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520 Sq. In. PICTURE

0" X 26"

PROJECTION TELEVISION

(IN ASSEMBLY FORM FOR CUSTOM INSTALLATIONS

® FULL 520 Sq. In. PICTURE 20" x 26" e EXTRA HIGH BRILLIANCE e SUPERB RESOLUTION
e UNEXCELLED ANGULAR VIEWING ® NO EYE-STRAIN WHATSOEVER

This screen is absolutely flat, precluding curvature distor-
tion anywhere in the picture, giving you picture fidelity
throughout the 520 square inch area. There is no color
aberration: the picture tones are the true tones of black,
grey and white, with no marring tints of blue-green or

yellow. The picture is absolutely glarefree, giving you

complete eye-comfort and pleasure, precluding eye-fatigue.

For realism, clarity, definition and beauty, the pictures

produced by this unit have no equal.
% FEATURING %

Precision Bausch & Lomb f. 1.9 4.25 MC Bandwidth True FM
Projection lens RCA S5TP4 Pro- Sound Ratio Detector Push-Pull
jection C. R. Tube Specially Audio with 12” Heavy Duty
designed Pre-Wired 30KV Fly PM Speaker 36 RCA Tubes
Back Power supply Eastman Kodak Special folded di-pole and Re-

Projection Screen DuMont In- flector with 60 ft. lead in standard
putuner . . . . . all channels components through-out, conser-
and full FM Radio Pre-wired and vatively rated, all components in-
Pre-tuned IF Picture and Sound cluding  mirror, screen, rack,
strip 5 stages Picture IF ampl. schematic and wiring instructions.

Another Incomparable
Television Assembly Company First 1 1

Nothing else like it! Low voltage Power Supplies: two Low Voltage
supplies to insure greater stability and regulation, producing a min-
imum of heat.

High Voltage Power Supply consists of 3 type 1B3GT as a Tripler
using flyback deflection. Units operate efficiently with all voliage
drops, maintaining a 3 x 4" picture of incandescent brilliance on
the face of the RCA 5PT4 Tube, at a minimum of 27K.V.

IF Strip — consists of our perfected 13 tube IF Picture and Sound
Strip, with 5 stages of Picture IF Amplification, giving 4.25 MC
Bandwidth for maximum resolutiion.

RACK. Audio Amplifer: One Phase Inverter feeding into a pair of 6V6, push pull Class ABI,
DIMENSIONS L. s .
delivering approximately 8 watts undistorted eutput.
Height 48” Width 30" Depth 22” Optical System: consists of the Eastman Kodak Projection Screen, explicity engineered to
] . . . . “concentrate’ light; the renowned precision Bausch & Lomb f. 1.9 Projecti L . The

In line with its established policy, Tele- ) . ! P . . O g L ens
vision Assembly Co. permits YOU to charge picture is projected through the lens onto a special aluminum-top coated mirror.
your customer what YOU consider a just The chassis employ wire cables for interconnection, to permit maximum accessibility for
and reasonable price for your work in build. service.

ing and installing the Projection Television s . .. s
Assembly. A saving of over 50% for your Have your customers order from YQU a truly custom-built Projection Television receiver,

customer . . . This is the Television Com- engineered by Television Assembly Co., built and installed by you. Ideal for Theatres,
bination that can’t be beat . . . anywhere. Homes, Bars & Grills, Schools, Clubs & Lodges, Auditoriums.

%uaranipyh All Television Assemblies are guaranteed to operate
to your satisfaction when simple directions are fdl-
lowed.
Ask your local National Parts Distributor for full details on this latest and

-biggest value .in all television. Here is your opportunity t¢ be in the Projection
Television business and on your own terms. Don’t miss it ACT NOW,

540 BUSHWICK AVENUE
‘BROOKLYN. 6, NEW YORK
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See how I give you practical ex- while still learning. Read ]etters
perience building Radio_cireuits from men 1 trained, telling what
at home with BIG KITS OF they are doing, earning. See the
PARTS 1 SEND. Illustrated kind of fascinating jobs Radio,
books shows how you make extra Television, Electronics offer.
money fixing Radios in sparetime FREE with coupon below!

[ ACTUAL RADIO LESSON

Same coupon entitles you to FREE ‘“superhet” circuits work, three rea-
lesson, ‘“‘Getting Acquainted With sons why tubes fail, locating defects
Receiver Servicing.” Discloses short- repairing loudspeaker Over 80 pic
cuts Radio Repairmen use. Tells how tures, diagrams. FREE! Send coupon'

Do you t a good-pay job in the f st- RADIO
ggijg(‘g%?r; Efe“fiv?lﬁfmfé‘fﬁﬁfijRﬁ{:‘%}: 0%3 e vfilll Blllld ThIS MGDERN RADIO with Parts | Send
is your opportunity!

I've trained hundreds of men to be Radio Tech-
niciang . . . men with no_ previous experience. I
can do the same for you! My unique train-at-home
method makes learning easy. I send you BIG
KITS of Radio parts, All equipment yours to
keep. You get practical Radio experience building,
testing and experimenting with Radio circuits.

Make EXTRA Money In Spare Time

The day you enroll, I start sending you
EXTRA MONEY bookleis. You LEARN Radio
and Television principles from my casy-
to-grasp, step-by-step illustrated lessons.
You PRACTICE with parts I send. You
USE your know-how to make extra
money fixing neighbors’ Radios in spare
time. From here, it’s a short step to
your own shop or a good pay Radio job.

N.R..—Trained Men Face Bright Future

Think of the money-making opportuni-
ties in Police, Aviation, Marine Radio,
Broadcasting, Radio Manufacturing, Radio
Repairs, Public Address work, ete. And
think of even greater opportunities as Tele-
vision, FM and Electronic devices become

more and more available.
See What N.R.I. Can Do For You

i Act now! Send for my DOUBLP FR]‘F OFTFER
Coupon entitles you to actual lesson, QI 'I‘TIL\(’}
ACQUAINTED WITH RhCJuIVLR SERVICING,”
absolutely free. Discloses short cuts of Radio repmr
GET THIS men Over 8 xnctures and diagrams! Also get my
HOW TO BE A SUCCESS 1IN
J{A{)Dlo CU‘ LLVIbIO\Y BLICTRONICS,” Tells |

TRAINING more about YO ?portumtles details of my

Course. Read letters tom men 1 trained, telling

Complete, powerful Radio receiver brings in
local and distant stations. N. R. I. gives
you ALL the Radio parts . . . speaker, tubes,
chassis, trans-
former, sockets,
loop antenna, ete.

Send You Many

wha} 1thev flre doing audteatrurltnd o see how 3
, ea you can get starte end coupon in B
UNDER ggécefo%e 01§ 1‘)21513-3 on penny postal. J.E. SRITH, @the!‘ R%QE@ Kg?s
G. 1 BILL Pres., Dept. 8JR, National Radlolnst:tute,
Pwﬂeeé Home Study Radio School, Washington
, D.C. 3
T e e, T st e Sz,
» . i G io g . C.
S}I:,(;,V: hsaezsicti\:g };{gg];cé | ti};‘i;z:gh igo;fyhf:f :; f Mail me FREE Sample Lesson and 64- page book about how to win §
200 sets 2 month. High- ! Course by time I gradu- § sf,)\iccess m'tRa(ilo. zlmd Television—Electronics. (No salesman will call. )
ly_successful our first ¢ . ated. N, R. I training g ease write plainly.) §
full year.” —ARLEY B is tops!” — ALEXAN-
STUDYVIN DeSoto, Missouri. DER KISH, Carteret, New Jersey. § Name -Age a 4
My Course lncludes Tramm: in ; e §
TELEVIS 10N Gty Zone. . !
% . 3 Check If Veteran
APPROVED FOR TRAINING UNDER
L----——-—D-mm%u—

September, 1948
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 Assembly Line . . .
for radio chassisor..TV 2?2

It’s sometimes hard to tell. In the RF and

IF sections there’s very little difference.

That’s why it was easy for hallicrafters to
add television to their line. Long years of high-
frequency “know-how” in the Amateur field
now bring you precision television at amaz-

ingly low prices.

e
3
Model T1-54 S"é%gi‘! Model T-60 $§g59_0
Z-inch direct view; push. 16” x 12” screen; 12-chan-
button tuning on all 12 chan- nel push-butten tuning. 22
nels. 19 tubes plus cathode tubes plus cathode ray tube
ray tube and 3 rectifiers. Size and 3 rectifiers, Size 4415” x
20" x 934” x 18”. Write 24” x 14”. Write for folder
for folder S-207C Ss:208C

%@%

T hallihl:/raﬁe rse »

4401 W. FIFTH AVE., CHICAGO 24, ILLINOIS ‘;6’,{;**

£

September, 1942
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All Resulting from Federal’s
New Miniature 500 MA Selenium Rectifier

‘YES, this mighty miniature makes big television headlines! Its hitherto unap-
proached power-handling capacity promises a virtual revolution in television de-

sign. Think of the possibilities ... a single Selenium Rectifier

to handle an AM-FM-TV combination ... AC-DC television ..
in size, weight and price of 7” and 10” sets.

These important savings result not only from the small size of this new Federal
Miniature Selenium Rectifier, but its elimination of large, heavy, expensive trans-

formers and expendable rectifier
tubes in the power supply. What's
more, it can be used with smaller con-
densers with lower voltage ratings.

Here’s the diagram of a suggested
circuit for an AC-DC power supply
for 77 and 10” electrostatic deflec-
tion tubes.

&

50HMm

+

438D3428A

0

power supply able
. drastic réductions

CHOKE

(580

I

210 meGoHm
§ 600 V

VERTICAL SWEEP
AMPUFIER

g2.() MEGOHM

B+ AUDIO, HORIZONTAL and 120 vour
VER. SWEEP OSCILLATOR
i ——\—> uicK voLTaGE
OSCILLATOR VIDEO TUBE

—_— 60

Capitalize on these design od-
vantages and the instant start-
ing, cool and efficient operation
of Federal Miniature Selenium
Rectifiers. For technical data,
write to Department F259.

j_on
=B

GRD

B N Federal Teleplrone and Kadio (’ot;vaioﬂ

res

cineering organization, of which the Federal

S ; ) » .
1,\:.-_°ms::o:nAL YEARS AMEAD...is IT&T's world-wide
Laboratories, Nutley, N. J., is a unit.

www americanradiohistorv com

SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey

In Canada: - Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributers: Intérnational Standard Electric Corp. 67 Broad St., M. Y,
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| TRAIN YOU RIGHT BY SENDING YOU 8 BIG KITS
RADIO EQUIPMENT INCLUDING A POWERFUL
SUPERHET RECEIVER AND 16 RANGE TEST METER!

6 TUBE

FRANK L. SPRAYBERRY
famous Radio teacher of hundreds
of successful Radio men.

berry Training prepares you

A
Find out NOW how Spray-
l for a Radio Service Business

] of your own — or a good pay

#' Radio job. Just mail the coupon for a FREE Sample Lesson and my
i‘,.-/ big FREE book, “How To Make Money In Radio, Electronics, Tele-
vision.”” It tells how I train you at home during spare hours by put-
ting you to work building, testing, repairing Radio equipment. The
Sprayberry Course teaches you Radio by working with 8 big kits of
Radio parts I supply. You build a powerful 6 tube superhet Radio, a 16-range test
meter, perform over 175 interesting, PRACTICAL experiments. My lessons are
easy and interesting —you need no previous experience in Radio. Istart you at
the beginning...and give youvaluable “bench’’ experience that sticks with you.

LEARN HOW TO BUILD-TEST-REPAIR RADIOS By

give you a fine, moving
coiltype Meter—with parts
for a complete analyzer and
Circuit Continuity Tester.
“‘Trouble-shoot’’ with pro-
fessional accuracy.

Conts as T

You really learn Radio the PRAC-
TICAL way ... when you build this
big, powertul 6 -tube Superhet
Radio from parts | send you

A H N S

Sprayberry Training costs suprizingly little! Easy
monthly payments, if desired. Everything you need
is furnished — nothing else to buy. With Sprayberry
Training to back you up, you will be able to step
into your own profitable Radio Service Business or
go on to a big opportunity in Radio, Electronies or
Television. The equipment I send you is yours '‘for
keeps’’ — to use in your business or job. I have
trained thousands of successful Radio men—and 1
can help you, too. Get the facts about Sprayberry
Training —it’s your first step to success, security
and a bigger income in a field where you’ll really
enjoy your work. Fill out and mail coupon TODAY.
P'llrush my two FREE books to you by return mail.

w ETERA N s . Approved for G.1. Training

under Public Laws 16 and 346.

Sprayberry Academy of Radio

F. L. SPRAYBERRY, President
Rooin 2598, Sprayberry Bldg.. Pueblo, Colorado

P!
wew big pay job opporiunities in Radio.
September, 1948

You don’t have to buy expensive
ready-made equipment. You get val-
uable experience building this Signal
Generator and Multi-purpose Tester.

Soon after you start I send you my famous BUSINESS
BUILDERS that help you earn EXTRA CASH
getting and doing neighborhood Radio Service jobs
while learning. You couldn’t pick a better time to get
into Radio. The Radio Repair Business is booming!
Good Radio Service and Repair Shops are needed every-
where as millions of new sets are in use. Trained men
are wanted for opportunities in Police, Aviation and
Marine Radio, F. M. and Standard Broadcasting and
Television. Manufacturers are looking for men who
know Radio as production reaches new peaks. GET
THE FACTS ABOUT YOUR FUTURE IN RADIO,
MAIL the COUPON TODAY for my FREE BOOKS

Working with YOUR HANDS!

You construct this recti- G
fier and filter, resistor and con=
denser tester, and really get on
the Practical end of Radio.

STUDY AT HOME
IN SPARE HOURS

2 SPRAYBERRY ACADEMY OF RADIO g
E F. L. SPRAYBERRY, President E

Room 2598, Sprayberry Bldg., Pueblo, Colorado

Please rush my FREE copies of ‘'‘How To Make Money In
Radio, Electronics and Television”” and * ‘How To Read Radio
Diagrams and Symbols.”” No salesman will call.

Name.

~_Age

Cityand Zone..._ oo State _icoamas
{0 CHECK HERE IF A VETERAN
7T

(Mail in an Envelope or Paste on Penny Posteard)
A I SIS meas e s W oo MEEN SNSE SENN S SEmN MV N AR

i
% Address
i
J
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BY THE

EDITOR

When the job's deep
down in the chassis
and there's wiring in
the way—simplify
‘your work with a
Weller Soldering
Gun. Specially de-
signed for rodio, tele-
vision ond appliance i{%
servicemen,it'slonger L3
reach, flexible loop i

P XiTP—
F\f ity for

med

§

tip slips easily between ‘: \i\
wiring, right to the spot.
You see where you're &
going too, for the
Weller Solderlite is
pre-focused to show
you the way. And once
you've mode contact;
there's no waiting for 5
heat. Five-second heat- |
ing is controlled by the
automatic trigger switch.

DUAL HEAT

TRANS-

FORMER

watts dual heat
100/135 wotts 110
volts; 60 cycles

Another advantage ! The Weller Gun
is a complete, self-contained unit.
The transformer is not separate but
built-in—and since it heats only when
the trigger is pulled,
redressing is unnecessary when prop-
erly used with genuine Weller Tips.
There's no need to unplug the gun
when not in use. Your Weller Gun
saves hours and dollars, and will pay
for itself in a few months.

Want this handful of soldering
convenience? Then see your dis-
tributor. Or, if you wish, write for
bulletin direct. For radio service
work, the efficient 8" model—DX-8
with dual heat is recommended; or
the 4" types S-107 single heat and
D-207 dual heat.

WELLER
MANUFACTURING COMPANY

810 Packer Street -

retinning or

Easton, Pa.

SOLDERING GUN_

: LONGER:
8" REACH

V. s SECOND
| HEATING

BUILT-IN

single heat 100 .~

'%T HAS been over two long years

since the RMA (Radio Manufac-
turers Association) formed its Ama-
teur Radio Committee to study the
many problems confronting ham radio.
The initial interest of its members

. I meeting, including ourselves as visit-
: §ors, made many suggestions on what
. | could and should be done to help off-
~et the rising age 11m1t of the average
radio amateur.

A proposal was made to the Com-
| mittee by Rapio NEws for launching a

interest of teenagers, returning Vets,
Signal Corps personnel, and communi-
| cations-minded Scouts. Such a cam-
| paign, we felt, would help stabilize
the average age limit of the active
ham and it would be potent ammuni-
tion in fighting juvenile delinquency
| by encouraging this fascinating hobby.

Industry too would benefit from the

¢ sale of amateur equipment to new li-

| censees who would, without a backlog

of equipment, ‘“start from scratch.”
| The average Ham spends about $125.00
yearly for new equipment or replace-
ments, and the average amateur has
in his equipment an investment of ap-
proximately $588.00.

Of greatest value would be a new
crop of radio operators to bolster our
Communications System in the event
of another emergency.

With so much at stake, one would
expect the Committee to at least
make a feeble attempt to formulate
and take some plan of action. What
happened? - Nothing!!

As far as we know the “Committee,”
which included members of the League

ment. Now over two years later, we
discover that the age of the active
radio amateur has increased from a
prewar average of 29-30 to the cur-
rent figure of nearly 34 years. The
RMA Convention, held recently didn’t
even mention the Amateur Committee
in its annual report in spite of the
very excellent progress made by other
Committees, particularly the Service
Committee whose members unani-

WwwWW-americanradiohistorv com

ran high and those attending the first’

campalgn for “new ham blood” in the .

staff, has apparently gone into retire- -

AMATEUR RADIO NEEDS NEW BLOOD

mously recommended that the prac-
tice of the manufacturer guaranteeing
television service for one year should
be abolished and that the regular ra-
dio serviceman should handle said
service with the regular 90 day man-
ufacturer’s guarantee.

We don't think the RMA alone is
responsible for the failure of the Am-
ateur Committee to function. We do
feel that the initial enthusiasm on the
part of those who could and should do
something about it has dwindled. This
fact alone should spotlight the danger
to the future security of amateur ra-
dio to those who are evidently content
to sit back and wait for the storm
clouds to gather before again coming
to life.

We are beginning to wonder if our
AR.R.L. is cognizant of the danger of
the steady rise in the average age of
the American ham. We would like to
see some of Mr. Bailey’s sincere in-
terest in young blood bear fruit. We
have talked to enough League “ex-
officios” to realize that too much is~
taken for granted in the welfare of
the ham and that some of our League
Directors are apparently doing noth-
ing that might jeopardize their status
quo.

No one individual can solve our
problem. No organization can do it
alone, but they sure could help.

No Committee, especially a dead
one, can promote or launch a cam-
paign for new ham blood.

We, as Hams, cannot take a selfish
viewpoint in our hobby. The lad across
the street has an equal claim to the
channels we cherish (and try to hold),
and we cannot claim that we are too
crowded to accommodate new sta-
tions, simply because we have not yet
learned how to use our existing chan-
nels most effectively.

Our best investment in the future
security of Amateur Radio is for every
Ham to personally sponsor an inter-
ested teenager and to encourage him
in Ham radio. He will be repaid many
times and will greatly help to rein-
state amateur radio as a young man'’s
game, as well as one for the old-
timers...... LY ErErY Y Y O s
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ALLIED has Everything New in Radio!

505 TELEVISION TABLE MODEL

The immensely popular direct-viewing Hallicrafters
TV receiver in a distinctively styled wood rtable
model cabinet. Here's perfected, clear, sharp, bright
Television at amazingly low cost. Provides a brilliant
picture 5%” long by 4” high—a full 23 sq. inch
picture area. Easy to operate: push-button station
selection, simplified contrast control, casy horizontal
and vertical framing. Has built-in 6” x 4” oval PM
speaker; cxcellent sound. Overall size: 20%" long,
11” high, 17” deep. For 105-125 volts, 50-60 cycles
AC. Complete with tubes. Shpg. wt., 45 lbs. $I 7950
97-803. NET, f.0.b. Chicago ..... ........

Terms: $35.90 down, $12.68 monthly for 12 months.
Famons Model T-54. Same as above, but in furniture
steel cabinet, finished in rich silver-gray.

97-800, NET, f.0.b. Chicago ............... $169.50
Terms: $33.90 down, $11.98 monthly for 12 months.

THE WORLD'S
LARGEST *
RADIO
supPLY
HOUSE - - -

September, 1948

29 9 CO OO0 OSSOSO OOEOO0G8CSSOS

NEW hallicrafters

Designed for Short Wave
Listeners and DX Fans

[ E N EE R NN N NN NNN NN BN N X NN N

0000000000000 00000000000000000

Developed and built especially for the SWL. Total tuning range
is 540 kc to 110 mc, continuously, covering world-wide Short-
Wave and special services, broadcast, and all FM channels between
27 mc and 110 mec. Features: professional slide-rule dial with
foreign Short-Wave stations and all services (marine, aviation, exc.)
located on the dial; 500 ke crystal calibratqr; pointer adjustment
to set receiver on exact frequency; single knob tuning, 60 tw 1
tuning ratio; each band separately illuminated; series type ANL;
4.position tone control; high-fidelity audio system;'8 watts output;
dual IF channels; six-step selectivity; crystal filter; record-player
input—plus a host of other desirable features. In handsome steel
cabinet, 20”7 x 10%” x 16”. For 105-125 volts, 50-60 cycle AC.
Complete with tubes. Shpg. wt., 65 lbs.

97.585. $X-62. NET, f.o.b. Chicago................ 524950

Terms: $49.90 down, $17.63 monthly for 12 months.

07.780. R-42 Speaker. Bass-reflex type, in matching metal cabinet.

Shpg. Wt., 20 1bs. NET «einiiiiiiiiiiianannnnnssasenss $34.50
97-568. B-42 Tilt-Base. Chrome finished.
Shpg. wt,, 6 1bs. NET .o vviviieiiitiiniiiinerinonincnnns $7.50

There’s Only ONE COMPLETE
Radio Buying Guide —It's
ALLIED’S CATALOG!

Get the Radio Buying Guide that’s used by
thousonds of expert servicemen, engineers,
soundmen, Amoteurs, builders and experi-
menters! Radio’s biggest catalog brings you
the widest selections of the newest and finest
equipment, ot money-saving low prices. Get
every buying advantage at ALLIED—speedy,

expert shipment, the” personal attention of 172 VALUE. PACKED
seasoned radio experts—complete satisfac- PAGES. SEND FOR IT!

tion on every order. Get your ALLIED Cata-
log today!

ALLIED
RADIO

Everything in Radio

FREE

ALLIED RADIO CORP.
833 W. Jackson Bivd., Dept. 1-J-8
Chicogoe 7, lllinois
) Send FREE 172.Page ALLIED Cotalog.
O Enter order for Hallicrafters Model..creniirne
[ Enclosed $................C] Full Payment
C] Port Payment (Balance C.0.D.)
[ Send ALLIED Easy Payment Plan details ond order blank.

NG et cea sresssesasaes sexemoanasas ebasasu ames sxos suee sousTams soon sbon SET TP amsa et scun e cu'h

Address. . o

CntyZoneS'a'c
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customers we're equipped
with Factory Information”

Saga: H. A. WENZEL
H. A. WENZEL RADIO SERVICE, Quincy, Il

=5

m

""OQur newly designed bench was planned model receiver they bring us for repair.
for use in our show window. Tools are "We keep our Rider Manvals at our
behind swinging panels, but not our fingertips as they are an important part
17 Rider Manvuals. They're on display. We of our servicing procedure. Speeding up
want to show customers we are equipped diagnosis, they're important to our serv-
with factory information on any make or icing profits too.”"

QY NEED ALL 17 RIDER MANUALS
Volume XVH . . . $16.50  Abridged Manuals | to'V

VYolume XVI . . . 8.40 {one vol.) . . . $19.80

Volume XV. . . . 19.80 Record Changers and

Volume XIV to ViI ] defsy ; 2 ; 2.00
lea.vol) . . . 16.50 ndex, covering :

Is, Vals. [ to XV, 1.50

 Volume VI 12.50

VOL. 1 JUST ouTt

RIDER
7@&"“@ MANUAL

Establishing Sales Records!

Contains circuit descriptions, odjustment of vari-
ous trimmers, iraps, transformers, etc., voltage "
and resistance reodings, olignment instructions,
parts lists, schematics, patterns, chassis views, OVER 1400 PAGES
wave forms, Everything needed. (b:'f tzhoeo:qu‘:v:l;;nt
208-page "Haw It Works” book covers under- PLUS, 2 Spepgcrute
lying theory of television. Transmission and re- Books, "HOW IT
ception, frequency standards, antennas, various WORKS" & INDEX
portions of television receivers. Complete $18.00

OUT IN SEPTEMBER

The first industry-wide service manval covering

amplifying systems produced from 1938 to date,

by more than 135 manufacturers. S:hema'i:s, volts
age data, resistance values, capacity values, parts
lists, etc. Separate ""HOW IT WORKS" book explains
the theory of various designs employed in differant
types of amplifier systems, the servicing of PA

systems, using sine wave and square wave means
of checking, methods of rapidly locating favls.
Everything you need.

Approx. 2000 Pages . . . $18.00

ORDER YOURS TODAY!

Television "HOW IT WORKS” Available Separately

If television is noct yet in your areq, it will be soon. Here is theory
you want. 208 pages . . . $2.70

RIDER MANUALS 7eax 3SSione

OHN F. RIDER PUBLISHER; Inc.; 404 Fourth A__venp_e, ‘New York - 16;vExpgﬂAgen!:_Rpcke__I_me_rnchqnulCorp.,l3jE.400h St..N.Y.C.Cable ARLAB,

NOTE: The Mallory Radio Service Encyclopedia, 6th Ediion, makes refrece to only ane source of Radio Receiver Schematics—Rider Manuals.
B RADIO & TELEVISION NEWS
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AUDI0 OSCILLATOR
Te47 FRQOENCY THEE YRR Y

RVICEMEN, P.A. technicians, indus-
S trial laboratories and technical
schools will find a wide variety of appli-
cations for this audio oscillator.

Covering the entire audio spectrum,
from 25 to 15,000 cycles in one band, the
YGA-4 permits extremely rapid checks
of frequency response, loudspeaker or
amplifier resonance, attenuation and
overall performance. Check the features
of the YGA-4—then order—today.

AUDIO
OSCILLATOR

Beat Frequency
Type YGA-4

@tow Distorﬁon‘Ouipui...»i’n one band over
the entire audio spectrum.

@Stable BFO circuit enables the YGA-4 io
deliver low distortion voltages which remain
constant within == 1 db over the frequency
range, 50 to 15,000 cycies.

@Electron-ray tube for accurate calibration.

@Dial calibration inaccuracies caused by tube
changes or rough handling can be corrected
instantly by means of the “Zero Set" control
and the electron-ray tube which indicates
zero frequency between the two oscillators
when the tuning dial is set to the “index”
point. Thus, calibration accuracy can be
maintained and checked at any time. '

@Etched aluminum panel.
@®Large, easy-to-read illuminated dial.

@ Light, strong construction for easy portability.,

For complete information on the G-E Audio Oscillator write:
General Electric Company, Electronics Park, Syracuse, N. Y.

GENERAL ) ELECTRIC

September, 1948

164-G6

iR
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HERE IT IS — Centralab’s complete Centralab line. Below are some of the
new Distributor’s Parts Catalog! 29 new items which help make the CRL
-Packed with valuable tech-  line one of the most complete in the
rmation aboyt Centralab’s service field, Agp Your Centralab
electronic components, including ney, Distributor for your copy of this new
prices and ql] new additions to the Catalog — o write direct to us.

MODEL *1" RADOHMS: No larger “ADASHAFT" RADIOHMS. Availa.

than a dime, specially designed ble in alj sizes for all Mode] "M~

for hearing 2ids, miniature racejy. -volume controf applications, Sjx thout remoyaj of switch
ers. With switch (right) or with. - Permits sma] from chassis. Life test — 150,000
out. Rating 1/10 way; 500 ohms Most any king Cycles. 8 indexing combinations,
— 5 megohms resistance, control replacemeny. Silver-plated clips and contacts,

BC "‘HI-KAps", Made of high dj- “HI-VO-KAPS"; Made of Ceramic-
electric Ceramjc. X Four basi¢ tube X. Combine high voltage and smal]
i i i size fer televisioq and high volt.
age apolications, 10,000 WVDC.

20,000 VDC, Capacity—500 mmf.

Division of GLOBE-UN]ON INC.,, Milwaykee

at your @RL Distributor!

sSeptember, 1948
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FOR GREATER PROFITS
ON THE BRAND MORE OWNERS PREFER

Philco leadership in radio sales for 18 straight years has
built a market for replacement tubes, needles, and other
parts far exceeding any other brand. That’s the sound
and solid reason for Philco’s greater public acceptance.
And that’s why it’s easier to se/l genuine Philco replace-
ments . . . why, too, it pays the dealer to concentrate on
the complete Philco Universal parts line, for faster turn-
over and more profits on invested capital. In addition,
back of Philco products is the industry’s greatest, year
‘round advertising and merchandising campaign.

00e Bet the complete facts at once from your Philco Distributor.

= ; £
it POV = B i AT

RADIO & TELEVISION

www americanradiohistorv com
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AEROVOX®

ASTATIC
._'.gugscss

presents the amazing ] | i
RADIO INDUSTRY

RED BOOK

REPLACEMENT FARTS
BUYER’S GUIDE

LNOW .

relinble data on ALL

it
popu\ur radio recewe{s i 6 g )
ports guides an

rep\ucemetﬂ
|
COMPLETE!
ve Industry

i ti
The First Cooperd
gffort in gehalf of t.h.e
Radio Service Technician

he

Anmeximatg\y
17000 Receiver
R Models Covered

£

I

(}quTS
Ten Years:
_‘g'ﬁ‘ 1o 1948

that gives YoU
for thousands of

INGLE authoritative yolume
a all other

replacement parts

more yseful data than

manuals C

Fasy to Use:
All Data
Quick to Find.
i

#10 Pages
»Smythe_-_huunu

All 9 Major Replacement Components Listed opens Flat

17 Leading Parts Manufacturers Represented |

Kng

COMPLETE DATA ON ALL RECEIVER REPLACEMENT PARTS — ALL IN THIS ONE GREAT BOOK!

Save time! Stop wasteful hunting!
Get ALL the parts data you need—
quickly—from this single book.

NOW—for the first time—have all the re-
placement parts data you nced——ALL in one
single, authoritative volume. No more waste
of valuable time searching through dozens
of incomplete manuals and catalogs. The
RED BOOK, first and only complete parts
guide ever produced, covers approximately
17,000 radio models made from 1938
through 194710 full yecars. Lists parts
made by 17 leading manufacturers—nort just
one! Gives you complete, accurate data on
all 9 major replacement components—not
just one or two! Clear, concise, easy-to-use—

Only the RED BOOK gives you ALL

this invaluable data. Here's everything
you need to know about the replacement
parts for the receivers you service daily.
The RED BOOK gives you original manu-
facturers’ parts numbers, proper replace-
ment parts numbersand valuable installation
notes on Cabacitors, Iransformers, Controls,
IF Coils (including Peak Frequencies),
Speakers, Vibrators and Phono Cartridges.
Tube and Dial Light data includes number
of tubes in each chassis, with type number
for each tube, plus dial light aumbers.
Battery data includes replacement numbers
on A, B, and AB packs. The following
feading replacement parts manufacturersare
represented in the RED BOOK:

18 months in preparation—over $90,000 {0 pro-

duce. The RED BOOK isthe productof thousands of man-
“ours spent in laboratory research and in cooperation
~ith 17 participating manufacturers to produce the most
complete, accurate, authoritative parts replacement guide
ever published. Every bit of information in this amazing
book has been painstakingly checked to insure maximum
accuracy and usefulness. Over $90,000 was spent to
prepare the RED BOOK—~the only book that brings you
everything you need to know-—every bit of replacement
parts data you want to make your work easier and more
profitable. You can’t afford to be without the RED
BOOK. It’s the indispensable guide you'll use profitably
every single day. Stop hunting for the right answers
now—order your coby today.

over 440 pages (8% " x 11") bound in a
S s i ove, trransd ipbaboiclly  AFROVOX ASTATIC _ THE INDISPENSABLE 53 GS
y manufacturer and model number for A
quick reference. Does away with confused ~ CORNELL-DUBILIER IRC RED BOOK,, OANLY...
collections of Sfp“'m’f: booksand gm{}ga(lis— EVEREADY JENSEN -
gives you complete information—PL t
that cannot be found in any‘other sougcz MF‘ISSNE? H hRdig{T T ©203006802500090928906000600020000
-L-alba fraction olf the EIE}l;CC you'd pay for 851;‘1\:{'1\1 CHOLS SPRAAG}EIE : :
1! ooks it replaces. ere’s never b g i
anyihing like ft—ubsolutely indispensable  STANCOR SYLVANIA & e Thr O DOV ARG SAVs & €8 TN §
for every service shop! THORDARSON ® 2924 E. Washington St., Indianapolis 7, Ind. @
RED BOOK My (check) {(money order) for $......... enclosed. :
BE SURE TO ORDER YOUR TODAY O Send......RED BOOK(S) at $3.95 per copy. e
(1 understand that delivery will be made to me 10 @
¢ September.) ]
g : ; ©
S MS 1 4 Name..oovoeoonns eevseee P L L LR eevspeans :
HOWARD ‘W- A & CO., INC. Address. . .... e I . ... o J——— 7 1
! : e
INDIANAPOLIS 7, INDIANA ity eeeeeeereeeieeneineeneans e SEALC eeanreaes o
e

©000000008600000000000820002000C.
i3

1918

September,
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10 METER
MOBILE ANTENNA

This 8 ft.,, 3 section mobile antenna is by far
the best whip we've seen. The elements are

= copperplated, spring steel tubing, painted
E O.D. for protection against the weather. A BALLOONS
e 4" ceramic insulator reduces losses to a min-
e )
(n‘g.i\ 4 imum. Llong service under extreme vibration AND KITES
(::’T. conditions is assured by the special molded These Army emergency balloons
&y rubber spring mounting. Positive co-ax con- and box kites were made to carry
i nector at base. Mobile Antenna complete— long wire antennas. They are wonder-
only $5.75 each. ful for field and DX work. Tubular can-
vas bag containing 2 4-ft. heavy duty
balloons (packed in sealed cans), 2 hydro-
gen generators, an aluminum frame folding
box kite, 300 ft. of stranded antenna wire
~—only $9.95.
CO-AX
- | CONNECTORS
MICRO-SWITCHES AND SWITCHETTES Standard and British Type
Our Micro-Switch and Switchette stock is one of the nation’s : Co-axial Conr_\e.:tors in
largest. Listing 104A contains popular types at extremely stock. Send for Listing 100A.

attractive prices.

RELAYS

We have over a million relays in our
warehouse. Huge quantities of hun-
dreds of types make Wells the fore-
most source of equipment of this
kind. Every relay is brand new and
has been inspected, rated, individ-
vally boxed, and priced far below
the market. Tell us your requirements
or write for our Relay Catalog.

WALKIE TALKIES

A self-contained portable 10 and 6 meter transmitter~
receiver. Wells Walkie-Talkies are shipped ready to
operate complete with new batteries, telescoping
antenna and handset. Rebuilt by the Government,
Price only $45.00. Parts, batteries and accessories for
Walkie-Talkies and Handie Talkies available from
stock. Write for listing No. 20.

WELLS TREMENDOUS STOCK INCLUDES A WIDE
SELECTION OF THE FOLLOWING COMPONENTS:

Manufacturers and Jobbers Write for

Transmitting Tubes Transformers & Chokes Rheostats

Mica Condensers Terminal Strips Dry Disc Rectifiers Latest Complete Electronic Catalog
Transmitting Condensers Wire Wound Resistors Tube Sockets

Wire & Cable Volume Controls Selector Switches

) AMATEURS:
See us in Milwaukee at the ARRL Convention.
Write for Amateur Catalog H400C

' / 320 N. LA SALLE ST., DEPT.R- 9, CHICAGO 10, ILL.
16 i . RADIO & TELEVISION NEWS
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cRYSTAL 4D2
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RANGE /‘\

P n CALIBRATOR
teLevision <A

The RCA TV DUD . . . your answer 1o

R¥ OUT

]yF ATTEN

precision television servicing

@ The RCA WR-39A Television Calibrator
and WR-59A Television Sweep Generator
are brand-new additions to RCA’s com-
prehensive line of matched test units for
modern AM, FM and TV servicing. They
“ncorporate advanced design features re-
Jdecting the wide experience of RCA en-
gineers in the field of television.

