires and poles,
have also kept on shrinking since the early amateur
days. Soon they will have disappeared entirely. Even the
single wire aerial is rapidly going into the discard, and
the “whip” automobile antenna will probably not sur-
vive many years in the post-war period. Nowadays the
receiving aerial is built right into the set and is no

RXDIO is the one exception to the well-known term

longer visible to the naked eye. This tendency will con-
tinue,

It is quite possible that there will be a short flare-up
of the peculiar-looking aerials, which will sprout from
our houses and apartments, when television gets under
way. It seems that for some time to come, on account of
the ultra-high frequencies on which television works,
it will be necessary to use these special outdoor aerials.
If they are not going tobe on our roofs, they may be
extending from our windows for a while. All this, how-
ever, will also be a transitory phenomenon, the same as
the original aerial; in due time the television and F. M.
aerials will be inside the sets.

In the receiving sets, shrinkage of the components has
kept step with the diminishing size of the radio set and
viee versa. Logically, the size of the set itself is wholly
dependent upon the ultimate size of the components which
constitute it. Tuning condensers, fixed condensers,
transformers and radio tubes all have shrunk and will

By

keep on shrinking in size. Even the loudspeakers had

to keep in step. Recently we have seen the smallest

loudspeaker yet; it measures only 134 inches in diameter

by 1 inch thick!

One might ask the question—if airplanes and loco-
motives constantly increase in size, why does radio, one
of the most important examples of. progress, keep on
diminishing ? The answer lies in the single word utility.
Watches at one time were as big as an Idaho potato and
heavier. Utility made watches shrink in size till today
we have them smaller than a dime. Utility and necessity
has forced radio constantly to grow smaller not only as
to receiving sets but transmitters as well. The huge old
transmitters required a terrific amount of space-and the
cost of erection was equally ‘huge. Nowadays this is all
changed and a powerful broadcast station transmitter is
often housed ina fair-sized room. ( Continuedonpage239)
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FROM the January, 1909, issue of MoDERN
ELECTRICS :

Announcing the I¥ireless Association of
Anrerica. (This was the first and original
wireless or radio association in the world.)
The Board of Directors were: Dr. Lee
deForest, President; John S. Stone, Vice-
President; Wm. Maver, Jr., Secrctary;
Hugo- Gernsback, Chairman.

_ Other articles of interest in the same
issue:

A Telescopic Detector.

A Carborundum Detector, by S. W.
N ewsom. ‘

Wireless Troubles (Testing and Opera-
tion of Transmitting Instruments), by L.
Spangenberg.

Novei Detector.

Ravio Thirtp-Five Pearg Ago
In Gerngback Publications

Wircless Hints, by Perey E. Palmer.

Acrophone (radio phone) Tests Before
British Admiralty, by Dr». Lee deForest.

Modern Wireless Instruments (illustra-
tions and description of the following
deForest components: Variometer, Triple
Variometer“Syntonizer [a loose coupler
with two audios], also an Aerial switch).

HUGO GERNSBACK
Founder

Modorn Electeles . ......cooeeiiaciaens 1908
Electrical Experimenter . L1913
Radio News ............ L1919
Science & Invention .. 1920
Radio-Craft ... .-.occvacasiians 1929

Under the title, “A Walking Wireless
Station,” no doubt the first portable radio
in the world, was also described in this
issue. This first of the “Woalkic-Talkies"”
was constructed by Hugo Gernsback and
was used to advertise a transmitter and
receiver which actually worked. One of
the illustrations with the article shows the
one-inch spark coil with spark balls, a
small 4-wire aerial and an American flag—
all carried on the shoulders of the oper-
ator, who also carried a box of batteries
which operated the portable station. The
other picture shows the perambulating
transmitter on the downtown sidewalks of
New York—the crashing sparks attracting
crowds, which usually had to be dispersed
by policemen.
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David Sarnoff, President of the Radio

Corporation of America. Turning {rom

common post-war concepts of giant
continental and world-wide hookups, he
focuses his gaze on the relatively tiny:

“When this war ends, we shall be on the
threshold of a new era in radio—an era in
which man will see, as we!l as hear, distant
cvents. . . . The day may come when every
person will have his own little radio station
tucked away in his pocket, to hear and to
communicate with his home or his office as

~he walks or rides along the street.

- “We have much to learn about the micro-
waves, in which is wrapped up this new
world of individualized radio. Tiny-electron
tubes may make it possible to design radio
receivers and transmitters no larger than a
fountain pen, a cigarette case, a billfold, or
a lady’s powder-box. Some day people may
carry television screens on their wrists as
they now carry watches. As the useful
spectrum of radio approaches the fronticrs
of light, the apparatus will beconie simpler
and more compact. 2

“Radio vision will have many uses. It
will serve wherever sight is needed. For
instance, it will be used to prevent co!lisions
on highways and railroads, on scalanes and
on the airways of the world. Radio will be
the new eye of transportation and com-
merce. Application of radio optics are ‘un-
limited.”

Depicting science as a mighty ally of
freedom, Mr. Sarnoff pointed out that scien-
tific advances have brought much release
from drudgery and from want. “However,”
he concluded, “we must progress still fur-
ther. For better machines are not all that is
needed to make a better life. We shall have
a better world only to the extent that our
social thinking and our social progress keep
pace with the advance of physical science.”

pREDlCTION of the month is by

sub-assemblies” for a warship in one

of the nation’s shipyards are delicately

balanced. The crane operator has to
mind his “P’s and Q's” or the weight may
overturn the whole crane—cab 60 fect above
ground, boom extending 100 feet or more,
and all.

The crane stability gage, news of which
was released by General Electric last month,
eliminates such danger. It measures the
tensile stress ¢n one of the columns at the
rear of the crane house. A strain gage ele-
ment js connected in an electric bridge cir-
cuit.in such a way that a minute change of

(]
HUGE boom cranes that lift heavy
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its air gap causes an unbalanced condition
in a bridge circuit associated with it. The
unbalance is indicated on the meter in a
manner familiar to all radio testers, and
shows the stress in the measured member.
This can be interpreted in terms of equilib-
rium, and the gage gives the operator a
continuous picture of his margin of safety,
and automatically stops the crane if jt
takes on too heavy a load or if the boom
moves too far out. In the illustration below,
the dark part of the scale, which the pointer
has just passed, indicates the danger point
on the dial which keeps the operator posted
on the stability of his crane at all times.

@
TELEVISlON available to 60 percent

of the population of this country with-

in 5 years of its post-war resumption,

was secn by Thomas F. Joyce, of
RCA’s Television Department, speaking
last month before a joint meeting of the
Amcrican Television Society and the Ad-
vertising Club of New York.

The audience was, however, warned that
television would not be ready to spring for-
ward as an industry the day fighting ceases.
It might take 2 or even 3 years before
coq*amercia] sight-casting could get into its
stride.

This widespread adoption of television
will be possible, Mr. Joyce said, only if the
radio industry can produce a television re.
cciver at a ceiling price of $200. Such a
recciver, he belicved; was possible, even
when calculated on a basis of 1940 labor
and material costs, and assuming no excise
taxes would be levied. Lower costs of many
items, such as cathode-ray tubes, would also
be a factor.

Cranes of this type
are not easy fo set
up, once they -have
toppled .from _their
tracks [(and the af.
tendant discomfort to
the operator is likely
to be great). The
strain gage illustrated
here prevents such ac-
cidents. By watching
the pointer, the op-
erator can keep his
crane well within the
limits of safety.
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for electronic equipment aboard ships

is urged by the Navy (Bureau of

Ships) in a searching memorandum
issued last month.

Noting the “astronomically large variety
of components that must be carried in
stocks throughout the world,” the difficul-
ties which confront servicing personnel,
and related upkcep and maintenance prob-
lems, The Bureau points out that this is due
in great part to a large variety of ouly
slightly different components.

It is pointed out that electronics designers
have for years been schooled in a doctrine
of perfection, even to the point where
special components may be constructed to
secure a few per cent improvement in per-
formance, and that in many cases such large
reserve and safety margins have been pro-
vided that cquipment and circuits not only
meet all requirements but have a large mar-
gin of unuseable capacity.

An interesting sct of self-examination
questions have been provided for design
cngineers. The five questions, No. 1 of
which deals with the question of “special
components,” follow:

(a) Considering the overall performance
desired, is this special component
(transformer, condenser, etc.) actually
necessary or will the component now
in production be really satisfactory
though slightly less efficient ?
Considering the overall performance
desired, and all of the resistors (or
condensers) used, of approximately
the same size, as a block, would it be
undesirable or impracticable to use the
same resistor value at all circuit
points ? Could that be a standard value?
Considering the overall performance
desired, is it necessary to use 5o many
different tube types?” Or would it be
desirable from a broad viewpoint to
use fewer types perhaps even at the
expense of an added stage?

Have the layouts, and wire plans be-
come complicated because of a desire
for ultimate performance {particular-
ly gain) from each stage, so that ex-
cessive overall performance has been
obtained at the expense of ease of
maintenance ?

On the other hand, are there compon-
ents included that are marginal in de-
sign, that is: Do the transformers,
condensers, etc., have a sufficient factor
of safety against cxcessive current or
voltage to insure trouble-free opera-
tion? Are tubes being worked beyond
their ratings?

(Civilian as well as military servicemen.
would welcome such a step in the design
of post-war radio apparatus for the home,
and it is not too much to hope that such
groups as the new Radio Technical Plan-
ning Board, the ASA and the RMA may
take this matter under advisement.)
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SIMPLICITY in design as the keynote

(b)

(c)

(d)

(e)
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feared in large parts of the country,

at the beginning of the year, have not
: been realized: The predictions that half
the rural sets in the country would be out
of action this winter, were not justified,
though they seemed rcasonably ‘weil-based
when made,

A survey published last month by station
WHO, . Des Moines, lowa, shows that
9729 of the radios in that State are func-
tioning. About 35% of the receivers of
lowa depend’ on batteries for their power,
and while the survey was not classified as
to battery and electric radios, it was found
that in rural districts—many of which have
electrification—94.7% of the sets were
working, while in urban areas the percent-
age was 98.4.

Last winter’s sturdy campaign for recog-
nition of the battery shortage may well have
been partly responsible for the supply of
units to keep rural receivers operating.
lowa, with a number of neighboring States,
put through the legisiature resolutions urg-
ing Government authoritics to take the situ-
ation into account in making allotments of
supplies, It is significant, howcver, that
only 44% of the battery users reported bat-
teries in good condition. Weak batteries
were reported by 30% of the users, and bat-
teries whose owners were not sure of their
condition, together with dead batteries,
made up the balance.

@
SIGNALLERS of the American in-

SHORTAGES of batteries and tubes

vasion army in Italy actually beat the

infantry ashore at one point, according

to last month's issue of “Army News.”
While communications men usually reach
shore with the first wave, to establish im-
mediate liason between shore and ship, this
one was a little ahead of plan. The pioncer-
ing Signal Corps men took it in their stride,
dug in at a good observation point, and
phoned back information to the heavy guns
of the landing squadron. The result was the
destruction of a concentration of German
Mark VI tanks, sweeping up to prevent the
landing.
* This one feat may well have meant the
difference between success and failure, and
without doubt saved hundreds of soldiers’
lives. The gallant Signallers showed no
disposition to rest on their laurels, and
pressed ahcad. When darkness settled on
“D” Day and the division was fairly well
established on shore, an inspection disclosed
that contact had not only been maintained
with the front line units, but also with
those on each side of the division. When the
first day ashore came to an end, the com-
pany found that it had cstablished four
switchboards over which was operating a
net of telephones. In addition, it had in-
stalled six telegraph sets, laid one-half mile
of field wirc, and three miles of assault
wire. =
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Future possibilities in the
direction of  wireless
transmission of power can
be seen in this globe of
light, which is NOT the
crystal ball to which such
frequent reference has
been made recently.
Coated inside with phos-
phors of the type used
in fluorescent lamps, it
lights brilfiantly  when
held in the path of a
high-frequency electron
beam. The "ball' is held
by Mr. Samuel G. Hib-
ben, director of applied
h?'hfing at the Westing-
ouse Lamp Division,

mission of power, as well as several

nearer and more practical ' applications

of electronic lighting to post-war homes,
were seen by spectators at a demonstration
given by Samuel G. Hibben, director of
applied lighting for the Westinghouse Lamp
Division. The demonstration, which took
place last month ,at the Waldorf-Astoria
in New York City, showed laboratory
models of new types of lamps, and of war-
time and possible post-war uses of lamps
and light.

Walking about the room carrying bril-
liant, vari-colored fluorescent tubes fully
lighted although they were unconnected
to sockets or electrical wiring, Mr. Hibben

FORECASTS of future wireless trans-

said :

“Although practical use of clectric power
transmitted without wires—except for sig-
nal purposes—is probably many years
away, the spectacular strides in develop-
ment of electron generating tubes we have
made during World War II seem to be
leading in that direction.

“Actually, these lamps are not connected
with any power source. They are clectron-
icaily harnessed to a beam of high fre-
quency radio encrgy gencrated here in this
room by a pre-war diathermy set such as
your doctor might use to treat a cold.

“Generators vastly morc powerful than
this therapeutic apparatus are serving in
wartime radio and comnmunications equip-
ment by transmitting radio waves in beams,
This engineering advance, now applied
wholly to fighting the war, conceivably may
bring about the pcacetime expansion of
wircless power,” the lighting expert con-
tinued, adding:

“Baby brothers of the fluorescent lamps
now so widely used in war plants are 1l-
luminating bomber cockpits and airplane in-
strument panels. After the war, these six-
inch long and other miniature fluorescents
will have many safety and comfort appli-
cations. Because they use less current than
an electric clock, they can be left burning
night and day for such jobs as lighting
clock faces and house numbers.

“Thesc lamps can be made because we

1944

have learned to handle glass tubing much
better, aided by studics of glass which in
itself possesses properties of fluorescence.

“Incidentally,” Mr. Hibben concluded,
“these phosphers are playing a significant
part in protecting our fighting men. Fab-
rics impregnated with them line parachute
cases so that a pilot downed at sea or in the
jungle can be spotted by rescue craft;
miles of phosphor.coated cloth tape pro-
vide luminous markings on invasion beach-
cs, phosphor-coated controls glow on sub-
marines and luminous signs made visible
by phosphors mark escape hatches of mer-
chant ships.”

—— INVENTORS!—

UNCLE SAM  WANTS !
YOUR IDEAS

YOUR Government wants your ideas
and inventions which will help win
the war. Smaller War Plants Corpora-
tion, through the Technical Develop-
ment Section at 226 West Jackson Blvd,,
Chicago, is set up to handle these new
inventions and ideas. Already they have
handled hundreds of new developments
and devices and many have already gone
to the “fromt” in the services of our’
armed, forces. Many others have stayed
on the hiome front to help boost civilian
morale.

One simple invention might shorten
the war by months. Another might save
thousands of lives!

If any reader of Radio-Craft has an
jnvention or idea that will help your
Government, we urge you to contact
immediately:

SmMALLER WAR PLanNTs CORPORATION,
Technical Development Section,
226 West Jackson Boulevard,
Chicago 6, 1llinois
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MICROPHONE for use amidst the
A thunder of modern battle—one that

can be worn inside a tank, and which

will transmit the words spoken into
it without being affected by the roar of the
motors and guns a few feet away—such is
the Army’s new lip microphone, illustrated
on our front cover.

As may be seen from the cover picture,
the instrument is: useful not only in bring-
ing the voice of the speaker more clearly
to the distant listener, as in the case of
battle-front radio. It may also serve to
make instructions understandable over short
distances in places where noise would drown
out shouted intelligence, or interfere to an
extent that would create a danger of mis-
understood words. The observer in the
picture is connected hy a straight wire linc
to the machine-gun crew a few feet away.
The walkie-talkie on his back furnishes the
necessary amplification. Information can
thus be exchanged with greater speed and
less danger of misunderstanding than by
any other method. The din of battle, which
would otherwise necessitate shouting, with
Mmany repetitions—or even a limited vocabu-
lary of hand signals—has no effect. The
saving of a few scconds in reporting an
observation may well .mcan the difference
between success and defeat, between life
and death.

’_l'he reason for this microphone’s uncanny
ability to distinguish between wanted and
unwanted sound is in its construction. It
is so built that sound from a distance enters
from both front and back with approxi-
mately equal volume. The two sounds then
cancel out. Sounds originating an inch or
so from one side of the diaphragm are felt
with greater. strength at one of the micro-
phione openings than at the other. Thus the
speaker’s voice activates the microphone

and currents are sct
up which carry the
speech to amplifier or
transmitter.

Not only is the vol-
ume greater for sounds
originating ncar one of
the openings in the
case of this unit; the
difference in phase be-
tween the sounds en-
tering one and the
other opening is dif-
ferent. The voice has
to travel more than
twice as far to reach
the one opening than
the other. Thus the vi-
brations are out of
phase on the two sides
of the diaphragm, and
fail to cancel. Sounds
arriving from a dis-
tance which is great
in comparison with the
separation of the two
openings' of the micro-
phone enter both sides
practically in phase,
with the result that an

Fig. 1-—The new dif-
ferential micro-
phone, showing how
the canceilation of

ocutside sound s
effected.
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Right: How the microphone looks when
disassembled.

| Army Uses

(Cover Feature)

almost complete cancellation takes place.

As will be seen from the figure, the
microphone is reminiscent of the old carbon
mike (which in fact it is) beloved by ex-
perimenters in the past. The two openings
1 and 2 are those through which the sounds
enter, the unwanted ones at practically
equal volume and phase, those originating
near one of the opcnings with different
volumes and phase relations.

The problem of constructing a noise-
cancelling microphone is not quite as simple
as _just stated. Some attempts had been
made to build up a “differential” microphone
in the past. The most successful of these
is the famous “cardioid” type. This is a
combination of two microphones, one of
which accepts sounds well from front and
rear (bi-directional) and the other one of
which accepts sound equally well from all
directions. The output of these two micro-
phones is mixed in such a way that the
output of the ommi-dircetional section re-
inforces that. of the bi-directional unit for
sounds in front of the microphone, and
opposes it for sounds behind. This type of
microphone picks sounds up from a roughly
heart-shaped area.

Such a microphone is excellent for studio
and stage use. Action on the field of battle
calls for a highly compact and sturdy unit,
and such a combination of two microphoncs
can hardly he used. Some experimenting
had been done on a microphone which
would do its differentiating in the mput
instead of the output, but without success.
The chief trouble was that resonances due
to the construction of the unit itself actually
increased instead of decreasing interfering
sounds coming in at certain frequencies
and at certain angles.

] . Sural Covye PROE ‘
Anti-Noise Microphone

The inventor of the Army’s new unit,
F. Cheyney Beekley of the American Radio
Relay League, is an amateur of long stand-
ing. Like many of the brotherhood, he had
great confidence in the old carbon mike,
and set about to get rid of the unwanted
responses by correctly designing and pro-
portioning the chamber enclosing the dia-
phragm. Thus what looks in the diagram
like a meaningless. series of enclosures, ap-
parently of no value in collecting the sound
or impressing it on the diaphragm, consti-
tutes in reality the secret of success of this
instrument. The design was worked up into
its final form by Eléctro-Voice Mfg. Co,
who are now making the unit for the Army.

To further adapt it to mi)itary use under

conditions which would destroy an ordi-

nary mike in short order, this- unit is fully
enciosed. Two thin shields, which can be
seen over the openings 1 and 2, protect the
interior from dust and dampness. The
microphone may even be submerged in salt
water for short pecriods of time, without
damage. The outside “hood” seen over the
sound openings is not for the purpose of
protection against the elements, byt is a
“breath shicld” to reduce the response to
sudden puffs of breath.

Not the least of the advantages of the
new unit is the fact that it is “worn” in-
stcad of being carried in the hand like the
mike of the old walkie-talkic. With onc of
the new communications transmitter-re-
ceivers on his back, the differential mike
firmly strapped to his upper lip, and the
Army’s ultra-small headphones in his ears
under the helmet (sec the September issue
of Radio-Craft, Page 720) a soldier of the
Signal Corps can keep in touch with his
base station while wriggling along in thick
jungle, making observations or doing other
work which requires the use of both hands,
or even, in emergency, while manning a
gun or taking part in an attack.

Tanks offer the great. l

est field for the new
mike, because the
noise inside them is so
great as to make in-
tercommunication with
ordinary microphones
very difficult. They are
useful in other jobs.

RADIO-CRAFT
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20PULAR ELECTRONICS

By RAYMOND F. YATES

PART 12—THE OPERATION OF CONDENSERS

~

P to the present time, we have been
U treating the subject of electronics in

a very broad sense and in its more

glamorous phases. We are now ready
to become a bit more specific and to narrow
our discussion down in an effort to round
off and polish up the broader concepts held
by the student. The first thing that we
shall deal with is the clectrostatic storage
of electrical energy and the electrostatic
field. Without such things, there would be
no electrénics.

When we speak of the storage of electric
energy, we do not speak of it in the sense
of the so-called storage battery. This fact
is mentioned to prevent confusion. It is
spoken of in the sense of storing energy
in a device known as a condenser.

Most students of electronics know some-
thing about magnetic fields, those invisible
“lines of force” that extend outward not
only from magnets but also from all con-
ductors carrying electrons or electric cur-
rent. Wherever a magnetic field exists
which is caused by moving electrons, we
also have an electrostatic ficld. This may
be represented diagrammatically as in Fig.
1. Such electrostatic fields may co-exist
with electromagnetic fields, always being
at right angles to such fields.

In the second Part of this series, we
demonstrated how electrostatic charges
could be generated by disturbing or exciting
electrons on non-conducting surfaces like
glass, rubber, etc. When bodies were
charged negatively they had a preponder-
ance of electrons and when they were
charged positively they had a deficiency of
electrons. Indeed, in conductors of elec-
tricity, electrostatic fields or lines of
force exist wherever there is a difference
of electrical potential. Even coils of wire
carrying current have small electrostatic
fields between their turns, and a coil of
wire, like a condenser, has a certain elec-
trostatic capacity to store energy. So impor-
tant is this matter that the student cannot
hope to get very far in the subject of elec-
tronics without 'a good understanding of
electrostatics.

Any two conductors separated by a non-
conductor form a condenser or capacitance
and have the power to store and to dis-
charge electricity. The material separating
the two conductors is the dielectric.
It may be glass, mica, air, etc. and the bet-
ter a non-conductor it is, the better the re-
sulting condenser will be. The capacity of
condensers to store electricity electrostat-
ically will not only depend upon the nature
of the dielectric but also upon such fac-
tors as its thickness and its area and the
area of the conductor elements or ‘“plates”
associated with it. The distance separat-
ing the plates of a condenser is also vital.

The earliest condenser was the Leyden
jar invented by Musschenbroek in Leyden,
Holland, during the year 1746, When such
“jars” were connected to an electric in-
fiuence machine, they were found to be
able to “store” electricity. ‘The device is
shown in Fig. 2 where it can le seen that
such jars are made by placing tinfoil or
any conducting material on both the in-
side and the outside.

) *application for Trade Mark Tide pending in T. &

Patent Office.
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When such jars or condensers were con-
nected to the early electrostatic influence
machines, they became charged and they
could be quickly discharged in the manncr
shown in Fig. 2. When the discharging de-
vice, which did nothing more or less than
bring the outside conducting surface of
the jar nearer, clectrically speaking, to the
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Fig. |.—Electrostatic field around a charged
body. Fi?. 2.—A Leyden jar. the first known
type of electrical storage devices, or condenser.

inside conducting surface, was touched to
the outer layer and the other end brought
near the knob connected to the inner layer,
a point would eventually be reachcd where
the voltage of the stored charge was suffi-
cient to break down the air gap. At this
instant, a loud, sharp discharge took place.
In short, the jar was quickly “emptied.”
Reference 15 made to Fig. 3 where we
see a simple circuit involving a source of
fairly high voltage, a key or switch, a con-
denser, a coil (inductance) and a resist-
ance. When the key is depressed and clec-
trons are permitted to flow from the bat-

tery to the condenser, the condenser will
become charged; that is, clectrons will pile
up or accumulate on one of the condenser
plates (or one set of the plates if a multi-
plate device is employed). Immediately the
key or switch is opened and the charg-
ing current is separated from the condenser,
it proceeds to discharge its accumulated -
current through the resistance and through
the coil or inductance.

Before this happens, a difference of elec-
tric potential cxists between the plates of
the condenser. So long as the condenser
cannot relieve itself of its charge a state
of clectrostatic stress exists between the
plates of the device. A purely mechanical
analogy is the case of a steel spring placed
under tension. Such.springs have a certain
amount of kinetic energy stored in them
which may be released, or discharged. See
Fig. 4. So it is with charged condensers,
only the stored energy is clectrical rather
than kinetic.

Really, condensers depend upon the basic
fact that like charges of elcctricity repel
cach other and unlike (such as 4+ and —)
attract cach other. Negative charges (elec-
trons) on one plate of a.condenser (or one
set of plates) will repel electrons on the
opposite plate or plates and thereby set up
an opposite or positive charge. Under such
conditions the electrons have a great ten-
dency to rush to the positive side of the
condenser but are prevented from.doing so
by the dielectric.

We can see, then, that when the oppos-
ing sides of the condenser are connected
clectrically, electrons from the overbur-
dened negative side will rush to the op-
posite side and there quickly overpower the
positive charge. We quickly see, too, that
this rush of clectrons from the once-nega-
tive plate might be a bit overdone, so much
so indeed, that this plate is left wijth a
positive charge while the opposing plate .be-
comes negative. In short, the conditions
are reversed and they continue to reverse
at a very rapid rate,

This causcs our condenser to discharge
an alternating current even though it was
first charged with a direct current. It func-
tions as a sort of electrical converter and
the amount of current it discharges will de-
pend upon the amount put in and upon the
size of the condenser or its capacity, which
is measured it farads or micro-farads. The
micro-farad is used because the farad is

(Continmed on following page)
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Fig. 3.—What hap- - l l I l
pens when a condens- v"o':"r':sae v%l?:ce
er discharges. Elec- T l -
trical momentum i ); o
causes the current to
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a number of times. In- ZERO /\ M /\Vl\v ZERO
ductance and capacity \/ \/ VOLTAGE
in the circuit increase
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Fig. 4—Mechanical anslogy of the Fig. 3 action. Fig. 5.
rapidly rotating mirror. Fig. 7—Different capacity combin

far too large a unit for ordinary purposes
and radio condensers.

Any experimenter in electronics can
see {or himself that such charges are oscil-
latory or alternating in nature hy the very
simple arrangement shown in Fig. 5 where
a small revolving mirror is so arranged
as to catch the image of a spark gap con-
nected to a discharging condenser. When
viewed, the mirror image appears as shown
in Fig. 6. The graph of the discharge ap-
pears at the bottomn of A, Fig. 3. Here it is
seen to comprise a number of current re-
versals, each one becoming more feeble un-
til a zero point is reached. It will be noticed
here that the time line is only 1/1000th sec-
ond long and that the alternating current
produced has a very high-frequency of re-
versal. Of course, if a condenser of very
small capacity were discharging, it would
do so still more rapidly and in some cases,
if tiny condensers were invelved, the dis-
charge would be so rapid as to be utterly
invisible in a revolving mirror even if a
large spark were produced. Of course, tiny
condensers cannot store enough voltage to
produce a phenomenon of this kind.

We sce, then, that the size of a conden-
ser controls the frequency of its discharg-
ing current. But that is not all. Let us re-
turn again to Fig. 3, where a condenser is
shown with its charging source and a re-
sistance and an inductance. It so happens
‘that this resistance and this inductance coil
exercise a definite control over the discharge
from the condenser. No matter what their
size (that is, the amount of resistance and
the number of turns of wire and its size in
the inductance) the tendency is to slow
down the discharge from the condenser and
to decrease the frequency of the resulting
discharge current. In short these things
have a choking effect on the electrons and
they can not dash back and forth in the

circuit with the alacrity they would display

if neither the resistance nor the inductance
were present. Indeed, if either the resistance

or the inductance or both become too
great, the discharge from the condenser
will be slowed down to such an extent
that it will look more like a direct cur-
rent and, if the resistance especially is high
enough, several hours may be required for
the discharge to be completed,

It will be seen from what has been said
that the condenser really offers us a means
whereby alternating currents may be gen-
erated and whereby the frequency of alter-
nating currents may also be controlled. Per-
haps now for the first time, the variable
radio condenser begins to make sense. Here
is a capacitance that may be adjusted
so that it may be caused to hold charges of
various "amounts and discharge them at
different intervals of time.

The only way in which a direct current
may pass through a fixed or variable con-
denser is to flow until the condenser be-
comes fully charged. It will then discharge,
providing the proper clectrical conditions
are set up. As we have learned, the electri-

_cal energy thereupon issues from the dis-

charging condenser in the form of a rapidly
diminishing electric current.

In Fig. 7 we see the different ways in
which condensers may be connected when
more than one is to be used. Perhaps we al-
ready know. that the way in which things
clectrical are connected often means a great
deal. For instance, when electrical cells are
connected in series, we add their voltages
while the current is the current of a single
cell. When electrical resistances are con-
nected in series, the total resistance be-
comes the sum of all resistances used in
the series group.

When condensers are placed in parallel,
we find that the resulting capacity is equal
to the sum of all capacities.

On the other hand, when such condensers
are hooked up in series, the total capacity
of the group turns out to be really less
than the capacity of one condenser, as-
suming that they were all of the same ca-

Fig. 8.—Alternate layers of metal foil, separated by insulation, builds up a condenser. Fig.

sign transformer. Fig.

10.—A gold-leaf elactroscope. Fig.

—How the oscillatory discharge is detected. Fig. 6.—The track of light in the
ations with .002 condensers, using series, parallel, and series-parallel connections.

pacity before connections were established.
In each of the drawings (Fig. 7)-it is as-
sumed that the condensers used have a ca-
pacity of .002 microfarads.

Condensers of all kinds are made not
only to hold certain charges but they are
also made to operate at certain voltages.
Thus care must be exercised in their man-
ufacture so that voltage breakdowns in in-
sulation will not occur.

Fig. 8 shows how large capacities may
be confined to very small spaces. Condensers
for low voltages are also made with spe-
cial grades of waxed paper separating the
foil conductors from each other. Still other
condensers are formed by placing anodic
formations (oxides of aluminum electro-
Iytically produced) wupon pure aluminum
foil. This forms the dielectric material.

If the experimentally inclined reader can
lay hands on a small 15,000 voIt neon sign
transformer and a 15,000 mica condenser of
.004 capacity, the action of condensers on
high voltage discharges may be studied.
When such transformers are connected to
a small spark gap, a rather hot, silent dis-
charge takes place. After the condenser is
set in the transformer secondary circuit as
shown in Fig. 9, the color, sound and length
of the spark immediately change. The
spark is now loud and blue hecause we are
no longer watching the current direct from
the transformer but rather we are seeing
the discharge of the current from the con-
denser which the transformer current is
now charging. It must be clear that such
condensers are capable of charging and dis-
charging at a very rapid rate, many thous-
ands of times per second. .

The number of home experiments with
condensers will be limited due to the na-
ture of the subject. The little gold leaf elec-
troscope mentioned in the third Part of our
series may be made and it will be available
for the experiment, Sce Fig. 10.

Here an ordinary radio variable con-

(Continned on page 241)

9.—A simple oscillatory circuit from a neon-

I{.—Experiment to show impedances of condensers as connection i+ changed
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unspots and Radio

By HENRY E. HALLBORG”

disc by a large sun -spot group bn

March 1, 1941 was front page news all

over the world. It was the occasion of
an awe inspiring aurora, of complcte inter-
ruptions of international cable and radio
services, of the tripping of power circuit
relays on Long Island, and of the melting
of lead telephone cable sheaths at the Can-
adian border. This was an unusual sun
spot barrage. Barrages continue to occur,
however, in lesser degree, with more or less
regularity; but without making front page
news. A few of the observed interrclations
between sun spot barrages and short wave
radio disturbances will be recorded in this
article.

Before cxamining sun spots, and their
radio circuit effects, it may be profitable to
cousider first the carth, and its encircling
envelopes. If one could be physically trans-
ported upward for a distance of several hun-
dred miles, a number of distinct and indi-
vidually characterized layers would be
crossed. The first, and lowest of these, the
“Troposphere”; extends upward to a height
of about ten miles. This is the layer of
earth-bound weather. In it, winds, clouds,
and thunderstorms exist, continuously gen-
erating, in some part of the globe, radio
static. The temperature would be observed
to drop, as we ascended, about 17° F. per
mile. The barometer would show a density
at three miles only half that at the earth’s
surface.

A second envelope, the “Stratosphere”,
would be found, extending to a height of
about twenty-two miles, The barometer here
would register a pressure less than one-
tenth that at the earth’s surface, and the

THE passage of the center of the solar

*R.C.A. Laboratories, New York City.
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The radiolst is chiefly interested in the highest one,
the ionosphere, home of radio reflections.
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The effects of the sun on
radio reception have long
been known. RCA research
workers have uncovered data
on the relation between sun-
spots and radio reception
that will interest all short-
wave radio receiver owners.

thermometer would read —67° F. This ¢n-
velope is also known as the isothermal layer,

since its temperature tends to be constant.

The stratosphere is of greater practical
interest to the rapidly expanding air com-
merce of the future than to the radio man,
but the stratosphere flyer must not forget
his oxygen supply, rior his radio equipment.

A third envelope, the “Ozonosphere”,
would next be encountered, extending up-
ward to a height of about forty miles. This
is the region of free ozonc. It has the im-
portant_property of absorbing the deadly
actinic rays of the sun, Without the ozono-
sphere our earth would be a dead planet.
The temperature of this layer, in absorbing
the actinic rays of the sun, undergoes a
temperature rise to about 200° F. At night
the teinperature falls tq that of the strato-
sphere, about —67° F. d

A fourth layer, the “Alto-Troposphere”
would be found to extend above the ozono-
sphere to a height of about sixty miles.
This 1s a region of great radio interest since
in it are generated radio absorption screens
and blankets created by processes later to
be described. It is also a sunlight absorbing
layer, and therefore undergocs wide ter-
perature changes between.day and night. Its
air density has dropped to such low values
that breakdown of the air particles by solar
impact may be likened to the blue glow
that occurs in a leaky radio tube. The re-
gion is a dividing zone between long and
short radio waves. Long waves are reflected
by it. Short waves suffer various degrees of
absorption,

The fifth and last layer encountered, the
“Tonosphere,” extends upward from sixty
miles to an indefinite upper height. It is the
region of free ions, and of two major strati-
fications of these ions. Tlre lower stratifica-
tion, at a height of about seventy-five miles,
is the well-known Kennelly-Heaviside layer,
or E layer. The upper stratification, at a
mean height of about two hundred miles, is
the F layer. The F layer undergoes wide
changes in ion density, and height. It sepa-
rates into two layers, 1 and F,, during day-
light. Its characteristics vary widely with
solar radiation activity, and with the sea-
sons. The ionosphere may be considered
both as the “radio roof” and the “radio
ceiling.”” It is the roof with respect to radia-
tions from the sun, and the cciling for radia-
tion emanating from radio transmitters on
the earth. A diagram of the earth’s en-
circling envelopes is shown in Fig. 1.

SOURCE OF THE BARRAGES
Leaving, for the moment, the medium

through which our earth-bound short waves

must be propagated, we shall consider
1944
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Fig. 2—A typical source of sun spot barrages. The
great sun spot of Jul 1905 photographed by
Yerkes Observatory.

bricfly the surface conditions on the sum,
where our solar barrages are generated.
Sun spots have been observed and charted
for centuries. About 1925, when the com-
munications possibilities of short waves be-
came generally recognized, sun “spots
emerged from the realm of astronomical
curiosities, to practical communications
hiazards. R.C.A. Communications early rec-
ognized the possibility of their influence
upon the maintenance of an efficient inter-
national short wave radio service. A sys-
tematic study of solar and communications
inter-relationship was therefore inaugurated
on its world wide radiotelegraph networks.
This study, from a solar point of view, was
indirect. It dealt not with the appearance
of the solar disc; but rather with the ter-
restrial effects of that appearance in such
(Continued on page 242)
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HUS f{ar in our discussion we have

considered only those inaccuracies

that are in/ierent within every normal-

ly-functioning commercial indicating
instrument.. These inaccuracies are part of
the instrument itself, and are inseparable
from it.

In addition to these, measurements made
with indicating instruments are subject to
other inaccuracies involving the personal
equation, over which the instrument maker
has no control. No matter how high the in-
herent accuracy of the instrument, a cer-
tain -amount of crror is always introduced
by the observer himself when he does not
read the pointer position or indication cor-
rectly. When it stands between two divi-
sions on the scale, good judgment is need-
ed to estimate accurately the fraction in-
volved. 1t happens frequently that due to
careless reading of the pointer position the
observational error may itself be almost as
large as the inherent inaccuracy of the in-

T(;:ﬁm) T

SWORD
SPADE KNlFE-,FﬁE
POINTERS PEEVI
Fig. |.—The old spade pointer did not make for-

accurate readings. Later models are much improved.

sttument at that part of the scale—espe-
cially when the reading occurs on the lower
portion of the tcale where even a small
observational error is a large percentage
of the quantity being measured. A work-
ing knowledge of the various causes of
these observational errors will suggest pre-
-cautions for minimizing them in practice.

Reading or observational error is influ-
enced by the size and shape of the pointer,
the lighting:conditions, the angle at which
-the pointet i§ read,-the position of the point-
er with respect-to the extremities of the
tscale division, the steadiness of the quan-
itity under measurement and, most greatly,

y the care and skill of the observer. Er-
rors_of observation are apt to be positive,
as well as negative. )

Assume for the present, that both the
quantity under measurement and the point-
er arc perfectly steady. The observational
error. possibilities for this ‘condition will
be separately analyzed.

EFFECT OF POINTER- DESIGN

Test instrument manufacturers, by pro-
gressively improving pointer design, have
made a great contribution to the reduction

MORE ERRORS «

of observational error, for the size and
shape of the pointer have an important
bearing upon how accurately its position
will be read. The cvolution of instrument
pointer design is illustrated in Fig. 1.

The rugged but rather heavy spade point-
er of carlier instruments, shown at (A),
was designed to withstand casy bending
when the indicating instrument was over-
loaded and the needle “Slammed” or
“pegged.” Too, its large, black surface could
be seen easily and its movement followed
under poor lighting conditions. Its blunt-
ness, however, defeated the accurate posi-
tion reading now possible with the more
popular thin pointers. The spade pointer is
still used on many electrical measuring in-
struments whose inherent accuracy is not
very high, on instruments which must be
read under poor lighting conditions, on
switchboard instrumeitts which must be
watched or read (not absolutely accurate-
ly} from a distance, etc. By cutting out the
center of the spade pointer, as shown at
(B}, its mass may be decreased without
materially decreasing its ruggedness. The
spade pointer is satisfactory enough for
many applications. It remains unsuitable for
highly accurate readings.

At (C) is illustrated the true knife-edge
pointer used to some extent on test instru-
ments. Its knife-edge thinness permits
very close readings, but it is more diffi-
cult to follow and rcad in bad light than
is the spade pointer and, since less rugged,

it is more easily bent when slammed or

“pcgged."

The tapered knife-edge or sword pointer
shown- at (D)} represents onc attempt to
maintain the observational accuracy of the
true knife-edge pointer, its tapered shape
providing the desired ruggedness and visi-
bility in poor light. It is used for some test
instruments.

Another variation of the knife-edge point-
er, adopted by many lcading test in-
strument manufacturers, is shown at (E).
Its rugged body, like the old spade pointer,
gives good visibility even in poor light and
is not easily bent when slammed against
the stop during overload. The portion rest-
ing over the scale, however, is a flat, thin,
knife-edge making possible accurate read-
ing.

PARALLAX ERROR IN READING
Even though the instrument is provided

Fig. 2.—The line-of-sight
is important in reading a
radio meter. Errors are
not likely to be as great
as shown in the purposely
exaggerated drawing
here, but may be great
enough to cause signifi-
cant errors in readings,
especially where small
differences of pointer
position make large dif.
ferences in values.

