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Enlarged view

Meet Joint Army-Navy Specification JAN-R-11

AVAILABLE FROM STOCK IN STANDARD
RMA 10% TOLERANCE VALUES

TYPE SIZE RESISTANCE | MAXIMUM LIST
LENGTH DIAM. RANGE VOLTS PRICE
10 Ohms
o Watt W %d” ta 500 13¢
22 Meg.
10 Ohms
1 Watt Ne" 7" to 1000 17¢
22 Meg.
10 Ohms
2awan | We"  He” to 3500 25¢
22 Meg.

Send Now for
BULLETIN No. 127

Gives complete data and list
of RMA values. Includes di-

mensional drawings and
handy color code. Write for
it today!.

RHEOSTATS « RESISTORS

INSULATED

= COMPOSITION RESISTORS

Va Watt « 1 Watt » 2 Watt » +10% Tolerance

NOW . .. OHMITE makes available to you three Listle
Devils of exceptional ruggedness and stability!

Millions of these tiny molded fixed composition re-
sistors have been used in critical war equipment and in
the nation’s foremost laboratories. They meet Joint Army-
Navy Specification JAN-R-11, including salt water immer-
sion cycling and high humidity tests. They can be used
at their full wattage ratings at 70°C (158°F) ambient
temperature. They dissipate heat rapidly—have low noise
level and low voltage coeflicient.

Ratings for maximum continuous RMS voltage drop
are high: 500 volts for the }4 watt unit—1000 volts for
the 1 watt unit—3500 volts for the 2 watt unit. Units
have high insulation breakdown voltage.

Little Devils are completely sealed and insulated by their
molded plastic construction. Leads are soft copper wire,
hardened immediately adjacent to resistor body—strongly
anchored—and hot solder coated.

Light, compact, easy to install. All units color coded.
Resistance value and wattage are marked on every unit
for quick identification. Available from stock in Standard
RMA values from 10 ohms to 22 megohms.

Little Devils are ready for any job ... anywhere. And
they’re low in cost. Order them now!

AVAILABLE ONLY THROUGH OHMITE DISTRIBUTORS

OHMITE MANUFACTURING COMPANY
4896 FLOURNOY STREET, CHICAGO 44, U.S.A.

Be Right with

OHMITE

TAP SWITCHES ¢« CHOKES - ATTENUATORS

B



rLL TRY, MARY, I'LL,
SEE WHAT 1 CAN 0O
WITH IT TONIGHT

BILL, YOU'RE ALWAYS FOOLING
WITH RADIO -~ OUR SET WON'T
WORK ~-WilL YOU FIX 1T 2

A FREE LESSON

SHOWED BILL HOW HE COULD

MAKE GOOD PAY
IN RADIO?

HELLO, BILL -- 60T
A TOUGH ONE
TO FIX T

I'VE BEEN STUDYING AT HOME WITH THE
NATIONAL RADIO INSTITUTE. | JUST
LANOCED A SWELL RADIO JOB,TOO LISTEN
FOR THE CLICKS AS | SWORT THE GRID

SAY, 'VE SEEN THEIR
ADS BUT ) NEVER THOUOHT
{ COULD LEARN RADIO
AT HOME

YES, JOE ~~ I'M
STUMPED -~ BUT
SINCE WHEN ARE

t CAN'T FIND OUT
WHAT'S WRONG -~

GUESS I'LL MAKE A LET ME YoU A RADIO EXPERT? | | CONNECTIONS .. HERES YOUR TROUBLE Ll MAIL
FOOL OF MYSELF HEL® YOU IN THE FIRST LF. STAGE -- | LEARNED A COUPON &
WITH MARY THIS, TEST BEFORE | EVEN STARTED FOR A FREE |
THE COURSE, FROM A LESSON RIGHT
FREE LESSON THE AWAY /’

THANKS! | WAS JUST
A TINKERER A FEW
MONTHS AGO, BEFORE
1 STARTED THE N.R.L
COURSE - -BUT 3
AR.L'S *50-50 [“7
METHOD"GIVES A ‘Lp
FELLOW THE PRACTICAL o
KNOWLEDGE AND EXPERIENCE
TO BE. A SUCCESSFUL

ON, BiLL=+I'M SO GLAD
{ ASKED you To FIX
OUR RADIO! IT GOT
YOU STARTED THINKING
ABOUT RADIO AS A
CAREER, AND NOw
YOU'RE GOING AHEAD
50 FAST!

YES, OUR WORRIES
ARE OVER | HAVE
A GOOD JOB AND
THERE'S A BRIGHT
FUTURE FOR uUS

YOU CERTAINLY KNOW
RADIO. SOUNDS AS
BOOD AS THE DAY
| BOUGHT IT!

SQON | CAN HAYE MY
OWN FULL-TIME RADIO
REPAIR BUSINESS, OR BE
READY FOR A 600D JOB
IN A BROADCASTING STATION,
AVIATION RADiO, POLICE
RADIO OR SOME
OTHER, BL3Y 1
RADIO FIELD .

VM CONVINCED NOW
THAT THE N.R.1. COURSE
IS PRACTICAL AND
THOROUGH. I'LL
ENROLL NOW. THEN
10AN MAKE EXTRA
MONEY FiXING
RADIOS IN SPARE
TIME WHILE

You Bulid These and Other Radio Clrcults
with 6 BIG KITS OF PARTS | SEND YOUI

By thetime ﬁ:'va conducted 60 sets of Experi-
ments with Radio Parta 1 supply, made hun-
dreds of measurements and ndﬁatmenu, you'll
have valuable PRACTICAL Radio experienca
for a good full or part-time Radio jobl

[ I will send you a Lesson on
Radio Servicing Tips FREE

TO SHOW HOW PRACTICAL IT IS
TO TRAIN AT HOME FOR

GeOD JOBS IN RADIO

1 want to give every man who's interested in Radio,
either professionally or as a hobby, a copy of my
Lesson, “Radio Receiver Troubles—Their Cause and
Remedy”-—absolutely FREE! It's a valuable lesson.
Study it—keep it—use it—without obligation! And
with it I'll send my 64-page, illustrated book, “Win
Rich Rewards in Radio,” FREE. It describes many
fascinating jobs in Radio, tells how N.R.I. traing you
&t home in spare time, how you get practicel experi-
ence with SIX BIG KITS OF RADIO PARTS I send.

SUPERHETERODYNBEB
CIRCUIT (right) Preselec-
tor, oscillator-mixer-first de-
tector, i.1. stage, diode detec-
tor—a.v.c. atage, audio stage.
Bring in local ard distant
stations on this circuit you ’
build yourself! e

MEASURING INSTRUMENT (above)
you build early in Course. Useit in practi-
cal Radio work to make EXTRA money.
Vacuum tube multimeter, measures A.({,
.C., and R.F. volts, D.C. currents, re-

sistanoe, recefver output,

. This“Sample” Lesson will show you why the easy-to- / \

grasp lessons of the N.R.I. Course have paved the way A. M, SIGNAL-GEN- |
b to good pay for hundreds of other men. I will send it A ERATOR (left) bufld
to you withoat obligation ... MAIL THE COUPON! it yourselfl avides

amplitude - modulated

Future for Tesined Men is Bright in meke EXTRA monoy fxink Radios o signals for test end
sPare tdme while mink. Yeu o ex en purposes,
Radio, Televishon, Elestronics Drincivles. from my | cabv-to-krasp Lessons— Gl‘:ﬁe:l:llmblepmcdoel

"l,%e Radio Repatr busimess is beoming FRACTICE what yeu icarm by bullding real
ROW. There i3 good money flxing Radies Radio Oircuits with the six kits of Radlo
I your sparo tims or own full time busi- parts I scnd—USE your knowladge to male
. And trained Radio Techniclons also EXTRA money whilo getting ready for a good
find good pay apportuntiics In Police, Avia- tull time Radio fob,
aad Marina Radfo. in Broadeasting,
Manufecturing. PubHc Address werk, Find Qut What N.R.I. Can De fot YOU

otc. Think of the boom coming that new

" ooriailit wlih’ Tl S0 PR e parn bk 101 pasked ¥ 1ats | WATIGRAL RADIO INSTITUTE, Wammre
t3 aTo apatlable to the Publicl Qet about opportunitles for you. Read the detslls l . eten 8, D. C.
into Radlo NOW. wbout my Courze. Resd letters from men 1 ' Mail me FREE, without obligation. Sample Le“on_and 64-page book
Many Beginners Soon Make §5, $18  {oinol teiting what they are dolns, carning | 3 o 0 e it Diatnly Y oo Hlectronien. (o
& 1t on a penny Dostal.—J, E. SMITH. Pm!dent, I I
P mebplleg bl POM S <ol T e
THA MO JOB BHEETS tc help you ' ’ l T = o os p0 000 8~ S DY PR '
Our 32nd Year of T’a'nln‘ Men for Success in Radlo I AQATEEE. 5.0 tu s smmiamiomais seamramare mp sre oo 66 0§ TOTEECT 0w oWE 08T WS G l
| My Radio Course Incfudes Training in I QUY oot Zone....... Bate......... uxi l
TELEVISION - ] O1Ir you are s war veteran. check here
—_— e L—————————_—_———J
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TYPE BT INSULATED METALUZED ond
TYPE BW INSULATED WIRE WOUNDS
« s« the perfect combination.

POWER WIRE WOUNDS...rugged,
moishwe proof. completsly dependable,

—y

POWER RHEOSTATS (ubove), Pre-
¢isions, Wire Wound Controls, Bleeders,
Non-inductive Wire Wounds, etc. (be~
low)~~for many service needs.
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The IRC Cextary Line is a commonsense selection
of the controis you need for compiete service

The controls in the IRC Century Line
were carefully selected after exhaustive
study of IRC sales records and of the
tequirements of receivers and equip-
ment now in use.

These studies showed that the num-
ber of types previously listed could be
reduced considerably, yet give ade-
quate coverage. But it also proved that
reducing the number of available types
to anything /ess than the 100 now
comprising the Century Line, would
make the service engineer's replace-
ment problem extremely diffcult.

On that basis, we established the
Century Line—not too many, not too
few—burt just right to give you
properly designed, easily installed con-

trols for the widest variety of replace-
ment needs.

Best of all, it’s nof necessary for you
to actually stock all the 100 Century
Line types! We recommend you main-
tain a2 minimum stock of at least the
18 Type D Controls listed on page 6
of IRC Catalog #50—they’ll handle
87% of your replacements—and you
can depend upon your IRC distributor
for other types, as required.

And don't forget, only IRC controls
give you such quiet, smooth, depend-
able performance! . .. because they're
the only controls with the famous
IRC Metallized Element, the Five
Finger Contactor, and the Silent
Spiral Connector!

YOUR IRC DISTRIBUTOR is the man to know when

you need any fype of resistor... there is an IRC resist-
ance unit for almost every servicing requirement. Ask
him for your copy of IRC Service Catalog #50.

FOR BETTER-THAN-STANDARD ﬂUALITY...SW o

INTERNATIONAL RESISTANCE CO.
Dept. 25-E 401 N. BROAD ST., PHILA. 8, PA.

Canadion Licensee: International Resistance Co., lid., Toronto

MAKERS OF MORE TYPES OF RESISTANCE UNITS, IN MORE SHAPES, FOR
MORE - APPLICATIONS, THAN ANY OTHER MANUFACTURER IN THE WORLD.