These companion units furnish «// basic
signals necessary for the rapid, precision
servicingof television receivers. Flexibility,
versatility, and accuracy are outstanding
characteristics of each instrument indi-
vidually and in combination. For align-

ment, the TV Duo can be used with any

good oscilloscope.

The WR-39A Television Calibrator has
two crystal oscillators for establishing the
calibrator frequency. The marker oscil-
lator operates on fundamental frequencies

in all bands, and provides markers at all
TV frequencies. An easy-reading scale
enables quick, crystal-harmonic identifi-
cation, and a built-in speaker is provided
for zero-beat indication.

The WR-59A Television Sweep Gener-
ator covers all broadcast television chan-
nels, TV- and FM-if bands. All ranges
employ fundamental signals, are pre-set,
and can be quickly selected by means of
a band switch. Sweeps are provided for
both 10.7-Mc. and 25.75-Mc. if bands,
and for video channels to 10 Mc. Ampli-
tude variation is less than 1 db. The pis-
ton attenuator has a maximum ratio of
20000/1.

See your RCA Test Equipment Distrib-
utor today for the full technical details or
write RCA, Commercial Engineering,
Section IX-60, Harrison, New Jersey.

Available from your RCA Test Equipment Distributor

TEST AND SELSURING EQUIPMERT

www americanradiohistorv com
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€€P GEnERATOR
e BANKING

Now — a complete service set-up
... with RCA matched test units
of your choicel

This beautifully finished all-steel 'abora-
tory-type rack is designed to accommo-
date any combination of six RCA matched
test units you choose . . . to meet your
various service requirements, Plenty of
chassis room below for closeup work

. or any unit can be readily removed
for outside jobs. Six units in rack illus-
trated provide complete AM, FM and TV
servicing set-up.

RADIO CORPORATION of AMERICA

HARRISO#. H. J.
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1451 39th STREET
BROOKLYN 18, N. Y.

%* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS’
WASHINGTON EDITOR

THE CITY OF BROTHERLY LOVE
. . . Philadelphia . . . became the na-
tion’s roaring sight and sound center
during the recent national political
conventions. The town teemed with
telecasters, broadcasters, and public-
address men, probably the greatest
collection ever assembled in one area.
All one-point-of-origination program
records fell with the full weeks’ daily
schedules. The assortment of elec-
tronic gear used was a radio show,
with every conceivable type of trans-
mitting and receiving equipment
around.

Television stole the show with an
audience of 20,000,000 eyes from Bos-
ton to Richmond, Virginia, and in
other key television cities throughout
the country. Mirroring the moment-
to-moment events with a pooled bat-
tery of cameras, every inch of the
convention floor and balcony was
scanned and beamed over an eighteen-
station setup. Four cameras, each with
a turret of four lenses, provided six-
teen different angles of coverage in
the hall. Two cameras to the left of
the speaker’s rostrum were manned
by NBC and DuMont network en-
gineers. A single camera to the right
of the rostrum was operated by CBS
boys. The fourth camera was mounted
above the television announcer’s booth
near the left proscenium of the stage
and controlled by CBS and other net-
work men. ABC engineers operated
a fifth camera outside of Convention
Hall. A huge master control board,
mounted to the left of the stage, was
operated by the network engineers.

Televised images were fed to the
control room of the 4. T. & T. in the
basement of the hall, where they were
monitored and fed to a coaxial cable
linked to the telephone company’s ter-
minal at Race Street, Philadelphia.
From here they were sent via coaxial
line to Baltimore, Washington, Rich-
mond, Virginia, and Newark, New Jer-
sey, and New York City.

In New York City, the images were
fed to five TV stations on a local-loop
arrangement. The 4. T. & 7. micro-
wave station beamed the programs to
Boston. Microwave setups also
beamed the telecasts to Schenectady
and New Haven, Conn.

Midwest and West Coast audiences
were also able to look in on the con-
vention by way of daily films, which
were flown out to the TV stations.

www americanradiohistorv com

Two types of film pickup were pro-
vided, direct and picture tube. The
latter, with the television tube on the
receiver supplying the images for
filming, proved to be very effective.

Outside the hotels, where delegates
and candidates were housed, TV cam-
eras atop special mobile units did
more scanning. The Bellevue-Strat-
ford Hotel entrance and lobby looked
like a sound stage set. The private
rooms of the telecasters were strewn
with monitors, patching boards, sync
instruments, voltage stabilizers,
scopes, cables, and cameras. With the
teletype ticking away, phones jangling,
field men cueing in and out, the net-
work rooms often had a db. level of
about 100, which thankfully dropped
to 0 during interview time.

Television receivers were every-
where . . . in the ballroom headquar-
ters of the candidates, and private
rooms of delegates and convention of-
ficials. Market Street, Philadelphia,
was a TV avenue. Gimbel’s, on the
street, had sets in nineteen windows.
Wanamaker’s, Lit Brothers and others
all had TV sets in their windows. There
were 150 sets operating in the Com-
mercial Museum, located near Conven-
tion Hall, six manufacturers partici-
pating in the demonstration: Farns-
worth, General Electric, Motorola,
Philco, RCA, and Westinghouse.

Broadcasters had quite a field day,
too, at Philly. Indoor and outdoor
pbickups were patched in a round-the-
clock schedule. Commentators roved
the city with “walkie-talkies.” Around
70 microphones were in use at Con-
vention Hall, with 48, set aside for the
delegates, mounted on stanchions  at
each state setup.

Airborne television, “Stratovision,”
also played a telecasting role, during
the Republican convention. During a
test flight, telecasts were picked up

‘from WNBW, Washington, D. C., and
- WMAR-TV, Baltimore, while circling

over Pittsburgh at 25,000 feet and re-
broadcast on channel 6, over an area
of approximately 525 miles in diam-
eter, reaching about nine states. At
a special receiving point in Zanesville,
Ohio, members of the press viewed the
sight and sound demonstration. The
signals were excellent.

The telecasts were made from a
converted B-29. which housed a 5-
kilowatt (peak) television transmitter,
a 1l-kilowatt FM sound transmitter,

RADIO & TELEVISION NEWS
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THEHN get the socts about

QUR GREATEST CFFER

EN !i? YE@%@ s » 2 IO %ﬁ@ﬂ@
5

Here's good news...big news...our BIGGEST NEWS
in 17 years. Now you get and keep many shipments
of Radio-Electronic parts...work over 200 ‘‘Learn-
By-Doing” Experiments.. bunld and keep a quality
6-tuba “Super” Receiver wnh Magic Tuning Eye..
build and keep @ commercial-type, jewel- bearmg
Multi-Meter . . . use fascinating, instructive HOME
MOVIES to help you grasp important points faster
easier. . . get real Employment Service.

Using the many shipments of %
parts and assemblies (left), you
build and keep this 6-tube
"Superhet’ Receiver and jewel-
bearing Multi-Meter (above) to
give you practical experience
ATHOME in ASSEMBLY...WIRING
. » SOLDERING . . . TESTING. ..
TROUBLE SHOOTING!

Mail coupon below. Get the complete story.
See how we do BOTH~(1) Prepare, then (2) Help you
get started in America’s thrilling Radio-Television-,
Electronic field.

LEARN FASTER . . . EASIER.
RIGHT: You receive the loan
‘of a 16mm. Motion Picture !
Projector and many reels of |.
“Learn-By-Seeing” film to
speed vyourunderstanding of
: important points. Yougetthis
—_ remarkably effective train- «

% ing aid ONLY from D.,T.L M

B

=TRAIN IN CHICAGO LABS'F

If you prefer, you can get _.ms DeForest’s Training, Inc.

2533 N, Ashfand Ave., Dept.RN-E? M‘@ § i ?@@A ?v

£ Chicago 14, lllinois

modern, well-equippe
Chlcugo Laboratories. ™
erte for all the details E

there isno obllgutlon

Send me complete details showing _how I may make my start
in Radio-Electronics-Television. No obligation.

Name i Age
DQFORESI,S TRAINENG |N( W Address Apt.
" CHICAGO; ILLINOIS City Zone___State__ ==
Associated with peVry Corporation, D If under 16, check here I a discharged veteran of
Builders of Elecﬂromc and Mowe Eqmpme’nt for spetial information, World War I, check hers,
Sptembor, 1948 » i
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Model 900MG

Brovides Vas? New Sales Fields
For Dealers and Servicemen

The long-playing micro-groove records have opened
a vast new sales field for Servicemen and Dealers.
Hundreds of thousands of record enthusiasts are
ready to buy the new records, but they must have
a new pickup to play them. This is your big oppor-
tunity to “‘adapt’ their present sets with the Shure
“900MG.” It is a tremendous market—an immedi-
ate, anxious, impatient market. Here are oppor-
tunities, sales, PROFITS! Think of the hundreds
of phonograph users in your immediate area. You
will render an outstanding service by using a Shure
“900MG.” It is unsurpassed for the most brilliant
reproduction of music you have ever heard.

AVAILABLE AT SHURE DISTRIBUTORS NOW!
Code: RUZUZ List Price —$12.50

(Shure Patents Issued and Pending. licensed under Patents of Brush Development Co.)

SHURE BROTHERS, INC.

Microphones and Acoustic Devices

255 W. HURON ST., CHICAGO 10, ILL. ¢ CABLE ADDRESS: SHUREMICRO

www americanradiohistorv com

modified RC4 630 TS receiver, Halli-
crafters communications receiver, pic-
ture control panel with two picture
monitors, 500 mc. link and standard
television receiver, two program audio
amplifiers, two pre-amp intercom and
call amplifiers, monitor audio ampli-
flers, sideband filter (mounted in for-
ward bomb bay), radar beacon equip-
ment and power supplies, etc.

It was quite a test and indicated
that the airborne method of telecast-
ing and broadcasting had significant
possibilities, introducing entirely new
concepts in the art of transmission.

THE POSTPONED TV channel al-
location sessions finally reached the
hearing rooms during the last week
of June, with legal and technical ex-
perts hammering away at the pros and
cons of the FCC proposed allocation
plan which would alter the channel
setup in twenty areas. Some experts
applauded the FCC plan. Others pro-
tested strongly declaring that expan-
sion of the market areas would prompt
interference, reduce signal strength
possibilities and generally impair TV
service. Former FCC commissioner
T. A. M. Craven, who is now vice-
president in charge of engineering for
the Cowles’ stations, supported the
latter wviewpoint, declaring that too
few facilities will be distributed to
too many communities, which will re-
sult in both inadequate competition
and inequitable distribution.

A different approach to the alloca-
tion problem was submitted by Du-
Mont, with eight additional channels
provided, the channels to come from
government service bands. Adopticn
of the plan would rest not only with
FCC but the Interdepartment Radio
Advisory Committee, who set up the
government allocations. In the Du-
Mont plan, the additional channels
would come from either of two re-
gions: 112-118 mec., 132-138 mc., 138-
144 me., 162-168 mec, 168-174 mc,
216-222 mc., 222-228 mec., 228-234 mae.
or 162-168 mec., 168-174 mec., 221-227
mc., 227-233 mc., 233-239 me., 239-245
me., 245-251 mc., 251-257 mc. To ac-
commodaté these channels, the ham
bands would have to be shifted from
235-240 to 234-239 mec., or 216-221 mec.
Dulont engineers also suggested that
the government might use a portion
of the 475-980 mc. channel, now re-
served for TV experimental work, in
an exchange for channels in the 200-
mc. region..

Covering the problem of co-channel
operation, a major factor in the allo-

cation plan, DulMont experts said that

co-channel stations should be at least
180 miles apart in contrast to the FCC
150 mile separation proposal.

Testifying for FEitel-McCullough’s
Mount Diablo stations, O. H. Brown
requested deletion of channel 12 in the
Stockton, California, area, to permit
operation of a 50 kw. TV transmitter
on channel 13, which would be used
in the main for developmental and
test work.

(Continued on page 112)
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How canyou
miss with

Alues WAZ 2=

hlues like these ’ !

THE HERITAGE—Matched
twin speakers, exciusive
Phantom Grilles, “Front Row"’
AM and long-range FM radic
. . . pullout automatic record
changer . . . ample storage
space, add up to radio’s
biggest package far only
$189.50.

THE WILTONDALE—With its
12-inch speaker, ‘“ali-front”
control record changer,
powerful AM-FM radio and
FM dipole antenna, this bril-
liant beauty looks and per-
forms better than models
priced $40.00 higher than
$209.95.

THE FIESTA—Provides the
finest picture . . . occupies
the least space . . . makes
the best appearance of any
television set near its price.
Built-in antenna gives a pic-
ture without installation wait.
Push button tuning covers all
channels. Only $329.95.

September, 19438

S

Take it from America’s top retailers—no
other radio and television franchise packs
such merchandising power and provides
such profit protection. You get better
merchandise—exclusive "Front Row” per-
formance and Aviation Quality win on
any comparison. You offer better values
— with low, direct-from-factory prices,
you successfully compete with chains.

Thats THE NET OF OUR
NEW DIRECT-DEALER RADIO

i

You make a better profit—an exclusive
franchise protects you against price wars
while national advertising directs ail
local prospects only to your door. Take
the first step through this wide open door
to a billion dollar market—get the whole
big story. Do it today—this franchise is
available to only one select dealer in
each community.

EXCLUSIVELY YOURS —ADVANTAGES NO OTHER
RAZIO-TELEVISION FRANCHISE COMBINES

e The appointment of only one dealer in each community * Direct factory-to-dealer ship-
ments * Freight prepaid to destination ¢ Low consumer prices competitive with national
chains and mail order houses = Liberal dealer discounts ¢ Nationally advertised retail
prices protected by your exclusive franchise * Radio and television built to Bendix aviation
quality standards ¢ A complete line of radios and radio-phonographs including famous
Bendix Long Range FM « The most advanced television created by the acknowledged
leaders in radar and radio engineering = Consistent national advertising that builds store

traffic for you ¢ Compelling point-of-sale promotion helps ¢ Special promotion models to
meet competitors’ "off-season’’ distress sales + Plus many new features to be announced.

Write today for all the facts direct to
Edward C. Bonia, General Sales Manager

THE PAGEANT—Big
*‘eye-angle’ picture.
Famous long-range
Bendix AM-FM radio.
Automatic phonograph.
Record storage, Heir-
loom quality cabinet.
The best of everything
for only $599.50.

www americanradiohistorv com
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GENERAL

OWER, fidelity and a price that will amaze

you for a speaker of this exceptionally high

quality—it’s the G-E 1201.

It's a wide range speaker with the frequency
response stretched out at both ends of the curve
to give intense realism, smooth, full lows and
“high fidelity.” A curvilinear cone is employed
to provide this extended frequency response.
Alnico 5, 14% ounces of it, gives high sensitivity
and smooth response.

The moving parts in the speaker assembly are

_ruggedly designed to take high power without

damage to the speaker in any way.
Note: Frequency response 50—13,000 cycles.
For complete. information on this outstanding
speaker write: General Electric Company, Elec-
tronics Park, Syracuse, New York.

165-GSB

ELECTRIC

RADIO & TELEVISION NEWS
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Let NATIONAL SCHOOLS, of Los Angeles, a practical
Technical Resident Trade School for almest 50 years,

train you for today’s unlimited opportunities in Radio

Good Jobs Await the Trained
Radio Technician

You are needed in the great, modern Radio, Television and Electronics in-
dustry! Trained Radio technicians are in constant and growing demand at
excellent pay—in Broadcasting, Communications, Television, Radar, Research
Laboratories, Home Radio Service, etc. National Schools Master Shop Meth-
od Home Study Course, with newly added lessons and equipment, can train
you in your spare time, right in your own home, for these exciting oppor-
tunities. Our method has been proved by the remarkable success of Na-
tional Schools-trained men all over the world.

You Learn by Building Equipment with
Standard Radio Parts We Send You

Your National Schools Course includes
not only basic theory, byt practical train-
ing as well—you learn by doing. We send
you compDlete standard equipment of pro-
fessional quality for building various ex-
perimental and test units. You advance
step by step until you are able to build
the modern superheterodyne receiver
shown abeve, which is yours to keep and
enjoy. You perform more than 100 ex-
periments—build many types of circuits,
signal generator, low power radio trans-
mitter, audio oscillator, and other units.
The Free Books shown ahove teli you
more about it—send for them today!

NOW! New Professional Multitester Included!

This versatile testing instrument is port-
abl2 and complete with test leads and
batteries. Simple to operate, accurate and
dependable. You will be able to quickly
locate trouble and adjust the most deli-
cat2 circuits, You can use the Multitester
at home or on service calls. It is de-
signed to measure AC and DC volts,
current, resistance and decibels. You will
be proud to own and use this valuable
prefessional instrument.

September, 1948

Lessons %
eond
Instruction

Material Are Up-to-date, Practical, Interesting.

National Schools Master Shop Method Home Training gives you basic and
advanced instruction in all phases of Radio, Television and Electronics. Each
lesson is made easy to understand by numerous illustrations and diagrams.
All instruction material has been developed and tested in our own shops and
laboratories, under the supervision of our own engineers and instructors. A
free sample lesson is yours upon request—use the coupon below.

Here’s Just a Few of the Interesting
Facts you Learn with the

FREE MANUAL

Routine for diagnosing Radio Troubles.
Preliminary insDection of Receivers.
How to Test and Measure Voltages.
How to Test Speaker in Audio Stages.
How to Trace the Circuit and Prepare
Skeleton Diagram.
6. Complete Reference Table for Quickly Lo-

cating Receiver Troubles.

Both Home Study and Resident
Training Offered

APPROVED FOR
VETERANS

o o o

Check Coupon Below

MATIONAL SCHOOLS

LGOS ANGELES 37, CAI.IFORNIA EST.1905

K ACTION
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ALPLl

NEW WoaRb eN

TELEPHONE CABLES

Lead makes an excellent sheath for
telephone cables —sixty years and
thousands of miles in service have
well proven that. But lead is useful
in other ways—storage batteries and
paint, to name only two. So the
telephone industry shares the lim-
ited available supply with other
claimants.

Before the war when there was no
lead shortage, Bell Laboratories en-
gineers sought to develop better and
cheaper cable sheaths. An ideal
sheath is strong, flexible, moisture-
proof, durable and must meet specific
electrical requirements. No single
material had all those virtues, so
thoughts turned to a composite
sheatl, each clement of which should
make a specific contribution to the
whole.

Various materials and combina-
tions were studied. Desirable com-
binations that satisfactorily met the
laboratory tests were made up in
experimental lengths, and spent the
war years hung on pole lnes and
buried in the ground. After the war,
with an unparalleled demand for
cable and with lead in short sup-
ply, selection was made of a strong
composite sheath of ALuminum
and PolyETHylene. Now Western
Electric is mceting a part of the

e | BELL TELEPHONE LABORATORIES

Meeting emergencies—whether
they be storm, flood or shortage of
materials —is a Bell System job in

which the Laboratories are proud to © EXPLORING AND |INVENTING, DEVISING AND PERFECTING FOR
take part. CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE.
24 RADIO & TELEVISION NEWS
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could Build this Matchless ]

AIR KING. Portable
WIRE RECORDER

Compare these exclusive

AIR KING features —

o RECORDS DIRECT FROM RADIO

o RECORD PLAYER. Plays 10" & 12" records
o RECORDS DIRECT FROM PHONOGRAPH
e 5-TUBE AMPLIFIER (including rectifier)

Ineludes jederal excise tas
Slightly higher in Zone 2

AIR KING has the “know-how”

BUILDERS OF FINE RaDIOS for 28 years, AIR KING likewise
pioneered the Wire Recorder. From the time of its drawing-
board inception, AIR KING engineers laboriously strived for
that perfect, popular-priced Wire Recorder . .. the recorder
that guarantees vivid reproduction . . . and versatility to meet
all uses. As a result of these years of concentrated effort
toward perfection and the thousands upon thousands of
AIR KING Wire Recorders still giving matchless service,
the AIR KING is your best Wire Recorder buy.

AIR KING has the experience!

» Automatic shut-off at end of play or rewind of
wire ¢ Crystal mike for hand, table or stand
» Rewind speed: 6 times forward speed » Erases
automatically when recording over used wire
» Safety lock prevents accidental erasure » Cov-
ered in leatherette. Luggage-type carrying case
- Weighs 30 ibs. » 5’ Alnico V P.M. speaker
» Complete with these extras: Two spools of
15-minute wire and cable for radio attachment

AIR KING PRODUCTS CO., INC., 172 53rd ST., BROOKLYN 32, N. Y. e Export Address: Air King International, 75 West St., New York 6, N.Y.

AIR KING RADIO P e

S’wzce /920

September, 1948 ‘ 25
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FM TRANSLATOR
General! Electric Model XFM-1

. Post-war version
of the ofld G.E. J.F.M-90
Translator which was used and en;oyed by
tens of th ds of discrimi g radio
listeners.

Covers 88-108 mc range, dial 12 inches
fong, uses guillotine tuning for highest
efficiency, high stability. Designed for ex-
port, has power inputs for 110 to 250
volts, 50/60 cy. Used in conjunction with
good ocudio section or separate amplifier
will provide best FM listening you ever
heard. In attractive natural walnut cabinet
— 10%"“ high x 153" wide x 113" deep,
complete with 8 tubes. Tropic-proof con-
struction. Quantity limited, no more avail-
able. Get your order in while they lastl

Available anly from HARVEY
Special price . .... ieerese.$4950

GE PRE-AMPLIFIER

Just arrived in stock, the new GE Phono-
graph Pre-Amplifier with built-in power
supply for use on 105-125 V. AC only.
Does not use AC-DC type power circuit,
has self-contained power transformer and
is completely isolated from power line. For
use with GE Variable Reluctance Cartridge.

NS5 srerers Srememremererans S SarT $9.57

1LS-3 SPEAKER
Signal Corps
model, 6” PM
speaker,
weather resis-
tant, in rugged
crackle finish
steel case.
Complete with
self-cpnrained
transformer to
match 4000-ohm
foad. Voice coil im-
pedance 6-8 ohms. Ideal for. many uses
around the shack, drive-in theatres, etc.

Harvey Speciai

All prices Net, F.O.B., N.Y.C.
Subject to Change Without Noticé

LO. 3-1800

103 West 43rd St., New York '|8 N Y
AN NNV

26

GENERAL ELECTRIC COMPANY has an-
nounced the formation of a new Tele-
vision Division within the company’s
research laboratory.

Clifford G. Fick, until recently di-
vision engineer of the Receiver Di-
vision, has been chosen to head the

new division. Mr. Fick has been with
General Electric since August of 1925
and has served in both the transmit-
ter and receiver divisions of the com-
pany.
* ¥* *

W. W. WAGNER has been appointed
assistant sales manager of the Spar-
ton Radio & Appli-
ance Division of
Sparks-Withington
Company of Jack-
son, Michigan.

In his new posi-
tion, Mr. Wagner
will work with
Henry L. Pierce, the
recently appointed
sales manager of the Division.
Wagner served as district merchandis-
ing manager for Sparton in the North-
ern Illinois territory since March and
prior to that time was engaged in
various phases of radio and appliance
merchandising for over twenty years.

* & *
WILLIAM BALDERSTON, executive vice-
president of Philco Corporation, was
named president of the company, suc-
ceeding John Ballantyne who was
elected chairman of the board.

The 'position of chairman of the
board was vacated by Larry E. Gubb
who declined re-election because of
illness. Mr. Gubb will continue to
serve as a member of the company’s
board of directors, the executive com-
mittee, and the finance committee.

The new president of the corpora-
tion joined Philco in 1930 when he or-
ganized the Car Manufacturers’ Divi-
sion of the company to handle sales
of automobile radios to the motor car
industry. Mr. Balderston was named
vice-president in charge of operations
in 1944 and since May, 1946 has been
executive vice-president of the com-
pany.

Mr.

NOBLITT-SPARKS INDUSTRIES, manufac-
turers of Arvin radios, is now occupy-
ing a new 22,400 square foot glass and
steel building in Columbus, Indiana.

Nine parallel assembly lines, where
components enter at one end and
emerge 160 feet later as finished ra-
dio sets, are now working full time
turning out nine Arvin models.

With all radio manufacturing facili-

www americanradiohistorv com

ties now transferred to the new loca-
tion, the company will soon begin con-
verting its old radio assembly space
into new and enlarged administrative
and executive quarters.

The new factory is a one-story build-
ing with a flat roof and the entire
skeleton is of welded steel construc-
tion.

. * * *
PRESTO RECORDING CORPORATION has
moved from New York City into their
recently completed plant in Paramus,
New Jersey.

The new plant houses the factory,
laboratories, and general offices of the
company. More than 80,000 square
feet on a single floor has been allo-
cated for the exclusive use of labora-
tories and shops. Additional space is
provided for basement storagé and
air-conditioned general offices.

The company’s new address is P.O.
Box 500, Hackensack, New Jersey.
JOHN F. RIDER PUBLISHER, INC. has an-
nounced the opening of a Chicago
office with Joseph K. Rose in charge.

Mr. Rose has been associated with
the radio industry for years, having
served as service manager for Wells
Gardner and Company for approxi-
mately 13 years.

With the opening of the Chicago of-
fice, the Rider organization will be in
a better position to serve the radio
manufacturing industry, schools, and
jobbers located in that area. With
the expansion of the Rider publica-
tions to embrace the home receiver
field including FM, television, and pub-
lic-address systems it became impera-
tive to have someone on the spot in
the hub of the radio manufacturing
industry.

Mr. Rose may be reached at 6240
North Francisco Avenue, Chicago 45,
Illinois.

* * *
PAUL L. CHAMBERLAIN has been ap-
pointed manager of sales for General
Electric Company’s
Transmitter Divi-
sion succeeding
Philip G. Caldwell
who left the com-
pany July 1st to ac-
cept a position with
the American
Broadcasting Com-
pany.

Mr. Chamberlain has been manager
of sales in the company’s Receiver Di-
vision since 1945 and has been asso-
ciated with the radio industry since
1925. His post in the Receiver Divi-
sion has been assumed by Walter M.

RADIO & TELEVISION NEWS
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AS NEW AS
HE FUTURE!

.. the only transformer
line of its kind

nes, . |
‘ ?w@" A 1HESE BUTSTANDING FEATURES

mgra;,f

_September, 1948

i
§ SEALED IN STEEL CONSTRUCTION

Chicago Transformer’s drawn steel cases provide
convenient, compact mountings; seamless steel-
wall protection against atmospheric moisture and
corrosion; unsurpassed strength and rigidity 1o
withstand shock and vibration; clean, streamlined
appearance that adds eye-appeal to any
equipment.

2 CHOICE OF CONNECTORS

Solder lugs or wire leads. Most units are available
with identical rafings in two base styles to fit your
price and/or wiring preference.

CHARACTERISTICS KEYED TO
MODERN TUBES

Voltage, current, and output ratings have been
designed for one purpose only—to fill the require-
ments of the receiving, transmitting, and industrial
electronic tubes currently most in demand. No
listings wasted on obsolete circuit needs. Result—
a condensed, yet comprehensive, line that's right
in step with today’s new circuit designs.

“"E EXACT MATCHING OF REACTORS

with power transformers. Current ratings of plate
and filament supply transformers and of the high
voltage plate transformers are matched by choke
capacities specially designed for the purpose.
Mountings match, as well, for uniform, “tailored”

good looks.

TRUE HIGH FIDELITY THROUGHOUT
3 RANGES

Frequency response within +V, db; distortion ex-
ceedingly low, even at low frequencies. These are
the characteristics of the input and output trans-
formers. Driver and modulation transformers pro-
vide response within =1 db. All audio units are
designed for frequency ranges that fit three classes
of up-to-date audio application. Full Frequency
Range: 30-15,000 cycles (good up to 20,000 cycles,
where required). Public Address Range: 50-10,000
cycles. Communications Range (voice): 200-3,500
cycles.

Have Complete Details On Hand For Your New EBquipment Planning

WRITE TODAY FOR CATALOG

CHIMGO' TRANSFRMER Division, Essex ‘Wire CTdrporation

27
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ANNOUNCES

For the Finest
Fhonograph Performance Ever Achieved ¢ ¢ o

_ 2 GREAT NEW
PHONOGRAPH AMPLIFIERS

with the MAG'C RED KNOB

will produce unbelievable realism from

‘LOGICAI. culmination of years of electronic research and engineering de-
velopment continuously carried on in Newcomb laboratories, these
new phonograph amplifiers, used in conjunction with suitable accessories,

radio tuners connected to them. Their improved response at low volume,
their beautifully clear, undistorted treble tones and the exclusive new
“Magic Red Knob’ control, which virtually eliminates surface noise and
distortion from records in any condition, make these two amplifiers the
best possible cheice for those custom phonograph installations.

recorded music or from AM-FM

MODEL KXLP-30: Its ample power permits use of
the fumous Newcomb KX-Series dual tone control
circuit, which provides tonal range and balance
unattainable in less costly circuits. This
circuit allows controlled emphasis of
the desirable but power - consuming
fundamental bass tones, avoiding em-
phasis of harmonic bass, so unaccept-
_ oble to discriminating listeners,

MODEL HLP-14: Brings fo music lovers an entirely
new listening pleasure in a somewhat less expen-
sive unit than the superb KXLP-30, Exceptional
tonal balance at whisper volumes is a
feature of the HLP-14, Its adaptability
to use with the new AM-FM tuners, wide
range loudspeakers and new phono-
graph pickups make it an ideal start-
ing point for those increasingly popuye
{ar custom installatione.

Dept. F, 6824 Lexington Avenue o

Both include inpufs for G.E. type pickups.

Hollywood 38, California

PRECISION APPARATUS COMPANY, Inc.

° 92.27 Horuge'l{lu;_—g_[r!g ‘Blvd.,

SuSaS tells HOW — In
. simple, direct language.

New 9th edition now off the press.
100 pages of valuable information.

Available from dil leading radio parts and
equipment distributors or directly from factory”
at only 40¢ per copy.

Etmhurst 9,'N. Y. -

www americanradiohistorv com

c ]
Skillman who formerly served as sales
manager of the company’s standard

line radios.
* ES *

"HOWARD W. SAMS & €O., INC. is cur-

rently sponsoring the national lecture
tour of A. C. W, Saunders of Saunders
Radio & Electronics School of New-
ton, Massachusetts.

Mr. Saunders, whose television
training program is the basis for the
Howard W. Sams’ “Photofact” course
in television principles, recently ad-

| dressed groups of service technicians
- in Bethlehem, Philadelphia and New

York City on the fundamentals of tele-
vision receiver servicing.

His lecture schedule will take Mr.

Saunders to every major section of the
country during the balance of this
year.
NATIONAL COMPANY, INC. of Malden,
Massachusetts has announced the ap-
pointment of two new sales represent-
atives to handle the company’s line of
radio products.

Northwestern Agencies, Inc., 4130

First Avenue, South, Seattle, Wash-
ington, will cover Oregon, Washington,
Idaho, and Montana on behalf of Na-
tional while the Indiana and Michigan
territories will be served by Neal Bear
Corporation of Peninsula, Ohio.
PAUL THOMPSON has been named
chief electronic engineer of the Turner
Company, Cedar
Rapids, Iowa.

Mr. Thompson, a
gra duate of the
University of Min-
nesota, comes to
the Turner Com -
pany with a wide
range of experience
in electroacoustic
engineering. As head of the engineer-
ing staff, Mr. Thompson will devote
his time to research and product de-
velopment of the company’s line of
microphones and electronic equipment.

* % ES

&

D. W. HAVEN is the new comptroller
of Lear, Incorporated, filling the post
which has been vacant for some time.

Mr. Haven comes to Lear from
Solar Aircraft Company’s Des Moines
plant where he served as assistant
treasurer. In his new position, he will
assume the financial responsibilities
covering the various Lear plants at
Grand Rapids, Elyria, and Piqua, Ohio,
in addition to the wholly-owned sub-
sidiary, Lear, Incorporated of Cali-
fornia.

EIE T
FABIAN LEWIS has been named man-
ager of telephone and telegraph sales
for Raytheon Manufacturing Com-
pany of Waltham, Massachusetts.

This new position was created in
order to facilitate the application and
supply of Raytheon products to the
telephone industry.

Mr. Lewis brings to this activity
several years’ experience in the oper-
ation of telephone properties, as an

(Continued on page 146)
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MonG radio servicemen, amateurs, and industrial users
A everywherc—there’s a definite preference for Ohmite
resistance products. These men know—f{rom experience
—that Ohmite resistors and potentiometers provide

long, trouble-free service.

Here’s the reason why you get extra performance. Every
Ohmite product is designed and constructed to stand
up under severe operating conditions. Every unit is
built to-withstand the effects of shock, vibration, tem-
perature extremes, altitude, and humidity. Make
sure you get the henefit of this unfailing dependability.

Ask for Ohmite products by name. . /’/”\
. | -, T B u@%ﬁ RES‘STORS

o e e ViIL WiIRE W ] :
A . BRow“ DE bl vitreous-enam
S woed, dependali® T Lo o from :
RESISTOR o Rugged- 1s winding O] |
L‘“‘-E DEV‘L coN\POSITIOM s comne ) eled Surfaftﬁ 11’;‘;;20& BrownDcvﬂs ]i
=] . -
é Small and sturdy, e i mci:lz::ﬂv mounted by TR |

- 109, In 5, 10-

wire leads. Tol.
nd 20-watl sizes.

. 10 -
] 2.watt VAN °
i n 1/27 1, 31.1 hms. Tol. = v/
" ohmsto22 megovﬂ; - ot0 2] (
7 y = 5. val . ) ° o
/ 109, andl;—ble%iﬂ 1.watt size>

: chms avel ’ 2 et b
-+ 109, tolerance- . 4 PR T = i [« |
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PP GTENTIOME . z

e e ‘ TYPE AB P J1ded composi- 5

2.watt m .
A ith good maret®

contact surface fo .
Provide odd resistance values g
T

: TORS . L g
i AD BUSTABLE RES‘S : . tiori unit ‘,\,-, fected by
! DIV‘BO“M = i oulti-tap resist~ of safety. Tt js und or length i
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2

OHMITE MANUFACTURING COMPANY ¢ 4885 Flournoy St., Chicago 44, .

HMITE

RMEOSTATS - RESISTORS » TAP SWITCHES - CHOKES + ATTENUATORS
September, 1948 29
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GIANT

i M

“SURPRISE”
TRADE-IN ALLOWANCES ON YOUR
USED TEST AND COMMUNICATION
EQUIPMENT

Month ofter month Walter Ashe keeps on offering top allow-
ances on your used, factory-built Test Instruments and Com-
munication Equipment. Renewed fall activity In the field
of radio and electronics makes this the ideal time to replace

mu t.'ltnkmvc

o

gaEnn .u i L

iy e =~\

HSOOO

"ANOTHER BIG VALUE

No. 8056—8 HY x 3500 MA.
55 ohm DO. Res. Shpg.
Wt. 28 1be.

No, 8783—2-6 HY x 500 MA
8winging Choke. S8hpg. Wt.
28 Ths,

Only ........ .. $11.85

No. 6317—4 HY x 300 MA.
40 ohms DC RES. Shpg.
Wt. 13 lba.

Only ............$4.95

No. 4205-E—32.8 HY x 280
MA, 43 ohm DG Res. Shpg.

EVENT.’

No. 10062--10 HY x 250
MA. 110 ohms DC Res.
Shpg. Wt. 13 lbs.

Only ............ $3.49

No. 0122—10 HY x 250 MA.
164 ohm DC Res. Shpg. Wt.
13 1bs.

Only ..... ......$3.95

No. 2785—Dual 12 HY x 250
MA. 150 ohm DC Res. per
section. Shpg. Wt. 17 lbs.

Only ............ $4.95

No. 5269—4.6 HY x 150 MA.
79 ohms DC Res. Shpg. Wt.

wom, outmoded &quipment. So join the parade. Cash in on
generous, money-saving allowances that will amaze youl
Make Walter Ashe prove to you that now, as always, your
trade-in's worth more at the Walter Ashe Store!

N— o~

Wt. 5 lbs.

Only ... $1.49

8 1bs.
Lots of Two 79¢ ea.
One OnlY ‘wimilbvosansand 99¢

BIGGER-THAN-EVER BARGAINS
From “THE HOUSE OF

ATTENTIUN "SURPRISE” TRADE-INS!"

. . BOMBSHELL
Real GALLON Radio Servicemen SPECIAL!
Transformers
TYPE 5707 and Dealers!