WRONG
Reads high
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with a pointer designed for accurate read-
ing, the observer himseli may err in read-
ing its position. The illustrations in Fig. 2
show how this can occur.

To rcad the pointer position, the observer
—too often from any haphazard angle—
closes one cye and squints through the
other. This is wrong. Correctly, he should
face the instrument squarely, his open eye
directly over the pointer. His line of sight
then goes through it, exactly at right-angles
to the planc of the scale, as shown at (A)
in Fig. 2.

I the head of the obscrver is at the
right of the pointer, as shown at (B) the
line of sight is oblique, and the pointer posi-
tion is read low; if the head is at the left of
the pointer, as shown at (C), the pointer po-
sition is read ligh. "This observational error
is said to be due to parallar. In order to
take accurate instrument readings, there-
fore, always stand directly over the instru-
ment and look directly down on the point-
cr, if- the instrument is lying flat. If the
instrument is vertical, stand directly 1n
front of it, and look directly at the point-
er. If the pointer happens to lie between
two divisions on the scale, estimate jts cor-
rect position as nearly as possible.

In precision indicating instruments, ob-
servational error due to parallax is re-
duced by providing a mirrored surface—
usually cemented to the dial and located
alongside of the scale markings—under the
pointer as illustrated in Fig. 3. The image
of the pointer appears in this mirror. To
take a reading on such scales, the observer
moves his head until the pointer is seen
directly over its image in the mirror (the
pointer hiding the image from view). He
then knows that he is looking straight down
onto the pointer, avoiding error due to
parallax.

Aided by such a mirror, a skilied ob-
server can read the scale position of a
knife-cdge pointer to within about 0.005-
inch of its true value. Of course, the read-
ing accuracy depends actually upon the
steadiness' of the pointer, upon the light-
ing conditions, the eyesight of the observ-
cr, and the care cxercised.

Other measures taken by instrument man-
ufacturers to reduce observational errors
involve the use of indirect lighting on the
instrument itself, anti-parallax scale and
pointer, and non-glare glass. These are not
ordinarily used on the test instruments em-
ployed in radio work, however, because
they involve additional cost and are not
really. nccessary in this work.

SCALE DISTRIBUTION EFFECTS

Most electrical indicating. instruments
employed in radio-electronic service work
have uniformly-divided scales for both
D.C. and A.C. current and voltage meas-
urements. Most ohmmeter scales, on the
other hand, are non-uniform. They are con-
stricted at one end and arc more open at
the other.

For purposes of our discussion it js neces-
sary to assume some average value by
which the observed and actual position of
the pointer might differ. A value of as much
as-0.015 inch is common, even with a blade
pointer and mirror to minimize parallax.
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» IN METERS

_ PART 1II

By ALFRED A. GHIRARDI

Previous articles have discussed causes of error
due to the meter itself. Now we are about to hear
of errors caused by the Serviceman who reads it.
Merely holding the meter at an angle or looking at

it from the side may be a cause of large errors.

The tesulting error in per cent of the in-
dication is then dependent upon the scale
distribution and the pointer deflection.

It is evident that for a uniformly-di-
vided ‘scale a given observational error
causés a greater percentage error in the
actual numerical quantity read if it occurs
at the low end of the scale where the nu-
merical quantities are small. This is an-
other rcason why it is advisable always
to use a range that iill cause the pointer
to deflect beyond the first 1/5 of the scale.

‘Ohmmeter scales are non-uniform, and
usually are reversed, ie., the maximum
values lie at the no-deflection end of the
scale. Furthermore, the constricted portion
of the scale also occurs at that end. For a
scale of this type, a given observational
error has the largest effect percentage-wise
on the indication when the pointer deflec-
tion is very small, and again when it is
almost full-scale value. Where the pointer
deflection is very small the numerical values
on the scale increase greatly for small in-
creases of scale lengthy, so a given observa-
tional error causes an appreciable percent-
age difference in the rcading. Near the
full-deflection end of the scale the divisions
are much more open but because the nu-
merical values are small a given observa-
tional error again causcs an appreciable per-
centage difference in the reading. Observa-
tional errors are minimized by us{ng an
ohmmeter having a scale which is “open”
in the region where most of the resistance
readings normally taken durin service
work occur. Some commercial ohmuneters
are purposely designed with this charac-
teristic. -

The length of the instrument scale also
is an important factor in minimizing the
cficcts of observational errors. By scale
length is meant the linear length of the
path described by the pointer in moving
from one end of the scale to the other.
Naturally, for a given numerical calibra-
tion range the longer is the scale in inches,
the smaller the quantity (volts, Ma,, ohms,
etc.), each inch of scale length represents
numerically, and consequently the smaller
the percentage érror in the indication caused
by a given observational error in reading
the pointer position. Naturally the permis-
sible overall dimensions of the instrument
places practical limits upon the length of
scale that can be employed in any particu-
lar instrument design.

If the observed quantity varies in
value while the instrument is being read
it is well-nigh impossible to determine
the pointer position accurately, and a
fairly large observational error due to

RADIO-CRAFT for
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Fig. 3.—A precision-type meter, showing mircor under ihe pointer.

this can occur. This will be discussed in
greater detail later.

Inaccuracies can creep into instrument
measurements simply because of the way
the instrument is used, ot the conditions un-
der which the measurements are made. Cer-
tain errors present in one measurement may
not occur again in the instrument under
different measurement conditions—and vice
versa. Thesec inconstant errors include those
due to position tnfluence, Stray magnetic
fields, electrostatic charges, external-tem-
perature influence, frequency mfluence,
wave form wnfluence, alterable circuit con-
ditions, fluctuation of quantity being meas-
ured, and use of wrong instrument range.

Each of these will now be discussed in
the order named.

POSITION OF INSTRUMENT

In the construction of spring-controlled -

instruments an effort is made to have the
moving element (consisting of the moving
coil and frame, pivots, pointer, etc.) in a
state of balance as regards gravitational
effect—so that inclining the instrument in

any direction from the norma] operating |

position will not cause the pownter to be

displaced. Portable indicating instruments

are usually intended to be used with the

axis of the movable coil in a vertical posi-

tion—that is, with the pointer and scale in
a horizontal position. Switchboard instru-
ments are just the opposite.

1f an instrument is perfectly balanced, it
should read accurately no matter to what
position it-is tilted. To accomplish this, two
small adjustable counterbalancing weights,
(such as threaded lock or split nuts, or a
wire helix that can be slid along) are placed
on each end of a crosspiece (at Tight angles
to the pointer), and one is placed on the
tail end of the pointer, as illustrated in
Fig. 4. Another method is.to use a flexible
“tail weight” which is bent until “balance”
is obtained. Still another method is to usc
small drops of solder, shellac or lacquer,
though this is not recommended because
of subsequent changes in balance caused

Fig. 5.—A meter may be
chacked for balance by
holding it in several po-
sitions and noting if it
remains at 2eéro in each
one. Even if it is reason-
ably good in this respect,
more  accurate results
are likely to be obtained
if it is used in the posi-

tion for which it was
designed by the maker.
@
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by humidity and temperature changes. Good
radio service equipment should employ in-
dicating instruments that can _perform in
any position without introducing appreci-
able error.

Since exact balancing neccssitates pre-
cise and tedious position adjustments of
these weights, some indicating instruments
leave their factory slightly unbalanced.
Others may become 5o by-jars and knocks
received during shipment and subsequent
use. As a consequence, errors (generally
small) are likely to occur when such in-
struments are used in a tilted position .other
than that in which they were originally
calibrated. Portable instruments are gen-
erally factory-calibrated when in a korizon-
tal position (with the axis of the moving
coil vertical).

Fig. 4.—Proper adjustment of the balance weights
permits operation of the meter in any position.

If an indicating instrument is designed to
be used with its'pointer and scale in a hori-
zontal position, it should not be used in a
tilted or wvertical position (and vice versa)
until the user has assured himself that any
crrors introduced by this position will be
negligible. This applics especially to the in-
dicating instruments in portable test equip-
ment and to those mounted either in an in-
clined position or vertically on shop test
panels,

In checking a representative group of
servicing instruments, it was found that
the errors of indication in some are 1n-

(Continued on page 236)
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I.=Tetrode crystal oscillator circuit. Triode
crystal oscillators are even more common.,

‘.)ﬂi ek

ﬁg. 2.—Section of .a natural Aﬁuarﬂ crystal. The
osclllating wafer may be cut along various axes.
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Fig. 3.—The Plerce crystal oscillator. The crystal s
the only resonant element in this circuit.
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Fig. 3-a.—The Ultra-audion circuit. RFC In the two
figures above is Incorrectly shown between plate
and output condenser instead of in the B-plus lead.
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Oscillators — ¢

vacuum tube oscillator result in fre-

quency changes. It is easy to under-

stand why the oscillator power supply
must be able to supply the necessary current
without undue loading and have excellent
regulation. The resistance of the grid tuning
circuit must be low so that therc wild be no
excessive loss of grid voltage.

Lowering the radio-frequency resistance
in a coil by the use of low-loss forms, low
resistance coil windings, short leads to grid
and tuning condenser.are all worthy steps
in maintaining a high efficiency in the ¢ir-
cuit. The efficiency of a tuned circuit is
measured in terms of “Q.” The “Q” of.a
parallel resonant circuit is determined from

the formuia,
2aFL

R

vOLTAGE changes on the plate of a

nQn =
when:

F = frequency

L = inductance

R = total A.C. resistance, plus skin

losses and external reflected loads.

2x = 0.283 approximately

The absolute frequency of a vacoum tube
oscillator R may be theoretically determined
from the formula,

1 I 4+ R/R,
e _
2z LC

From the formula, we can sce that a
small value of R with the maximum value
of Ry should be used to compensate for
slight” changes in_circuit constants. The
product of LC is constant for each fre-
quency but the ratio between the two is
variable, A low inductance will be small
physically and this may be built to have
a low ohmic resistance, low distributed ca-
pacity and low high-frequency resistances.
A large value of C will result in using a
condenser that can be built ruggedly and
will be least effected by mechanical shock
and vibrations. Any changes in capacity
due to vibrations will be only a small part
of the total capacity and therefore the fre-
quency changes will be siight.

QUARTZ CRYSTAL OSCILLATORS

For maxiinum stability in oscillators it is
imperative that maximum “Q" exist in.the
tuned circuits. The maximum “Q” obtain-
able in a self-excited oscillator does not in-

sure sufficient stability to warrant its use i

controlling the frequency of “broadcasting
stations or other transmitters for commer-
cial or.public use, or for usc as frequency
standards or precision radio receivers.

A natural quartz crystal may-be cut so
that it can be made to vibrate on only one
frequency. This crystal, when inserted in
a suitable holder, and substituted for the
usuat tuned inductance in the oscillator grid
circuit, will cause the tube to oscillate at a
frequency equal to the natural vibration
frequency of the crystal. An oscillator con-

trolled in this manner is very stable and .

is cqllcd a crystal oscillator.
Figure 1 shows a tetrode tube uscd as a

RADIO-CRAFT

By ROBERT F. SCOTT

crystal oscillator. Omitting the screen grid
from the tube, the circuit will function as
a triode crystal oscillator. This type of cir-
cuit functions just as a tuned-grid-tuned-
plate oscillator. The electrical equivalent of
a crystal in an electrical circuit is that of a
very high inductance in series with a very
small capacitance and some resistance.
When the crystal is mounted in the holder,
a shunting capacity is developed by the
plates of the holder on both sides of the
crystal. The electrical equivalent is shown
in Fig. l-a.

The best crystals are cut from Brazilian

quartz, that may be found in naturally
shaped prisms similar to Fig. 2. This prism
has three principal axes, The axis parallel
to the length of prism is called the optic
axis and a perpendicular to the natyral
cdges of the prism is called the electrical
or “X” axis. An axis:perpendicular to the
others is called the “Y” axis.
‘A thin wafer is cut from the prism with
thin edge parallel to the X axis. The other
edges are parallel to the Y and.optic axes.
The thickness of the crystal may be only
a few thousandths of an inch. .

If a potential difference is applied to the
faces of the crystal that are perpendicular

L
T

b

H
- _l S+

Fig. 4—Grid-plate oscillator. The "plate™ of thls
circuit is the screen-grid of the tetrode.

L
4
T,

o=

L.
B=- a+

4-a—The famous Tri-Tet, which enables . the .
to oscillate” at twice the crystal frequency.
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; How They Work

(SECOND OF A SERIES)

to the X axis, the crystal wilt contract
along the Y axis and expand along the X
axis. A reversal of the applied potential will
cause the crystal to contract along the X
axis and expansion will take place along
the Y axis.

Conversely, if pressure is applied to the
Y axis, the X axis will expand and a po-
tential difference will be found along the X
axis. If an alternating voltage is applied
along the X axis, the crystal will contract
and ¢xpand along this axis and at the same
time it will also be expanding and con-
tracting along its Y axis. )

When a crystal is placed in the grid cir-
cuit of an oscillator and a positive potential
is applied to the plate, a voltage will be
placed upon the grid due to the inter-
eléctrode . capacitance between grid and
plate. This potential that is placed upon the
grig will also be present upon the top sur-
face of the crystal. The presence of this
charge will cause the crystal to either con-
tract or expand along the X axis. Assuming
that the charge causes the crystal to contract
along the X axis, it will also cause it to
expand along the Y axis. When this charge
is reduced or removed, the crystal will have
a tendency to return to its normal shape. As
the crystal is contracting along the Y axis,
a potential difference will exist between the
surfaces of the crystal holder. This charge
will be opposite in polarity from the charge
that would cause the crystal to expand
along the Y axis.

Fig. 5.—Parallel lines uted In the oscillator circuit
make for stability at high frequencies.

The voltage poten-
tials developed by
the expansion and
contracting of the
crystal will have the

Bt

4

E%—

C (opTionaL)

A

B-

correct polarity to
sustain oscillation.
The losses that occur
in the grid circuit are replaced by feedback
due to interelectrode capacity.

SOME CRYSTAL CIRCUITS

Fig. 3 illustrates one of the most simple
of the crystal oscillators in common use.
This is the Pierce oscillator and is easily
recognized by the fact that the crystal is
placed between the plate and the grid and
that the plate circuit is untuned. The Pierce
oscillator has its counterpart in the Ultra-
audion. (Fig. 3-a). The plate-to-cathode
and grid-to-cathode capacitances supply the
necessary out-of-phase voltage to sustain
oscillation. In the Pierce oscillator, the grid
leak supplies additional bias to the grid after
the tube has started to oscillate.

The grid-plate oscillator and the Tri-tet
oscillator (Figs. 4, 4-a), are modifications
of the tuned grid tuned plate crystal oscil-
lator. They assure harmonic output' and
greater frequency stability with varying
loads.

The output of an oscillator is not as high
as an amplifier with the same electrode
potentials because from 10% to 25% of the
available output power has to be fed to the
grid circuit to sustain oscillations.

Crystals have been found to have different
characteristics when they are cut at various
angles to the optical, mechanical and elec-
trical axes. The crystals differ in tempera-
ture-frequency coefficient, power sensitivity
and thickness for a given frequency. The
ih]i)ef cuts are known as X, Y, AT, V, and

Fig. 7.—A hybrid circuit

The thickness of the crystal is the fre-
quency determining factor,

The oscillation frequency of a crystal
will change with the temperature due to the
expansion and contraction that will accom-
pany temperature changes. The amount of
frequency change per mecgacycle per degree

(Continned on page 234) «

<

Fig. 6.—The parallel-line
system used in a push-
?ull circuit. This "high-
requency plumbing's has
become very popular for
wavelengths betwaen one
and five meters, Above
that, coils are less cum-
bersome; below, the

wave-guldes are ' found
more sfficient.

. >
Fidq. 9.4.—The superheter-
odyne converfer circuit
with a combination tube,
which is both osclllator
and mixer. This penta-
gtid converter may be a
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Under some Circumstances this is & more convenient
hook-up to work with.
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Fig.8.—Some of the best paralllel-lino circuits use
co-axial elements, as the Ultra-audion above.
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Fig. 9.—The superheterodyne converter circuit, using
one tube as oscillator and another as mixer.
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this scries have all depended on a hot

cathode for their supply of electrons.

The hot-cathode is Ly no means uni-
versal, and we even find tubes in ordinary
radios which do not use it. Qld-timers wiil
remember the first Raythcon rectifiers,
which were used in “B” eliminators and in
some of the earlier A.C. sets. The 0Z4-G is
a modern representative of this group.

Such rectifiers depend upon the shape of
their electrodes and the gaseous atmosphere
of the tube for their properties. The photo-
tube_works on an entirely different princi-
ple, Its cathode emits electrons when struck
by a beam of light. Although such a cathode
is by no means as efficient as one which is
activated by heat, its ability to translate
light into electric current makes it appli-
cable to a wide variety of uses. It is to
light, .indeed, what the  microphone is to
sound.

More than one type of device has been—
and still is—used as a pickup for light sig-
nals. The oldest of these is the well-known
selenium cell. In its simplest form, it is
a quantity of crystallized selenium placed
between conductors. In darkness, its resist-
ance-is very high, but when light falls on
it the resistance drops to a low value. To
use such a cell, it is only necessary to hook
it up in a circuit with a battery and a re-
lay. Voltages and relays are so chosen that
when the light reaches a given intensity,
enough current flows through the cell to
actuate the device associated with it

These cells have been known for years,
but due to non-uniformity and slow action,

THE clectronic tubes so far described in

have not found a large number of appli- -

cations.

The modern photocell is a genuine elec-
tron tube. Like other such tubes, it has a
cathode which, under certain conditions,
emits electrons. These travel through either
a high-vacuum atmosphere or one contain-
ing a small quantity of some gas, to a posi-
tively charged anode. The plate current is
likely to be a few microamperes, instead of.
milliamperes, as in the average receiving
tube, or_amperes, as in the case of industri-
al rectifiers.

The cathode of a phototube differs from
that of the heated type in that light rather
than heat is required to rclease electrons
from its surface. As certain metals and min-
erals release clectrons more readily than oth-
crs under the influence of heat, so there
are metals which release electrons - very
readity when struck by rays.of light. These
electrons—literally kicked out of the sur-
face of the metal by the impact of the
light-rays on it—would normally settle

210

back into the atoms from which they had
been expelled, were there no positively
charged body near. If a positive voltage is
placed on the anode, they tend to drift to-
\\'?)l'd it, as in any other type of electron
tube.

Lithium, Sodium, Potassium, Rubidijum
and Caesium are the chief “light-sensitive”
substances, though many others are sensi-
tive to a limited extent, and the first dis-

covery of photo-electric effects (by Hertz,-

in 1887) was made with surfaces of ordi-
nary zinc. Each of the metals mentioned
above are relatively sensitive, and release
large numbers of electrons when acted upon
by light.

The strength of this current depends on
the amount of light falling upon the cath-
ode. Thus the electronic phototube can
be modulated, If light is varied at voice or
music frequency, the modulated beam may
be picked up by a phototube and its output
fed into an audio amplifier, which will re-
produce the transmission. ¥ )

Special methods of building up the cathode
are employed, These consist usually of cov-
ering a backing plate of some metal with
an oxide of the active element, and then
spraymg on this oxide coating a thin film
(in the order of one molecule thick) of the
pure active metal. If the metal film be-
comes thicker, sensitivity goes down rapidly.

Two things govern the choice of a cathode
material—the sensitivity of the metal and
the particular frequency band to which it
responds: Most of the highly photo-active

substances show a sharp risc in sensitivity
toward the high-frequency, or violet end, of
color spectrum. The greatest sensitivity of
a number of them is actually in the ultra-
violet region outside the visible light spec-
trum, One metal—caesium—has a sensi-
tivity curve much like that of the human
eyc, and is therefore particularly useful
wherever light as it would be viewed by the
human observer is to be measured,

In other applications, notably for indus-
trial control, where a tungsten lamp is like-
ly to be the source of light, photocells most
sensitive near the red end of the spectrum
may be used. As a matter of fact, the ordi-
nary tungsten lamp puts out more energy in
the infra-red region just beyond the visible-
light band than it does at any point inside
the band itself. Unreasonable as it may
seem, the tungsten lamp is an excellent
black-light device! Other types of lamp
peak in the ultra-violet region, with high
sensitivity to blue light. Some of these tubes
may bé used in applications requiring ordi-
nary daylight, while others are better
adapted to the mercury-vapor light of the
photograph studio, rich in ultra-violet ra-
diation,

Besides their classification according to
light sensitivity, there is another important
division among phototubes. Some tubes con-
tain a slight amount of inert gas—others a
high vacuum. The gas type, because of ioni-
zation of the gas atmosphere, produce larg-
er currents for a given amount of light

(Continued on page 241)

G-E PHOTOTUBES
= Tybical
Spectral Reglen Sensitlvity Maximum Maximum
of Maximum Microamps Operating Current
Typo Deseription Response per Lumen Volts Surface Mlcroamps
PJ-22 Vacuum Infrared 14 200 Caesium 20
PJ-23 Gas Infrared 50 90 Caesium 20
FJ-401 Gas Blye 7 {4,000 A) 90 Rubidium 10
FJ-405 Vacuum Ultraviolet 12 200 Sodium 80
GL-441 Vacuum Blue 45 200 Caesium 20 B
GL~917 and pa per 8q. in.
GL-919 Vacuum 8.000 A 20 500 5.2 152
GL-921 Gas 8,000 A 136 90 5-2 162
GL-922 Vacuum 8.000 A 20 500 8-2 152
GL-923 Gas 8,000 A 135 90 5-2 102
GL-927 Gas 7.600 125 90 5-1 101
GL-929 Vacuum 3.760 A 45 250 S5-4 102
GL-930 Gas 8,000-A 135 90 8-2 102
WESTINGHOUSE PHOTOTUBES
SR-50 Vacuum Deep red—violet 1§ 500 Cs-0 20
SR-63 Vacuum Deep red—violet 25 500 Cs-0 20
SK-60 Gas Deep redq—violet 60 90 Cs-0 20
SK-63 Gas Deep red—violet 125 90 Cs-0- 20
WL-784 Vacuum | DeeDP red—vialet 15 500 Cs-0 20
WL-7385 Gas \ Deep red—violet 60 90 Cs-0 20
WL-737 Gas Deep red—violet 60 90 Cs-0 20
WL-141 Gas Deep red—violet 100 99 Cs-0 20
WL-770 Vacuum Near u.v. 0.75 500 Cs-Mg 2.5
Characteristics of a number of typical phatotubes.
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We Learn the Hard Way

In an interesting step-by-step presentation, beginning from the crudest imag-
inable circuit, the author shows what makes a filter circuit tick. Well worth

more gain so as to operate our recorder

with a really nice microphone we had

promoted. “I,” I announced in clear
ringing tones, “I will design and build a
preamplifier.”

That was fine. That was very nice. We
used a nice new GSJ7 tube and one of the
very small UTC input Xformers and—right
there we stopped. Wait a bit, we said. If we
operate a regular power supply with a
power transformer and. a filter choke we

lT was quite 3 while back. We wanted

2525

1nov. +

Fig. I—The original voltage doubler circuit.

1000 Resistance

6n

E
Reactance :

120¢C

L

Fig. 2—Equivalent circuit of the filter.

will put out a field that will be too big
for that little input transformer to jump
over. We dont want hum and we don’t
want to spend dough for a great big permal-
loy shield to put around the Xformer—so
. .. We could leave off the power supply
and run a cable with filament and B volt-
ages from our main amplifier and that way
we could . . .

“Uh-uh.” The XYL shook her head. “We
don't want a mess of wires around all full
of high voltage and stuff. You butld it with
its own power and then we can plug it in
over here.”

That sounded reasonable. I liked to think
of myself as a radio enginecr in those days
(I still like to but I rarely can now) and I
felt it should be possible, No induced hum
in the input meant no power transtormer or
choke could be used. Well, we could use a
full wave voltage doubler such as a 25Z3
and a 12SJ7 as our amplifier tube. If we
didn't use a choke we would. have to throw
a lot of condenser from B plus to ground to
avoid hum but we thought that was all
right. We could get a couple »f those new
cans with two 30 mike and one 40 mike sec-
tion.

Fair enough. We promoted an aluminum
ice tray for a chassis (aluminum is fine
stuff for high gain low level circuits) and
punched and drilled holes and mounted
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parts and wired up. (Fig. 1.} Then we
called the XYL and had ber sit down to
listen to the best doggone preamp ever
made.

Ooocoooh! Did it hum! We coul:ii hear
voice over the hum if we shouted right into
that lovely ribbon milke but just barely. In
fact it was hard to hear the XYL as she
complained (loudly and bitterly) about the
loss of an ice tray.

Something was wrong, I decided. I had
butched somewhere. A quick check showed
all the wires going where they should—an-
other showed the lum was 120 cycle not 60.
That narrowed it down to the filter. I had
200 mikes from B-plus to ground and it
hummed like Hades.

Must need more capacity, I thought, so I
rigged up another 200 mikes and tried
again. Down a wee bit but the hum was so
loud you still couldn’t hear signal unless
we shouted. It was a crisis—you might say.

After the XYL had retired (huffily) we
sat down and tried to reason it out. Discon-
necting the B plis and running a lead over
to the main amplifier for high voltage we
tried again and found nc hum at all. Hum
was considerably lower than tube hiss. It
must be that filter. Suddenly it dawned on
us. What we wanted was a voltage divider.
Not just capacity thrown across the line
but a regular AC divider that wouldn't dis-
turb the DC.

We drew a simple divider circuit. (Fig.
2.) A resistor in series with the B and -an-
other resistor from B to ground. The resis-
tor to ground was the impedance ‘of our
condenser. An impedance that varied with
frequency.

1

X = )
2niC

Qur series resistor from B plus to the top-

of the condenser was a resistor which stayed
the same. Say 1000 ohms.

Now then, we said, if we draw 1 MA
that means we will lose only one volt of
DC. The voltage divider would have very
little to do with DC. 1000 ohms in series
and practically an open circuit acgoss, say
100,000 ohms. But at 120 cycles we would
then have 1000 ohms in series and—let’s
see—one over two pi times 120 times 200
microfarads would be about 6 ohms. A
series resistor of 1000 ohws and then a
paralle]l impedance of 6 ohms. That would
mean our 120 cycle hum would be down by
the rate of 6/1006, or about 6 of 1%. Let’s
try 1t and sce.

We did. We inserted a 1000 ohm resistor
just ahead of our filter can and flipped the
switch. Hum? Yes it hummed but not badly.
Signal was way above it.

Now then, we said, if we put in 2000
ohms we will lose 2 volts of DC and the
hum will be down .3 of 1%. We tried that
and it was. Almost okay in fact.

Then our brain got working again and
this time we said: suppose we use 2
ohis again but this time let's do it differ-
ently. Let’s split our condenser into two
units of 100 mikes apiece and usc 1000 ohms

1944

ahead of each can. Reactance of 100 mikes
at 120 cycles is about 12 ohms so we woul
have two voltage dividers. One would at-
tenuate the ripple by 12/1012 and the other
would attenuate that by 12/1012. The first
would cut the ripple from 100% down to
1.29% and the second would put out only
12% of that. In other words we would
have .014 of 1% ripple. We tried that and
it was practically perfect. (See the circuit
in Fig. 3.)

Let's go whole hog this time, we said,
and split it up properly. This time we put
a 450 ohm resistor (to make our ratio come
out nicely) in series with the first section of
30 mikes (reactance about 45 ohms}, then
another 450 ohm resistor and then another
30 mike section, then a 330 ohm resistor
and then the 40 mike section (about 33 ohms
reactance), then a 1200 ohm resistor and
the 100 mikes of the second can. (Fig. 4
shows liow it's done.)

What we had there was this: For DC,
we had a total series resistance of 2430 ohms
which meant that with one milliampere
drawn by the pentode we would lose 243
volts from our 215 volt supply. We would
have 212.57 volts left.. As far as AC was
concerned we had 450 ohms in series then
45 ohms to ground which reduced our hum
to 9% then another 450 series and another
45 to ground which reduced it to 9% of
9% or 8% then a 330 ohm series resistor
and 33 ohms to ground which made it 9%
of 8% or .07 of 1% and then 1200 ohms
series and 12 ohms to ground which brought
us down to 1% of .07 of 1% or 000007 times
our original hum.

There we were. Qur hum was down to
nothing. We ran the gain up all the way
and heard a little tube hiss. Just then the
XYL wanted to know when we were com-
ing to bed. She spoke in a normal voice
and didn’t know the gain was up but the
headphones nearly jumped off my ears. I
had thoughts of being a 4-F for a while but
my ears cleared up all right in about a week.

‘As we say, we learn the hard way. Now
we believe in low pass filters that have a
slope of 6 DB per octave per section.
|

10000
Resistance 10000
-T]\—%N‘v 1 AN T
E, E2 Es
l 12a l Reactance 12a l

Fig. 3—An intermediate evolutionary step.
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Fig. 4—Equivalent of the completed filter.
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TRANSMITTERS for FM

brought to light the most common meth-

ods of frequency modulation transmis-

sion. Both reactance and phase modula-
tion were described. We shall now indicate
the method of converting this frequency
modulated  signal back into an audible
signal.

Two block diagrams are shown in Fig. 1;
at 1(a) the diagram of an AM receiver,
and at 1(b) the block diagram of an FM
receiver. Irom the figure it is plain that
both receivers are identical up to and in-
cluding the LF. amplifier. Although the
stages employed are the same, there are

|N the two preceding installments we

the band-pass of the reccivers at this same
figure. Band-pass is accomplished, of course,
in the LF. section of any receiver, hut the
method used to tune the R.F. stages of the
receiver will greatly influence its pass-band.
Manual tuning of an FM receiver is prac-
‘tically out of the question, because the
operator cannot pick out the middle of cach
channel with any-great deal of accuracy.
It is therefore customary to employ preset
tuning of the R.F. stages. Push-buttons are

ANT.
e i ¢
R-F 1-F A-F
. Ml R -
AMP. ¥R ame [1-O5T: 1 amp, HIS .
Fig. 1.—The AM and FM
__E receiver compared by
= a means of a block dia-
R-F (2} gram. |t will be notfed
05¢C, that the two ‘are organ-
ically similar through the
Y I.F. stage. The limiter is
R-F = 1 3 peculiar to FM receivers,
p [ MIXER iy —{ LIMITER TN A=F LS and the discriminator is
o AP InATOR ANF equivalent to the detec-
tor of the AM set. ~
R-F (b)
0scC. [ ]

some pertinent differences in the character-
" istics of these stages. In high-fidelity FM
broadcast the band used is 40 to 50 Me,
This means, of course, that the R.F. ampli-
fier, the mixer and the R.F. oscillator tuned
circuits must be capable of covering this
frequency range. Operating at this high
frequency also means that the R.F. oscil-
lator constants. must be exact to insure
stability. A erystal controlled R.F. oscillator
is employed in many commercial FM re-
ceivers. In most broadcast FM recceivers
the C.C.O. is not practical, and the next
best thing has to be used; the electron
coupled oscillator. In this high channel the
LF. will also have a much higher value
for more stable operation, and I.F.’s from
2 to 5_Mc. are found in FM. receivers, to
reduce image responses and “pulling” of
the oscillator,

In the FM broadcast a channel width of
150 ke. is used. This automnatically sets

A-M F-M
DAMPING
T1 Ty /REsiSTORS

TREL

“SKCMID#SKC  —~7SKC-S50MC-25K MID +25Kc+50 K75 Hy
FREQ. ‘ FREQ.
1-F 1-F
P10 Ked f——— 150 ¢ ———§

Fig. 2—I.F. fransformers for AM and FM compared.
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used and the middle of each channel is set
by instruments. The setting of FM push-
buttons will be discussed in a later install-
ment. In some cascs automatic frequency
control of the R.F. oscillator is employed
to insurc against frequency drift, but this
depends upon the particular design.

LF. AMPLIFIER'CIRCUITS

In this channel a decisive break with AM
methods is made; the band-pass of the LF.
circuits broadened out to accominodate the
150 Kc. width of the modulated signal. This
means an alteration in the design of the
LF. transformers of the receiver. First the
windings of the transformer are tightly
coupled (over-coupled) to broaden the re-
sponse to a value slightly greater than the
expected transmitter swing. Second, high
values of resistance are shunted across
cither primary, secondary, or both, depend-
ing upon the design of the transformer.
The purpose of such alterations is to make
the response flat over the channel width.

An LF. transformer used for AM and
onc used for FM reception are compared
in Fig. 2. The primary and secondary of
the L.¥. transformer T1 are slightly over-
coupled to produce the 10 ke. response
curve shown below the transformer. T2
has its primary and secondary very tightly
coupled to produce the resultant 150 kc.
band-pass. With such a band-pass a decisive
double-hump effect is seen. The double-
hump cffect is smoothed out by loading the
primary and secondary with a high value
of damping resistance. It is quite evident
that tuning T2 too sharply would result
in cutting off some of the frequency devia-
tion. This would result in serious distortion.
Alignment of the LF. transformers of an
FM receiver is a special job and will be
discussed in detail in the next installment.
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So far the stages of the FM receiver con-
form exactly to the corresponding AM re-
ceiver except for the differences listed.

THE LIMITER STAGE

FM is noted for its noise-free reception,
and this merit is due solely to the opecration
of the limiter stage or stages. Remember-
ing that the transmitted signal manifcsts
the audio intelligence it carries in the fre-
quency shift of the R.F. carrier; it is quite
evident that any alteration in the amplitude
of the carrier may be made before detection
without affecting the audio component. It
is also evident that the noise tends to ampli-
tude modulate any signal and these noise
variations manifest themselves as ampli-
tude variations on the modulated wave.
With these basic points in view the analysis
of the limiter follows.

There are two basic limiter circuits in
use in modern FM receivers; the overload
limiter, and the feedback limiter. The
schematic of the overload limiter is shown
in Fig. 3. The output of the I.F. amplifier
is coupled to the grid of the limiter by
means of the I.F. transformer T1 which
is of the type described in the paragraph
on the I.LF. amplifier. Resistors R1 are used
to flatten the transformer’s response over
the desired channel width. The limiter tube
is a sharp cutoff pentode to obtain the
desired action. It can also be seen that the
plate voltage is lower than that of the
screen grid by the additional drop across
R2; the screen grid voltage is obtained
by the voltage drop across R3. The control
grid return is made through grid leak R,
which is by-passed by C, therefore with
low screen and plate voltages and grid
bias the tube will overload very readily.

The dynamic characteristic of the over-
load limiter is shown in Fig. 4(a). Here
is pictured an input signal which overloads
the tube. The action is_ as follows: as the
positive half cycle proceeds the plate cur-
rent Ip rises to saturation flattening off or
clipping the peak (shown in dotted lines)
of the positive half cycle; also it is scen
that on the positive half cycle the grid goes
positive, which means that it draws current
over this period. This grid current flowing
through R produces a voltage drop across
it and the combination of R and C have a
time constant which is high cnough to
maintain this grid bias over the negative
half signal cycle. As the input signal swings
to the negative half cycle the grid voltage
decreases to plate current cutoff and the
negative half cycle peak is clipped. Since
limiting is accomplished by plate current
saturation on the positive half cycles of the
input signal and plate current cutoff on the
negative half cycles, the overload limiter
is sometimes referred to as the saturation
cutoff limiter. The sclection of plate and
screen voltages and grid leak combination
R and C will determine the input signal
voltage™ amplitude at which limiting will
start. With high screen and plate voltages
and a high value of R limiting will occur
only on strong input signals; with lower
screen and plate voltages and a low value
of R, limiting would occur on weaker input
signals.
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PART IIh
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This action is shown clearly in Figs.
4(b) and (c). In 4(b) is shown the clip-
ping action on a moderately strong FM
signal with a large R and a high Eb and
Esg ; six cycles of the FM signal are shown.
The amplitude variation of the signal is due
to noise peaks present. Cycles 1, 2 and 3
overload the limiter by driving the plate

current to saturation and grid bias to plate -

current cutoff ; therefore, complete limiting
is accomplished and the noise variations are
climinated; however, cycles 4, 5 and 6 do
not overload the tube and these three cycles
are merely amplified with a large portion
of the noisc still present. For such signals
the limiter is essentially an I.F. amplifier.

Feeding the output at (b) to the detector
would naturally result in the noise peaks
coming through the audio section to the out-
put of the receiver. Perfect limiting is not
accomplished. In (c) is shown the action
of an additional overload limiter with a

small R and lower Eb and Esg, so that.

cycles 4, 5 and 6 are clipped, and since all
six cyclés overload the tube, complete limit-
ing is accomplished. In the better receivers
two such limiters are used in cascade: the
first limiter clips the peaks of stronger
signals above some predetermined value, by
using a large R and high Eb and Esg; the
second limiter simultaneously clips the
weaker signals above some predetermined
value by employing a low R and lower Eb
and Esg. Complete noise elimination is thus
accomplished. :

The newest method of limiting (feed-back
limiting) eliminates the use of two cas-
caded limiters, but two stages of LF. ampli-
fication must generally be used to jrovide
the necessary signal strength. The schen:atic
of the feedback limiter is shown in Fig. §.
1i can be seen {rom the diagram that the
only change which has been made is that,
instead of returning the .cathode of the
limiter directly to ground, it is returned
through an iron corc inductance L1 to
ground. L1 is by-passed for R.F. by Cl
The inductance of L1 is very high (about
10 henrics). Cl has a value of about 100
uufd. This combination will give the cath-
ode circuit a relatively high time constant
for audio frequencies. Since noise peaks
tend to amplitude modulate the R.F. wave,
and the average plate current of the limiter
conforme tto the envelope of the R.F. wave,
any changeXn the envelope due to noise

——
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Fig. 4.—How the limiter works.

will assume the form of a ripple in this
average plate current. The plate current
return is to the cathode, so this average
plate current flows through L1. If it varies
at an audio rate voltage drops will occur
across L1 as this average changes due to
amplitude variations in the R.F. wave. The
grid of the limiter is returned through grid
leak R to the negative side of LI, thus,
if the noise modulates the R.F. in the audio
range the average plate current changes
at an audio rate. As L1 presents a high
reactance to audio changes in current, volt-
age drops will occur across it in direct
opposition (inverse) to these changes, and
tend to smooth out this plate current ripple
by increasing the grid bias at these inter-
vals.

For signals that are above a predeter-
mined value overload limiting is accom-
plished in the manner previously described.
As the signal strength drops below the
predetermined value feedback limiting takes
over simultancously, and provides complete
limiting. This action is shown in Figs. 6(a)
and (b). At 6(a) is shown the action of
the feed-back limiter as an overload limiter ;
however, the only peaks which are clipped
are 1 and 2. The average plate current Ip
presents itself as an A.C. ripple at this
point (cycles 3 to 6), feedback limiting
occurs and smooths out the ripple. Fig.
6(b) shows how the grid bias Ec is al-
tered in proportion and in opposition to the
changes in average plate current flow Ip.
When the plate current variation is in the
positive direction the voltage drop across
L1 increases and makes the grid Ec more
negative, thus cutting the plate current
down to an average value again; when the
plate current variation is in the negative
direction the drop across L1 increases in
the opposite direction, making the grid Ec
less negative by the same amount and the

The action with large and small signal inputs is shown for high arid
resistance and high voltages at (b}, and for smaller

voltages and lower resistance at {c).

plate current Ip increases back to an aver-
age value. Where overload limiting leaves
off, feed-back limiting starts simultane-
ously.

Any combination of overload and feed-
back limiting may be used, depending upon
the design of the receiver, but both methods
will do the job—remove the amplitude varia-
tions from the FM signal. From the illus-
trations given it is evident that the final
output of the limiter, of “either type, will
tens._to he a flat-topped wave; this would
result in harmonic distortion if fed directly
to the detector ; however, the output circuit
of the limiter is a tuned circuit, and will
round off the tops and bottoms of the wave,
as it is tuned to the IF.