RADIO-CRAFT for MAY, .194%
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Ylee Vew Model Cr4-11

SIGNAL TRACER

Simple to operate
... becavse it has only
ONE connecting cable-

NO tuning controls!

Introduced in 1939-1940 Signal Tracing, the
“short-cut” method of Radio Servicing
quickly became established as the accepted
method of localizing the cause of trouble in
defective radio receivers. Most of the pre-
war testers (including ours) were bulky
requiring a number of connections before
the unit was “set for operation” and in-
cluded a tuned amplifier which had to be
“retuned” to compensate for signal shift.
The new model CA-11 affords all the advan-
tages offered by the pre-war models and only
weighs 5 lbs. and measures 5” x 6” x 7". Al-
ways ready for immediate use without the
necessity of connecting cables, this amaz-
ingly wversatile unit hzs NO TUNING
CONTROLS.

Essentially “Signal Tracing” means follow-
ing the signal in a radio receiver and using
the signal itself as a basis of measurement
and as a means of locating the cause of trou-
ble. In the CA-11 the Detector Probe is
used to follow the signal from the antenna
to the speaker—with relative signal intensi-
ty readings available on the scale of the
meter which is calibrated to permit constant
comparison of signal intensity as the probe
is moved to follow the signal through the
various stages.

?eatateﬁ
% SIMPLE TO OPERATE-—only 1 connecting cable— % COMPLETELY PORTABLE—weighs 5 Ibs. and
NO TUNING CONTROLS. measures 5”x6”x7”.
% HIGHLY SENSITIVE—uses an improved Vacuum % Comparative Signal Intensity readings are indicat-
Tube Voltmeter circuit. Tube and resistor-capacity ed directly on the meter as the Detector Probe is
network are built into the Detector Probe. moved to follow the Signal from Antenna to Speaker,

% Provision is made for insertion of phones.
Please place your order with your regular radio parts jobber. If your local jobber cannot supply
you kindly write for a list of jobbers in your state who do distribute our instruments, or send your ,5
order directly 1o us.
@

The Model CA-11 comes housed in a heautiful hand-rubbed wooden cabinet. Complete with
Probe, test leads and instructions. NET PRICE

e TN .

{iSUPERIOR INSTRUMENTS CO.

DEPT. R 227 FULTON STREET NEW YORK 7,N. Y.
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With direct mail, you can multiply the
prospects who come to your door—bring
in new customers to keep your business
and your profits steadily growing. Ray-
theon Bonded Electronic Technicians have
a big story to tell —and have effective self-
mailers to tell that story to the public.

These, direct mail pieces are only a part

of the broad program of selling helps

made available only to Raytheon Bonded

Electronic Technicians. Bonded service

means better customer relations. For full
* details to qualify, see your Raytheon
distributor today.

ANOTHER REASON
WHY IT PAYS TO
QUALIFY AS A
RAYTHEON BONDED
ELECTRONIC
TECHNICIAN

RADIO RECEIVING TUBE DIVISION
NEWTON, MASS. » NEW YORK « CHICAGO
520 RADIO-CRAFT for MAY, 94¢
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LET ME TRAIN YOU

# >, for RADIO ELECTRONICS & TELEVISION

FULL RADIO SET

for SIMPLIFIED INSTRUCTION — PRACTICE & TESTING

Beginners Learn FAST

START NOW ! Big Developments B

Ahead in F. M., Radar, Television' ¥

MAKE GOOD MONEY IN
a Business of Your Own SR
«..or a Good Radio Job.

Mind training through hand practice
with a FULL RADIO SET . .. that's
the interesting way I'll teach you Radio.
And it's the latest. most practical
method of all to fix in your head Per-
manently the essential money-making
Radio knowledie. The offer I make you
here is the opportunity of a lifetime.
I’ll prepare you e.nsn]y and quickly for
a wonderful future in the swiftly ex
panding field of Radio-Electronies IN-
CLUDING Radio. Television, Frequency
Modulation and Industrial Electronics.

wise] NOW'S the time to start.
Opportunities ahcad are tremendous! No
previous experience is necessary. The
Sprayberry Course starts right at the
beginning of Radio. You can't get lost.
It gets the various subjecls across in
such a clear. simple way that you un-
derstand and remember. And, you ean
master my entire course in Your gpare
time . . . right at home.

You Do Practical Experiments

There’s only one right way to learn
Radio Electronics. You must get it
through qlmphﬁed lesson study combined
with actual ‘“shop™ praectice under the
personal guidance of a guaiified Radio
Teacher. It's exactly this way that
Sprayberry trains You . . . supplying
real Radio parts for learn-by-doing cx-
perignce right at home. Thus, you learn
faster, your understanding is clear-cut.
¥’ll Show You a New, Fast Way to Test
Radlo Sets Without Mfg. Equipment
The very same Radie Parts I supply
with your Course for gfaining pre-ex-
perience in Radie Repair work may be
adaPted throuzh an exclusive Sprayberry
wiring procedure to serve for complete,
fast, accurate Radio. Receiver trouble-

-~

et

shooting. Thus, under Sprayberry meth-
ods, you do not have one cent of outlay
for manufactured Test Equipment.

Succeed As a Radio-Electroniclan

My training will give you the broad.
fundamental principles so necessary as
a background, no matter whieh branch
of Radio you wish to specialize in. |
make it easy for you to learn Radio Set
Repair and Installation Work. | teach
you how to install and repair Electronic
Equipment. In fact. you'll be a fully
qualified RADIO-ELECTRONICIAN,
equipped with the skill and knowledge
to perform efficiently and to make a
wonderful suecess of yourself.

Read What Graduate Says
4‘One Job Nets About $26.00"

“Since last week I fixed 7 radios, all
good-paying jobs, and right now I am
working on an amplifier system. This
job alone will net me about $26.00.
A3 long as my work keeps coming
in this way, 1 have only one ward
to say and that is. ‘Thanks’ to my
Sprayberry training, and I am not
afraid to boast about it."—ADRIEN
gf.N AMIN, North Grosvenordale,
nn

DON'T PUT IT OFF!

Get the facts about my training—
now! Take the first important step
toward the money-making future of

explained in my big, illustrated
FREE Cataloz which comes to you
along with another valuable FREE
book you'll be glad to own,

MAIL COUPON AT ONCE!

RADIO-CRAFT

for

MAY,

1946

| |
]
[ ]
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n
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[_]
your dreams. All features are fully Wl >
[ ]
[ |
]
]
[ |
&

FREE BOOKS |

"How To Reod Rodie Diogrems and Symbols"

Here’s a valuable and wonderfully complete new
book which explains in simble, non-technical English
how to read and understand any Radio Set Diagram.
Provides the quick key to analyzing any Radio circuit.
Includes translations of all Radio symbols. This in-
structive volume is yours for the asking—without
oblization. Send for it AT ONCE. and along with it
I will send you another big
free book, deseribing in com-
prlete, interesting detail my
Radio-Electronic training.

RUSH
COUPON |
for BOTII =4 <o}

SPRAYBERRY ACADEMY OF RADIO
F. L. Sprayhberry, President
Room 2056, Pueblo, Colorade

FUECTRONICS o TETEY STON. "und iy e REan” RADIO

BIAGRAMS and SYMBO

NaMO +.iecssasaiioriasionssessssresnssarosstscaascacsacsane AfBio. ..y

T 1o [T R ey - Bt SRPISRPPIN S OO0 CRI0Cot o0 L0006 00600 9030 CI0C000 oy
vesanav States el

{Mat1 In envelope or Paste on ‘penny posteard)
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v anp POPULAR ELECTRONICS ¥

. Incorporating
SHORT WAVE CRAFT TELEVISION NEWS
RADIO & TELEVISION

HUGO GERNSBACK, Editor-in-Chief
FRED SHUNAMAN, Managing Editor
MAJ. M. H. GERNSBACK, Cons’lt’g Ed.
R. F. SCOTT, Technical Editor

I. QUEEN, Editorial Associate

ELMER FULLER, Shortwave Editor
A. PASCALE, Production Manager

G. ALIQUO, Circulation Manager
JOHN J. LAMSON, Advertising Director
ALFRED STERN, Promotion Manager

v

IN THE NEXT ISSUE

Modern Television Course
High-Fidelity BC Tuner

A 5-Tube Superheterodyne
Hum Level Reduction

4

Published by Radecra’t Publications, Inc.
Publication Office: 29 Worthington Street,
Springfield 3, Mass.
Editorial and Advertising Offices: 25 West
Broadway, Tel. RE 2-9690, New York 7. N. Y.
Chicago Advertising Office: Radio-Craft, 308
W. Washington Street. Suite 1413, Chicago 6,
11!. Tel. Randolph 7363.
Cleveland Advertising Office: 405 Erie Bldg.,
Cleveland, Ohio. Burdette Phillips, Manager.
Tel. Main 9645,
Los Angeles Advertising Office: 606 South
Hill Street, Los Answeles 14. Calif. Ralph W.
Harker. Manager. Tel. Tucker 1793.
San Francisco Advertising Office: 582 Market
St., San Francisco 4, Calif. Ralph W. Harker,
Manager. Tel. Garfield 2481.
RADIO-CRAFT is published monthly on the
25th of the month preceding that of date.
Subseription rates: United States and pos-
seseions, Mexico, Central and South American
countries, $2.50 a year, $4.00 for two years,
$6.00 for three years. Canada, $3.00 & Year,
$5.00 for two years, $7.50 for three years.
All other foreign countries, $3.25 & vear,
$5.50 for two Years, $8.26 for three vears.
Special rates for members of the Armed
Forces in U. S., or those addressed by A.P.O.
or F.P,O0. mail, $2.00, Entered at the post
office at Springfield as second-class matter
under the Act of March 3, 1879. All com-
munications about subscriptions should be
addressed to: Circulation Manager, Radio-
Craft, 29 Worthington St., Springfield 3,
Mass.

¥

Notice of CHANGE of ADDRESS should
reach us at Ieast one month in advance. When
ordering a change, please furnish an address
stenicil impression from a recent wrapper if
vou can. Address changes cannot be made
without the old address as well as the new.

¥

Foreign Agents

London—Atlas Publishing _and Distributing
Co., Ltd., 18 Bride Lane, Fleet St.. London,
EC. 4

Melbourne—McGill's Agency, 179 Elizabeth
St.. Australia.
v

Text and illustrations of this magazine are
copyright and must not be reproduced without
permission of the copyright owners.

Copyright, 1946, Radcraft Publications, Ine.

RADCRAFT PUBLICATIONS, INC.:
Hugo Gernsback, President
Maj. M. Harvey Gernsback, Vice Pres.
G. Aliquo, Secretary
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Our cover this month illustrates one of radio’s uses
of electronic apparatus in its own industry. The
RCA Antennalyzer speeds up design of multi-unit
antenna arrays, performing intricate calculations
and throwing the result in graphic form on the
screen of the ‘cathode-ray oscilloscope at left.



WE HAVE WHAT YOU WANT!