3000 Volts D, O. out of
flterat 650 MA. (ICAS),
Pri: 115/230 VAC 60 Cy.

Shpg. Wt. 47 1bs.

onLy $4890

TYPE E-5706
2300 Volts D, 0. out of fllter at 500 MA,
(ICAS). Pri: 116/230 VAC 60 Cy.

shpg. Wt. 88 1bs. NLY $3300
TYPE E-5108

2000-1750-1500 Volts D.C. out of filter @ ne
300 MA. (ICAS) Pri: 115/230 VAC 60 Oy.

Now! Walter Ashe

offers sensational sav-

Reversible Motor

ings in used, recondi-

Originally used for heat con-

trol or Douglas Bombers.

Ideally suited for rotation of

lightweight Ameteur, FM or TV beams. Geared

down to 34 to 2 RI’M with max. torque rating of

50 Inch pounds. Size 2%;{”x3%“x9”. Simple in-
structions included. Shpg. Wt. 6 lbs.

LIMIT OF ONE ONLY $7.45

TO A CUSTOMER.

tioned, “good-as-
w” Test Instru-
ments and Communi-

| Shpg. Wt. 30 lbs.
R o30°_~

cation Equipment.

Since 1922 one of America’s leadmg
distributors of Test and Communica-
tion Equipment.

CONVENIENT TIME PAYMENT PLAN.

Write for complete
list of these bar-
Use the

handy coupon be-

gains.

Use the Coupon to Prove That YOUR TRADE-IN‘'S WORTH
MORE AT THE WALTER ASHE STORE

WALTER ASHE RADIO CO.
W. H. DuBord, WOQDF, Mgr., Amateuvr Div.,
1125 Pine St., St. Louis 1, Missourt RN-9

Gentlemen:
0 Rush bigger-than-ever “surprise” trade-in allewancs oa my

O U S — ., for
(descnbe used equipment)

PE-103 Plug
Plug to fit ontput socket
of PE-103 Dynamotox,

BC-654 Plug
Plug to fit input socket
of BC-654 transmitter.

low.

Shpg. Wt. 3 1b. fhpg. Wt. % 1lb.
Big, new 1948 Catalog
now in production. Re-

oNlY 99€  ony 93¢
serve your FREE copy
‘ todayl
7/ / : PHONE

CHestnut 1125

All the big name brands
of new Test and Com-

(show make, model of new equtpment desired)
Send bargain list of reconditioned, good-as-new
Test Instruments, ] Communication Equipment.
(ch eck one or bot!
[0 Put my name on your “Priority” list to receive your Big,
New 1949 Catalog.

munication Equipment

RADIO CO.

in stock . . . ready for NAME
THE HOUSE OF "SURPRISE”- TRADE-INS oE Bt bt oo o QIDTZRF“ — =
. honel TE
| 1125 _PlNE _SI'. ST' lOUlS l 7 MO' ilf:;cesr.o.n. St. Louis G v e e
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Radio Servicemen: Here is the Industry’s

Newest, Practical Course in

Telons

J

on ¢

® CREI—long known as one of the nation’s outstanding
technical schools—now offers good radio servicemen a practical
home study course in Television and FM Servicing. It is based
on the assumption that you are a practicing radio repairman
with sense enough to know that if you don’t learn FM and
Television, you might as well close up in a year or two.
The shop without qualified FM and TV repairmen will soon
be as obsolete as a blacksmith shop . . . because approximately
800,000 ielevision sets will be produced in 1948 alone . . .
because there will be 4,000,000 more radios with FM by the
end of this year . . . because the repair business will go to
the men with ability to do a scientific servicing job on any
kind of set.

CREI developed this course at the request of several nation-
ally known manufacturers and distributors who recognized the
lack of qualified servicemen to handle TV and FM installations
and servicing. After careful preparation CREI has created this
special servicing course. It has been tested—and proved in the
field. It is as practical as we can make it. It enables you to
put the knowledge you gain from each lesson to work imme-
diately. It won’s make you rich overnight. It won’t make a
television engineer out of you in “ten easy lessons”. You
don’t get a “free television set with your first lesson”—or your
last. But here’s what you do get: a systematic method
method of FM and TV installation and maintenance,

Radio Service Division of

CAPITOL RADIO
ENGINEERING INSTITUTE

An Accredited Technical Institute _
Dept. 498, 16th & Park Rd., N. W., Washington 10, D. C.
Branch Offices: New York {7) 170 Broadway ® San Francisco (2) 760 Marke? $t.

September, 1948

MAIL

TODAY

knowledge of TV {fundamentals, lessons in
basic radio mathematics, meters, lenses and

mirrors, inductive coupling and condensers
at ultra-high frequencies, practical applica-
tions of resonant circuits, TV tubes, FM
receiver
synchronization, TV receivers, TV trouble-
shooting—and much more.

alignment. TV antennas, picture

CREI s an accredited technical school with 21
years experience teaching radio engineers and tech-
nicians, both in home study and residence school
work, Hundreds of practical engineers with key
positions in industry, radio, and TV stations owe
their successful training to CREIL. More than two-
years of preparation have gone into this FM & TV
servicing course. Backed by one of America’s fore-
‘most technical Institutes, it is designed for one
purpose -only: to help a good radioman become a
good FM-TV serviceman. The course is practical; the
cost is pepular. Get complete details by filling in and
mailing this coupon. : ‘

CAPITOL RADIO ENGINEERING INSTITUTE
16th & Park Boad, N, W., Dept, 498, Washington 10, D, C.
Gentlemen:

Please send me complete details of your new home study
course in Television and FM Servicing. I am attaching
a brief resume of my experience, education and present
position.

NAME

STREET

CITY . - ZONE
7 | AM ENTITLED TD TRAINING UNDER G. [. BILL.

STATE..
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F. M. & TELEVISION

Use this new giant manual
for trouble-shooting, repair-
ing, and alignment of any
1947-1948 F.M. and Televi-
sion set. Every popular make,
including new F.M. tuners,
AM-FM combinations, and
all types of television receiv-
ers. Circuit diagrams, the-
ory of operation, test hints
alignment data, including
both meter and oscilloscope
methods. This is the material
you need to learn how to fix
any modern F.M. and Televi-
sion set. Don’t turn away this
profitable work for lack of
knowledge and information.
Use this new Supreme man-
ual to save time and money
on your next F.M. or televi-
sion job. Data on 192 large
pages, 8%4x11 inches. Sturdy,

manual-style bind-
5900

: ‘ l Most - Often - Noeded
| 1048
RADIO

DI AGRAMS

Jrmation

Most - Often - Neode
R M.

and Televisio

Servicing Information

Sorvicing 1

and

Make these two new mammoth volumes your money-
saving source of data on all recently released receivers.
Learn about modern circuits, be ready to repair any
new radio no matter how complex. Your cost is only $2
for each of these large manuals. With these two vol-
umes on your work-bench, there is nothing else to buy,
nothing else to pay — a whole year of radio diagrams
and service data yours for a couple dollars total. Again
Supreme Publications beats all competition and gives
radio servicemen greatest bargains in service manuals.

ing. Special price,
BOTH BOOKS g=

postpaid, only

e
===

Gwmpleie INDEX to
Most - Oﬂen - Needed

RADIO
DIAGRAMS

and Servicing Information

Both books will be included FREE with
for manuals selected from this Dage.
Diagrams’’ gives hints, suggestions, short

It you need a circuit at any time, the In
you where to get it. Limited quantity. W

I'REE to every customer of bouks listed on this page.

“"How to Use

use of diagrams in radio servicing. The 26-page INDEX
witl tell vou just what models are included in SU-
PREME Most.Often-Needed Radio Diagrams manuals.

Most Popular
Models Made by:

R.C.A., Zenith, Philco,
Sears, Fada, Bmerson,
Belmont, Detrola Radio,
Majestic, United Motors,
G.E.,, Westinghouse,
Arvin, Stewart-Warner,
Admiral, Delco, Strom-
berg-Carlson, Western
Auto, Wards, Sparton,
Motorola, Gamble, Cros-
ley, and many others.

B 3 %
1947 1946

every order

Compiled by
M. N. Beitman,
radio engineer,
teacher,

cuts on the

author. & new 1948 sets, including

serviceman.

dex will tell
rite today.

SIMPLIFIED RAD

repairs can be made

stantly.

you can make using

Ne_w, revolutionary different comparison technique
permits you to do expert work on all radio sets.

only a volt-ohmmeter.
cross reference cireuit suggestions locate faults
Covers every radio set-—new and old models.
Over 1,000 service hints,
large trouble-shooting blueprints.

10 SERVICING

Most
without test equipment or with
Many simple, point-to-point,
in-

63 job-sheets, 26
114 tests

a bc resistor. Complete

5950

Record Changers Ma
Post-War Models i

Service expertly all modern (1945-1948)
record changers. All popular makes. Just
follow simplified factory instructions to
make needed adjustments and repairs. |
Hundreds of photosraphs and exploded
views. Jarge size: 8% x 11 inches. 144
fact-filled pages. Price only $1.50 postpaid,

See Your Radio Jobber

i
1942
MOST-OFTEN-NEEDED RADIO DIAGRAMS

Each manual has between 192 and 208 pages of diagrams
and service hints; large size, 8lLxI1”,

NEw 1948 Diacrams

Be prepared to repair quickly
all new 1948 sets. In this big
single volume you have clear,
large schematics, needed align-
ment data, parts lists, voltage
values, and information on stage
gain, location of trimmers, and
dial stringing, for almost all re-
cently released receivers. Su-
preme manuals make toughest
jobs amazingly easy. Diagrams
help you find faults in a jiffy.
Speed-up all repairs. The time
saved on your next job will pay
the $2 bargain price for the com-
plete manual — after that you
use it FREE. A worthy com-
panion to the 7 previous volumes
used by over 120,000 shrewd
radio servicemen. Other volumes
listed below. New 1948 manual
covers models of 42 different

manufacturers. Giant
$900

size: 8%.x11", 192 pages
+ index. Manual-style
binding. Price, only...

1941 1940 1939 1926-38
DIAGRAMS

240 Pages
Price, each. .. $2l Price $2.50

You can speed-up and simplify radio repairs with Supreme
Publications manuals. Service all radios faster, better, easier,
save time and money, use these most-often-needed diagram
maruals to get ahead, earn more per hour. For the remark-
able bargain price (only $2 for most volumes) you are assured
of having in your shop and on the job, needed diagrams and
other essential repair data on 4 out of 5 sets you will ever
service. Every popular radio of all makes, from old-timers to

F.M. and Television, is covered.

Clearly printed circuits, parts lists, alignment data, and help-
ful service hints are the facts you need to be an expert in
radio servicing. Save hours each day, every day, begin to
earn more by making repairs in minutes instead of hours.
Let these manuals give you diagrams for 80% of all sets.
There is no need to spend large sums for bulky, space-wasting
manuals of other publishers, or to buy additional drawings
every few weeks; be wise, use SUPREME Manuals to get the
most in diagrams and service data for the smallest cost. Select
manuals wanted and rush “no-risk” coupon.

nuals — $1.50 each

NO RISK TRIAL ORDER COUPON

Pre-War Models

Just what you need to repair quickly
thousands of pre-war (before 1942) auto-
matic record changers, manual units, pick-
ups, wireless oseillators. recorders, and
combinations. Iundreds of mechanical and
electrical diagrams. 128 large pages; giant
size: 8% x 11 inches. Drice. only $1.50.

or Send Coupon —»

¥
=
"
2
=
a
H
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B
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a
H

keep KREE, Complete
Diagrams.””

[0 I am enclosing $

SUPREME PUBLICATIONS, 9 S. Kedzie Ave., Chicago 12, ILL.

Ship manuals checked on 10-day trial under your.guar-
antee of satisfaction or money back. I am to receive to
INDEX and

[0 New F.M. and Television Manual. .$2.00
[1 Simplified Radio Servicing

1 Post-War Record Changers
[0 Pre-War Record Players & Recorders 1.50

1948 -
“How to Usej {11947 PRICED
0 1916 AT ONLY
....... 1.50 | 01942 sz
....... 1.50 | 01941 2
11940 | EACH
send postpaid. 11939

[l Send C.0.B. I am enclosing $ deposit. | [] 1926-1938—8$2.50
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Mo Which will YOU hold:

Mﬂ

WANT YOUR FCC COMMERCIAL LICENSE IN A HURRY?
Use Cire Training and Coaching Service—and Get Your "Ticket" in a Few Short Weeks!

Thousands of new jobs are opening up—FM, Television, Get your license without delay. Let Cleveland Institute
Mobile Communication Systems. These are only a few of prepare you to pass FCC license examinations, and hold
the radio fields which require licensed radio technicians and the jobs which a license entitles you to, with CIRE stream-
operators. lined, post-war methods of coaching and training.

Your FCC Ticket Is Recognized in All Radio Fields as Proof of Your Technical Ability

More than ever before an FCC Commercial Operator License
is a sure passport to many of the better paying jobs in this
New World of Electronics.

Employers frequently give preference to the license holder,
even though a license is not required for the job. Hold an
FCC “ticket” and the job is-yours!

Hundreds of Satisfied, Successful Students

“I have taken the first class phone license ex-
amination and received my first class ticket diotelephone 2nd class. at Detroit on
last Saturday, May 31. In closing I must say June 3rd, and I want to thank you for
yours is an excellent radio course, and I really your ready assistance as my in-

“I passed the FCC examination in ra- ““I have had my 1st class radio-
telephone license since March of
this' year, and plan to continue

with your course since I find it a

‘‘After sending in Lesson E-9
I took the commercial oper-
ator’s license examination for
2nd eclass radiotelephone, and

appreciate your help and the fine service you structor on Seection I of Nilson’s Mas- great help in studying transmit- passed O.K. 1 received the
have rendered me.”’ ter Course.”’ ters.”’ license last week.””
Student #2876N12 Student Z2799N12 Student £2779N12 Student #2772N1

FREE BOOKLET Tells you the Government requirements for all classes of FCC commercial licenses.
: “==(Does not cover Amateur License examinations.) Use coupon below for Booklet B.
' Cleveland Institute Home Study Courses Offer Complete Technical Radio
OT H E R Training from Low-Level to College-Level, for the Radioman with Practical
Experience!

COURSE A—Master Course in Radio Communication
A complete course covering the technical fundamentals of ra-
dio-electronics, for the radioman who wants a general review.
Includes preparation for EBroadecast station employment.
COURSE B—Advanced Course in Radioc Communication

Engineering

A genuine college-level radio engineering course, completely
mathematical in treatment. For the advanced radioman with
considerable practical experience and training.

COURSE C—Specialized Television Engineering

An advanced college-level course for the radioman who has
had formal training equivalent to A and B.

These three courses in radio-electronics offer a complete,
thorough technical training for radioman who wants to cover
the field. Available separately or combined.

FREE CATALOG_Describes all Cleveland Institute home study courses—tells of CIRE

unique, post-war methods of training. Use coupon below for Catalog A.

HOW TO PAS

RN-9 TERMINAL TOWER

Gentiemen:

Approved for

commerciot F C C LICENSE
tedeOrereor’ EY AMINATIONS...

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

Contractors to the Canadlan Broadcasting Corporation

CLEVELAND 13, OHIO

—— e e e e e e o e — o —————— T ——— —
Cleveland Institute of Radio Electronics I
RN-3 Terminal Tower, Cleveland 13, Qhio |
[ | Please send me your Booklet B, “HOW TO PASS THE FCC COMMERCIAL LICENSE EXAMINA-
L— TIONS,” and informatjon about your home study course for Dreparation for FCC License Examina-
tions. (Does not cover Amateur License Examinations.)
D Please send me your Catalog A, describing all of your home studs radio-electronics courses.
I desire training in course (J A as ac.

Veterans check for enrollment information under G-I Bill. NO
OBLIGATION—NO SALESMEN.,

y Training
|‘ Under “G-1 ; NAME
nont De ay— BlllnoferRights"
T ADDRESS
Write Today!
CITY

34
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COMMUNICATIONS © TELEVISION ® RESEARCH

SEPTEMBER, 1945

ELECTRONIC DIGITAL COMPUTERS. .. .. ... ... David Fidelman 3
CAPACITY TRANSDUCER ... ... ... ... .. .. .. Alvin B. Kaufman 6
FREQUENCY STABILIZATION OF OSCILLATORS . .R. A. Whiteman 8
A SINGLE-STROKE OSCILLOSCOPE SWEEP. . .. Albert H. Taylor 12
PULSE COMMUNICATION SYSTEMS . .. ....... ... . ... .. ..
......................... Sidney Moskowitz and Joseph Racker [4
CAPACITY TUNED TELEVISION TUNER. ... ... . . .. J. A. Stewart 24
DEPARTMENTS
NEW PRODUCTS ... . ... 22 INDUSTRIAL REVIEW . 29
NEWS BRIEFS = ... ... . .. 26 PERSONALS .. ... ... .. .. 30
TECHNICAL BOOKS ... .. 31

RADIO-ELECTRONIC  ENGINEERING is published each
month as a special edition in a limited number of copies of
RADIO & TELEVISION NEWS, by the Ziff-Davis Publishing
Company, 185 N. Wabash Avenue, Chicago 1, lllinois.

VOLUME 11, NUMBER 3, Copyright, 1948, Ziff-Davis Publishing Compary

COVER PHOTO — By Sylvania Electric Products, Inc.

Five planar triodes are exhausted and sealed at one time on
trolley exhaust equipment in the production design section of
the Advanced Development Laboratory, Sylvania Electric
Products, Inc., Kew Gardens, N.Y. Used as a pulse gener-
ator, finished tubes will develop peak outputs of 200 watts.

ENGINEERING DEPT.
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Photograph of the complete IBM selec-
tive sequence electronic calculator.

By

DAVID FIDELMAN

" "N RECENT years the application
of electronic principles and
. . methods has solved many prob-
lems which would otherwise have been
almost impossible of solution. It is
quite likely that of all these applica-
tions the most important to the future
advancement of basic science and tech-
nology as a whole is the application of
electronics to the field of mathematical
calculation and computation.

In the past, the application of mathe-
matics to scientific and engineering
problems has always required the use
of many simplifying assumptions since
the problems encountered in practice
are generally too complex to permit an
exact solution without an almost im-
possible amount of tedious computation.
There do exist methods by which it is
possible to find numerical solutions to
the equations of many physical prob-
lems, but the application of such meth-
ods requires such lengthy and involved
computation as to be alinost hopeless.
Therefore, the necessary procedure in
solving such problems has been to make
assumptions which simplify the mathe-
matics sufficiently so that they may be
solved by mathematical methods whose
solutions are already known. Since
errors are introduced by the initial as-
sumptions, an attempt is made to com-

SEPTEMBER, 1948

ELE
IGITAL
COMPUTERY

Part I of a 3-part article outlining
electronic principles and techniques

used in electronice digital computers.

pensate for them in the final result.

These methods of simplifying the
physical problem for the sake of mathe-
matical simplicity are adequate when
applied to simple physical systems, but
they are found to be completely inade-
quate when attempts are made to apply
them to some of the more complex sys-
tems. For this reason it has not been
possible to solve many of the more
complex physical and engineering prob-
lems satisfactorily.

The development and application of
electronic calculating machines have
completely changed this state of affairs.
Modern types of electronic calculators
are capable of solving in a single day
problems which otherwise would take
foremost mathematicians and physicists
yeare to solve. Electronic calculators
are capable of performing mathematical

ENGINEERING DEPT.
www americanradiohistorv com

operations extremely rapidly, and can
be designed to perform such operations
automatically according to instructions
with which they have been furnished.
Thus it is possible to set up a set of
equations representing extremely com-
plex physical systems without the ne-
cessity of making many simplifying
assumptions, and have the equations
solved by a calculating machine. Since
the calculator operates rapidly and au-
tomatically, the tediousness and time
of solution are so greatly reduced that
it has now become practical to solve
such complex eqguations.

A few typical examples of complex
physical systems which have been
solved or are expected to be solved by
the use of electronic computers are:

(a) Trajectories of projectiles, which

depend upon the type of projec-

3
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3(10%) + 6(10) + 2
+ 4(10% +8(10) + 5
7(10%) + 14(10) + 7
[7(10%) + 1(10%)] + 4(10) + 7
8(10°) + 4 (10) + 7
362
485

847

Il

Table I. Mechanism for perform-
ing the function of addition.

tile, its velocity, angle of fire, and
the resistance of the air as a
function of velocity (which is it-
self a complex empirical function
having no simple mathematical
formulation)

(b) Systems of simultaneous linear
equations which occur in petro-
leum chemistry, electrical circuit
analysis, aircraft and structural
design, and in statistics

(¢) Hydrodynamic equations of fluid
flow

(d) Accurate weather forecasting
from the great amount of mete-
orological data which can be ac-
cumulated

(e) Such problems as the accounting
and calculating needs of large
businesses and government agen-
cies and a large variety of other
applications to complex problems.

In addition to these applications in

solving the difficult mathematical equa-
tions of science, engineering and ap-
plied mathematics, the various types of
electronic calculators have still other
applications in many other fields of
technology and industry. The most
outstanding example is in the field of
automatic control. Here the electronic
circuits may be used to control a process
or function according to any pre-as-
signed functional relationship between
a large number of different dependent
and independent variables. By use of

Table II. Mechanism for periorm-
ing the function of multiplication.

485
X [1(10°) +3(10) + 2]
= 485
485
4850
4850
4850
48500
= 64020
485
132
970
1455
485
64020

such calculating circuits in automatic
control applications, a wide variety of
intricate and complex operations can
be performed automatically to an ex-
tremely high degree of accuracy. In
many cases such forms of automatic
control by means of electronic calculat-
ing devices are decidedly superior to
the use of human controls.

Electronic Principles in
Computer Design

Various types of automatic calculat-
ing machines have been known for a
very long time, but it has only been
since the introduction of electronic
principles that they have been able to
become more than aids to the perform-
ance of arithmetical problems. Previ-
ous to this, mathematical machines were
mainly devices making use of mechan-
ical methods to perform certain opera-
tions. Such devices have reached a
fairly high stage of development. For
example, electrical calculators are avail-
able which will automatically perform
addition, subtraction, multiplication
and division operations on numbers
having as many as ten or more digits.
It is also possible to integrate curves
and to find the solutions of certain types
of differential equations by means of
mechanical calculating devices.

However, by the introduction of elec-
tronic circuits, it has also become pos-
sible to initiate and control very long
and complicated sequences of opera-
tions in which succeeding operations
may depend upon the results of previous
operations which may require judgment
on the part of the machine, and to per-
form such calculations extremely rapid-
ly.

These great advances in automatic
calculators are due to certain very basic
properties of the vacuum tube.

(a) The electronic tube can operate
at speeds far in excess of the
capabilities of any mechanical de-
vices.

(b) Tubes provide useful power gain
with negligible loading of the
input circuit. Thus, greater ac-
curacy can be attained since cal-
culating circuits need be designed
only to perform the calculating
function, and need not deliver
any power. If any appreciable
power is needed to drive the out-
put, this power may be generated
in the plate circuit of an ampli-
fier tube whose grid is excited
by the calculating circuit.

(¢) Circuits using electronic tubes
may readily be designed to offer
a wide variety of desired types of
response, from definite on-off
trigger actions to fixed constant-
gain amplifiers which are almost
entirely independent of tube
characteristics. In addition,

ENGINEERING DEPT.
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tubes have the feature of acting
as a more or less unidirectional
element, which simplifies inter-
action problems in the design of
complete systems.

Tubes also have certain disadvan-
tages which must be compensated for
if they are to be used in precision ecir-
cuits such as calculating circuits. For
example, the characteristics can not be
used directly in any type of precision
circuit. )

However, in electronic calculating
circuits these disadvantages are reduced
to negligible proportions in such a man-
ner that full use may be made of the
advantages of the electronic tube. This
has been accomplished by using the
tube as a simple on-off switch in digital
computers, or as a null device in servo
systems, or as an amplifier using nega-
tive feedback in such a manner that
the amplification depends upon the cir-
cuit elements and not upon the tube
characteristics. The use of the electronic
tube in this manner, to take maximum
advantage of the most desirable charac-
teristics, has been primarily responsible
for the great advances in calculating
machine design and their greatly in-
creased possibilities.

Tyvpes of Computers

Calculating machines fall into two
general types: digital computers and
analogue computers. The analogue type
of computer consists of an apparatus
in which chosen physical quantities
(such as length, electrical voltage, rota-
tion, etec.) may be set up to vary in a
manner mathematically analogous to
the variation of the numbers in the
problem under consideration. The slide
rule is perhaps the most familiar ex-
ample of an analogue computer. The
digital type of computer, on the other
hand, works out problems by methods
which are basically the same as those
which would be used in working out
the same problem arithmetically on pa-
per. Examples of digital computers
are the use of the 10 fingers for count-
ing, the Oriental abacus or counting-
frame, and the ordinary desk adding or
calculating machine.

Both types of calculating devices have
their relative advantages and disadvan-
tages, and the choice of which type is
to be used in any individual case de-
pends primarily upon the characteris-
tics of the particular problem under
consideration. As anyone is aware who
has ever used a slide rule, the accuracy
of analogue computers is limited by the
accuracy with which one can set the
input quantities or read the output, and
the more complex the problem the more
serious this difficulty becomes. In digi-
tal computers, since the elements have
only positional significance as in the
case of beads on a counting-frame,
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there is no fundamental limit to the
accuracy obtainable. However, digital
methods require apparatus which is
much larger, heavier and more com-
plicated, and are therefore not always
more desirable to use than analogue
methods.

In the design and construction of the
latest and most highly developed elec-
tronic calculators extreme accuracy is
a far more important consideration
than size and simplicity of construc-
tion; therefore these machines gen-
erally make use of digital computation
methods. There are, however, many
fields of application where small size
and simplicity of construction are more
important factors than extreme accu-
racy, and analogue computers are pre-
ferable for such types of applications.
This article is concerned primarily with
the theory and design of digital types
of computers.

Principles of Digital Computation

Since some problems might require
an almost infinite amount of calculation
for their solution, the advanced
branches of mathematics such as alge-
bra, calculus, group theory, ete., have
been invented as a means of decreasing
the amount of calculation required for
the solution of problems. However,
with the development of the latest elec-
tronic digital calculators, it has now
become possible to apply the basic
mathematical processes to the solutions
of advanced problems without the ne-
cessity of using the short cuts and
simplifications of higher mathematies.
The average motor-driven electrical
desk calculator can multiply two ten-
digit numbers in approximately 10 sec-
onds. The electronic calculator can per-
form the same operation in less than 10
second. Thus a problem which would take
a highly skilled mathematician or physi-
cist from 10 to 20 years to solve by
using the most advanced methods of
modern mathematies might be solved
arithmetically by the electronic digital
calculator in a few hours.

The basic principle upon which all
types of digital calculators operate is
that of counting. By counting in a def-
inite manner, and by properly sequenc-
ing various counting operations, it is
possible to perform mathematical op-
erations such as addition, subtraction,
multiplication and division. It need
hardly be noted that this procedure is
not only the basis of electronic digital
computers, but also of the ordinary
method of performing arithmetical op-
erations manually with paper and pencil
or by counting on one’s fingers. From
this consideration it is obvious that the
major requirement for the design of an
electronic digital computer is that there
must exist an electronic method of
counting, and some means of automat-
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ically sequencing the counting opera-
tions. Such circuits are well known,
and they form the basis for the design
of electronic digital calculators.

The addition of numbers is the most
direct application of counting. For ex-
ample, if one wants to add 3 to 4, one
first counts to 4 and then counts an
additional 3 numbers to 7, which is
equal to the sum 4 + 3. This same pro-
cedure is followed in adding any two
numbers. In adding very large numbers
the process of counting directly tends
to become quite lengthy, therefore the
decimal system has been introduced to
save time in calculation. Thus instead
of counting 362 numbers from 485 to
find the sum of these two numbers, the
operation would be performed as shown
in Table I.

The actual operations which are per-
formed in this addition are shown on
the left, while the usual abbreviated
form of this calculation is shown at the
bottom. By use of the decimal sys-
tem, the actual number of countings
in this addition has been reduced from
362 to 18. However, the basic operation
in this addition is still that of counting.

Multiplication also is readily per-
formed by the counting process, since
it can be considered as a series of suc-
cessive additions. For example, multi-
plying a by b consists of finding the
sum of ¢ added b times. In multiplica-
tion, as in addition, the use of the
decimal number system results in a
considerable saving in the amount of
calculation required. Thus, Table II
shows how the number 485 is multiplied
by 132.

The basic operation is again one of
counting by means of successive addi-
tions as shown on the left, and usually
performed in the more rapid abbrevi-
ated manner shown at the bottom.

The operations of subtraction and di-
vision are essentially addition and mul-
tiplication in a reverse direction. Sub-
traction is merely counting backwards
from a given number, while division
consists of finding the number of times
one number can be successively sub-
tracted from another number.

y=AXIS (S -T2 42 Ye——
{0.02,1.0201)
1
:Ay=o.0101
I
(X191 ._.__..._-!
{0.01,1.0N}  Ax=0.01
I
diyer001
1 Yo= 0
[}
(%01 Yo} .__.__.._l
©o,n x:0.01
X———

Fig. 1. Steps in the numerical solution
of the differential equation dy/dx=—y.

These four operations form the basis
for all other mathematical processes.
The manner in which square roots, cube
roots, powers of numbers, etc., are ob-
tained by making use of the above four
operations will readily be recalled by
anyone who has been exposed to the
various arithmetic and algebra courses
taught in school. These operations are
further extended to the determination
of logarithms, exponentials, trigono-
metric functions, and other functions
of numbers, in 2 manner which is again
familiar to present and former students
of elementary mathematics. Generally
these last-named functions are com-
puted once, then compiled into a table
of values for future reference to avoid
the necessity of repeating the same cal-
culations.

Differentiation and integration also
are derived fundamentally from the
four basic operations, since they are
defined as the limiting cases of sums
and differences in the following man-
ner:

Differentiation:
dy _lim  y(x+x) —y(v) 1)
de Ax— 0 Ag ’
Integration:
. — lim . . o
fraw=lm  tyeiw .. @

As a simple example of the applica-
tion of digital computation methods to
the solution of differential equations,

(Continued on page 21)

Fig. 2. Tweo tirigger circuits of the type which
may be used in electronic counting applications.
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tion. Total capacity of the connecting
cable between the pickup and the trans-
ducer unit must not be excessively high
or the variation in pickup capacity may
fall to such a low percentage value of
the total input capacity to the trans-
ducer unit that it will seriously hamper
its alternating voltage output. Where a
long cable is required the use of RG 7/U
is recommended. The variation of pick-
up capacity should be at least five to
ten per-cent of the total input capacity,
but operation on lower percentages is
possible under low vibration conditions.
The illustration shows that a one-vane
pickup was used on the supercharger
until discontinued for a four-vane pick-
up. It should be noted that the number
of pickup elements does not change the
output frequency, but rather the num-
ber of vanes or blades on the rotating
shaft. This is because all four (in this
case) pickup elements come under and
out of the blades at the same time, and
thus are the electrical equivalent of one
vane or element. Why then the increase
of pickup elements? Increased capacity
change and henceforth greater output
is not the reason. Under extremes of
high vibration or weaving of the rotat-
ing blades, a high degree of hash may
be produced, which will prevent opera-
tion of the system. These stray varia-
tions in capacity may be corrected with
the use of a three to four element pick-
up which will automatically balance out
the weaving capacity changes. As one
blade weaves closer to a vane, its in-
crease in capacity is balanced by the
other blade (180 degrees away) moving
away from a vane or pickup element.
With the four element pickup, good
waveform was delivered to the H-P
electronic frequency meter at over 30,-
000 r.p.m.

There are several other factors that
must be considered in the design of the
capacity pickup as used for r.p.m. in-
dication. In theory it is nothing but an
insulated metal plate, but what about
spacing, vane area and air flow restric-
tions ? The size and shape of the vane
or pickup plate is not critical, but is
chosen so that the impeller blade is not
under the plate for more than 509, of
its travel before the next blade passes

Bottom view of the unit, showing the
relatively few components required.

60 MA,
20 H.

SPT-3
HALLDORSON

rl

5Y3 OR5Y4

)&

|
\l2

H7 WV
60n,

.05
QUTPUT

'} 6AG7 N

(~50putd. =
8UD LC 2079
>50239

M359
5 MEG.

IMPELLER

6.3 VOLTS

E=

<

PICKUP

i —
%AT350 HAS SECONDARY REWOUND— -
1 PIE FROM 2.5 MH. R.F. CHOKE

Fig. 1.

Circuit of the DC-9 supercharger impeller r.p.m. capacity

transducer. This unit was also used for vibration experimentation.

under the plate. This gives roughly a 1
to 1 low to high capacity cycle. This,
through the transducer, delivers an al-
ternating output wave. The electronic
tachometers used with this unit require
an “on to off”” or vice versa alternation
of input voltage preferably 1 to 1 but
not to exceed 4 to 1 for a highly accu-
rate indication. The spacing of the
plate or pickup vane to the element de-
pends upon input cable capacity, spac-
ing between impeller blades and trans-
ducer sensitivity. Using a two foot
RG 8/U cable with the four-vane pick-
up illustrated, spacings up to one quar-
ter inch have been employed. This may
best be determined by test, but in any
case, no close tolerances or distances are
necessary in spacing the element from
the rotating blade. Air flow restriction
may be limited to a low value by proper
design of the pickup. This again hinges
upon use of the pickup in different fields.

The capacity transducer unit changes
the variation in pickup capacity into a
useful audio frequency voltage suitable
for application to an electronic fre-
quency meter or tachometer. This unit
consists of the familiar “capacity re-
lay” or radio frequency oscillator, a
detector and a one-tube amplifier. The
capacity relay is an r.f. oscillator ad-
justed to oscillate feebly. The pickup
unit is connected so that every time the
capacity of the pickup increases it
shunts the oscillator feed-back circuit
more, and thus causes the oscillator to
drop its r.f. output voltage. This r.f.
carrier is rectified into d.c. and the a.c.
component (caused by variations in the
r.f. signal due to changing pickup plate

capacity) is amplified. This amplifier
signal is then fed into an electronic fre-
quency meter. The output of the capa-
city transducer must be over two volts,
but not over two hundred to operate the
Hewlett-Packard instruments in use at
Douglas. As the output voltage is not
critical and does not affect the r.p.m.
indication, the capacity transducer units
require no gain stabilization. Where
this unit is used for vibration analysis,
no gain stabilization is required where
vibration frequency component indica-
tions only are required. However,
where displacement in thousandths of
an inch is a required indication, then
full stabilization is required. This may
be secured by power supply regulation
and if necessary, crystal control of the
oscillator frequency. )
The sensitivity of this transducer unit
may be realized when, with just its
single amplifier tube, outputs of three
r.m.s. volts are available for one or two
mieromicrofarad capacity changes.
The oscillation frequency of the trans-
ducer unit is not critical and for this
reason the oscillator coil in the trans-
ducer unit is not tuned. As the whole
unit is contained in a sealed metal box
there is little likelihood of the unit
radiating sufficient r.f. energy to war-
rant any FCC action. Where the partic-
ular coil specified in the drawings is not
available, the oscillator should prefer-
ably be set to oscillate between 500 to
2000 kilocycles. This, in part, depends
upon the capacity change available in
any particular application. As may be
noted on the diagram, the pickup ca-
(Continued on page 30)

Top view of the unit with dust cover removed,
showing placement of major components.
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FREQUENCY STABILIZATION
of ONCILLATORY

By R. A. WHITEMAN, Consulting Engineer

An analysis of special methods of frequency
stabilization of self-excited oscillators.

Fig. 1. Application of Q-meter to the determination of coax properties.

¥ HE MANY causes of frequency

variation in uncontrolled oscilla-
- .- tors have been discussed and
analyzed in a previous issue of this
magazine. Of these causes, the most
serious was the thermally-produced
frequency changes in the tuned in-
ductance and capacitance circuit of the
oscillator. If compensation of the in-
ductance variation by means of the
capacitance change is not adequate for
the stability requirements of the oscil-
lator frequency, then a special means
of stabilization is necessary.

It is the purpose of this article to
analyze special methods of frequency
stabilization and present experimental
data to illustrate the value of these
methods. It must be emphasized that
the analysis presented in almost all of
the following cases is approximate
and therefore the conclusions indicate

8

a trend in the functional relations and
not an absolute numerical answer to
the problem. The indicated trend has
directed the empirical work, thereby
saving time in obtaining the desired
results. This illustration of combining
analytical and experimental work may
well be studied by engineers who con-
demn mathematics for not yielding
the final answer immediately. This
method will be applied to both negative
resistance and feedback type oscillators.

Fig. 2. Block diagram of
a feedback oscillator.