Summarizing, the FM signal has come
into the receiver; it has been amplificd by
an R.F. amplifier ; it has been converted to
the I.F. by being fed through the tnixer
and mixed with the local oscillator signal;
it has been amplified at the intermediatc
frequency by means of the LF. amplifier;
and ‘alt amplitude variations have been re-
moved by the limiter. We now have a
constant amplitude frequency modulated
signal which is ready for detection. '

THE FM DETECTOR

The FM detector—like the AM detector
—is the heart of the recciver. In AM this
is a single process; converting amplitude
variations of the carrier into audio voltage.
In detecting FM signals, however, the
process is two-fold; first, the frequency
modulated R.F. signals have to be con-
verted to corresponding amplitude modula-
tion, then the amplitude modulation is de-
tected in a normal manner. These two
actions must be linear and occur simul-
tancously to provide the net result.

Following are threc circuits which per-

(Contined on page 253)

LIMITER

TO DIsC.

\ +B

LIMITER

TO DisSC.

Fig. 3 (left}—Schematic of the overioad limiter, and 5, (righ?) of the feed- back limiting circuit. The feed-back type is considered more efficient.
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sists of making D.C. and A.C. volt-

age and current measurements, rough

checks of resistance, and measuring
R.F. and AF. voltage. The instrument to
be described is a single unit covering all
these requirements.

The ranges covered are:—

Voltage, D.C. and A.C.: 0-1, 0-100, 0-500,

0-1,000 volts.

Current, D.C.: 0-1, 0-10, 0-100 Ma., 0-1,

0-10 Amps.

Current, 4.C.: 0:10, 0-100 Ma., 0-1 Amp.
Resistance: 0-10,000 Ohms, 0-1 Megohg.
Electronic Valtwmeter, R.F. and A.F.: 1‘8—1,

0-10, 0-100 Volts. _
Electranic Voltmeter, D.C.! 0-5, 0-50, 0-500

Volts.

A 1 Ma, meter is used for all measure-

ments. There are two scales, the lower
‘graduated for resistance ranges and the
upper divided lincarly and numbered 0-5
and 0-10 for all other ranges.
. Two twelve-position switches are used
for selecting all ranges (see Fig. 1). The
other controls are two zero-setters for the
resistance ranges and one for the tube volt-
.meter. ' /

D. C. VOLTMETER

As a 1 Ma. movement is used, all ranges
ibave a resistance of 1,000 chms per volt.
In Fig. 2 (a), if V volts produce full-scale
deflection, and the resistance of the meter
movement is r ohms, the required series
resistance, R ohms, is given by R —
1,000 V — ».

In the meter used, » is 118 ohms and can
be neglected on all ranges except perhaps
‘the lowest.

' The meter movement alone is used for
the 1 Ma. range; for 10 Ma. a shunt resist-

MUCH routine laboratory work con-

r
ance of value — ohms is switched across
9

the meter and on the 100 Ma. and higher
ranges a tapped shunt is used. See Fig.
2 (b). The advantage of this method is that
on the high-current ranges, accuracy of
calibration is not affected by variations in
switch contact resistance.

. Resistance values in Fig. 2 (b) are given
y:

&
_m.

In this case » = 118 ohms, hence, R1 —
0012 ohms; R2 = (.108 ohms; R3 —=
1.08 ohms. The figurcs above will give the
.correct values for other meter resistances.

The 10 Ma. range shunt resistance has a
value of 13.1 ohms, and is made up of

214
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Rl=——; R2=——. R3
9,900 1,100

A ar.
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A VERSATILE

Here is a single unit which measures both voltages and currents,
either in A.C. or D.C. It is also an ohmmeter. Its accurate A.C. range
is exceptionally wide, running from a few cycles to many megacycles.

double-silk-covered resistance wire of suit-
able size. Fig. 3 (a) gives dimensions of a
suggested form, and shows the method of
twisting the tinned copper wire terminal
tags. :

The tapped shunt resistor R1 consists of
two 5 in. lengths of 16 SWG bare resistance
wire in parallel, mounted on the switch
wafer. The resistance is adjusted by run-
ning solder along the wire. R2 and R3
were made of No, 22 wire, cut to the cor-
réct lengths, are mounted on the same
form. Fig. 3 (b). These resistors should
be adjusted by comparing the nicter read-
g with that of an instrument that is
known to be accurate, rather than adjusting
to calculated values.

THE A, C. VOLTMETER

A Westinghouse 1 Ma. meter rectifier is
used. See Figl 2 (d). The D. C. output from
this type of meter rectifier is proportional
to the mean value of A. C. input. For a
sinusoidal waveform, on which most
measurements are made, RMS value —
L11 X mean value. From the manufactur-
cr's data, the potential drop acress the A. C.
terminals of a 1 Ma. rectifier is 0.9 volt, for
a meter current of 1 Ma. Hence, the series
resistance R ohms required for V volts
RMS full-scale deflection is

V—-09 1

= e
0.001 1.11

1,000 V. — 900 ochms

1.11

Therefore, R for 10 volts full scale de-
flection = 90,000 olims.

R for 500 volts full scale deflection —
450,000 ohms.

R for 1,000 volts full scale deflection =
900,000 ohms.

0.C.RANGE SWITCH A.C. RANGE SWiTCH

voLTS voLTS
1
0 ' soo w0 99 soo
10.000 % 1000 100 %IOOO
om«sj i
| MEG. —AC yni7e!0 —bc
10 /) ]"<\ ¥ 1 <\ 10
AMPS 10 Ma ! 100 M4
Joo AMP.

Fig. l.—Detail of the I2-position range switches.

The 0-10 volt range should be calibrated
against an accurate meter, as the scalc is
non-linear due to the measured voltage be-
ing comparable with 0.9 volt, the potential
drop across the rectifier. From the maker’s
data, the output of the rectifier is uniform
for frequencies up to 10 Kcs.

RADIO-CRAFT

ALTERNATING CURRENT METER

A current transformer is used in conjunc-
tion with the meter rectifier, Fig. 2 (e).
The ranges covered are 0-10 Ma,, 0-100 Ma.
and 0-1 Amp. )

As a current of 1.11 Ma. is required from
the secondary to give full scale deflection
on the meter, the turns ratios, not allowing
for losses, are as follows :—

1 amp. range, ratio = 1,000/1.11 : 1 = 900
01
100/111 : 1 =

100 Ma. range, ratio =
90 : 1,
10 Ma. range, ratio = 10/1.11 : 1 =9 : 1,
For linear scale-shape, the voltage drop
in the secondary winding should not be
more than 0.1 volt. Hence the maximum
permissible resistance of the secondary is
0.1/111 X 10~ = 90 ohms. To keep the
secondary turns as low as possible a single
turn primary winding is used on the 1-amp.
range; thus the secondary turns are 900,
To keep losses low the stampings must he
made of a high-permeability material. A
set of stampings was available with the
following dimensions :—

Core, 34 in. square, Querall size of stamp-
g, 124 in. X 2% in.

Winding area, lin. long by 0.3 in. deep.

Weight of set of stampings, 3 b,

It was found that, to allow for iron loss,
the secondary tarns should be reduced to
880; 34 AWG ESS (enamelled and single
silk) copper is used for the secondary, giv-
ing a resistance of 70 ohms. The primary
windings are:—
lOEMa range, 100 turns 34 AWG Enam or

&)

100 Ma. range, 10 turns 26 AWG Enam or
ESS,

l-amp. range, 1 turn 19 AWG Enam.

The sccondary is wound on firdt and the
other windings in the order #wown zbove.
There are two layers of Empire cloth be-
tween the secondary and the primaries and
onc layer between each pgimary, The stamp-
ings are interleaved. -

THE OHMMETER CIRCUIT

There are two ranges, covering resistance
values from 10 ohms to 1 megohm. The
fundamental circuit is shown in Fig. 2 (f).

If the meter, of which the resistance and.

full scale deflection are » ohms and { Ma.
respectively, is connected in series with a
resistance of value R ohms across a voltage
V, then, for full scale deflection (with
“Test” terminals shorted).

1,000V )
R+r=—_— (1)
t
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1f now a resistance R’ ohms is connected
across “Test,” then its value for half scale
deflection of the meter is given by

1,000V
054

R +R4r= (2)

From equations (1) and (2),
R=R —1r
and V = iR’ X 1072

In this instrument, = 118 ohms, + =
1 Ma. and the mid-scale readings are 500
ohms and 50,000 ohms; hence the values of
R are 382 and 49,900 ohms respectively;
the corresponding values of V are 10.5 and
50 volts. These voltages are supplied from
a linc-operated power pack by means of a
voltage divider network, the tappings being
variable over a small range to provide zero-
ohms adjustment. The internal resistance
of the supply should be small compared
with (R + 7) in this case, the internal
resistances are 15 and 700 chms respectively.

ELECTRON VOLTMETER

A high-frequency diode rectifier of small
dimensions, resembling the RCA 9006, 1s
housed with its associated smoothing com-
ponents in a cylindrical container; this is
connected to the main instrument through
about a yard of 3-conductor cable, A 6H6
would be quite suitable for all but the high-
est radio frequencies. A S-pin plug and
socket are uséd for the connection on the
front panel.

The rectificd voltage from the diode head
is applied to a meter control tube, the sup-
ply voltages for which are taken from the
pawer pack. A potential-divider circuit
across the “B" supply voltage is used to
“back-off”’ the meter. Fig. 2 (g). The range
is changed by tapping down the diode load
resistance. The standing current through
the diode produces a small voltage across
this resistance ; this voltage applies a nega-
tive bias to the grid of the control tube,
the value of which depends on the setting
of the range switch. This would necessitate
resetting the zero when the range is
changed. Automatic compensation for this
is provided by shunting the lower end of
the power pack voltage-divider by R3 on
the 10v. A. C. and 50v. D. C. ranges, and
R4 on the Iv, A, C. and 5v. D. C. ranges.

The D. C. ranges were originally the
same as the A, C, (0-1, 0-10, 0-100 volts)
but trouble was experienced when the tube
voltmeter ,was connected across a low-
resistance rcuit, as this reduced the stand-
ing bias due to the diode, thus altering the
zero setting. The simplest method of elimi-
nating this effect is to use a large resistance
(R2) in series with the input; this forms
a potential divider with the diode load and
therefore reduces sensitivity. R2 is chosen
to give ranges to fit in with the calibrated
scale: 0-5, 0-50, 0-500 volts.

As the input resistance on the D, C,
ranges is high, approximately 13 megohms,
the shunting effect on a high resistance
source of voltage is small,

In high-resistance circuits it is advisable
to measure only voltages of which the posi-
tive side is grounded; if the negative side
of the source is grounded, the leakage re-
sistance and capacitance of the high-voltage
line to the chassis are shunted across the
source, as the ncgative side must be con-
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Fig. 2.—Complete circuit of the multitester. Basic circuits are shown across the top, and the complete
circult in the center. At the bottom are seen complete details of -the V.T.Y.M. and A.C, milliammeter.

nected to the “live” lead of the tube volt-
fneter.

The 10- and 100-volt A. C., and 50- and
500-volt D. C. ranges are substantially
linear, and no further calibration is re-
quired. For greatest accuracy on the 1-volt
A. C. and the 5-volt D. C. ranges separatc
calibrations should be made; this is due to
the non-linear characteristic of the diode.

The frequency characteristic is flat be-
tween 50 cycles and 50 Mecs. It was not
measurced above 50 Mc., but the error is
probabty small up to at least 100 Mc. with
the high-frequency diode used.

The meter control tube is a high-mu R. F.
pentode, similar in characteristics to the
American 6]7 connected as a triode.

1f a voltage much larger than full scale
is applied to the input, the current through
the 1 Ma, meter does not exceed about 2
milliamperes; most meters can withstand
this overload momentarily without harm.

The input capacitance of the diode head
is 7.5 nuF with a short flexible lead and
6.5 uuF with a rigid prod.

Adjus‘ment of resistors is carried out as
follows :—

(1) Meter scries resistance Rl to give
lv. full scale deflection on most sensitive
A.C, range.

1944

(2) Input resistance R2 to give 5v. full
scale deflection on most sensitive .
range.

(3) Compensating resistances R3 and R4
adjusted so that the zero-setting does not
change on the 10v. and Iv. A.C. ranges
respectively when switching from the 100v.
range.

THE SWITCHING CIRCUITS
The complete circuit is shown in Fig. 2.

R s B S i

e 5

2 &0

i g}
"Ig he e he
(e) {

b}

Fig. 3.—The mounting form for the shunt resistors,
It will be seen that there are two switch-
wafer banks A and B. A consisting of four
single-pole, 12 way units and B of one two-
pole 6-way and four single-pole 12 way
units. Al and Bl are mounted nearest the
(Continued on page 237)
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Servicing Notes

Trouble in i

.+ .. PHILCO TH-18

Continuous and uncontrollable oscillation,
traced to the R.F. With the set turned up-
side down on the beneh, all parts were gone
over and substituted, with no results.

The trouble was found in a .005 condenser
connected to the R.F. coil abowve the chassis.
When shunted with another, the squeal
cleared up immediately.

Although this condenser is in plain sight,
it was overlooked for some time due to its
being on top of the chassis.

+ « .. MIDGET SILVERTONES

These little 4-push-button models are
very small and are crowded into a plastic
case.

Complaint was loud intermittent buzz,
disappearing when it was taken out of the
cabinet.

Trouble was due to the .01 condenser
irom one side of the line cord to ground.
When put in the cabinet, parts pressed on it,
causing an apparent short to ground. Qut-
side the cabinet it tested O.K.

Ricrare K. Syurn,
Willow Run, Mich.

- ... PACKARD-BELL 4&E

Annoying intermittent static and sudden
volume changes may often be traced to par-
tial opening of the I.F. transformer wind-
ings.

A quick check can be made with an ohm-
meter (low-ohms range). These coils nor-
mally have a. resistance between 10 and 20
ohms, but when sufficiently corroded to
cause trouble the resistance 1s much higher.

RavLpua GUNTHER,
Los Angeles, Calif,

««..PHILCO MODEL %0
(Those with one 47 in. the output.) If the
complaint is weak, stations fail
to tune in on their correct dial
settings, ete., check to sec if the
set has been misaligned. The LF.
for these sets is given as 260,
but a number are to be found
which have the LF. transform-
ers peaked at 175 Kc.
KENNETH Norris,
Dayton, Olo.

.+ . REMOVYING SPEAKER
CONES

A lot of servicemen use ace-
tone or related solvents, apply-
ing this with a small brush or
pipe cleaner around the edge
where the cone is glued to -the
frame. When the cement is soft-
encd they take a sharp knife
and run it under, the edge of the
cone, gently working it loose.

I find it faster and much neat-
er to do the job this way:

Lay the speaker face down
on the service bench and run
a large hot soldering iron
around the edge of the mietal
frame. This has to be done very
slowly allowing time for the iron
to heat the metal, and dry out
the glue which holds the cone in
place. After working round two
or three times you will find
that the glue has dried out and
the cone will drop out.
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ATTENTION SERVICEMEN!

Do you have any Servicing Notes avail-
able which you would like to bring to the
attention of the readers of Radie-Craft?
If 50, send them along and if they are pub-
lished & six-month subscription to Radio-
Craft will be awarded you. If your notes
are illustrated you will be given a one
yeer subscription.

Ordinarily this may be done with a 100-
watt iron, but if it is a large one it may be
necessary to apply more heat than a single
100-watt iron can supply.

When replacing the cone be sure to set
it so that the bolts which hold the spider
will be in the right place and that the voice
coil leads will come toward the trans-
former terminals,

J. C. Carniy,

Tonkawa, Okla.

(Note: We have never previously seen
ot heard of this method of removing cones,
but pass it on in good faith as well worth
trying out.—Ed.)

. ... KNIGHT X

This set uses 1.4-volt tubes. It would not
work with more than 45 volts “B” supply
though it functioned fairly well on that
voltage.

All tubes checked Q.K. o an excellent
tube tester.

Trouble was cleared up by replacing the
1A7-GT. It appears that more than 45
volts would paralyze this tube, causing it
to stop oscillating,

F. RENNER,
Nobleford, Alta.

CURRENT BATTERY SHORTAGE

"What could | do—she insisted that | fix the portable.”
RADIO-CRAFT

Bl

.+ .. EMERSON TABLE MODELS

Complaint: No volume, low volume,
fades, ctc,

These cases were traced in a jarge num-
ber of cases to the volume control. After
replacing a number I disnrantled one as an
experiment.

It was found that a small quantity of
lubricant was placed on the shait inside the
control. Carbon dust scraped. from the con-
trol surface was deposited on this, causing a
partial ground. By washing the lubricant
off with carbon tetrachloride the volume
control worked as good: as new.

Later I hit on the idea of leaving the
control in place and squirting some car-
bon tet into it from a small clean oil can,
at the same time rotating the knob_to allow
the liquid to wash out the entire inside of
the control. The method scored 1009 suc-
cess—no call-backs. ‘

E. H. Monti,
Philadelphia, Penna,

« + « RESURRECTING DEAD TUBES

Recently a serviceman suggested that
open filaments of 5016 tubes might be weld-
ed by flashing them with a high A.C. volt-
age.

I tried the idea on a dozen 50L6's with
open filaments. A.C. from a power trans-
former secondary was used, the voltage
being about 325, Flexible leads were used
to connect to the filament prongs, one being
gxllade secure, the other touched momentar.
ily,

In about half the cases no spark was
seen. In another couple I got a spark once
or twice, On four tubes the filament closed
and stayed closed. I’ checked these tubes
in a tube checker from time to time and
three of them are in good condition today.

This is suggested purely as a wartime
measure because of the shortage of 501.6%. I
tried the scheme on 12SA7's and
other 12-volt tubes, but without
results.

C. D. Hewrrr,
Hamden, Conn.

-+« « MAJESTIC MODEL 90

A puzeling case of apparent
overload appeared on this model.
The 80 turned blue and voltages
dropped. No shorts were discov-
erable.

Trouble was found to be a
partial short between the fila-
ment and high voltage winding
inside the power tpansformer,
As no replacement was available
the tar was melted out and a
repair made.

ARTRUR HaGopIAN,
Petaluma, Calif.

«+..MOTOROLA, SEVERAL
MODELS

When these comc.in dead,
look first for one or more
broken leads in the vibrator.
Replace them, for they will
break again if merely soldered
to the vibrator prongs.

It is sometimes necessary to
re-adjust the vibrators as the
new wires sometimes change the
frequency of vibration.

Donalp R. Damnky,

Purcellville, Va.
JANUARY, 1944
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ystematic
¥ Circuit Tests

By R. E. ALTOMARE*

=
HE passing years since Marconi sent
his first intelligible message across the
English Channel, has seen radio pro-
gress from a crude method of com-
munication to a highly developed technical
science. In the first stages of development,
many venturesome amateurs and experi-
menters built their own receivers from
crystal sets to one- and two-tube affairs.
These home builders serviced their own
sets when trouble appecared, often with only
a screw driver and a pair of pliers. These
same men constituted the first professional
servicemen: As receivers became more and
more complex in design, radio servicing
gradually passed from the “screw-driver
mechanic” stage to a science requiring a
specialized technique. The self-styled serv-
iceman who failed to keep pace with ad-
vancements slowly began to fade out of the
picture. Unfortunately, however, there are
still many servicemen who have managed
to get by with the barest of essentials,
Today, the war finds many of the experi-
cnced servicemen in the armed forces or
performing associated duties in industry,
and the field is left to many less capable
men and newcomers of varied ability.
Whether we refer to the professional
serviceman, who caters to repairs of broad-
cast receivers of all types; the student in a
radio school, who is endeavoring to learn
the rudiments of trouble shooting; or the
maintenance radio men in any of the
branches of the armed forces, the tech-
nique involved is essentially the same.

*Capitol Radio Engincering Institute, Washing-
ton, D. C.

Fig. |.—The circuit of a free-point set checker.

A radio set analyzer,
of a type universally
used some years ago.

—Courteay Weston
glectricnl Instrument
0.

Diagnosing an ailing piece of clectronic
equipment, as well as localizing the fault
and then rectifying it, is not a difficult task
if one is familiar with the fundamentals of
radio circuits and learns to practice a good
technique, which develops with experience.

The most successful trouble-shooters are
essentially good technical diagnosticians.
These men most often deliver the goods
quickly and efficiently. Yet it is amazing
how many students, maintenance men, even
servicemen of some standing, seem to think
the way to locate trouble is to turn the
defunct chassis upside down, prod around
with a voltmeter or ohmmeter or bridge
across suspected condensers with good ones,
This hit or miss method avails one nothing
and, as one officer-engineer tells his stu-
dents, “the war might be over before you
locate the trouble.”

So it is advisable, nay, imperative, that
one proceed in an orderly and logical man-
ner.

FOUR STEPS TO SERVICING

. There are four distinct and logical steps
in servicing electronic equipment. These
are:

a. General diagnosis or analysis.

b. Localizing the defective stage.

Fig. 2.—Critical points in a typical audlo stage. Fig.

R

c. Isolating the defective component.

d. Replacement or repair of the defec-
tive part.

a. General diagnosis.

The general diagnosis is important. as it
may save much time. It includes noting the
“cffects” or type of trouble and we should
try to deduce logically the probable cause
of the effect. The few moments this takes
are well spent. Ask brief questions of the
operator of the equipment to determine the
history of the complaint. Did the set stop
operating suddenly? How long has this
trouble been manifest, etc.? It also includes
looking for surface defects such as: Do
all the tubes light up (or get warm if
they are metal tubes)? Are there any ob-
viously broken connections, etc?

b. Localizing the defective stage and
c. Isolating the defective component.

The next steps should be to localize the
defective stage and then isolate the defec-
tive part. For simplicity of presentation the
two procedures will be discussed together.
These steps are the most important in
trouble-shooting.

All methods of analysis fall.into one of
the following, or may be a-modification:or

(Continued on page 246) Bt

3.—Standard superheterodyns block dlagram.
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Same as Triplett 1220-A with

sockets added.

Use Black Jacks only for volrage & resistance measurements.
for octals & toctals use corresponding Black Jack.
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Radio Service Data Sheet

MEISSNER

RADIO PHONO RECORDER

MODEL 9-106%

POWER SUPPLY. .110-125 volts,
50-60 cycles A.C.

POWER CONSUMPTION

110 Watts including motor

INTERMEDIATE FREQUENCY . .....456 Kc. Microphone
UGN waseaweavassi roimeamte 5 1400 Ke.
PAD............. No adjustment necessary 6round
NEON VOLUME INDICATORS. ... .. GE T-2 High Level
DIAL LIGHT

Any 6-8 Volt type—Bayonet Base

OPERATION

The chart shown at the bottom of the
page is designed to give the user of the
Meissner Radio-Recorder a quick insight
of the functions of the various controls.
For best results the notes and instruc-
tions following the chart should be read
and followed, since the chart alone can-
not contain all the information essential
to the proper use of the equipment.

SERVICE DATA
Cutting Arm Adjustments

1. Place on the turntable an uyncut
record of the type that is to be uysed
for recording.

2. Place stylus in the cutting head.
Insert it as far as it will go, rotate it
until the long flat on the shank of the
stylus faces the stylus serew, then firmly
tighten the screw.

3. Raise the cutter arm well up from
its rest, swing it over the record and
carefully lower it so that the stylus rests
on the record near the center (which
should not be revolving). Observe the
position of the stylus serew in the slot

Position of Selector Switch

?uning

Overlood

Microphone

Ground

Blank

in the cutter arm. If the sevew is ap-
proximately in the middle of the slot no
adjustment of the cutter arm height is
required, but if the stylus screw is close
to either the top or the bottom of the
slot the arm should.be adjusted in the
following manner:

(a) Lift the cutter arm into a vertical
position. Underneath the arm will be
found a machine screw on which the arm
rests. The adjustment of this screw is
preserved by a lock nut. Loosen the lock
nut and rotate this screw until the sty-
lus serew occupies the center position in
the slot when the cutter arm is in the
recording position, then tighten the lock
nut and again check the position of the
stylus screw to see that the adjustment
has not been disturbed by tightening the
lock nut.

(b) Cut a few blank grooves (volume
control at =zero) while watching the
stylus screw to see that as the record
revolves, the stylus screw does not ap-
proach either end of the slot. If this con-
dition holds true, the height of the cut-
ter arm is properly adjusted until a new
stylus is used having a length a great
deal different than the stylus used in

Volume

Level

indicotors

the original adjustment, or unless rec-
ords of a new thickness are used that are
sufficiently different from the original
records to require readjustment of cut-
ter arm height. NEVER ATTEMPT TO
MAKE A RECORDING WITH MORE

THAN
TABLE.

If the normal position of the screw
is too high, the entire weight of the
cutting arm is placed on the stylys when
the stylus serew hits the top of the slot.
This heavy weight will cause the stylus
to dig into the record base and riin at
least the record and in all probability
the stylus as well,

ONE DISC ON THE TURN-

SPECIAL INPUTS

In many ecases it may be desirable to
introduce external input to the amplifier
other than that from the microphone.
For either recording or Public Address
work it may be desirable to feed in the
output of (a) an external radio (b)
FM Tuner (c) external phono pickup or
other electronic devices. Such sources
are considered high level inputs and the
guin switch should be set accordingly.

Public
Address

Volume
Level
Indicotors

_Volume(Left Hand) for Left Hond Mike —

o Volume Radio

ontroi for

Right Hand || Volume
Mike Controt

Input for Mike, Externol Radio, or Externol Phano

Input for
Mike
Ext. Phono
Ext. Radio

|—Gain Control for using different types of Microphones

3 Volume Control

Radio Phono

Volume Volume
Contol Control

Volume
Control for
Right Hond

Mike

Volume (Right Hand)

“Mike {Left Hond)

Inout for
Mike
Ext Phono
Ext. Radio

Mike (Right Hand)

Goin
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This Radio-Recorder is designed to operate from a 110- Phone Arm |
125 volt 50-60 cycle alternating current supply. Never at- 8VBGT—] |
tempt to operate it from other. source of supply—serious
damage to the equipment is almost sure to occur. esc?
—_
ADJ USTMENT 6J7 L A:(esfpve
. 14 n
Cutter Arm Height ‘e Shrew
The cutter arm height is adjusted at the factory for a 87 ~——— | ] Turntoble
;tandard %" stylus. If recorcéinghblanks of the hug:ul:l O B
ome recording type are used, the cutter arm heig t 8SF7—
should not have to be changed. 1f recording blanks of un- ""O
usual thickness are used, it will be necessary to re-adjust 85a7
the cutter arm height. For instructions for performing this T
adjustment, refer to the section of this instruction sheet ° °
entitled SERVICE NOTES. Tuning )
- Tone —vw__]
Reproducing Needles Ousricod 'o[____lb
In choosing the correct reproducing needles to use it 100701
should be kept in mind that while most any good ma_ke’ of ”‘";:;"5“:;"" ,—CT'O ko)
reproducing needle is satisfactory for reproducing commer- Indicator
cial records, the same is not true with home recordings. The Left Mond L0 O~
material used to make instantaneous recording blanks is Volume
necessarily softer than the material used in commercial rec- Left HOM’—/""O,O/C) e}
ords and is more easily damaged by a reproducing needle Mike
which is not properly made to fit the groove in the record. — 'R'[M Tord Wi
There are & number of good needles on the market made es- Gain Controt nilgm s Jo,'u}“

pecially for reproducing instantaneous recordings.

Note: !_ine voltage= 117 volts % Measured on 1000 volt range. # Very low read-
ing on 1000 volt range. Switch to be in RADID position for all readings
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Hughes Balance
Metal Detectors

By ERIC LESLIE

ENTION of the Hughes Induction
M Balance in the October editorial has

provoked considerable correspon-

dence. A surprising number of per-
sons—including a few electrical engineers—
have never heard of the device, and ask for.
information as to its principle of operation,
and how it nray be constructed.

The Hughes Induction Balance is by no
means new. It was used in the '80's, but be-
longs to that unfortunate class of instru-
ments which were hampered by the crudity
of the associated apparatus which could be
uwsed with them, and had been practically
jorgotten before the advent of modern de-
vices which .might have rendered them
widely applicable.

In its simplest form, the Hughes Induc-
tion Balance consists of four coils, a pair
of headphones and a buzzer or a microphone
and some mears of producing sound. Sce
Fig. 1. A common set-up was to place a
loud-ticking clock directly in front of the
microphone,

Two of the coils are connected in series
with each other and the buzzer or micro-
phone. These may be considered the “trans-
mitter’’ end of the circuit. Their function
is to induce into the other “recciver” coils
an alternating current. The two receiver
coils are so connected that the current in
one bucks that in the other, with the result
that no signal is heard in the phones.

T
g

Balance
Coils

e Sl

The coils are
wound on rings or
discs, which may
then be slid up and
down a cylinder or
rod to obtain this
balance. Fig. 2 makes
this clear.

The four coils must
be absolutely identi-
cal. They may be
wound on cylindrical
forms 3%% inches in
diameter and 1 inch
long. No. 32 or other
available wire may be
used for the wind-
ings. The favorite
wire of the old phys-

_1cs experimenters

was double-silk cov-
ered, but modern cnamel-covered wire will
be just as effective. Each coil should have
about 300 turns. These may be wound in
60-turn layers, giving cach layer a coat
of coil dope and letting it get fairly stiff
before winding on the next. Strips of thin
glassine paper between layers will help to
keep the end turns from slipping down.
Leads about two feet long may be left to
make connections with associated apparatus.
In the balance illustrated in Fig. 2, the
coils are cemented to discs of wood, which
arc bored in the center to admit the sup-

Fig. |.—(top) Schematic
of the Hughes Balance
at the feft.

Fig. 2. — Traditiona!
form of the Hughes
Balance. The microphone
may be replaced by a
burzer, an A.C. trans-
former, or any other
means of setting up an
alternating current jn the
secondary windings. An
amplifier input would be
a great improvement
over the phones, which
were  considered very
good sound detectors
when the Balance was
widely used.
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Various types of metal lo-
cators, some based on the
Hughes Balance, have been
devised and used. Though
no detailed information on
these Army mine locators is
available, their general
appearance would fead 1o
the belief that fhey - are
heterodyne detectors.

Official Photo U. S.
Army Air Forces

. Signal Corps Photo

porting rod. The lower discs should be
large enough to offer a firm support to the
apparatus, the upper ones just large enough
to support the coils. The rods should be ce-
mented firmly into the holes in the lower
discs. Those in the upper two discs should
be drilled carefully, to make a tight fit
around the center rod, so that the disc can
be slipped up and down to adjust the dis-
tance from the primary coils, but will re-
main securely in place if not touched. This
s very important, as no metal clamping de-
vice can be used to keep these coils in
place. Slight differences between the coils
will make some adjustment necessary, but
if they are properly wound, such adjust-
ments should be very small, in the order of
fractions of an inch.

Cardboard or thin fibre discs may be
cemented to the top of the coils, to act as
platforms.

The coils are hooked up as shown in
Fig. 3. For the source of power, an audio
oscillator or even a buzzer may be used.
This can be coupled into the balance through
a step-down transformer. A plate-to-line
transformer would probably be the most
suitable type readily available, but for ex-
perimental purposes an ordinary plate-tos
voice-coil output transformer should be
good enough.

Another low-impedance winding may be
placed in the “receiving” circuit, to couple
to the amplifier. A voice-coil-to-grid, or an
ordinary output transformer hooked up

(Conmtinned on page 248)
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OSCILLATING RADIOS

and ‘again. Regeneration and Oscilla-
tion being two such troubles. The
remedies may vary, but fundamental
principles can always be applied successfully
to find the cause of .unwanted regeneration
in a circuit.
Fig. 1 shows a typical audic amplifier
system, While others may differ from this
one in some respects, the remedies applied

CERTAIN service troubles recur again

By JACK KING

remove the howl you know that a new
condenser really is necded.

When C7 opens up, the plate load be-
comes largely inductive, Since the inductive
reactance increases with higher frequencies
(audio band), the impedance -of the plate
load is very high at the high end of the
band when C7 is open, The grid-plate ca-
pacity of the tube, however, has a reactance
which decreases with frequency, so that it

Fig. 1—Typical audio
amplifier circuit of the
resistance - coupled
type. Transformer-
coupled amplifiers are
even more likely te
oscillate, but the
causes are the same in
each type.

here will serve equally well in many more
or less similar circuits. For example, an
open in C7 will be responsible for a loud
how! in many cases. The condenser can be
tested simply by shunting it with another
onc of the same capacitance value. If the
howl disappcars a new capacitor 1s required,
of course.

The capacity should be the same as the
original—for this reason: If a larger value
is used squealing which originates in some
preceding stage and results in an audio
note in the output stage may Seem to be
eliminated, due to the filtering action of
the large condenser. Larger values of
will lower the response of the set, as C7
is a shunt across the plate load. If the
original condenser has a value of .01 and
a squeal is heard when it is replaced, but
is cut down in intensity when a .05 mfd.
unit is used, don’t make the mistake of
assuming you have found the trouble—you
have simply cut down on the response of
the set at high audio frequencies. If you
find that replacing of C7 with a condenser
equivalent in capacity to the original does

is much lower at the high end of the audio
band and, accordingly, considerable feed-
back may take place through the grid-plate
capacity. This leads to regeneration and
then to oscillation as the circuit losses are
overcome and the tube “spills over.”

COMMON IMPEDANCE COUPLING
Still another form of trouble can develop

in a circuit of this kind. Let's assume that
C3 opens up. The net result will be that
the B supply has a high audio impedance
between the B plus and the B minus ter-
minals. This gives us a common coupling
in a common impedance. That is, the plate
circuit of the driver tube No. 1 and the
plate circuit of the output tube No. 2 are
connected through the common impedance

of the power supply. Any variation in the

current of the output tube will cause a
drop across this impedance and hence varia-
tion in the current of the input tube No. 1.
This is a common cause of “motor-boating”
in radio receivers and audio amplifiers.

Let us visualize a signal voltage due to
the output tube not only appearing across

8%

Fig. 2—One.stage R.F. and detector, Oscillations can originate -at several points in such a
circuit, the most common causes being feedback from the output to input circuit of the 8Dé.
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the plate load of tube No. 2 but also, in
part, across the B supply, across the ter-
minals of C3. Now, this signal voltage will
send a current through R3 and R4 and the
tube marked No. 1. It will also cause 2
signal current to flow in RS through C5
and the signal will be amplified and re-
amplified in this way. This amounts to a
“feedback loop.” If C3 is not entirely open,
the amplifier may “motorboat” or “putt-
putt” instead of singing or squealing. This
tendency to oscillate will ‘be greater if R3,
R4 and RS are small, so far as passage of
signal current from the B supply, due to
audio voltage, is concerned. If RS is small
compared to R3 and R4 the effect will be
minimized< ‘but in most sets R5 is about
twice R4. If the coupling condenser is large,
the effect will be more pronounced, and if
C4 3pcns up the feedback will be aggra-
vated.

DIRECT CAPACITY COUPLINGS

If you were building an amplifier of this
type, you would try to keep the plate cir-
cuit wiring of No, 2 away from the grid
circuit ‘wiring of the same tube and away
from the grid and plate wiring of tube
No. 1. This would minimize feedback trou-
btes. In some high gain circuits it is even
necessary, if the two tubes are placed close
together on the same chassis, to shield
No. 1 so that there will be no capacitive
coupling between the elements of tube No. 1
and No. 2 '

Capacitive coupling ‘may be found in
other places in a radio receiver. For ex-
ample, in Fig. 2, if the antenna of the sct
is brought near the 6C6 detector and there
is an open condenser (marked C9 in the
diagram) development of an R.F. voltage
in the plate circuit will be possible and
there may be coupling between this plate
circuit and the antenna, so that energy is
fed back from the detector to the R.F. in-
put, thus forming a feedback loop and caust
ing regeneration or oscillation. Small T.R.F.
sets sometimes have this trouble. Moving
the antenna near and then away from the
detector will change the coupling and the
intensity of the oscillation, hence such
movement is one of the ways of checking
on the condition.

Still another form of oscillation in a cir-
cuit of this kind may be due to coupling
in a common high resistance chassis im-
pedance. Current flowing between the lower
terminal of L4 and C11 may flow through
the same chassis path for a short distance
with current flowing from the lower ter-
minal of L2 to C2. In some sets re-routing
the wire from the lower terminal of cach
coil directly to the associated tuning con-
denser rotor will aid in securing stability.
In other sets the simple expedient of solder-
ing a wire in place between opposite sides
of the chassis will improve performance.

It may be found in some cases that the
designer has purposely allowed a slight
amount of fecdback to exist for the pur-
pose of increasing the selectivity and gain
of the simple T.R.F. circuit. Common
coupling between circuits is not the only
form of feedback—coils in the R.F. and
detector circuits may be coupled electro-
magnetically. This will cause feedback, The
coils can -sometimes -be moved slightly to
minimize coupling. In many of these sets
the detector tube is unshielded but the R.F.

(Continued on page 240)
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Latest Radio Apparatus

SENSITIVE RELAY

Struthers-Dunn, Inc.
Philadelphia, Penna.

ANEW Struthers-Dunn  relay, Type

79X AX, is designed for a varicty of
electronic circuit applications calling for a
highly sensitive unit having snap-action
contacts. Contact pressure of this relay re-
mains constant despite slow vatiations in the
coil current in which it is connected. Then,
when the coil current reaches a certajn
point, the contacts operate with a positive
snap action,

The relay operates on as little as 10 mjlli-
watts in its coil ¢ircuit, and is recommended
for dozens of highly sensitive vacuum tube
applications, as well as in detecting over-
loads at low current levels. Its greatest
field of usefulness lies in applications where
current varies slowly between various lim-
its, rather than quickly from 0 to rated
value.—Radio-Craft

®
D.C. TIMING MOTOR

Haydon Manufacturing Co..
Forestville, Conn.

-'ANE\/V type of D.C. motor for timing
applications on D.C. current is an-

! nounced. The new unit will be marketed
under the trade name of: Haydon D.C.
Timing Motor.

This is a normally running 6 volt motor
with resistance wire calibrated at the fac-
tory for 12 volts, 24 volts, and other volt-
age applications. It is available with all
the various output shaft speeds which the
company now has in its A.C, line of timing

-
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motors, these speeds secured through
sealed-in lubricated gear trains. Speeds
available will be from 900 R.P.M. down to
one revolution per month.

Extremely consistent ‘speed is obtained
by the governor effect of an electrical eddy
current drag built into the motor. A unique
featurc is the fact that there is no arcing
at high altitude operation and brush life
is unusually long. The motor can be pur-
chased with special lubricant for operation
at extremely low temperatures.

This motor is entirely new in design, re-
versible, weighs approximately 6 ounces
and operatcs on a current input of approx-
imately 100 ma, no load. The motor, in-
cluding gear reduction, measures only
2 7/16" high by 214" wide by 134" deep.
—Radio Craft

LOW-RESISTANCE TEST-SETS

Shallcross Mfg. Co.
Collingdale, Penna.

TWO new Shallcross Low-Resistance Test

sets, Type 645 (Army range) and Type
653 (Navy range) include all popular fea-
tures of previous models with the added
convenience of complete portability and
greater freedom, ease, and speed of opera-
tion,

The Test unit containing the meter, bat-
teries, switches, control, etc.; is supported
comfortably and conveniently in front of: the
operator by means of adjustable shoulder
straps. Bond or contact resistance meas-
urements as low as .0001 ohms can then be
made, simply by attaching the fixed' clamp
to one side of the bonded surface, then
touching the hardened points of the Pistol
Grip Exploring probe on the other side.

Both hands are free at all times to adjust
and operate the instrument. The weight of
the Pistol Grip Exploring Probe is reduced
to a minimum by incorporating the meters,
batterics, etc., in the cabinet suspended from
the operator’s shoulders.

In addition to their widespread use in
testing aircrait bonding, these Shallcross
Sets are unexcelled for testing railroad
bonds, radio cquipment, contact resistance
of relays, circuit breakers, switches, and
various others. They make bar-to-bar re-
sistance measurements on commutators as
simple: as making a voltmeter reading.