The new Concord Catalog displays the most
comprehensive stock in years! All well-known,
standard lines are fully represented. Equipment—
accessories—parts for all radio and electronic use
...for building, repair, maintenance...for engineer,
amateur, serviceman, soundman, retailer . .. com-
plete lines of tubes, instruments, tools, speakers,
condensers, resistors, relays, etc... PLUS a radio set
depariment offering latest postwar models...PLUS
the exciting line of MULTIAMP Add-A.Unit
Amplifiers offering many innovations in public
address units obtainable only from Concord.

y &4 1
RADIO CORPORATION

LAFAYETTE RADIO CORPORATION

ATLANTA 3

2GS Peachtree Street

CHICAGO 7

901 W.Jackson Bivd.

RADIO-CRAFT MAY, 1946

for

Your copy of the complete, new Concord Catalog
is ready! It offers you the latest, greatest selection
of guaranteed quality RADIO SETS, PHONO-
RADIOS, RADIO PARTS, TEST INSTRUMENTS,
BOOKS, TOOLS, AMPLIFIERS AND ACCESSO-
RIES, AMATEUR KITS AND SUPPLIES, ELECT-
RONIC EQUIPMENT...page after page of post-war-
engineered equipment and parts you have long been
waiting for. All standard, top-quality lines. Thousands
of items. Moaey-saving prices. And fast service, direct
from our two centrally located warehouses jn CHI-.
CAGO and ATLANTA.

See the first peacetime line of Concord Radio Sets in
new, modern cabinets with a host of post-war fea-
tures. See the thrilling MULTIAMP Add-A-Unit
Amplifiers, brand new in the field, with sensational
new flexibility, fidelity, and power—EXCLUSIVE with
CONCORD.

See the vast stock of everything you need in equip-
ment and parts...see them in the new, comprehensive
Concord Catalog, just off the press.

Your copy is ready...and it’s FREE. Rush coupon today.

Yes, rush FREE COPY of the comprehensive new Concord Radio Catalog.

CltY sy oams oy B s s bwm mo oo m o cmami ICC a» v nsmpissns spanss Fngwaredl
-----------------------------------..--.--J

90 50 0 0 O 0 0 0 0 0 O Y O
CONCORD RADIO CORPORATION
901 W, Jackson Blvd.

Dept. RC-56, Chicago 7, I1l.

523



OL’ PROF. SQUEEGEE DID THE JOB

E . 000 rorea-
Professor Oswald Z. Squeegeeispeeved. iy e Professor ¥ forsn €T pnen B Sgrer ord ¢ had b =°":dn,l' 1¢ was the Othe
op. T oustys ully —bu! “
Extracts from a recent letter carefully fot ‘°“':d:.,d chewed i V& pably  smeshedt e up—nor e AORL st
mis d continue™ rob# thst he .
typed on asbestos paper and perfumed :{el"d bis thEOst #9050 ko S alphs Of condens®t i h, the At ; Andee che scrsin of
H * g 3 2 . 8 L Teas IR L Sure PR
with brimstone follow: "Listen here, you Th‘: e unit of 31 m:::;.,u Wy m‘f“":'ﬂe connected— h““::;:omnl perfecthy: gy
. . . 2 dot'ts ! lest ide put {9 rofessots
jerks. lsn't it about time | got credit as everyibinB =t L e s < B pert, it 188 over 609 z‘;; ontinue l:To-?O““""'.'"“
N . et W A at o “The * inst ) Y
the first man, or reasonable facsimile ”ﬁ":‘-.':nan o e st of ¥ y ,:caauv protecte -,.'f:: ¥ 'm'-’.hx‘:e
i %\ e, he saistt e and whateos Tlosding 1%
thereof, ever to smash the Atom? Blow Hood bit tike © if you evet smled qure, hest ec of over
¢ 00 aduste—if ¥ as l00B P . mois crely s mott X
) when Yo B ¢, we wont Arom is 00t ™ o is this’ 2 3iE0
fth.e dust ?ﬁ‘ your files onfi you'll find | 1 How t© smtah Ve o:‘e‘v:“l with an AT mash ihe A:’ i hunn:ve:“h i
did the job way back in 1940 long scientists 105 oy Tasterd: T gprague AT The professOf B (e oo gwinin® P gty ath
:qto om—= 1 e n C25€ 3 houting
before most folks even knew an atom 80 000 fereo propristely B ~useonty pee 30d ¥ aon the
X d eoirely 4t yic C°“dc"’°"d::‘bﬂil¥‘ This. h::’ st of 8 woodth°:‘ che blunt end do¥
from a dehydrated potato. .. i Dy EIecealis and wresc S e mas e while B bf°:“=m it st
for its & e of m e n and 2 feefully 100 nl
R . \ er, is & WP° & smash it or foslly Atom=—3E! ceeched: tve NE
Anc:I ol" Prof. Sc?u:egsee is ngh;! Here- et ore Vm BT, the Proles™ “There! “;’: wyeve 4o gemlemese
“with is reprinted the Sprague advertise- Ui ¥
et

ment of almost six years ago wherein
mention was first made of his startling
achievement. Credit where credit is due!
[NOTE: Sprogue Atoms ore even better today
than whep Prof. Squesgee performed the now

famous experiment. Would he occept a chollenge
to repeat it now?)

SPRAGU PRODUCTS COMPANY

NORTH ADAMS, MASS.
JOBBING DISTRIBUTING ORGANIZATION FOR PRODUCTS OF THE SPRAGUE ELECTRIC CO.

524

RADIO.CRAFT for MAY, 1946



Big Boom ;
roac asrt?n" i “\‘\\\_\_\“\\

e e

\&\M\.‘&gﬁ-“" ~

N7 RA

ELECTRONICS DeFOREST'S
MODERN'‘A-B-C’’wAY

Plan your future the way business men do: Watch the headlines!
Pick a field that’s “in the news”—one with many opportunities
for interesting, PROFITABLE EMPLOYMENT or a good
chance for establishing a BUSINESS OF YOUR OWN with
little capital. Pick a field that offers » variety of interesting oppor-
tunitics—a field with one of America’s most promising futures . . .
and see how you may MAKE YOUR START TOWARD A
PLACE IN THIS FIELD BEFORE JOB COMPETITION
BECOMES ACUTE. Write for DeForest's Big, Free, Hlustrated
Book—*VICTORY FOR YOU.” Learn how DeForest’s prepares
ou at home, in your leisure time—without interfering with the
work you are now doing—then helps you make your start in
the vast BILLION DOLLAR Radio-Electronics field.

] You Get EMPLOYMENT SERVICE

e Y R40io oy
S“““““\v\;\\w POISED £az Tﬁ

- . ﬁt b/
S— DeForest’s Employment Service offers you the advantage of long

(= , and favorable contacts with some of America’s foremost Radio-
e | [ Electronics concerns. “VICTORY FOR YOU” tells you how
" this Service has helped many to their start in Radio-Electronics.
= ‘ . You'll see how DeForest students and graduates are prepared

to win and to hold good paying jobs—how DeForest students
start businesses of their own with little, if any, capital.

4 L A y”
You “LEARN-BY-DOING DeFOREST'S WELL-ILLUSTRATED

at Home with Practical Equipment | TraiNiG 1IN

CLUDES IN- LOOSE-LEAF LESSONS

Enjoy a “Home Laboratory.” DeForest’s provides 8 BIG KITS STRUCTION IN
OF RADIO ASSEMBLIES AND PARTS to give you valuable MOTION PIC- | DeForest’s provides 90 loose-leaf lessons pre-
practical experience at home. Build modern Radio Receivers and TURE SOUND | nored ypder the supervision of the man often
Circuits that operate. Build Electric Eye Devices, an Aviation EQU“;“{)EN}IQ"I‘, referred to as the “Father of Radio”—Dr. Lee
Band Receiver, a Public Address System, a Wireless Microphone ¥E‘}.EVISION DeForest, inventor of the Audion Tube, and
and numerous other fascinating experiments—in fact, 138 in all, *** | holder of over 300 important patents. . ., ACT
in your spare time at home. NEW colorful Kit Supplement tells PROMPTLY! See how you can learn Radio the
you about DeForest’s “Home Laboratory,” and hpw you use modern A-B-C DeForest’s way—by
valuable Radio parts and sub-assemblies to get rea) practical  Reading . . . by Doing. . .by Secing at
experience as you learn. Home. Mail coupon Now! ; W_““.' d

Home MOVIES Help You DEFOREST’S

Learn FASTER...EASIER
TRAINING INC., Chicago, III.

With DeForest’s, you use a genuine DeVRY 16 mm. Mo-

tion Picture Projector and exciting training films to help

you learn some of Radio’s fundumnentals FASTER . . . DeFORESTS TRAINING, INC
2533-41 N. Ashland Ave., Dept. RC-C5

Chicago 14, Illinois, U. S, A.

EASIER. SEE what happens inside of many
Send me both your big book “VICTORY

circuits you are working on. SEE how electrons
function. SEE how RADIO waves

FOR YOU” and Kit Supplement, showing

how I may make my start in Radio-Elec-

are changed into sound. Get De-
tronics with your modern A-B-C home training plan. No obligation.

Forest’s big, free book! Use it as I
a key to show you the way to I
Radio-Electronics job opportuni-

ties of today and tomorrow—the op- =

portunities the headlines tell about. A — Age
Address__ ipt.
SEND FOR FREE BOOK City Zone. Staie
4 o SUPPLEMENT TODAY! 3 if_undcr 16, check here for apecial O If a discharged veteran of World
o information. War IL, check here.
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@ A "SEARCHLIGHT” TO
FOCUS RADIO WAVES

In the new microwave radio relay
system between New York and Boston,
which Bell Laboratories are develop-
ing for the Bell System, giant lenses
will shape and aim the wave energy as
a searchlight aims a light beamn.

This unique lens—an array of metal
plates —receives divergent waves
through a waveguide in the rear, As

they pass between the metal plates
their direction of motion is bent. in-
ward so that the energy travels out as
a nearly parallel beam. At the next
rclay point a similar combination of
lens and waveguide, working in re-
verse, funnels the energy back into a
repeater for amplification and re-
transmission,

A product of fundamental research
on waveguides, metallic lenseswere first
developed by the Laboratories during

4 I'I I'.
1 |"”

ll I‘ ‘“

4w 114‘..1:1.!"
Vel 0933000 Y 24w

the war to produce precise radio beams,

This “searchlight” is a milestone in
many months of inquiry through the
realms of physics, mathematics and
electronics. But how to focus waves is
only one of many problems that Bell
Telephone Laboratories are working on
to speed microwave transmission. The
goal of this and all Bell Laboratories
rescarch is the same —to keep on mak-
ing American telephone service better
and better.

BELL TELEPHONE LABORATORIES

Research and Development in Telephony * Telegraphy * Television ¢ Wire Transmission ¢ Radio ¢ Aided by Physics ¢ Chemistry ¢ Acoustics * Mathematics
Electronics. * Metallurgy * Magnetics * Microchemistry * Electron Dynamics * Spectroscopy * Vibration Mechanics * Stafistics © Crystallography
Fundamental Studies in Speech and Hearing * Lubrication * Contact Alloys * Electrical Measurements * Corrosion and Decay * Quality Control
Design of Antennas * Cable * Capacitors * Coils * Cords * Dials * Microphones * Networks * Outside Plant Apparatus * Resistors ® Vacuum Tubes
Circuit and System Design for Crossbar * Panel * Step-by-Step * Monual * Amplifiers * Modulators ¢ Oscillators * Repeaters * Gain Control
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Grasp the N

ELECTRON

EW OPPORTUNITIES in

ICS AND

' TELEVISIONNOW/

MODERN ELECTRONIC
LABORATORY FOR YOU
T0 USE AND KEEP

The vary essence of National Shop meth-
od Home Training is EXPERIENCE. You
get the actual experlence by working with
modern Radlo and Elcctronic squinpment—
bullding eircuits and Instruments. You may
ulld 8 fine. Jong _distance MODERN
SUPERHETERODYNE. signal generator,
miniature radio transmitter, audio oscil-
lator—many other full sized, actual, oper-
ating pleces of equ.pment and Instruments
—conduct catheds ray and hundreds of
other experiments. This exPerimental labor-
atory work advantes with your training and
you acetually learn by dolnz. Send the cou-
pon and get the full detalls of how such
an offer can be made.