JEp g
A-E;,A B=l
[ AMPLIFIER [ FEED BACK
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The choice of a particular type
circuit for a high-frequency oscillator
depends primarily upon the ultimate
use of the circuit and not because one
oscillator circuit is fundamentally bet-
ter than another. All feedback-oscil-
lator circuits can be derived from a
single basie circuit and, as will be
shown, are stable oscillators within
known finite limits of certain para-
meters. At these limits, all feedback
oscillators become unstable. To ac-
complish this analysis, consider the
operation of the oscillator as an ampli-
fier with the output connected to the
input through a four terminal net-
work. The performance of the oscilla-
tor will then be considered as an
amplifier with a complex load imped-
ance and a complex feedback circuit.
This combination is said to be stable
when an impressed small disturbance
results in a response which goes on
indefinitely, with the magnitude of the
response limited only by the non-
linearity characteristics of the ampli-
fier. Under these conditions, the steady
state voltage gain of the round trip
around the circuit is unity. This rela-
tion is more clearly expressed with
the aid of Fig. 2 where the amplifica-
tion is represented by A and the feed-
back coefficient by B. The steady-state
condition requires that A » B must equal
unity. It is quite possible that this
product may be greater than unity
before the steady-state condition is
attained; however, the attainment of
unity is accomplished during the initial
transient period. Using a modified
form of the Nyquist diagram this latter
fact is illustrated in Fig. 3. In order
to apply this diagram to the feedback
oscillator, it is necessary to realize
certain assumptions are required. They
include the direct effect of non-linearity
of the amplifier upon the suppression
of the effective amplification factor of
the tube. That is, it is permissible
to define a new amplification factor
which will be less than that used for
amplifier design and will be determined
quantitatively by the product of A+B
equal to unity. This, of course, assumes
that the non-linearity of the amplifier
does not appreciably affect the har-
monic distortion, the interelectrode
capacity or the frequency of oscillation.
If the method used by Dr. H. Bark-
hausen in his, “Lehrbuch der Elek-
tronen-Rohen 8 Band: Ruckkopplung”
is modified to include plate current
angle of flow as a parameter, the value
of A becomes:
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 WZ.
B +Z.

wheye g’ is the modified # in accordance
with the new definitions and £ is
7/ (6 — sin 6 cos 6).

Using the fact that:

A= — (1)

AB=1 . . . . ... .. ..

an algebraic operation yields:
_ 1 Bry 5
B—»(, —)3
2 +uZa (3)

for the purpose of drawing the vector
diagram of B. To draw this diagram,
it is necessary to select the load imped-
ance as inductive or capacitive. If it is
inductive, the vector representing Z.
will be in the first quadrant and if it
is capacitive the vector will be in the
fourth quadrant. This should be re-
membered since the vector diagram in
Fig. 4 only considers Z. to be inductive.
To construct the vector — B the vector
1/4' is drawn along the abscissa to the
right and at the termination of 1/4' the
vector Br,/i'Z, is added, thereby giving
— B as the vector sum of the quantities
within the parenthesis in Eqt. (3). The
final result may be summarized by the
expression:

—~B=RBe'® .. ... ... 4

It is important to note that Eqt. (4)
would become:

—~B=B&?® .. ... .... (5

for a load impedance Z, which is ca-
pacitive instead of inductive. In other
words, the vector —B must lie in either
the first or fourth quadrant with the
angle ¢ less than + 90° and more than
— 90°.

To apply the foregoing information
to the general feedback oscillator, refer
to the block diagram shown in Fig. 5,
with Z, and Z. forming the feedback
network and Zs; providing the tank
circuit. The mutual impedances are
included in this diagram for the sake
of generality and may or may not
exist in any particular circuit appli-
cation.

In addition to the above analysis,
another condition for the maintenance
of oscillations by a thermionic circuit
of assumed linear characteristics can be
represented algebraically in the form:

R+j (wL*}lwlc) —(a+jb) =0 . . (6)

where the quantities ¢ and b are the
in-phase and reactive components of
the effective series ecircuit impedance.
The two conditions which must be
satisfied in accordance with Eqt. (6)
are:

(7
(8)

with @ and b as functions of «, L, C, R
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Fig. 3. Modilied form of the Ny-
quist diagram for an oscillator.

and also of the characteristics of the
oscillator tube. The frequency deter-
mined in this manner will differ from
that determined by the reactances of
the oscillatory circuit. Since this calcu-
lated frequency includes the tube char-
acteristics, a more stable oscillator will
be achieved with circuit components
selected so that the quantity b is zero.
Then the formula for the frequency
would reduce to

. 1
=Ic T €D

W

and as a result the frequency would be
independent of the generating source.
This requirement can be satisfied in a
great number of ways and will b2
illustrated by numerous applications
in this article.

This particular theory does not con-
sider the presence and effects of har-
monics in the circuit and upon the
frequency of oscillation. Groszkowski
has shown that in an oscillator operat-
ing under steady state conditions,
there is a balance of both “actual”
and “reactive” power. A balance of
actual power is understood to mean
a balance between the dissipated power
in the resistive component of the load
and that supplied by the power source.
The reactive power balance also exists
between the magnetic energy in the
inductance and that in the capacitance
of the tank circuit.

Fig. 4. Vector diagram show-
ing requiremenis for oscillation.

Fig. 5. Block diagram of general feed-
back oscillator with impedances indicated.

Fig. 6. An illustration of a spher-
ical condenser with a charge dis-
tribution between the plates.

Fig. 7. Change in anode-cathode capaciiance due to (A)
anode voliage change. and (B) anode current change.
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Fig. 8. Frequency stabilized oscillators. (A) Capacitively tuned tank
circuit and a stabilizing inductance Lg equal to LC,/Ci. (B) Inductively
tuned tank circuit and a stabilizing condenser Cg equal to CL;/L.
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Fig. 10. Frequency stabilization
by means of phase compensation.

The second power balance within the
oscillation circuit was shown to be
a necessary condition by Groszkowski,
and the presence of harmonics of the
fundamental tank current would cause
the frequency to shift to a value
which would produce a balance of
power including the energy due to the
harmonic fields. It clearly follows that
any change in the harmonic content

Fig. 11.

of the oscillation current must intro-
duce a change in the fundamental
frequency.

To visualize the influence of the
harmonics on the frequency of oscilla-
tion, consider the fact that the har-
monic currents flow chiefly through
the capacitive branch of the tank cir-
cuit and as a result the electrical
energy in this branch is increased. To
satisfy the condition of energy equi-
librium, the frequency must decrease
so that the electromagnetic energy
in the inductive branch increases until
a balance is obtained again between
the energy in each arm. When this
information is used for determining
the effect of the harmonic content upon
the fundamental frequency shift, it is
found that a 1 per cent r.m.s. harmoniec
content of voltage across the tuning
capacitance should give a reduction
of frequency of ahout 50 cycles per
million.

Another factor which is not easily
taken into consideration and elimi-
nated is the effect of a varying inter-
electrode capacitance upon frequency
drift. The capacitance between any
two electrodes in a vacuum tube is
dependent upon the geometry of the
electrodes and the charge density be-
tween the electrodes. The dielectric in
this particular case consists of a vac-

Performance tests of resistance-stabilized oscillator for (A) varying

anode voltage and (B) varying filament voltage showing that 1830 ohms is best.
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uum in which electrons or a charge
density is located. The presence of the
charge density definitely affects the
capacitance. To understand this phen-
omenon, consider the simple geometri-
cal arrangement of two concentric
spherical electrodes with a charge
distribution between them. The effect
of the charge upon the capacitance
in this arrangement will be similar
to that encountered in other electrode
configurations which will be illustrated
by means of experimental test data.
Referring to Fig. 6, the difference of
potential between the two surfaces is:

U1~U2: [idT—'I‘—pv dar
N7

1y
T T
a g
+ IanS ij‘ds ... (10)
Sl SZ
then:
_Q [« a 1 1
U, 2= = o T~
v E - m e p) ¢ A
where
f5
1
1 T
=g (12)
[
T2
1 T
R Q (@)

with p as the charge density between
the electrodes and = and S as the vol-
ume and surface respectively. The
quantity @ is the total charge on the
surface of the electrodes and the net
effective capacitance is given by the
expression:

c= 1 (o

a a 1 1
(-7+a %)

If the flow of electrons is increased
in the anode circuit, due to an increase
in anode voltage, the charge density
will increase in the vicinity of the
anode or surface S. thereby causing
the new denominator of Eqt. (14) to
become less and the value of the ca-
pacitance C to increase. This result
was checked by experiment and is
shown in the graph of Fig. 7A where
the change in capacitance of a vacuum
tube is plotted along the ordinate and
the anode voltage is plotted along the
abscissa. In this particular case the
change in capacitance is almost linear
with respect to the anode voltage. In
another experimental check, the change
in capacitance is again plotted along
the ordinate but the anode current is
plotted along the abscissa. This result
is shown in Fig. 7B and is not linear.
In each of these cases, the frequency
of an oscillator would decrease if com-
pensating or stabilizing networks were
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not included in the oscillator circuit.

A number of methods have been
found for improving the frequency
stability of an oscillator by connecting
certain reactances in the electrode con-
nections to eliminate or at least par-
tially compensate the reactive effects
of the tube. Referring to the basic
cireuit of Fig. 5, the condition of oscil-
lation may be either expressed by Eqt.
(2) or (6). The well known circuits of
Hartley, Colpitts, Meissner and Bark-
hausen are all represented with the aid
of this circuit diagram and appropriate
circuit element values. The frequency
of oscillation of the particular circuit
can be determined by setting the imag-
inary part of the product A+B equal
to zero.

For purposes of simplification and
a first degree approximation, the
numerical values of these compensating
reactances can be calculated by assum-
ing the circuit or tank resistance to be
negligible compared with the plate re-
sistance of the tube. This is certainly
not correct for power oscillators but
is reasonably correct for circuits not
providing maximum power output. This
assumption greatly simplifies the calcu-
lation of frequency and permits a
rapid calculation of the reactances
represented by Z., Z. and Zs.

It has been found that frequency in-
stability may be compensated for by
several different methods. It is suffi-
cient to indicate a number of success-
ful methods used in conjunction with
the tuned-plate, tuned-grid circuit,
Hartley and Colpitts oscillator circuits.
These methods are shown in Fig. 8
where the value of the compensating
inductance L. or capacitance C, is
given for each circuit in terms of the
parameters of the circuit.

If stabilization of the oscillator is
accomplished by a capacitive reactance
in series with the anode circuit, it is
necessary to provide a d.c. path for the
steady plate current. This can be
achieved by shunting the frequency
stabilizing capacitance with a high
impedance choke.

The stabilizing capacitance which
must be used with a tuned-plate, tuned-
grid oscillator or a Hartley oscillator,
is proportional to the capacitance of
the tuned circuit. If it is desirable to
stabilize the circuit over a wide band
of frequencies, this relation can be
obtained by connecting the two con-
densers together mechanically.

It has been found by experiment that
considerable improvement in frequency
stability can be obtained by selecting
the appropriate circuit values. As an
example, in the case of a small power
oscillator, a shunt-fed tuned-plate and
a plate circuit stabilizing resistance,
a 10 per-cent decrease in filament cur-
rent introduced a decrease in frequency
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of 25 cycles per megacycle and a 10
per-cent drop in plate voltage in-
creased the frequency 15 cycles per
megacycle. It is interesting to note
that the two frequency variations were
of the opposite sign; however, the
frequency change due to the change in
heater current was considerably more
than that due to a corresponding per-
centage change in the plate voltage.
This fact may be used to advantage
by having both voltage supplies derived
from a common source thereby intro-
ducing a certain amount of automatic
compensation.

It is quite obvious that power oscilla-
tors, in general, cannot be designed for
maximum power output and frequency
stability simultaneously by selecting
an appropriate ratio of L/C. The
ratio L/C for a power oscillator is
R,?/Q* where @ is the ratio oL/R of
the loaded tank coil and B, is the load
resistance which should be applied to
the plate circuit of the power oscillator
tube. In practice, the numerical value
of @ can not always be reduced with
ease, in each case, to values less than
30 and the value of R, determined by
the operating characteristics of the
tube. If, however, maxXximum power
output is not of importance, it is pos-
sible to choose an L/C ratio which
will give a frequency stability better
than 100 cycles per megacycle for in-
tentional changes in plate voltage of
10 per-cent.

In addition to the methods of fre-
quency stabilization shown in Fig. 8,
there are a few methods which have
proven very satisfactory in practice.
A circuit such as that shown in Fig. 9
might be called a resistance-stabilized
oscillator because the resistance pro-
duces an inverse feedback effect. In
particular, resistance R provides a bias
voltage in the grid circuit proportional
to the steady cathode current. The
family of curves plotted in Fig. 11

Fig. 13. Performance of phase-compen-
sated oscillator with variations in filament
voltage for optimum values of R, and R..
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sated oscillator with variations in anode
voltage for optimum values of R, and Ro.

indicates very definitely the stabilizing
effect of increasing the resistance of
the cathode resistor. It is observed that
the frequency change for a decreasing
plate voltage or filament potential may
be reversed in sign by adjusting the
controlling resistance. By carefully
selecting the numerical value of the
resistance, it is possible to make the
frequency substantially independent of
the tube parameters. In this case, a
resistance of 1830 ohms gave the best
performance of about 15 cycles per
megacycle for a very wide range of
supply voltages. It should also be real-
ized that the cathode resistor provides
only a part of the grid bias voltage
and that a reasonably high grid re-
sistance is necessary in order to pro-
vide a self-biasing circuit for the oscil-
lator.

Another very interesting method of
frequency stabilization applies the
principles of phase-compensation to a
circuit which combines the features of
the Hartley and Colpitts oscillators,
since the frequency variations in a
Hartley oscillator are in the opposite
direction to those occurring from the
same cause in the Colpitts oscillator.

With the aid of Eqt. (4), it is pos-
sible to show that for a Hartley oscilla-
tor the frequency of oscillation is al-
ways lower than the resonant frequen-
cy of the tank circuit and since the
frequency difference is inversely pro-
portional to the tube resistance R, and

(Continued on page 28)

Fig. 14. Variation of power supplied to
work coil due to changing load impedance.
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ALBERT #H. TAYLOR

Design, theory of operation, and typical circuit for

a single-stroke sweep operating from center position.

TYOMMON types of single-stroke
sweeps require a cathode-ray
oscillograph deflection amplifier

to deliver twice the peak output voltage
necessary with sinusoidal or sawtooth
deflection. As a result, overloading and
consequent nonlinearity are probable.
A very fast single-shot sweep circuit
avoids this difficulty. Starting from
screen center, it jerks to the left edge
and commences sweeping within 0.1
microsecond after tripping, and simul-
taneously flashes on the normally ex-
tinguished cathode-ray beam just long
enough for the spot to traverse the
width of the screen. Applications both
ag a sweep for very fast transient
studies and as a high-speed chrono-
graph are possible.

Single-stroke sweeps in common use
are generally of two types; either the
spot is positioned to the left and swept
across once from left to right upon
triggering, or it is positioned to the
right and when triggered is jerked
across quickly to the left before sweep-
ing from left to right. If no intensity-
grid control is provided, the spot, in
both cases, is positioned entirely off
the screen. It is much better to cut
off the beam and merely flash it with
a single square pulse, lasting as long
as the spot takes to traverse the screen
and applied to the intensity electrode.

Sweep voltages are generally applied
to the deflection plates through an « -
axis amplifier. This is done because
amplification is usually needed; push-
pull deflection is desirable for most
cathode-ray tubes but is awkward to
get directly from a sweep circuit, and
because the amplifier is usually avail-
able anyway. Unfortunately, a side-
positioned single-stroke sweep as de-
scribed above requires the x amplifier

12

to handle, without distortion, twice the
peak voltage which would be required
for full-scale sinusoidal deflection. Since
high writing speed requires high in-
tensity and high intensity requires high
deflecting voltage, the wide-band deflect-
ing amplifier is apt to be already taxed
to the limit even by full-scale sinusoidal
or repeated sawtooth deflection. The
side-positioned single-stroke sweep will
overload it. To be sure, it is possible to
prebias the amplifier stage by stage,
but this requires considerable switch-
gear and may exceed tube dissipation
ratings. The circuit described here
operates with the spot positioned at
center. When tripped it simultaneously
turns on the cathode-ray beam and
jerks the spot very quickly to the left.
The spot then moves all the way across
the screen to the right, and is ex-
tinguished when it reaches the right-
hand edge.

Fig. 3 shows a complete circuit pro-
viding sweep, spot control and chrono-
graph. When it is used, the manual
intensity control of the cathode-ray
oscillograph is set well below spot
extinction, the amplifier gain is ad-
justed so that the trace just reaches
the left edge of the screen, the sweep

Fig. 1. (A) Basic sweep circuit. -
(B) Simplified circuit for analysis.
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speed in centimeters per second is de-
termined by R:C,, and R;C, and Bias 2
are set so that the trace ends (by spot
extinction) just at the righthand edge
of the screen. While these adjustments
are being made, the sweep is of course
repeatedly operated by pushing the
hand tripping button. It must be
recognized that this is strictly a single-
shot sweep; after every operation the
second thyratron remains fired and con-
ducts a current limited by R, plus R
plus whatever other resistance is in
the B supply circuit. The sweep must
be recocked by interrupting the B sup-
ply either manually, or automatically
with a simple relay circuit. For the
fastest work, R:, R:., Rs;, and R, are
chiosen to limit the tube current to the
instantaneous peak rating, a large con-
denser is connected from the -- B of
Fig. 3 to ground, and the B supply
voltage is fed to the system thru a re-
sistance sufficient to limit the current
to the continuous-tube rating. The coil
of a recocking relay can well provide
this resistance.

In actual operation, depending on the
particular application, the sweep is
tripped either manually (in cases where
a pulse from the sweep circuit can
initiate the phenomenon to be studied),
or automatically, by applying a steep
positive pulse to “Tripping No. 17.
For example, in explosion wave studies,
the sweep can be tripped by a miero-
phone placed nearer to the explosion
than the actual pressure gauge. If the
second thyratron, instead of being fired
a predetermined time after the first,
iz tripped by a second external event
which applies a positive pulse to “Trip-
ping No. 2”, the device serves to meas-
ure accurately the time between the two
events, even if it is only a few micro-
seconds.

This timer was used by the author
some years ago in conjunction with a
spiral sweep which gives a very long
timing trace, its angular length a meas-
ure of the time interval. It is extremely
quick-acting if R, R:, R, and R, are
kept as low as the peak current ratings
of the tubes permit. Harrison® has
measured the firing time of the 885 as
0.08 microsecond. Needless to say, a
wide-band deflection amplifier with good
transient characteristics is necessary
to realize the full possibilities of the
sweep of Fig. 3. When, however, the
spot control feature is employed as a
chronograph, using as time base either
the linear sweep which Fig. 3 provides,
or a crystal-controlled circle or spiral,
very short time constants are necessary
only in the intensity circuit.

Consider the simplified figure, 1B.
Equations derived for it apply also to

1 Harrison, A. E., “Ionication Time of
Thyratrons”, AI.BE.E. Trans. 59, p.747, 1940.
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1A and to Fig. 3, provided R is large

compared to R,, I&:, Ra, and R,.

The following voltages are defined as:

V. = voltage across the condenser C
at any time ¢.

V.o = value of V. before switching
(or firing thyratron)

V.. = value of V. immediately after
switching

Ve = value of V. an infinitely long
time after switching

V., Vio, Vieos Vi voltage acrosy
sweep output between RC junction
and ground, at the same respective
times

V, Voo, Vo, Voo voltages to ground
on the other side of a large blocking
condenser, shown in Fig. 3 but not
in Fig. 1. v is of course the sweep
voltage actually applied to a deflec-
tion amplifier.
Before switching:

V.=V —E —E: (1)
V.=V. = E:
VT Ve — 0

An infinitely long time after switch-
ing, when ¢t = tx :

V.= Vew —~ E: — E,
V.= Viw = E: .
v — Vo — V;gc = Viou E. E,

Of course, in practice ¢, is not infinite,
but of necessity RC << tw << Tur,
where T.r is the low-frequency time
constant of the defiection amplifier and
coupling system, resulting from inter-
stage coupling condensers and grid re-
sistors, etc., and determining the low-
frequency cutoff.

Consider the switeh thrown instan-
taneously. Immediately after switch-
ing:

V.= Ve=Ve. = E — Es o
V.= V.= E+V.=E. ~ E.+E.(3)
v v, = AV, =V~ Vi

E, E,+ E, E, E4_E'J

The relationships in Eqts. (1), (2)
and (3) can be seen by inspection.

Following switching, the usual ex-
ponential equation holds:

t/RC
v = v, + (Ve v,) (1—e )
(E4 B Eu)+[(EJ_El)
E-E)] e ) “)
-t/RC
r=v, — (Ve—w,) €
(Bo—Ey) — [ (BE:—Ex) —
t/RC
(E.—Ej)] e . (5)

Similar equations of course apply to
Veand V, .

Of the two expressions (4) and (5),
Eqt. (4) is the more readily visualized
as the source of the sweep voltage-vs.-
time graph of Fig. 2. In Fig. 2, vo = E.

E, is the first sharp jerk of voltage,
and (Vo —v,) is the coefficient of the
exponential function. If R and C are
connected as shown to points marked
E. and E. in Fig. 1A, the sweep voltage
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will be as shown in Fig. 2; if they are
interchanged, Fig. 2 will be inverted.
Normally the polarity would be chosen
to jerk the spot to the left and sweep it
to the right. If the spot is initially
positioned at the center of the screen
and the amplifier gain is such that the
trace just reaches the left edge on the
first jerk, it will reach the righthand

edge when v= —wv, = E;— E,. If
Eqt. (4) is solved for ¢, it becomes:
t= RC log Ve Ve o
vy
- » U
t,= RC log v, +v, . (6)
when v = — 2,

and expresses the time ¢ at which any
voltage v is developed. This equation
serves as a basis for computing the RC
values for a practical multispeed sweep.
The constant factor (v« —v0) / (v,
+,) is fixed in Figs. 1A and 3 by the
relative values of Ry and R,.
Differentiate Eqt. (4) with respect

to time:
dv 1 t/RC
dt — RC (ry —vJ) e . (D
when t = 0,
dv 1
(dt )t::o = pe @Wevd) . . - )
when t = ¢,
dv 1
(dt ) t=t ~ RC W= TP .. (9)
The ratio of (8) to (9) is:
T (i
v, + v -(10)

Thus the relation of vy and v,, that is
of (E:— E,) and (E.— Ej), hence of
R, and R., is determined by equating
(¢®» — Vo) / (v +7vo) to one plus the pro-
portional deviation from linearity which

TIME

TRIPV SPOT OFF

Fig. 2. Plot of voltage vs. time
for the single-stroke sweep.

can be tolerated between start and fin-
ish of the sweep trace. For example,
if 5% nonlinearity is permitted:

s T

= - 1.05, or

vy — v, — 1.05 (v, + v, .(11)
Solving for v, gives:

v, = — 41l v, .(12)

Nonlinearity may be decreased in
direct proportion to R: R., so long as
iR, is enough to give the needed deflec-
tion.

Typical values for Fig. 3 are + B =
250 volts regulated, — BIAS = — 90
volts regulated, i = 50 ma. while first
thyratron conduects; 340 ma. after sec-
ond fires and quenches first. An 80
microfarad, 450 volt condenser across
+ B of Fig. 8 is fed thru a 2500 ohm
relay coil. This relay opens when the
condenser has discharged sufficiently
through K. plus R. and the second tube
to draw operating current thru relay
coil. This recocks the sweep. R.= 200
R., hence the nonlinearity is 2010/1990
minus one, or 1%. @

Fig. 3. Complete circuit providing sweep. spot control and chronograph.
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PULSE COMMUNICATION

SIDNEY MOSKOWITZ
and JOSEPH RACKER

Federal Telecommunication Labs.

Part 7 discusses various communication
systems utilizing pulse modulation.

Fig. 1. Oscilloscope trace of single marker
pulse being formed from double pulse.

T OINCIDENT with the expand-
ing demand for communication
services is the increase in im-

portance and range of the multiplex
operation. Multiplexing, or simultane-
ous transmission of more than one
channel on a common carrier, is one of
the first methods considered when traf-
fic on any line exceeds the capacity of
the equipment. Pulse systems can eas-
ily be multiplexed—hence the increas-
ing importance of pulse techniques in
the field of communications.

Simultaneous transmission of a mul-

tiplicity of channels may be accom-
plished in one of two ways. One sys-
tem, known as the frequency-division
method, identifies each channel with a
separate sub-carrier frequency. Each
message modulates the sub-carrier
identified with its channel. The modu-
lated sub-carriers are then either com-
bined directly for wire transmission or
used to modulate an r.f. carrier for
radio application. At the receiver ter-
minal, these channels are then sepa-
rated by frequency selection and the
sub-carrier filtered out, restoring the
original message signal. A serious
problem in this system is cross-modula-
tion introduced by distortion, partie-
ularly in relaying over long distances.
The second system of multiplexing is
known as time-division multiplexing. In
this case, samples of each channel are
transmitted in time sequence. That is,
the instantaneous amplitude of the first
channel signal is sampled and trans-
mitted. Then the instantaneous ampli-
tude of the second channel is trans-

14

mitted. When all channels are sampled,
the process is repeated. The frequency]

Any method of pulse modulation nec-
‘essarily uses sampling, hence the ease

of sampling or the scanning rate for with which it can be multiplexed by

each channel is dependent upon the
message bandwidth to be transmitted.
For voice transmission, the scanning
rate is of the order of 8000 per second.

This rate is rapid enough to prevent
the listener from detecting any per-
ceptible difference between what he
hears and normal sound. It is an effect
similar to that which the eye experi-
ences when witnessing motion pictures.
In this case, since only one increment
of the modulation signal is transmit-
ted at any one instant, non-linearities
in the transmission system do not in-
troduce inter-channel crosstalk prod-
ucts such as would be obtained in the
frequency division method.

Fig. 2. Graphic illustration of noise re-
duction through use of clipper and lim-
iter in constant amplitude pulse systems.
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means of time divisien. When the two
are combined, i.e. time division with
pulse modulation, the resultant system is
called pulse time multiplex. This sys-
tem exhibits many important charac-
teristics which make the method
particularly applicable in communica-
tion service. These characteristics are:

1) Improved crosstalk or interfer-
ence between channels at both receiver
and transmitter for reasons outlined
above.

2) Simplification and economy in
terminal design by eliminating the
need for complex filter networks.

3) Improved signal-to-noise poten-
tiality which is characteristic of most
types of pulse modulation. Limiters
and other noise reducing devices may
be utilized effectively.

4) When repeaters for extending the
range of transmission are used, the in-
herent on-off characteristic of pulse
modulation allows a simplified repeater
system to be employed.

5) Flexibility of the pulse function
which permits various transmission con-
stants to be interchanged, for example
bandwidth for signal-to-noise ratio,
crosstalk for bandwidth, number of
channels for signal-to-noise ratio and
other combinations—thus allowing a de-
sign directly suited to the specific ap-
plication.

Since pulses are characterized by
several parameters including ampli-
tude, timing, duration, frequency, build-
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up time, decay time, and pulse shape,
a large number of modulation methods
utilizing these characteristics, either
singly or in combination, may be en-
visaged. For example the amplitude
may be modulated, resulting in pulse
amplitude modulation or PAM. Alter-
natively the width or duration of the
pulse can be made to vary in accordance
with the modulation signal resulting in
pulse width modulation (PWM). In this
case, a variation of average power
similar to amplitude modulation is ob-
tained but with constant amplitude
pulses which permits noise reduction
advantages through the use of clippers
and limiters as shown in Fig. 2.

Instead of varying the individual
pulse characteristic, the time between
pulses or with reference to a marker
pulse can be varied, resulting in pulse
position modulation (PPM). In this
case, the same noise reduction advan-
tages can be gained as in the PWM
system, but with considerable reduc-
tion in average power for the same
peak power realized. Pulse frequency
modulation, PFM, is a system wherein
the frequency of the pulses is varied
in accordance with the modulation.
Here, as in PPM, the average power is
essentially constant. In another sys-
tem, known as pulse count modulation
__PCM-——an entirely new approach is
taken and a quantized or count type
of modulation is used. These different
types of modulation are shown graphi-
cally in Fig. 8.

The other pulse characteristics, such
as pulse shape, as well as combinations
of any of them, such as time modula-
tion together with amplitude modula-
tion of a series of pulses, may also be
employed to transmit the intelligence.
Each system has its advantages and
disadvantages and the one used will
depend mainly upon the individual ap-
plication.

It is obviously beyond the scope of
this article to cover all of these sys-
tems. Discussion, therefore, will be
limited to two of the more common
methods of pulse modulation, namely,
pulse amplitude modulation, PAM, and
pulse position modulation, PPM.

Commutation

Fundamentally any pulse time multi-
plex equipment must consist of the fol-
lowing stages: commutation, modula-
tion, synchronization, channel separa-
tion, and demodulation. The first of
these, commutation, may be accom-
plished in a number of ways—all of
which are virtually independent of the
type of modulation employed.

Where a very low scanning rate may
be utilized, the system shown in Fig. 4
may be used. In this system, there are
two switches—one at the sending end
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and one at the receiving end. The speed
and position of these switches can be
synchronized, so that when the sending
switch is at position 1, the receiving
switch is at position 1, and likewise for
each successive position. Hence the
signal generated while the sending
switch is at position 2, is received only
by the circuit associated with position
2 at the receiving end. As the switch
completes a revolution each channel
is sampled, transmitted, and received
by the appropriate circuit. The scan-
ning rate is, of course, equal to the
rotation frequency of the switch.

It will be shown subsequently in this
article that the scanning rate must be
at least twice the highest audio fre-
quency transmitted so that it can be
filtered out adequately at the receiver.

Hence for voice frequency multiplex-
ing, the channel pulse repetition rate
required far exceeds the capabilities of
the mechanical switch, shown in Fig. 3,
and requires the use of electronic meth-
ods. One method employs an electronic
switch, such as the Cyclophon, instead
of a mechanical one. The Cyclophon is
a cathode ray tube whose beam is
caused to describe a circular path. The
beam is collected by each of a number
of target anodes, as shown in Fig. 9,
arranged around a circular path. In
operation, the tube acts as a switch
with a particular collector being ‘on’
while the beam is focused on it.

The commutation process may also
be achieved through the use of a tapped
delay line. Such a line may be of the
spiral distributed or lumped constant
type. In operation, a pulse at the scan-
ning frequency is fed into the line and
each channel pulse is obtained in its

AUDIO MODULATING S\GNALS

AMPLITYDE

- I
o | - / PAM

SLOW TIME SCALE‘

Fig. 3. Pulse modulation methods.
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Fig. 4. Low speed commutation system
using synchronized mechanical switches.
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Fig. 6. (A) Schematic diagram of a counter circuit and (B) its
output. (C), (D) and (E) Step voltage commutator waveforms.
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Fig. 7. Diagram showing two types Fig. 8. Method of separa-
of pulse amplitude modulation. tion of a wide marker pulse.

proper sequence and timing from ap-
propriate taps as shown in Fig. 5. The
outputs of these taps are then fed to
the individual channel modulators
which apply the modulation to the
pulses.

The timing and channel separation
may be obtained by the use of conven-
Fig. 9. Cyclophon commutator tional tubes through the use of the
tube — an electronic switch. multivibrator ring circuit shown in Fig.
10. This circuit contains one multivibra-
tor for each channel—all connected in
PULSE tandem and fed by a triggering pulse.
(LTChs However, the multivibrators, which are
of the “one shot” type, will not be fired
by the triggering pulse unless previous-
ly primed. Each multivibrator is primed
when the one preceding it is fired. The
first multivibrator, MVy, is primed ini-
tially by some external means—so that
the cycle will start-——and then by the
last multivibrator in the ring. Hence
the first pulse fires MV: and primes
MV.. The second pulse fires MV. and
primes MV; and so on. The time con-
stant of each multivibrator is adjusted

so that it returns to the stable condi-
st TeR tion after a period longer than the

TARGET ANODES OR COLLECTOR57
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]
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Fig. 10. Mullivibrator ring
circuit used for commutation.

recerver [Plsermngor™ FaaCh

g spacing between channels and shorter
l__'._' than the time required for a full cyecle.
The triggering pulses have a repetition
rate equal to the scanning frequency
IR R E! times the number of channels desired.
A This series of channel pulses may
also be obtained by the use of a coun-

Fig. 11. Cyclophon channel ter circuit shown in Fig. 6A. The output
separator and demodulator. of the counter, as described in a pre-
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Fig. 12. (A) Unidirectional and (B) bidirectional PAM modulator.
(C) Typical 8 channel PAM pulse train, showing marker pulses.
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vious articlel, is a voltage which in-
creases in steps as pulses are applied
to its input—each pulse causing a step
increment of voltage. This voltage in-
creases until it is sufficiently large to
fire the blocking oscillator — at which
point condenser C discharges and re-
turns the voltage to zero. The wave-
form of the counter output is shown
in Fig. 6B and is known as a step’volt-
age.

This step voltage is then fed to a
series of slicers which are biased so
that slicer 1 cuts through step 1, slicer
2 through step 2 and so on as shown
in Fig. 6C. It is obvious from this fig-
ure that the voltage output of slicer
1 initiates with step 1 and terminates
when the step voltage returns to zero,
while the output of slicer 2 initiates
with step 2 and terminates when the
step voltage returns to zero and so on
for all the other slicers. This is shown
in Fig. 6D. The output of these slicers
is then differentiated—providing a nar-
row pulse during the build=p and decay
times of the input voltage—and then
clipped—to remove the negative pulses
——resulting in a series of pulses spaced
equally in time as shown in Fig. 6E.

Modulation

The series of pulses obtained from
the commutator are usually equally
spaced and shaped. Each channel pulse
is then individually varied, either in
time or amplitude, depending upon the
type of modulation employed, in accord-
ance with the applied audio signal. In
a PAM system, two types of amplitude
modulation may be utilized. In one,
known as unidirectional PAM, all pulses
are of one polarity; whereas in the
other, known as bidirectional PAM, the
amplitude of the pulse is positive and
negative—with the average value equal
to zero. These two types of PAM are
shown graphically in Fig. 7.

Unidirectional amplitude modulation
may be accomplished by using a multi-
grid tube, wherein the pulse series is
fed to one grid and the audio signal to
another. The gain of the amplifier, and
hence the magnitude of the pulse ap-
pearing in the plate cireuit, is con-
trolled by the modulation signal. The
output of this circuit, shown in Fig.
12A, will therefore be a series of pulses
whose amplitudes are proportional to
the modulation signal—but always of
the same polarity.

Bidirectional PAM may be obtained
through the use of a balanced modula-
tor shown in Fig. 12B. In this circuit,
the pulses are fed in opposite polarity
to the diodes so that they cancel each
other in the load resistor when no modu-
lation signal is present. However, dur-
ing the presence of the pulse, both
diodes conduct, charging up the two
condensers. In the absence of the pulse
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—due to the high RC constant of the
circuit—each condenser, being charged,
provides a bias of such polarity as to
cut off the diode associated with it. The
effect is similar to that deseribed for
the peak riding clipper in a previous
article®. The diodes are therefore each
biased by a negative voltage equal to
the peak pulse value. The modulating
signal never exceeds this bias, and
hence no signal appears across the out-
put of this ecircuit in the absence of a
pulse input.

When a pulse is applied across the
input, both diodes are driven to zero
potential and therefore are primed to
conduct—with the polarity of the modu-
lating voltage the controlling factor.
If the modulation voltage is positive,
diode A conducts allowing a positive
pulse, with an amplitude equal to the
audio signal level, to appear across the
load. If the modulation signal is nega-
tive, diode B conducts, allowing a nega-
tive pulse, equal to the modulating
amplitude, to appear across the load.

Both the unidirectional and bidirec-
tional modulators are cut off between
pulses. As a result, the channel pulses
may be mixed by utilizing a common
load resistor for all modulators. A
typical 8 channel train of amplitude
modulated pulses is shown in Fig. 12C.

Pulse position modulators are more
complex than amplitude modulators
since a voltage variation must be trans-
formed into a proportional time posi-
tion modulation. Fig. 13A is a cir-
cuit which can be used to effect this
modulation. In this circuit, the tri-
angular pulse of Fig. 13B, derived
from a commutating circuit such as the
previously described delay line, is fed
to a slicer. The modulating signal is
added to the triangular pulse, as in-
dicated in Fig. 13C, so that the pulse
is raised and lowered through the slic-
ing level by the signal. A pulse is thus
formed whose leading edge varies in
time. If the triangular pulse has a
linear slope, the resulting pulse edge
timing will be proportional to the mod-
ulation voltage. Upon differentiating,
this width modulated pulse is replaced
by a narrow pulse modulated in time
position as shown in Fig. 13D.