Type 645 (Army range) ,is 0.005 and
05 full scale. Type 653 (Navy range) is
0,003 and 0.3 ohms full scale.—Radio-Craft

RADIO-CRAFT

AIR INDUCTORS

Barker & Williamson
Upper Darby, Penna.

STANDARD B. & W. heavy duty coils

meet many electronic heating applica-
tions up to 1 KW.. Of the well-known
B. & W. “Air Wound” design (no solid
winding form) these coils are light in
weight, adaptable to numerous mounting
arrangements, are exceptionally sturdy, and
have low dielectric loss. Equally important,
they are wound to uniform pitch, offer ut-
most design adaptability, and lend them-
selves readily to mechanical and electrical
revisions in circuits that must be adjusted,
or which are still in the experimental stage.
Many special coils are also being pro-
duced regularly for electronic heating uses.
—Radio-Crafi

FIBERGLAS SLEEVING -

Bentley, Harris Mfg. Co.
Conshohocken, Penna.

I N appearance like an ordinary silk sleev-

ing, this product is non-fraying, flexible,
fireproof and heat and water resistant.

he non-fraying feature is claimed as
one of the greatest advantages, especially
where vibration is* encountered. The for-
mer practice was to stiffen the ends of the
sleeves. This dipping process is obviated
with BH Fiberglas. Another advantage of
this type of sleeving is its high dielectric
strength. Flexibility is equal to that of older
types of sleeving, in fact the uninformed
observer unhesitatingly states that the ma-
terial is some kind of silk.~~Radso-Craft

The electric instrument industry has in-
creased its production 4,000 per cent in the
past threc years, according to a report made
to the convention of the National Elec-
trical Manufacturers’ Association. The pres-
ent output of electric instruments is at the
rate of 28,000,000 per year, as against
700,000 in 1940, said H. P. Sparkes, presi-
dent of the association.
JANUARY,
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Men! Here's your chance
to get started on the right
track in your study of:
Radio-Electronics—without
guesswork and without in-
vesting a lot of money!

We contacted a mixed
group of 81T radio men com-
posed of Radio instructors,
Service-men, Radio men in
the U.S. Military and Naval
Fox:ces, in radio manufac-
turing plants, etc.—asked
them to tell us without prej-
udice or favor just what
they ‘think of the various

UNUSUAL SURVEY REVEALS WHAT
RADIO MEN THINK OF RADIO BOOKS

books and courses -offered to
beginners for the study of
Radio-Electronic fundamen-
tals. WE'VE MADE A DIS-
COVERY! Nire out of ten
of these men—1728 to be ex-
act—wrote back that Ghir- )
ardi’'s RADIQ. PHYSICS e

COURSE is their choice— .=
the most understandable, |
thorough, and inexpensive
Radio-Electronic bock there
is—far
other book or course they
have ever seen!

our Money Bac

better than any

YOUR MONEY BACK! ; . . It Ghirardi's big 972-Page RADIO PHYSICS
COURSE doesn't feach you the fundamentals of Radio-Eiectronics and Electricity
FASTER, EASIER, and at LESS COST than any other Radio book !

Are you one of the thousands of men who'd
like t6 learn’ Radio-Electronics but can't seem to
make up their minds about just what to do or how
to.get started for & profitable, interesting career?
If 8o, cheer up, for Ghirardi's famous RADIO
PHYSICS COURSE—the simplified, down-to-
earth -book from which thousands just like you
have learned Radio—is exactly what you need to
teach yourself the casiest way, right from the
ground up, at home in spare time—and help you
check: your .oWwn progress every step of the way.
They say it's the easiest, quickest, and most in-
exvénsive method of learning the required Radio.
Electronic essentials. That's why it is used and
recommended as the text for U. 'S, Army ‘Signal
Corps training courses in Radio fundamentals.

HO OQTHER RADIO COURSE LIKE IT

You've never seen any Radio Book like Ghirar-
di's KADIO PHYSICS COURSE—because there
isn't any other like it anywhere, at any price.
Starting right at the beginning—over 300 pages
devoted to the all-essential Electrical fundamentals
alone—Ghirardi teaches you EVERY important
branch of this fascinating subject. He takes noth-
ing for grantced, but illustrates and explains every
Inst detail step-by-step and so carefully that it'is
crystal clear before you go on to the next. That's
the big differénce between RADIO PHYSICS
COURSE and other. radio courses which take too
much for granted. That's why both civilian and
military Radio Instructors everywhere report that
their students learn Radio far miore quickly and
easily from this than from any other Radio text—

P W o
$50 RADIO
COURSE

complete
for onfy

ALFRED A. GHIRARD)

World-famous Radio
Authority

f-p_r

RADIO-CRAFT

MAIL NOW b

JANUARY,

it's practically a self-teacher. That’s why Ghi-
rardi’s famous RADIO PHYSICS COURSE .is
used by more U. S. Army Signal Corps, Navy,
civilian school and college radio training courses,
and for more home study uses than any other
basic Radio book published!

SCOPE OF 35 COURSES IN ONE BIG BOOK

Because Ghirardi’s RADIO PHYSICS COURSE ia 20
comprehensive; and o thorough in Its explanations, It is
a large voluino—larger by far than any gther book of its
type. Actually, it glves you, the scope of 36 dlfforcmt
courses in. one—packed into nesriy 1,000 pages, made
easily- understandable by mor¢ than 500" specially pro-
pored lliusirations. 'and containing 858 _self-testing re-
view questions. All this costs you only $5. o

§ Days to See for Yourseil — AT-OUR RISK

Got staricd at once by mailing the coupon below—
now! Our 5-day MONEY-BACK Trial Offcr cnables you
to exam!ne this great book without assuming any risk
whatever. Prepars now for a fascinating Radlo-Electronic
Future—in the Signal Corps, in tho Navy, in Aviation,
Rroadcasting, Klectronics, Television. Manufscturing or
nni‘!?(otgecsn:my other branches! Send tho coupon below

$old at y/1oth the price YO
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h
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Other GHIRARD! Books to Help You

% MODERN RADIOD
SERVICING -« A, complcte

1300 - page.
1-volume home-study Coursc in

o Servicing, Explains to the
last “'T** cvery phase of the

by the Mo
706 .1llustmtions. Price $3.

4 RADLO TROUBLE.
SHOOTER'S HANDBOOK

A big, néw T44-page Re-
vised Fdition of Radio'w
most. popular factuai Dats
tandbook for repalr work.
Now containa 75 blg  see-
tions of invaluable tabulated
and charted’ troubleshooting

shooting ‘and repair time.
Pays for itself the first 4ime
you use iti (812" x 117
size). Price $5.

Get both 0f the above ser-
vielng books ot a renl sav-
SAVE ingsl Over 2,000 pages of vital,
% n MODERN_"RADIO

gether.c

se coupon

complete instrucnion:

o might expec! t©

HiLL BOOKS INC.. Dent. RC-14
1y). 111 a0

0.p. ln US. om¥o

$ dt)'?e:gd(‘feeelvo my money pack.

GUARANTEE!
YOU BE THE JUDGE

223



The Listening Post

E wish to thank all of our readers

for the cooperation which they have

shhown in sending in reports on the

short wave stations they hear. This
is the only way we have of checking the
frequencies and schiedules of many of these
stations under present world conditions.
Keep up the good work, and we will try to
keep the station lists revised.

Reports are wanted on the reception of
the Chinese radio station XGOY, located at
Chungking, and: operating on 2 frequéncy of
6.130 megacycles. Verifications may be re-
ceived from Ying Ong; 1001 E. Roosevelt
Street; Phoenix, Arizona.

Attention is called to the frequency test
conducted by the station in Beltsville,
Maryland, on 10.000 megacycles. It may be
heard every hour, on the hour, with signals
and explanations. Also, the U. S. Burcau of
Standards maintains a station on 5.000
megacycles, which gives the standard of
frequency, time, and musical pitch.

Verifications of programs of OPL, Leo-
poldville, Belgian Congo, may be obtained
from the Belgian Broadcasting Service;
247 Park Avenue, New York City. Cards
are black on white background, and show
a map of the world and distances from
Leopoldville to various places in the United
States. This information was supplied by
Robert Grimm of Macon, Missouri,

A newcomer to the dials is “Radio In-
connu” on 9.755 megacycles, and is being

Edited By ELMER R. FULLER

heard Sundays from 3 to 3:11 pm. They sign
on and off with chimes or bells, and the
the program consists of a man and a girl
talking at the same time, in French, and as
if they were having a quarrel. ‘

“Praheva’” is a new one heard on 9.870,
and is also on Sundays from 5 to 5:07-pm.
The program opens with a train whistle
and closes with three whistles. A man is
heard spcaking in an unidentified language.
The signals so far have been reported as
very weak, !

Heard on Fridays, at 7 to 7:30 pm, is
another newcomer, Paramaribo, Dutch
Guiana. The frequency used is 575 mega-
cycles. Chimes followed bythe Portuguese
National Anthem, close the program of a
new station in the Azores. The station, lo-
cated at Ponta Del Gada, uses a frequency.
of 4.020. The time is 6 to 8 pm, daily.

Station Debunk is now being heard from
8:30 to 9 pm, on 7.180 megacycles, accord-
ing to a bulletin just issued by the Federal
Communications Commission. This publica-
tion also_gives SBO, on 6.065 megacycles,
and SBU, on 9.535 megacycles, at Motala,
Sweden. The studios are in Stockholm, and
the programs are beamed to Europe at 5:15
to 5:50 pm; and to us at 9 to 10 pm.

All schedules of the Portuguese stations
arc one hour later due to the change back
to standard time in that country.

Reports for the past month were re-
ceived from the following: Joseph R. Hell-

)

mer, Pennsylvania; National Broadcasting '

Station, Guatemala; Office of War Infor-
mation, New. York City; James F. Mor-
gan, Indiana; Royal M. Gibson, Georgia:
R. L. Morris, Virginia; Robert S. Duggan,
Jr., Georgia; Robert Skutt, New York;
William C. Duggan, Jr., New York: Bur-
nell Thrasher, Aissouri; J. B. Yates, New
York; Solomon Smith, Newfoundland;
Ying Ong, Arizona; Gilbert L. Harris,
Massachusetts; Kenneth Noyes, Califor-
nia; Albert Simanas, Pennsylvania; and
Robert A, Grimm, Missouri.

The following is a program schedule of
XGOY, Chungking, China. They use a
frequency of 6.130 megacycles. Broadcast
to East Asia and the South Seas:

7:35 am News in Spanish

7:45 am News in Annamese
8:00 am News in Canfonese
8:10 am News in French

8:20 am News In Japanese
8:30 am News in Burmese

8:45 am  Naws in ch

9:00 am News—Talk In Chinese
9:10 am Music

9:15 am News in Siamasa

9:30 am News in Malayan
9:40 am [nterval

9:45 am News in Cantonese
10:00 am World news in English
10:15 am Music

10:20 am Talk in English

11:00 am Chinese news in Englith
11:15 am Talk in English

11:30 am  Slgn Off

"All schedules below are Eastern War
Time.

Mc. Call Location and Scheduls Me. Call Location and Schedule Mc.  Call Location and Schedule
3.352 ZFA3 HAMILTON, BERMUDA; Mondays, || 6.040 WRUW  BOSTON, MASSACHUSETTS; Eu- || 6.165 HHBM PORT AU PRINCE, HAITI; 7 to
Wednesday, and Fridays, B to ropean beam, 2:15 to 4 am; Cen- 10 pm.
45 pm or later. tral American beam, 7:30 pm to || 6.170 WCBX NEW YORK CITY; European beam,
4020 ~—— P%:{er DEL GADA, AZORES; & to 2 am. . B()IggT:m(:'(o)LZ()b;?fA 7
B pm. . - . ' : pm to
il SR lelo'loECUAD:?'!. T ’OQIO (o bt com H::,;?EA' CUB not heard ve 4.190 DXG BEIRzillil aE.ERMAMY
o m; daily exce Mon- . & :
days: Sundays. 9 am to '8 pm. . || 695 GSA CORDEK, CHBLAND: Neat East || 4190 WGEO SCHENECTADY, NEW YORK;
470 Q! KINGSTON, JAMAICA: Sunday Africa and  Gibraltar beam, 12:15 1o 3:15 am; European
6:15 to :55 pm; daily, 6:15 to about noon. beam.
| M7:l'!5 8:‘# g 8.060 WCDA  NEW YORK CITY; 7:30 pm to 2 am. |} 6.200 ZYC? RIO’DE JANEIRO; never heatd, as
475  YVIRY ARA BO, YENEZUELA. o et. .
476 YVARO VALENCIA. VENEZUELA 065 B0 MOTALA Ve QEN  furopean | 20 GaN  LONDON, ENGLAND: B:5 pm 1o
4765 HJFB  MANIZALES, COLOMBIA. Aoretioon Besmis 1ok 1onbm: 12:45 _am.
477 YVIRY CORO, VENEZUELA 6070 CFRX  TOROMTO, CANADA: Sundaye 9|| 82  YVSRN  CARACAS, YENEZUELA: early eve-
478 YVIRN  BARQUISMETO, VENEZUELA am to 12 midnight: Monday to . , mings.
4.79  YV6RU BOLIVAR, YENEZUELA; evenings. Friday, 7:30 am to 12:05 am: Sat- || 6220 —— GUSTAY SIEGFRIED EINS"; 7:50
482 XEJS GUADALAJARA, MEXICO: eve- urda '7:30 to 12:45 am. to gm.
nings. 2 8080 WLWK CINCINNATI Ohio:  European || 6-243 HIIN CIUDA TRUWILLO, DOMINICAN
4.92 YVSRN  CARACAS, VENEZUELA: evening beam, 12:15 to 4:30 am; West REPUBLIC: evenings.
transmissions. - South  American beam, 830 pm || 8:280 HMNZ CIUDAD, TRUJILLO, DOMINICAN
4.955 HJOQ  BOGOTA, COLOMBIA; evenings. to midnight. ' REPUBLIC.
5.620 OAX2A  TRUJILLO, PERU; heard Sundays 5.090 CBFW VERCHERES CANADA; daily, 4.345 HER4 BERNE, SWITZERLAND; 9:30 to ||
e e b 7:30 to 11:30 pm (in French). pm_daily exctfwsmrday.
55 — PAFRGMAR; O, 7D§:)TCH GUIANA; 8.09 ZNS2 NASSAU, BAHEMA&: Sundays, off 6370 — L[SBO':'.,POBRT GAL: home serv-
ridays, 7 to 7: m. i X ice o) m.
5675 HRN  TEGUCIGALPA, HsgNdZURASﬁ il e amarn) i PER 6370 WITM. NEW vo'nxscfw; European-beam,
m to midnight; Sun s, O t . ¢ 4 pm 1o am.
(0045 o . @1 6100 COCO  HAVANA, CUBA; evenings. 6405 TGOA ~QUEZALTENANGO, GUATEMALA;
5875 TIGPH SAN JOSE, COSTA RICA: not | 6.110 GSL LONDON, ENGLAND; North Am- 9 pm to 2 am.
g heard recently. erican beam, 6:45 pm to 12:45 || 647 COH! SANTA CLARA, CUBA; afternoons
5935 PJCI CURACAO, NETHERLANDS WEST am. and _evenings.
y INDIES: 7:45 to 10:38 pm 6.120 WRCA NEW YORK CITY; European beam, || 6.480 TGWB GUATEMALA CITY, GUATEMALA;
5.980 YONH ST. JOMNS, NEWFOUNDLAND: 12:15 to 2:45 am. 7 am to B:10 pm daily except
Sundays 8:30 to (0:30 am: 1:30 || 4.120 WKTS NEW YORK CITY: European beam, Sunday.
to & pm; other days, 6:30 to 3105 am: B pm to midnight. 8715 ZLTY WELLINGTON, NEW ZEALAND;
10:30 am:.2:30 to 7:30 pm. 6120 ——- BERLIN, GERMANY: North Ameri- da.lnl at 5:30 or & am.
5.985 WHKRX NEW YORK CITY; European beam, can beam, variable times. 7.000 WGEA  SCHENECTADY, N. Y.: Brazilian
10 to 11:15 pm; 12:30 to 2 am. §.120 LRXI BUENOS AIRES, ARGENTINA: beam, 8:30 to 1130 pm.
4,000 HHZS PORT AU PR! Ch, HAITI; 7:35 pm ""Radic El Mundo:" 9 to 12 pm. || 7.014 CMZI HAVANA. CUBA; Il pm to 12:10
Saturdays. §.130 XGOY CHUNGKING, CHINA: Eact Asia am,
6.000 ZFY GEORGETYOWN. BRITISH GUI- and South Seas; 7:35 to 9:40 am; 7.085 GRS LONDON ENGLAND; Near East, .
ANA: 3:15 to 8:20 pm. North American beam, 9:45 to Africa, and Gibraltar beam,
§.005 CFCX MONTREAL, CANADA: Suynday, 11:30 am. X about noon.
7:30 am to 12 midnight; Monday || 4.130 COCD HAVYANA, CUBA; 7 pm to mid- || 7,12 GRM LONDON, ENGLAND; 8:15 pm to
to Saturday, 6:45 am to 12 mid- night. 4 am. &
niaht, 4.130 CHNX HALIFAX, NOVA SCOTIA; Sundays, || 7.15 GRT LONDQN. ENGLAND; 10:45 pm to
£.010 CJCX SYONEY, NOVA SCOTIA: Sunday B am to &:55 pm; Monday to midnight. g
to Friday, 7 to 11 am: Saturday, Thursday, 4:45 am to 10:15 pm: || 7.180 —— “STATION DEBUNK'; B:30 to 9
5:45 to Il am; Sunday, B to II flriduy, and Saturday, 6:45 to . pr,
am. 3 am. 7.18 CMZI  HAVANA, CUBA; daytimes.
6020 ZFY GEORGETOWN, BRITISH GUI- || 6.140 WBOS  BOSTON, MASS.; European beam, Sl
ANA: evenings. 3:45 to 5:45 am. 7.230 KWID SAN FRANCISCO, CALIF.. Orien-
602 — “GUSTAV SIEGFRIED EINS"; not || 6.140 DXX BERLIN, GERMANY: 7 10 B pm. tal beam, £:30 am to 12:45 prm:
heard recently. 6,150 CJRO WINNIPEG, CANADA: b to tl pm. || 7.230 — ROME, ITALY; off since September
6.030 CEVP CALGARY, CANADA; Sunday, 10 || 6.150 GRW LONDON, ENGLA.ND; Near East, Bth, 1943,
am to 1:30 am; Monday, to Sat- Africa, and  Gibraltar beam, || 724 Xy BERLIN, GERMANY: 1| to |1:45
3 DXP  BERLIN. GERMANY: Nom: 6160 CERX  VANGOUVER, CANADA: 1030 i
8.0 D E .G ANY; North Amer- & A ! : 1030 am .
can beam, evenings to [:30 am. to 2:30 am. (Continued on page 244)
224 RADIO-CRAFT for JANUARY, 1944




A FREE Buy-Exchange-Sell Service for Radio Men <

WILL TRADE—Radio & Televiaion
Institute three book course complete
for Superior tube checker #1240 or
what have you? Books on b-day ap-

proval. George J. Smith,
7th St., Steubenville, Ohio.

WANTED—Used tube tester and
condenser and resistor tester, also 3
50L6GT. 8 80, and 1 6B7 tubes. De-
seribe fully. Warren Demarest, Jr.,
2446 Galvy, Baton Rouge, La.

132 Seo.

WANTED—One Ecophone EC-1
or National SW-8. Must be in
fair condition. Cash. S/Sgt. John
T. Craig, Hq. Btry. 447, AAA
AW, BN., Fort Fisher, N. C.

FOR SALE — Used National
NCI00XS, $126; Used RCA 809
tube, $2.26; RCA 76, $1; new Eimac
160T, $26; new B & W 40JVL jr.
coil, $1; used GE 2 mifd. 1500 v.
cond., $3.50; used Thordarson class
B mod. trans. input and output for
809'a etc.,, $7.60; RCA photophone
6 high metal relay rack with ama-
teur and W.E. notchings, compl.
with all new Bud masonite panels,
never used, $20. Fred Craven, 2216
So. 7th St., Philadelphia 48, Pa.

WANTED—Late or carly model Mc-
Murde Silver Masterpiece Radio
model VI at reasonable price. De-
seribe fully. Paul Capito, 637 W.
21 St., Erie, Penna,

FOR SALE on behalf of staff
sgt. in signal corps overseas: 160
different radio tubes and various
other items of service stock inel.
condensers, etc. Write for details.
John Smirga, 14656 Byron St,,
Chicago 13, Il

WILL TRADE — 50L6GT’s ;
3626GT s 5 36Z3's ; 117Z6GT’s ;
T0L7's; 12's; ham power trans.;
Mac bug; ham filters; Supreme
oscilloscope and other radio parts for
S & W K.22 and/or Marlin lever
action .22. rifle in £ood condition.
Eddie. Box 2292, Orlando, Florida.

TRADE OR SELL~—Teleplex elec-
tric code mechine with speed con-
trol, headphones and several rolls
practice messages. $29.50 cash or
will trade for new small midget ra-
dios. Also Philco  non-refrigerated
window air conditioner, $39.560. Mill-
er Electric Service, Ellenville, N, Y.

FOR SALE—Onc #1175A Triplett
all-purpose, all-wave tester inecl.
$#1161A all-wave signal generator
and #1126B V-0-M or muliimeter.
Walter Benkwitt, 441 Willis Ave.,
Bronx, New York, N, Y,

FOR SALE OR TRADE—Precision
3500 tube checker, good c¢ondition,
with charts and factory data on
modernization. Want condenscr
analyser, Hickok 47X or similar,
also late comb. tube checker and
V-0-M. Paul J. McCray. 413 South
Wayne St., Arlington, Va.

RADIO-CRAFT

for

TUBES FOR BALE—Ahout 100 new
tubes, gll saleable types. Some
125A7%, 60L6, 3525, and 80. Want to
sell because of illnesa. Will sell only
entire stock. Write for list if in.
terested. Even Radio Co., 1638 Cen-
tral Ave., Dubuque, Jowa.

WANTED—Rider's manuals Vols.
7, 11, 12, and 18. Have an extra
Vol. 8 for sale. E. E. Trumpfcller,
71 North St., Houlton, Me.

WANTED FOR CASH—Copy of
¢ircuit and chart for #220 Simpson
tube checker. Also want late _model
signal genecrator, sect of Riders
manuals, resistance line cords, tubes,
or what have you? French, 338 10th
St., N. E. Washington 4, D. C.

MANUALS FOR SALE—New set
of Rider's Nos. 1, 6, 6, 7, 8, 9, 10,
11, and 12 in original cartons. Price
$75. Northern Distributing Co.,
Britt, Iowa.

FOR SALE—One G.H.Q. miniature
gas engine in new condition—not
even completely assembled. $18 com-
plete. Ewell F. Nuckols, Rt, #2, Box
814, Richmond, Va.

FOR SALE—Onc large Weston me-
ter, 43" diam., perfect condition,
approx. 0-2 ma. Taken out of obso-
lete tube checker. Alse have Elec-
tro-Voice 100 doublc-button car-
bon mike; and one HY615 and one
966 acorn tube. Want to buy for
cash VR-150-80, also any 12, 35, 50
or 110 volt tubes, and a multimeter.
The Chapin Studio, Chatham, Mass.

TUBES FOR SALE-—Havc several
each of 36725, 1V 1HS, 50L6, 128Q7,
1Q5, 6K17, 87, 2616, 6A8G, 34, 42, 47,
24A, 38, 236, 6CB, 3Q5. Must secll
quickly—or will trade fér tube
tester or good V-0-M. Write for
details. Pvt. Marvin H. Culp, 2nd
Air Force, 420 Sig. Co. AVN.,, Colo-
rado Springs, Colo.

WANTED—Signal generator and
other test eqpt. wanted by service
man Jjust starting in business. Val-
bert French, Hico. West Va.

'FOR SBALE—Jewell #199 analyzer
‘altered at factory to handle screen

grid tubes. Best offer takes It
S. Q. Hull, 621 Hawthorne Ave.,
Kittanning, Pa.

Sale”

Send in your ad today. *‘Equinment for
and “‘Equipment Wanted
emergency nature wiil recelve first attention. ice,

WILL TRADE—Have one Thordar-
son ‘T-74C29 filter choke; one 807
RCA tube; one 7V6 ditto; 2 7C7
Sylvania tubes ; 1 7C5 ditto; and one
7C6 G-E tube. All brand new. Will
trade for 0-I milliammeter and one
50 ma. copper oxide rectifier for
meter. Manassas Radio & Electric
Repair Co., P. 0. Box 298, Manassas,
Va.

FOR SALE—1905 Ford automobile.
Want to buy home radio sets. State
condition and cash prices. Murray
E. Main, Delawarc, Ohio.

WILL TRADE OR SELL old copies
QST, Radio, Radioc Today, Radio-
Craft, Short Wave, Short Wave
Craft, Radio & Television. Radio
News, Radio Retailing, Service, etc.
What have you—what do you want?
Major Fred Kline, Kent, Ohio.

FOR SALE OR TRADE—New Phil-
co 044 audio signal generator in
original faetery carton. $I9 cash—
or want a Eood record player or
turntable & pickep. Wilber Flah-
frty, 860 So. 17th St., Fort Dodge,
owa.

TUBES WANTED—Am badly In
need of following tubes: BOLG;
3BL6; 12SA7; 125Q7; 128K7; 12K7;
12Q7: 36Z5; 24A; 11726 IAGGT:
1A7GT; 1H6GT: INGGT. Will pay
cash. Royce Saxton’s Radio Shop,
Route 1, Pontiace, Il.

WANTED—RCA junior voltohmyst
and Solar condenser tester. James
Segadi, 2323 Grayling, Hamtrameck
12, Mich.

WANT TO BORROW operating in-
ptructions and wiring diagram for
Radiotecni¢ Laboratory’s tube tester.
Will photo copy these and guaran-
tee safe return. Deposit will be
given. F. C. Brown, Island Radio
Shop, Put-in-Bay, Ohio.

“WANTED—Coil winder; 154; 1S5

1T4, ete,, or what have vyou?
Edwin Bohr, Route 5, N. Chatta-
nooga, Tenn.

WANTED FOR CASH—Audax mi-
crodyne phono Dbpickup, preferably
D27E or DS1E. Perfect condition.
John D. Snyder, 533 Park Ave.,
Omaha §, Nebr.

CASH WAITING
FOR YOUR UNUSED PARTS AND EQUIPMENT

Going into the Army or Navy? Giving up your service work for a war job?
Or, even if you have remained in servicing work and have unused parts and
equipment 1ying around, you can still render n patriotic service by advertising
these for sale through the Sprague Trading Post.

Radio equipment of all types is badly needed
will help you dispose of it quickly. It is a golden opportunity to do your bit in
keeping radios working on the home front and, at the same time, turn unused

. materials into cash, and avoid the possibility of obsolescence when the war is won
and new, up-to-the-minute equipment is again available.

Your Ad Run Free!

* ads of an
Radio N

WANTED FOR CASH—Complete
late test panel or Hickock tube
tester, RCA -junior volytohmyst and

CE Solar condenser tester. JoscDh
Ross, 11626 Dexter Ave., Detroit,
Mich.

URGENTLY NEEDED—Any one
of following Hallicrafters eom-
munications receivers: SX-24;
SX-26; SX-28; $X-32. Cash. Also |-
want Hallicrafters model S-61*

speech amplifier or any hi-fidel-

ity amplifier utilizing PP-4b's

or PP-2A3 tubes. S/Sgt. Donald

H. Taylor, '180th Signal Radio

Intel. Co., Army Post Office |
#0958, ¢c/o Postmaster, San Fran-

cisco, Cal.

We'll gladly run your ad free.
today—and the Trading Post

Trading Post ads appear regularly In Radio
Retailing-Today. Radio Service-Dealer, Serv-
ews, - and Radio-Craft.

————

FOR SALE—Never uscd: 1 fila,
trans.,, 25 V 12 amp., $2.60;
Ditto 75 V. @ 3 amp, 6 V. @ 8
amp., $3.60; Thordarson choke 150
ma. 8 hy,, $1.76; 4 Pyrex xmitting
feed-thru, 1’;)/;" dia., 2%"” long, 76e
ea.; also %” and 1” stand-off pil-
lars, and 6- and 7-prong tube sock-
cts. S. M. Sparks, RFD # 6, Spax»
tanburg, §. C.

FOR SALE—Have good Readrite set
tester #720-A, and Yankee tube
tester and rejuvenator #S-660 (mod-
ernized). Will sell or trade for
phono motors or recording unit.
Wilfred H. Simpeon, Armstrong,
B. C., Canada.

FOR SALE-—Have many good used
tubes to sell at half price, such as
24, 27, 66, 67, b8, 78, etc. Sell or
trade. What have you? Weir Cove
Radio, 508 Garden Way, Hollidays
Cove, W. Va.

URGENTLY NEEDED—V-O-M or
foundation meter. Would like Su-
perior pocket lab model 1200 or 1240,
or Superior utility tester. Have for
sale or trade crystal pickup for
stringed musical instrumént and
amplifier.. H. C. Caldwell, ‘P.” O,
Box 394, Spartanburg, S. C

WANTED FOR CASH—Good used

Meissner analyet. J. I. Freeman,
5517 W. Poplar St., Philadelphis,

Piease

Sprague reserves the right to eliminate any
ads which do not it In with the spirit of this
opocial wartimo advertising service. Different

do not speclfy any certain magazine for your
ad. We'll run it in the first available Issue
that Is going to press.

Dept.
RC-4)

1944

SPRAGUE PRODUCTS CO., North Adams, Mass.

SPRAGUE CONDENSERS

KOOLOHM RESISTORS

Obviously, Sprague cannot assume any responsibility, or guarantee goods, services, etc., which might be exchanged through the above advertisements
JANUARY,
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The Question Box

OO D000 20000000 R 0 A 040000260 005001000 ECE 0800000 00000 060 40 2000 D0 0 0S5 AL 00 0 A S R RO S A2 '
=

All queries should be accompanied by a fee of 25¢ apparatus whenever you have such. Serial numbers of

to cover rescarch involved. If a schematic or diagram radios are useless as a means of identification.

is wanted, please send 50c, to cover circuits up to five All letters must be signed and carry FULL 4DDRESS.
tubes; for five to eight tube circuits, 75¢; over eight _Quenes w:lllbe answered by mail, and those of general
tubes, §1.00 S interest reprinted here. Do not use postcards—postmarks

) often make them illegible.
Be sure to send the fullest possible details when ask- No picture diagrams can be supplied. Back issues
ing questions. Give names and MODEL NUMBERS 51942, 25¢ each; 1941, 30c each; 1940, 35c each. Any

R RN

when referring to receivers. Include schematics of your issue, prior to 1940, if in stock, 50c per copy.
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i PLAYBACK CIRCUIT
] I wounld like to have a circuit for
| hooking up a recorder, speaker, microphone
FROM B : b and pickup to my amplifier, for recording
I PUSH-PULL T RECOROER and playback— F. L. S, N. Y. C.

i ! TUBES s0n A. The circuit shown is suited for your
= I s = recorder, which has an input impedance of
L _I-I L & VOICE COIL - 50 ohms. Since you did not state the im-

PICKUP ( ! L o | pedance of your voice coil, I am assuming
! : I it to be 6 ohms. A voice coil of different im-
| i . | pedance would, of course. have to bhe

b L ;
= T L : tapped into the correct section of the out-
. e — > put transformer. (See Fig. 1.) i _
it TO AMDLIFIER In the *up” position, the “amph‘fler is
i ready for recording—in the “down” posi-
'l I INPUT -+ ‘ tion, for playback.
SR e il T S 6) A 32-VOLT RECEIVER

® [ would like to have a diagram for o
3-tube set to work from a 32-volt lighting
system. Do not wont a circuit using a
vibrator —R. E,, New York City.
A. The miniature type low-voltage tubes
make it possible to design a set that will
work with reasonable efficiency on 32 volfs.
The two coils should be of the iron-core
R.F. type, for greater sensitivity. The audio
5 frequency choke in the plate circuit of the
vorce| 1S5 may be any sinall choke—the secondary
! of a burned-out audio transformer has been
used here with good results. (See Fig. 2.)
If a ganged or grounded variable con-
denser is used on a metal chassis, ignorc
the connection from the first .00035 variable
to the junction of the grid coil and the 05
grid-circuit by-pass condenser, as a connec-
tion from that point to ground would short
the a.v.c.

= [32v ' D.C. CONDENSER TESTER

o : ® I would like to get a circuit for a
condenser leakage tester, using a 6X5 as a
power tube. The D.C, voltage [ want is
50—150—200—400—500. I would also like
‘ to be able to check electrolytic vondensers

|

FIG. 2

be used to supply the high voltage required.
It should be hooked up in a half-wave cir-
cuit, ignoring the center tap. Should the out-
put voltage be too high, it may be reduced
by using a resistor in place of the flter
choke.

. Extreme care should be taken in the wir-
ing of this circuit, and excellent insulating
material used throughout. Many of these
home-made leakage testers fail to work
hecause of other leakage paths through the
device. Using a larger neon lamp some-
FlG. 3 times helps in cases like these, but the
L e only correct way is to insure that there is.

= no leakage.

“ on it.—J. F., Chicago.

A. ' The leakage tester shown can be used
CONDEMNSER with any one of several rectifier tubes, such
YO 8E as the 80, 5Y3-G, 6X5, ctc. The switch is
CHECKED placed on the .05 condenser to check paper
— condensers, and on the shunting 30,000-ohm

% =N resistor for electrolytics. (See Fig. 3.)
‘i“ A small receiver power transformer may

CENTER TAP
NOT UsSED
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... . THAT'S EASY!
WHAT HE'S GOT-THAT
YOU HAVEN'T 60T IS AN

ECHOPHONE EC-1"

Echophone Model EC-1

(INlustrated) a compact communications receiver

with every necessary feature for good reception. B 5
Covers from 550 kc. to 30 mc. on three bands. Elec- ESS
trical bandspread on all bands. Six tubes. Self-
contained speaker. 115-125 volts AC or DC.

Echophone Radio Co., 640 N. Michigan Ave., Chicago 11, Illinois
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POWER PACK FOR BICYCLE RADIO

This power pack (see diagram) uses a
31 tube with two flashlight batteries in
parallel for filament power. The batteries
last very well since the current drawn
from each is ounly about .05 amp. For a
power transformer, I used the core of an
old output transformer taken from a dis-
carded A.C.-D.C, set.

The ratio of the transformer was about

1 to 15 and I wound the secondary with
wire taken from field coil of an old 5”
speaker. For the primary I used wire about
twice the size of the secondary wire. The
choke I used drops-about 15 volts. I install
the radio and power pack in a small basket
hooked on the handle of the bicycle. Later,
I installed in the basket, a regular size “B"”
battery with a switch. When riding, [ used
the generator. When I stopped, I switched
the “B"” battery on.

i

Pl

+ 45v.

The switch is connected so that when
iin riding position the “B” is off and the
generator on. When the switch is in the
stopped position, the “B” battery is on and
the generator is off. At the same time a
buzzer (or a light) is thrown across the
generator, If I start to ride with the switch
in this position, the buzzer (or the light)
warns me to switch to the riding position,
thus saving expensive battery power.

For an antenna, I used an old telescope
fishing pole, because the loop antenna in
the set was too directional to be practical.

This hook-up is very economical and
satisfactory. It should be popular in times
like these because it can be built from old
parts and also uses for the most part, foot
power,

M. ARCHAMBAULT,
Terrace, B. C., Canada.

OLD-TYPE TUBES IN T.R.F. SET

The following diagram is for a cheap hut
powerful 4 tube T.R.F. Receiver. The tubes
are non-critical ones and will outlast the
new types. Most of the parts can be found
in the junk box. The antenna and R.F. coil
are standard coils (Meissner were used in
this case). A two gang 365 mmfd. con-
denser is used and reception is very good.

It will be found necessary to shicld the

57 tube to obtain maximum efficiency, and
the coils of course nust be enclosed in
shield cans to prevent oscillation. I have
mounted the whole works including the
power supply on a chassis 5x9 x 14,
This- set was designed to make use of
available parts which are not on priority.
WiLsur Harr,
Camden, N. J.

R.F AMPLIFIER

DETECTOR

AUDIO AMPLIFIER

100V. ‘_SOV- K
B+ B+ 10 HY. SPXR.FIELD
= RPN, e o 200v. Bt
9 SVSRILE 5Y3 10000
N 17,5000 10w-
L4

100v.B+
10,000 2w.

i

SPEAKER FIELD SUPPLY —

A simple field supply for a dynamic
speaker can be assembled from a condenser.
a forty-watt lamp, and 25Z5 rectifier tube,

Wired as shown, the circuit will supply
approximately 100 milliamperes at 130 volts
when used with an eight-microfarad con-
denser. Increasing the condenser size in-
creases the output voltage. The forty-watt
bulb serves as a series resistor.

CHARLES GRIFFITH,
Bakersfield, Calif.

40w,
LAMP

’{1,‘ 110-120v., A.C.

®
1-TUBE AUDIO AMPLIFIER

The following Audio Amplifier uses a
1171.7-GT which gives cxcellent results as
an amplifier for headphone sets and sim-
ilar one and two tube receivers.

Most of the parts, with the possible ex-
ception .of the tube, may be found in the
average junkbox. The values are non-
critical and substitutions may be made to
suit the builder. As a guide, R1 may be
100,000 chms to 1 megohm; R2 about 100
ohms; Cl and C2 8 to 24 mifd. each; C5
0005 to .005, depending on the speaker or
phones and the taste of the listener; C6,
01 to 0.1 mfd. C3 and C4 were 2 10-mfd.,
25-volt condensers that happencd to be on
hand—anything from 5 to 25 microfarads
will work very well here. If the amplifier
is used with headphones an output trans-
former should be provided.

H7L7-6T
s )

Cs-r- ouv_PuI'

_L -

The 117L7-GT, which opcrates directiy
off the 110 volt line, eliminates the need for
a line-cord resistor, which incidentally is
impossible to buy in Canada. The unit re-
quired no output transformer with the
magnetic speaker used. However, this will
depend on the type of speaker used by the

{ -
2.5v. FIL.TO TUBE: builder.
E: TUBES J. A. Rem,
. = Hamilton, Ontario, Can.
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A MESSAGE-TO RADIO: AND
 ELECTRONIC MATIUFACTURER
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Certainly, with the war
taking a. favorable. turn,
this is the proper time to
start re-establishing friend-
ship with oUR readers—an-
other name for YOUR sales
outlets. Notwithstanding
high QUALITY readership,
we can also offer QUANTITY
circulation.

Postwar competitive battles will be won
by getting the right supplies to the right
spot at the right time!

YOUR FIELD
COMMANDERS

—the technicians, servicemen, and deal-
ers, have been waiting and waiting these
long war years for replacement parts and
sets. They are always hungry for news of
what is available, or at least, of what the
manufacturers are doing. Eagerly they
search the pages of RADIO-CRAFT—
their main source of information.

The radio or electronic manufac-

turer who has no merchandise to
4 offer at this time might well
keep in the good graces of his
outlets, by maintaining contact
through RADIO - CRAFT — the

leader in this highly concen-
trated field.

Leadership in Readership

We wish you manufacturers could be with us while we
open the incoming mail. You would see how these tech-
nical middlemen—the very ones you will be seeking again
for your ‘“‘sales representatives’’—appealing to our edi-
tors for help on this or that problem. Some ask for the
latest “dope” on technical developments—some request

information on parts, others send in notes and sugges-
tions which we print for them.

The picture you would get is that your future sales out-
lets regard RADIO-CRAFT as virtually their own pub-
lication. As a matter of fact, they are inclined to feel
slighted if a manufacturing supplier does not keep them
informed through their favorite medium.