Get one of the thousands of NEW
JORS that demand now teehniques and
methods 1n modern radlo. Get your
share of the: NEW BUSINKSS that
Servicing the new sets and equipment
demands. Experls agree that Radio
Televislon and Electronics presents the
next great Industrial boowm!

Radle 1s expanding farther and
faster thab ever with greal improve-
ments In qeception. Nadar 1s already
a 2-billon doilar a year huslness. No
onc knows yet how great the Televlslon
market will be. Electronics touches
almost every walk of lfe—In Industry
and in the home.

TURN YOUR INTEREST IN
RADIO IN1O A CAREER THAT
WILL ASSURE YOUR SUCCESS.
Mail the coupon below for a list of
the Ereat opportunities In this fleld—
today and In the near future.

Get the Proper Tralning

The good jobs in Radle Electronles
now po to the men who are equipped to
handfe them, It takes trailning and ex-
perlence. Natlonal Schools, one of the
oldest and best established technical
trade schools in the country, makes it
pogsible for you to get this training
and exPerloncs right In your own home
IN YOUR SPARE TIME.

Learn right! Get
the latest short

cuts, trade secrets,
straight information.

Tralning wins good jobs, In-
dependence and securlLy quick-
ly. Take the word of Na-
tional men who have estab-
lished reeords In their favorlto

National Shop Method Home r

writes: *'My lat-
est offer wag §5,-
800.00 as Radjo
’hoto Engincer
but I'm dofng well

See What National Training
Has Done For These Men!

. . . Keep up the good work.”’

tadlo, Television, or other
hranches of Electronics:
Joseph Grumich,
k'aé(cw f]“ea\;'aslgn): Rohert Adamsen.

Kearney, Nebras-
ka, National
graduate, has two >
radio johs—makes o
double pay as a [
radio instructor

From 0. K, Ivey,
Washington,
D. C.. comes this
endorsement;  *'1
belleve Natlonal
ofers thebest
course to be had

-

experience.

National Schools.
4000 South Flgueroa Street, Los Angeles 37, California

Natfonal maintaing one of the big-
kest resident tralning sheps and lab-
oratories in the Unlted States where
instructors, scientists and engincers are
worklng constamtly to improve and ad-
vance training mietlieds, SO MISTH -
OD HOME TRAINING Is a logleal
extension of this braciical system.

FREE lesson that shows you how
practical and systemntic—how sound,
simple and easy this new training
method is will be sent you without
obllgation. You may keeb and use this
lesson as you see ft. FIIN out and mail
the coupen below,

Investigate this Propesition

Where do you stand today in modern
industrial progress?.\Wiyt does the fu-
ture hold for you?! You owe yourself
this opportunity, It nay never come
akaln.” With Natiopal training YOQU
GET AHEAD FAST—you may step
Into a good position or start & business
of your own, with }ttle or no capital,
even before you complete your National
course.,

Fit yoursell for a career of inde-
pendence. good carnings. a lifetime of
Buccess and security jn one of tho fast-
est growing flelds In the World, But
make up your own mind. Get the In-
formation first hand. Put your name
and address on the coupon and mail
It today.

- Get This Book

FREE

This big book presenis the
facts about the fleld of cleo-
tronies and your opportunitles
in It together with full infor-
mation about the advanced
National Tralnlng. Read it
and make up your own mind
that Natlonal * Training w.ll
eauip you for a great future.
No salesman will call or you
from WNational. The book is
FREE with your sample les-
son. Send the toupon or writs,

NATIONAL SCHOOLS

LOS ANGELES 37, CALIFORNIA EST.19205

Dept. RC-5

Mail me FREE the twa books mentioned in Your ad inctuding a samvle lesson of vour coursc.

Modern Radio —F M broadcast and reception—
Television — Radar — Industrial
power, control, communications—new equipment
and methods demand new technical ability and
Keep up to date with the latest.

Electronics;

Shop Method Home Training

By a Great Established Resident School

FREE
LESSON

{Mail in envelope or paste
oft pennY post card)

;\'hére. 1 ]m A vnsnned.v 1 D TR e 1 understand no salesman wili call on me
ffgm?e-?py Indebted to Na- KGFW. Me writes: *I am

broud of My National train-

f----h---

Here's 1 state- ing and appreciate the co- NAME .......... B a1y A D 5 o S e e Simie AGE. p=pbtiakoras

ment from R. R. operative spirit.”’

\Vﬂgll):’.lﬂlucnk-

foot, Idaho: **Duc

to my tralning at Read what hundreds of other ADDRESS L. 0 bidli o htls amps D I I -

Nnt!ons.'( 1 x;as enl,husla!l'ic ;“"":anﬁs have

sclecte to ne written about Natlonal Train-

6truct In the lrhoratory work ing. Send in ¥your coupon CITY Eadd dofkie di ok & & freaseeiaiciseseeersssesasass.s STATE. ... .. T et e .

of Navy and Marines.” today. Inciude Your zone number
------------------------------------------------
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"a .. zedimen: Here’s How Gapitol Radio
Can Prepare You Now for a Better
Job and a Secure Career in Radio-

CREI home study training in Practical Radio-
Electronics Engineering equips you with the a_bllity
to go after—and get—a better job in radio-engineer-
ing that offers security, advancement and importance,

We are now entering a period where employers
can once again afford to be “choosey” in selecting the
best-qualified men for the important jobs to be
filled.

In our proved course of home study training, you
learn not only kow . . . but why! Your ability to solve
tough problems on paper, and then follow with the
necessary mechanical operation, is a true indication
that you have the confidence born of knowledge . . .
confidence in your ability to get and to hold the type
of radio job you want.

CREI courses have been studied by more than
10,000 professional radiomen—so don't say YOU
haven't the time. CREI courses are designed to be
studied in the most crowded schedules—without in-

CRE| Training for Veterans is Approved Under the "G.L" Bill

CAPITOL RADIO Engineering Institute

E. H. RIETZKE, President

Dept. RC-5, 3224—16th Street, N. W., Woashington 10, D. C.

Branch Offices:

CHICAGOD (2). ILL.
30 N

YO CiTY
NEwl B @ . LaSalle St

70 Broadway

" add CREI Technical Training to |
Your Present Experience—Then
Get that Better Radio Job You
Want —More Money, Security!

SAN FRANCISCO (2),
CALIF.. 760 Market St.

E:

terfering with your present work, yet helping you
as you progress lesson by lesson.

Now you can read what these typical CREI stu-
dents have to say. They are men who had the
initiative to get started on their own betterment
program toward better jobs and more money. You
have the same opportunity. It costs you nothing
but a moment’s time to send for complete details in
free book.

“] give CREI full credit for my securing the position as Asst.
Chief Engineer .. ."”
W. H. MEINERS, 420507

“In the past 7 months I have received 3 increases in salary and a
promotion that can be partly credited to CREI .. ."”
C. B, McKNIGHT, 401101

“There are mahy times
where what I am study-
ing in the course works
right in with the imme-
diate problems of my

job ..
C.L.CARPENTER, 411024

* WRITE
TODAY for
FREE
BOOKLET

“Your Opportunity in the
New World of Electronies”

If you have had professional or
amateur exberience—let us prove to
you that we have something you need
to qualify for a better radio job. To
help us to intelligently answer Your
inguiry—I'LEASE STATE BRIEFLY
YOUR BACKGROUND OF EX.
PERIENCE., EDUCATION AND
PRESENT POSITION.

SAN DIEGO (1), CALIF.
316 C Street

NATIONAL HOME STUDY COUNCIL @ NATIONAL COUNCIL OF TECHNICAL SCHOOLS IR
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RADIO INDUSTRY UNFAIR?

Faets in the case of Ex-Servieeman vs. Radio Manufacturer :

ceiving an increasing number of communications from

ex-servicemen who write bitter letters indicting the

radio industry—from manufacturer to distributor on
down—accusing it of unfair practices in shutting out serv-
icemen from sharing in the radio business, to which they
believe themselves rightfully entitled.

Many servicemen state that they sold their own radio
business, then went into the service, only to return and find
that they are now shut off from their former and other sup-
ply sources. Some state that upon returning home, they
opened a new store, or a new establishment, and since then
have fought a losing battle to secure representation for
some radio set or some radio supplies.

They wrathfully contend that they meet with no success
and that the usual answer is: “We are extremely sorry, but
we have no open territory at the present time, and cannot
open new accounts now.”

Naturally, the men cannot be blamed for voicing their
extreme annoyance at all this. Many state that they are
the holder of a Silver Star, Air Medal, Purple Heart, and
similar decorations, and they feel that the radio industry
has let them down badly. They usually end up by stating:
“What really did we fight the war for?”

Frequently the letters become extremely caustic, as has
been attested by a number which have been printed in
RaDI0-CRAFT'S “Communications” section.

It is not a simple matter to dispose of these letters with
a blanket answer, because most cases differ and no single
answer could possibly cover all of the different ones.

Unfortunately, many of the ex-servicemen who write
these wrathful letters are not quite fair themselves. In the
first place, many of the writers never had a radio set agen-
¢y before they went to war, and they, therefore, do not
understand the requirements of most radio manufacturers.

There is first the matter of credit. Radio set manufactur-
ers give agencies or dealerships only to those who are finan-
cially responsible, because the radio manufacturers do not
do a cash business. That means that the customer is usu-
ally billed on, say 30 or 60 days’ credit, as the case may be.
If the store proprietor has no financial rating, the manufac-
turers naturally will not be inclined to extend credit. That
is true in every line.

The ex-serviceman appreciates the fact that just because
he served his country, and served it well, it does not follow
that this entitles him to a financial credit if he has no estab-
lished credit.

We believe this to be elementary, but it is often lost sight
of. We know as a fact that many ex-servicemen, who had
been in the business before, and who had a credit standing
previously, find little difficulty in re-establishing themselves
with their old suppliers. It is when a new man, who had
no previous credit standing, comes along that the difficulty
begins.

Not so Tong ago we investigated a deserving ex-service-
man who had written in to us in a similar vein as that point-

For 2 number of months now, RADIO-CRAFT has been re-

ed out above. He, too, bemoaned the fact that he could not.
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get an agency. We ascertained that this man did not have a
regular store, but was a radio serviceman. He owned a tiny
establishment and was strictly in the repair business be-
fore the war. He had never handled radio sets before. His
location was also against him because he was in a residen-
tial section where there are no stores. For this reason the
radio manufacturer could not grant a dealership to him.
This man’s credit standing, however, was favorably known,
and the set manufacturer suggested to him that if he could
open a new store somewhere near or in a business section,
where there would be a chance of selling quantities of sets,
they would be interested in granting a dealership. From
this it will be seen how difficult it is to judge such cases. No
two are alike.

Then once more, we must come back to what we said edi-
torially in our November issue—the approach of the ex-
serviceman to the manufacturer.