The compensating EC network shown
in Fig. 13A is used to prevent the pulse
circuit from loading the audio source.
V. and V. comprise the slicing circuit
where V, is biased to clip normally half
way up the triangular pulse. As the
modulation voltage is introduced, the
clipping level moves up and down
around this point. V. is driven to cutoff
so that its plate current is trapezoidal.
The plate inductance, L, accomplishes
the differentiation process.

Several variations of this circuit may
be used, such as employing two triodes
in a multivibrator eircuit to obtain
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rapid triggering and hence sharper slic-
ing. In some cases the commutation
and modulation process can be com-
bined. For example if the step voltage
commutation is used, the slicers for
each channel may be made to vary in
accordance with the modulation. The
output of this circuit would therefore
be a number of separate channels, each
channel time position modulated.

Synchronization

An important requisite of pulse time
multiplex systems is an accurate syn-
chronization, in frequency and phase,
of the receiver commutator circuits with
those of the transmitter. This process
is accomplished by allotting one pulse,
i.e. one channel, for synchronization
purposes. In a PAM link, the syn-
chronizing or “marker” pulse may be
made larger than the peak amplitude
of the other channel pulses. The marker
pulse may then easily be separated
from the others at the receiver by
means of a clipper. After detection, the
pulse is then used to actuate the com-
mutator circuits in a manner similar
to the ‘sync’ circuits in a television
receiver.

In constant amplitude systems, such
as PPM, other means must be used to
identify the marker—since the constant
amplitude characteristic of the pulse
train is a highly desirable characteristic
of the system (to reduce noise level).
Synchronization, in these systems, may
be achieved by making the marker pulse
wider than all of the others. A typical
4 channel PPM pulse train using this
type of marker is shown in Fig. 8A.
At the receiver the marker pulse is
separated from the others by means of
an integration circuit. In this circuit,
as previously deseribed®, the output
amplitude is proportional to the width
of the pulse, so that the marker pulse
has a larger amplitude than any of the
other channel pulses as shown in Fig.
8B. After clipping a pulse is obtained
at the basic scanning frequency which
is then used to synchronize the receiver.
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Fig. 17. PPM Cyclophon chan-
nel separator and demodulator.

An alternative method, which does
not rely upon the shape of the pulses,

but on the number and spacing, is
through the use of a double marker
pulse with a fixed time spacing between
the two pulses, as shown in Fig. 14B.
This spacing, T, is made smaller than
the minimum spacing possible between
any other two pulses. At the receiver,
the pulse train is fed with negative
polarity to the circuit of Fig. 14A. An
open ended delay line, whose time
length is exactly one half the time
spacing between marker pulses, is in-
serted in the plate circuit. The incoming
pulses, now positive in polarity, are
forwarded down the delay line. The
pulses are reflected at the open end and
arrive back at the plate T seconds after
they entered. At the time that the sec-
ond marker pulse is impressed across
the line, the first reflection appears at
the same terminal. The two pulses add,
forming a pulse of greater amplitude
which may then easily be detected by
a clipping circuit. An oscillograph of
this operation is shown in Fig. 1.

Fig. 18. Block diagram of FTL 24 channel (plus marker) PPM radio link.
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The separation and demodulation of
the pulse train is usually accomplished
in one operation at the receiver through
the use of “time gating circuits.” These
circuits are analogous to selective fre-
quency band pass filters—used in fre-
quency division systems—in that they
are selective over a particular time
band during which the individual chan-
nel pulse occurs.

A simple “time gating circuit” is the
Cyclophon channel separator and de-
modulator shown in Fig. 11. In this
circuit the electron beam is caused to
rotate around the anode targets through
the application of sinusoidal voltages
across both the horizontal and vertical
deflection plates. Both voltages are de-
rived from the same source—but one is
shifted 90° out of phase to give a cir-
cular Lissajous figure. The frequency
and phase of the voltage is synchronized
to that of the marker pulse. The me-
chanical arrangement of the anode tar-
gets or collectors is such that the beam
will strike anode 1 when the channel 1
pulse is applied to control grid, anode 2
during channel 2, and so on for each
channel.

The pulse train is applied to the con-
trol grid of the Cyclophon, which is
biased to cutoff in the absence of the
pulses. The presence of the pulses, how-
ever, keys on the beam, permitting it
to strike the appropriate target. In a
PAM system, the magnitude of the
pulse determines the intensity of the
beam, and consequently the magnitude
of the current collected at the individual
channel anodes. The voice signal may
then be extracted by passing the modu-
lated pulses through a low pass filter
whose cutoff is between the highest re-
quired voice frequency and the pulse
repetition rate.

It is possible to use the same type of
circuit for the demodulation of PPM
trains. In this case, the Cyclophon an-
ode apertures are so arranged that the
beam is half way on the channel col-
lector plate at zero pulse displacement.
In this way, as shown in Fig. 17, the
physical position of the beam is varied
as the channel pulse is moved in time
position—so that more or less current
is intercepted by the collector plate.
Hence an amplitude variation, propor-
tional to the pulse position, is obtained
in the collector circuit. This signal is
then passed through a low pass filter
and the original voice modulation is
recovered.

The process of time gating may also
be accomplished by using conventional
vacuum tubes. In one such circuit,
shown in Fig. 16, a separate tube is
provided for each channel. This tube is
normally cut off and conducts only dur-
ing its proper channel period. The
operation requires the use of an auxil-
iary gating pulse which drives the tube
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above cutoff at the appropriate time.
This pulse may be derived from a delay
line commutator. In this system, the
separated marker pulse is fed to the
delay line which has a number of taps—
equal to the number of channels—so
spaced that the proper channel timing
is obtained. The output of the first tap
is fed to tube 1, permitting it to conduct
during the period that the first pulse
in the train—corresponding to channel
1—occurs. The same procedure is fol-
lowed for each succeeding channel.

In a PAM system, the gating pulse
is made trapezoidal with a duration not
less than the duration of the input pulse
nor so large as to run into the next
. channel. The output of such a circuit
is then amplitude modulated. In a PPM
system, the gating pulse has a slanted
top so that the amplitude of the output
pulse is a function of the position of
the input pulse as shown in Fig. 16C.

Numerous variations of these basic
circuits are possible and once the prin-
ciples of PAM and PPM demodulation
are clearly understood, other circuits
may suggest themselves.

An important factor in the design
of pulse communication systems is the
aforementioned scanning rate. It has
been stated that this rate must be suffi-
ciently large to allow faithful reproduec-
tion of the modulating signal and to be
filtered out at the receiver. On the
other hand, the lower the repetition
rate, the more time there is available
to use more channels, increase the time
spacing between channels, or wutilize
wider pulses. In practice the lowest
possible frequency is used that can be
adequately filtered out.

It is well known that when a con-
tinuous wave carrier is amplitude mod-
ulated, side band frequency components
are formed above and below the carrier
frequency. If the carrier frequency is
fe, the side band components are at
fe — fo and f.+ f., where fo is the
modulation frequency. Amplitude modu-
lated pulses give a similar configuration
of frequency components with the addi-
tion of the harmonics of the repetition
rate—each harmonic having its set of
side bands. The distribution of the fr.-
quency components of a PAM wave is
shown graphically in Fig. 15.

|
The lowest side band in this distri-

bution is obviously f. - fomer, Where
famao is the highest audio frequency to
be transmitted. Therefore, in order to
filter out all the components but the
original signal, a low pass filter must
be used whose cutoff frequency is be-
tween fome. and fo - fomao (dotted line in
Fig. 15). Hence, to recover the modulat-
ing signal without distortion, f. must
be at least equal to 2fime-. This mini-
mum value assumes the use of an ideal
filter. Practically, however, such a fil-
ter characteristic can only be ap-
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Pulse scanning rate.

8000 p.p.s.

Modulating signal band

300-3200 c.p.s.

Marker pulse type
Marker pulse spacing.

double pulse
1.3 microseconds

Channel pulse spacing

5 microseconds

Pulse width

0.5 microseconds

Pulse buildup time.

0.15 microseconds

Pulse decay time

0.2 microseconds

Full modulation displacement

=1 microseconds

Signal level for full modulation

—20 db in 600 ohms

DNemodulator output for full modulation

+4 db in 600 ohms

Table I

proached. The ratio of f. to f. used will
consequently be determined by the filter
cutoff characteristic and the allowable
distortion.

For PPM a similar condition exists.
In this case, the frequency component
f. is absent but the pulse carrier fre-
quencies contain a number of upper and
lower side bands. For example, around
fo there are components at frequencies
fo = nmfs., where n is any integer. For
this reason there is no theoretical value
of f, that will allow perfect reproduction
of the modulating signal. In practice
it has been found that when a ratio of
2.5 is used with a sharp filter cutoff
characteristic distortions as low as 1%
may be obtained. Fig. 20 shows the
measured distortion versus f./famee Ob-
tained using a sharp filter cutoff.

Once the scanning rate has been de-
termined for a particular pulse system,
the number of channels and pulse char-

Characteristics of a pulse communication system built by FTL.
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Fig. 19. Crosstalk developed in
PAM (A) and PPM (B) because
of poor high frequency response.

acteristics can be derived by a consid-
eration of the amount of interchannel
crosstalk that may be tolerated. For
telephone service requirements cross-
talk must usually be kept at least 60
decibels below full channel output. This
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20

Receiving terminal of a 24 chan-
nel Pulse Position Modulation tele-
phone system developed by FTL.

Transmitting terminal of a 24 chan-
nel Pulse Position Modulation tele-
phone system developed by FTL.
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means that the interfering signal on
any channel must be less than one thou-
sandth that of the full signal voltage
on that channel.

Crosstalk between successive channels
is caused mainly by inadequate high
frequency response® in the pulse circuits
and transmission systems. This is shown
in Fig. 19A for PAM where a poor
response has caused the decay of one
pulse to extend into the succeeding pulse
—causing the latter to increase in am-
plitude. The amount of energy carry-
over, and hence the amount of crosstalk
is, of course, dependent upon the high
frequency cutoff characteristics of the
circuits involved.

When using PPM the same type of
crosstalk occurs but may be somewhat
reduced since the amplitude variations
can be eliminated by clipping and limit-
ing. However, the poor high frequency
response also varies the timing of the
pulse which is reflected in the message
signal when the pulse train is demodu-
lated.

Crosstalk can be reduced by either
utilizing wider bandwidth circuits or
increasing the time between channels.
There is a practical limit to the maxi-
mum bandwidth that can be used, since
increasing the bandwidth introduces
design difficulties including more noise.
By determining these factors, the num-
ber of channels that can be placed in
the scanning period can be derived.

A typical pulse communications sys-
tem is that developed by Federal Tele-
communication Laboratories for the
simultaneous transmission of 24 tele-
phone channels. In this system, shown
in Fig. 18, delay line commutators are
used in both the transmitting and re-
ceiving equipment. In order to mini-
mize the introduction of crosstalk the
pulses are modulated in groups of 8,
each pulse being separated from the
succeeding one by a time spacing of
three channels. Thus the first unit mod-
ulates channels 1,4,7, . ... 22; the sec-
ond unit modulates channels 2,5,8, . . ..
23; and the third unit modulates 83,6,9,
... 24,

The modulators only perform a pre-
liminary shaping operation and the
pulses obtained are wider than those
finally used. The pulses are then shaped
further in groups of 8, after which the
three groups are interleaved. In this
way economy in quantity of tubes used
is obtained.

In the receiver, the pulses are sliced
and differentiated to remove all ampli-
tude variations including noise. Again
the demodulators are arranged in groups
of three, this time for mechanical rea-
sons. This equipment has the character-
istics shown in Table 1.

By means of such multiplex terminal
equipment, radio links have been estab-
lished in which 24 simultaneous tele-
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Fig. 20. Percent spurious re-
sponse vs. ratio of pulse fire-
quency to modulation frequency.

phone conversations may be trans-
mitted. One such link has been set
up between New York City, N. Y. and
Trenton, N. J. This link uses two re-
peater stations at intermediate points.
The radio frequency transmitters are
amplitude keyed and operate at a fre-
quency of 2000 megacycles with an
average power of 4 watts. Highly di-
rective antennas are used both for
transmitting and receiving.
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Electronie Computers
(Continued from page 5)

consider the very simple differential
equation:

W=y (3)
The solution of this equation is:

y = ke* (4)
However, digital methods cannot give

the answer in this form. They give an
answer as a numerical solution for any
given set of initial conditions. If the
initial conditions are given as x,=0,
Yo—1, the answer can then be computed

as values of y for various values of «,
for example, for x=0.01, 0.02, .
0.99, 1.00). In general, however, this
form is the one in which the results
are most useful to engineering and em-
pirical science.

To solve a differential equation nu-
merically, the differentials must be re-
placed by small finite intervals. Thus,
dy/dx is replaced by Ay/Ax. This gives

Txe =0, Y. =

Ay/Ax=y or Ay=yAx from which the
increase in y can be computed from a
given increase in z. If the initial values
are denoted by 2, and y., the next values
by 2. and ¥, etc., then the values of
2: and ¥: are found to be:

1, Az = 0.01 ]
Ay, = y.Ax = 1(0.01) =0.01 (5)
21 = xoAx = 0-+0.01 = 0.01 f :
L = Yo Ay, = 1+0.01 = 1.01
In the same manner, x. and y- are found
from 2. and %, to be:
Ay, = y.22 = 1.01(0.01) = 0.0101 ]
%, = x1tAz = 0.01+0.01 = 0.02 } 6)

Yo — y1+Ay1 = Y1 + yxAx =
1.01 - 1.01(0.01) = 1.0201 )

After ten steps the values obtained are

10 = 0.10, 3o = 1.1046 (that is, e** =
1.1046) ; after 100 steps the values ob-
tained are %o — 100, Y100 — 2.7183 (that
is, ¢** = ¢ = 2.7183). This process can
be represented graphically as shown in
Fig. 1, and can be repeated indefinitely
to give a complete table of values of e”.

Thus all mathematical processes can
be performed by means of the four
simple basic arithmetic operations, and
all the so-called higher mathematical
functions and operations have been de-
veloped primarily as a method of avoid-
ing excessive calculation and arithmet-
ical computation.

(To be continued)
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PHOTOMICRON

Within fifteen seconds the photomi-
cron, an automatic blood counting
microscope, will perform a red cell and

white cell count and a hemoglobin de-
termination. This same process takes
a lab technician approximately fifteen
minutes. It is expected that country
doctors who lack trained help, as well
as busy clinics and hospitals, will find
this device a tremendous expediter in
their daily routine. Rowland Research
Laboratory, 442 St. James Building,
Jacksonville 2, Fla., is the manufac-
turer.

ELECTRIC EYE RELAY

A photorelay for industrial use is
now available through jobbers and deal-
ers. Operating from 115 v. 60 cycles it
comprises a steel chassis, photoelectric
tube amplifier, relay, and sensitivity ad-
justment. When any kind of light en-
ters the 1” diameter opening to the

phototube, 115 v. 60 cy. is delivered. Re-
sponse time is about 1/20th second. The
photorelays are useful for counting
small parts, controlling lighting, ma-
chinery, conveyors, detecting intruders
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and substituting where a pushbutton or
limit switch might be applied. Photobell
Co., 116 Nassau St., New York, 7, N. Y.,
is the manufacturer.

LUSTRALLOY

A new material in the plated metals
field which permits a uniform nickel
plating to be obtained without the use of
electric current has been made avail-
able by the Lustralloy Sales Corp., 10
East 52nd St., New York, N. Y. It
leaves a bright high quality finish that
is tarnish and corrosion proof, and may
be applied to any base metal. Lustralloy
may be hardened to as high as VPN
900 with unusual duectility.

CENTER TENSION DEVICE

A new tension device, for coil wind-
ing machines, that gives more precise
tension control and permits winding of
more coils at one time has been an-
nounced by Associated Production Co.,
26565 W. 19th St., Chicago 8, Ill.

This tension device has a swivel con-
struction so spools can be mounted

parallel with the winding arbor and
closer together. There is an easily op-
erated but positive lock for removal of
spools. Accommodation is for 16 to 42
gauge wire.

NEW SINGLE SIDEBAND SELECTOR

The Specialty Division of the General
Electric Company’s Electronics Depart-
ment, Syracuse, N. Y., has developed a
single sideband selector which provides
improved reception in crowded ama-
teur and communications radio bands
without affecting the quality of the re-
ceived signal. It features great reduc-
tion of distortion due to selective fad-
ing for long distance reception of ordi-
nary AM signals. There are four push-
buttons on the device, one for dual side-
band reception with reinforced carrier,
one for normal reception and one for
selection of each sideband. It is de-
signed for use with any receiver having
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an intermediate frequency of approxi-
mately four hundred and fifty-five ke.

PAC TIMERS .

A new series of PAC timers is now
available from Industrial Timer Corp.,
115 Edison Place, Newark, N. J. They

are specifically designed for process
control in industrial applications where
long life and trouble-free operation is
a requirement. They feature an instant
automatic reset. As soon as the clutch
is disengaged, an internal spiral spring
brings the actuating arm back to its
reset position in a fraction of a second.
There is also a time setting adjustment,
a button pointer to the time cycle re-
quired. For more details, request Bul-
letin No. 58.

QUINTERRA

A new high temperature insulation
developed by Johns-Manville is a tissue
thin asbestos product. Only 2 mils
thick, it will neither ignite, melt nor
char under the flame from an electri-
cian’s alcohol torch, shown in this piec-
ture. Resembling paper in appearance,
it is furnished in long lengths in roll
or tape form. In addition to its non-
combustible properties, quinterra pos-
sesses a high dielectric strength of well

over 250 VPM, even at elevated tem-
peratures, and a long thermal life.

METROSCOPE

An ultrasonic device known as the
metroscope will automatically measure
the wall thickness of metal, plastic or
glass parts where only one surface is
accessible and also makes rapid, non-
destructive tests to detect flaws and im-
perfections in these materials. In test-
ing for flaws it can reveal thin voids
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and cracks that do not appear in an
x-ray.

The metroscope employs an electronic
oscillator to generate electrical voltage,

the frequency of which 1is varied
throughout the tuning range of the os-
cillator. The point or points in this
tuning range at which the part reson-
ates are indicated. Further informa-
tion is available from the manufacturer,
Photocon Research Products, 1062 N.
Allen Ave., Pasadena 7, Calif.

PRECISION FREQUENCY COUNTER
Utilizing high speed electronic coun-
ters, the Potter Instrument Co., 136-56
Roosevelt Ave., Flushing, N. Y. pro-
vides a simple means of measuring fre-
quencies with accuracies of one part
in ten million or greater. This can be
done without calibrating, tuning, zero
beating or interpolating. The unit con-

sists of two high speed electronic coun-
ters, a crystal oscillator and an elec-
tronic switch.

ELECTRONIC COMPUTER

A new high-speed general purpose
electronic computer is being marketed
by the Eckert-Mauchly Computer Cor-
poration, Broad and Spring Garden
Streets, Philadelphia 23, Pennsylvania.
The computer, termed the UNIVAC, is
the first small machine to work directly
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in the decimal number system which can
handle letters and punctuation marks.

It uses a metal ribbon, for magnetic
recording, which can be placed in an
automatic printing machine. The ma-
chine is also designed to classify, ar-
range, and sort information in a whole-
sale fashion and there is no limit upon
the number, sequence of operations or
complexity of instructions which it
can perform.

TELEQUIP

A combination sync generator, mono-
scope, picture generator, and distribu-
tion panel has been developed for pro-
duction line testing of television equip-
ment and for transmitting stations. It
is available in a combination unit or
separately.

The equipment produces synchroniz-
ing, driving, and blanking signals and
cuts the time required for testing con-
siderably. Two monographs describing
the details, explaining the theory of
operation and giving instructions for
its use and maintenance may be had
upon request to Telequip Radio Co.,
1901 S. Washtenaw Ave., Chicago 8, Ill.

MASTER VOLTOHMYST
Capacity measurements over an ex-
tremely wide range are possible with

RCA’s
“miniature electronies laboratory,”
combines the functions of eight meters
in the one compact, portable unit, and
is intended especially for handling the
large number of capacity measurements
encountered in the servicing of high-

A
it

new electronic voltmeter.

frequency equipment. Among the
outstanding design features is a special
electronic bridge circuit which makes
the meter virtually burnout-proof.
Write Camden, N. J., for other details.

HEAT TRANSFER UNIT

A heavy duty heat transfer unit for
cooling the magnetron power tube in
an induction-heated oven or the tubes
and condensers in television transmit-
ters, short wave communications sets,
radar sets and general laboratory use
has been announced by Eastern Indus-
tries Inc., 296 Elm, New Haven, Conn.

(Continued on page 31)
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Frequency range:
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Capacity Tuned
TELEVISION
TUNER

By
J. A. STEWART

General Instrument Corp.

History and development of a television
tuner wusing specially shaped capacitor

plates for tuning to various channels.

HIS paper presents an historical

I review of a design development

that resulted in a practical capac-
ity-tuned television head. This, you
might very well say, is heresy. Why use
capacity, the black sheep of the L-C
family? To be perfectly frank, it was
with much trepidation that we ap-
proached this problem. However, we at
General Instrument felt that with our
experience during the war tuning me-
dium and high frequency circuits with
capacitors, and with our experience as
mags producers of variable condensers,
we could present the television industry
with something it needs very badly, a
low-cost television tuner.

Let us now examine the components
of such a tuner and see where our
major problems lie. We need a variable
frequency oscillator which should be
tuned over the required range of fre-
quency with a high capacity. Then we
add a converter, whose performance is
not a function of capacity if we consid-
er its operation by looking into the
mixer grid. And finally we need a
tuned radio frequency amplifier, whose
performance is not only a function of
capacity but an adverse function of ca-
pacity.

At this point the normal thing to do
is build a switch-type tuner. But we
did not do the normal thing. Instead we
proceeded with a more detailed analysis
of the problem to see how serious are
the effects of capacity and just what
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compensating factors, if any, enter into
the over-all picture. '

Examining in detail the various de-
fects in the superhetrodyne receiver, we
may analyze the part capacity tuned
circuits will play in increasing or de-
creasing these defects.

First, signal to noise ratio. This is
primarily a function of the input cir-
cuit and first tube and does not consti-
tute any problem in this unit. Next are
those items which are a function of the
number of tuned circuits used; namely,
if. rejection, image rejection, second
harmonic of the oscillator image re-
jection, and oscillator radiation. The
suppression of these frequencies is a
function of @ for a single tuned circuit,
and a function of coupling for a double
tuned band pass circuit. Since the band
pass circuit has the better selectivity
characteristic, and since its effective-
ness does not vary with @, we shall con-
tinue the analysis on the basis of this
type circuit.

And now we come to those functions
that must be supplied by the ‘front end’,
gain and bandwidth. An expression for
the maximum theoretical gain of a sin-
gle double tuned stage of amplification
is:

. Im
A= .
47 CAf - (1)

where C is the total shunt ecapacity

Excerpts from o paper presented at the IRE Televi-
sion Conference at Cincinnati on April 24, 1948.
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=
Side view of the 3-tube
tuner showing the spe-
cial variable capacitor.

across one coil, and A f, the bandwidth
between peaks, is expressed by:

Af = Fok oo ()

where k& is the coupling between the
two circuits, and F'; is the resonant fre-
quency of the tuned circuits.

To obtain exact solutions for exact
expressions for all the pertinent fre-
quencies is beyond the scope of this
paper, but we shall use them in a quali-
tative analysis of the theoretical gain
and bandwidth variations with capac-
ity. From these expressions it is imme-
diately evident that the gain and
bandwidth will be maximum at the
highest frequency, and that gain, band-
width and frequency will decrease with
an increase in capacity. An examination
of the capacity ratios required to tune

‘the television frequency range will be

a first approximation of the losses that
might be encountered. Since:

o =1/LC . . . . . . . . (3

a frequency change of 54 to 216 mega-
cycles would require a capacity ratio of
16:1. This is not practical. If we use two
distinet L-C circuits, one for each band,
we have: for the low band (dropping
channel #1) 54 to 88 mec., a capacity
ratio of 2.7 to 1; and for the high band,
174 to 216 mec., a capacity ratio of 1.54
to 1.

Returning to the expressions for gain
and bandwidth [Eqts. (1) and (2)], it
may be shown that the gain and band-
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width variations witn capacity will each
be approximately 1.6 to 1. This is still
not good enough; but by allowing the
coupling to vary with frequency along
with normal @ variations, we obtain
enough compensation to produce a gain
change of 1.5 to 1, and a bandwidth
change of but 1.8 to 1. These ratios
were obtained by measurement. Apply-
ing the same reasoning to the high
band, we obtain still better ratios. On
the basis of this type of analysis, we
felt that a capacity tuned tuner was far
from impractical. Even if we should be
forced to lose some of the maximum
theoretical gain, it would not be too
serious if a good signal to noise ratio
is obtained.

The circuit of our tuner is completely
conventional, and because it is conven-
tional, and because of its performance,
we feel it to be a good circuit. In the
course of its design, many stunts and
tricks were tried. To quote a few,
lumped ecapacity loading, regenerative
networks, and simulated resonant lines
were all played with. One would give
excellent gain at the high end of one
band and nothing on the low. Another
would do just the opposite. Combina-
tions just wouldn’t work at all. In every
case we returned to a standard parallel
tuned resonance circuit.

We chose our input untuned. We feel
that not enough data on the allowable
mismatech to the antenna is available at
present to justify a tuned input. The
r.f. amplifier is a double tuned push
pull stage using the 6J6 twin triode.
Push pull operation has several advan-
tages. Higher gain, improved selectiv-
ity, and more stable operation with a
grounded rotor condenser is realized.
In addition, the signal to noise ratio of
a triode is about three times better than
that of a pentode.

Coupling between the two tuned ecir-
cuits was one of the most difficult prob-
lems since it was necessary that changes
in coupling with tuning offset the
change in bandwidth with capacity. Va-
rious combinations of capacitive and
inductive coupling were tried. The solu-
tion proved to be link coupling with
only stray capacity coupling due to coil
placement. With this type of coupling,
the proper adjustment is simplified. We
have but two adjustments necessary for
proper r.f. alignment of all the chan-
nels. The inductances are pre-aligned
before assembly, and the coupling is set
by link adjustment on each band.

The converter is again a 6J6 with the
grids in push-pull, and the plates tied
together with either a single or double
tuned i.f. coil for its load impedance.
Oscillator injection voltage is supplied
by another link, and bias for the con-
verter is developed by this voltage. It
was found impractical to maintain a
constant conversion gain throughout the
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Left side of unit illustrates tube mounting,

entire band. This difficulty was utilized
to compensate for gain changes in the
r.f. amplifier, providing an over-all gain
that is substantially constant for all
channels.

The oscillator design was straight
forward. One half of a 6J6 is used in a
modified Hartley. Good output is easily
obtained on both bands. A single slug-
tuned inductance supplies the tracking
adjustment.

Since this tuner was built around a
variable condenser, both electrically and
mechanically, we have chosen to dis-
cuss this condenser separately. We
have shown that it must be two separate
condensers with three push-pull see-
tions ganged on a ground shaft. Each
section is quite standard with 180°
rotation from maximum to minimum.
The rotor sections of both condensers
are mounted on a common shaft with
the plates of one section shifted 180°
with respect to the other. Thus we have
an effective 360° rotation with a single
knob for tuning, compressed into one
compact unit.

proved transformers
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i.f. output coil, and antenna terminals.

The plate shape of the condenser was
designed for modified straight line fre-
quency to give good channel distribu-
tion. A detent mechanism on the shaft
permits switch type channel selection,
and a concentric shaft vernier drive
permits fine tuning adjustment. Me-
chanical push buttons may be used in
place of the detent, should that type
of channel selection be desired. The
switching from one band to the other
is done automatically with a simple
eam arrangement. This switching is
a necessary evil, since switch contacts
at television frequencies have given
trouble in many instances; but since
our switeh is used only in moving from
one band to another, its life expectancy
is much greater than that of a usual
type tuner. Experience with variable
condensers has shown them to outlast
almost any other component in a re-
ceiver.

It has been indicated that this tuner’s
performance is more than adequate. In
presenting a paper such as this before

(Continued on page 27)

Now! Seeets KENYON %

For all high quality sound applications, for small
transmitters, broadcast units, radar equipment, ampli
fiers and power supplies — Specify KENYON!
Inquire today for information about our JAN ap-

Now — for the first time in any transformer catalog,
KENYON'S new modified edition tells the full com-
plete story about specific ratings on all transformers,
Our standard line saves you time and expense. Send
for the latest edition of our catalog now!

KENYON TRANSFORMER CO., Inc.

840 BARRY STREET

NEW YORN 59, H.Y.
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EICO MOVES

Rapid growth of business volume ne-
cessitated the removal of the Electronic
Instrument Company to 377 Blake Ave-
nue, Brooklyn 12, N. Y. Accompanying
the change is a substantial increase in
plant equipment and personnel. In par-
ticular their greatest effort is now bent
towards making an all-electronic vaec-
uum tube voltmeter, essential to the
critical servicing standards of FM and
television.

ARMSTRONG MEDAL AWARD

Describing the late Stuart Ballantine
as one of the world’s most versatile
engineers, Major Edwin H. Armstrong
presented the Armstrong Medal to Mrs.
Stuart Ballantine recently. The medal
was awarded to Mr. Ballantine for out-
standing contributions in the art.
Among these were his development of

the loop compass and radio direction

finder, negative feedback as well as
automatic volume control, the theory
of the vertical antenna and its low angle
radiation, and work in acoustics.

NAB OFFERS AID TO FCC

Full cooperation of the broadcasting
industry with the Federal Communica-
tions Commission in solving problems
concerning “frequency spectrum re-
quirements, allocations, and engineering
standards” was recently extended in a
telegram to the chairman of FCC from
a committee of the National Association
of Broadeasters. In addition NAB of-
fered to “aid the commission in any
“experimental or developmental work
within their scope.” To insure broadest
representation of all industry segments,
the committee for NAB will include
Technical Advisory Members as well
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as Network Advisory Members and
NAB Board Liaison Members.

AUDIO SOCIETY FOR SAN FRANCISCO

The initial organizing meeting lead-
ing toward formation of a San Fran-
cisco section of the Audio Engineering
Society was held recently. Attended by
about thirty Bay Area audio specialists
of various types, the meeting estab-
lished a témporary chairman and heard
a talk and demonstration of the Ampew
tape recorder, presented by Myron Stol-
aroff of that company. Mr. Stolaroff
described the new recorder, discussed
features of some specific installations,
and performed an A-B test demonstra-
tion of the machine. A second meeting
is scheduled for the near future.

NEW SYLVANIA LAB

The cornerstone for the first of a
group of modern research laboratories
for Sylvania Center was laid recently
by Walter E. Poor, chairman of the
board of Sylvanie Electric Products,
Inc. This type of campus research will
be the first of its kind to be built in
New York City. The initial laboratory
building, which with equipment will
represent an investment of approxi-
mately a million dollars, will be one of
a group of laboratories which will com-
prise a group covering 28% acres.

LEVY MEDAL PRESENTED

The 1948 Levy Medal of The Franklin
Institute will be awarded to Dr. Jan A.
Rajchman (left) and Mr. William I.
Cherry, according to an announcement

. by Dr. Henry B. Allen, executive vice-

president and secretary. It is given in
recognition of their paper “The Electron
Mechanics of Induction Acceleration”
which appeared in the April and May
1947 issues of the Journal of The
Franklin Institute.

Dr. Rajchman has been chiefly re-
sponsible for the development of the
electron multiplier and is working now
in the field of electronic computing de-
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vices. At present he is a research physi-
cist for RCA Laboratories in Princeton.
Mr. Cherry is working in the RCA
television group and carrying on grad-
uate studies in physies at Princeton
University.

PLANAR TRIODE

A planar triode plate and grid and
cathode sections are sealed together on
a glass lathe in pilot plant production.
An operator in the Advanced Develop-
ment Laboratories of Sylvania Electric
Products, Inc., Kew Gardens, N. Y., is
illustrated here, holding the tube show-
ing concentric cathode terminals. The

tube, measuring only two inches overall
is then ready for exhaust and sealing.

BENTLEY APPOINTED

The appointment of Charles W. Bent-
ley as assistant to the manager of the
General Electric Company’s new plastics
molding plant in Decatur, Ill. was re-
cently announced. Mr. Bentley, a mem-
ber of the Society of Plastics Engineers,
was formerly employed by Firestone
Rubber and Latex Products and Pro-
Phy-Lac-Tic Brush Co.

AIEE OFFICERS FOR 1948-49

The new officers of AIEE for the
next administrative year were recently
announced at the annual meeting of the
Institute held in Mexico City. Everett
S. Lee, engineer of General Electric
Company was elected president. Vice
presidents are Victor Siegfried, John
L. Callahan, Ira A. Terry, George N.
Pingree and Richard McKay; directors
are Clarence W. Fick, Morris D. Hoov-
en, and F. O. McMillan; treasurer is
W. I. Slichter. These officers, together
with a number of hold-over officers will
constitute the board of directors for
the following year.

The annual report, given at this same
meeting, showed a membership as of
April 30, 1948, of 28,400. The total
number of meetings, excluding general
and district meetings, was 2,512, held
by sections and student branches.

GE PROMOTIONS

Mr. Henry V. Erben has been
elected a vice president by the board
of directors of the General Electric
Co., and is also now in charge of the
Apparatus Department in the capa-
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city of general manager. He succeeds
Roy C. Muir, company vice-president,
who is retiring after more than 42
years with G.E.

John D. Lockton, formerly assistant
treasurer, has been elected to the of-
fice of treasurer. He replaces Jesse
W. Lewis who leaves G.E. after 31
years of employment.

FIELD ENGINEER FOR SHALLCROSS
John C. Van Groos of Los Angeles,

California, has been appointed field en-
gineer for the Shalleross Company of
Collingdale, Pa. He will cover the terri-
tory including California, Nevada, and
Arizona. Mr. Van Groos has formerly
been engaged as a broadcast engineer
and sales engineer. During World
War II he spent over four years in
‘the Navy, much of it in the Electronic
Engineering Section, Bureau of Ships,
Washington, D. C.

NEW LITERATURE
Polyethylene Eesins

Bakelite Corporation, 300 Madison
Ave., New York 17, N. Y., has pub-
lished a compilation of the properties,
methods of handling, and uses of a new
low molecular weight resin designated
as resin DYLT. This polymer is being
offered to the wire and cable industry
as a wax additive that achieves many
desirable properties, as a hot melt seal-
ing compound and as a conductor coat-
ing. A summary of compatibility possi-
bilities is included.

Flexible Wave Guides

The Technicrajt Laboratories, 237
East Aurora St., Waterbury, Conn.,
have brought out a bulletin describing
their flexible wave guides and wave
guide assemblies and offering their
engineering know-how and services on
manufacturing and consultation. In-
formation on any of these subjects
may be secured by writing the com-
pany.

Sperry Reflectoscope

The operation and application of the
new portable, lightweight supersonic re-
flectoscope is described in a publication
of Sperry Products, Inc., 1505 Willow
Ave., Hoboken, N. J. The information
on this device, Type SRO5 may be ob-
tained by addressing the firm and re-
questing Bulletin No. 3001.

Lustron and Lustrex

To provide the most up-to-date infor-
mation on producing articles by the
method of machining from bar or sheet
stock, Monsanto Chemical Company’s
Plastics Division has issued a new hand-
book, “Machining and Finishing Lus-
tron and Lustrex.” This method has
been warranted when the number of
pieces needed is small, or when the cost
per piece of a polystyrene plastic article
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prohibits the use of an expensive mold.

In addition, the booklet contains spe-
cific recommendations for machining
operations necessary after injection
molding. Such operations are some-
times required in order to mill slots or
keyways, cut grooves, tap, thread, split,
saw or remove gates.

In order to procure this booklet, ad-
dress that firm at Springfield, Massa-
chusetts, requesting a copy of bulletin
No. 52.

New G. E. Literature

A thirty page illustrated bulletin
(No. CDR-57) describing in detail G.E.
silicone products has been issued by
General Electric Company’s Resin and
Insulation Materials Division. The
booklet covers silicone resins, oils,
greases, water repellents, and rubber
together with their many industrial
uses. Charts and tables are included
for handy reference.

G.E. cast and sintered Alnico, Cunife,
Cunico, Vectolite, Silmanal and various
permanent magnet holding assemblies
are discussed in a bulletin from the
Metallurgy Division. Special alloys such
as thermistors and Hevimet are also
covered.