RADIO’-CSAFT for JANUARY,

1944
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FEED-BACK OSCILLATOR

Every experimenter has experienced
audio feed-back at one time or another,
but I believe this application of it to code
practice to be original. The circuit consists
of an old telephone receiver and microphone
connected in series with key and battery.

Of course the telephone parts must be
placed next to each other so that feedback
1s possible. The click in the receiver upon
closing the key is picked up by the mike,
starting an audio howl which continues as
long as the key is depressed.

Ivan H. WALKER,
M. Horeb, Wis.

CURTAIN-ROD ANTENNA

An ordinary curtain rod of the telescop-
ing variety makes a ncat antenna for a
portable radio. I find that signals are con-
siderably better with such an aerial

One end is cut off and two holes drilled
to take the machine screws that hold it to
the side of the portable. A collar with a set
screw is slipped over the inside rod, so
that when it is tightened the antenna will
temain extended in spite of any jars it may
reccive. Thus it can be used in a car, or
even carried while the antenna is extended.

Lours JoLiver,
Haverhill, Mass.

J COLLAR WITH SEY SCREW
TO TIGHTEN PERMANENTLY

—
o Sl S o
/ DRILL 2 HOLES >
TO SUPPORT ANT.

CUT THIS
END OFF

SOLDERING FLUX

Many of the so-called “non-corrosive”
pastes consist of a mixture of muriatic acid
and grease. If the paste becomes unduly
warm—as might be the case if a-hot solder-
ing iron were placed in it—the two com-
ponents separate and the paste becomes
anything but non-corrosive,

One type of soldering flux widely used

230

by manufacturers of radib and electrical
equipment may he casily inade by any
serviceman. To a given quantity of alcohol,
add as much powdered resin as can be
dissolved in it,

A small amount of this solution is applied
directly to the connection to be soldered.
This is usually done by means of a small
paint brush. If ordinary wire solder is used,
there is little danger of having a “resin
joint.” This is one of the truly nou-cor-
rosive soldering fluxes.

Pavul Bauman,
St. Cloud, Minun.

REPLACEMENT FOR PUSH-PULL

We fellows who “keep them playing” in
rural little towns, where spare parts are
only available from our stock, and our
stock being limited nowadays by circum-
stances known to all, sometimes mect the
following problem: a burned out primary
in an audio-push-pull-coupling transformer.
You look through your stock and won't
find a spare. Of course there is the solution
of figuring out a combination of resistances
or resistors that probably won't work satis-
factorily.

I've done as follows and have got excel-
lent results, and three scts that I've ‘'kept
on playing” are now working with a trans-
former picked out from the unforgettable
“junk box.” The transformer to substitute
was a push-pull audio coupler (two leads
from the primary and three {rom the sec-
ondary) with (as usual) the primary
burned out. I found a 3 to' 1 transformer
(two leads for the primary and two to
the secondary). I just soldered the leads of
the secondary over the outer leads of the
affected onec.

The sets have only lost about 10% of
volume and, as the owners say: “They are
working nuy bien” (Spanish for Zvery
well”).

Giuserto Garza G.,
Cerro Azul, Ver. Mexico.

USE FOR OLD AUDIOS

Old audio transformers may be used for
many jobs that call for small chokes.
Simply hook them up as shown.

I first tried this when I wanted a choke
to connect a magnetic speaker or head-
phones to a small radio. They can be used
also in the plate circuits of amplifiers where
resistors are called for. In battery or 115-
volt sets changing the plate resistor for one
of these audio chokes makes quite an in-
crease in the volume, ;

AL HauUskg,
Indianapolis, Ind.

i
L]
A= | mfd.
COND.
b sPKR.
PLATE OF CHOKE
LAST AUDIO
AMP. TUBE
B+ B~

PUSH-PULL TRANSFORMER

I constructed a general purpose ampli-
fier with a push-pull output stage, but 1
could not get a push-pull transformer with
a center-tapped secondary. I had two single
transformers from an old Fada 480, so I
connected them as shown in the illustration.

- Ernest W. CarLson,
Oswego, Mont.

°

PLATE » , * GRID
: cT.

p “” " _
B+ i QRID

BRITISH HUMORIST ENVISIONS NEW ROCKET

A NEW type of “radio flying rocket” is

suggested by the British radio humor-
ist “Free Grid,” in his column “Unhiased”
(Wireless World, London). His suggestion
is to fly United Nations radio programs to
the listening public of Germany by means
of special planes.

“Free Grid” points out that much of our
short-wave effort is wasted, as the folk of
the Fatherland are for the most part pro-
vided only with primitive broadcast-band
Volksempfingers whose limited range pre-
vents them from hearing even the broad-
casts on their own frequencies now being
transmitted from stations around the edges
of the occupied areas,

“My proposal,” he says, “is simply to
take Mahomet to the mountain by clearing

out the bomb racks from a few of our egi-

droppers and installing therein a low-
powered transmitter. By flying over selected
German cities at stratospheric height well

RADIO-CRAFT for

out of range of ‘flak,’ these radio bombers
would literally be able to force their pro-
grammes onto the Volksempidngers, the
very unselectiveness of which would make
this all the easier to accomplish.

“Nor would it be absolutely necessary for
the studio to be in the plane. This could still
be in London, one of the ordinary BBC
SW transmitters being used to link it up
with a short-wave receiver in the tail of
the plane, the propaganda programmes be-
ing then rebroadcast by the medium-wave
transmitter,

“I need hardly add that there would be
little object in Adolf copying the idea, since
anybody over here who desires to do so is
already able to listen dircct to all the Axis
propaganda they want. If any of you
apart from political obstructionists, can sce
any technical snags in the idea, let me
know.”

JANUARY, 1944
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STARTING JANUARY I8TH
IT’S UP TO YOU!

TARTING January 18th, it’s up to you to lead the
men and women working in your plant to do them-
selves proud by helping to put over the 4th War Loan.
Your Government picks you for this job because you
are better fitted than anyone else to know what your
employees can and should do—and you’re their natural
leader. This time, your Government asks your plant to
meet a definite quota—and to break it, plenty!
If your plant quota has not yet been set, get in touch now
with your State Chairman of the War Finance Committce.
To meet your plant quota, will mean that you will have
to hold your present Pay-Roll Deduction Plan payments
at their peak figure—and then get at least an average of ene
EXTRA 8100 bond from every worker!
That’s where your leadership comes in—and the lead.

1

ership of every one of your associates, from plant super-
intendent to foreman! It’s your job to see that your fellow
workers are sold the finest investment in the world. To
see that they buy their share of tomorrow—of Victory!
That won’t prove difficult, if you organize for it. Set|
up your own campaign right now—and don’t aim for any-
thing less than a 100%, record in those extra $100 bonds!,
And here’s one last thought. Forget you ever heard of
“109,” as a measure of a reasonable investment in War
Bonds under the Pay-Roll Deduction Plan. Today, thou-
sands of families that formerly depended upon a single
wage earner now enjoy the earnings of several. In such
cases, 109, or 159, represents but a paltry fraction of an
investment which should reach 25%, 50%, or more!
Now then—Up and At Them!

Keep Backing the Attack!-WITH WAR BONDS

This space contributed to Victory by RADIO-CRAFT

This advertisement prepared under the auspices of the United States Treasury Department and the War Advertising Couneil

RADIO-CRAFT for JANUARY, 1944
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KADIO EQUIPMENT

HINTS

“TYADIO EQUIPMENT HINTS" describes
testing cquipment $0O importait to
every radio man'’s service bench. Hints on
how to use this equipment will save
yout ime in tracing and locating receiver
troubles.

There are 59 pages of clear information from
radio tube headquarters. The volume is
liberally illustrated with photographs, cir-
cuits and graphs.

Read over the subjects in the Table of
Coatents, reproduced below:

A Bk Pl Veltmetet
e Vocwed Tube Volioeted
T Dicde vV
The G Bectiiyies X 3 &
The Blldeback /D0 LRARH
e Refien \79* V.‘I‘.\'.H..‘:;.
Toe forerted Triode u'ltu‘ A '
o M o i;;..\'.‘r.\'..\t. —
Irpe Taboits Impedatit i

e Blectrie Ere V.T.\'.!l;.;.; ;
Qoo of L Becuie Bye VY-S

Kasw your
Betvieo o S

v. M.

This is the second of the new Sylvania “Hints™
seri¢s.

“Radio Equipment Hints" is FREE. If your
jobber does not have copies, wtite to: FRANK
AX, SYLVANIA, EMPORIUM, Pa. .

SYLVANIA

ELECTRIC PRODUCTS INC.

RADIO DIVISION + EMPORIUM, PA,
232

Australian
Hi-Fi A

THIS simple aniplifier is a national cham-

pion, It is the winner of a contest staged
by the Melbourne (Australia) radio pa-
per, “Listener-In,” in conjunction with their
Australian DX Radio Club.

Forty-two amplifiers were entered, and

Champion
mplifier

quality as compared with the same outfit
used with an ordinary baffle, according to
him. Full constructional dctails of this
_baffle are given in the sketch.

ten of these made the finals. These ten
were allowed to play three recordings each,

after which the judges announced their |

decisions. Proponents of the triode will be
interested to know that the contest nar-
rowed down to a struggle between this am-
plifier and another push-pull 2A3 job.

That simplicity and high-fidelity go to-
gether is amply demonstrated by this sct.
Triodes are used throughout, as is resist-
ance coupling, The phase inverter is the fa-

- mous Australian “kangaroo” circuit, The

plate resistor, and its halancer between the
6C5-G cathode circuit and ground, are kept
to a low value, in the interests of high-
fidelity. These resistors are often 100,000
ohms or higher, but in this amplifier are
limited to 50,000.

The 6N7-G is then used as a straight
push-pull amplifier. The plate resistors on
these tubes are also kept down—to 100,000
ohms in this case—and grid leaks of tlie 2A3
are 250,000 ohms, the signal being trans-
ferred through .1-infd. condensers. A fair-
ty high voltage is used on the 2A3's. This
also increases the-efficiency. of the resist-
ance-coupled stages slightly:

Excellent filtering is a feature of this
circuit. Even the push-pull output. of the
6N7 circuit is filtered, in spite of the fact
that most variations in this circuit would
be self-neutralized. A 20,000-ochm resistor
and an 8-mfd. condenser act as filter in the
plate circuit of the first stage. No cathode
condensers are used anywhere in the am-
plifier.

The runner-up job also used 2A3 output,
preceded by a 6V6 phase-changer. Fixed
bias featured the circuit, which was nosed
out by the winner only after a stiff battle.

The constructor of the champion gives

SPACE BETWEEN
BAFFLE PLATES 4°

credit for his victory to the infinite baffle
used with his amplifier. Correct speaker
loading and proper reproduction of low
notes made for a noticeable increase in

The speaker cabinet is of the infinite-baffle
type, greatly improving low-note reproduction.

B+ Y
300v.

The single triode is used as a phase inverter, and the 6N7G as a straight push-pull amplifier
stage. Triode-tubes, excellent: filtering and low resistor retings all contribute to its fidelity.

RADIO-CRAFT
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ENEMY I.!ADIO OUT-OF-DATE

"G ERMAN radio equipment is five years
behind our own in design, compo-
nents Sand ]constructl:on Captgm J}z:mé::?1 Pf { N E

Lipp, Signal Corps, has reported to the Chie s
' Signal Officer. This secems to be due, the s BA KED A CAK L
= Captain explained, to the fact that the Ger-

mans standardized their radio apparatus

during 1934-1938 and have failed to attempt L OST AN GEL FA CE.. 8 UT

further improvements.
“There is no doubt that our radio equip-

ment is superior in electrical design. Exam- . v M 'N G 'N '
ination of the Nazi radio scts captured re- v - ; ' M co

vealed them to be obsclete as compared to L ;

present American standards. The Italian :
radics were definitely inferior, not only to

our equipment, but to their erstwhile ailics’
too.

“However, Jerry radio sels are ‘mechan-
| ically well-built and have a great deal of
strength. They are heavier than ours and
can withstand a lot of punishment. Those
that we have tested were certainly not made
for Africa. They lacked waterproofing and
were not dustproofed. In many cases stop-
gap measures were used. For instance we
have noticed that tape and various sealing
compounds were used in an attempt to make
sets resistant to corrosion and to exclude
dust. An obvious fault was the lack of im-
pregnation of coils and transformers to keep
out moisture. .

“German Signal prisoners of war whom
I have had a.chance to interview did not
seem to be very well tramed along techni-
cal lines,” Captain Lipp said. “They seem to
be fairly good operators, but they do not
seem very well versed in theory or in main-
tenance. In many cases we have picked up
radio sets that were intentionally sealed to
prevent tampering so that Germany op-
erators could not attempt their own repairs.

“Our own boys, of course, having ‘Yan-
kee Ingenuity,’ think nothing of repairing or
improvising their own equipment if they
have the tools and parts.”

Up to the present time, Captain Lipp de-
clared, it has not bcen necessary to use cap-
tured equipment, since our forces have been
adequately provided with communications
equipment. Enemy equipment is eagerly
sought for, however, for purposcs of study
by Signal Corps Intelligence services.

Although some of the captured enemy

items come back to Allied Force Head- o The boy's been in a tight spot . . ."'lost angel face” tells
quarters through regular channels, Captain " ) ) . 5
Lipp and his men scout close to the front his comrades that the plane has a damaged wing . . . but
lines for finds. At one stage in the latter the "baked a cake' tells *em that his bomb load reached
phase of the Tunisian campaign, they at- ) .
ixched tl:lemse]vcs to the British Eighth its target . . . and the "'I'm coming in''tells us that thanks
w;gyﬂ?:y“f‘;g;ﬁ ?ggfnesi?",';f igot‘;: ;ix‘il:t”g% to the finest equipment.in the world, another American
an artillery duel between British and Ger- fighting man has had a ﬂghﬁng chance.
man batteries. '

At one time, Captain Lipp began receiving Pincor dynamotors are part of his communications equip-
a large amount of oval shaped instruments, : : :
tagged “loudspeakers.” He soon discovered ment. One of these compact, featherweight little motors is
that they were really German land mines, used to powerthe radio and phone apparatus that helped
and these misdirected instruments of de! . - .
struction were immediately ordered re- to take him through and bring him back.

routed to the Ordnance base for utilization
or disposal, as being too “powerful” for
Signa! Corps usc.

\

) Dynomotors Canverters Generators
: P 0R DC Motors Power Plants Gen-E-Motors
The National Film Board of Canada is
using television to familiarize Americans a ' 2

with the Canadian pcople. Recent docu- PIONEER GEN-E-MOTOR
mentaries televised in the United State
by CBS under t[fc title, "Peo;fes ofsca,: 5841 WEST DICKENS AVE, CHICAGO 39, ILL
ada,” include Canadian subject matter and BUY MORE Eaport Address: 25 WARRESTMEI’;‘,T:(E::I JO:K 7. US.A.
international subjects, especially shots of Coble Address .

Canadians on the ﬁghtmg fronts in Europe, WAR BONDS

Africa and Asia.
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UNFAILING
PRECISION

' =

na
XN oHE new General Electric line of
SERVICE TESTING EQUIPMENT, unfailing
precision is just one of many invaluable
features. Designed by the famous G-E
electronic laboratories for radio service
men, service dealers and others—this
line gives you a wide selection of port-
able, compact apparatus for accurate
and rapid maintenance and testing work.

The units include: G-E unimeters,
tube checkers, audio oscillators, oscil-
loscopes, condenser resistance bridges,
signal generators and other utility in-
struments for testing radio eclectronic
circuits and component parts.

These dependable G-E units are now
in production primarily for the Armed
Forces. But they may be purchased on
a priority if you are engaged in war work.
After victory, of course, the full line will
again be available to everybody. . . «
General Electric, Schenectady, N. Y.

FREE
CATALOG

ELECTRONICS
DEPARTMENT

GENERAL ELECTRIC CO.

Schenectady, N. Y,

Please send, without obligation to me,
the General Electric Testing Instru.
ment Catalog R-1 ﬁloose-leaf), for my
information and files

Name
Company.
Address,

GENERAL @3 ELECTRIC

177-C4
Electronlc Measuring Instruments

234

L e T T e R e T R e A R LT o e T e L]

OSCILLATORS—HOW THEY WORK (Continucd from page 209)
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Centigrade temperature change is called the
temperature-frequency coefficient or, more
commonly, the temperature coefficient.

If the frequency increases with the tem-
perature, the crystal has a positive tempera-
ture coefficient. Conversely, if the frequency
decreases with rises in temperature, the
crystal has a negative temperature coeffi-
cient. When a small change in frequency is
accompanied by a temperature change, the
crystal has a low temperature coefficient.

An X-cut crystal has an average temper-
ature coefficient of from —10 to —25 cycles
per megacycle per degree Centigrade. A
V-cut crystal has a coefficient of from —20
cycles to +100 cycles per megacycle per
degree, Centigrade. V, AT and LD cuts
have a very low temperature coefficient.

From maximum stability a crystal oscil-
lator should have just enough inter-elec-
trode feedback to sustain oscillation, In-
creasing the feedback beyond this' point
means that excessive power will have to
be dissipated by the crystal. This may re-
sult in fracture. The holder should be de-
signed for good heat dissipation and for the
particular crystal cut.

We have seen from our frequency
formula,
1
F = ———
V2rLC

that the frequency is proportional to the
square rogt of the product of L and C. This
formula is applicable when computing the
frequencies of audio and sub-audio resonant
circuits, In this formula, L and C are com-
puted in Henries and Farads respectively.

When L and C are measured in micro-
henries and microfarads, the formula for
frequency is

159,000 °
Feg— )
V2rLC
when L = microhenries and C = micro-
farads.

Knowing the inductance and capacitance
in a circuit, the formula above may be used
to determme the resonant frequency of the
circuit.

HIGH-FREQUENCY CIRCUITS

As the ultra-high frequencies are ap-
proached, smaller and smaller inductances
are used in the tuned circuits. When an
inductance is coupled between two elements
of a tube, the interelectrode capacity be-
tween the elements will serve to tune the

inductance to the lowest possible frequency.
Theoretically a direct connection between
the plate and grid of a tube will be the
smallest possible inductance that can be
used and the tube would oscillate at its
highest frequency. This combination will
not work under ordinary conditions with
average tubes because of losses due to poor
dielectrics used as tube base insulators and

IO_’ ‘
E
S
4
=3
b f
=2

_r
= T B+

i:lg 9-b—The electron-coupled circuit applied
to a superheferodyne converter. Good at high
frequency, it is much used in modern radios.

also in other parts used in tube construction.
This small inductance could only be used
in special high-frequency tubes designed to
have low-loss insulation and low inter-
electrode capacity.

Coil and condenser combinations may be
made to oscillate at frequencies up to ap-

-proximately 175 megacycles but under these

conditions the “Q" of the combination is
exceptionally low cue to resistive and skin
losses in the coil and dielectric losses in the
condenser. The comparatively long leads
necessary to connect the combination to the
tube are factors that tend to lower the
resonant frequency of the circuit.

Two parallel wires cut to a length equal
to one-quarter of the wave length of the
desired frequency will resonate if they are
joined together at one end. This type of
circuit is characterized by a low impedance
across the closed end and a very high im-
pedance across the open end. Some of the
power in this type of circuit is lost due
to its radiation.

A co-axial or concentric line may be used
as the parallel-lines -circuit with greater
efficiency. This is due to the fact that there
is no radiator because the outer tubing acts
as. a shield and also because of the higher
“Q)” attainable. The parallel-lines oscillator

Fig. 10—=A tricde.
hexode, of the type
represented by the
6K8, is illustrated here.
This tube is less liable
to 'interlocking" ef-
fects at high fre-
quencies than any
other type of conver-
ter-mixer tube.
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high amplification at the frequencies used

W SHORT 00005 ° by short-wave broadcast stations. Amplifiz

j o cation at a lower frequency is desirable.

q The superhetcrodyne uses an oscillator

Q Fig. Il —A common  adjusted to a frequency that differs from

A 3 AUDIO type of phonograph the incoming carrier signal by a definite

S OUTPUT | oscillator, designed to  pumber of kilocycles. The signal from this

& oo 0. B play records through . oscillator is fed into a “mixer” tube where
— an ordinaryradio it is combined with the incoming signal to

v lomid. 2 = without making any give two frequencies, equal to the sum and
P 2% connections to the set. to the " difference of the combining fre-

'T | 50,0000 It is a miniature trans-  quencies. Assuming that the incoming sig-

mitter, modulated by nal is at 2,040 kilocycles and the osci‘lator is

. 0008 = the phonograph. operating at 2,496 kilocycles, then fre-

o . B¢ 200 quencies of 4,536 and 456 kilocycles are

& | @ present in the output of the mixer tube. A

i sharply fixed tuned transformer is connect-

ed between the output of the mixer and the

- -

input of the following amplifier. This trans-

! circuit can be made with very high “Q” be-  important one. It is very difficult to design ¢\ civeuit is tuned to the difference fre-

cause tubing of large diameter may be used ° highly ecfficient amplifiers that will give . g
to supply a%arge conducting surface for the faithful reproduction, good seléctivity and (Continued on following page)
R.F. currents.

When a circuit of this type is connected to
a vacuum tube, its resonant frequency will
be lowered because of the tuning effect of :
the interelectrode capacities. A

Fig. 5 shows the use of parallel lines i
forming the tuned circuit of an ultra-high
frequency ultra-audion oscillator. The tube
elements have a tendency to load the lines
and thus reduce the “Q” of the circuit. Ii
the tube is connected to some points away

o
from the opening of the lines, the loading e
effect will be reduced. A shorting bar may e l f
be used to vary the resonant frequency of 1

the combination, 3 ;

Any long leads in the immediate vicinity || gt
of the tuned circuit will cause instability = -

and power losses unless these leads have

their inductance cancelled by inserting in- A ;
ductances in the leads that will tend to can- L e g
cel each other. The inductances in Fig. 5 R
are inserted in the filament lcads to cancel * ¥ kb
the inductance and there will be no r.f.
potential difference between the flament [ ’

and the closed end of the tuned circuit. If a
cathode type tube is used, the inductance of
the heater leads need not be taken into con-
sideration.

Two tubes may be operated in push-pull
as oscillators to secure greater power out- ||
put and increased frequency stability. The
frequency is stabilized because the load is
connected to the plate circuit, which when

tapped to the lines away from the open end Y
will result in maximum loading and utmost our Meissner distributor will advise you on the
instability. Fig. 6 shows a push-pull tuned
plate tuned grid oscillator. The grid circuit Meissner replacement parts now available. .. while keep-
is used for frequency control and the grid A -
tap should be made at the point where maxi- ing our facilities devoted to the manufacture of vital
mum stability is obtained. A .

Vol oty condinser combiattbn may be electronic parts for war needs we have been doing our

used in the plate circuit of Fig. 7 with very
little decrease in efficiency and for greater
ease of tuning.

Concentric lines may be applied to the ul- . 2 , i
tra-audion as well as tuned grid tuned plate Meissner, are doing to help keep ‘em playing.
oscillators as shown in Fig. 8. The operation
is the same as in the fower frequency il- : 2 e .
lators and a tuning condenser ?:a; %e°3§1:d See your Meissner distributor today . . . he will tell yow
to tune the lines when the shorting bar and
taps cannot be readily changed.

The length of the parallel line and con-
centric line elements may be calculated from
the following formula:

utmost to keep a replacement parts stock in the hands of
Meissner distributors . . . a service which we, here at

just what parts are available now.

One half wave length (inches) equals
5906

Frequency (megacycles)

$ MT. CARMEL, ILLINOIS

One halfi wave length (meters) equals
150

e ““PRECISION-BUILT ELECTRONIC PRODUCTS"'

The part that the oscillator plays in to-
day’s superheterodyne receiver is a very
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[Suprrme'l New “Hairline Accuracy” Meter

ALLIED LIVES.. Allied victories..
depend upon the Communication
waves and wires, These channels of
contact must be kept open. Qur
fighting men rely on the accuracy.
dependability and ease of opera-
tion of Supreme Instruments and
Meters, assured by Supreme’s 15
years of experience. Supreme
Radio Testing Equipment Keeps
Communications Open,

el E

"Supreme 504- ATube and Set Tester
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OSCILLATORS—HOW THEY WORK (Continued from previous page)
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quency, 456 kilocycles, and the signal is then
fed to further “intermediate” frequency am-
plifiers and then to the detector and audio
amplifier. An amplifier with such fixed-tune
transformers may be designed to furnish
much more amplification than would be pos-
sible with the same number of tuned radio
frequency stages.

The type of oscillator circuit is left to
the discretion of the radio designer. The
Colpitts, Hartley, Armstrong, T.N.T,,
T.G.T.P., E.C.O, or Pierce may be used
with equal case. The deciding factors will
be the type of tubes used, stability and fre-
quency. Separate oscillator and mixer tubes
may prove the most efficient in some cir-
cuits but there are several types of multi-
unit and pentagrid tubes that are excellent
frequency converters and oscillators. Fig.
9, 9-a and 9-b illustrate the variations of
oscillator and mixer circuits that may be
used in superhet. radio receivers, The latest
triode-hexode mixer, using a 6K8 or
equivalent appears in Fig, 10. !

The radio frequency osciliator is used in
its various forms for:

Radio Frequency Test Qscillator

Frequency Meters

Transmitter Control

Short Wave Diathermy

Wireless Photographs and Intercommun-

ication

Basic circuits for these devices are shown
in Figs. 1 to 12.

Increasing the size of L and C in most
of these circuits will cause them to oscillate
at a very low, audio frequency. They may
then be used in the following devices:

Audio Frequency Test Oscillator

Electronic Organs

Code Practice Units

It is hoped that the reader will finish
these articles with a better understanding
of oscillator operation and with the ability
to recognize the various oscillator circuits
wherever he or she (even the gals are read-
ing this stuff these days) may see them
and that a better understanding of the os-
cillator will help someone to do more than
his share in the war effort.

TO PADS
oRr
ELECTRODES
' =X
NOw
AC = l
el
=4
E RFEC. T
09—

Fig. 12—A diathermy apparatus. The tube in
circuit acts both as an oscillator and rectifier.
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MORE ERRORS IN METERS

(Continued from page 207)
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creased by as much as 5% (making their
total error about 7%), tf they arc read
while in an inclined or a wvertical position,
This is a fact most service men overlook;
they are in the habit of placing the instru-
ment in whatever position happens to be
most convenient at the time and read it in
that position disregarding any possibility of
unbalance error. Then too, many such test
instruments are mounted either vertically or
in an inclined position on the panels of test
benches. Such instruments should be
checked for possible unbalance.

Any portable instrument may be checked
quickly for possible unbalance by discon-
necting it from all circuits and tilting it
60 degrees from the normal position, in
any direction (or to several extreme posi-
tions) as illustrated at the right of Fig. 6.
(A switchboard type instrument should be
held with the axis of rotation of the mov-
ing system approximately lorizontal and
should be slowly turned through 360° about
this axis.) If this causes considerable vari-
ation in the zero position of the pointer
(more than about 2 per cent of the total
scale length), the instrument is unbalanced
and, until it has been rebalanced correctly
it had better be used only in the position
it was calibrated in. A perfectly-balanced
instrument shows the same zero position
of the pointer when placed in any posi-

.tion, and can therefore be used in any posi-

tion.

STRAY MAGNETIC FIELDS

The cffect of a stray magnetic field on
the indication of a permanent magnet,

RADIO-CRAFT far

movable-coil instrument depends on the
nature and strength of the field.

Alternating stray fields have no per-
ceptible -effect on the reading of perma-
nent-magnet moving coil instruments un-
less they arc so strong that they de-mag-
netize the permanent magnet somewhat,
thereby. causing the instrument to read low
until it is repaired. Since alternating stray
fields of such strength are rare, the radio
service man nced not concern himself about
them. Strong alternating stray fields may

_cause errors in moving-iron type A.C. in-
struments, however, if they are of the same
frequency as that of the current being
measurcd. Some manufacturers surround
the operating system of these instruments
with a magnetic shield of laminated soft
iron as a protection against such stray
fields.

A strong ‘stray magnetic ficld of con-
stant direction and magnitude (such as that
produced by an open dynamic speaker) will
generally affect the indication of a moving-
iron type A.C. instrument, and also that of
a permanent-magnet movable-coil instru-
ment, if it is sufficiently strong. Such a
strong ficld changes merely the strength
of the magnetic field in the instrument air
gap, but not its distribution. The resulting
error is therefore a constant percentage of
the instrument indication, so long as the
disturbing field is constant in amount and
direction.

The service man should thereforc be
most watchful of his portable instruments
when he uses them ncar Siroug stray mag-
ncté_z: fields—especially those produced by
D.C.
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If a portable instrument maust be used in
a location c¢xposed to a strong stray field,
two readings should always be taken for
any measurement; then their average valuce
should be ascertained and used. For the
second reading, turn the instrument (or the
stray field sourcc) 180 degrees from its
first position (about the axis of rotation
of the moving element). Or, the instru-
ment may be placed with its magnetic field
at right-angles to the direction of the stray
field, the latter determined by a small mag-
netic compass. It is preferable, of course,
to make these precautions unnccessary
whenever possible, by simply not expos-
ing the instrument to strong stray fields.

If a non-shielded instrument is suspect-
ed of being within a disturbing stray mag-
netic field, test it for the presence of the
field by taking a_ reading on it, then turn 1t
through an angle of 90° and read it again.

TSI IO OSBRGSO

A VERSATILE TESTER
(Countiuued from page 218)
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front pancl. A3, Ad, B4, BS switch the
various ranges, Al, A2, B2, B3 ensure that
the H. T. supply voltage to the tube volt-
meter and ohmmeter is switched on only in
certain positions, and Bl selects the tube
voltmeter ranges and switches the tube volt-
meter set zero compensating circuit.

The chassis is fixed to a vertical frame-
mounted front pancl. The front panel is
9 in. by 12 in. and the chassis 8 in. by 10 in,
A detachable cover is held by two screws
on the vertical frame members; examination
of the illustrations will make clear the lay-
out details.

The diode head consists of two discs of
insulating material of diameter 134 in. held
together by two 3/16 in. brass pillars, 3 in.
long. A length of plastic tube slides over
this assembly, and is fixed by screws into
the insulating discs. One of the discs has
two tip-jacks, one for A.C., the other for

D.C.; either a flexible lead or a rigid prod |

can be plugged into these jacks, according
to the type of work in hand. The ground
connection is a permanent short flexibie
lead terminating in a crocodile clip, which
can conveniently be attached to the nearest
part of the chassis.

The 0.05 uF diode input coupling con-
denser should have a high resistance and a
low inductance; the tubular type with wire
ends fits best into the small space available.
It should be remembered that the warking
voltage of the condenser must be high
enough to withstand the D.C. component
when measuring an R.F. voltage at the
plate of a tube. The condenser leads are as
short as possible, and thus it is connected
directly between the A.C, input socket and
the diode plate clip. — Wireless World,
(London).

@

Dentists have often restored articulate
speech to toothless men and women, but
the following is the first known example of
a dentist restoring the silent voice of a radio
station. It happened at an Army communi-
cation post somewhere in Africa not long
ago. A Signal Corps lieutenant there had a
problem—to install a powerful radio trans-
mitter whose insulators had been badly
broken in unloading. It occurred to him
that the ceramic materials used for insula-

tion might be repaired with the same cement |,

used in making dentures. Accordingly, the
Signal Corps officer enlisted the services of
an Army dental officer. The damaged in-
sulators were successfully cemented to-
gether and the station went on the air-—its
voice restored by a combination of dentistry
and ingenuity.

RADIO-CRAFT for
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The reading should be the.same in each po-
sition. If it is not, the stray field is caus-
ing an crror and the precautions specified
here should be observed whenever a read-
ing is to be taken,

When checking - or calibrating instru-
ments having metal cases, be sure to check
with the instrument in its case, as the cover
usually affects the calibration slightly.

-

ELECTROSTATIC CHARGES

In dry weather (especially cold dry
weather) instruments mounted in cases
made of materials that are electrical in-

sulators frequently collect an clectrostatic.

charge. Electrostatic attraction or repul-
sion between the moving and stationary
parts may result, and this may cause ap-
preciable errors under certain conditions.

Cleaning the case or the glass face of an

instrument with a cloth is a good habit,
but this can cause errors if the weather
is such that rubbing the glass or the case
(especially a Bakelite case) causes a static
charge to accumulate on it. This electric
charge may affect the deflection of the
pointer at zero, or up scale. Oft-times what
appears to be a normal “zero shift” on an
instrument is really due to such electro-
static charges, and if the instrument is re-
set to zero under such conditions error will
be introduced throughout the scale,

Fortunately the remedy for this trouble
is simple. Either breathe upon the glass, or
touch it with a slightly moistened finger.
The moisture will cause the induced charge
to disappear at oncec.

Another article on Meters and Measurements,
by Mr. Ghirardi, will appear in the February
185ue.

NQW, as never before, the
urgent need for Trained
Radio Men has created a
tremendous shortage. The
war has stimulated de-
mand in both civilian and
military fields. Regardless
of whether you remain a
civilian or enter military
service, National Radio
Training will qualify you
for a real future, a good-
pay job, responsibility, and
a marvelous opportunity
for advancement.
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A SERVICEMAN TO HIS SON

By EUGENE CONKLIN

Dear Son:

I received your letter today, and am
glad to hear that you enjoy our “bull ses-
sions via mail.” So here goes for the latest
installment of news from the “service
front.”

And scrvice front is exactly what I
mean. The battle of the husted radios is
as stern as ever, and manpower recruitment
is a real problem. With the WAC and
WAVE enrollment drives becoming more
and more comprehensive radio service-
men realize they can't depend on the fem-
inine element as they have in the past For
that reason servicemen with locals in com-
munities of fairish size are working hand
it glove with high schools as follows:

The high school principal and the science
instructor picks out 3 girls and 3 boys in

second or third year HI. These students.

must be interested in radio, be mechanically
and eclectrically apt (i.e., possess capable
hands and a leaning towdrd simple Math.”),
must be willing to put in hours from 4-6
P.M. daily and in addition must be inter-
ested in eventual possible employment at
the servicenter on a part time basis un-
til they graduate and become eligible for
drafting,

The candidates then report to-the high
school auditorium for three weeks, 4 nights
weekly from 7-9. The serviceman lectures
them on radio servicing fundamentals. At
completion of three weeks preparatory
training 2 are selected from the 6 students.

These two report to the servicecenter
nights after school and on Saturdays. They
act as receptionists while the serviceman
is out, make simple repairs, test tubes, and
gradually become acclimated to the more
serious types of radio-set-checking. They
are paid at the rate of 30c an hour for the
first month of work and then are increased
to 50c an hour if they display sufficient
talent.

Advantages of this tieup are many. The
serviceman has to devote four nights week-
ly, it’s true, for instruction but it's onlv
for a three week period after which if he's
lucky and the students prove adaptable, his
nights are his own again.

A dark spot on the service horizon is
‘the growing number of rackets that are be-

5
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ing tried out in connection with radio serv-
icing. There’s the quick-thinking gent who
peddles “whole sets of radio tubes” from
door to door. He knocks at the door, points
out the advantage to the customer of having
a spare sct of tubes on hand. Our friend
then inspects the customer’s radio, and
leaves a set of supposedly new tubes. It may
be long months before the customer has oc-
casion to use the tubes. Then he finds that
none of them even light. By that time our
“door to door expert” has decainped with
his ill gotten gains.

Cut from the same pattern of cloth is the
charming “individual who inspects radio
sets for free.” His story is that he travels
from town to town repairing radios like the
old time piano tuncrs. Of course you've
guessed it. He puts on a front, makes a
show of checking the radio, then soaks the
customer a nice fat juicy fee. Ordinarily
the real dyed in the wool serviceman
wouldr’t worry about such “small fry
pests.” But today sets come into service
shops far worse than they ought to be, be-
cause of some supposed expert’s tinker-
ing.

You'll be happy to know that in the com-
munitics near service camps in any service.
repairinen are putting this rule into effect.
“Get the soldiers radio work done first.”
They can't always give “on the spot re-
pair” but they can and are tackling Service’s
radio work first. At first civilians used .to
kick—but not any more—mnow they take
such treatment as a matter of course.

Some of the boys are giving men in uni-
form a special 75¢ an hour labor rate in-
stcad of the usual “buck.” Others are
knocking off a few pennies on every job
done for the khakis. These service repair-
men feel it’s the least they can do for the
boys doing the fighting. Another comfort-
ing ray is that the battery shortage for sol-
diers “personal radios” is over fgor a time
-at least. Repairmen have been able to get
a few Datterics for such distribution and
for civilian requirements to boot,

A serviceman from this neighborhood
may be sticking his neck out, but here's a
scheme he’s using. He takes all service
work in, guaranteeing to repair all “mod-
ern sets” within four days, and all old

Courtesy of “Eveready” Batteries

"Weird, isn't it?" .
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time sets within a full week, Come stormy
weather or Indian summer the serviceman
gets the work out. The customer is given a
ticket with the date that the set will be
ready, written on it. Each ticket is in dupli-
‘cate and is numbered. The original is
slapped on the set, duplicate given the cus-
tomer. Serviceman adopts the rule “no
tickee—no washee”—only in this case no
stub brings no radio. No itemized bills are
made out, because of the time consumed.
Serviceman feels that if the customer can’t
trust her radioman in wartime—when can
they be “mutually trustful?”

One big headache is in the servicing of
rural customers. Before gas coupons came
into vogue it was nothing to whiz out into
the ozone for a distance of ten, twenty, even
thirty miles. But now—alas and alack—no
soap, whether you spell it octane, benzine
or gasoline. Some of the boys have made
arrangements with feed dealers. The farmer
jcaves his ailing radio at the feed mer-
chant’s when hc comes in for a feed and
grain order. Or the feed dealers’ trucks
pick up the faulty receivers as they cruise
through the country delivering farm fodder
and making service calls on their farm cus-
tomers. '

Turning out to be quite a “pain in the
neck,” are those customers who bring a ra-
dio set in to be repaired. And for full

good measure they dump an electric toast--

er, vacuum cleaner, coffce percolator and a
couple of lamps in for repair at one and the
same time. Servicemen are partially to
blame for in the past they have accepted
such merchandise for repair. But now the
time element simply won't permit this
“extra-curricular activity.”

A couple of repairmen have put up signs
by their repair benches reading, “We don’t
service anything but radios. Take your
other electric appliances to (name of local
electricians).” One half-crazed serviceman,
fed up with electric fan servicing for the
duration, at last put an ad in the local pa-
per reading, "TAKE YOQUR TOASTER,
PERCOLATOR, FAN, ETC, TO YOUR
NEAREST ELECTRICIAN BUT
BRING YOUR RADIO TO US FOR
PROMPT, EFFICIENT SERVICING.”
Aside from the question of time it's far
better for the radioman to head strictly
his own sphere, which is the restoration to
liealth of sick radios. Let the other members
of the clectrical family be serviced by elec-
tricians pure and simple.

It's getting time to close but here’s a
thought worth pondering ovér. Our radio
serviceman’s organization believes that aft-
er the war every repairman should be li-
censed without further fuss or feathers. Ex-

Do You Need

datory with each order.
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aminations should be given by the New
York State Board of regents or some serv-
iceman’s national group. Otherwise we're in
for an influx of so-called radio specialists
who had training during the war in the
Signal Corps and on the basis of that knowl-
edge intend to become radio servicemen.
The youngsters who do know their techni-
cal oats can brush up a bit and pass the ex-
ams with flying colors.” The others will,
and deservedly so, fall by the wayside.

Well, that's all for now. You knock
‘e dead overscas and I'll try to put a lit-
tle life in the radios that keep crowding my
service center.

As cver,
Dap
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SHRINKING RADIO (Continued from page 199)
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As for radio reccivers, the demand is
for smaller and smaller models and the
ultimate is not yet in sight. A complete,
self-powered radio set that will be no
larger than a dime is not an impossibility
and sooner or later it will be produced.

Indeed, the entire radio technigque today
is headed toward a high precision, guasi-
watchmaking trend.