In that issue we stated that no manufacturer will pay
any attention to handwritten letters on blank sheets of
paper. It is a serious reflection on the ex-serviceman who
has not sufficient pride to get up a good letterhead and at
least keep up appearances. We find that many of the letters
which arrive here—and among these are the most bitter—
are badly composed and are rarely on a decent letterhead.
No one, therefore, could be surprised that radio manufac-
turers or their distributors pay scant attention to such un-
businesslike communications.

Some of the writers seem to have an idea that Rapio-
CRrAFT will always defend the radio manufacturer no matter
what he does. That, of course, is not based upon facts.

Unfortunately, it IS true that a number of radio manu-
facturers today have so much business that they can be
choosy. They usually are understaffed, and if some minor
clerk gets a letter which he does not consider of sufficient
importance, it may go unanswered.

On the other hand, it must also be admitted that deserv-
ing ex-servicemen, who have a satisfactory rating, have also
been turned down. Here the fault does not lie with the ex-
serviceman, but with the manufacturer. Unfortunately, too,
there are a number of unpatriotic radio manufacturers in
business, and they deserve severe censure. However, it must
be said that if the case of the ex-serviceman is intelligently
put before a higher official of 2 radio manufacturer the ex-
serviceman usually will get what he was after.

Just writing one letter does not turn the scales of success.
A personal caill may be necessary. There is also the tele-
phone. If the ex-serviceman uses his ingenuity and his re-
sourcefulness and can get the attention of a manager or
assistant manager, we feel certain that his cause will, in
most cases, get the attention that it deserves.

The ex-serviceman must understand that thousands are
fighting for the same thing that he is, and it is often quite
impossible for an official to know who is an ex-serviceman
and who is not. It is up to him to use sufficient pressure and
resourcefulness to make himself heard.

All of this, however, is only half of the story. What good

(Continued on page 559)
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BROADCASTING VIATHE MOON

from one part of the earth to another,
described in last month’s issue of Radio-
Craft (page 503) as a Gernsbackian
prediction from the year 1927, may
become a reality if a plan anncunced
last month by Federal Telephone and
Radio Corporation is put into effect.
Scientists of that company consider the
establishment of communication between
distant points on the earth by using
the moon as a reflector “entirely feas-
ible in the not-too-distant future.”

It is obvious that a transmission
emanating from any point, beamed at
the moon and reflected back to the
earth, would strike all points on the side
of the earth turned towards the moon
with substantially equal intensity. Since
the radio waves strike the receiver from
above, natural obstacles between the
transmitter and receiver would have no
effect. Therefore, the blocking action
of the curvature of the earth, moun-
tains, cities and other obstacles to high
frequency line-of-sight transmission
will be eliminated.

The range of a powerful television
broadcasting station would be hemi-
spheric. Reception of American tele-
vision broadcasts would be equally good
throughout South America, Canada
and Alaska, as well as Europe and a
large part of the Pacific. The only re-
‘quirement would be that the receiver
be within sight of the moon at the same
time as the transmitter. More remote
stations would therefore, have less
available time for reception, "and the
maximum operating time for any sta-
tion would be 12 hours per day and
regularly changing. This is a factor with
.which radio and television have not
heretofore had to contend.

The advantages of moon-reflected
transmission would be manifold, espe-
cially those due to the use of very high
frequency transmission allowing for a
considerable number of channels. At
present the band width of the receiver
is narrow, thereby limiting the trans-
mission to code messages, but probably
future developments will overcome this
disadvantage, when higher power trans-
mitters become physically and econom-
ically feasible. Fantastic developments
may then enter the realm of reality.
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FM DX RECORDS were hung up dur-
ing a contact last month between an
electric power company station in Win-
nipeg, Canada, and an ensign on the
USS LC1 1000, at the time 200 miles
south of Jamaica.

A long conversation was carried on
without difficulty over this distance,
which is more than 2500 miles. More
remarkable was the fact that the set
used on shipboard was a low-power
Navy portable with a normal range of
approximately 15 miles. The Winnipeg
station was a larger unit used to com-
municate with outlying power stations
as well as with service and repair
cars.

“NUCLEAR NONSENSE"” was the
description applied last month to the
popular idea “that atomic energy will
presently displace all other known
sources of power,” by H. C. Meyer,
president of the Foote Mineral Co. The
energy is there, he stated, but in the
light of our present knowledge, like the
gold in seawater, it costs more to get
it out than it is worth.

A second fallacy attacked by Mr.
Meyer was the supposition that secrecy
concerning atomic power can be main-
tained by legislative action. “It is utter
nonsense for any group or nation to
attempt to control the knowledge of
atomic energy developed during the
war,” he said. “Explosive atoms and
explosive ideas cannot be imprisoned or
outlawed by government edict.”

AMATEUR CONTACTS on the mi-
crowave bands were reported last month.
Amateurs W6BMS and W2LGF, using
the 52560 to 5650 megacycle band, were
able to establish contacts over a distance
of 31 miles. This is the first reported
use of these bands by anyone other than
military and commercial services.
Parabolic reflector antennas and Klys-
tron tubes were used in the apparatus.

Signals transmitted
from a single point on
the earth would be re-
flected back from the
moon in & broad wave
which would almost
cover a hemisphere.
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THE MEDAL FOR MERIT was pre-

sented last month to Brigadier General
David Sarnoff, RCA’s president, by
Major General H. C. Ingles, Chief Sig-
nal Officer of the Army, who represented
President Truman at a presentation
ceremony held at Radio City, New York.

General Sarnoff was previously
awarded the Legion of Merit on October
11, 1944, for ‘‘exceptional meritorious
conduct in the performance of outstand-
ing service” when he was on military
service overseas. The present decoration

Maj.-Gen. H. C. Ingles and.Brig.~Gen. Sarnoff.

was a tribute to his civilian activities as
head of a great radio corporation. The
citation, signed by President Truman,
said (in part): Mr. Sarnoff placed the
full resources of his company at the dis-
posal of the Army whenever needed, re-
gardless of the additional burden im-
posed upon his organization. He en-
couraged key personnel to enter the
service, and at his direction RCA engi-
neers and technicians rendered special
assistance on numerous complex com-
munications problems. He fostered elec-
tronic advances which were adapted to
military needs with highly beneficial re-
sults. The wholehearted spirit of co-
operation which Mr. Sarnoff inculeated
in his subordinates was of inestima-
ble value to the war effort.

HAM STATIONS are again being
licensed, it was announced last month
by the American Radio Relay Leaguc.
The FCC has resumed licensing of am-
ateur radio stations after suspending
this service at the outbreak of the war.

Prior to Peayl Harbor, therc were
60,000 amateur radio station licenses in

" the United States. It is estimated that

this number will increase to 250,000 in
the next five years due to the upsurge of
interest in amateur radio¢ communica-
tion created by the war.
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PLANE-BORNE TELEVISORS were
valuable as reconnaissance agents in the
Pacific struggle, it was revealed last
month at a Navy demonstration at
Anacostia, D. C. Two types of televisors,

L

The compact

Ty, LS
"Block" camera unit out .of
its base.

Official Navy Photo
Scene on the Potomac ‘televised from a plane.

the “Block” and “Ring” systems, were
demonstrated.

The Block transmitter is a camera
weighing only 75 pounds, and is de-
signed for short-distance work. The
Ring transmitter is a larger unit, de-
signed for long-distance work, uses tweo
cameras, weighs upward of 500 pounds,
and is capable of high-quality television
production. In tests over Washington
last year, Ring transmitted excellent
images over a 200-mile radius from
an altitude of 22,500 feet. Even at dusk,
it was possible to observe movements
of traffic and recbgnize landmarks with-
out difficulty.

Wartime use of thé two systems in-
cluded as ‘“eyes” in remote-controlled
planes, flying bombs and “crash” boats;
observation of gunfire, mapmaking and
general reconnaissance work; transmis-
sion of messages, maps and charts, be-
tween ships or aircraft.

Planes transmitted from 6,000 feet
views of Baltimore and other 'scenes
(one of which is reproduced here) to
Navy and Press representatives at the
Naval Air Station in Anacostia. With
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ten channels an equal number of planes

can transmit ten similar views of a

battlefront to screens -at a General
Headquarters, giving staff officers a
complete view of the scene. (The pic-

_ ture is reminiscent of one pictured in

The Exzperimenter for November, 1924,
in which Hugo Gernsback envisioned a
six-panel screen, on which Army officers
would view television images from each
of the six cardinal directions, mean-
while directing the plane by radio.con-
trol. Both the television and the radie
control features were actually used dur-
ing the later stages of*the recent war,
press representatives were informed.)

Brigadier General Sarnoff, president
of RCA, which developed the system in
cooperation with the Navy, predicted

| wide peacetime use for the equipment.

Among other~ applications, he pointed
to: revolutionary television news cover-
age over short and long distances from

¢ cars, boats, planes-and helicopters; safe-

guarding the lives of test pilots by re-
placing them in experimental planes
where there is a risk element; trans-
mission of terrain images to incoming
planes (or ships) whose pilots might be

unfamiliar with the region; industrial

applications as watchers where peril
from heat, chemical or radioactive proc-
esses or other causes would render hu-
man observation impossible; and ex-
ploration, either over hazardous terrain
or deep beneath the ocean surface.
This. latter application is adapted to

recovery of sunken treasure at depths

too great for divers, or for monitoring
machines working under water.

MESONS produced artificially for the
first time in a laboratory were an-
nounced last month by General Electric
engineers. Using X-rays. from the com-
pany’s new 100,000,000-volt betatron,
physicists have succeeded in producing
this short-lived particle heretofore
found only far above the earth’s sur-
face. The betatron has opened to science
a new energy range, between 40 and 100
million volts.

The meson, hitherto known only
through cosmic ray studies, is a particle
considerably: more massive than the
electron, though lighter than the proton.
Mesons are produced in the atmosphere
high above the earth’s surface by the
primary- cosmic radiation from outer
space and last, on the average, but a
few millionths of a second.

ICEBERG DETECTION with war-de-
veloped radar and loran will be a fea-
ture of the re-established International
Ice Patrol, it was announced last month
by the Coast Guard. The Ice Patrol,
which maintained a continuous watch
of the danger areas of the North Atlan-
tic during the iceberg season, was dis-
continued in 1941, though a careful esti-
mate of ice conditions was maintained
throughout the war for the benefit of
naval vessels and convoys.

The radar will assist in locating ice-
bergs during periods of low visibility.
Loran will give the exact location of a
berg as soon as discovered. This is im-
portant. In the past, patrol vessels have
been fogbound for days. Then position
had to be determined by dead-reckoning
and radio - direction - finder bearings.
With the use of loran, the patrol ves-
sel’s position can be determined within
approximately one mile and warning
given of the position of an iceberg
sighted. Loran will also afford a more
efficient means of tracking bergs in their
daily movements.

A constant patrol of the region will
be maintained by aircraft and specially
equipped cutters. Airplanes of the B-24
type will be used by the aerial watch.
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SCENES PICKED UP BY AIRBORNE
TELEVISION SYSTEM ARE
TRANSMITTED INSTANTANEOUSLY
IN ANY DIRECTION TO REMOTE
RECEPTION CENTERS
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DEMONSTRATION DEVICES

A.C. Phase and Vectors Made Visible

REQUENCY modulation or FM is

famed for staticless, high fidelity

reception; and has been rapidly:in-

creasing in importance, promising
even greater growth in the future. The
discriminator and limiter constitute the
main differences between amplitude mod-
ulation receivers and FM receivers.
Discriminator circuits are also part of
automatic frequency control or a.f.c.
systems, as well as being employed in
some FM transmitters. This import-
ance of discriminators merits some time
and effort toward understanding their
action.