The Plastics Division of G.E. has put
out a pamphlet devoted to the descrip-
tion of the design, moldmaking and
molding facilities of G. E. Plastics
Diviston, and dis-

sion are covered, together with their
many uses. Copies of all these bulle-
tins listed here may be had by writing
to the Chemical Department, General
Electric Co., Pittsfield, Mass.

—~~@ar-

Television Tuner
(Continued from page 25)

an assembly of engineers, measurement
figures should be all that is necessary
to evaluate the unit. But that is not the
case. Each of us has his own methods
and standards.

In view of this situation we are forced
to present comparison measurements
as the only way to measure perform-
ance. For these primary functions:
signal to noise ratio; bandwidth; gain;
image rejection; i.f. rejection; second
harmonic oscillator image rejection;
oscillator radiation; oscillator stability;
comparison measurements revealed the
performance of this tuner to be equal
or better than that of a nationally-
known and thoroughly field-tested tuner.

To sum up we are quite pleased to an-
nounce that we have exonerated that
black sheep, capacity, and are able to
present to you today a capacity tuned
television tuner. A tuner that is prac-
tical, flexible, and easily produced. A
tuner that is small, that has good per-
formance and that is, above all, inex-

pensive. -V

cusses sealing
caps and sleeves,
mycalex, silicone
rubber and high
frequency insula-
tion. High and
low pressure lam-
inates are sum-
marized along
with silent gears,
bearings, decora-
tivesurfaces
translucent
sheets and name
plate materials.
Property tables
are included.

An eighteen
pa ge illustrated
booklet, describ-
ing briefly the
wide range of
products manu-
factured by the
Chemical Depart-
ment has just
been issued. Prod-
ucts of the Plas-
tics Division, Res-
in and Insulation
Materials Divi-
sion, Metallurgy
Division and
Compound Divi-
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Excellent machining, punching
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mean limitless variety of possi-
ble sizes and shapes.
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Frequeney Stability
(Continued from page 11)

E, a decrease in either will produce
a decrease in the oscillation frequency.

Likewise with Eqt. (4) it is possible
to show that the frequency of the
Colpitts oscillator is always higher
than the resonant frequency of the
tank circuit and since the frequency
difference is inversely proportional to
the tube resistance R, and R,, a de-
crease in either will cause an increase
in the oscillation frequency.

The final circuit arrangement used
for the purpose of combining these ef-
fects is shown in Fig. 10 and funda-
mentally consists of a combined Hart-
ley and Colpitts circuit with the ad-
justable resistances R, and R, con-
nected to the midpoint of the tank con-
denser and inductance. When R, is
infinite and R. is zero, the arrangement
is equivalent to a Hartley oscillator,
and when R; is zero and R. is infinite
it is then equivalent to a Colpitts circuit.
A graph of the change in frequency
with a change in plate or filament
voltage is shown in Figs. 12 and 13
for both extreme conditions. By means
of adjusting the tap or contact to R,
and R., it is possible to obtain a very
stabilized condition. In this particular
setup, the maximum frequency stability
was obtained when R, equalled 1000
ohms and R. equalled 600 ohms. With
this setting of the tap, the frequency
variation is approximately the average
between the characteristics of the Hart-
ley and Colpitts circuits.

The frequency stability of this circuit
was about 35 cycles per megacycle for
considerable variations of the supply
voltages. Although this was accom-
plished primarily by empirical meth-
ods, the results are very gratifying
and provide an excellent method of
obtaining good frequency stability with
large power output.

In addition to the frequency varia-
tions associated with the cause already
mentioned, the application of a power
oscillator to high-frequency heating in-
troduces further possibilities of fre-
quency instability.

If the load applied to a power oscilla-
tor varies, the methods of frequency
stabilization already discussed in this
article would tend to reduce the fre-
quency variations.

Such variations in the load are very
well illustrated by a graph originally
plotted by G. Babot and M. Losinsky
in their article entitled, “Heat Treat-
ment of Steel by High-Frequency Cur-
rents” and shown in Fig. 14. In this
graph, the power absorbed by a piece
of steel from a high-frequency oscilla-
tor is plotted along the ordinate and
the time in seconds along the abscissa.
The variation in power clearly shows
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that the effective resistance of the load
is not constant. This type of load will
definitely cause frequency variations
which must be taken into consideration
when designing power oscillators for
such applications.

It is of interest to apply the fore-
going method of frequency stabilization
to an entirely different type of vacuum
tube oscillator, namely, the dynatron.
Assuming the simple linear theory of
operation, the frequency is found to be:

1 1 CR*

=5V ze( - %)

This frequency does not satisfy Eqt.
(6) and therefore cannot be expected
to be the most stable frequency of
oscillation for the dynatron. Theoreti-
cally, the frequency as expressed by
Eqt. (15) can be altered to a value
which will satisfy Eqt. (6) and as a
result produce a more stable oscillator.
This can be accomplished by connecting
an impedance in series with the nega-
tive resistance generator so that the
total impedance of the generator is Z,
with a reactive component at the new
oscillator frequency f, equal in magni-

(15)

R
yfc
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OUTPUT
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ly

_

Fig. 15. Frequency stabilized oscillator
using coax line as tuned coupling circuit.

tude and opposite in sign to that of the
load impedance Z . In order to satisfy
this condition at f, it is necessary that:

1 .

Zy N R+7‘woL+7 ot C' (16)
and with

. w,'L* |,

Z,= —~R,+7] X,= — B +iw.L . (17)
then

T Vw2l _ L
R”¥R ~R~C-........(18)
and
X, =w, L. (19)

Then the frequency of resonance

should be obtained by int.oducing an
inductance equal numerically to L in
series with the negative resistance of
the oscillator tube.

Experimental checks upon this result
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have been made to determine the effec-
tiveness of this method of frequency
stabilization. Using a pentagrid con-
verter (6SA7) at a frequency of 450
ke., it was found that for a 10 per-cent
variation of the heater current a varia-
tion of frequency could be reduced from
1200 cycles per megacycle to about
100 cycles per megacycle by connecting
an inductance equal to a quarter of
that in the oscillation circuit. Although
an appreciable quantitative discrepan-
cy has been observed in the numerical
value of this stabilizing inductance, the
advantage and utility of this method
of frequency stabilization has been
demonstrated by the above data.
Another method of improving the
frequency stability of a dynatron oscil-
lator was attempted by inserting a
resistance in the capacitive branch of
the tank circuit. The impedance of the
tank circuit under these conditions,
with the added resistance equal to that
which is in the inductive branch, is:

et (20)
L .
B+jw.L R+_7’w°C
1 _ 2R .
Zi Be/L* )
or

2 2rz
ZL:ﬁz—‘*’é—L. (22)

The impedance has been reduced to a
pure resistance and when driven by a
pure negative resistance should give
an oscillation frequency equal to the
resonant frequency of the tank circuit.
An improvement of frequency stability
of about 10 to 1 has been obtained by
using -this method of compensation.
It is quite obvious that with this meth-
od of stabilizing the frequency a very
inefficient oscillator is produced and
therefore should not be used where
power output is of importance.
Another method of stabilizing the fre-
quency of an oscillator makes use of the
properties of the quarter-wave line.
The short-circuited coaxial line, one-
quarter wavelength long, is equivalent
to a parallel-resonant circuit since
electric and magnetic energy may be

Fig. 16. Half-wave concentric
line used for stabilizing the fre-
quency of a push pull oscillator.

FT7] Yox coax. ®
LINE
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easily stored with the equivalent im-
pedance as a high resistance. With
2 suitable design of the dielectric and
the diameter ratio of the coaxial con-
ductors, a quarter-wave line may be
selected and mounted so that its un-
loaded Q is several thousand. A method
of measuring the properties and elec-
trical length of a coaxial line is shown
in Fig. 1. These measurements show
that the @ of the line is very high
and that the line is resonant at a
sequence of harmonic frequencies. It
is these facts which enable the quarter-
wave line to help stabilize the fre-
quency of oscillation. In one case the
Q is high while in the other the line is
not only tuned to the fundamental but
also to all the harmonic frequencies.
There are two basically different
methods of frequency stabilization
with the aid of the quarter-wave line.
The first method uses the line as a
resonant circuit, the frequency con-
trolling effect being very similar to that
of the piezoelectrie crystal. The second
method uses the line as a coupling
method between the plate and grid
circuits. The latter method is illus-
trated in Fig. 15 and uses a line
terminated with a resistance equal to
the characteristic impedance of the
line. Since the velocity of propagation
along the line is independent of the
frequency, for frequencies under con-
sideration, a change of oscillation fre-
quency will produce a change in phase

of the voltage at the terminated end

of the line and thereby shift the phase
of the excitation voltage to the oscilla-
tor grid in a direction tending to oppose
the original frequency shift.

A very good example of a coaxial
line controlling the frequency of a
push pull oscillator is shown in Fig.
16. This circuit applies the half-wave
line, open-circuited at both ends and
particularly suited to push pull cireuits.
The nearer the tapping points are to
the center of the half-wave line the less
the power output of the oscillator.

In conclusion, the following import-
ant points summarize the features
which must be considered to increase
the stability of an oscillator. (1) The
tube should have a high enough G.
and R, to hold the frequency variation
within the specified tolerance. (2) The
grid current should be as low as pos-
sible and the percentage of feedback
just sufficient to satisfy the equation
A+B equal unity. (8) The effective
coil resistance should be as low as
possible. (4) The ratio of L/C should
be low, which is another way of em-
phasizing (3) and also that the @ of
the loaded tank coil should be high.
(5) Introduction of series reactances
may prove advantageous in many oscil-
lator circuits and should not be over-
looked.

—~~ e
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DIAL FEED PRESS
A dial feed press which enables an

operator to handle four to six times
as much work of certain types as he
otherwise could produce on a conven-
tional press is being manufactured by

BUSHING

REFORM Dif —7

DIAL BASE

CUSHION

ln“(lu%iri:nl :

the Federal Press Company. The dial
feeds are built to perform numerous
secondary operations such as redraw-
ing, piercing, broaching, wiring, punch-
ing and burring, on blanks and shells
which have previously been blanked
and drawn. These presses may also be
used for many assembling, riveting and
closing operations on finished parts and
on material other than metal. The feeds
may be set to perform several opera-
tions in sequence. For further details,
contact the firm at Elkhart, Indiana.

ROSEN & COMPANY REORGANIZES
Raymond Rosen & Company has an-
nounced the formation of a new wholly-
owned subsidiary company, to be known
as Raymond Rosen Engineering Prod-
uets, Ine. It will handle all of the busi-
ness formerly taken care of by the En-
gineering Products Division.
President of the new firm, Mr. R.
Rosen, stated that this small division of
the R. Rosen & Co., intended to handle
the specialized phases of sound, com-
munication and electronic engineering
and development work, expanded until
it represented a substantial portion of
the total business. Since this business
is distinet in character from the mer-
chandising end of the business, it was

ENGINEERING DEPTI.
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decided to organize a new company, in
order to provide for further growth
and better service. Some of the former
jobs of the Engineering Products Divi-
sion include the sound system for the
Republican and Democratic nationai
conventions and the radio communica-
tions equipment used by the Pennsyl-
vania Turnpike Super Highway.
LI

NEW CORPORATION

The formation of Crown Capacitor
Corporation at 316 Sawyer St., Boston,
Mass., was recently announced. The or-
ganization is producing a line of fixed
paper capacitors. Their special sized
units conform to limited space require-
ments with tolerances on capacitance
within a margin of plus or minus five
per-cent. Mr. J. H. McCulloch is the
chief engineer and Mr. J. D. Blumen-
thal, general manager.

Ed £ *

TUBE IN THE MAKING

Tungsten, vital to electron tube fila-
ments and heaters, starts as a fused
bar of controlled powder particles. Size,
distribution and grain boundaries of in-
dividual crystals are carefully studied
by means of optical microscope and
projected image before the material is
hot swaged and hot drawn to fine ductile
filamentary material. The section of

the process shown here is at the Tung-
sten & Chemicals Division, Sylvania

Electric Products, Inc., Towanda, Pa.
¥ #

NAVY CONFERS WITH
ELECTRONIC SUPPLIERS
In order to clarify the missions and

current programs of the ZElectronic
Supply System of the U.S. Navy, rep-
resentatives of the Electronic Supply
Office met with representatives of some
thirty Naval supply activities located
in the States and at island bases for a
four-day conference. Among topics dis-
cussed were procurement of new equip-
ment and purchasing problems.

~~ @
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DR. A. V. ASTIN, assistant chief of the Electronics Division
of the National Bureau of Standards, has been notified by
the British Embassy that he has been awarded His Majesty’s
medal for Service in the Cause of Freedom. Dr. Astin was
in England from 1944 to 1945 as representative of the NBS
and the National Defense Research Council. His work at
that time involved the use and evaluation of the radio
proximity fuse.

R. J. HARTUNG, formerly assistant controller of the Radio
Tube Division of Sylvania Electric Products, Ine., Empo-
rium, Pennsylvania, has been promoted to controller of this
division. He joined the staff of Sylvania in 1946, as manager
of the Radio Division accounting department. Previous to
this he had served as a Lt. Commander in the Navy, and was
associated with Haskell & Sells, certified public accountants.
He received his B.S. in economics at the U. of Pa.

LEW HOWARD has been appointed a representative of
West Coast Electronic Mfg. Assn. on the board of directors
of the Radio Parts and Equipment Shows, Inc., Chicago.
He will represent both the San Francisco and Los Angeles
Councils of the WCEMA. He is also chairman of the 4th
annual Pacific Electronic Exhibit to be held in Los Angeles
Biltmore September 80 and October 1-2. This will mark the
third trade show on which he has served as a committeeman.

HARVEY W. SMITH has joined the engineering staff of Len-
kurt Electric Company of San Carlos, Calif. He will be in
full charge of design and construction of high-quality trans-
formers both for carrier application and custom manufac-
ture. Mr. Smith was formerly an independent consultant, a
chief engineer at Peerless Electrical Products Co. and a
member of engineering staffs at Bendix Awviation, Ltd.,
Audio Products Co., and Electrical Research Products, Inc.

DONALD E. WARD is the new Sales Manager of Reeves
Soundcraft Corporation, according to an announcement made
by A. C. Travis, Jr., vice president. Mr. Ward was asso-
ciated with Audio Devices and Muzak before he joined the
Reeves firm as an assistant sales manager in 1946. His
additional responsibilities now are a result of increasing
company activity in the recording disc field and a greatly
accelerated national sales campaign.

. HARRY DIAMOND, Chief of the Electronies Division of the

National Bureau of Standards, died suddenly at his Wash-
ington home on June 21, 1948. He was widely recognized
for his administrative ability and brilliant scientific achieve-
ments. Outstanding of these were his contributions to

., the radio proximity fuse and instrument landing system.

ENGINEERING DEPT.

www americanradiohistorv com

Capacity Transducer
(Continued from page 7)

pacity shunts the r.f. feedback of the
grid of the oscillator tube to ground.
Thus, every time the vane passes a
pickup element, the oscillator output
dips. Thus this input capacity as well
as the size of the feedback variable
condenser may determine optimum os-
cillator frequency.

The size of the variable condenser
will depend upon three feedback funec-
tions: frequency of oscillation, feedback
ratio in tank coil, and cable and pickup
shunting capacity. This may best be
determined experimentally for each in-
dividual application. As the wvariable
condenser is adjusted to the point where
the oscillator is not oscillating strongly,
some means must be supplied to deter-
mine this point. This is accomplished
with the aid of the 1.5 ma. meter, which
indicates reectified r.f. current from the
detector. The output winding on the
tank coil is wound so as to give a 1.0 to
1.5 ma. indication on the meter when

The impeller next to which the
capacity pickup was used.

the oscillator is functioning correctly.
This winding may be determined ex-
perimentally and is not too critical. The
oscillator is adjusted to give maximum
rf. voltage change and the winding
would to give some selected reference
point on a meter.

A 1N34 detector was selected to sim-
plify maintenance and construction of
the transducer unit. In some units this
was direct-coupled to the amplifier, but
this was not found necessary or desir-
able on later units as operation to zero
r.p.m. or frequency was not required.

The output impedance of the trans-
ducer unit may be a critical item, even
though the output voltage is high and
a shielded cable is to be used. This is
because of the possible high output fre-
quency. A sixteen blade impeller ro-
tating at 30,000 r.p.m. has an output
frequency of 16 times 30,000 divided by
60. This gives an output frequency of
8000 cycles. Therefore, for these units
an RG 7/U cable (14 pufd./ft.) was
used to connect the transducer to the
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This 4 vane pickup was used success-
fully to record r.p.m. in excess of 30,000.

tachometer. This lowered the shunting
capacity on this high impedance line,
allowing a longer cable. It would be
desirable to use a plate to 500 ohm line
transformer in the transducer and a
500 ohm line to grid transformer at the
frequency meter on future develop-
ments. Thus there would be no limita-
tions on cable length between these
two units.

The r.p.m. may be read directly on
an H-P Electronic Tachometer where
one cycle is produced per revolution at
the pickup. Where many bladed devices
are used it is preferable to use an H-P
Electronic Frequency meter. In this
case, r.p.m. may be read by using the
calculation r.p.m. = Freq. meter x 60/
No. of blades. This calculation may be
reduced to chart form, but it is prefer-
able to draw a new scale to be used
with the instrument.

For vibration analysis, in general
terms, the same pieces of equipment
may be used. There are variations, of
course, depending upon the required
indications. An electronic frequency
meter would still be required where
frequency of vibration is the main item
of interest. Where displacement meas-
urements are required, these may be
made with a calibrated output meter.
These meter calibrations may be made
very accurately using an optically
scaled microscope and a light source to
measure vibration amplitude of the
capacity pickup on a test stand.

As the transducer unit has high
output, it may be used directly into
an oscilloscope or recording oscillo-
graph.

The pickup unit now enters the pic-
ture, and well it might, for there are
no capacity pickups which will produce
output frequencies of %4 cycle per sec-
ond. That is low frequency. Output
to this and lower frequencies are pos-
sible, though, where the capacity pickup
is a two-unit affair. Here one plate
of the capacity unit is fastened to the
moving part (or it may consist of part
of the moving machinery) and the
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other or “hot” plate is fastened to a
non-moving object and connected to the
transducer.

Capacity vibration pickups are noth-
ing new and the experimental pickup
shown in the photograph simply con-
sists of two-by-three inch sheet of dural
clamped at the ends and weighted in
the center by a small weight. This
sheet is the hot plate and works against
a fixed plate. Although not calibrated,
it produces roughly three to five volts
of r.m.s. output at 60 c.p.s. at .010” to
.040” vibration.

This transducer unit should find wide
use in many fields due to its electrical
simplicity and high sensitivity.

—d"@%—-
New Produets
(Continued from page 23)

The unit will dissipate 3000 watts with
a 40° F. temperature rise.

ELECTRONIC ROBOT

One of the most unusual electronic
devices recently put on the market is
made by the St. Louis Microphone Co.,
2726-28 Brentwood Blvd., St. Louis 17,
The complete equipment consists

Mo.

of a recorder, player, control and am-
plifier, 25 recording blanks and instrue-
tions, a dynamic microphone cable and
desk stand, 50 ft. robot head intercon-
necting cable, electric eye and speaker
head, and electric eye light source.

The robot can be used for selling and
advertising and making public an-
nouncements. The tricks the robot can
do are limited only by the ingenuity of

the operator.  _.g.-

Photo Credits

E International Business
Machines Corporation

14,20 Federal Telecommunication
Laboratories

24,25 . . General Instrument
Corporation
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“FLUORESCENT AND OTHER GAS-
EOUS DISCHARGE LAMPS,” William
E. Forsythe and Elliot Q. Adams. Pub-
lished by Murray Hill Books, Inc., 232
Madison Ave., New York 16, N. Y. 292

pages. Price $5.00.

This volume presents a thorough,
comprehensive treatment which starts
with earliest beginnings of the fluores-
cent lamp and takes the reader through
an analysis of every factor influencing
the construction and performance of
these lamps.

The first chapters lay a foundation
of theory, covering light, radiation, and
the discharge of electricity through
gases and vapors, then treat in detail
the basic principle of the fluorescent
lamp, its essential parts, problems of
operation, and efficiency. Types of
phosphors are emphasized and experi-
mental results and design and engineer-
ing data are included.

Successive parts deal with essential
engineering details of sun lamps, germi-
cidal lamps, infrared signaling devices
and telescope television types, photo-
graphic flash lamps and others.

In all, the book is clear and sound in
treatment, bringing to the reader the
bulk of essential information needed
for a complete engineering and work-
ing knowledge of fluorescent and other
gaseous discharge lamps, suitable to the
consideration of any technical problems
involved in their design and application.

“INDUSTRIAL ELECTRONICS REF-
ERENCE BOOK.,” Electronics Engi-
neers of the Westinghouse Electric Cor-
poration. Published by John Wiley &
Sons, Inc., 404 Fourth Ave., New York,
N. Y. 680 pages. Price $7.50.

Aimed at the practicing engineer who
is faced with the problem of under-
standing the underlying principles as
well as the scope and limiting factors
of electronic apparatus as it is applied
to industrial processes, this book deals
with basic theory and application of
electronics. It was written by a group
of engineers, each thoroughly versed
in his particular branch of the subject.

Hundreds of illustrations help to elu-
cidate every phase of the text material.
The extensive lists of references at the
end of each chapter will aid the reader
in locating additional material on any
of the specific subjects involved.

This comprehensive digest should
prove a very handy reference for the
industrial electronics engineer.

@
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An AnswertoYour Needs!

RADIO TEST
NSTRUMENTS

by Rufus P. Turner
Consulting Engineer, RADIO NEWS

TELLS HOW TO CONSTRUCT, CALIBRATE, AND
USE ELECTRONICAND RADIO TEST EQUIPMENT

This well illustrated and practical manual will be an asset to any
radio man’s service library. It shows how to build, how to prop-
erly calibrare, how to use dozens of different types of radio and
electronic testing devices. It covers briefly the theoretical explana-
tion of radio, but only to make sure the reader first understands
electrical and radio theory. The major porrion of the book is de-
voted to technical data, which is presented in clear, understandable
language. An ideal text for the practical radio man and a meusz
for the radio serviceman.

REVISED EDITION
NOW AVAILABLE!

Graphically lllustrated

Included are 182 informative illustrations—diagrams, charts, ACCURATE . .
tables, and photographs—carefully chosen by the author to illus-
trate his sixreen chapters. RADIO TEST INSTRUMENTS is a
unique presentation of a culmination of the author’s own practices
and applications. He has constructed and calibrated, tested and AN EXCEPTIONAL VALUE
built, each piece of equipment described. And he shows how you FOR ONLY

can build and use these test instruments. $4 50

. AUTHORITATIVE
PROFUSELY ILLUSTRATED
221 PAGES; 182 ILLUSTRATIONS

Covers Fully All These Test Instruments

® Multipliers ®* Vacuum-Tube ® Substitution-Type
® Resistors Voltmeters Capacitance
® Multi-Range ® Decibel Meters Checkers
Voltmeters ¢ Bridge-Type ® Resonant In- -
® Multi-Range Impedance Meters ~ ductometers |
Ammeters ® Direct-Reading . P_recision R.e- { MAIL THIS COUPON TODAY |
* Ohmmeters lmpedence AT sistance Bridge l Ziff-Davis Publishing Company, Dept. REE I
¢ Ultra-High- * Simple Capacitor ~ ® High-Gain Null 185 North Wabash Ave., Chi ’ 1.
Resistance Meg- Checkers Detectors I or a -c:s ve., Chicago 1, liL }
chmmeters "+ Compact Capacior + Oselowoper |1 am coksing 5450 vk o money ort) tr |
° V(_)lf‘-Ohm- Checkers ¢ RF Test Os- l STRUMENTS. I understand that I may return book I
Milliammeters o Simple Coil cillators within five days for full refund if I am not entirely |
®* Wattmeters Checkers ® and many others = pleased. |
Price $4.50. Use convenient coupon | Name ... i, |
with full return privilege | add l
l FESS o ot et it i i i e s e e e e e
ZIFF-DAVIS PUBLISHING COMPANY | - - |
LY BT | R TR NP 1 & OO € e
185 North Wabash Avenue, Chicago 1, Ili. I____Hy___________a ______ !
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ITRY 4

MICROWAVE PLUMBING /

REPLACE

By

SAMUEL FREEDMAN
DeMornay Budd. Inc.

CIRCU

Basic microwave transmitter
in its simplest form need be
nomore than atube and some
microwave plumbing or pipe!

gl e i Fig, 1. Wnr-r q:uidu plumbing shnppd a8
! : cavily connected io colibrated | w:m gutds

P WO ANYONE whose past associa-

tion with radio has been with
- - frequencies below about 1000
megacycles, microwaves are unique in
every respect. The basic difference be-
tween lower radio frequencies and
microwaves is that inductive and ca-
pacitive effects are utilized in lieu of
coils and condensers. It is achieved
by direct action on the magnetic and
electric fields through the use of spe-
cial structures such as simple pipes
(called wave guides) of suitable shape
and dimension. This is both a neces-
sity and an advantage for microwaves.

At conventional radio frequencies,
the physical dimensions of inductance
in the form of coils or conductors, and
of capacitance in the form of con-
densers are specially provided or
“lumped.” Their physical size is very
small with respect to the operating
wavelength.

At microwave radio frequencies the
physical dimensions of any conductor
or condenser are large with respect to
the wavelength involved. So little in-
ductance and capacitance is required
that the circuit may work best, or
only, when ‘“distributed” rather than
lumped inductance and capacitance is
provided. This may be little more
than that represented by the elec-
trodes, their separation, and the con-
nections to the vacuum tube.

No wire is efficient in conducting
energy at extremely high a.c. frequen-
cies as represented by ultra or super
high frequencies. Instead the wire be-
haves like an a.c. insulator even
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though at d.c. or low radio frequencies
it is an excellent conductor. The re-
actance or a.c. impedance of any wire
or coil increases with increase of fre-
quency. Specifically, it must increase
because the inductive reactance in
ohms is always equal to: 6.2832 x fre-
guency in cycles x inductance in hen-
rys.

Conversely, no condenser is efficient
in blocking a.c. energy at extremely
high a.c. frequencies because it be-
haves like a virtual short-circuit or
conducting path at microwave fre-
quencies. This is true even though d.c.
or low radio frequencies are effective-
ly blocked or isolated by the same con-
denser. The reactance or a.c. im-
pedance across a condenser decreases
with increase of frequency. Specifical-
ly, capacitive reactance in ohms must
decrease since it is always equal to:
1/6.2832 x frequency in cycles x ca-
pacitance in farads.

The fact that inductance behaves
like an insulator instead of a con-
ductor, and capacitance behaves like
a short circuit or conducting path in-
stead of an r.f. block, requires that
energy be propagated rather than con-
ducted from point to point even in
the case of very short distances with-
in an equipment.

The concept now is that d.c. is
really a.c. at zero cycles or infinite
wavelength. As the a.c. frequency in-
creases from zero, a conductor stead-
ily decreases in its ability to conduct
a.c. while a condenser increases. The
result is a reversal in radio concepts
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as the frequencies reach into the mic-
rowave region.

While propagation of microwave
energy in free space is quite conven-
tional for direct paths, it is only dur-
ing the past few years, even experi-
mentally, that it has been utilized
within the equipment itself or for the
antenna transmission line system.
This propagation technique is achieved
by the use of wave guides. Wave
guides are simple pipes, usually rec-
tangular, in which one wall simulates
the ionosphere and the other wall
simulates the earth. The concept is
comparable to sky wave propagation
on low frequencies in free space. A
quarter-wave dipole (miniature at
microwaves) at the points of introduc-
ing and of extracting the energy may
be compared with the transmitting
and receiving antennas for lower fre-
quency radio operations in free space.

Fig. 2 shows the physical evolution
of a wave guide. Fig. 2A shows two
wires of any length. It may corre-
spond to the open line shown in Fig. 5.
Fig. 2B shows a quarter wavelength
shorted line corresponding to the first
90 degrees for the shorted line in Fig.
5. Fig.  2C shows the quarter-wave
short of Fig. 2B attached to the open
line of Fig. 2A. Note that the point
of attachment is the point of maximum
impedance for a shorted line a quar-
ter wavelength removed from the
short. The current will be zero while
the voltage will be maximum at that
point. Remember that there is only
a.c. sine wave behavior to consider
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Fig. 2. Physical evolution of a reciangular wave guide.

and dimensions are being held cor-
rect for the frequency and the wave-
length. Fig. 2D shows the same type
of quarter-wave short on the opposite
side of the parallel wires. Fig. 2E
shows the closed loop formed by Figs.
2C and 2D combined. Although it is
a d.c. short, it is an open circuit for
a.c. because it offers maximum im-
pedance at the point of attachment by
virtue of the fact that each shorting
section is a quarter wavelength long.
A sine energy wave that is maximum
at one point will be minimum a quar-
ter wavelength removed. These shorts
are really “metallic insulators” much
more nearly a perfect insulator than
any conventional ceramic insulator

Fig. 3. Energy distribution in a
rectangular wave guide operated
at the dominant or TE , ;. mode.

)

ELECTRICAL SINE WAVE DISTRIBUTION AND
ELECTROMAG NETIC BOUNDARY CONDITIONS

Fig. 4. Free space propagation ver-
sus propagation in a wave guide.

REFLECTING LAYERS
ABOVE THF EARTH ~~__

Fig. 5. Inductive and capacitive ef-
fects in a two-wire line or wave guide.
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could ever be with respect to either
d.c. or a.c. Fig. 2F shows a number
of loops like that depicted in Fig. 2E.
Fig. 2G shows the end result when
there are an infinite number of loops
so closely spaced that they become a
solid pipe.

Fig. 3 shows the energy distribution

in a wave guide or rectangular pipe.
It is necessary to forget the usual
conduction principle where a wire car-
rying a.c. has an associated varying
magnetic field encompassing it; or
where a varying magnetic field cut-
ting the wire, induces a voltage across
the terminals of such a wire. Instead,
it is necessary to think of the dis-
placement current principle which re-
quires no wire to carry the energy. It
operates on exactly the same prin-
ciple that electromagnetic waves prop-
agate in free space from a transmit-
ting anterina to a receiving antenna
without a physical link between them.
The displacement technique operates
on the principle that a dielectric or
empty space can be substituted for a
wire or coil. If the width of the wave
guide exceeds a half wavelength and
does not exceed a full wavelength in
diameter, the wave guide operates on
its dominant mode (known as TH.,:)
and there will be an energy distribu-
tion as shown in Fig. 3. The dom-
inant mode indicates the lowest fre-
quency possible to develop in a wave
guide. When the dominant mode is
known as TE,,» (the most common type
encountered in practice), it means
transverse electric type with the elec-
tric field component in the wave guide
perpendicular to the axis of the guide.
It has no electric component along
the length or long axis of the wave
guide. 0,1 or 1,0 means that there is
one half-wave pattern of electric lines
across the cross section of a wave
guide along one dimension while there
is zero half-wave patterns of electric
lines across a dimension at right
angles to the first, or vice versa. Note
particularly, the following details in
Fig. 3:
" 1. The voltage cancels out at the
side walls te equal a total of zero
shown by plus and minus meeting at
the boundary.

2. The electric field at the center of
the wave guide diameter (equidistant
from the boundary walls) adds rather
than cancels out (plus and plus or
minus and minus meet) to result in a
sine wave energy distribution as illus-
trated. This is a simplified form of
“Poynting’s Vector” to facilitate a
graphic portrayal of how the electric
component must be zero at the boun-
daries and maximum between the
boundaries but varying in a sinusoidal
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manner. If the wave guide diameter
is doubled for a given wavelength, or
if the wavelength is halved for a given
diameter wave guide, then in this ex-
ample, there would be a THE:o or TH,,:
mode in which two parallel sets of the
pattern illustrated in Fig. 3 would ex-
ist. TE;, would mean that the wave
guide diameter exceeds a wavelength
and a half, ete. To avoid multi-mod-
ing with the energy divided between
these different modes or energy pat-
terns, the wave guide diameter must
be less than a wavelength. Multi-
moding may be used where it is not
feasible to shrink the wave guide size
or lower the frequency. In such event,
care must be taken not to couple at a
zero energy point.

3. A magnetic field (shown by
dotted circular lines) corresponds to
the field which would exist around a
wire if an electric current were flow-
ing in same. It is distorted to square
circles because the wave guide is rec-
tangular in shape. The field alter-
nates in direction each half wave-
length in accordance with the sinusoi-
dal characteristic.

4. Energy may be introduced or ex-
tracted most efficiently if a quarter-
wave dipole protrudes into the wave
guide at any point where the electric
field is maximum plus or minus in the
illustration.

5. Energy may also be introduced or
extracted, alternately or optionally, if
a small loop is provided in the center
of the narrow side of the wave guide
pipe so that it couples to the mag-
netic field. It is immaterial whether
a dipole is used with the optimum po-
sition of the electric field or if a loop
is used with the optimum position of
the magnetic field.

Fig. 4 compares propagation in a
wave guide pipe on microwaves with
that of the ionosphere and the earth
from a lower frequency transmitting
station. There is little difference be-
tween a low frequency radio station
propagating long waves in the many
miles separation between the earth
and the jonosphere, and a microwave
transmitter propagating miniature
waves between the two walls of a
small pipe. The wave guide pipe will
be more efficient and stable since its
walls, of good electrical conductivity,
facilitate reflection and it is free of
changes in dimension due to night and
day, seasons or sunspot cycles. The

. pipe dimensions should be 3" x1%" at

3000 megacycles, dropping to %” x 4"
at 30,000 megacycles.

To propagate energy in a wave
guide, it must be below cut-off dimen-
sion in wavelength or above cut-off
dimension in frequency. If the wave
guide dimension in Fig. 4A is less than
a half wavelength, energy cannot en-
ter or be accommodated. If it is at
“cut-off” or exactly a half wavelength,
the energy can be accommodated as
illustrated in Fig. 4A but it will not
make propagational progress down
the wave guide’s longitudinal axis.
Attenuation will be total as the energy
will bounce back and forth at one
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spot, undergoing a loss each time it
reflects at a wall. If the wave guide
is more than a half wavelength in
width, as in the case of Fig. 4B,
the energy will make progress at some
angle, as shown. The attenuation will

go down since there will be less points .

of contact for reflection to the oppo-
site wall or boundary. If the wave
guide width is further increased,
the reflecting angle will increase so
there will be still less points of con-
tact, further reduction in attenuation
losses and greater efficiency in prop-
agation of energy down the wave
guide.

Fig. 4B might be compared with sky
wave propagation at medium fre-
quency while Fig. 4C might be com-
pared with sky wave propagation at
high frequency as commonly known
for standard and shortwave broad-
casting or for amateur radio com-
munication. The principle is similar.
The velocity of energy in a wave guide
is less than it is in free space for di-
rect path communication. It cannot
be 186,000 miles-per-second because
the energy takes a zigzag path. Its
velocity would only be comparable if
it did not have to reflect from wall
to wall. It is zero at cut-off (Fig. 4A)
and increases as the angle widens out
in Fig. 4C. Think of it as 186,000
miles-per-second along the zigzag
route illustrated with actual velocity
from one end to the other end of the
wave guide being its resultant straight
line distance. It is comparable to a
caterpillar whose wiggles appear to
move faster than the progress it is
making over the ground.

The power handling capacity of a
wave guide is much greater than is
possible with any practical size con-
ductor. At 3000 megacycles, the 3" x
1% " wave guide can handle over 3,-
000,000 watts of energy without arc-
over belween the narrow wall dimen-
sions. Only two opposite surfaces of
the wave guide are required. The
other two are nierely for keeping the
parallel surfaces properly spaced. The
ionosphere and the earth may be con-
sidered as ‘“Nature’s wave guide”
while the pipes may be called ‘“fab-
ricated wave guide.”

Fig. 5 shows how wave guide pipe
replaces inductance, capacitance, par-
allel resonant LC or series resonant
LC circuits. By moving a dipole probe
back and forth through a slit in the
wave guide wall, it behaves like a
tunable or variable inductance or ca-
pacitance. The behavior of an open-
ended and shorted line is identical ex-
cept that they duplicate their phenom-
ena a quarter-wave length or 90 elec-
trical degrees removed from each
other.

The net result is that the basic
microwave transmitter, in its sim-
plest form, need be no more than a
vacuum tube and a piece of microwave
plumbing or pipe as illustrated in Figs.
1 and 6. This is the same technique
developed by Fonda and Freedman
which was discussed in the article
“Generating Microwaves” in the
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POINT
0 or 360 degrees
g
90 degrees
quarter-wavelength

point “a”.
ror
180 degrees
half-wavelength

gt
270 degrees

three-quarter wavelength ed line.

oo
360 degrees or any

multiple thereof shorted line.