To be sure, we will always have consoles
in our living room, but I predict that the
{uture console, if such it may be called, will
be a great deal smaller and far more com-
pact than present-day ones, It will be large
for only one reason and that is to print and
deliver your spot-news radio newspaper in
the morning. The latter will be printed
while you are still asleep and is ready for
you to take out from the delivery chute
in front of the set when you get up.

RADIO-CRAFT for

JANUARY,

It might be thought that our present
radio-phonograph combination requires a
large cabinet. This is not necessarily true.
The reason is that we will not always have
our present phonograph disc records.

A recent important invention shows in
which way the phonograph is heading. The
record is a cellophane tape. A compact
little machine, as small as a portable radio
set, uses a record made on that material.
The tape is slightly over one inch wide,
made into an endless loop 350 feet long.
Sixty parallel grooves cut by a special re-
cording needle give eight hours of record:
ing on a single tape, which weighs only a
few ounces. It is quite in the realm of
possihility that future phonograph: records
will be made on cellophane or plastic tapes
at a fraction of the size, weight and cost
of our present records.

1944

IMMEDIATE DELIVERY

FIXED MOULDED BAKELITE
MICA-DIELECTRIC
CAPACITORS

Manufactured in
Accordance with
American War Standards
to Meet Army and Navy
Specifications

All RM.A. or AS.A. color coded.

A complete stock is ready for immediate
shipment of quantities, ranging from 500
to 5,000 of each capacity in regular MICA
CAPACITORS in 5%, 10% and 209 tol-
erance and silvered MICA CAPACITORS
in 2%, 5% and 109 tolerances.

Write for price sheets and
complete information

ALBERT ROTHENSTEIN
133 Liberty “St., New York 6, N. Y.
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'FOR SALE-~

HARD-TO-GET ITEMS

All item® are brand new, oxcept where indicated. ALL
aro in PERFECT WORKING ORDER. In many cases,
the parts alone total more than the price we are
asking. Satisfaction guarantced or your moncy back.
ORDER FROM TMIS PAGE. Us¢ our convenicnt coupon.
Include sufficient cxtem remittance for parcel post
charges, otherwise order s sent express colloct. Any
excess will be rofunded. A!ll €.0.D. shipments requlre
20% deposit. No €.0.D. shipments on ordérs for Icss
than $3.00. If full remittance accompanies order, de-
duct 2% discount. Send money order, certified chock,
of new U. S, stamps. No €. 0. D.°s to foreign coun-
tries.

THE MAGIC ELECTRIC. WELDER

Here is one of the
e most compact.: practi-
cal welders we have

-ERATE 7. Repalrs

steel, cast iron.
‘aluminum. brass. <oP.
.ner, bronze, cte!
Complete I =

metallic arc attach-
ments. (Really two welders in one). Carbone, fluxes,
rods. mnsk. [acfuded. Just plug It In anv clectric gut-
l'i"»- l11l0 volts AC or DC. For hobbyist or profes-
alonal. g
GET IN ON THE GREAT WELDING BOOM. This fine
£ct Quickly. teaches you woldink. Low cost to operste—
about 5Sc an' hour. COMPLETE SAFETY is ossurcd. No
fumes with this outfit. SET COMES COMPLETE~noth-
Ing else to buy,
Used by the U, 8. Navy. American Tel. & Teleg. Co.:
Eastman Kodak Co.. Boll Laboratories. etc. BRAND
NEW OUTFIT. Guaranteed for one year. ComPplete
Tlrtgl;’le ngstrusnlonl with cach set. ‘9 95
3 .
YOUR PRICE ........... R .o

WESTERN ELECTRIC BREAST MIKE

Thi® 19 a fine light-welght alre
eraft carbon microPhone. It welghs
only 1 1b.

comes  with breastpiate
mounting "nnd . has 2.way swivel.
ing adjustmenf so that it can bo
adjusted to any desired position.
There are 2 woven straps: oneé
goes  around  neck. the other
around  chest.  Strans  can ho
snanped on and off quickly by an
ingentous arrangement,

This cxcellent mike can o
edapted for home broadeasting or
private communlestion systems. By
dismounting breastplate. it can be
used A8 desk mike.

Comes  complete  with  G-foof
cord and hard ‘rubber plug. Finlshed in sherardized
plate. non-rustable.

THIS IS A BRAND NEW MIKE. IT HAS NEVER
BEEN SOLD AT SUCH A LOW PRICE DEFORE. ORIG-
'INAL L1ST PRICE £15.00. Shippink welgnt., 2 1bs.

L eeerinnn., 32,55
POWERFUL ALL-PURPOSE INDUCTION
MOTOR

IDEAL FOR EXPERIMENTERS—10f USES

Sturdlly constructed to precision
standards. this self-starting revers.
ible shaded pole A,C. induction
motor 18 powerful cnough for

number of uses. _Somc of these
fre:  Automatic Timing Devices,
Current fnterrupters, Electric Fans,
Electric Chimea.” Window Displays,
Photocell Control Devices. Elce:

ate an

with 200 |bs. dead weiaht—=THAT'S POWER!

Dimenslons 3% hixh by 27 wide by 134* decp:
has 4'convenient mounting studs: shaft is 7.® lon
by 3/167 dlamcter, and - runs In_ self-ailgning ofl.
retalning bearings. Desifned for 110-20 volts, S0-00
cvelen. A.C. only. 3
ITEM NO. 147 S
YOUR "BRICE" e ai s sy durigybon

LIMITED QUANTITIES!
'PROMPT SHIPMENTS!

It's Easy to order—Clip Coupon—Order from
This Page—No Catalog Sent.
(See Corresponding Ad. Page 244)
MAIL TODAY—NOW!

CCScssscsacscsscanancaneew ey

[ ]
Send remlttance by, eheck. stamps or money order: ]
rexisier letter *If you.send cash or slamps.

-----------.-------------1

@ HUDSON SPECIALTIES CO. =

% 40 west Broadway, Dept. RC-1-44, New York 7. N. Y. H

L I have clircled below the number of the ltems I'm B

¥ ordering, My full remiyance of §.......... -3

@ clude shipping charges) 1s enclosed.  (NO  €.0.D.

f ORDERS UNLESS ACCOMPANIEQ WITH A DEPOSIT.) j

0 OR mv derosit of S ........ is eneloged (20¢, B

@ requlred). ship order C.0.D. for balance. NO C.0.D. B
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tube is shielded. If the shield on the R.F.
tube is left off by the owner the set may
not work properly.

If the antenna is not stretched out to
full length (a small coil antenna about 25
feet in length comes with these midgets)
the set may oscillate. The reason is that
the R.F. input circuit is not loaded when
the antenna is not stretched out. Tightening
the R.F. trimmer will reduce the tendency
to oscillate under such conditions, but a
further contributing cause is that when the
input signal is weak, as it is with a short
antenna connected to the set, the gain must
be advanced—this lowers the bias on the
R.F. tube (see Fig. 2) and it is common
knowledge that when the gain of a tube
is high the circuit is more apt to oscillate
than when the gain is low.

SMALL CAPACITIES ALSO BAD

Oscillation frequently is caused by an
open by-pass condenser (or skimpy capaci-
ty) in the screen grid circuit of cither the
R.F. or the detector tube. The ability of
such tubes to operate at high gain levels
is_controlled to a certain extent by the
effectiveness of the shielding action of the
screen grids which limit the transfer or
feedback of energy from the plate circuits
to the control grid circuits. If the screen
of a tube has a high impedance to ground
there will be coupling between the plate
circuit and the control grid circuit and

(oscillation may result. While the set is
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OSCILLATING RADIOS - (Continued from page 221)
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amount of signal energy need be fed back
in the feedback loop to cause oscillation,
as that small amount will be amplified and
reamplified until one or more of the a.v.c.
controlled tubes breaks into oscillation.

A simple way of checking C11 and C13,
of course, is to cut them out of the circuit
temporarily, install new condensers and
observe the results.

Unshielded tubes or parts also can cause
oscillation. When making tube substitutions,
bear in mind that in many cases it will be
necessary to shield the tube if it is used in
an R.F. or LF. stage of a modern super-
heterodyne. The mixer tube, however, is
not critical. For example, a 6K7-G can be
used as a replacement for the 6K7 in some
sets, but may need to be shiclded. A close
fitting type shield, with a single fexible
lead soldered to it, may be put over the
tube and the lead can be attached to chassis
by loosening a screw and wrapping the lead
end around the screw or under the head,
then tightening up on the screw. The lead
may be soldered directly to the chassis in
some cascs, or to the top of a tuning con-
denser gang. Where possible, and materials
are available, it 1night be well to go to the
trouble of installing a new socket or base
shield mount.

Another puzzling form of oscillation,
which often appears on the short-wave
bands of an all-wave receiver, may be
tracked to the electrolytic filter condensers.
These may have a much higher impedance

# SEVERAL GRID CONNECTIONS -
BMITTED TO SIMPUFY
DIAGRAM

607 pamm | o

Cis

oscillating a simple test to discover open
capacitors is to connect a 0.1 mid. test con-
denser from each plate return and screen
returnn to ground. In other words, by-pass
any condensers you believe to be open, and
observe the results. If you find that the
oscillation ceases as you apply a test con-
denser to a particular part of the circuit
you know that you need a new condenser
there, and can install onc to get rid of the
trouble.

OSCILLATION DUE TO THE A.V.C.

Still another form of feedback can occur
if a condenser in the ave. system of a
modern set opens up. Referring to Fig. 3,
if Cl1 opens up there may be developed
an R.F. potential at the I.F. level which
will act in_series with the grids of the
6A7 and 6K7 tubes, producing feedback
and in some cases oscillation, or whistling.
If C13 is not in perfect condition this effect

is likely to be observed. Only a very small

Fig. 3. Part of a superheterodyne receiver, drawn to show the effgct of defective compenents
in the a.v.c. circuits on feedback and resultant oscillation. All a.v.c. condensers in 2 squealing
set are suspect, with screen-grid by-passes running them a close second as oscillation sources.

to high than to low frequencies, so that
the set may oscillate on the short-wave but
not on the breadcast band. Shunting the
last electrolytic condenser in the power
pack (the one directly across the high-volt-
age circuits of the receiver) with-a small
paper or mica condenser of ‘0.1 mfd. or
even less, will cure this condition.

In individual sets oscillation caused by
factors other than those mentioned above
may appear. However, most of the com-
monest kinds are due to the causes just
given, and looking for the sources of squeals
and oscillation along these lines will result
in discovering it in an overwhelming ma-
jority of cases.

Cost of plastic sheets, rods and tubes
used in the manufacture of clectrical and
radio equipment as wel as many other vital
items, will be reduced approximately 10%,
according to a recent OPA announcement,

RADIO-.CRAFT for JANUARY, 1944
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POPULAR ELECTRONICS

(Continued from page 204)
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denser is connected to a 45-volt B battery
and when the switch 1s closed, the condens-
er will be charged. When the switch is
opened and the condenser plate rotated to-
ward minimum capacity it ‘will be noticed
that the gold leaves on the electroscope will
diverge, indicating that the condenser is
discharging.

If two manufactured condensers of the
paper variety are at hand, a very interest-
ing experiment may be performed as shown
at A and B in Fig. 11, First the.condenser
and a 40-watt lamp are connected in series
with a 110-volt, 60-cycle current supply. Un-
der these conditions the condensers will be
unable to pass enough current to light the
lamp but connection in parallel, as in B,
will correct this condition and light the
lamp.
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PHOTOTUBES
(Continued from page 210)
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excitation. The high-vacuum type, on the
other hand, are quicker-acting, and can
follow rapidly fluctuating light intensities.
The gas tubes are chiefly useful in relay

work, where high sensitivity may be coupled*

with slower action, while high-vacuum
tubes are used in such applications as talk-
ing movies, where the phototube must fol-
low faithfully the modulated beaffi from the
sound-strip on the film.

Caseium, Potassium, Rubidium and Sodi-
um are commonly used as cathode materials
in commercial types of phototubes. Modi-
fications of these yield a variety of sur-
faces which can be made to have the cor-
rect sensitivity and frequency response for
given applications. It might be expected
that perfection, from the user’s point of
view, is not often attainable, and that those
surfaces which have an excellent frequency
responsc are deficient in sensitivity. A tube
with higher sensitivity, peaking in the
wrong part of the spectrum, might be un-
usable. The wide variety of tubes offered
are an attempt to meet all practical types
of demand, and to provide an efficient unit
for every application.

The characteristics of a number of typi-
cal phototubes is given in the table.

SYLVANIA COMPILES
REPLACEMENT CHART

A CONCISE pamphlet containing charts
and all necessary data on radio tube
substitutions has been compiled by Sylvania
Electric Products, Inc. engineers as a war-
time help to radiq servicemen, and is avail-
able free of charge from Sylvania distrib-
utors or direct from Sylvania at Emporia,
Pa.

The pamphlet includes substitution
charts for 150 milliampere AC-DC receiver
tubes, 300 milliampere AC-DC receiver
tubes, and battery tube types, carefully edit-
ed to conform with the WPB civilian radio
tube program. The pamphlet shows quickly
the required receiver modifications neces-
sary for tube substitutions, helps solve dif-
ficult problems, and gives first and second
choices in possible replacements in an easy-
to-use check list. The pamphlet fits stand-
ard-size loose-leaf binders.

One of these Sylvania charts (replace-
ments for battery tubes) was printed in the
July Radio-Craft. Servicemen will find the
complete set extremely useful.

RADIO-CRAFT
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MODEL 625—0-30

D.C. VOLT METER

This is one of today’s most popular portables. The
new design has a hinged dial cover for added pro-
tection; insulated molded case and hand calibrated
mirror scale 4.58° in length. Furnished to an accuracy
within one-half of 1%. THE TRIPLETT ELECTRI-
CAL INSTRUMENT COMPANY, BLUFFTON, O.

“THE |
INDUCTANCE
AUTHORITY”

By EDWARD M. SHIEPE, B.S, M.E.E.

TEE ONLY BOOK OF ITS KIND IN THE
WORLD, “The Inductance Authority’ entirely
dispenses with any and all computstion for the
construction of solenoid coils for tuning with
veriable or fixed condensers of any ecapacity,
covering from ultra frequencies to the borderline
of audio frequencies. All one has to do is to read
the charts. Accuracy to 1 per cent may be at-
tained. It is the first time that any system

tors has been presented.

There are thirty-eight charta, of which thirty-
six cover the numbers of turms and inductive
results for the various wire sizes used in commer-
cial practice (Nos. 14 to 32), as well as the differ-
ent typea of covering (single silk, cotton-double
silk, double cotton and enamel) and diameters of
%, %, 1, 1%, 1%, 1%, 1%, 1%, 2, 2%, 2%, 2%

and 8 inches.

Each turns chart for a given wire has a sepa-
rate curve for each of the thirteen form diameters.

The book contains all the necessary information
to give the final word on coil construction to serv-
ice men engaged in replacement work, home ex-
perimenters, short-wave -enthusiasta, amateurs,
engineers. teachers, students, etc.

There are ten pages of textual discussion by
Mr. Shiepe, gRraduate of the Massachusetts Insti-
tute of Technology and of the Polytechnic Insti-
tute of Brooklyn, in which the considerations for
accuracy in attaining inductive values are set
forth.

The book has a flexible fiber cover. the page
size is 9 x 12 inches and the legibility of all
curves (black linecs on white field) is excellent.

Order from your dealer or direct—$2.50

GOLD SHIELD PRODUCTS

350 Greenwich St., (Dept. R.C. 1), New York City
1944
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S YOU might guess, “RADIOCRACY""
means: The Ruling Power of Radio. A
‘rather fantastic idea, isn’tit? . ... but that
is nothing compared to the super-duper

radioc and electronic post-war inventions
satirically concocted by Hugo Gernsback, in
his new Souvenir Booklet.

You'll get a good laugh ocut of RADIO-
CRACY which is a hilarious burlesque of
your own magazine, RADIO-CRAFT, and
many of the wild marvels promised by cer-
tain visionary members of the electronic
fraternity.

‘We would be happy to send this profusely illus-
trated booklet to all of our readers, but the edi-
tion is limited, due to the current paper short-
age, and there are n¢t enough copies to go
around. You can get & copy by sending 1l0ec in
coin or stamps, to cover postage and handling as
long as the supply lasts. Orders will be filled
in the sequence of their arrival.
“-------------------------"‘

Radio.Craft. 25 West Broadway, New York 7, N. Y. &
Gentlemen: Kindiy send me a copy of RADIOCRACY. g
I encloso 10c to cover postage end handling costs. g
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GEOPHYSICAL -
PROSPECTING
PRINTS
(TREASURE
FINDERS)

50:..

With sn¥ one of the modern Reophysical methods
deseribed {n ‘the Blue-Print Datterns. radlo outfits
and instruments can be constructed to locate ‘motal
end ore depesits (prospecting); finding lost or buried |
treasures; metal war relics; sea and land mines and
““duds’’; mineral deposits; subterranean water veins: |
oil deposits (under certsin clrcumstances): burlod
g98 and water plpes: tools or other mctallic objects
sunken in -water, ete.. ete.

Foldeér No. 1. Radloflector Pilot. Construction and
use of 2 tube transmitier and tube receiver. Re-
flected wave principle. Visual and sursl slgnsls.
Folder No, 2, Harmonlc FreQuentY Locator. ‘Radl-
otes low froguency wave to recejvCr. Aural SiIgnals.
Folder No. 3. Beat Note Indlcator. 2 osclllators.
Visual and aural BIRTAlS.

Folder No. 4. Radio Balance Surveyor. Balanced
loonl Dl;lnd le. Modulated transmitter. Visual and

signals.

#oler” No. 8. wvarlable Inductance Monltor, Tn
ductance principle Aural signals.

Folder No. 8. HugRhes Inductance Balance Explorer.
Bridge principle, Aural slEnala.

Folder. No. 7. ¢ Prospector. Balanced loop
principle. Vcry iarge field, of penctration. Aural
[

rnals.
‘Each sot of blueorints and instructions enclosed In
hea envslops (314" x 122%), Blueprints ‘227 -x 34*:
elght-psgé (llustrated 8'2" x 117 folder of 500
Instructions and construetion data ........
Add $¢ for D?ltlﬂ.

The complete set of seven folders ........ | ‘
Bhipping welaht 2 lbs. (add 25c for ship- n
ping anywhers in U.S.A.}
8ond Stamps,” Cash or Money Order to

TECHNIFAX

‘1917 8. STATE ST. CHICAGO, ILL.

L L L L LD L LD L LL LD L LT

STECHNIEAX 1017 so. Stats. Chleago, 15, 1.

b
Enclosed herewith $.......... for which mafl ‘to
address below:
Troasure Finder No. |, 2, 3,
Complete set of seven folders. 0"

4 5 6 7.

ADDRESS
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SUNSPOTS AND RADIO (Coutinucd from page 205)
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measurable quantities as the carth's mag-
netic activity, and short wave signal record-
ngs.

A sun spot is the localized vortex of a
whirlpool of solar gases. Spots appear in
groups, on cither side of the solar equator.
Like tornadoes on earth, they rotate in op-
posite directions north and south of the
solar equator. The leader spot, in the direc-
tion of the sun's rotation, is opposite in
polarity to the follower spot, or spots. Op-
posite polarity also exists between spots lo-
cated on either side of the solar equator.
The discovery of sun spot polarity is a con-
tribution to science by the late Dr. George
Hale of Mount Wilson Observatory. Polar-
ity is a definite indication of sustained solar
circulating currents. Even as radio waves
are reflected ‘back to earth by the earth's
upper atinosphere, .so may sun spot radia-
tions be turned back to the solar disc by the
equivalent of a solar ionosphere. On the
sun, as on the earth, penectrations will oceur,
when the gencrated {requencics become
sufficiently high. Such penetrations are
abundantly verified by the centuries of ter-
restrial effects already noted. A typical sun
spot.group is shown in Fig. 2.

'wo long recognized sun spot cycles di-

| rectly affect short wave radio communica-

‘tion, namely, the twenty-seven day rotational
cycle, and the eleven year abundancy cycle.
The spots, being localized areas on the
solar surface, are carried around by rota-
tion of the sun. The twenty-seven day rota-
tional cycle is.a measured terrestrial effect.
Astronomical observations show the sun to

{ be entirely gaseous, with a rotation .period

at its equator of about twenty-four days,

1-and at the poles, thirty-two days. The

twenty-seven day cycle is the basis for the
“radio weather” charts later to be described.
The eleven year sun spot abundancycyclehas
been verified by centuries of observation.
During its progress the spots make a solar
excursiorn from about latitude 40° to latitude
5°. Maximum numbers are observed at
about solar latitude 16°. The corresponding

reeecees

reactions upon our radio roof follow this
eleven year periodicity with measurable
régularity.

One_of the most interesting contributions
‘by the late Dr. Hale was his discovery that,
magetically, the sun spot cycle extends for
twenty-two years, rather than for éleven
years. Sun spot polarities, above and below
the solar equator, reverse at the end of the
cleven year cycle. It takes twenty-two years
to get the spot polarities back to their orig-
inal starting senses. It is yet to be. estab-
lished that the twenty-two year polarity
cycle has significance with respect to sky
wave radio communications.

An eruption of the lighter solar gases,
such as hydrogen, often precedes the forma-
tion of a sun spot group. These sudden solar
eruptions are now known to radio men as
“flares.” They are the source of sudden
“fades” on short wave circuits, lasting from
two to thirty minutes. A longer and deeper
fade occurs when the flare is at the center
of the solar disc, than when near the rim.
The flare causes daylight “drop-outs” only.
Their effects being independent of solar ro-
tation are therefore unpredictable as to
recurrence. These sudden fades were first
studied and explained by Dr. J. H. Dellin-
ger of the National Bureau of Standards,
Fades often serve as harbingers of ap-
proaching sun spot barrages. The barrage
itself synchronizes quite closely in position
and time with the life of a particufar sun
spot group and its twenty-seven day rota-
tion. The barrage may last for several days,
during the spot group passage of the center
of the solar disc. Short wave radio circuits
are correspondingly upset, in-a manner
popularly referred to as a “magnetic blan-
ket.” The solar prototypes of fades, or
“drop-outs,” and “magnetic blankets"” are
flares and sun spots respectively,

The penetrating radiations from a ‘flare
reach the carth at Tight speed, in about eight
and one-third minutes. The E and F layers
of the ionosphere are pierced. Rarefied air
particles in the alto-troposphere are broken
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OPPORTUNITY AD-LETS

Advertisements In this section cost 20 cents s word
for esch fnsertion. Name, address and initfals must
be included at the above rate. Cash should accom-
pany sll classified advertisements unless placed by
an accredlied advertlsing agency. No advertisement
for less than ten words accepted. Ten percent dls-
count six issues, twenty porcont for t(welve {issyoe.
Objectionable or misleading advertisements not ac-
cepted. Advertisements for February, 1944, 1ssue must
reach us not later than January 18, 1944,

Radio-Craft @ 25 W. B'way ® New York 7, N, Y,

LOWEST PRICES. RADIO TUBES, PARTS. FREG
bargain 1ists. Potter 1314-B McGee, Kansas City, Mo.
RADIO SERVICEMEN AND EXPERIMENTERS SEND
for our glant radio catalogue. Ssve dollars. United Radio
Co.. {1000P) Newark, N. J.

USED CORRESPONDENCE COURSES AND TECHNI-
“eal Books Bought, Sold, Ronted, Catalog Freo. Educa-
tional Exchange, Henager, Alabama.

Very Old (1900 - 1920)
RADIO SETS and PARTS

WANTED

Fair prices paid for radio sets and apparatus
manufactured from 1900 to 1920. We need only
one sample of each model. Write giving complete
description and your price. RADIO-CRAFT,
25 West Broadway, New York 7, N. Y.
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Fig. 4—Earth-current variabilities and world-wide short wave disturbance ratings during the
solar rotation period March 17 to April 21, 1940, recorded by R.C.A. Communications at
Riverhead, Long Island.
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down by the impact, sctting up temporary
absorption clouds in the normal path of the
radio wave. The absorbing screen dissipates,
as the flare subsides, in from two to thirty
minutes. The radio circuits thereupon re-
turn to their preflare condition. The entire
process is recorded on the radio circuit as
a steep cutoff, and a more gradual return.

Sun spot barrage radiations, on the other
hand, are slower, taking one to threc days
to reach the carth. They persist, causing
wide swings i circuit responses, as long as
the spot group is near the center of the solar
disc. If the spot group survives a solar
rotation they will recur, Three or four re-
currences arc not uncommon,

HOW RADIO IS AFFECTED

A radio wave beamed vertically upward
is vertically reflected to carth. This is radio
ccho technique. If the wave frequency is
increased, a ‘“critical,” or penetrating fre-
quency of the ceiling is reached. No echoces
return above the critical frequency. If the
wave is beamed at an angle to the ceiling,
frequencies above the critical may be re-
flected. This is the normal process of sky
wave radio transmission. A signal in cross-
ing the Atlantic is bounced between ceiling
and sea, in two or more hops, depending
upon its frequency and the ceiling height.
Day and night waves are the result of varia-
tions in the E and F layer densities. The
limitation of short wave transmission to a
well defined band of frequencies is due to
absorption at the low end of the band, and
ceiling penetration at the other. The spor-
adic variations are introduced, as above
described, by flares and sun spots.

The ecarth's magnetic poles are also ai-
fected by solar radiation activity. The radio
roof becomes turbulent during a sun spot
barrage. A magnetic modulation results at
the earth’s magnetic poles. The resulting
reaction between the modulated’ pole, and
the ceiling directly above it, makes the
polar great circle path temporarily useless,
in fact, the polar path may become opaque.
The blackout may last for several days fol-
lowing the actual passage of the sun spot,
depending upon proximuty of the circuit
path to the magnetic pole. A temporary
dead communications zone is established on
the great circle path passing over, or near,
the magnetic pole. The effect is graphically
shown in Fig. 3.

The figure shows the abrupt increase in
circuit disturbances .that 'occur. during sun
spot barrages on circuits passing closer than
30° from the magnctic pole. It is based
upon observations of sixteen major sun spot
barrages during the years 1939-1940. The
geomagnetic latitude mentioned in the figure
is the Jatitude computed on the basis of the
Sggt}{zmagnetic pole coinciding with latitude

N.

MEASURING EARTH CURRENTS
Local earth-current activity varies pro-
portionately to terrestrial magnetic actiyity
during a sun spot barrage. Advantage was
taken of this fact by the Research Depart-
ment of R.C.A. Communications to set up
a local radio ceiling conditions indicator.
At Riverhead, Long Island, New York, a
long wave receiving antenna six miles in
length—which had no further usefulness as
an antenna when short waves superseded
long waves for South American service—
was connected as a ground loop. A series
resistor was connected in this ground loop
at the receiving station terminal. Earth-cur-
rents circulating through the series resisfor

* produce a voltage drop of corresponding

variation, which is continuously recorded.
The length of the recorded trace, in an hour,
is proportional to the solar activity varia-
tions, intercepted at Riverhead, during that
hour. The percentage increase of trace
lengtly, in any hour, provides a directly com-
parable measuring unit. This unit has been
called “earth-current variability.”

The observed relationship between mecas-
ured earth-current variabilities at River-
head, Long Island, New York and reported
circuit disturbance ratings on Transatlantic,
South American, Transcontinental, and
Transpacific circuits during two major sun
spot barrages, rccorded during the solar
rotation of March 17 to April 12, 1940 are
shown in Fig. 4. .

Circuit rating figures, 0 to 5, are reported
on all R.C.A. Cominunications, Inc., circuits
for each eight hour watch, on the following
basis :—

0 Unusually quiet

1 Normal conditions

2 Slightly disturbed

3 Moderately disturbed
4 Sevcrely disturbed

5 Complete drop-out

(Continned on followving page)

ELECTRICITY
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ONAN GASOLINE DRIVEN
ELECTRIC PLANTS provide
electricity for communications
work in locations where it is
not otherwise available, and
for emergency and standby
service. Thousands of these
sturdy, relidble plants are do-
ing a winning job on all fight-
ing fronts, in communications
and other war tasks.

50 to 800 eycles, 110 1o 660 volts,
A.C.—6 1o 4000 volts, D.C. Also

dual A.C. and D.C. output types.
Engines are air or water cooled.

Your inquiry regarding present or
post-war nceds will reccive prompt
attention.
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rFOR SALE>

HARD-TO-GET ITEMS

All items are brand now, except whore indicated, ALL
are in PERFE In man

the " parts alont ore Ulan lnc price we arc
asking. Satisfaction Quaranteed orlyour moncy back.
ORDER FROM THIS PAGE. Usc our convenicnt Coupon,
Include sufficicnt coxtra remittance for parcel post
charges, otherwise order is sent express collect, Any
excess will be refunded. All €.0.D. shipments requirt
20% dcposit. No €.0.D. Bhipments on orders for less
than $3.00. If full remittance accombpanics order, de.
duct 2% discount. Scnd moncy order, ¢ertificd check,
?r new U. S. stamps. No €. 0. D.’s to forcign coun-
rics.

ULTRA MAGNET

LIFTS MORE THAN 20 TIMES
OWN WEIGHT

LITTLE GIANT MAGNET

Lifts 5 1bs. easlly. Welghs 4
Made of ALNICO new high. mnl:nel.le
sLeel. Comhlc(c with keeber. World's
most powerful magnet ever made.
‘The exr)erlml-nu‘r and hobbyist wiil
find hundreds of excellent uses for
this hls:h Juallty Hermanent magnet.

Measures 134" x  13a~ Ship. Wi,
??zm’sno 1s9 1
YQUR PRICE $ '25

YARIABLE SPEED UNIVERSAL MOTOR

For 110 volts: A.C. or D.C. All Nickel Plate
Edisan Dictaphono motor

Uscd
munn

1/50
but In excellent con-

For buMng. hollshing.
drillln®, sawing: s phono-
graphs, fans. models. blowers.
Inthes, ote. Specin! control per-
mits  varinble speeds  wp to
l.;OO rp.m. 5716 shaft ox-

nds from both sides of motor,
Cnm iron hase has 3 screw mountln® holes. Helghi
4157 length 7197 width 514”7 Shaft Is 134~ lonw
on_one side. Sho We. 8 Ibs.
ITEM NO. $3 45
YOUR FIIICE ....................... J §

POWER ADJUSTABLE RHEOSTAT

Here Is an cxccllcnt rheostat

used especially 1o reRulate

speeds of small motors. such as

our Handy Workshop Outfit. This

rheosiat can be uscd in con:

nection with motors up to 1/20
2

Thlu ﬂnc rheostnt  Is  wire.

ound reelaln  {nsulation.,
T he ulnck enamel stoel easin® IE werforated for ven-
tilatlon. Adlusiable handic I‘Ql:'malcﬂ sheed of meotor
easlly and emoothly. Slze 57x234" overall. Shn. Wt

ITEM N0, 153 $'| .45

YOUR PRICE . ;. apsoisccck

AMAZING BLACK LIGHT! !

Powerful 250-Watt Ultra-Violot Source

The best and most practlcal
gource of ulira-violet tight for
general cxnerlnlonull and enter-
talnment use. Makes all fluores.

Inmp - socket, Made with sbecial
filter Rlass ne::)nllllns: only-ulira-

viclet ravs me  throurh.
Brl out beautiful opnlescoz\t
hues {n_ wvarious v of ma.
lerinla ﬁt\cll for nmnleur bar-
tic, ®la. Cte.: to obtaln
unlqul.- Immlnx effects. Bulb

only. Shp, Wt, 1 In.

ITEM NO. 87 $2 45

YOUR PRICE o icoda . cimnc b map id o 4

WATTHOUR METER

Completely overhauled and
ready for Immediate service.

0 cvele 2-wire

ta check
rrent consumpilon of sets.
solderlém' irons, ete.

bring the price. The clab.
. orate pear (raln could be
(3

ta l.he Ioad Sturdily conqtrucu'd in heavy metal ease.

BV: nlgh, @14% wide, 57 decn, Westinghouse, G. E.
. Wayne mak Sho. Wt. 14 ibs.

ITEM NO. 2

YOUR PRICE

LIMITED QUANTITIES!
PROMPT SHIPMENTS!

It's Easy to order—Clip Counpon—Order from
This Page—No Catalog Sent
MAIL TODAY—NOW
{See Corresponding Ad. Pagc 240)

--------------------------‘
HUDSON SPECIALTIES CO.
40 west Broadway, Dept. RC-(-44, New York 7, N, V.

I have circied below the numbers of the Items I'm
ordering. My full semittance of 8. ......... (n
¢lude  shipping charges) is enclosed (NO C.0.D

ORDERS UNLESS ACCOMPAN|ED WITH A DEPOSIT.)

OR my denosit of S........ .. s enclosed (20%
uh!o order €.0.D. for balanee. NO €.0.D
LESS TMAN $3.00. (New U. S. stamps.
check Or money order nccepted.)

153 1s7

Circle Item No. wanted: 33 a7 159

]
]
1
City State

i [ ]
Send remittance by check. stamps or money order:
register lettet If you.send cash or samps. ]

[CE LT T T T T T e ey |
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SUNSPOTS AND RADIO (Continued from previous page)
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Latitude effects are quite apparent in the
figure. Great circle paths passing ncar the
north magnetic pole show maximum circuit
interruptions, equatorial circuit paths lowest
interruptions. A flare type of fade may be
observed on March 19, to have preceded
the main barrage on March 24th.

RADIO “WEATHER MAPS"”

It has been stated carlier in this paper
that sun spot barrages may be studied in-
directly by their observed cffects upon ter-
restrial magnetism, and short wave trans-
mission. 1 these ¢ffects arc continuously
recorded, and charted in twenty-seven day
sequences of solar rotations, the resulting
chart is in effect a progressive scanning of
the circumference of the sun. If there is
simultancously charted, on the same basis,
the observed circuit disturbance ratings
over the North Atlantic for example a
parallel comparison of equivalent solar ac-
tivity, and short wave circuit disturbance
may be obtained. Such a parallel compari-
son of magnetic activity as. derived from
analysis of magnetograms from Cheltenham
Magnetic Obscrvatory, and North Atlantic
Circuit Disturbance Ratings for the ycars
1941 and 1942 is shown in Fig. S.

Black areas on the Cheltenham Magnetic
Activity Chart are those whose deflection
ranges are above a limiting value sufficient
to cause radio circuit disturbance. Black
areas on the North Atlantic Circuit Dis-
turbance Rating Chart represent subnormal

circuit conditions, on the 0 to 5 scale basis,
previously mentioned. A full black area of
5, for all three watches of any particular day
would indicate- that the circuit was com-
pletely dead for the duration indicated.

Examination of these charts reveals that
the ‘start of a magnetic disturbance is close-
ly synchronized with the onset of the radio
circuit disturbance. The duration of the
North Atlantic circuit disturbance, on the
other hand, may persist some four or five
days after the magnetic disturbance has
subsided. The effect may be likened to the
occan ground swell that persists after a
severe storni at sea.

These charts are in effect “Radio Weath-
er” maps. They.plot the moods of successive
arcas on the sun by their measured effects
upon our radio roof. If a particular area
on the sun holds a sun spot group, the re-
sulting sun spot barrage will be indicated
on the chart in relative intensity and dura-
tion. The life of the sun spot group may be
quite accurately interpolated by its repeated
effects during each succeeding rotation of
the sun. Concurrent effects of aurora and
sky wave transmission may also be studied,
and forecast, by such systdmatic chartings.

The developing knowledge of that basic
clement, the free ion, is bringing together
the astronomer, the physicist, and the radio
man. It may be merely a step in a vast
integration process, which tends to blend
scientific effort into one indivisible whole,
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Me. Call Location and Schedule Me.  Call Location and Schedule
7.250 KGEI SAN FRANCISCO, CALIF.; N.E.L- || 9.295 COCX HAVANA, CUBA; day
Orient beam, | am fo 1:05 pm. 9.29 HIG CIUDAD TRUJILLO DOMINICAN
7.260 GSU LONDON, ENGLAND North Am- REPUBLIC; Sunday afternoons.
encan beam 5:19 to mldnnghf 935 COQOBC HAVANA, CUBA; afternoons.
7.290 DJX BER SERM variable || 91437 COCH  HAVANA' CUBA: afterncans.
hmes Norfh Amencan beam 9.455 GRU LONDON, England Near East,
7.295 YSO SAN SALVADOR, EL SALVADOR: Africa and = Gibraltar beam.
“Yoice of Demat:racy g mgh'ly . about noon.
t 7:55 pm. 9.465 "TAP ANKARA, TURKEY,
7.31  2ROI9 ROME ITALY; off since September || 9.490 KRCA SAN FRANCISCO CALIF.; | am
8th, 1943. to | pm, Orientsl beam.
7440 — LONDON ENGLAND; North Am- || 9.490 WwWC8X NEW YO K CITY Lahn American
erlcan beam. 10:35 pm to mid- beam 11:30
ght. 9.50 XEWW MEXICO CIIY MEXICO evening
7.565 WKLJ NEW YORK CITY Nurrh African transmissions.
bea 9505 JLG2 TOKYO, JAPAN: North American
7565 KwY SAN FRANCI CO. CALIF.; 8:30 to beam II am fo 2:40 pm; Il pm
10:30 am daily, Sundays, 9:30 to
10:30 a 9.5  GSY LONDON ENGLAND; Near East,
7.57S WRUA BOSTON "MASS.: North African Africa and Gibraltar beam,
boam 445 to 7:15 pm; 7:30 to about noon
1:45 p 9.520 — GENEVA SWITZERLAND: not
7.805 WRUL BOSTON ‘MASS.; North African heard recently
beam, 2:15 ta 5:45 am. 9.52 DID BERLIN GERMANY not heard re-
7.820 WKRD NEW YORK CITY; European beam, ently.
4:45 pm to 4:45 a 9.52 DXLI3 PARIS FRANCE; relays Berlin to
7.950 — AEiICIA TE, SPAIN off at & pm Nor?h America, 5:30 pm to mid-
8.000 — ATHENS, GREECE; heard 3 tv 6 || 9.523 ZRH JO}?ANNESBURG SOUTH AFRI.
pm daily. CA; not heard recen thy.
8.030 FXE BEIRUT-LEBANON; 6:30 to 6:45 | 9.530 WGEA SCHENECTADY NEW YORK 3:30
pm: irreqular, o & am, European beam.
8.220 — DAKAR SENEGAL (French West || 9.530 WGEO SCHENECIADY NEW YORK: East
rlca) off at 5:04 South American_ beam, 5:30 pm
8.484 XPSA KWEIYANG CHINA; 730 am to ’3°|5"f“dgl g’ Eurapean beam,
o pm
8.634 COJK CAMAGUEY CU8A; daytimes. 9.535 seu STOCKHOLM, SWEDEN Euro-
8.70 COCO HAYANA, CUBA dayﬂmes pean beam. 5:I5 fo 550 pm:
8.83 COCQ HAVANA CUBA" daytimes. North American beam, 9 to 10
8930 KESZ©  SAN FRANCISCO CALIF: 6u5 pm.
to pm¢0r|enfal beam. 9.535 JZI TOKYO, JAPAN: 11 am to 12:30
8.955 COKG SANTIAGO UBA; heard at 6:30 pm.
9.54 MTCY HSINGKING, MANCHUKUO: 9 to
8.960 AFHQ ALLIED HEADQUARTERS, NORTH 11 am.
AFRICA; daily, early evenings. 9.54 VLG2 MELBOURNE AUSTRALIA; East-
9.03 COBZ HAYANA, CUBA; "Radio ‘Sala™: ern  North  American  beam,
heard evenings: relays CMBZ. ﬁnghs 2‘ Il to 11:45 am.
9.125 HAT4 BUDAPEST, HUNGARY; 9:15 to|| 9.562 OAX4T LI U “'Radio Nacional"; 2
9:30 pm; 10:5 to 10:30 pm. to 8 pm daily
9.188 COCQ HAVANA, CUBA: aﬂernaOnCs. - 9.56% JRAK PARAO PALAU GROUP; 7 to 9:30
i HAVANA, CUBA; relays CMCQ,
2 Tore evenings. v © 9.57  KwWIX SAN FRANCISCO CALIF.; South
9255 — BUCHARESY, ROUMANIA: 4 te 5 American beam, 8 pm to 12:45
m; news Encﬂhsh) 4:50 p am; 703genfal beam I to 2:45
9. LONDON, GLAND; Near Eas' am; am to
i o8y Africa, and Gibraltar beam 9.570 KWID SAN FRANCISCO CALIF- Au-
about noon. ’ stralian beam, 3 to 6:15 a
RADIO-CRAFT for JANUARY, 1944




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

9.570 WRUS BOSTON; MASS.; North Africa, [| 10.005 w—e— VOICE OF FREE ARABS; Sundays,
4:45 to 7:15 pm. 2:15 to 2:34 pm; 3:15 to 3:35 pm,

9.560° GSC LONDON, ENGLAND; North. Am- || 10.010 —— “"BULGARIAN FREEDOM STA-
erican beam, 5:15 to 12:45 am. TION"; 2:15 to 2:28 pm.