The Foster-Seeley discriminator pro-
duces voltage reversals from radio fre-
quencies changing at an audible rate,
by using certain phase relationships.
To make these phase relations more
readily understandable the radio fre-
quencies are slowed down from millions
of cycles to about forty cycles per sec-
ond and the modulation or changing
of this frequency is slowed down from
audio rates ef thousands per second to
a manually controlled change spread
over many seconds. This slowing down
enables the carrier phase changes to be
studied by stroboscopic illumination.
The voltage changes, resulting from the
modulation of the carrier frequency, can
be observed by the unaided eye.

AC VECTOR REPRESENTATION

The first requisite in understanding
discriminator operation is a knowledge
of the effects of capacity and inductance

upon the phase of alternating current.
Facility in using the concise and con-
venient representation of alternating
current by vectors is also a great asset
to student and engineer.

Photo A shows a device described by
C. V. Drysdale in his book “The Foun-
dations of Alternating Current Theory”
(Edward Arnold—London), for draw-
ing alternating current or voltage
curves identical to the sine curves ob-
served experimentally on an oscillo-
scope. The pencil which traces the sine

_curve is actuated by a Scotch yoke (not

a Swedish dialect pun) but a slotted
T mechanical linkage driven from a pin
inserted at the tip of an arrow which
is a radius of a disc rotated by hand.
The disc’s shaft, after passing through
a supporting bearing, carries two worms
from an old dial drive. Dial cable se-
cured to, and winding around these
worms as a capstan, passes around pul-
leys mounted on the back of uprights
at each end of the frame, to terminate
on the sliding board which carries the
paper. Thus as the disc turns the dial
cable pulls the sliding board and paper
along to provide the time axis of the
sine curve. Note that the sliding board
has most of its sides cut away so that
it bears on the guide grooves only at
its four corners. This is done to reduce
friction.

With this device draw a sine curve
by rotating the wheel. Then draw a
second arrow 120 degrees or one third
the way around the disc from the first

William K. Allan is a Western
Canadian, making his home in
Calgary, Alberta. After graduating
from McMaster University, Ham-
ilton, Ontario, he joined the staff
of the Electrical Department of
Western Canada High School, tak-
ing graduate courses in vocational
education at Colorado State Col-
lege.

During the war years he served
as civilian instructor for army,
navy and air force trainees; at
present is ¢conducting an electronics
course for the local International
Brotherhood of Electrical Workers.
He specializes on odd jobs in elec-
tronics and physics, for examble
designing and servicing electronic
musical instruments, constructing
a portable radiation detector, ete.
Is on the roster of the Bureau of
Technical Personnel; an amateur
with -the call VE6KQ: and an
Associate of the L.R.E. He is
known to Radio-Craft readers
through a number of articles on
electronic organs, the last of which
appeared shortly hefore the war.

arrow. Insert the Scotch yoke driving
pin‘at its tip, and trace a second sine
curve, which with the first curve drawn
represents two phases of a three-phase
alternating current. When two three-
phase sources are connected in additive
series, what is the total voltage? Well,

Photo A—The Scotch Yoke for demonstrating alternating current.
Below, Fig. |—The three Strobotrons with their power supplies.
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draw a zero axis on the paper, and at a
number of points along this axis, add the
heights of the two sine curves, treating
distances below this zero axis as nega-
tive, Joining all points so located by a
dotted line, results in a new sine curve
of the same height half way between the
two already drawn., Thus 1 volt when
added to 1 volt differing in phase by 120
degrees produces 1 volt. An example of
this in practice is found in a 3-phase
delta connection where series addition of
220 and 220 volts results in 220 volts.

This answer so laboriously obtained
can be found immediately if either ar-
row is moved only along its own length
or diagonally sideways, without chung-
ing its direction or length, until its tail
is on the point of the other arrow. With
a pin at the peint of either moved ar-
row (if moved sideways to the positions
shown by the white lines) a sine curve
is traced which is the sum of the two
curves represented by the arrows, as
shown_in the photo A.

Now a quantity which requires direc-
tion as well as magnitude to describe
it is called a vector. For example, volt-
age, velocity and force are vectors
whereas mass, density and volume are
nen-vectors. Thus we have a mechanical
proof that alternating voltage may be
represented by a vector (arrow) imag-
ined to be rotating counter-clockwise,
with perpendiculars from its point to
the starting line, giving instantaneous
values of voltage. BY PRESERVING
BOTH DIRECTION AND MAGNI-
TUDE, VECTORS MAY BE ADDED
IN PLACE OF THE SINE CURVES
THEY REPRESENT.

THE VECTORSCOPE

Having vector notatien clearly in
mind, let us now put it to use to de-
scribe the effect of condensers and coils
on alternating current and voltage.
Photo B shows a vectorscope described
by Lawrence G. Betz in the February
1944 issue of Electronics, It consists of
an arrow which is a radius of a disc
rotating clockwise 60 revolutions per
second. (A set of 2-1 silent, fiber, auto-
mobile ‘timing gears on an 1800 r.p.m.
synchronous motor from an obsolete
mechanical X-ray rectifier is used.)

Three SN4 or 631P1 strobotrons, or
cold-cathode neon-filled tubes, are each
connected across a condenser kept
charged to just below the strobotron’s
ionizing voltage, by three independent
d.c. power supplies, A positive charge on
any strobotron’s grid causes its neon
gas to ionize, so discharging its con-

Photo C—Demonstration board with stroboscope unit in foreground.
Fig. 2—The discriminator action is similar to that of a fre-
quency-modulation detector, but at very much lower frequencies.
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Photo B—The Vectorscope. Lett—The revolving arrow. Right—Stroboscope illuminating unit.

denser with a current of hundreds of
amperes lasting a few millionths of a
second but producing a very intense
flash of light of such extremely brief
duration as to apparently arrest the
motion of any object illuminated by it.
The grid and cathode of a strobotron
are connected across: a coil, a resistor,
and a condenser, which are in series
across the 115-volt 60-cycle line. See
Fig. 1. They are visible behind the
headlamp housing

— s s i e

stationary at the point of its revolution
when the a.c. is most positive. If neces-
sary, stop the motor and adjust the disc
so this resistor voltage veetor will ap-
pear horizontal with its tip to the right
to conform with conventional position.

INDUCTANCE AND CAPACITY
Next turn on the power supply of the
strobotron connected across the induct-
(Continued on page 568)

of the strobotrons
in Photo C.

The synchronous
motor rotating the
arrow is started
and the screen
control of the stro-
botron connected
across the resistor
is adjusted until
the peak of the al-
ternating current
sine wave creates
just enough voltage
drop across the re-
sistor to fire the
strobotron, as is
evidenced by the
appearing

arrow




MULTIPURPOSE TESTER

Is Volt, Ohm, Mil and Capacity Meter and Signal Tracer

HE experimenter will find this
seven-tube test unit very useful. It
incorporates a four-watt audio am-
plifier with a built-in dynamic
speaker; an r.f. test probe; a twin indi-
cator electron-ray tube with its separate

USRI o L L

amplifier; and a power supply. The test-
er will trace a signal from aerial to
speaker of a receiver, and give a com-
parative check of signal intensity. It
will measure voltage, current, resist-
ance, and capacity; and also test con-
densers for open and short circuits.

The test unit was built in a ventilated
metal cabinet measuring 12 x 7% x 7
inches. The chassis was made from a
14 -inch sheet of alloy aluminum meas-
uring 11 x 6% inches. Since the heavy
aluminum cannot be bent easily, it was
supported and fastened by means of
angle irons.

It is essential that extreme care be
taken in wiring and constructing the
tester. The leads should be well insulat-
ed. The jacks that are not grounded to
the chassis can be thoroughly insulated
by fastening them with live-rubber
grommets mounted in the panel.

Toggle switch Swl permits the audio
amplifier to operate either the speaker
or a pair of phones connected to jacks
J10 and J11. R3 serves as a volume con-
trol and also operates the power sup-
ply switch. The grid cap lead from the
6J7 tube should be shielded to prevent
pick-up of stray noise and hum.

534

All measurements are made with the calibrated dlal and-éA.Fb iubo

The socket of the 6B8 tube is fas-
tened to a three-foot six-wire shielded
cable. The tube must be shielded if the
6B8-G glass type is employed. Resistor
R12 and condenser C15 are mounted on
the probe assembly, but all other parts
- are located within
the cabinet. Switch
Sw2 turns on the
probe.
The 6AF6-G
twin indicator tube
) has both ray-con-
trol electrodes tied
together so that
two similar shad-
ows are produced.
The tube was
mountedonabrack-

7 in a vertical
plane. Switch Sw3
turns on the tar-
get voltage. The
6K7 tube — con-
nected as a triode
amplifier—has two
variable bias con-
trols. The 1l-meg-
ohm unit (R15),
which has no dial
or calibration,
serves to set the
shadow angle be-
fore making measurements. R16, the
760,000-ohm control, is connected to a
four-inch 325° calibrated CA precision

et with pins 3 and -

vernier dial. The latter unit is used for
measurements. The calibrated knob was
mounted on top of the cabinet, because
in this way the dial reading is not apt
to influence the setting of the “eye.”

The 6H6 tube rectifies alternating
voltages that are impressed on the elec-
tron-ray indicator circuit, so that the
image will be clear and sharp. Selector
switch Sw4 connects the various testing
circuits. When the indicator circuit is
used in conjunction with the signal trac-
ing amplifier, potentiometer R18 regu-
lates the intensity of the signal affect-
ing the indicator.

The power supply employs a 5Z4 tube
in a conventional full-wave rectifier cir-
cuit. By using jacks J8 and J9 the “B”
supply can be used to operate or test
external circuits, if the current require-
ment is not too large. The neon lamp
serves as a safety “B” indicator. If the
lamp should go out or glow dimly, the
power supply should be turned off be-
cause this would probably indicate a
short circuit or a dangerously heavy
load. If the “B” supply is being used
to supply power to a circuit to be tested,
the r.f. probe and audio test pred can
be used; but it is impractical to use any
of the other tests simultaneously.

OPERATION OF THE TRACER

Signal tracing is a very convenient
system for locating a defective stage in
(Continued on page 564)
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THE SPEAKER SHOWN IS A 5 DYNAMIC

W7V AC

(AMP

The instrument has more tubes than is usual for such a device. The 6B8-G is in the prabe
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A VERSATILE VTVM

This Small Instrument Measures Volts and Milliamperes

HE average serviceman or experi-
menter can build an electronic
voltmeter which will be entirely
satisfactory at a cost of less than
ten dollars, plus a few hours of labor.
The conventional approach to elec-
tronic voltmeters has been to employ
two tubes in a push-pull circuit to actu-
ally drive the meter. The reason given
for this is that a push-pull circuit is
needed to provide linear deflection of
the meter. This is not true—or at least,
does not have to be true.

il

The I.ine-operafed portable voli-m-iliia-mmefer.

Another current foible is that it is
necessaly to precede this push-pull stage
with still another stage in order to get
input resistances of reasonably high
values. When a rectifier is added to this
array of tubes, the total adds up to four
—and some designers go a step further
and put in a voltage regulator tube or
even two of them!