SHORTED LINE
1. Minimum impedance.
2. Minimum voltage.
3. Maximum current.
Same as for the open line at
B It behaves like a
T parallel resonant LC circuit.

Same as for open line at point
Py
¢’ for short-

Same as condition

Same as condition “‘e” for the

OPEN LINE

1. Maximum impedance.
2. Maximum voltage.
3. Minimum current.

Same as for the shorted line at
point “a.” It behaves like a

series resonant LC circuit.

Same as for shorted line at point

Same as for condition "¢’ for
the open line.

Same as condition “e’ for the
open line.

Table 1. Data shown indicates various conditions for shorted and open lines. Ref-

erence should be made to Fig. 5 for details on points “a”, “c", “e",

March, 1947 issue of Rapio News. This
particular unit uses a Type 6V6 oper-
ating at a choice of frequencies in the
vicinity of 2860 megacycles. In this
illustration energy coupled by a loop
through the wave guide cavity hole
shown in Fig. 6 is fed through a cali-
brated wave guide attenuator to an
indicating instrument.

The same phenomena and results
possible at microwave frequencies
may also be realized at any fre-
quency or wavelength as long as the
physical requirements prove feasible,
and can be utilized. For example, a
complete set of events (half wave-
length) involves dimension of .2 inch
at 30,000 megacycles (1 centimeter
wavelength.) The dimension would
have to be 20 inches at 300 mega-
cycles (1 meter wavelength). In the
broadcast band, at 1000 kilocycles,
the dimension would be 500 feet. This
statement can be readily appreciated
by anyone using an automobile radio
on the highway. When the vehicle
goes into a tunnel or underpass (even
for a few feet), the signal goes dead
on the broadcast band while working
normally on very high frequencies
(such as two-way mobile radio) and
still better on microwaves. Micro-
waves are incomparable for operation

as g0 sr_s0 ss,_sr oy

g’ and "i".

in subways or tunnels. Every tunnel,
underpass, sides of steel bridges, walls
between two sides of a street, two
sides of a gorge or canyon etc., forms
a wave guide. Energy propagates best
there, if at all, when it can accommo-
date more than a half wavelength for
the equivalent of its diameter.

The phenomena possible to develop

‘with simple plumbing or mere pipe on

microwaves, therefore, make possible
results that on lower radio frequencies
always require coils, condensers, trans-
formers, resistors, and insulators.
These can be eliminated on micro-
waves by utilizing the inversion, ca-
pacitive; inductive, and transforma-
tion effects existing along some quar-
ter wavelength of any over-all half
wavelength for either an open or a
shorted line. The impedance in a
wave guide may be anything from
virtual zero to virtual infinity some-
where along its length. For example,
in Fig. 5, there are spotted the con-
ditions and behaviors of Table 1. Any
values between those indicated can be
developed at intermediate distances.
‘The possibilities for using wave
guides are as numerous as applications
for the vacuum tube. Both are lim-
ited only by human imagination and
(Continued on page 132)

Fig. 6. Dismantled view of equipment in Fig. 1, showing a conventional receiv-

ing tube used to generate microwaves.

The fundamental and harmonic fre-

quencies are masked out because the wave guide dimension is below cut-off for

frequencies below about 2800 megacycles.

The tube operates at transit

time equal to seven periods of oscillation for generating 2860 megacycles in

this case.

It may be varied by electrode voltages or physical adjustment.
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A Portable, Lightweight, 1-Tube

RUFUS P. TURNER
WIAY

This novel stroboscope is light in weight, small

in size, Instantanceous in

action, and stable. It

has a useful frequency range and is easy to build.

P NHE stroboscope is one of the

most useful of all everyday in-
- - dustrial electronic devices. Under
the controlled-rate light flashes from
this instrument, rapidly moving ma-
chinery is “frozen” in action, so that
rotating, vibrating, sliding, reciprocat-
ing, and other recurrently moving
parts may be studied while actually in
motion although apparently standing
dead still. The rate of speed or move-
ment of these parts, such as the num-
ber of revolutions per minute, may be
read from the stroboscope calibration.
Since its introduction some years ago
by Edgerton, Germeshausen, and
Grier, the stroboscope has become an
invaluable tool in the whole gamut of
modern industries producing or using
all forms of moving machinery and
devices.

The stroboscope is useful to radio
and electronic technicians in the
examination and adjustment of auto
radio vibrators, buzzers, tuning forks,
vibrating reeds, motors, speakers, pho-
nograph turntables and driving mech-
anisms, wire recorder mechanisms,
antenna rotators, etc. If the radio
serviceman also repairs electrical ap-
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pliances, he will find the stroboscope
handy in checking and timing such
devices as electric fans, gear trains in
electrical toys, electric clocks, motor-
driven tools, drink mixers, kitchen
mixers, electric razors, massage vibra-
tors, movie projectors, etc. One elec-
trician of the author’s acquaintance
even reports that he got the lowdown
on what was happening to an electric
hedge clipper by watching its opera-
tion under stroboscopic light.

Fig. 2. Rear view of flashqun assembly. The
metal reflector is from a photographic flash
gun. The mounting bracket, supplied with
the reflector, has been iastened to the ca-
ble-end tube socket shell by means of two
screws. The flashbulb socket hole was

reamed out to pass the strobotron iube. See
Fig. 4 for complete details on construction.
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STROBOSCOPE

Fig. 1. Complete stroboscope with
flash lamp cord plugged in. Flash-
ing strobotron tube is mounted in
a reflector at the end of a 5-foot
cable. The “flashgun” may thus
be held close to the machine un-
der observation. The single knob.
on front panel controls the flash
rate rheostat. A package of cig-
arettes shows comparative size.

Most stroboscopes are rather bulky.
They contain several tubes operated
by transformer-type a.c. power Ssup-
plies which are heavy. Moreover, the
flashing lamp (strobotron tube) and
its reflector generally are built into
the large sized instrument, making it
awkward to direct the light flashes
into out-of-the-way spots.

The simple stroboscope described in
this article is small-sized, being
mounted in a 5" x5" x2%" case. It is
light enough to be hung from the op-
erator’s neck like a photographic ex-
posure meter or small camera. The
flashing strobotron is the only tube
employed and it is mounted in a metal
reflector on the end of a detachable
5-foot cable. This latter feature per-
mits the light source to be held or
clipped close to the machine which is
to be illuminated. Simplification of
the circuit has been made possible by
the use of a voltage doubler power
supply built with two selenium recti-
fiers. Also, by using the strobotron
tube itself in a relaxation-type vari-
able-frequency oscillator, the usual
separate pulsing circuit found in most
stroboscopes has been eliminated.
Aside from on “ON-OFF” power-line
switch, this stroboscope has only one
control—the frequency (flash rate)
rheostat. The instrument is instanta-
neous in operation, starting up as soon
as the switch is closed, since there are
no filaments nor heaters to require a
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waiting period. Fig. 1 shows the ex-
ternal view of the complete instru-
ment.

Circuit

Fig. 5 shows the complete circuit
schematic of the miniature strobo-
scope.

The voltage doubler power supply
section is comprised of two selenium
rectifiers, electrolytic condensers C.
and C, filter resistor R: and filter
condenser Ci:. R: and R. are protec-
tive resistors for the rectifier units.
The d.c. output of this power supply is
a little over 300 volts when the a.c.
line voltage is 115 r.m.s.

Resistors Rs, Rs;, and R:; and con-
densers C, and C; together with the
strobotron tube, form a relaxation-
type oscillator which has surprising
frequency stability for a self-excited
circuit. Rheostat R; is the flash-rate
control. The resistor-condenser values
given in Fig. 5 afford a flash-rate
range extending from 10 per second
(600 per minute) at the high-resist-
ance setting of control Rs to 112 per
second (6720 per minute) at the low-
resistance setting of R;. This is a use-
ful range covering most of the com-
mon motor speeds and vibration rates
encountered in the field. A higher-
resistance rheostat in the R; position
and a higher resistance at R; will ex-
tend the low-frequency rate below the
10-per-second value (This will be of
interest to phonograph repairmen).
The high end of the range may be ex-
tended upward by omitting resistor R,
from the circuit.

The capacitance of the 4-lead cable
connecting the strobotron tube to the
circuit is a constant value and does
not interfere with operation of the
instrument. This cable may be held,
coiled, or squeezed with no observable
effect on the flashing rate of the tube.

For safety to the operator, no por-
tion of the circuit is connected to the
metal instrument case or to the re-
flector.

Construction

Details of the siroboscope may be
obtained from the accompanying pho-
tographs and drawings.

The instrument case is made of
steel and is 5" x 5" x 2%"” in size. The
power supply components are mounted
on the rear of one panel (side); the
oscillator circuit components on the
other. A 4-wire twisted cable of hook-
up wire connects the power supply
and oscillator circuits. This construc-
tion is shown in Fig. 6.

The sides of the case were made
from perforated stock in order to pro-
vide proper ventilation. After com-
pleting and testing the instrument,
however, heating was found to be neg-
ligible. It seems permissible, there-
fore, to use an entirely-enclosed case.

Fig. 6 shows the arrangement of
components behind each of the two
panels. Insulated terminal strips are
used for mounting the resistors and
condensers. The cable plug, P, is a
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\
HT vV AC 1 TEST POINT 2

Ry, Ro—10 ohm, 1 w. res.

R.,—3500 ohm, 10 w. wirewound res.
R—50,000 ohm, 1 w. res.

Rs—1 megohm. pot.

Ry—2 megohm, 1 w. res.

Cy. Co—20 pfd., 450 v. elec. cond.

Fig. §

Cy—1 pfd., 400 v. cond.

C,—.1 pufd., 400 v. cond.

C—.01 }Lfd mica cond.

.S,—S p.s.t. togglc sw.

Rect——100 ma. selenium rectifier
(Sylvania NC5)

1—Sylvania 2D21 strobotron tube

General construction details for stroboscope. Fig. 3. (A) Setup for calibrating fre-

quency (flash-rate) control of unit.

(B) Stationary single-pulse pattern obtained

when oscillator frequency and stroboscope rate are equal. Fig. 4. Construction de-

tails of the light unit.

4-prong male unit (Jones P-304-AB).
The companion female unit (Jones S-
304-FHT) is mounted on the end of
the flashgun cable. The two selenium
rectifiers are stacked vertically on a
long 6-32 screw.

Fig. 5. Complete schematic diagram for the stroboscope.

Figs. 2 and 4 show construction of
the flashgun. The reflector is a Gra-
flex Cat. No. 2541 5-inch ellipsoidal
photographic flashgun reflector ob-
tainable at any camera supply house.

(Continued on page 150).

Fig. 6. “Exploded” view of stroboscope case. Components of the circuit proper

are mounted on the left-hand panel.

The voltage doubler power supply is

mounted on right-hand panel. Perforated sides of the case provide ventilation.
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George E. Sleeper, Jr. fo-
cusing color TV camera
for studio demonstration.

“Someth
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By RALPH CROSMAN

Details of a new method of converting black and

white TV equipment to permit color transmissions.

NEW process for converting
f black and white television

- . equipment so that it is capable
of transmitting and receiving pictures
in natural colors, was demonstrated
recently in the laboratory of Color
Television, Inc., San Francisco.

The conversion is made by adding
three lenses and three color filters—
red, green, and blue—to both the pick-
up camera and the receiver. Instead
of using three cathode-ray tubes, one
for each color, the new method makes

- an ordinary black and white tube do

the work.

The new process is based on inven-
tions of George E. Sleeper, Jr., for-
merly television engineer for Farns-

40

worth Television anc. Radio Corpora-
tion and Columbia Broadcasting Sys-
tem, and now chief engineer for Color
Television, Inc.

The patents, upon which the new
color television system is largely
based, cover, among other things; an
electronic scanning device having a
photoelectric screen with a single
electron scanning beam; an optical
lens system which produces a plural-
ity of images  of the object, inter-
posed between the scanning device and
the object; color filters associated with
the apparatus for producing the
plurality of images, one filter for each
image; and a method for projecting
the color images on the screen, each
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color image being located on a sop-
arate area of the screen.

Two notable features of the system
are its simplicity and its economy. In
fact, generally speaking, it consists
of apparatus that is similar to the
black and white equipment now in use,
except for the optical lens system
which is employed at the camera and
projection receiver, and the widening
of the video amplifier system to ap-
proximately 12%% megacycles in order
to pass the required bandwidth. Only
one standard image orthicon tube is
required at the camera, with a single
electron beam, and only one projection
tube is used at the receiver. The sys-
tem is entirely electronic and there
are no mechanically moving filters.
The mixing of colors and the distor-
tion of images, which is sometimes
seen on the television screen, is en-
tirely eliminated, as carry-over
charges in the image orthicon, from
one filter to another color filter, are
impossible.

In regard to the economy of the
system, it is stated that ordinary re-
ceiving sets using projection screens
can be converted to color reproduction
for about one hundred dollars.

In this system, stationary filters are
used in conjunction with the special
optical systems at the pick-up camera
and in the reproducing receiver. At
the receiver, superimposing lenses are
used to register the three images, each
in a different primary color (red,
green, and blue) from the end of a sin-
gle cathode-ray projection tube onto a
projection screen.

The camera system consists of a
standard black and white single
image orthicon camera with a mul-
tiple image lens and filter system.
Three optical images are focused side
by side and are scanned as though
they were a single image. The video
signals generated are transmitted in
the normal manner to standard black
and wnite amplifier and mixing equip-
ment, the necessary video bandwidth
changes being made. Standard black
and white line, frame, and super-syn-
chronizing pulses are used to control
the system. A standard black and
white type of synchronizing generator
supplies these pulses and requires nc
alteration. Colored pictures are repro-
duced from 525 line images in each
filter color.

One of the chief differences between
this system for converting black and
white television to color and that used
by CBS and RCA, it this: The CBS
system is a frame-by-frame sequential
color method. RCA has three sep-
arate tubes, each fluorescing in a dif-
ferent primary color, arranged in a
triangular formation and operating
simultaneously. In the new system,
the three optical images are focused
side by side and are scanned as though
they were a single image, giving a
single tube, line-by-line color repro-
duction.

Studio lighting for this system con-
sists of daylight fluorescent lights pro-

(Continued on page 92)
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Hams Simulate
Emergency Communications
on Annual Field Day

N The Twelith Annual Field Day brought activity
among ham club groups to a new all-time high.

YACH year many amateurs look
‘ forward to the annual Field
. A Day for testing of new emer-
gency equipment, together with the
fun this type of communications of-
fers.

While the interest in the early Field
Days was not too great, the event has
grown in favor among amateurs, until
it is now one of the most popular an-
nual events, and awaited eagerly by
many.

The Field Day stations vary from
one-man setups to large elaborate in-
stallations with fifty or more oper-
ators participating. '

Scoring is based on the number of
stations contacted in the United
States, its possessions, and Canada,
with the various contestants being
grouped in classes depending upon the
nunmiber of transmitters in simultane-
ous operation. One point is scored for
each station contacted. A multiplier
may be used in computing the score,
depending on the power input to the
final stage of the transmitter. Stations
opcrating at 30 watts or less input,
may mulliply their score by 3, while
those using between 30 and 100 watts
use a multiplier of 2. Stations oper-
ating solely from emergency power
sources independent of commercial

General view of the setup with the forty meter tent in
the foreground. Twenty meter beam may be seen at center,
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mains use an additional multiplier of
3. For those stations operating solely
from batteries, an additional multi-
plier of 1.5 may be used.

The rules were written to encourage
the development of equipment capable
of operating in an emergency when
commercial sources of power fail.

Thus, a station operated solely from
batteries, with less than 30 watts final
plate input, would multiply the num-
ber of contacts by 13.5

Typical of the many groups partici-
pating in this year’s Twelfth Annual

- Amateur Field Day, 15 members of

the “Polecats Emergency Group” (of
Hamfesters Radio Club) operated in a
prairie located on the South Side of
Chicago. This group, participating
each year (with the exception of the
war years) has operated continuously
since 1936.

This year, the group operated in the
four transmitter class, with equipment
used simultaneously on 80 c.w: or 75
phone, 40 c.w., 20 c.w. and 10 meter
Phone.

Power for all equipment was taken
from a 2.5 kw. gasoline driven gener-
ator, with other units available for
standby emergency use. However, it
was not necessary to use the standby

(Continued on page 171)
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..WSFIB and- 9] opra he B -0 rns-
mitter on 10 and 20 while Eleanor Hitzel
and WSJU’s XYL serve up the refreshments.

s

Three-element beams for ten and twenty
meter bands helped increase the score.

“Polecat” Joe Haenle, WIFIB, checks an operating posi-
tion load from the main power distribution panel setup.
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By R. E. TAYLOR

Taylor Transmitters

New method of radio signaling

allows  greater over-ail efficiency with

compressed carrier and emphasized sideband operation.

method of radio signaling, was

discovered some years past by
the author, but its development for
general application was delayed by the
war. Several hundred broadcast
transmitters were built for the Armed
Forces using the method.

After several years’ delay in pre-
senting this new method to the indus-
try, development has brought the
practical application at a time when
an improvement is seriously needed in
the amateur and other phases of com-
munication service. Many experi-

SUPER-MODULATION , a new

mental transmitters have since been

constructed, using this new system.
One of the latest, Type 900-A, a 1 kw.
unit, is in service by W6GT, and its
operation has been watched by many
with considerable interest.
Circumventing previous sideband
power restrictions, and applying here-
tofore unknown principles, the super-
modulation use of emphasized side-
bands and semi-suppressed carrier
transmission provides far greater sig-

naling efficiency than was previously

considered feasible.

With more than four times the true
sideband power at full modulation,
and one-half or less the bandwidth re-
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quired in conventional practice, trans-
mission efficiency is about equal that
claimed by some for single sideband
operation, and in some operational re-
spects is superior to single sideband.

Fifteen to twenty times or more
peak power output at full modulation
with a bandwidth of two or three kc.
each side of carrier and no spread or
splatter, is possible. Conventional
systems are limited to four times or
less peak power. Effectively, this is a
sideband or modulation power output
increase of from 6 db. upward with no
increase in power input to the carrier
production equipment.

In semi-suppression or compression
of the carrier power under full mod-
ulation, when the sideband power is
driven upward to high level output, the
carrier is reduced at the same time,
to allow room for additional sideband
power. This also allows the reduction
of the heterodyne or interference level
at the receiver end. The reduction in
the noise level is also allowed at the
receiver when receiving a super-meod-
ulated signal, due to the compressed
carrier and narrow bandwidth. Greater
signal voltage out of a standard re-
ceiver linear detector results in 6 db.

or more gain over a conventional sig-
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Front view of Taylor Type 900-A
transmitter incorporating the new
“super-modulation” principle.

nal, without modifications. The first
difference that will be noted is that
the signal is so sharp that it is hard
for those used to the conventional

~ broad signals to find. However, when

tuned, the signal is louder than any-
thing on the band.

At the receiver end, the super-mod-
ulated signal sounds unusually loud.
In many cases when the b.f.0. is turned
on, the carrier heterodyne is barely
audible, and in many instances pos-
sible interfering heterodynes from
other nearby signals are not heard at
all.

Far better speech quality is pro-
vided than in most conventional ama-
teur transmitters, as the system re-
produces the speech in true color with-
out the necessity for limiters or clip-
pers.

Reception of a super-modulated sig-
nal from a 900-A. transmitter, in many
cases, is not bothered by a strong sig-
nal 2 or 3 ke. away in the band. Two
1 kw. 900-A super-modulated trans-
mitters were operated under tests
about 2% ke, apart in the band, using
full modulation for maximum side-
band power production, with the “S”
meter on the receiver several miles
away “pinned” by both signals. Either
transmitter could be tuned in as de-
sired, without interference from the
other. Tuning between the two super-
modulated signals resulted in the het-
erodyne being audible but with the
sidebands of the two signals beating
together producing a typical “monkey
chatter” interference. By tuning 1 kc.
each side of center between the two
signals either could be readily copied
with little interference from the other.
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This modulation system has the fol-
lowing advantages:

1. Shows considerable reduction in
BCI. Many cases of BCI have been
cured by use of super-modulation be-
cause of the lack of “buck shot” and
splatter.

2. Provides more than double the
over-all operating efficiency of conven-
tional systems with far less compli-
cated tuning and adjustment.

3. The audio power in the 1 kw.
amateur transmitter is only about 8
watts.

4, Provides far greater plate effi-
ciency than conventional practice.

5. The power amplifier and positive
modulator tubes, being audio pulsed
for operation, allow greater power in-
put and output. This feature is not
new to the radar people as plate dis-
sipation over a period of {ime for
power output can be engineered and
used to advantage.

6. More db. of talk-power per size
and weight as well as more power in-
put than any other conventional sys-
tem is offered.

7. About the same power distribu-
tion capabilities under full modula-
tion, with respect to sideband power
and carrier, as wide-band FM with 30
ke. total deviation for 15 ke. audio
frequency response.

8. Provides a substantial effect in
reducing the noise level of a conven-
tional receiver for this type of oper-
ation.

Sideband power alone, irrespective
of how it is generated, is that part of a
transmitted radio telephone carrier
wave which conveys the intelligence
to the receiver at the distant point in
communications or amateur radio.
The undesirable carrier is one of the
greatest contributors to the noise and
interference in most receivers. .

Thus, the greater the true sideband
power produced by the transmitter,
the stronger the received signal with
less interference. If the sideband
power is a true reproduction of the
modulation, the bandwidth required is
about one-half that necessary with
usual high modulation percentages
with their attendant distortion, phase
shift, and splatter. Further, if the
carrier can be reduced, we find a cor-
respondingly lowered noise and inter-
ference level in the receiver. Theory
shows that a true 2% ke. modulation
frequency produces sidebands 2% kec.
removed from the carrier. In many
transmitters the harmonic and distor-

tion produce sidebands 5 to 10 kec. re-

moved from the carrier.

Therefore, if we utilize only signifi-
cant and basic sideband components,
by means of appropriate high effi-
ciency production or modulation meth-
ods, we wind up with quite a reduc-
tion in bandwidth or about 2% ke.
each side of carrier frequency, with
far greater range of communication
because of the increased sideband
power, or talk power of the trans-
mitter.

When we examine conventional
transmitter and receiver practice, we
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Fig. 1. Operational example of the

find that the radio transmitter as nor-
mally operated along with the re-
ceiver has a very low intelligence
transmission efficiency.. Hereafter we
shall refer to this as ITE. In other
words, ITE represents the true side-
band or talk power in one sideband
produced by the transmitter.

The broad signal, and limited com-
munication range, of many transmit-
ters using conventional modulation, is
often caused by sideband power limita-
tions.

The basic functioning of this new
system is shown in Figs. 1 and 2 with
the simplified schematic diagram at
Fig. 3. Fig. 1 at D represents a con-
ventional power amplifier capable of
about 900 watts input, adjusted for
maximum carrier power output of
about 700 watts. Proper tuning,
matching, and loading is assumed and

“super-modulation” system.

correct values of bias, screen, and d.e.
plate voltage for the maximum efli-
ciency is provided. This output tube is
indicated in Figs. 1 and 3 as P4. In
Fig. 1, the rf. drive power at E of
about 300 volts is supplied to the grid
of this tube from the buffer stage
through capacity &,. 'The output r.f.
voltage shown at F is about 3000 voits
or the maximum that may be devel-
oped by tube P4 within the limits of
its input capability and efficiency.

The plate current pulse of this tube
is shown by PL, in Fig. 2A operating
from base line 1 during the time TP.

Referring again to Fig. 1, when mod-
ulation or intelligence is applied to
this r.f. carrier output at F for the
sideband power production, the 3000
volts of carrier is increased to 6000
volts or more for the positive or up-
ward modulation. This same r.f. car-

Fig. 2. Related plaie current pulses in new signaling system.

CARRIER

PM PULSE AT POSITIVE
MODUL ATION

A

) ' POSITIVE 'Il It

I l I ' mopuLation | ‘l.m,.hl

=t i,

LT S
(o) p— P —] @®! 1]

www americanradiohistorv com

43


www.americanradiohistory.com

Top view of the Type 900-A transmilter which incorporates “super-modulation” system.

rier of 3000 volts is reduced to almost
zero for the negative one-half modula-
tion cycle. These two points are shown
as M, and M, respectively.

Common past practice has been to
have the increase and decrease of the
carrier controlled and timed so that
it follows the waveform of the speech
or intelligence applied, with the up-
ward increase at M, of equal ampli-
tude and duration to that of the nega-
tive modulation M,.

In Fig. 1, arrangement is made for
a second tube of about the same power
‘input capacity as the power amplifier

tube PA. This is shown as PM, or the
positive modulator. A second output
tank condenser TC:. is added for sep-
arate flywheel action of the second
tube PM. The output of PM is con-
nected about half way up the out-
put tank inductor, at that point where
the second tank condenser TC: is con-
nected.

The tank inductance is now slightly
reduced to compensate for the added
capacity of T'C., with both condensers
TC, and TC. ganged to one control.
These condensers are of approximately
equal capacity.

Fig. 3. Simplified schematic of Taylor system of “super-modulation.”
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Tuning is the same as before with
the dual tank condenser adjusted for-
minimum dip of the power amplifier
tube PA plate current. Tube PM al-
though attached to the output tank
circuit, contributes almost no carrier
under no-modulation conditions. This
is shown at PL. in Fig. 2A above hase
line 2 during time TM. This low out-
put is due to the high bias at E. in
Fig. 1, and the low r.f. drive from the
buffer reservoir, through the coupling
capacity Ch.

With the positive one-half cycle of
modulation, tube PM conducts. Oper-
ation is at a high degree of efficiency
and with a very small angle of plate
current flow, as shown by the plate
current pulse PL, in Fig. 2B. In Fig. 1
is shown, over period of time T. the
additional r.f.power of about 3000 volts
at P, supplied from tube PM. This is
applied to the output tank circuit, and
added to the carrier power present
from tube PA, permitting the positive
modulation shown at M,, above the
unmodulated carrier level F.

M, is then a reproduction in wave-
form of the r.f. drive pulse R, from the
r.f. reservoir R, driving tube PM up
the desired power output during the
required time.

Triggering control and amplitude of
the r.f. drive pulse R,, as well as the
waveform of the pulse, is effected by
the positive one-half cycle of audio
shown at P., generated by the audio
stage at S., and separated from the
negative one-half cycle of audio at the
secondary of transformer T'.. This posi-
tive one-half cycle of audio at P.
opens the bias gate from the r.f. res-
ervoir R during the required time
shown at “T, IN” and corresponds to
“T. OUT.” During this period positive
modulation of the carrier at M, is de-
veloped by power from tube PM.

This is applied directly to and is
additive with the carrier power al-
ready present in the output tank cir-
cuit. There is no increased plate input
to tube P4 during this interval. By
allowing operation of the tube PM
only during the positive modulation
one-half cycle, a considerable saving
in over-all input is permitted. In
plate modulation this same high power
modulation energy is used to develop
the negative modulation of the carrier
at a considerable waste of power.

During the function of positive mod-
ulation, the average power amplifier
efficiency with respect to carrier, is
caused to increase a small degree
over that of carrier level. Power in-
put during this period, to the power
amplifier tube P4, is reduced slightly
as shown by TR. of Fig. 2. The nor-
mal carrier power level is maintained.

As the plate current pulse of tube
PM is arranged to effectively extend
the plate current pulse of the tube P4
for positive modulation, we have an
over-all pulse of two times or more
the amplitude of that of P4 at car-
rier level. This is shown in Fig. 2A.

During this period part of the car-

(Continued on page 96)
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HE wartime days when radio

I service facilities were taxed far

beyond their capacity have
passed and the radio serviceman is
once more faced with ever increasing
competition. However, the ultimate
objective of -the serviceman has not
changed. As a scrviceman, you must
show a profit, whether you own your
own shop or work for someone else.

During the war many servicemen
gave up their business-like policies.
Many discontinued the service guaran-
ifee entirely. Still others grew negli-
gent in such things as courtesy, neat-
ness, and other things that make
satisfied customers.

The good will of a satisfied cus-
tomer is by far the most valuable type
of advertising any enterprise can have.
Set owners put more stock in what
their neighbors say about you than
in all the advertising you put out.
You can have the biggest store in
town with the most impressive window
displays, but the set owner won't go
near you if he feels that you didn’t
deal fairly with one of his friends:.

The customer understands little or
nothing about the electronic principles
on which his set cperates, but he does
know what it looks like. If, when you
return his set, it is dirty and covered
with dust, he will think of you as a
rather sloppy worker. On the other
hand, if, when he gets his set, the
cabinet is well polished, the dial lamp
in good order, and any missing knobs
replaced, he will have the feeling that
you have devoted a lot of time to the
job and he will be in a better dis-
position to judge the performance of
the sect.

While he is unable to either see
or understand the work that has been
done beneath the chassis, he can and
usually does see the work that has
been done above the chassis. The
function of the parts which you have
put in may be Greek to him, but the
appearance of the job is obvious. It
takes only a little more time to mount
parts neatly. If the i.f. transtformer
or output transformer which you have
put in is smaller than the original
was, new holes should be drilled and
the unit mounted neatly rather than
fastened in with one bolt at a rakish
angle. Parts that have been fastened
on with tape present a terribly slip-
shod appearance.

Another influencing factor in the
appearance of the repaired set is the
dial glass. Ordinary window cleancr
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This orderly service bench at the Leonard Ross Radic Company in Detroit
inspires customer confidence. Leonard Ross checks a radio receiver chassis.

Your reputation as a radio serviceman is built

on little things—here is a tlimely check list.

will make a world of difference in the
dial glasses that haven’t been cleaned
since the day the set was sold. If the
glass is broken, replace it. The cost
is small and the reward is great. It is
true that sometimes the appearance
of a set is bad because replacements
for broken or defaced dial glasses or
faces are not available. In this case,
the fact should be brought to the cus-
tomer’s attention. He will realize that
at least you tried to do everything you
could to improve his radio.

The cabinet itself, whether wooden
or plastic, must look presentable. It
may not be very much of a piece of
furniture, but the customer must have
liked it at one time or he wouldn't
have bought it. A cabinet refirnishing
kit can be had at most radio supply
houses for a few dollars. With these
kits, it is surprising what a change
can be made in the looks of a set in a
few minutes’ time. And, of course,
the cabinet must be polished. This is
the most rewarding of all, especially
with women customers. Women spend
a great deal of their lives eleaning
and polishing things and they can’t
understand how a man can call a ra-

WWW.americanradiohistorv.com

dio, or anything else for that matter,
in good condition until it has been
cleaned. They are often afraid ta
clean in back of the radio for fear
of damaging it and they depend on the
radio serviceman to do this for them.

Nothing can be done with plastic
cabinets that are completely smashed
except to replace them, if a replace-
ment is available, but when the cabinet
is only cracked, a little cement and
gauze can work wonders with it.

Equally as important as the appear-
ance of the set is its performance. The
customer is not fooled when an in-
ferior job is passed off on him. His
friends have radios that he will hear
and if they sound better than his own,
he will blame you for it. During the
war, it was possible to pass off almost
any kind of work because few, if any,
shops were able to get the necessary
parts or help to do real quality work.
Things are different now. If you don’t
do a good job on a set, someone else
will.

Not only must the set play well, but
it must keep playing. Re-calls or kick-
backs are the worst possible kind of

(Continued on page 126)
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mplifier

WM. BOYER & EMORY TOOPS

Fig. 1. Over-all view of completed :
amplifier. Speaker is mounted sep- i
arately in a bass reflex cabinet.

Miniature Tube
igh Fidelity

By

-

Featuring—both phono and mike inputs, compressor,

expander, and phono pickup equalizing network—all

in a single package with 4 waits hum-iree output.

¥ NHE recent rise in public appre-

ciation of high fidelity sound re-
- - production has caused most con-
ventional audio amplifiers used for
record reproduction to become out-
moded. For natural reproduction of
music, an amplifier must meet several
requirements.

First, it must possess a flat fre-
quency response over a wide range.
For high fidelity reproduction, this re-
sponse should be essentially flat from
about 40 or 50 cycles to over 10,000
cycles. To take advantage of the full
frequency range of FM the upper fre-
gquency limit should be extended to
12,000 or 15,000 cycles.

Second, since in broadcasting or re-
cording music, volume compression
(that is, the reduction of the ratio of
intensities of loud passages to soft
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passages) is employed, a compensat-
ing degree of volume expansion is
necessary to restore the intensity lev-
els to their original balance. The use
of volume expansion results in far
more natural sounding music, and
lends depth and life to a recording.

Finally, an amplifier should have
very little distortion if it is to repro-
duce faithfully the signal impressed
upon it. The authors believe that the
amplifier to be described incorporates
all of these features plus several more
which increase its usefulness.

One or more stages of pre-amplifi-

_cation are necessary if the newer low-

level pickups, now available at modest
cost, are to be accommodated. In addi-
tion to volume expansion, volume com-
pression is provided, since it is useful
in some audio applications and its in-
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“tubes.

clusion requires but minor circuit al-
terations.

The inclusion of these refinements
in a standard amplifier, however,
usually results in higher cost and
larger physical size. Several somewhat
critical adjustments are also necessary
before the amplifier operates properly.
By using the readily available minia-
ture tubes, both cost and physical size
can be reduced. The circuit to be de-
scribed has few adjustments. Con-
struction is straightforward and if
done in the manner prescribed no diffi-
culty should be encountered.

The response curve of this amplifier
is shown in Fig. 4. It is substantially
flat from 80 to 10,000 c.p.s. which more
than meets the requirements for high
fidelity reproduction. The dotted line
shows the response with a 1000 upfd.
mica condenser connected across the
plates of the 50B5’s. This condenser
may be used by those not desiring the
extreme high frequency response.

The choice of tubes was governed
by availability and cost. Since the
pre-amplifier heaters should be oper-
ated on direct current for hum-free
operation, a single or dual triode with
a 150 milliampere heater is desirable
so that heater current may be drawn
from the power supply; 6C4’'s with
their 7 pin bases were chosen over the
newer 12 volt types using noval 9 pin
bases because of their ready avail-
ability on the surplus market. )

The 9003 was chosen for the ex-
pander-compressor stage because of
its remote cut-off feature. A 6AGS5
was used as the expander-compressor
amplifier but a 6AK5 worked equally
as well. Both are easily obtainable.
For the expander-compressor rectifier,
crystal diodes (IN21B’s) were first
tried but they loaded the 6AG5 so
much that the gain of this stage fell
to about 2. Substituting a 6AL5 for
the crystals gave considerably less
loading of the 6AG5 and correspond-
ingly higher control voltage for the
9003. A 6J6 twin-triode is used as a
floating paraphase inverter eliminat-
ing any phase inverter adjustments.
50B5’s were chosen as the power am-
plifiers for two reasons; their use in
new a.c. receivers has made them
available at low cost from the usual
radio parts jobbers and their heaters
in series with the 6C4 heaters elim-
inated the need for a series dropping
resistor. The push-pull 50B5’s provide
nearly 4 watts of class A output at
very low distortion, which is more
than sufficient to drive a 12 inch
speaker at good listening level.

A conventional expander-compres-
sor circuit, consisting of 9003, 6AG5
and 6ALS5, provides both expansion
and compression by means of a single
control. The principle of operation is
similar to that of a.v.c. in a superhet
receiver. In the latter applications a

d.c. voltage developed across the diode

load circuit of the detector is added
to the fixed bias of the r.f. and if.
However, in this circuit the
audio voltage is applied to both the
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R—27,000 ohm, 1/% W. res.

Ri—180,000 ohm, 1> w. res.
R;, Rg—72,000 ohm, V> w. res.
Ry, Ry—33,000 ohm, V5 w. res.
Ry;—1 megohm pot. (screwdriver adjustment)
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Rie—1 megohm pot. i b -
Ri—51 ohm, V5 w. res.

Rig, Rog, Ros, Ro——220,000 ohm, Y5 w. res.
Ry, R%,,—IO0,000 ohim, 12 w. res.
e Cir, Cig—=r5 wfd., 400 . cond.

Rog—1 megohm, center-tapped, pot. . Ty C.w Clﬂ._jo pfd., 150 v. elec. cond.
Rog—2500 ohm, 10 w. wirewound res. (triple unit) e !

Cy, Cay Cy, Cz, Co, Cr—.05 pfd., 400 v. cond. CH:—10 henry, 60 milliampere filter choke
Co, Co—20/20 pfd., 1507150 +. elec. cond. Rect.—~200 ma. selenium rectificr
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Cu, .Cm, Co—.1 pifd., 200 v. cond.