9.58 VLG MELBOURNE, AUSTRALIA; not || 10.050 XBHX MEXICO €CITY, MEXICO; 8 am to
heard recently, . 8 pm daily.

9590 WCDA  NEW YORK CITY; Eurcpean beam, | 10.250 — ? STATION: 7:45 to 8:15 pm;_ uses
6 to 7:30 am. for theme "God Bless America.’

959 “"VOICE OF FREE INDIA"; not || 10.5640 DZD BERLIN, GERMANY; 5:50 to 8 pm
heard recently. to North America.

[ X1 J— ""NATIONAL CONGRESS RADIO™; || 10,620 KES2 _ SAN FRANCISCO CALIF.; | to &
not heard recently. NE.|.-Oriental beam.

9595 == ATHLONE IRELAND not heard || 10.75 = RIO 'DE JANEIRO, BRAZIL; car-
recen ries PRLS rogram

9408 ZRL  CAPE TOWN. SOUTH AFRICA: [ 10040 kWY  SAN' FRANEISGO, CALIE: Au-
fades out in eastern U. S. about. stralian beam, 2 to 445 am;
10:45 am, South Amencan beam 510 7 am.

9.160 ZYC RIO DE JANEIRO: 6 to 10 pm. 10,000 PLP BANDOENG,

2415 TIP SAN JOSE, COSTA RICA' “La || 11040 e LISBON, PORTUGAL Brazilian

Voz de la Victor"; heard morn- beam, 6:45 to 8:45 pm.
s and evenings. 11.145 WRUA  BOSTON, MASS.: North African

9620 OPL LEO OLDVILLE, BELGIAN CON- beam, 6 to 730 am; 7:45 am to
GO; after midnight; used by 130 p

- ""Radio National Belge. 1137 = CROATIAN FREEDOM STATION;

962 — YICHY, FRANCE North American A heardlr
beam. 8:15 11,470 —— "VOICE OF FREE ‘INDIA"; not

9.630 2RO3 ROME, ITALY: oI'I since September heard recently.

8th, 1943. 11470 = “NATIONAL CONGRESS RADIO"
9.44 LRI BUENOS AIRES, ARGENTINA; {INDIA) not heard recently.
""Radio Belgrano'’; evenings. 11470 "AZAD MOSLEM RADIO": not

9.450 WCDA NEW YORK ITY; Europesn beam heard recently.

3:30 f 188 — ROUMANIAN FREEDOM S5TA-

9.680 LRX VATICAN CTY heard 7 pm Sun- TION; 1:45 to 1:55 pm: 4:16 to
days calling Vepezuela, Scuth 4:25 pm.

America; opens program _with || 11614 COK HAVANA, CUBA; "The Voice of
phrase “Laudator Jesus Chris- Liberty'": noon Yo mi m%I
11,633 = "HUNGARIAN NATION

9.660 LRX B U E N O § AIRES, ARGENTINA DIO™: 1:15 to 1:27 p
“Radio El Mundo''; evenings. 11,85 COCX HAVANA, CUBA

9.670 WRCA NEW YORK CITY; Branllan beam, || 11.676 OFPL LEOPOLDVILLE, BELGIAN CON-
8 to 1123 é) GO; | to b:15 pm

9.670 WNBI NEW YORK TY European beam, || 11.680 GRG LONDON ENGLAND: |1 30 am fo
12:15 to 2 cm 6 to 7:30 am; 5 pm, Near Ees' Africa and Gi-
3:45 to 5:1S p braitar bes

9.485 TGWA GUATEMALA CITY GUATEMALA‘ 1.7 HPSA PANAMA CITY PANAMA: news

. to 12:4 &EN’IIISM :15 pm..

9.490 “GRX 'LONDON ENGLAND North Am- [ 11.7 GBW ENGLAND; Near
erican beam, 1045 pm to 12:45 East, Afrlca and Gibraltar beam,
am; now used by the Dutch gov- | - about noon.
ernment in exile, 11.705 CBFY VERCHERES, CANADA; 7:30 am to

949 LRAI BUENOS AIRES, ARGENTINA; Fri-
go»fsEonlé, 5 fo 5:30 pm; ‘'Radio || $1.720 CJRX WINNIIPEG CANADA; noon to

e

9.700 WRUW B.OSTO N, MASS.: Caribbean || 11,72 PRLS RIO DF.PJANEIRO BRAZIL;." Radio
beam, 6: 15' 4o 7:15 pm; Evropean Nacional" mghfly beamed to
beam, 2:45 to 5:55 pm. Norfh Amenr_e 10 to |1 pm; off

9.700 WRUS BOSTON, MASS.; Menun beam; Sun

. 7:30 pm to 2 am; Noth African || 11725 Jyw3i TOKYO JAPAN ? am to 240 pm.
beam, 6 to 7:30 a 1,730 WRUL BOSTON, MASS.: Caribbean beam,

9.720 PRL7 RIO DE JANEIRO, BRAZIL‘ “Ra- -6:15 fo 7:15 am; Central Ameri-
dlo Nacional™ & to 9:55 p can beam, 7:30 pm to 2 am;

9.724 CSW I.I BO;Q PORTUGAL Afflcan European besm, 2:30 to 555

beam m,

9.750 —— B(e)h’fE lTikLY‘ oﬂ sI)nce September || 11.730 WRUW BgsTON, MASS.; European beam,
t 8 to 10 am.

9.740 —— LISBON PORTUGAL; Noth Am- 1 11,74 COCX HAVANA, CUBA; afterncon trans.
erican beam, 9 to 10 pi E transmissions.

9.750- WKL NEW YORK OITY Norfh AInCAnI 11.750 6SD LONDON, ENGLAND
beam 5:15 to 7 am; 3:30 Io 8 t.77 DJD SERLIN GERMANY North Amer-

an beam, evening transmissions.

9755 —— "RADIO INCONNU"; 3 to 3|l'/z 11,775 == FRENCH INDO C A; ''Rodio

pm; chimes or bells Saigon®'; 10 to 11:30 am

9760 —— "DEUTSCHER KURZWELLEN | 11.775 MTCY HSIN ING MANCHURIA 1:30 to
SENDER ATLANTIC"; 1:30 to 2 3
pm Sunday; 3:30 to 3:58 pm; || 11.78 GVU LONDON ENGLAND Noth Am-
4:30 to 45 Em. erican beam. 6:30 to ? p

9.745 OPFL LEQPOLDVILL BELGIAN CON- |l 11,790 HP5G PANAMA CITY, PANAMA " 945
GO after midni ht; used by ?

“Radio National Belge 11,79 KGEI SA,N FRANCISCO CALIF.: 5 pm

9.705 OPL LEQPOLDYVILLE, BELG AN CON. to 12:45 am; South. American
GO 8:45 to 8:48 pm; alse Sup- beam,

day afterncons. t4.800 HIX TRUJILLO, DOMINICAN REPUB-

9.825 GRH LONDON, ENGLAND; North Afri- LIC: testing at 12:15
can beam, 5:15 pm to 12:45 om. || 1180 JZJ TOKYO, JAPAN; |1 pm P04 am.

9.930 GRX LONDON, ENGLAN 11.805 COBH HAVANA CUBA heard at 7:40

9935 — "HUNGARIAN N A T ) O NS RA-

DIO'; 3:15 te 3:27 p 11.805 COGF HAVANA CUBA; afternoon frans-

9.895 —— "RATION NAZIONALE FASCIS- .

TP 3:30 to 5557 pm 11.81 2RO22 ROME ITALY off since September

9.860 = Mostow USS.R.; heard eve- 8th, 1943,

% 11.830 WCRC NEW YORK CITY: Latin  Ameri-

9.86 EAQ MAD 10, SPAIN: 7 to 7:15 pm in can beam, 530 pm to midnight:

Ehsh later in Spanish, European beam, 7 am to 5:I§

9970 —— "PRAHEYA''; § 15 5:07!/; pm: opens pm
with train Whistle and_closes with || 11,040 COBH  HAVANA, CUBA: mornings, affer-
three train whistles; 7 language, E%:IESH e&dc eéemngs relays

X — .3 an M
e 73555529"4 STATION: 315 to [l |\ 647 WGEA SCHENECTbADY NEW YORK: £
ropedn beam am te 4:4

9897 WKRD NEV‘:?R;( :‘.rLTY‘, Euvropean beam, pm: Brazilian besm, 5 to 8:15

pm.

92.897 KROJ LOS ANGELES, CALIF.; N.E!-]|[ 11,86 GSE LONDON, ENGLAND; Near East,
Orient beam, 10:15 pm to 3:45 Africa, and Gibraltar beam,
am: |1:15 am fo 2:15; Australian about noon.
beam, 4 to 9 am. 11.870 WBOS B?SATSOIN 7MASSj.|5Eu'ropselesn beam,

. : o 7 am: o pm.

i S "E,‘f,’,,!?f",f;’}'g ;‘:ﬁ,"h European || |} 570 wiel NEW YORK K CITY; Eost Sough

9.935 '"'"RADIO MEDITERRANEAN"; merica beam, 7 pm to mi
heard Sundays, 1:58 to 2:30 pm. IIIngdhrIn Sundsvs Sl Tt lpnil

9958 HCJB QUITO, ECUADOR; afternoons. 11.88 LRR ROSARIO ARGENTINA; hegrd

10,000 Wwy BELTSVILLE, MARYLAND; on the evenings; CBS news in Spanish,
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New Direct-Coupied FM - AM

AMPLIFIER MANUAL

By A.C. SHANEY

Chicf Engineer, Amplifier Co. of Americe

For the Layman, Serviceman
Recordist and Engineer

Regardless of whether You aro intercsted in ‘the finest
typa of phonograph reproductiop. high fidelity recording.
gound-on-film appllcations, FM or AM proframs; you
will 8nd invaluable information in this Dracuul handhook.
Written by the leading exDenent of direct-coupled em-
plifiers who has spent more than 10 years improving and
perfacting the famous Leftin-White circuit.
Explains the theory and practical
application of:

Varlable Speed Non-Overloading Push-Pull Expanslon
Non-Freaquency Discriminating Scratch Suppression
Push»Pull ‘Balanced: Direct: goupleﬂ Ampiification
Push-Pull  Hiph-Frequency Equalization
Push-Pull  Low-Frequency Equallzation
Push.Pull Volume Compression
Automatle. Vofume Limitation
Automatic Volume Control
Calibrated V. U, Indicator
Audlio Spectrum Ceontrol

- Remote Control
It you are Intercsted In the latest audlo developments,
you can't afford to be without this complete eompiistion
of suthentic articles on Direct-Coubled Amplifiers. 52
pages 8%” x 11%. Over 100 diagrame and (liustrstions.
Priced to Cover Cost of-
Printing and Malling ZSC

Send Stamps or Coin

AMPLIFIER CO. of AMERICA

99 BROADWAY NEW YORK. N. Y.

//eao(ﬁet #ead uarters

Our Headphones are used
\ by the United States,
| Canadian New Zealand
f and South Afriean Gov-
ernments as well as other
Governments not -directly
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Heavy Cannon - Ball Headsets.
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th .
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“C. F. CANNON COMPANY
SPRINGWATER, N.Y.

AND

BURSTEIN-APPLEBEE CO.

1012-14 McGee St. ' Kansas City, Mo.
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TECHNICAL
BULLETINS

Technical bulletin® give reliable information in
easy-to-follow form, nnd save valuable time other-
wise spent in laborious reading of numerous
books. Every subject is treated briefly and con-
clsely, yet combletely. No complicated mathe.
maotics, chemistry, electricity, or theory. Each
bulletin is written in simple language,

Each Bulletin consists of a set of Iun. sheets,
asscmbled in one backet, slze 8 x (44;”": welpht
Ys Ib. Numerous fliustrations, diagrams, charts to
supplement text,
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D-143—DESIGNING AND USING ELECTRIC
RELAYS

D-127-8MALL ELECTRIC LIGHT PLANTS

D-134—ELECTRICAL EXPERIMENTS WITH
SIMPLE MATERIALS

D-131—MODEL, MAKERS & INVENTORS
GUIDE TO REMOTE-CONTROL SWITCHING

D-137--ELECTRICAL METERS EASILY BUILT

D-136—SMALL AC. ARC WELDER CON-
STRUCTION AND USE
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Me.  Call Location and Schedule Me.  Call Location and Schedule
11.890 CXAIO MONTEYIDEO, URUGUAY; "Ra 15.210 WBOS BOSTON MASS.; European beam,
dio Elecfnca de MOnfewdeo 7:15 to 9:30 am; 10:45 am to 3
heard evenings, about 7:30 pm m; (5:15 pm on Saturdays):
relays CXé. orth European beam, 9:45 to
11.693 WRCA  NEW YORK CITY: European beam, |o 30 am: as? South American
5 to 845 am; 45 pm. beam, 5:30 to B8:l5 pm.
11.895 CXAIO MONIEVIDEO URUGUAY eve- |[15.225 JTL3 TOKYO, JAPAN 6:15 to 8:15 pm;
%‘ news in English at 6:20 and 7:20
11.900 XGOY CHU GKING, CHINA: Asis-Au-
stralia-New Zealand beum 6 to |/15.240 TPCS VICHY, FRANCE: 11:15 am to 1:30
630 am; East Russia beam, 4:30 |f pm.
to 7 am; Japan beam, 7 fo 7:30 |[15.250 WLWK CINCINNATI, OHIO; European
am Eurbpeun beam, 11:35 am beam, 8:30 am to 5:15 pm; West
2:30 Soufh American beam, §:30 to
11.900 CXAIO MONTEVIDEO URUGUAY; eve-
% 15.270 WCeX NEW YpORK CITV European beam,
11910 2RO ROM ITALY; off since September 7 am to 4:4
1943, 15.29 KWwWID SAN FRANCISCO CAL[F Orien-
11.970 FZI BRAiZAVILLE FRENCH EQUA- tal beam; | to 2:15 am; South
‘IORIAL AFRICA; ‘‘Radio 8raz- American beam, | to 9 pm.
ldVl”e ‘ 4:45 to 5 pm: 3:45 to [{15.300 2RO6 ROME, ITALY; off since Sepfember
45 to 8 pm: other times, Bth 1943,
12.000 — LIEBON 5 PO%‘IUGAL Oriental 1531  GSP L?NbON ENGLAND; 11:30 am to
eam am.
12060 FFZ SHANGHAI CHINA; heard at 8 |{15.320 JFY TA!HOKU AN.
15.345 FGA DAKAR, SENEGAL (AFRICA);
12.11S ZNR ADEN ARABIA; off at 1:16 pm. 2:45 ta ? pm
12.135 TR ICELAND heard early mornings, {[15.350 WRUL BOSTON, MZASSS Europeun beam,
re 10 am to 2:)
12.445 HCJB OUIT% ECUADOR "Voice of the [(15.355 KwuU SAN FRANCISQO CALIF.; Au-
Andes”; 5§ tn pm, except stralian beam, 4:30 to 8:15 pm
Monda& in glush at 10 pm. daily; Sundays, 4:45 to :15 pm;
12.957 WKRD - NEW YORK Norfh African off ‘Wednesdey; N.E.l. beam,
beam, 12: 45 fo 430 p 7:45 to 9:30 pm; off Wednesdays:
12.967 WKRX NEW YORK gITY Naﬂh "African Sou;h American beam, [l am
ea
14.450 DZH BERLIN GERMANY A0 to 10:45 [|15370 ZYCs RIO DE JANEIRO BRAZIL; 10 am
to noon; evenm s.
14.480 — EL SALVADOR, ! pm to ? 15.410 RV MOSCOW
15,105 JLG4 TOKYO, JAPAN; 2 to 4 am, heard ({1545 GRD LONDON, ENGLAND Near East,
some  evenings, Africa and  Gilbraltar beam.
1S.110 GSF LONDON, ENGLAND. about noon.
1511 pJL BERLIN, GERMANY, 15.445 2RO24 ROME ITALY; off since September
51— MOSCOW, U.SS.R.. 9:15 e and 8th. 1943,
11:15 pm: 5:15 fo 5:40 15.80 LRF3 ARGENTINA tate afternoons.
15.130 WRUS BOSTON, MASS.; Norfh Afrlcan 16.025 AFHQ ALLIED HEADOUARTERS NORTH
beam, '7:45 am to 4:30 prm. AFR dully %SIBB )’o 11:30 am
15, DON, GLAND
O N D o Bt ]l 72 Lras  BUENOS  aiRes. S RRGENTINA:
about nooh. “Radio  Del Es?ado' Fridays,
I5.150 WRCA  NEW YORK CITY: Brazilian beam. |17 350 wruw  BOSTON. MASS.: Eurapean beam,
) 5 to 7:45 pm. 10:15 am to 230 p
15.150 WNBI NEW YORK CITY: Europeon beam, [{17.72 LRAS BUENOS  AIRES, ARGENTINA‘
7:45 am to 3:30 p Fridays only, 5 to 5:30 pm.
15,155 SBT STOCKHOLM, SWEDEN: heard [|17.760 KROJ LOS ANGELES, CAL!F Austral-
: 20, 4. W Tofi2sB=pm, 17760 WKRD  NEW YORK ‘](:I’l?YI spTh Af
15.165 PRE9 FORTALEZA, BRAZIL; evenings. : beam, 10:00 fo 1115 am: o=l
15170 TGWA GgAT'EMALA CITY, GUATEMALA; Afrlca beam, 11:30 am "to 12:30
aytimes
15.190 KROJ LOS ANGELES, CALIF.: N.E.I- ||I7.780 —— L?IC%TION' l'lleiéNOWN heard
Oriental beam, 2:30 to 8:45 pm. am to
15.19 WKRD  NEW YORK CITY; Central Africe ||!7780 WRCA N§";',:?§"z‘i'"m5"'°p“" beam,
beam, 7 to ¢ am. 17780 WNBI  NEW YORK cn'? ot South Am-
15,190 WKRX NEW  YORK CITY; European ericon beam, 53 to 6:45 pm;
beam, 9:45 to 1l am: North Eu. Sundays. 5:30 to 730 m.
ropean beam, 11:15 am to 12:45 |17.800 TGWA  GUATEMALA CITY, GUATEMALA.
pm Centrel Africa beam, | fo 5 ||17830 WCDA NEW YORK CITY European beam,
7:45 am to 3:1
1520 DJEB BERLFN GERMANY: North Amer- j|18.135 YDA BATAVIA, JAVA FNeiherIands In-
ican beam, 7 to 9:45 am; 5:50 dies): Indnu beam, ? to noon.
to 8:30 pm. 20,040 OPL LEGPOLDVILLE, Belgian Congo.
00 T 0006040000 00O 0000000100000 000000 000 00 AT
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combination of one or more of them:

1. Set analyzer mcthod.

2. Point-to-point resistance and voltage
analysis.

3. Circuit disturbance method of isola-
tion.

4. Stage squelching and elimination.

5. Signal substitution.

6. Signal tracing.

7. Visual dynamic analysis.

We must realize that the servicing of
electronic equipment is an art, as well as a
science, and it should be stressed that no
one of these methods shoufd be used to
the exclusion of the others. Neither is any
one method superior to any other. The suc-
cessful trouble-shooter will make use of
the method which accomplishes a particular
job in the quickest and most cfficient man-
ner. So it is nccessary to understand and
be proficient in all the methods. In teaching
radio to all types of students, experience

shows that unusual results are obtained in.

trouble shooting; not only hy allowing the
student .to shoot trouble, but -by making

RADIO-CRAFT

him usc the correct method, or combina-
tion of methods

Let us, therefore, analyze and study each
of these methods and realize the advan:
tages and limitations of each.

THE ANALYZER METHOD

At one time the set analyzer was a com-
mon item around most radio service shops.
The panel instrument may consist of 2 or
3 meters, a few tube sockets, an assort-
ment of push button switches and jacks, and
a rotary selector switch Also included
was a cable terminating in a 4- or 5-prong
plug. Figure “A" shows a typical instru-
ment of this type having 2 meters. The
meters include a multi-range D.C. volt-
meter, a multi-range D.C. milliammeter and
in some models an A.C. voltmeter.

The set analyzer is an instrument which
checks the operating voltage and current. to
cach tube element in a rcceiver or other
electronic device by means of the plug and
cable and the tube sockets on its panel. The
tube of the suspected stage is removed from
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the chassis and placed in the proper socket
on the analyzer, while the analyzer plug,
with the proper adapter, is placed into the
chassis socket vacated by the tube. Now,
by rotating the selector switch or pressing
the proper buttons on the analyzer, it is
possible to check all voltage and currents,
etc., since the switch automatically connects
the proper meter in the circuit to measure
the desired quantity.

Thus, obviously, we have a simple method
of diagnosis. Observe that in the case of a
radio receiver, it is not even necessary to
remove the Chassis from the cabinet, giving
us the extreme advantage of simplicity.

In spite of these advantages, the set ana-
lyzer has become obsolete. It was at its best
in the days of the 26, 27 and 71 or 45 tubes,

when all sockets were cither 4- or 5-

pronged, and when there were only a few
tubes of more or less uniform type. Now
we have 6-prong, large and small 7, octal,
loctal and bantam tubes and sockets. It is
necessary to consult a manual frequently,
even to find out which prongs are those of
the filament. The danger of making wrong
switch connections and damaging the in-
strument is great. To make matters worse,
capacity between leads in the cable de-
tunes some circuits. Before the gapg con-
denser was common this was unimportant—
now it throws the receiver out of opera-
tion and makes testing impossible.

Two reasons warrant consideration of the
set Analyzer: Special set Analyzers are
often furnished by manufacturers of mili-
tary equipment for the armed forces and,
the Free Point Analyzer, an improved out-
growth of the sct Analyzer, is in quite com-
mon use today.

The Special Set Analyzers aré so de-
signed as to check only the tubes and
stages of a particular piecc of equipment.
Consequently, it is not necessary to incor-
porate in their design facilitics for check-
ing tubes other than those actually in the

‘device to be checked. The set-up is there-

fore simplified and has a minimum of
parts and accessorics. A person trouble
shooting where such a special tester is
available, is well advised to study and learn
the. technique by applying the instructions
always provided.

THE POINT-TO-POINT METHOD

The Free Point Analyzer does not in-
clude any meters or selector switches m its
makeup. It consists, ratfer, of one each of
all type sockets and a cable with an arbi-
trary plug (most often a large 7 prong
plug) and one adapter for each type tube
socket. The sockets are wired with an ar-
bitrary pre-arranged plan, as is typified
in Fig. 1. Note that in this case all the No. 1
prongs are connected and form one wire of
the cable. Each line also includes two jacks,
one set of which may be colored red and
the other black. An alligator clip usually
connects to the chassis, or B-, of the de-
vice under test.

It can be seen that it is a simple mat-
ter to check the voltage or resistance {with
the set off) between any two elements of a
tube or between any element and ground.
A separate volt-ohm-milliammeter must be
used. The black jacks are used exclusively
for these tests. To measure the current
drawn by any element the red jacks come
into use. Now it is only necessary to place
the leads of the current meter, using the
proper range and polarity, one lead to the
red jack and the other to the correspond-
ing black jack. Suppose it is necessary to
measure the plate current of a 6J7 tube.
A tube manual would tell us that the No. 3
prong is the plate in this tube. Placing the
negative lead of the milliammeter in the
No. 2 black jack on the analyzer and the
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If not satisfied.)

Phone WOrth 2-627¢

RISON

CORPORATION
NEW YORK CITY 7

positive lead in the No. 3 red jack, will de-
termine the plate current, which is read on
the milliammeter, When we measure cur-
rent in this manner, a lead placed in any of
the red jacks automatically opens the cir-
cuits to the line, placing the current meas-
uring device in series with that line.

Notice that in order to measure the cur-
rent drawn by any element, it is not neces-
sary to unsoclder the lead to that element.
As a matter of fact, in the case of a radio
receiver, the chassis does not even have to
be removed from the cabinet, an advan-
tage which is often ignored even by pro-
fessional servicemen.

USING THE MULTIMETER

When we have isolated the defective
stage and circuit with the set analyzer (or
any of the methods to follow), it becomes
necessary to track down the trouble to the
defective part. In this case, it is desirable
to turn the chassis upside down and use
a multi-range volt-ohmmeter. We may use
either voltage analysis or resistance analysis
or both,

A typical application might aid in illus-
tration. Consider the diagram of Fig. 2
which shows the plate-cathode circuit of a
typical audio amplifier stage. Use of the set
analyzer may have indicated that this stage
lacked plate voltage. With the set on we
connect our voltmeter from the cathode to
point “a” on the B+ line. If the proper
D.C. voltage is available at this point the
cathode resistance is probably/ O.K. The
trouble lies in the plate circuit between
point “2” and the plate.

Assume that- moving the prod to point
“b” shows no voltage. This could indicate
an open in Ry, the decoupling resistance, or
it may indicate a shorted decoupling con-

(Costtinued on following page)
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denser, C;, although in this event the volt-
age at “a” would be somewhat lower than
normal. Often the serviceman docs not have
the manufacturer’s data available, so it
would seem advisable to investigate fur-
ther by shutting off the sct, removing the
line cord from the wall socket, and using
the ohmmeter to check the resistance from
point “b” to chassis. Zero or a very low
resistance would point definitely to a short-
ed condenser, whereas a check from “a’ to

“b” would tend to indicate an open in Re.

Note: some experts recommend that the

tubes be removed from their sockets when
making ohmnicter measurcments,

At one time, John F, Rider suggested
that point-to-point resistance analysis be
more widely used and in the Rider Man-
uals there ‘appeared reference resistance
values from various points to chassis. Ap-
parently this advantage would apply only
to the professional serviceman and com-
mercial broadcast receivers. Furthermore,

it is not advised that the trouble-shooter

proceed from one end to the other of the
chassis in order to locate a defective
stage.

The set analyzer, or Free Point tester,
supplemented by point to point analysis, was
an ideal combination in the older days of
radio, when sets were simple and there
were few complex circuits appearing. To-
day, we must remember that we are at war
and the maintenance men at or near the
front cannot always spare the time to ana-
lyze a device one stage at a time. Faster
methods must be employed whenever pos-
sible,

CIRCUIT DISTURBANCE METHOD

The circuit disturbance method of isola-
tion may be a real time saver, especially in
the case of a receiver or an clectronic de-
vice'in which headphones or other indicator
may be connected to the output. A further
limitation in this method is that it is adapta-

ble generally only to dead or weak equip-
ment,

Inn such cases we may simply and quickly
determine the defective stage. In general
it is unnecessary to remove the chassis
from the cabinct. Refer sto the block dia-
gram of the typical superheterodyne re-
ceiver of Figure 3. _This receiver is dead
and it is desired to locate the defective
stage. With the set on, pulling the power
amplifier tube out of its socket should pro-

-duce: a. loud. click .in_the speaker, since a
fairly large -plate ‘current is interrupted

and the resulting: signal :voltage is trans-
mitted to the speaker. Failure to hear a
loud click might indicate a power .amplifier
stage which is not operating No click from
any tube would usually indicate: that' no
D.C. operating voltages were being deliv-
ered to the tubes by the rectifier-filter, and
we would look for our trouble in the power
supply.

Suppose the power amplifier did produce
a click. We could now proceed towards
the antenna one stage at a time to find out
which stage was at fault. While the earlier
stages involve plate currents of smaller
magnitude than that of -the power stage,
and it might seem that the click will be
weaker, let us keep in mind that we now
have available the gain of the following
stages to amplify the noise signal and make
it even more audible. Let us say that in this
case, pulling the first I.F. tube out of jts
socket produced no click, while a click was
forthcoming from the following stages. We
could conclude logically, that the trouble
lay in this 1st LF, stage. Now the use of
the free point tester (or set analyzer if
available and usable) to indicate the defec-
tive circuit, and the multiineter to track
down the ailing part, would soon locate the
trouble.

It should be pointed out at this time that
we actually used a .combination of three
methods. Now, you see, we are developing
a technique—and saving time!

e e,
HUGHES BALANCE METAL DETECTORS (Continued from page 220)
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backward, may be used here.

In Fig. 4 we have a (purely theoretical)
voltage-operated type of balance. The push-
pull circuit would be activated only when
unbalanced voltages were set up in the two
“receiver coils,” Some means would have
to be provided for obtaining a null point.
This could be done by providing a poten-
tiometer for the ground connection. A few
hundred ohms should be sufficient for this,
once the rough adjustments had been made
by moving the coils. i

The oscillator, buzzer, or other source of
signal, is now started, and the receiver coils
adjusted by moving one or the other slightly
up or down on the center rod, till no sound
is heard from the amplifier.

The two secondary inductors are now
perfectly balanced. Currenfs set up in each
one of them by the primary or “transmitter”
winding, are exactly equal in strength, and
as they are opposite in direction they buck
out completely in the output. (Needless to
say, loud signals with no sign of a null
point indicate that the coils are aiding in-
stead of hucking, and the leads of one of
them should be reversed.)

Now, if a coin or other small piece of
metal is placed on the center of one of the
discs, the balance will be disturbed, and a
signal will be heard. If an identical coin is
placed on the other.disc, balance will be re-
stored and the signal will cease. So delicate
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1s the balance that the difference between a
genuine and a counterfent coin may be de-
tected. If two identical coins are used, but
if one is only even slightly worn, the bal-
ance is then upset too.

The Hughes Induction Balance became a
subject of discussion as a result of an edi-
torial in the October issue, in which it was
mentioned as a possible basis for an im-
proved mine-locator. Since a very small
piece of metal in the ficld of one of the coils
can upset the induction balance and give
an audible signal, it would seem that it
might be used to detect devices which con-
tain only a few small metallic parts.

The difficultics in the way of constructing
a practical piece of equipment for for field
work lie in the delicate balance necessary—

Audio Oscillator l."Ampliﬁer
Input
8-16 mfd l
+ Balance coils

Fig. 3-—Sugqgested circuit for a Hughes
Balance.
JANUARY,

for 1944




a balance not casy to maintain in mobile
equipment. The practical Hughes metal lo-
cator would probably consist. of two umits,
each with one primary and one secondary
coil. These would be constructed with a
light but rigid frame, so that the separation
between cach primary and its secondary

FCC MOVES FOR AVIATION SAFETY

RADIO tower lights must be kept in good
condition. Recent regulations of the
FCC are aimed at making sure that this is
done. Under the new regulations, a visual
observation of the light must be made daily,
and a thorough inspection of all mechanical

the time lights are turned on and off daily
and record the time of cach daily observa-
tion and tri-monthly inspection. When fail-
ure of tower lights occurs, the log must
state the time of failure, time that illumina-
tion was resumed, and both the cause of

Fig. —Experimenters will be interested in the
circuit above, which uses push.pull principles.

would be absolutely fixed. The coils would
be large in diameter—possibly 3 to 6 feet,
and the two units would conceivably be
separated far cnough to make effects from
the primary of onc unit to the secondary
of the other smali enough to be negligible.

11 this balance was sufficiently scnsitive to
be useful with the crude microphones and
telephone receivers of 50 years ago, its
range should be extensive when used with
modern apparatus, plus amplification, which
the original experimenters with the Hughes
apparatus did not have at their command.

Not only is this old-time instrument
worth some attention—no doubt there are
a number of other ideas and devices which
were impractical in pre-electronic days—
which now might be very useful instruments.
A little browsing through old scientific
books would possibly yield a worth-while
reward. ®

SERVICE NOTE ON 35Z5°S

Radio-Craft has received a number of sug-
gestions concerning the use of 35Z5's which
have the pilot lamp section burned out—a
common failure in these tubes. Almost
every mail brings in a “hint” from some
serviceman who has found that these tubes
are not completely destroyed, and can be
put back into use.

The commonest suggestion is simply to
short pins 2 and 3 with a piece of wire. This
puts the tube back into operation, but has
two disadvantages. The pilot lamp cannot
be used when such a “repair” is made. The
voltage on the filaments will also be in-
creased beyond what was intended by the
designer, though this increase, divided
among all the hlaments of the set, should
not be harmful.

A better idea is to put a resistor of about
30-60 ohms between these two terminals.
While the cathode of a tube so repaired
will not reach the same temperature as that
of one in good condition, this method is
fairly satisfactory on sets of low current
drain. It also permits the pilot lamp to light.
The higher the shunting resistance, the
brighter the lamp will be.

A third suggestion, which solves the
problem of finding a suitable resistor, is
to simply hook an additional 150-Ma. pilot
lamp up between the prongs 2 and 3. The
two lamps then light with equal brilliance.

Certainly none of these repairs are- as
good as replacement with a new tube. In
cases where the new tube is unavailable
such repairs will put a radio into .practi-
cally normal working condition where oth-
erwise it would have to be laid up.

RADIO-CRAFT
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associated equipment every three months.

\ failure and the steps taken to prevent its
Station logs must now keep a record of

re-occutrence.

STUDY AT HOME

With a Chartered Educational Institution

Inventions Wanted

pd"enfEd or unpdfented Coursce In Arts: Sclences: Philosonhy: Education; Pub-

=t 1l¢  Hcealth: Medlcal Jurisprudence; Phychology: Socl-

ogy: Physies; Chemistry: Geology: Pol. Science: The-
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. SPECIAL NOTICE TO OUR READERS

Due to wartime curtailment of paper, we are unable to meet the increasing newsstand demand
for RADIO-CRAFT. We are therefore making this special introductory offer to our readers.
Ansure yournelf of getting & copy of RADIO-CRAFT monthly by subscribing now and at the same
time co-operate in making this wartime measare eflective. Don't delay—Send in your order today.
Take advantage of our special long-term offer and protect yourself against any possible ineremse
in price by sending $2.00 for 12 issues.
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WANTED

For the

ENI;m!.ECRRI G ENGINEERS WANTED

RADIO AND MECHANICAL ENGINEERS WANTED FOR

ST AFF WAR AND POST-WAR DESIGN WORK IN THE FIELDS OF :
® RADIO TECHNICIANS AERONAUTICAL RADIO
H‘mf°P*;l".“°"5.t‘l‘]“f ’t“di°.5""icte COMMUNICATION RADIO
men familiar with test equipment.
® RADIO- ELECTRONICS-ELECTRICAL COMMERCIAL RADIO
sk e DETECTION DEVICES
enzxilne:r]itng ox'e gcl:;spalrl:;bli %c:;ﬁ- BROADCAST RECEIVERS
ence in radio and television. TELEVISION
© MECHANICAL ENGINEERS OTHER ELECTRONIC FIELDS
Menb;nth college Qeg:lc:es or com-
3 . engimmeer-
Ing sspects of electrical appliances, A DEGREE IN ENGINEERING OR PHYSICS OR ACTUAL
and in designing small machinery. DESIGN EXPERIENCE IN THESE FIELDS IS ‘REQUIRED.

©® DESIGN ENGINEERS — DRAFTSMEN *

Sesip i, S ralF f e gtat POSITIONS ARE PERMANENT FOR SUCCESSFUL APPLI-
parts and of the automatic ma- CANTS. WRITE, GIVING FULL DATA ON EDUCATION,

chinery to mass-produce them.

©® MODEL MAKERS
First class precisien workers and
all-round mechanics capable of

starting with blueprints, making | c . ‘
the parts required and assembling 2 . : @

EXPERIENCE AND SALARY DESIRED.

the finished models.
, RADIO CORPORATION
E exgxect-the men who qual- | 254 RANO ST

. ify for these positions to BUFFALO 7. N v
1| become. permanent members of Rkl ¥,
3 ‘our_staff and take an important
| part ih'our post-war program.
F'o maintain the Phileo tradition
||| of progressive research and devel-
opment, is first and foremost in
our minds. In such an atmosphere
of encouragement most engineers
find they do their best work. To
aid them, we provide the finest of

technical equipment. But often, [ E L E C T R 0 N l C

even more helpful is the inspira-
tion and personal assistance they ‘
gain here at Philco in working || E N G l N E E R s
with men who have done so much
for the advancement of Radio,

Television, Refrigeration and Air-
Conditioning.

Technical college degree, at least 2 years experience,
to work for corporation having divisions located

WRITE US TODAY

FSuaMEEd, fen Mol DEwyenEaRd in throughout U. S. Position with important and ex-

work requiring their full talents, are tensive future. Present production and development

invited to write us in detail as to their | ] .

experience, education, family and draft || ; work on products normally used by industrial and

status, and salary. Letters will be ] - d

treated in strict confidence. e civilian markets—entirely absorbed by war nceds.
Hiring subject to local W. M. C. rulings. Engineering aspects extend far beyond radio. Salary

WBLEE OLME. CEERGE DOLE, open. All inquiries confidential.

P H l L c o Write fully to Box 104, c/o Radio-Craft Magazine

CORPORATION

Phlladelphia 34, Penna,
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Electronic Engineers

NEVERAL high calibre clec-

wanted,

tronic _engineers
with proven technical ability
and well-balanced background
in acoustics, broadcasting, fre-
quency modulation, ultra high
frequencies, special device cir-
cuits. Opportunities exist in de-
signing, development and manu-
facturing of cathode ray, trans-
mitting and general-purpose
tubes; communications, elec-
tronic and precision test equip-
ment.

Fast-growing company now in
war production. Has worldwide
background in electronic re-
search and development; sound
postwar future. In replying give
age, draft status, technical edu-
cation, training and experience;
salary rcquirements, availabili-
ty. Enclose photograph. Ad-
dress President, North American
Philips Company, Inc.,- Dobbs
Ferry, N. Y.

If workingin essentialindustryat
highest'skill,please donotapply.

RADIO-ELECTRONIC

TESTERS
TECHNICIANS |

EXCELLENT OPPORTUNITIES
IN A MAJOR POST WAR FIELD

Openings available at our Research Lab-
oratories..and. Electronic manufacturing
unit. Leaders in the design and develop-
ment of vital electronic equipment for the
armed - forces.

Essential workers need® release state-
ment.

Write, stating experience, education,
draft status, salary requirements or apply
to

SPERRY

GYROSCOPE CO., INC.

RESEARCH LABS. & ELECTRONIC
PLANT

STEWART AVE. & CLINTON RD.
GARDEN CITY, NEW YORK

RADIO WRITERS

Resident in the New York Metrepalitan
area. For part or full-time work on
established radio magazine. Capable of
writing articles on assigned radio or
electronic subjects, expand or digest
technical dafa, press releasas. etc., or to
carry-on research work under editotial
direction. Apply

Box 27, Radio-Craft
25 West Broadway, New York 7, N. Y.

WESTERN
ELECTRIC CO.

In PEACE
Source of supply for the
1 Bell System

In WAR
Arsenal of communication
equipment

NEEDS

INSPECTION
ENGINEERS

For quality
control work.

Men or Women

Background required: Knowl-
edge of D.C., A.C. and elec-
tronic theory. High school with
some college bhackground in
Physice and Mathematics or
radio school essential. Experi-
ence in amateur radio with
license desirable but not re-
quired.

To do inspection and test-
ing of radio and other
high-frequency equipment.