One final pet peeve is the unvarying
combination of electronic voltmeter with
an ochmmeter. Most servicemen and ex-
perimenters have some sort of a uni-
versal meter with a satisfactory ohms
scale. And two ohmmeters are as useful
and necessary as three legs. But almost
everyone has need from time to time of
an extra current-reading meter. For in-
stance, in reading the plate and grid
current in an oscillator, or in balancing
a push-pull stage by getting the current
drawn by beth tubes equal, two current
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meters are needed. Accordingly it was
decided to make this electronic voltmeter
double as a multi-range milliammeter,
and to forget about incorporating any
resistance ranges in it.

The specifications tentatively set up
called for the cheapest possible unit
compatible with reasonable accuracy
and with a high input resistance. The
unit had to be sensitive, a.c. operated,
and use the one-milliampere meter which
happened to be available.

A little thought brought the con-
clusion that a high gm tube with a
rectifier unit in the same envelope would
do the job. The 117L7 was selected—
mainly because it was available. The
117N7 would probably be a little better,
though there is not much difference be-
tween the two. The 117L7 has a gm of
5300 and a plate resistance of about
17,000 ohms when operated with recom-
mended voltages. The rectifier section
will supply 75 milliamperes, which is
ample for this purpose.

INPUT IMPEDANCE PROBLEMS

To get a high input resistance, it is
necessary to do more than just insert
20 or 30 megohms in the grid circuit of
the tube—especially of a so-called power
tube. Under normal operating conditions
the beam power amplifier section of the
117L7 should not have a resistance in
its grid circuit greater than a half
megohm—according to the tube manual.
The reason for this is that some elec-
trons en route to the plate do strike the
grid and must be permitted to leak off
without biasing the tube negatively an
appreciable amount. If the number of
electrons flowing from cathode to plate
is reduced considerably, naturally there
will be a corresponding reduction in the
number that end up on the grid. For this
reason it was decided to reduce the plate
voltage applied to the tube from the
normal 100 volts or so to about 30 volts.
In addition to that, the heater voltage
was reduced somewhat, to about 100
volts. It is inadvisable to reduce the
heater voltage much more than that,
since the rectifier half of the tube needs
a reasonably normal heater voltage to
supply the nominal 40 milliamperes
drawn from it. Under these operating
conditions it was found possible to in-
sert a total of ten megohms in the grid
circuit with no ill effects. With these
circuit parameters the tube draws a
little less than seven ma, with no signal
voltage applied to the grid.

A little experiment showed that the
tube—even with these reduced voltages
—still had a fairly high gm. However,
it was disappointingly non-linear. A por-
tion of the characteristic curve which

1946

By EDWARD"W. HARDING

was straight for two or three volts at
moderate bias, was not to be found. The
best portion of the curve seemed to lie
near a bias point of 2.5 volts, and here
only about a portion half a volt long
was really linear. In other words, the
current passed by the tube would in-
crease in direct proportion to the volt-
age impressed on the grid only if the
voltage impressed was limited to not
much more than half a volt.

AAA-.

Fig. |—First experimental voltmeter circuit.

The problem, then, reduced to finding -

a circuit which would permit applying
as much as a volt across the input, yet
would still result in linear operation. A
cathode follower circuit is one in which
the cathode voltage rises and falls in
phase with grid voltage variations. With
a cathode resistor of infinite size, it is
theoretically possible to have the cathode
go just as positive or negative as the
grid does, In practice, an actual loss in
voltage across the cathode resistor—as
compared to the voltage from grid to
ground—is to be expected. This circuit
did offer the possibility of staying
(Continued on page 578)

This rear view shows how parts are mounted.
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THE RCA ANTENNALYZER

Eleetronic means of designing directional antennas

plex operation. To concentrate

the power of a station in any
given direction, from two to a half-
dozen aerials may be required, each
transmitting in such phase relation
with each of the others that the sig-
nal may be reinforced in the desired
direction and cancelled in all others. In
certain special cases, odd-shaped pat-
terns may be required, as when a sta-

ONSTRUCTION of directional
radio antenna systems is a com-

tion near an irregular seacoast may

wish to cover three quadrants, but not
waste power broadcasting over the
fourth, occupied only by sea. In at least
one other case, it was found desirable
to avoid blanketing the local stations of
a single city with the signals from a
powerful broadcaster, while maintain-
ing signal strength all round (and even
beyond) it.

The march toward higher frequencies
has accentuated the need for and in-
creased the possibility of using direc-
tional antennas. As frequency is in-
creased, it becomes more and more dif-
ficult to generate large amounts of pow-
er. The difficulties inherent in the con-
struction of antenna systems, however,
decrease as dimensions are reduced. An
antenna system which, at broadcast fre-
quencies, would cover several acres of
ground and require tons of copper, may
be mounted on a single light mast if the
frequency is high enough.

Equations for the radiation patterns

{""MB cos (a at ﬁ'f—a-cos[owc‘g])
ohc o o+ TSl
sup o o + 28D cn[y-0))
g o+ 2 o]
4{MB sin (¢B+ 2".: B cos[o-oa]]
|
ey s+ 22 0]
+ME sin (a £+ Z—TLm[d—,oE])}z

The Antennalyzer obviates problems like this.

of directional antenna systems are well
known, but the arithmetical work nec-
essary to secure the plot of a radiation
pattern is tedious and time-consuming.
It is not surprising that efforts have
been made to do this work mechanically

536

and even electrically. As early as 1943
an electrical system for calculating the
polar diagrams of systems with as many
as five aerials was described (Electri-
cal Communications, Vol. 21, No. 2, ab-
stracted in Radio-Craft August, 1943).
This was non-electronic in action, using
a number of Selsyns fixed on a shaft,
their phase position simulating that of
the separate aerials in the antenna sys-
tem studied. Rotating the whole group
with the shaft is equivalent to taking
measurements in a circle of azimuth
around an actual antenna system, the
“radiation pattern” being read on an a.c.
voltmeter and plotted every few degrees
around the circle.

ELECTRONIC MEANS SOUGHT

It was not surprising that engineers
began to cast about for electronic means
of handling these complicated calcula-
tions, only incomplete solutions of
which could be approximated with ear-
lier and cruder apparatus. The RCA
Antennalyzer was developed to per-
form the major part of this work en-
tirely by electrical means with no mov-
ing parts except the series of potentiom-
eters which change the various para-
meters. Through its use, the time re-
quired to solve an antenna problem has
been reduced from several days to a few
hours. Fifty-two tubes are used to per-
form the various functions.

Developed specifically for the design
of directional antennas for broadcast
use, the Antennalyzer, in the form il-
lustrated on the cover, will yield the
radiation pattern of directional anten-
nas which have as many as five towers
or sources of radiation,

Each source is characterized by four
parameters: 1, the distance from a
reference point; 2, the azimuth angle
with respect to a base line; 3, the
amount of current in the antenna, and
4, the phase angle of this antenna cur-
rent. Thus the Antennalyzer has four
potentiometers associated with each an-
tenna, with one exception. One antenna
is located at the reference point and
carries unit current at zero phase.
Hence no controls are required with this
antenna.

The radiation pattern is displayed di-
rectly on the face of the cathode-ray
tube, either in polar or rectangular co-
ordinates.

The Antenna may be used in two
ways. The dials may be set to corre-
spond to a given antenna configuration

RADIO-CRAFT
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after which the resulting pattern is ob-
served on the C-R tube, or, when a given
pattern is the goal, the dials may be
twiddled until the proper pattern is ob-
tained. Then the dial settings are re-
corded. These dial settings tell where to
locate the powers, as well as the current
ratios and phase angles to use. With a
little practice, this cperation may be
performed in a few minutes. Metering
devices are included in the Antennaly-
zer so that the ratio of maximum field
intensity to r.m.s. field intensity is ob-
tained.

One interesting point in connection
with the use of the Antennalyzer was
observed recently. After engineers fa-
miliar with the operation of the instru-
ment had established the proper location
for an antenna array, the final trace
was marked with crayon on the C-R
tube face. Then the controls were mis-
adjusted and the Antennalyzer turned
over to an engineer who had never used
the device. In six minutes he had ma-
nipulated the dials until his trace on
the oscilloscope coincided with the cray-
on markings. Checking his dial settings
with those first recorded, it was found
that he had arrived at an antenna ar-
rangement which differed from the orig-
inal. This can happen under certain cir-
cumstances. It has been found that when
a rather complicated pattern is desired,
where the use of three or more antennas
are necessary, it is possible to find two
or three configurations which yield the
same pattern.

MEASURING ANTENNA GAIN

One of the uses of the Antennalyzer is
in measuring the gain of a directional
antenna system. When the designer has
arrived at the proper pattern he usu-
ally desires a knowledge of the scale
factor to place on the plot. An exact
determination involves a knowledge of
the mutual resistance existing between
the antennas. However, &n approximate
answer may be obtained quickly by
plotting the pattern in polar coordinates
and measuring the area with a plani-
meter. A circle whose area is the same
is then taken as the circle from a single
antenna operated with the same power.
The radius of this circle is the r.m.s.
value of the horizontal polar diagram.
This approximate relation may be ob-
tained by measuring the peak value of
the signal coming out of the Antenna-
lyzer and then measuring the r.m.s.

(Continued on page 549)

for MAY, 1946



By | QUEEN

FM CARRIER STABILIZATION

Part I-The General Electrie and Federal Systems

NE of the major problems in

FM broadcasting has been that

of maintaining the average

carrier frequency while mod-
ulating it so that it deviates up to
75 ke on either side of its assigned
value. The FCC regulations call for a
maximum drift of only 2000 cycles from
the mean, a very small percentage of
the new FM carriers (which operate on
approximately 100 mc).

Amplitude modulation broadcasting
takes advantage of the precise unchang-
ing carrier possible with crystal con-
trol. This property is a disadvantage in
FM. The crystal resists the change of
frequency which is the very basis of the
system.

The major electronic and radio manu-
facturers have devised ingenious meth-
ods whereby the high standard of crys-

tal control is combined with frequency ouT

modulation techniques so that the mean
transmitted carrier is maintained with-
in the rigid requirements while it devi-
ates in accordance with the modulation
to provide the very high fidelity of
which the FM is capable.

P

GE PHASITRON METHOD

The type GL-2H21 phasitron tube
(Fig 1) is designed to provide wide
phase excurgions at audio frequency
rates in a crystal-controlled carrier. It

|—The G-E Phasitron, structural view.
MAY,
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can operate up to 500 ke. It is generally
used at approximately 230 ke, a fre-
quency at which it permits a deviation
of approximately 175 cycles per second.
Multiplying these values by 432 puts the
carrier in the new FM band with a

Construction of the deflecting grid
system and its connection to the circuit
are shown in Figs. 4 and 5. As a con-
sequence of the 3-phase voltages, the
potentials on grids A, B, and C vary. At
some instant, for example, A and B are

6SL7 6SN7

AUDIO INPUT -
6SJ7 6SJ7
XTAL NIETWORK |
e @
230KC TO5,

e e e e _EREE

@ DOUBLER

maximum deviation of 75 ke as re-
quired.

The associated circuits required by
the phasitron are not complicated. They
consist essentially of a crystal oscillator
operating at 230 kc and a circuit to con-
vert the output to 3-phase 230 ke
(Fig. 2).

The tube contains a deflecting grid
structure of 36
wires, the active

Fig. 2—Block diagram of the G-E FM circuit which uses the Phasitron frequency modulator.
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positive and C negative (Fig. 3-a}. The
latter grids repel electrons towards the
neutral plane, while A and B attract
them. The periphery of the disk then
assumes a sine wave pattern (Fig. 6)
which rotates at a velocity determined
by the erystal frequency and the num-
ber of deflector grids.