Releasc  statement and
U.S.E.S. consent nceded

Write or apply in person to
A.C.C., Employment Dept.

NATIONAL UNION
OFFERS A GREAT
owumumw

National Union Radio Corpo-
ration, long acknowledged as
a national leader in vacuum
tube manufacture, is building a
greater research and engineer-
ing staff. Our contribution to
the war effort has been sub-
stantial; our plan for the fu-
ture knows no bounds. If you
get into this electronic tube
picture now, you have a bril-
liant future, unlimited hori-
zons ahead.

Our laboratories are .in . Newark,
New Jersey.

We prefer men with a degree in
electrical engineering, ‘physics or
mathematics and a knowledge of
vacuum tubes; however, if your ex-

perience warrants, a degree is not |

absolately essential. Yon must be
draft exempt and not now employed
full time at highest skill in a war
industry,

CAN YOU QUALIFY AS:

@ Electronlc tube engineer

@ Metallurgist .
@ Production engineer

® Development engineer

® Measurement engineer

® Physicist

® Electrical engineer

Write at once and tell ue your ex-
perience, education, draft status,
salary requirements.

——WANTED—

Radio engineers & electrical engi-
neers with radio background. Attrac-
tive openings in war plant with post
war possibilities. Essential workers
need release statement. Monday through Satarday.
Alten D. Cardwell M facturing Company 8:30 AM. to 5 P.M.

8l Prospect St., Brooklyn, New York y

NATIONAL UNION
RADIO CORPORATION

48 Spring St, Newark, New Jersay

100 Central Ave.
Kearny, N. J.
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WESTERN
ELECTRIC CO.

In PEACE

} Source of supply for the
| Bell System

In WAR
Arsenal of communication
equipment

_NEEDS

| ELECTRICAL
'~ TESTERS

MEN AND WOMEN

For Radio Transmitters & Re-
ceivers & similar equipment.

Young men and women
who have been licensed
radio amateurs preferred
or those having a good
technical knowledge of
voice communication and
trained in electrical test- [
ing of radio equipment '
are needed for inspectors
and testers.

Release statement and
US.E.S. consent needed.

WRITE OR APPLY TO
C.R.L, DEPT. 4816

100 Central Ave.
Kearny, N. J.

Mon. through Sat. 8:30 a.m.-5:00 p.m.

e
HIGH EFFICIENCT
t So..'.'-'.i';n?..:'a"onaf

P
DSPEA

1oy
UNIVERSITY

KERS
LABS.
225 VARICK ST, W.Y.C.
S L LR 2L

STANDARD FREQUENCY
SERVICE

WWYV, the standard-frequency station of
the Bureau of Standards at Beltsville, Md., |
now operates on three frequencies and
maintains a continuous day and night serv-
ice.

Service is continuous on 5 and 10 mega-
cycles, and during the hours of daylight (at
Washington, D, C.) on 15 megacycles. All
three frequencies carry two -audio fre-
quencies at the same time, 440 and 4,000
cycles per second. In addition there is a
pulsc every second, heard as a faint tick.

Audio frequencies are interrupted on the
hour and every five minutes thereafter, for
precisely one minute, during which interval
the station call letters are given in code,
with voice announcements at the -hour and
half-hour. Accuracy of all frequencies is

better than 1 in 10,000,000,
252 '

Manufacturers’ bulletins,

as follows:

Available RadiO: Electronic Literature

A NEW SERVICE FOR RADIO-CRAFT READERS: In order to save
your time, postage and incidental work in writing a number of letters to
different manufacturers to secure the various bulletins offered, proceed

On your letterhead (do not use postcards) ask us to send you the litera.
ture which you designate. It is only necessary to give us the numbers. We
will then send your request directly to the manufacturers, who in turn
will send their bulletins or other literature directly to you.

catalogs and periodicals,

101. HERE'S HOW, a 20-page book-
let issued by the International Resistance
Co., with 10 tested ideas to help solve vol-
ume control replacement problems.

Methods of replacing the now unobtain--
able dual wire-wound volume-control units
with available controls, of replacing tapped
volume controls and bass compensating cir-
cuits are outlined in this timely and useful
little book. Even the replacement of vol-
ume controls with fixed resistors in c¢mer-
gency cases is suggested and a method
given,

A number of other helpful suggestions
are made, such as a variety of ways of
using old volume control shafts, with im-
provised couplers, where extended shafts are
required, and precautions necessary in sub-
stituting power type wire-wound resistors,
as well as methods of figuring fixed resist-
or substitutes. Formulas for determining re-
quired wattage, current and resistance val-
‘ues in circuits under -repair are given, and
the book closes with a very useful chart
in which all these calculations are ready-
made, and it is only necessary to put a ruler
across the chart to discover the resistance
and wattage required in a reSistor for any
given job.

This book is free, and may be obtained
by simply uddressing a post-card or letter
request to Here’s How, ¢/o0 Radio-Craft, 25
West Broadway, New York 7, N. Y.

102. FREQUENCY CONTROL with
Quartz Crystals, Bliley Electric Co. An
engineering bulletin of 35 pages, covering
the gencral theory and application of quartz
piezo-electric crystals.

Starting with a theoretical discussion of
the action of quartz crystals, this booklet
goes into a dctailed treatment of the specific.
action in resonant and anti-resonant circuits,
power, activity, modes of vibration and
temperature effects. Turning to the prac-
tical, the reader is introduced to crystal
holders and methods of cleaning crystals.

Description of all the main types of crys-
tal-controlled oscillators, with circuits is
included and space is given to the use of
the crystal in frequency standards and the
use of a multivibrator in connection with
a crystal to provide subfrequencies.

The book is well and clearly written,
and rendered convenient for reference by
a table of contents—Price 10c.

103. SOUND ADVANCES, a techni-
cal periodical for the development of auto-
matic graphic recorders. Published by the
Sound Apparatus Co., New York City.

A six-page bulletin. The latest copy re-
ceived contained a technical description of
the company’s PS graphic recorder, a list
of its uses in making measurements of gain,
frequency and sensitivity in such items as
speakers, transmission lines, amplifiers and
microphones, for acoustic, radio and noise
measurements, and some notes on the in-
strument.—Gratis.

104. GAMMATRON ELECTRONIC
PRODUCTS, Heintz & Kaufman. A cata-
log of Gammatron transmitting tubes. Each
tube is fully described, with technical ref-
erence material covering its uses in all types
of circuits for which it is fitted. In the
cases of some tubes, four or five classifica-
tions, ranging from Class B to Class C
ultra-high-frequency conditions, are given,
together with characteristic curves—Gratis.

105, HEAVY DUTY CARBON
LAMPS. North American Electric Lamp
Co. A leaflet describing carbon filament
lamps ranging from 7Y% to 120 watts, in
various shapes, sizes and glass color. While
these lamps are intended for industrial use,
the radioman is often interested in the
carbon-filament lamp as a resistor. Special
lamps, including. miniature 2 to 8 candle-
power types, heat, baking and other large
therapeutic lamps and high-voltage (220-
250) pilot lamps are also listed—Gratis.

106. PRICE LIST OF AMERICAN.
STANDARDS. The American Standard}
Association. A list of American Standards
and American Recommended Practices.
Covers Engincering, (including the Na-
tional Electrical Code), Commercial Stand-
ards, Safety Standards, and the new Amer-
ican War Standards, including those on
Electrolytic Capacitors, Ceramic Radio
Insulating Materials, Transformers and Re-
actors for home radio reccivers and Mica
Capacitors—Gratis.

107. FOOTE PRINTS, a quarterly js-
sued by the Foote Mineral Co. A small
magazine which runs to fifty pages, dealing
with items of .interest to the company.
Techmfal in tene, it often carries matter
of intefest to the electronic engincer. Gratis
to interested parties.

G-E FORECASTS POST-WAR TELEVISION

A N interesting preview of “the newspa-
per of the future” was given to the
public by General Electric television engi-
neers last' month, when fifty editors and
publishers saw the evening edition of the
Schenectady Times-Union dramatized.

The graphic method as well as straight
television was used in bringing home the
news to the television “readers.” Piles of
silver dollars were used to make Govern-
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ment tax proposals clear. But it was the
advertisers who had a real field day. Girl
models, wearing the latest creations, stepped
from department store advertisements. A
baby buggy offered for sale in a want ad.
was wheeled into view, giving prospective
buyers an opportunity to appraise it. The
final touch was a “Help Wanted” ad., in
which a housewife and an applicant for the
; position of maid interviewed cach other.
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‘LDIRECTION

MOV M OO0 0 RS SRR TR

TRANSMITTERS FOR FM

(Continued from page 213)
00 A OO T MR

form this detection. In Fig. 7(a) is shown
a super-regencrative grid leak detector. At
7(b) is shown the response curve of this
detector. When the regeneration control Cl
is set to the point of maximum sensitivity,
the responsc curve will be relatively broad
as shown. This curve at 7(b) represents the
response of the tank circuit T at the maxi-
mug sensitivity point. Let us suppose that
the maximum deviation of the carrier is 15
ke, and the detector response is 45 kec. as
shown. By tuning the detector off to one
side of the response curve from point C to
D detection occurs. It is seen that the
tuned circuit is operated at the middle of
the straight portion on either side of the
resonance curve, with the upper frequency
limit at B and the lower frequency limit
at C. These limits approximate the linear
response portion. As the mean frequency
deviates to maximum, the excursion D to
B takes place and the R.F. voltage applied
to the detector grid is positive, and as the
mean frequency deviates to minimum excur-
sion D to A occurs and the R.F. voltage
applied to the detector grid is negative, Any
excursions above point B, or below point A,
would result in non-linear distortion. From
this discussion it is evident that the resonant
action of T converts the FM signal into an
AM signal and this AM signal is detected
in the usual manner. This 1s the simplest
method of FM detection, but with the large
channel width of high fidelity FM broad-
cast it is entirely impractical, because of
the non-linear distortion introduced. It does
explain, however, the principle involved,
and why many AM receivers have picked
up FM satisfactorily.

HALLICRAFTERS <%

LET’'S ALL
PITCH

WE CAN all help win this war by selling
our government the communications re-
ceivers and equipment they need quickly and
in sufficient quantities.

That is the reason I pay highest cash
prices. for used communications equipment.

When this war is over you will be.in the
market for new .equipment and by taking
/ advantage of my offer to purchase your
present equipment at highest cash prices you
will be in a position to buy new and better
equipment than you now own.

Write, telephone or telegraph me descrip-
tion of your used communications receivers,
transmitters and parts of standard make;
you will be paid cash immediately without

COMPLETE

STOCKS

1 still have large
atoeks of receivers, 230
meter equipment, me-
tere, tubes, transform-
ars, reaistors, condens-
ers, panels, chassis,
and radio parts of all
sorts. I sell and
rent code teaching
equipment. Your of-
ders and inquiries in-
vited.

bother or

terested in Hallicrafters.

I also have a store at 2335 Westwood
Blvd., West Los Angeles, Calif.

Bob Henry, woara

HENRY RADIO SHOP

HALLICRAFTERS

red tape. I am particularly in-
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BUTLER, MISSOURI

“WORLD'S LARGEST DISTRIBUTOR OF COMMUNIGATIONS RECEIVERS"
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Fig. 6—Action of the fead-back limiter. This Is
the more effective type, but needs strong
signals,
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FM detectors are known as discrim-
inators. These operate on an entirely differ-
ent principle from the detectors used in AM
circuits. The FM signals are effective to
the extent that they deviate from a certain
medial frequency, and the discriminator
registers such deviation, There are several
types of these, and as a description of their
action and theory requires considerable
space the next installment of this series will
be devoted to a discussion of their action.

* * * * *
MEAN
W FREQ. . -
z
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Fig. 7—~How an AM receiver can recaive FM

SERVICEMAN'’S ONLY SALVATION IS INGENUITY

I NGENUITY, not to overlook patience, is

the salvation of wartime servicing, points
out Vic Mucher who heads Clarostat sales
and keeps in close touch with wartime serv-
icemen not only through his jobbers but also
through Government and trade association
activities aimed at keeping those home
radios perking and putting out the news
for the duration at least.

“The Servicernan and likewise his. Job-
ber must by now be awake to the fact that
parts catalogs are just nice picture books
these days,” states Mr. Mucher. “You
usually can't get what you sce listed. The
reason is simple enough: this is an all-out
war. Parts manufacturers are by now en-
gaged 100% on war production. The Gov-
ernment tells us what to make, when to
make it, and for whom. As soldiers on the
production front, we carry out orders, faith-
fully, unflinchingly, and without question.

“In our own line, such items as ballasts,
bleeder resistors and exact-duplicate volume
controls are no longer in regular production.
Only a tiny trickle is occasionally diverted to
essential civilian replacements. If we get an
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order for one or two. items, even though
standard but out of stock at the moment, we
just can't fill the order. That's war.
“Meanwhile there’s much the serviceman
can do. If a given ballast is unavailable, he
can use one or more fixed or adjustable re-
sistors to obtain the necessary resistance
values. Likewise with bleeder resistors. Also
with exact-duplicate volume controls. These
days it is imperative that standard controls
be used. Victory lines seek to reduce various
parts to the lowest possible variety of types
and values covering the greatest percentage
of standard radio set replacements. Such
simplification is absolutcly necessary.

“Substitute or improvise with standard
parts or values wherever possible. Cooper-
ate with your parts manufacturers in mak-
ing a success of such Victory types as may
be set up. Furthermore, and this is impor-
tant, use that junk box and use the good
parts from discarded sets whenever pos-
sible in securing items that still have some
useful life left in them. We must make
everything last and last—for the dura:
tion.”

—
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MATHEMATICS
FOR RADIO

Two volumes, prepared for home study.
Book ! (314 pp.) covers the algebra,
arithmetic, and geometry; Book II (329
pp.) covers the advanced algebra, trigo-
nometry, and complex numbers neces-
sary to read technical books and articles
on radio.

(I P EEXR YRR TR R0 0}

MAEDEL PUBLISHING HOUSE Room 102
693 East 38 Street, Brooklyn, New York

Bend me MATHEMATICS -FOR RADIO AND
COMMUNICATION as checked below. I enclose
payment therefor with the understanding that
I may return the book(s) within 6 days in good
condition and my money will be refunded.

O Book | at $3.75 plus 6¢ Postage
[0 Book 11 at $4.00 plus 6c postags
[DBooks | and 11 at $7.25 postage prepald

Forsign and Canadlan orices 25¢ per volums higher

NOW-A REALLY HIGH-POWERED-

Radio Engineering

The Library comprises a selsction

of hooks culled from leading Mec.

Elrn;! HIH publications In the ra-
o field

® especially aelectcd by radio epccialists of Mc-
Graw-Hill publications

¢ (o give m2st complote, dependable coverage of
facte needed by all whose fislds are grounded on
radio fundamontals

® available at a special price and terms

HESE books cover circuit phenomena, tube the-

ory, networks, measurements. and other sub-
jects—give specialized treatments of all fields of
practical design and applicati®n. They are books
of recognized position in the literature—books you
will refer to and be referred to often. If you
are & practical desig@ner, rcsearcher or engineer
in any field based on radio. you want these books
for the help they give in hundreds of problems
throughout the whole field of radio engineering.

5VOLUMES, 3313 PAGES, 2283 ILLUSTRATIONS

1. Eastman's FUNDAMENTALS DF VACUUM TUBES
2. Terman's RAOT0 ENGINEERING
8. Everltt's COMMUNICATION ENGINEER NG
4.-Hund's HIGH FREQU UREMENTS
5. Hennu‘l RAQIO ENGINEERING HANDBOOK
10 ys' examination. Ea rme. Special price under
MIl oﬂ'er loss than booka ouzm sepamtely. Add these
nd works to your libraty now; pay small monthiy
lnlullmonu while you-:use the
10 DAYS' FREE EXAMINATION—SEND COUPON

McGraw-Hill Book Co., 330 W. lln'd s‘q New York 18

Send mc Radio El\clneorln&‘ Library. '5 vols.. for 10
days’ examination on spproval. In I -y- 1 wlil send
$3.00 plus few’' centa postage, and 353.00 monthly till
$34.00 is paid. of return book- pos!‘puld (We p;y post.

Dimene ™" s
Name ..oooaeiaainnn Y e soAb b Sodieiede b o
AJAres8 . .+ rr-00verensosnn Pracsaacar et ananann
City and State .......... e 000 T S AReE ST

Posltion ... .sve.ririir i ias b s
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DATA ON TWO NEW TUBES

The following data was omitted for rea-
sons of space from the article last month.

RCA—2C22
AMPLIFIER TRIODE
(Tentative Data)
Maximum Ratings Are Design-Center Values

Amplifier

Plate Voltage 300* max. Volts
Piate Dissipation * 8.3 max. Watts
Characteristics—Class A1 Amplifier:

Plate Voltage 300 Volts

Grid Voltagel -10.5 Volts

Amplification Factor 20

Plate Resistance 6600 Ohms

Micromhos

Transconductance 3000
Plate Current 11 Milliamperes
This value is for Continuous Commercial Serv-
ice (CCS). In intermittent Commercial and
Anmateur Service (ICAS), the plate voltage may
be as high as 500 volts maximum but the
maximum plate dissipation remains unchanged.
t The d-c¢ resistance in the grid cirecuit should
not exceed 1.0 megohm.
o With no external shield.

RCA-—6J6
TWIN TRIODE
Miniature Type
(Tentative Data)
Maximum Ratings Are Design-Center Values
A-F Amplifier

150 max. Volts
(Each Unit) 1.6 max. Watts

Plate Dissipation

Characteristics—Class A1 Amplifier—Each Unit
Plate Voltage 100 Volts

Plute Voltage

Cathode Bias
Resistor®® 50°* Ohms
Plate Current 8.5 Milliamperes
Amplification Factor 32
Plate Resistance 6000 Ohms

Transconductance 5300 Micromhos

R-FP Power Amplifier and Oscillator—
Class C Telcgraphy

D-C Plate Voltage 160 max. Volta
D-C Grid Voltage —40 max. Volts
D-C Plate Current .

(per unit) 16 max Milliamperes
D-C Grid Current

(per unit) 8 max. Milliamperes
D-C Plate Input

{prer unit) 2.26 max, Watts
Plate Dissipation

(per unit) 15 max. Watta

Typical Operation at Moderate Frequencies in
Push.Pull—Both Unita:t
(Key-down conditions per tube without
modulation)

D-G Plate Volitage 150 Volta
D-C Grid_ Voltage
From a fixed supply of -10 Volts
From a grid .
resiator of 625 Ohms
From a cathode
resistor of 220 Ohms
D-C Plate Current 30 Milliamperes
D.-C Grid Current - i
(Approx.) 16 Milliamperes
Driving Power
{Approx.} 0.35 Watt
Power Output (Approx. ) 3.5 Watts

] In circuits where the eathode is not directly
connected to the heater, the potential differ-
ence between heater and eathode should be
kept as low as possible.

*% U, der maximum rated conditions, the resist-
ance in the grid cireuit should not exceed 0.5
megohm with cathode bias. Operation with
fixed bias i3 not recommended n

* Value i for both units operating at the speci-
fied conditions.

t+ Approximately 1.6 watts can be obtained when

the 6J6 is used at 260 Mc as a push.pull os-
cillator with a plate voltage of 160 volts, with
maximum rated plate dissipation. and with &
erid resistor of 2000 ohms common to both
units.
The center hole in sockets designed for. this
basc provides for the possibility that this tube
type may be manufactured with the exhauat-
tube tip at the base end. For this reason, it is
recommended that in equipment employing this
tube tyne. no material be permitted to ob-
struct the socket hole.

Photochemical mines, which explode
when ‘exposed to light, have been reportéd
in the wake of the Nazis fleeing from the
Dnicper area. Working on somcwhat the
same principle as the photo cell alarm, they

may lie for long periods in cellars or closcts
cxplodmg when an opening door permits
light to reach them. Needless to say, this
type of mine is far more dangerous to the
returning _civilian population than to the
pursuing Red Army men.
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PATENTS—TRADE MARKS

Booklet concerning Inventions & Patents
Form !Evidence of Conception'’ with in-
structione for wuse and ‘''Schedule of
Government and Attorneys Fees"—Fres
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The Mail Bag

ARE BEGINNERS NECESSARY?

Dear Editor:

Pve just fnished reading your Ilatest
magazine, and one letter in particular in
the Mail Bag I am disgusted with—that
of Mr. Esluk. He may want to have more
technical knowledge, and the best way I
know is his own suggestion—buy some
small books for a few dollars that will
cover the entire subject. There are many
good small books on such subjects as FM
and different phases of new developments
of radio and electronics.

In my opinion bheginners are the back-
bone of the radio profession and should
be encouraged rather than discouraged, as
Mr. Esluk suggested in so many words.
I’m not what you would call a radio man
as yet. I am 18 years old and have been
studying radio since I was 12, and a lot
of what I've learned has come from this
magazine. I am now stationed in a radio
repair shop of the United States Coast
Guard. I'm glad there is such a magazine
in publication aud there are thousands of
students and beginners as well as old-timers
who will agrec.

I only hope Radio-Craft continues its
policy of equally dividing its magazine be-
tween the serviceman and the experimenter,
In .my esfimation some of the old-timers
could learn a lot if they really investigated
some of the circuits they pretend to scorn.

CuarLes M. WHitE, $/2c,
Ft. Worth, Texas.

1 heartily disagree with the letter of Mr.
Esluk in the November issue. I think you
will find that a large number of your read-
ers are just hams like myself, with just a
little smattering of technical radio knowl-
edge. Therefore we find your easily under-
stood articles very useful; particularly
those concerning the locating of defects in
radios and phonographs, which is more
important now than ever before. In fact,
I would be interested in reading articles

TAKES MR. ESLUK’S SIDE
Dear Editor:

I have been reading  Radio-Craft for sev-
eral years and I agree with Mr. W. G.
Esluk, whose lctter appeared in the No-
vember issue.

Why don’t you beginners get a handbook
or some of the other good bocks now on
the market for beginners?

Why has Radio-Craft decided to help the
beginner so quickly? You have been pub-
lishing circuits that are so simple a five-
year-old could understand them. When I

was beginning I had to get out and dig. -

Give-us more articles on FM, television"

and U.H.F, also on the organization of
W.ERS.

Enwiny Borr-(Age 15),
Chattanooga, Tenn.

(This question is not, in our opinion, one
of great importance, Even Mr. Esluk would
not insist that beginners should be denied
any assistance, and his strongest critic -is
not oblivious to the necessity of articles of
a semi-advanced nature for the experienced
radioman.—Editor)
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on finding radio defects by 'simple methods
not involving the use of meters and other
expensive and easily damaged equipment.
Information on .clectronic devices connected
with the motion picture field would be very
helpful to me.

The only way that the amatcur can dis-
cover these little kinks which mean so much
when struggling with a stubborn radio, is
through a publication such as this.

CuarLes L. Stacey,
New Bedford, Mass.

On page 125 (November issue) I noted
the article, or rather letter, by Mr. W. G.
Esluk and also your answer, and I agree
with you that your magazine should con-
tinue to cover a varied field of radio, writ-
ten in such manner as to be interesting to
the engincer and understandable to the
beginner. .

As an. example, I believe the article,
“Radio Lines,” on page 87, is the best
article on this subject that I have ever
read and it is explained i such way that
any beginner should have no difficulty in
understanding it.

Guy S. CornNisH,
Cincinnati, Ohie.

. In the Signal Corps today therce are
thousands of young fellows who in civilian
life knew only enough about the radio to
turn it off and on. Now they repair and
install military equipment. They are be-
ginners! You were one yesterday, Mr.
Esluk! Why not then give the beginner
a chance today? 3

H. P. Davipson,
Robbins Field, Fla.

I certainly agree with- our Editor in re-
gard to Mr. Esluk’s letter. A lot of be-
ginners are bemg educated in radio through
the articles in Radio-Craft.

Vivian D. KeNARrp,
Big Spring, Texas.

APPRECIATES “RADIO WAVES”
Dear Edtior:

This is my first letter to your splendid
magazine and it is a letter of appreciation.

I possess $30 worth of radio textbooks
and literature and have studied them all.
I was well pleased with them until I read
“Radio Waves and Radio Antennas” by
Eugene P. Bertin. This isn't the only article
I have enjoyed immensely, but it is one
which I remembered clearly afterwards.
+This was due, I think, to the author’s unique
way of putting it over. As far as 1 am con-
‘cerned the Scptember issue was worth the
price of a year’s subscription. So give Mr.
Bertin more space and let him go ahead.

Jack P. GoLpEN,
Olean, New York.

A FEW ANONYMOUS ERRORS
Dear Editor:

“No Name, Brooklyn” probably left his
identity a secret hecause his diagram
(“Power-level Indicator for Recording,” on
Page 554 of the June issue), is a trifle inf
crror.

The following mistakes appear:

1—Short circuit of power supply to
ground through -primary of output trans-
former.

2—"Free” grid on 6ES, no path for grid
electrons to return to cathode.

3—No plate voltage on 6ES ag plate is
connected to center tap of output ‘transform-
er and cathode to one snde—-——pracflcally same
D.C. potential.

4—Even though C2 were between:the out-
put transformer and ground, only one of
the push-pull tubes would be useable be-

cause. the plate of the other would be by- i

passed to ground through C2.

RoLaND J. MCMABAN,
Seaitle, Wash.
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"l guess the Sarge has a sore throat teday!
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PRadio 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 radio 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.

RADIO TECHNOLOGY

RCA Institute offers sn  intensivo two-year
course of high &tandard embracing sll Dhases
of Radio and Television. Practical tralning
with modern oauipmen! Also _shorter gpe-
clatized courses in Commercia] Radio Oberat-

inz. Radio and Television Serricing, and
Avistion Communlcations. For Froe Catslog
writo Dept. 44

RCA INSTIIUTES, Inc.
A Radio Corporation of America Service
75 VARICK STREET NEW YORK 13. N. Y.

Correspondence Courses in

= RADIO and ELECTRICAL ENGINEERIN
ELECTRICAL ENGINEERING Gt £ocd e

. of wide eclec-
trical !leld Prepare yourself. at Low Cost. fo
future lern. simplifcd,

. You n:‘ m“de':-'und ;;n:n:m
T B

nnnlo ENGINEEHING lic addre m—:‘lo‘;’érl: work.

‘Trains you to be super-service m eal vacuum tube

techniclan. Servicemen needed bndly Dip]om.l on comple.
tloan. Tultion 325, cither courss. payment plan.

F R E E Get_caples of |3| .l ltu%ent

rrad
catalogs,
magazines, complete detalls. SEND
|.Ill

HRIIG $CHOOL Franklin Sttn.. Box61-C59
D. C. (Formerly at Lincoin, Nebr.)

T

Pre-Induction

“for Clvillans and those entering Military
Services. Now classes now starting for men
and women.

RADIO OPERATING CODE

RADIO SERVICING — ELECTRONICS
New York Y.M.C.A. Schools /

4 W. 64th Street Néw York City
7 4

COMMERCIAL RADIQ INSTITUTE

A radio training center for
twenty-three years.

Restpent Courses ONLY

Pre-Induction, Broadcast, Service,
tical and Radio telegraphy classos now forming
for February 7. Literature upon request.

Dept. C., 38 West Biddle St.. Bsltimore 1, Md.

Aeronau-

o D1 T
,II’,I’lIl\ I‘

tox 28
C° U, 5. A

OPERATION

AD\ SERVICING

COMPLETE HOME TRAINING

Fit YOursel( for important work in wartime, and

after. Make use of your spare time to master

basic prlnclples of mdlo Up-to-date course in.

¢ludes  electives In _opcernting and  servieing.

Write for FREE BULLF‘I"IN No_ obliRation.
AMERICAN SCHOOL

Dept. R109. Ou-ueq at 58th St., Chicage 37, 1N,

® TODAY

is the time to turn your
RADIO JOB into a
SECURE POSITION!

Do You Want a BETTER JOB?—A Secure
Future? NOW is the fime to pre-
pare yourself for a lasting,
profitable Career in
Radio-Electronics!

Don't fool yourself! The good jobs—the
permaneni positions in radio don’t come
easy. The jobs that come easy are not easy
to hold. 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 a permanent
job that will outlast the temporary employ-
ment conditions that exist today. Dividends
for increased ability have never been so
certain, as the radio-electronics industries
fook to the future,

CREI technical training is designed to do
just: one thing—to increasc your ability,
enabling you to hold the more responsible
positions which lead to higher salaries. Hun-
dreds of CREI students have accomplished
this. through the help of CREI training—
just as many more hundreds wili do in the
future !

o WRITE FOR FREE 32-PAGE BOCKLET

If you have had professional
or amaleur radio experience
and want to make more money
—ot us prove to You we have
gomething vou meed to quelify
for a better radio job. To help
us intelligently onewsr your
inquirt—PLEASE 8TATE
BRIEFLY YOUR BACK-
GROUND OF EXPERIENCE,
EDUCATION AND PRES-
ENT POSITION.

CAPITOL RADIO
ENGINEERING INSTITUTE

Home Study Courses in Practical Radio-
ctronics Emngineering
for Profcssional Self-Improvement

Dept. RC-1, 3224-16th St.,, N. W.
WASHINGTON 10, D. C.

Contractors to the U. S. Navy—U. S. Coast Guard=—
Canadlian_ Brosadcastino Corp.—Preducers of Well-
Trained Technlcal Radlomen for Industry.

SN

AAF RADIO STUDENT MAKES PERFECT SCORE

Highest marks ever made by any student
in the Army Air Forces radio schools was
scored last month by Pvt. Serge Kirpatov-
sky, according to reports from Army au-
thorities at Truax Field, where Pvt. Kir-
patovsky took the Air Forces radio exami-
nations.

An electrical engincer by trade Pvt. Kir-
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Printed

patovsky is 33 years old. He was born in
Moscow, Russia, and came to America in
1930. -Some of his first work was for the
New York Fire Department, designing
radio equmment Later he went into marinc
radio servicing, handling the naintenance
work for two shipping lines, as a side-line
outfitting private yachts. with radio.

in the VU.S/A.
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BOOK REVIEW

GRAPHICAL CONSTRUCTIONS FOR
VACUUM TUBE CIRCUITS, by Albert
Preisman. Published by McGraw-Hill Book
Company. Stiff cloth covers, 5l x8Y
inches, 237 pages. Price $2.75.

Elcctron tubes belong in that class of
circuits known to mathematicians as #ou-
linear, which are not usually solvable by
general mathematical methods. A common
example is the resistance of a circuit con-
talmng a vacuum tube, together with fixed
resistors. The resistance of the tube changes
as the amount of current flowing through
it varics, also according to voltage changes
on cither the grid or the plate. A change in
any one of thesec factors may react and
vary several others.

Under  such circumstances, the advan-
tages of graphical methods.are immediately
obvious. Starting from performance charts
experimentally determined, and not being
concerned with the inner mecaning of the
curves operated upon, solutions can be
reached with an case and directness not
possible in the analytical method, even in
those cases which can be handled ana-
Iytically.

It is urged against the graphical method
that it is not a method, properly speaking;
it produces results for the given set of
conditions but cannot give general informa-
tion which may be applied to all sets of
conditions in a gencral case. Even with this
limitation—and others tabulated by the
author—the graphical method is found to
have a wide useful field.

The general considerations applying to
electron tubes and to elementary graphical
construction are developed, then the appli-
cation of graphical methods to special cir-
cuits, including reactive loads, balanced
amplifiers (a 66-page chapter on this sub-
ject), detection and miscellaneous con-
structions.

The “slipstick engineer” who finds him-
self forced to solve actual problems similar
to those given in this work, without having
the mathematical background usually con-
sidered necessary, will ind much of interest
here. Given the time to assign numerical
values to the factors in the given figures
and work out a problem or two, the
methods can readily be mastered.

®
EMERGENCY PICKUP

A correction in the description of this
pickup, which appeared on Page 126 of the
November issue, is in order. Mr. Leap in-
forms us that in editing his item, the state-
ment: “The rcal contact is between the bit
of solder at the center and the diaphragm
beneath it,” was inserted.

He says, “There is absolutely no contact
between the two diaphragms. A rubber ring
or washer both inside and outside the outer
diaphragm provides a small air space be-
tween the two diaphragms. It is the per-
cussion or concussion of the outer element
that impresses the sound on the inner one.
I doubt that if the two diaphragms were
connected the pickup would work as well.
It might jam.”

]

In connection with rccent observances of
the twentieth anniversary of the death of
Charles Steinmetz, America’s greatest clec-
trical engineer, it was recalled that his
greatest feat, “harnessing the lightning,”
consisted of producing discharges of more
than 1,000,000 volts. General Electric, build-
ing on his discoveries, has just announced
a new X-ray which operates on a potential
of 100,000,000 volts.
JANUARY,
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4 out of 5 Diagrams
You Will Ever Need

Find radio faults quickly. Make
the needed repairs in any radio.
Save time on every job. This
large, new and inexpensive dia-
gram manual has the circunit for
every popular 1942 radio set
4 out of §5 diagrams you will
cver need are included.

ALIGNMENT DATA INCLUDED

Clearly printed elreuits,

1942

al

NEW, POPULAR, LOW-PRICED MAR
1941

-ment parts lists, Compiled by M. N, Beitman. radio
serviceman for many years, author, and tcacher.
Be an_expert in radie servicing; simplify your
work.- 192 pages, 8% x 11 inches. Only ...osee...

1940

RADIO DIAGRAMS
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UALS

These casy-to-apply, inexpensive man.
uals will help you repair radios faster.
This volume covers 1941 models, with
alignment data. I.F. peaks. and replace-

5900

Let this jmportant manual give you
over 80% of all 1940 circuits you will
ever need, acquaint you with new devel.
opments, train you to service quickly

Most Popular

Models Made by:
Phileo, RCA,
Zenith, Sears, GE,
Emerson, Belmont,
Detrola Radio,
Fada, United Mo-

208 fact Dacked pages.

ez ey $9001) &
anual style nding.

Price, posipadd ....... 36 = e

date, parts Hsis, service hints are the et Olts o [lrcsodd
facts You need Lo speed up War-Lime ‘ 1961
servicing. Repalr radlos Quickly and c
Properiy—follow the factory instruc- RADIO
tions given in_ these manuals, 351 DIAGRAMS,
models of 40 Ilargest ers. pusy un

Data on F.M., portables. recording,

tors, Westinghouse,
ete. 417 models of 43 manufactur-

and cfficiently millions of sets. szoo

How

ers. 208 pages. Nct price ......... Arvin, Majestic,
Stewart-Warner,
Another handy manual Admiral, Delco,
of the most popular | Stromberg-Carlson,
diagrams you need,

Western.Auto,
Sparton, Motorola,
Wards, Gamble,
and many others.

PRACTICAL

- - - -

Other Practical Radio Manuals
cabinets, adding features usually found only on late
obtain modernization work, what to charge, sl 00
in. manual is priced atonly ..............

the principles which may have puzzled you, and point the way to faster

useful theory in each chapter is followed with practical applications.

as your ready reference for finding the right answer to every radio prob-
diagrams to help you. Seal leatheretle cover. Attractive
Introduces and explains the use of arithmetic
I MATREMATICE
currents, ohmmeter testing, wattage rating, se-
tubes, curves, the decibel, ete., ete., and

s
to MODERNIZE Radios for Profit
Cash-in by improving audio circuits, modernizing
model sets. Practical job-sheets with schematics and
| photographs make the work easy. You.are told how to
and how to complete the job quickly and ef-
ficiently. The complete, large size, 8% x 11
PRACTICAL RADIO for War Training
This new, 1943 manual will clarify the important radio faets, explain
radio repeiring. You will find hundreds of practical hints for mounting
parts, testing components, trouble-shooting, using instruments. Needed
This is the book that will help you repair radios faster, or obtain a good
raodjo War-job, or get ahead in the Armed Forces. Use this timely book
lem, Written by M. N. Beitman, 336 large pares. 6x9 inches.
Printed on thick, enamel paper. Almost 300 illustrations and szgs
manual-binding. Price only...... ..o iiiians 500000
PRACTICAL RADIO MATHEMATICS
and elementary algebra in connection with units,
color code, meter scales, Ohm’s Law, alternating
ries and parallel connections, capacity,
inductance, mixed circuits, vacuum 25
has numerous examples. Net.....,.... c
See Your Radio Jobber or Send Coupon

Su preme Pl Z? l’ ications

Ilingis

328 South Jefferson Sereet

. Circuit data. hints and
information arc time-savers and money makers
t, i v k. Why try to
get along without heipful diagrnms 7 sz 00
of dingrams of 39 makes. Only .. -
19 26- 1 938 ume of the series. Will
pay for itself with the
popular old timers. Save hours on every job. 427 diagrams
of the most-serviced radios of this period, with
8% x 11 inches. Sold with a money sz&
back guarantee. Price, postpaid
Be ready to make repairs in minutes in-
stead of hours. You will be called upon to

for you. Let these diagram manuals guide you
Use this volume with 192 pages
The most popular vol-
time saved during the first day of use. Includes all the
parts lists and alignment information. 244 pages,
SAVE HOURS ON EVERY JOB
fix hundreds of models listed in these easy-

Compiled by to-use manuals. Tackle each job with the
M.N.Beitman, | needed help found on every page in these
radioengineer, | handy service manuals. Greatest bargain
teacher.author, | in.diagram books. Send your order today.

& serviceman. | Use these manuals this week.

NO RISK TRIAL ORDER COUPON

SUPREME PUBLICATIONS, 328 S, Jefferson St., Chicago 6, ILL.
Ship the following manuals: (Moncy back guarantieed),

O 1942 0O 1941 0 1940 0 1939 0O 1926-1938

1 Also send other Supreme Publications as listed on attached paper.

O I am enclosing §,..........., send postpaid. 0O Send C.0.D.

Name: ...cccecenns

Address:

(Use Coupon or Send Order in a Letter) .
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Easy to Read —Easy to Grasp
Easy to Apply

A home-study course—especially well
organized. The style is so interesting
you will read along without effort,
hardly realizing that you are actually
studying and taking in vital informa-
tion. Audels Radiomans Guide gives
you just the right amount of mathe-
matics required to cope with radio
problems successfully. You can solve,
with the aid of this extraordinary book,
practically

everyradioprob-
Q AND A lem that comes
Il *ines, Commercial UNlQUE up. At your fin-

Operators and ¥ - : ger tips is a
g‘ci?l;z;cltzms§;:: » E QUEST'ON complete index

dents. for instant use.

It gives you in
ugable form
pointers on radio,
tnecluding fre-
quency modula-
tion, television,
etc. Also valuable
ingide information
for Aviators, Ma-

METHOD ,/“\\\'
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*' s\
= & e
Highly Endorsed S | L g
) i Co.- ﬁc"“
- % 0. ©
A COMPLETE LIBRARY IN ONE BOOK \1 A O e ey
AUDELS RADIOMANS GUIDE gives authentic Princi- \ A \‘gs& oo f;““s}.‘\\“‘e‘“
ples and Practices in Construction, Operation, Service \" §le® ‘)512 A“e\“
and Repairs. Covers clearly and concisely radio funda- 89 I@O?;\\\ :\,_r‘“‘g
mentals—Ohm’s Law—Physics of sound as related to e - \-\& =2 cf
radio science—Measuring instruments—Power supply— \ Y “aq‘:’ w2 =
%

Resistors — Inductors — Condensers — Transformers and
examples—Broadcasting stations—Radio Telephony—Re--

ceivers — Dingrams — Construction — Contrel Systems — A\ e
Loudspeakers — Antennas — AutoRadio — Phonagraph 1 o®
Pick-ups—Public Address Systems—Aireraft and Marine pad

Radio — Radio Compass — Beacons — Automatic Radio COMPLETE
Alarms—Shert Wave—Caoil Calculations—Testing—Cath-

Pointers — Underwriter's standards — Units and tables. PAY
REVIEW QUESTIONS—READY Reference Index. ONLY

c\‘oaj
ode Ray Oscillographs — Static Eliminations — Trouble $1 % o