Anode 1 has 24 holes punched in it,

GRID STAUCTUAE

portions of which

= o gebee
are horizontal. i . . : by
Every third wire is EI?’ l’ !H L L 3 )
N IN- clapic claBic c
comperied tomether EIER [ B K RERRERBISBERREL 4
base pin. Each O5E é’hll';NT

phase of the 3-

phase voltage is
connected to one of

these base pins. An B
additional deflector
is connected to an-
other base pin and
constitutes the neu-
tral plane (Fig. 3),
and is grounded
through a condens-
er.

Electrons emit-
ted from the cath-
ode are attracted to
anodes 1 and 2 (Fig. 4), which are
at positive potential, thus forming a
tapered thin-edge disk. This electron
disk extends from cathode to anode 1
and lies between the neutral plane and
the system of wire deflectors.

! INSTANT2
INSTANT §

3 PHASE VOLTAGE APPLIED TO DEFLECTOR GRID
Fig. 3—Action of three-phase voltage in the deflector grid system.
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NEUTRAL PLANE

POTENTIAL OF NEUTRAL PLANE

TIME~—>

12 above the disk plane and 12 below it.
These are shown in Fig. 7. At the in-
stant when the sine wave pattern is in
the position shown by the heavy lines,
all electrons are transmitted through
(Continucd on following page)

537



(Continued from. previous page)
the "holes to anode 2. One half-cycle
later (dotted lines) no current can pass
_through the holes and anode 2 current
is zero. As the.disk rotates the anode
current varies sinusoidally between
these extremes,

To modulate this current a coil L
is placed over the phasitron (Fig. 8). It
is supplied with the audio frequency cur-
rent. The magnetic force on each elec-
tron moving from the cathode causes
the entire disk to rotate in a direction
determined by the polarity of the af.
voltage. This effect acts to speed up or
slow down the electrons in the already-
rotating disk. Therefore an angular dis-
placement (at an audio rate) is super-
imposed upon the normal disk rotation
due to the 230 kc, 3-phase voltage, and
results in phase modulation of the car-
rier. A maximum a.f, power of 50 milli-
watts is required.

FEDERAL'S FREQUENCY STABILIZATION

This CFS system is based upon the
Miller effect principle, generally known
to radio technicians as a difficulty to be
overcome, In this case it is a useful
property, As a result of Miller effect,
the input capacitance of an amplifying
tube depends upon its amplification and
upon the difference of phase between
a.c. grid and plate voltages.

/
The modulating unit (Fig. 9) is an

important part of the circuit. It contains
a Hartley coupled oscillator operating
-at approximately 4 mec. This frequency
is divided by 256 in suitable multivibra-
tor circuits so that it lies within the
limits of 14.3-17.6 ke, depending upon
assigned carrier, The frequency of a
precise temperature-controlled crystal
oscillator is similarly divided so that the
frequency is the same as that just men-
tioned (Fig. 10).

The two frequencies so obtained dif-
fer in phase. They are passed through

(Continued on page 549) |
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Fig. 4—Phasitron, cutaway view. |—Cath-
ode. 2—Focus electrode No. |. 3—Focus
electrode No. 2, 4—Neutral plane. 5—~Anode

‘No. 2. 6—Anode No. |. 7—Deflector grid.
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Fig. 5—How the Pha-

sitron s

connected

to frequency-modulate
output.

the crystal's
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Fig. 6, left-~-Pattern of the rofa.fing disk’
of electrons due to the three-phase voltage.

Fig.- 7, left, below—Strutture of Anode 1,
showing maximum and minimum current curves.

Fig. 8, E.aalow—How audio-frequency modula-
tion is impressed up-
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Fig. 9—The Federal system employs the well-known Miller effect to stabilize frequency.]
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Fig. 10—Block diagram of the stabilizing unit, showing the frequency-dividing sysf.am. .
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SUPERAMP WITH TUNER

This High-Fidelity amplifier includes a radio receiver

factory tone, volume, and a number

of useful auxiliary features. The
original model is constructed in a 10x8x
10-inch sloping front, metal cabinet, and
on a 9x2x7-inch chassis; an external
speaker is used. Since wiring and com-
ponents are close, all coupling condens-
ers, A.F, leads, and other sensitive com-
ponents were shielded thoroughly wher-
ever possible. Output is about 20 watts.

HIS amplifier, an experimenter’s
consolidation of circuits, has satis-

A hmer. amplifier and turntable in one unit.

The circuit consists of: a superhetero-
dyne tuner, a volume compressor-ex-
pander, a three-channel input with

mixers (plus tuner input channel) and
a high gain push-pull amplifier.

A double triode-7F7 is used for a two-
channel mike input, the grid leaks of
each section forming volume controls
for the microphones, thus serving as
efficient mixers. The plates of the TF7
are coupled together through a one-
megohm resistor, reducing amplifica-
tion but preventing any motorboating.
From here, the a.f. signal travels
through a switch on the back of one of
the mike controls, through a coupling
condenser to the center-tap of the phono
volume control, the lower side of which
is shunted with 50,000 chms to ground.

COMPRESSOR-EXPANDER

The higher potential side of the phono
control, from whence the signal comes,
is fed through a coupling condenser to
the grid of a TAT7, used in a volume ex-
pander-compressor circuit, with little
amplification value. Also, the signal
from the phono control is fed to the
grid of a 7C7, which acts as an ampli-
fier in the volume “expand-compress”
circuit.

From the plate of the 7C7, the signal
passes to one cathode (coupled to the
opposite plate) of a double-diode recti-

fier TA6. A center-tapped potentiometer .

is coupled between the other cathode
and the opposite plate to it, with the
center-tap grounded (See figure). As

! REHHAH

RiL &

the signal amplitude increases, so does
the potential in the 7A6. The plate end
of the expand-compress control will
gain negative potential, while the cath-
ode side will be positive, with respect
te ground. By moving the control arm
to the right or left of center, variable
degrees of positive or negative rectified
voltage will be applied as bias to the
TAT; this rectified voltage increases
with signal amplitude, giving desired
compressed or expanded signal from
the TA7 plate. Expansion of volume is
used to increase the dynamic volume
range of phonograph records which were
compressed during the process of re-
cording. Conversely, compression of
volume is sometimes desired when using
the amplifier for recording purposes.

Leaving the 7A7, the signal is ampli-
fied by a pentode-amplifier 7C7, then by
a triode TA4. Here an audio transformer
is used as coupling to a pair of beam-
power 6V6’s or 6L6’s, in push-pull. In-
verse feedback is applied by a b-megohm
resistor in series with a blocking con-
denser between the grid and plate of
each 6L6. Since B-plus leads were long,
an 8-microfarad condenser was placed
directly at the 6L6 screen grids.

An octode or pentode converter is
used in the first stage of a superhetero-
dyne tuner. The superhet was used be-

cause of space limitation, in this case.
(Continued on page 563)
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The Superamp comprises a high-fidelity amplifier and a superheterodyne tuner. There is a radio, phonograph and two microphone inputs.
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VISUAL RADIO ALIGNMENT

With a “Wobbulator® and Oscilloscope

OON the new post-war receivers
will make their appearance in
dealers’ salesrooms throughout
the country. Many of these models
will incorporate FM, television, high
fidelity audio and other refinements
that the public expects in the post-war
era. Shortly after these receivers find
their way to the consumer, visual align-
ment must become a technique of great
interest to servicemen who will have
to service these new sets.
Visual alignment has been used little
in the past. Many servicemen believe it
to be radically different from the out-

AN\ NN

A\
RYRYL'AY

180 ke and back again from 180 to 170
ke, as shown in Fig. 1.

There are two general types of FM
signal generators, or “wobbulators” as
they are sometimes called. One type em-
ploys a motor-driven rotating condenser
and the other develops the signal elec-
tronically. The rotating-condenser va-
riety has become almost obsolete, so
little need be said about it. There are
a number of ways in which an FM sig-
nal can be electronically produced. The
most popular method is to apply a low
frequency control signal (usually 60
cycles) to the grid of a reactance tube,
causing the tube to act as a varying
inductance across the oscillator tube.

A schematic diagram of a typical in-
strument of this type which is capable

o170 KC——sto— 75 KC —HIBONOH—[75 KC—s—1 70— Of operating at mean frequencies from

Fig. 1—The signal "wobbles” across the if.

put meter method. This is not the case.

Equipment necessary for visual align-
ment consists ‘of the usual alignment
tools (wands, wrenches, etc.), a cathode-
ray oscilloscope, and a frequency-mod-
ulated signal generator. The first two
items need little or no explanation. The
last one, though by no means a recent
innovation, has not been widely used in
the servicing field and will bear some
explanation.

A frequency-modulated signal gen-
erator is one whose output varies con-
tinuously in frequency above and below
a given center frequency at a predeter-
mined rate. For example, if the center
frequency were 175 ke and the fre-
quency deviation were =5 ke, the fre-
quency of the output signal generator
would vary continuously from 170 to

415 to 540 ke and band widths of 0-40
ke is shown in Fig. 2, In this circuit
the 6J7 is the reactance tube and the
6K8 is both a mixer and FM oscillator,
the triode section performing the latter
function. The band width may be reg-
ulated by raising or lowering the am-
plitude of the 60-cycle input to the 6J7
grid by means of Rl. Once this ad-
justment is made, the mean frequency
is swept back and forth through this
range at a definite linear rate of 60
cycles per second by the 6K7 sweep gen-
erator. The band width is kept constant
by using a second external variable
frequency oscillator whose cutput is not
modulated, and combining the two sig-
nals in the pentode section of the 6K8
tube as in a standard superheterodyme.
The result of combining a frequency
modulated signal with an unmodulated
r.f. signal is a third signal which is fre-

6.J7 rrea.contror

Born an electrician’s son, Eugene
J. Thompson early becagme inter-
ested in electrical subjects. Built
his first radio while in high achool,
at the same time attending radio
classes at night. Entered the Col-
lege of the City of New York in
1989, majoring in science. Mean-
while repaired radios for spending
money in his spare time.

Leaving college shortly after
Pear]l Harbor, Mr. Thompson en-
listed as an Aviation Cadet, serv-
ing as navigator and instructor.in-
charge of Radio Navigation and
reaching the rank of first lieu-
tenant. After leaving service held
several engineerin® positions in
war Pplants manufacturing elec:
tronic devices, also writing tech-
nical manuals for the Army and
Navy.

Ambition: to become a Dsy-
chiatrist—starting medical school
this fall. Hobby (other than radio)
photography. Member Delta Kappa
Epsilon and the Caduceus Society.
City College.

quency modulated and whose mean fre-
quency is equal to the difference be-
tween the two original frequencies. A
few examples will make this clear.

If we had a receiver with an i.f. of
176 ke and a pass band of =*10 ke, as-
suming the mean frequency and fre-
queney deviation of OSC. No. 1, which
is the FM oscillator, were set at 460 ke
and =10 k¢ respectively, by adjusting

(Continued on page b671)
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Fig. 2—Schematic diagra; of a fully-electronic frequency-modulated signal generator or "wobbulator’ as used for I.f. alignment.
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CLAMPING CIRCUITS

The *°D.C. Restorer® Is Applied in Many Radio Circuits

NY wave form—regardless of
shape or frequency—has a
reference level of voltage about

which recurrent alternations or
changes take place. This axis is known
also as the d.c. compo