J—Open circuit phone jack with an additional
Cy—10 pfd., 150 v. elec. cond.

make circuit
J—Open circuit phone jack
Speaker—Any size, PM type
Epitor’s NOTE: It is recommended that
two 200ma. seleniwn rectifiers be used in
parallel rather than a single unit s this

Cys—.01 ufd., 400 v. cond. S
Cg—500 ufd., 25 v. elec. cond.
Cy—.5 ufd., 400 v, cond. (See text)

T—Output trans., push-pull 50B5 to v.c.
T,—6.3 volt, 1.2 amp. fil. trans.
8§ —On J, S.—S.p.s.t. rotary sw.

will avoid overloading the rectifier.
ohm, 2 . C 0
placed in series with each unit.

An 18
protective resistor should be

Fig. 2. Complete schematic diagram. Tubes 9003, 6AG5, and 6ALS make up expander and compressor circuit.

9003 and the 6AGS. The 6AGS am-
plifies this voltage while the 6AL3
rectifies it. The rectified d.c. voltage
appearing across the one megohm
center tapped potentiometer will vary
according to the audio voltage that
reaches the grid of the 6AGS5.

Since the center tap of the poten-
tiometer is grounded, the two ends
will be of opposite polarity with re-
spect to ground. Hence if positive
voltage is added to the fixed negative
bias of the 9003 an increase in ampli-
fication or expansion results while the
addition of negative bias to the 9003
provides decreased amplification or
compression. Compression is normally
used only in recording, but it is some-
times desirable for special effects.

The rate of rise and fall of either
expansion or compression is controlled
by the time constant of the circuit
which includes condenser C... A low
time constant results in a rapid rise
and fall of control voltage, while a
high time constant gives a very grad-
ual rise and fall. The time constant
is most easily adjusted by varying the
value of Cw. For the reproduction of
classical music a fairly large time
constant is desirable, otherwise ex-
pansion will be too rapid. A value for
Cyo of from 0.5 to 1.0 ufd. may be used.
For use with popular music a lower
value of Cy, will be satisfactory. The
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constructor should try several values
in this range until one is found that
suits his individual taste as to rate of
expansion and type of-music.

The preamplifier “is of the type
recommended for use with the. new
General Electric “Variable Reluctance
Pickup” to provide equalization and
preamplification. This General Elec-
tric pickup is rated at 11 millivolts

output but the preamplifier works
equally well with pickups with out-
puts as low as 25 millivolts. For
other pickups, however, the equaliza-
tion may be changed to suit the
listener. The value of R, controls the
high frequency response. A lower
value will lower the high frequency
response, while a higher value will in-
(Continued on page 157)

Fig. 3. Underchassis view shows placement of miscellaneous components.
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The RECORDING and

One of the new Cinaudagraph coaxial speaker units.

Part 19.

Design data covering series and parallel

connected filter type networks and the econstant

resistanece networks for use with audio amplifiers.

ANY audio systems make use
M of separate high-frequency

and low-frequency loudspeak-
ers. In order to obtain maximum ef-
ficiency from this dual reproducing
arrangement, dividing networks are
connected between the amplifier out-
put transformer and the voice coils
of the tweeter (high-frequency speak-
er) and woofer (low-frequency speak-
er). These networks separate the fre-
quency components in the amplifier
output voltage into two bands, so
that only frequencies above a certain
crossover frequency are transmitted
to the tweeter, and only those below
this crossover frequendy are transmit-
ted to the woofer. Each speaker thus
operates only at those frequencies at
which it is most efficient and faith-
ful.

The crossover frequency may be se-
lected at will, but most commercially
available dividing networks operate at
crossover frequencies of 400 or 800
cycles. The basic facts concerning

48

practical dividing networks may be
summed up in the following brief com-
ments:

(1) Each such network comprises a
low-pass and high-pass filter with
their input circuits connected either
in series or in parallel. The output
circuit of the high-pass filter section
feeds the tweeter; that of the low-pass
filter, the woofer.

(2) At the crossover frequency, the
high- and low-frequency power out-
puts are equal.

(3) With respect to the attenuation

Fig. 1. Method for inserting dividing net-
work between secondary of amplifier out-
put iransformer and loudspeaker voice coils.

HF SPEAKER

HIGHFREQ
SECTION
LOW FREQ. f

SECTION -?"

LF SPEAKER
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at the crossover frequency, the di-
viding network should provide 12 db.
minimum attenuation one octave from
the crossover frequency.

(4) The constant-resistance type of
dividing network is a specific form
which, when terminated in the proper
resistance load, will offer a constant
input resistance over a frequer.cy
band. The constant-resistance type
network is convenient in some in-
stances, since each of its capacitive
components are identical in value, as
are each of its inductive components.

Circuit diagrams of dividing net-
works are given in Figs. 2 and 3, to-
gether with the formulas for obtain-
ing the values of their capacitive and
inductive elements. The arrangements
shown in Fig. 2 are the conventional
series- and parallel-connected filter-
type networks. Those given in Fig. 3
are constant-resistance networks. In
the latter groups, two of the circuits
(A and C) will provide only about
6 db. attenuation at 1 octave from the
crossover frequency, and should be
employed only in those specific cases
where this low attenuation may be
tolerated.

Position of Network in Amplifier

The band-separating action of the
dividing network might be obtained at
several points in a conventional audio
amplifier. In standard practice how-
ever, the dividing network is almost
always connected between the sec-
ondary winding of the amplifier out-
put transformer and the loudspeaker
voice coils, as shown in Fig. 1. In
this way, one output amplifier stage
is made to serve both loudspeakers.

Each network section must carry
the full power delivered to the loud-
speaker which it supplies. Network
components accordingly must be ca-
pable of handling these power levels
safely. At the same time, the re-
sistance of the inductors must be of
the lowest possible value, consistent
with required inductance, in order to
minimize insertion losses.
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The impedances out of, and into
which the practical dividing network
operates are identical with the rated
voice coil impedance of the speakers.
Thus the R, value that appears in the
formulas.

Use of Tables

All component values for dividing
networks may be calculated by means
of the formulas given in Figs. 2 and 3.
However, Tables 1 and 2, which list
these values calculated with sufficient
accuracy for critical applications, are
jncluded herein for the reader’'s con-
venience.

Tables 1 and 2 list all condenser and
inductor values required, respectively,
in conventional and constant-resist-
ance type dividing networks. These
tables are based upon an R, value of
10 ohms and an m of 0.6. All capaci-
tance values are given in microfarads
and all inductance values in milli-
henries, for common crossover fre-
quencies every 50 cycles from 100 to
1000 cycles.

When working with systems in
which R, = 10, all C and L values
may be read in the corresponding fre-
quency column directly from Table 1
for conventional networks, or from
Table 2 for the constant-resistance
type. For R, values other than 10,
the chart values may be operated upon
to yield values required for the new
impedance, thus, for a value (Ry)
other than R, (10 ohms), multiply all
L values corresponding the desired
crossover frequency by Ri/R. and di-
vide all C values by this same factor.

As an illustration of the use of the
R:/R, factor, consider the following
example: A conventional dividing net-
work is required to work between 16
ohms at a crossover frequency of 450
cycles. At 16 ohms, Ry/R, = 16/10 —
1.6. All L values in the 450 cycle col-
umn of Table 1 must be multiplied by
1.6, and all C values in the same col-
umn must be divided by 1.6:

C, = 70.76/1.6 = 44.22 pfd.
C. = 2211/16 — 13.81 ufd.
C. = 35.38/1.6 — 22.11 pufd.
C, = 17.69/1.6 = 11.05 pfd.
Cs = 56.61/1.6 = 35.38 pfd.
L, = (5.66) 1.6 = 9.056 mh.
L,— (3.54) 1.6 = 5.664 mh.

: (177) 1.6 = 2.832 mh.
L, = (7.08) 1.6 = 11.328 mh.
L, = (2.21) 1.6 = 3.536 mh.

To find the capacitance and induct-
ance values required at 10 ohms for
some crossover frequency (f) in cycles-
per-second, other than one of the 19
frequencies given in the two charts,
first locate the C and L values in the
“100 cycle” column, then multiply each
of these values by 100/f. If a differ-
ent impedance (Rx) as well as a dif-
ferent frequency (f) is required, lo-
cate both the capacitance and induct-
ance values in the “100 cycle” col-
umn of the chart, and multiply the
capacitances thus obtained by 1000/
(fRy), and the inductance by
(10Rx)/F.

As an illustration of the use of these
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Table 1. Conventional dividing networks. See Fig. 2 for circuits.
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Fig. 2. Conventional series and parallel con-  Fig. 3. Four types of constant-resistance net-

nected filter type networks along with the
formulas for obtaining LC component values.

last two formulas, consider the fol-
lowing example: A constant-resistance
dividing network is required with a
crossover frequency of 500 cycles, to
work between 16 ohms. The 100 cycle
values (Table 2) will be multiplied
thus:

¢, = 159.15 x 0.125 = 19.89 pfd.
C, = 225.04 x 0125 = 28.13 pfd.
¢, = 112,52 x 0.125 = 14.06 pfd.
L, = 1591 x 0.32 = 5.09 mh.

L. = 11.25 x 0.32 = 3.60 mh.
L, = 22,50 x 0.32 = 7.20 mh.
1000/ (fRx) = 1000/(500 x 15) = 0.125
(10R.)/f = (10 x 16) /500 = 0.32
As with any combination of speak-

ers, attention must be paid to the
proper phasing of coaxial units. Both

Table 2. Constant-resistance dividing networks.

works and associated formulas for comput-
ing values. See note in text on A and B.

cones must move in the same direction
at the same moment to be properly in
phase. Correct polarity may be ob-
served by connecting a battery to the
two voice coils momentarily. Both
cones should definitely move in the
same direction for the same battery
polarity.

Correct impedance matching must
also be observed for maximum effi-
ciency of dual or coaxial speaker com-
binations. Specific examples of this
impedance matching will be discussed
in some detail later in this.series.

REFERENCE

Aerovox Research Worker, Vol. 17, No. 10..
(To be continued)

See Fig. 3.
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Build Your Own
COMMUNICATIONS

Fig. 1. The complete if. section.
Plugs for interconnection of the
units are mounted on rear flange.

By J. T. GOODE
Standard Coil Products Co.

Part 2.

Details for construction of i.f.

channel with three steps of selectivity.

‘N THE first article of this series,
the requirements of a good com-
- munications receiver were set
forth along with a detailed discussion
on constructing a power supply and
the amplifier unit to be used with the
completed receiver. This article cov-
ers the construction of the intermedi-
ate amplifier and detector section of
the receiver.

There are many ways of designing
i.f. amplifiers and detectors. Each type
has its advantages and disadvantages.
Regardless of actual design the fol-
lowing features are desirable:

1. Ample gain; 2. Good signal-to-
noise ratio; 3. Variable selectivity; 4.
Sharp selectivity for communication
operation; 5. Low distortion; 6. An
a.v.c. switch; 7. B.f.o.; 8 A.n.l; 9. “R”
meter; 10. Narrow-band FM; 11. Me-
chanical and electrical design such
that unit requires a minimum amount
of time for construction and test; 12.
No regeneration.

The outlined requirements have been
designed into the intermediate ampli-
fier and detector to be described.

There are two types of engineering,
conservative and production. Both
types work toward the same end, a

50

satisfactory engineering model. Engi-
neering a receiver for production re-
quires maximum results from a mini-
mum number of parts. Many engi-
neering decisions are made in favor
of a low cost figure. This can result
in lowering the quality of the product.

From an engineering viewpoint, it is
far more difficult to design a produc-
tion model than to simply build a
good radio. Bypass condensers are
only used where absolute necessity
dictates in a production model.

Conservative engineering follows a
different line of thinking. This calls
for the use of adequate filter networks
for each stage so that satisfactory op-
eration is guaranteed.

Tubes are cheap, so there is no ne-
cessity for designing some tricky
switching assembly simply to save the
price of a tube. Some of these trick
assemblies cause regeneration due to
extended lead length, and regenera-
tion causes more receiver headaches
than any other single fault.

Receiver manufacturers spend
weeks and sometimes months in en-
gineering, simply to eliminate three or
four bypass condensers or resistors
without impairing the operation of the

WWW.americanradiohistorv.com

set. By doing this the cost of the
completed chassis is reduced a few
cents.

From a manufacturing standpoint,
this is good business; for the home
constructor it is not. The amount of
money saved in the over-all cost of a
home-built unit" will not justify the
possible difficulties that might result
from such construction.

Production engineering usually de-
mands maximum gain from each am-
plifier stage. Engineering experience
and good test equipment are. needed
to meet such design requirements.
Special coils are usually required. The
home constructor may lack both the
required engineering experience and
the proper test equipment.

Conservative engineering eliminates
this difficulty. Do not design equip-
ment that requires maximum gain
from each stage. Instead, design so

that adequate gain is available with-

out requiring any one stage to oper-
ate at peak efficiency. Under such
conditions parts become far less criti-
cal. Production engineering enjoys no
such luxury as this-type of design.
The main difference between the

- two types of engineering is the cost

of the parts required to build approx-
imately the same type of radio. From
an engineering cost figure, production
type engineering is far more expen-
sive. This expense is amortized over
the production run, and the cost per
unit can be quite low.

Design

The desirability of having variable
selectivity is illustrated by the two
graphs shown in Figs. 3 and 6. As se-
lectivity is increased, sideband inter-
ference decreases. Thix feature is de-
sirable for communication reception.
Amplitude modulation high frequency
response is attenuated as the selectiv-
ity is increased, and this feature is un-
desirable in the broadcast band. There-
fore, a receiver to be used for broad-
cast and communication should have
variable selectivity.

The graph in Fig. 3 was made by
modulating a signal generator with an
audio oscillator and plotting the au-

~dio output of the second detector. At

5000 cycles the audio was attenuated
9.5 db. with wide-band i.f., 17 db. with
narrow-band, and 24 db. with sharp-
band. With high frequency compen-
sation the attenuation was reduced to
3 db. at 5000 cycles. The compensat-
ing condenser is Cu..

Some broadcast receivers are down

30 db. at 5000 cycles. This is due to
a combination of selectivity attenua-
tion and lack of high frequency re-
sponse in the audio amplifier.
* It is difficult to tell any difference
between FM and AM reception with
this receiver operating in the wide-
band position, listening to the same
program coming over two stations,
one being FM and the other AM. Such
tests have been made using an FM
tuner and the same audio amplifier for
both FM and AM.

Variable selectivity design is usually
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Fig. 2. Schematic diagram for the complete i.f. channel. Power is supplied from the unit described in last month's Issue.
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Fig. 4. Discriminater curve cbtained
by varying the generator frequency.

expensive, difficult to construct, and
requires a certain amount of engineer-
ing skill. It is normally obtained by
changing the coupling between i.f.
coils. This can be accomplished either
mechanically or electrically. Either
way it is complicated. By conserva-
tive engineering (adding a few parts)
it can be accomplished with compara-
tive ease. By using separate i.f. chan-

as required.

Using low impedance input circuits
makes switching simple and does not
cause regeneration. Leads to the low
impedance circuits can be run for a
considerable distance without causing
any trouble or noticeable loss or gain.

The other graph, Fig. 6, indicates
actual selectivity when the i.f. chan-
nel is operated as wide-band, narrow-
band, and sharp. This set of curves
was made by using a signal generator
and a v.t.v.m.

At “two times down” the wide-band
selectivity is approximately 8 ke. to-
tal, narrow-band 4.5 ke., and sharp 3
ke. It is this portion of the curve that
affects the audio characteristics of an
i.f. channel.

At “one-hundred times down” the
wide-band selectivity is approximately
58 ke. total, narrow-band 24 kc., and
sharp 13 ke. It is this portion of the
curve that determines the ability of
the receiver to separate stations.

Two audio tones, one 40 db. below
the level of the other, can be heard
by the human ear. This means that a
signal 40 db. below the level of an-
other is still capable of causing in-
terference.

Fig. 5. Top view of if. chassis. Location of important components is given.
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The selectivity of this i.f. channel
in the sharp position is narrower
than the selectivity of the average
communications receiver not including
the crystal filter.

Sharp selectivity has some advan-
tages over a crystal filter. It does
not introduce distortion but does in-
troduce audio high frequency attenu-
ation. This feature is desirable for
phone reception when the bands are
crowded. The use of a crystal filter
improves selectivity but the i.f. curve
does not remain symmetrical, and this
introduces distortion.

A crystal filter was not included in
the design of the i.f. channel. The se-
lectivity incorporated gives excellent
communication reception as is. The
circuit is straightforward, easy to con-
struct, and stable. If the addition of
a crystal filter is required, T. should
be removed and the crystal filter net-
work inserted at this point.

When the receiver is operated in
the broadcast band, the selectivity
switch makes an excellent tone con-
trol giving audio high frequency at-
tenuation in the narrow and sharp po-
sitions.

The narrow-band FM section con-
sists of a 6SJ7 limiter stage and 6H6
discriminator. The linearity of the dis-
criminator is indicated on the graph.
The flat portion of the curve is ap-
proximately 16 kec. wide. Limiting ac-
tion takes place at approximately 1
microvolt at the antenna terminals.

Narrow-band selectivity is used for
FM reception. The audio output of
the discriminator is less than the out-
put of the narrow-band second detec-
tor. Any standard 455 kc. i.f. trans-
former can easily be converted to a
discriminator coil. Coil modification
information will be discussed later.

Miller slug-tuned coils were used
throughout the if. channel. These
coils are stable and readily available
at most wholesale radio stores. Al-
most any 455 kc. i.f. transformer will
be satisfactory. The degree of coupling
in each transformer is not critical,
due to the large number of tuned cir-
cuits. The addition of each tuned cir-
cuit adds “Q.” Total “Q” (from an-
tenna coil to the second detector) de-
termines the selectivity of the receiv-
er.
Even if all the if. transformers
were critically coupled, the selectivity
of the if. channel in the “sharp” po.
sition would exceed the selectivity o?
the average communications receiver,
not including a crystal filter. Adjust-
ing for gain variation will be discussed
later.

Another standard i.f. transformer is
used for the b.f.0. coil T.. The purpose
of this design was to allow the use of
spare i.f. transformers that are some-
times found in so-called “junk boxes.”

Connect the blue lead to the plate
and the green lead to the grid. If it
does not oscillate, reverse either the
primary or secondary leads and it will,

The b.f.o. grid leak R is variable.
Changing this resistance from 47,000

(Continued on page 116)
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J. CARLISLE HOADLEY

Construction details for building speaker baliles
for use with high-fidelity phonoe and FM speaker

units. Both 12 and 15-inch enclosures are covered.

P N0 REALIZE the superb quality
that frequency modulation can
provide, the use of the best
speaker system that can be obtained
is desirable. Frequency modulation
can provide program material which
is not only flat from 30 to 15,000
cycles-per-second, but also has a low
inherent hum and noise level and a
greaier dynamic range.

Most experimenters will prefer to
construct their own FM receiver sys-
tems because of the monetary saving
involved and also for the satisfaction
which comes from such an endeavor.
Of course, an FM receiver system will
include a high fidelity speaker system.

The builder has a wide variety of
speakers to choose from. There is a
large cost variation between the sin-
gle-cone, extended-range speaker and
the two speaker, wide-range units.

Several manufacturers are offering
eight and twelve inch extended-range
speakers for FM use. They are so de-
signed as to provide uniform response
from some low frequency (depending
upon cone diameter) to ten thousand
cycles, with very appreciable contri-
bution in the 12,000 to 14,000 cycle
range. These speakers range in price
from eight to fifteen dollars. Among
this group are the Jensen PM 8-CT,
PM 12-CT, and the Utah FP 820.
These speakers are of the PM type
and will provide the purchaser with
excellent results at a very low cost.

These speakers should, of course, be
installed in a suitable baffle. The bass
reflex type enclosure is the best type
to use if it is desired to augment the
speaker’s low frequency response and
increase its efliciency. A baffle which is
suitable for one 12 inch or two 8 inch
speakers is shown in Fig. 3. It cost
§7.50 to build. It is construcied of %
inch plywood which is screwed and
glued together. The back is remov-
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able, being held on with a generous
number of wood screws.

Fig. 2A gives the shape and dimen-
sions of all the parts of the enclosure.
These parts may be easily sawed by
hand, using a regular crosscut saw
for the edges and a keyhole saw for
the speaker hole.

To start the speaker circular hole,
scribe a circle of the proper diameter
and then drill a hole which touches
the edge of the circle. Insert the key-
hole saw and apply elbow grease. The
finished parts should be planed, filed,
or sandpapered to smoothness and
then assembled.

The new plastic glues are excellent
and come in powder form. Merely add
water and stir. A few strategically
placed nails will climinate the neces-
sity for using any clamps while the
glue sets.

When the unit is dry,
painted or finished

it can be
in the natural

Fig. 2.
8-inch speakers.

Fig. 1. Completed speaker

housing. Monks’ cloth is
used to cover the opening.

wood. The speaker enclosure in Fig. 1
was given a coat of walnut oil stain
and three coats of shellac, sanded
lightly between coats. If a light finish
is desired a wood filler may be sub-
stituted for the oil stain.

The grille cloth should he very
porous so as to not attenuate the high
frequencies. It is applied to the
speaker mounting board with animal
glue. It is important that a water type
glue is NOT used, as it will soak
through the cloth. Monks cloth makes
an excellent grille material.

Terminals should be mounted on the
back of the cabinet for connection to
the speaker.

The completed unit costs less than

(Continued on page 143)

(A) Dimensions for building the baffle to house either one 12-inch or two
(B) Housing for the 15-inch Jensen coaxial type H speakers.
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GEORGE EANNARING

Federal Telephone and Radic Corporation

Details on six new power supplies that

can be used for mobile: a.c.~-d.c.. and

farm type home television receiving sets.

° YXTREME flexibility in the de-

‘(f sign of television receiver power
- supplies—resulting in lighter,
smaller, and lower cost sets,—is now
available to manufacturers, engineers,
servicemen, and radio amateurs
through the use of miniature selen-
ium rectifiers developed by Federal
Telephone and Radio Corporation.
This type of rectifier, which does not
have a filament, and is compact and
lightweight, permits the utilization of
many circuits never before practical
with rectifier tubes.

Basically its advantage lies in the
fact that the use of an additional rec-
tifier to achieve an_ improvement in
design presents no more of a problem

than does the addition of a resistor or
condenser to the circuit. The impor-
tance of this factor can best be illus-
trated through the consideration of an
actual television receiver power sup-
ply problem.

Television receivers generally re-
quire a d.c. output of 400 volts at 200
ma. and 200 volts at 100 ma. from a
60-cycle, single-phase, 110 wvolt pri-
mary source. Heretofore, due to eco-
nomic factors to be described in a
subsequent paragraph, the full-wave,
center-tap circuit shown in Fig. 1
(left) was virtually always used to ob-
tain this output. However, the advent
of the selenium rectifier enables the
employment of a number of other cir-

Fig. 1. Full wave, center tap and full wave bridge circuit providing 400 v. outpuls.

o €
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cuits including the full-wave, bridge
rectifier shown in Fig. 1 (right).

Consider, for example, the relative
advantages of the bridge versus cen-
ter-tap wave rectification for this ap-
plication. The bridge circuit requires
four rectifying elements, but makes
continuous use of the transformer,
hence the secondary must supply only
323 volts to attain the desired output
providing there is a small drop across
the rectifier. The center tap circuit,
on the other hand, utilizes only two
rectifying elements but only one half
of the transformer secondary is used
during each half cycle and therefore
the secondary must supply a minimum
of 646 volts,—323 from each end of
the transformer to center tap—to
achieve the same output. As a result,
with all other factors being equal, the
transformer used in the latter circuit
requires a power rating 1.22 times
greater than the rating of the one
used in the bridge circuit.

The problem therefore resolves itself
to this: Is it more advantageous to
use two extra rectifying elements with
a smaller transformer, or a larger
transformer with two less rectifiers?
When tubes were used, the extra cost,
size, and filament windings involved
by the addition of two rectifiers far
exceeded the saving in the trans-
former and therefore the full-wave,
center-tap circuit was usually em-
ployed. However, due to the large

RADIO & TELEVISION NEWS
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voltage drop across the tubes, the
voltage required across the secondary
was approximately equal to 800 volts
rather than the 646 previously indi-
cated. It should also be noted that
this circuit employs a bleeder to ob-
tain the 200 volt output.

Use of selenium rectifiers makes the
bridge circuit practical. In this case
the size and cost of the additional rec-
tifiers (even though two are used in
each leg, as shown in Fig. 2, to meet
voltage requirecments) is easily made
up by the use of a smaller, lighter, and
lower cost transformer. This power
transformer which, due to the efficien-
cy of the selenium rectifier, requires
only a 323 v. secondary, is further sim-
plified by the fact that a filament
winding is not necessary. Power for
the r.f. and video tube filaments can
be obtained by placing these filaments
in series across the primary source.

Another unique feature of this cir-
cuit is that the 200 volt supply is ob-
tained by using the center tap of the
transformer, thus avoiding the unnec-
essary heating and power losses in-
herent in a bleeder. A saving of at
least 20 watts is effected in this man-
ner—200 volts at 100 ma. .

Add this power to that saved by the
elimination of the filament (30 watts)
and the increased efficiency, and it can
readily be seen that a total power re-
duction of approximately 100 watts
can be effected. The important con-
sequence of this saving is that the set
runs much cooler—approximately 20°
C in the average case. This substan-
tial reduction in chassis temperature
increases the life of the rest of the
components in the set and permits the
design of a much more compact unit.

Excellent voltage regulation is pro-
vided by this circuit, as indicated in
Table 1, with the 469 volts at no-load
dropping to only 400 volts at full-load.
It should also be noted that this regu-
lation is obtained for all values of con-
denser C from 40 to 80 ufd. the in-
crease in capacity serving only to
reduce the ripple voltage. The low
no-load voltage characteristic, plus
the non-critical condenser value per-
mits the utilization of electrolytic con-
densers in this supply—since variation
in their capacity due to aging or heat-
ing will not affect the output voltage.

The circuit shown in Fig. 2 should
be particularly valuable when used in
conjunction with a vibrator, as shown
in Fig. 3, to power television mobile
installations, “a.c.-d.c.” sets, and farm
receivers. In this case, the saving of
100 watts and the smaller size and
lighter weight of the power trans-
former, are obviously extremely im-
portant features. In fact the main
reason for the use of dynamotors,
rather than vibrator power supplies,
in these applications was due to the
excessive weight and power consumed
by such circuits using rectifier tubes.

However, the vibrator power sup-
plies shown in Fig. 3 are actually
40% more efficient than a dvnamotor
and hence draw an equivalent degree

September, 1948
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Fig. 2. Full-wave bridge circuit using Type 404D2795 selenium rectifiers. This
circuit provides a 400 v., 200 ma.. and a 200 v., 100 ma. output. See Table 1.

NOTE: SEE VIBRATOR MANUFAGTURERS FOR VIBRATOR AND TRANSFORMER INFORMATION
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Fig. 3. Selenium rectifier vibrator power supplies developed for use in a.c.-d.c..
mobile, and farm television receivers. See Table 1 for regulation characteristics.

*x *

Multiple voltage power supply. weighing three pounds, is built on a 7” x 7” chassls.
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less battery current. Furthermore, in
S. addition to being lighter and smaller

AAA AN than a dynamotor providing the same

output, these supplies have fewer

25 MFD sources of trouble and are easier to
e service. Voltage regulation charac-
N7 Vv ° m+ teristics of these supplies are given in
60 U 'I}‘flblied bl. Vibliatgrf m&nufact’gurers
)E b shou e consulted for e optimum

h + vibrator and transformer to use in

this application.

140402795-.\ A+ 125 MFD 290V As previously indicated, the bridge-
——— 200 MA type, full-wave rectifier is one of a
number of supplies that may be used
for television receivers. ¥ig. 4 shows
e a voltage-doubler circuit, used for 77
sets, wherein the power transformer

and filter choke have been eliminated
Fig. 4. Selenium rectifier voltage-doubler circuit which eliminates the need completely. It is this supply that has
for the power transformer and filter choke in 7” television receiver units. been mainly responsible for the recent

appearance on the market of the new
low cost-size-weight television re-

He

ceivers.
AVAVAL The reduction in size, cost, and
particularly weight does not stop with
the difference between the power
transformer and the selenium recti-
ahy fiers, but this factor plus the lower
] _— chassis temperature permits additional
4 = RT——M* ~0000 + economies such as the use of a lighter,
+

17 voLTS
AC.

+
- —= .05 ! Zr=somD “=som o
J ' weight of the power transformer alone

/ _ in some previous 7” sets providing the
INTERLOCK SWITCH same service.

FOR UNDERWRITER The elimination of the power trans-

former also provides an electronic ad-

FEEROR Vantage. Since strgy magnetic fields

cause interference in the cathode-ray

| . tube, it is often necessary to confine

the power supply to a special chassis

R— FTR 40402795 SELENIUM RECTIFIER position to minimize this effect. The

use of selenium rectifiers places no

such limitation on the engineer and

smaller cabinet. The over-all cumu-
v lative result is a 7” television set that

180 weighs only 26 lbs.—the approximate
MA

1+

BO MFD

Fig. 5. A 68-watt television power supply which uses the miniature selenium they can be installed in any conven-
rectifiers manufactured by the Federal Telephone and Radio Corporation. ient location on the chassis.

For larger sets the voltage tripler

* * circuits shown in Figs. 5 and 6 or the

multiple power supply shown in Fig. 7
may be utilized. This latter circuit
particularly points up the assertion
made previously in the article that
additional rectifiers can easily be in-
e serted in the circuit to achieve an im-
provement in design. This circuit uses

i—w a separate rectifier circuit for each

functional stage, i.e., audio, sweep, r.f.,

Fig. 6. A 122-watt television receiver power supply using o vollage tripler
circuit which incorporates a group of miniature selenium rectifier units.

| \6OMFD bias and focus, instead of using a

OFF | a0 common supply for them all. This,

*@_L shy obviously, would be prohibitive if tubes
05 s r + jhd 0000 + were used.

s j };}_ —D,:E_— Ak 0000/ = The use of separate power supplies

Aﬁirmocx\sv:; VoLTS fgr eacbh functional unit eliminates

: 330 M the problem of current changes in one

FOR UNDERWRITER L_’“ F—_Q’ F“"% !j—‘ :Zt:sowo Z— 40MFD circuit affecting the others, such as

R o & d the action of a.v.c. defocusing the set.

T With a separate supply some controls

- now on the front panel can be factory

rre-set and still provide optimum per-

R— FTR 40402795 SELENIUM RECTIFIER formance. Furthermore the remain-

ing controls that require adjustment

by the user will be simplified by the

- fact that there is no interaction be-

FILAMENT OF TUBES Fween one c1rcu1§ anq the other; that
is varying the gain will not affect the
sweep circuit, and vice versa.

(Continued on page 164)
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SURPLUS

By CECIL R. NELIN

deliberately to become a surplus

hound; it's something that sorta
creeps up on you insidiously, like hang-
nails, halitosis, housemaid’s knee or
some of those other hideous maladies
to which BCL’s are constantly ex-
posed. It’s really kinda hard to decide
just how it all started. Maybe it
started back in 1940 when W5JIE got
his ticket, as I was exposed to a con-
siderable amount of his enthusiasm.
A couple of years in the Navy as a
radio technician only aggravated the
malady, as I was constantly exposed
to the bull sessions of temporarily
silenced amateurs. By the time I got
back to civilian life, I had that little
rig all planned: bandswitching, ganged
tuning, v.f.c. and an umpteen element
beam that would practically reach out
and write up those juicy QSLs, to say
nothing of mailing them. Of course I
would have to learn code, but that
was only a very minor detail.

Perhaps you might say it started
that black Monday (it really was a
lovely day otherwise) that 1 opened
my favorite radio magazine and saw
THE AD. 1t was a golden, once-in-a-
lifetime opportunity; the ad said the
transmitter cost the government
$1800.00 and I could have it for only
$19.95 complete with dynarnotor and
all accessories FOB Oshkosh. A little
quick arithmetic showed a net saving
of $1780.05 on a mere $19.95 invest-
ment. Noi bad! Not bad at all!

I showed the ad to the XYL who
was busy looking at an ad about a hat
sale. While she did not share my
boundiess enthusiasm, I pointed out
that I could probably get most of the
parts for a rig out of it; that it would
be good stuff because the government
had such rigid requirements; that we
would save (here I raised my voice

I SUPPOSE nobody ever set out

for emphasis) $1780.05. Maybe I
caught her off guard, maybe she
couldn’t resist a bargain, or most

likely it was my persuasive sales talk.
Of course that hat I promised her
may -have had something to do with it.
More callous-minded individuals might
even say that we compromised. It is
true that she pointed out we could
also save an additional $6.98 by buy-
ing the hat, too. Carefully we re-
checked the bank account as our state
has rigid laws about checks with in-
suflicient funds to- cover them, and
enierged {riumphantly with 98¢ re-
maining after I ordered the super-

September, 194§

Dor’t say we didn’t warn you—iLis article gives the

XYL plenty of ammunition and is dynamite for you.

dooper dream special. I even sent the
letter air mail to get the order in as
quickly as possible, before some other
astute individuals beat me to this bar-
gain. I then sat back to wait some-
what impatiently.

Four weeks (and twenty-one trips
to the express office) later the trans-
mitter arrived. There was one box
only a little smaller than our GI house
and several smaller boxes that two
men could lift without straining very
much, The express man said they
would deliver it, if T could wait just a
few hours, and since it was too big to
haul in the family car, there wasn't
anything else I could do.

My first shock came after the
express man finished unloading and
presented the express bill—it looked
like the national debt! After empty-
ing the sugar bowl and the baby's
bank, I borrowed the remainder from
an unsuspecting neighbor. 1 started
to unpack my treasure but the cases
seemed to be riveted shut. Since there
was probably some poor fellow trapped
inside after clinching the rivets, I
rushed down to the hardware store
and purchased (on the cuff) a nice
husky wrecking bar and a large ax.
If I had known what to expect, I would
also have bought a few sticks of dyna-
mite or maybe some war surplus TNT.
There was some slight objection from
the XYL about those big boxes litter-
ing up the front yard, but that was
masterfully handled with a saving of
$28.49 by the purchase of a dress at a
bargain price to match the hat. That
brought my total savings to date to

WWW.americanradiohistorv.com

$1815.52 less some express charges.

After the gear was unpacked and
stacked in the garage, I'still had halfl
a lumberyard in the front yard, where
it remained as the crates were too big
to move unaided, except for one crate
that was just about the right size for
a doghouse. I spent so much time in
it later that I just painted “Home
Sweet” Home” over the door, moved
out the dog and hung out a ‘“No
Vacancy”’ sign! Since there wasn't
room in the garage for the car now
(only the front part) I figured I might
as well work on the gear in there. I
found out, rather quickly that tearing
down the gear wasn’t going to be very
easy. It had apparently been as-
sembled with tweezers after which all
screws were tightened with power
screwdrivers and sealed for eternity
with some mixture even more potent
than the half-glue, half-paint mixture
used by painters for sticking windows.
It is almost as potent as the prepara-
tion used to stick windows on railroad
cars. Several hours of more or less
futile maneuvering convinced me it
would be better to use the gear like
it was, rather than tear it down. Be-
sides, a power supply is a big part of
the cost of a rig, so I could save some
more money by using the dynamotor
that came with the rig if I had some
storage batteries.

I dug through all the magazines and
surplus ads again. &%$#*@" %%/ 1!
That blamed transmitter was now only
$9.95. I got gypped! If I had only
waited two days longer to order it, I

(Continued on page 160)
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Television image as it appears
when sound voltages reach con-
trol grid of cathode-ray tube.
This type of interference can.
in most cases, be eliminated
by employing the proper traps.

" A discussion of the various types of wave traps

used in commercially-built television reeceivers.

¥ NELEVISION receivers are con-

tinually beset by a host of inter-
- - fering signals, any one of which
is easily capable of distorting or com-
Pletely destroying the desired image.
Fortunately, many of these interfer-
ing signals never get beyond the input
tuner and so are suppressed before
any harm is done. Some, however,
are so close to the channel frequency
to which the set is tuned that they are
able to penetrate the r.f. defense and
reach the video if. system. This sys-
tem actually constitutes the main bul-
wark against all interference and once
a signal passes through these stages
successfully, there usually exists no
further stop-gaps between the video
detector and the cathode-ray tube.
Every effort must be made to suppress
any signal which is capable of distort-
ing the reproduced image.

In order to receive a 6 mc. band of
frequencies, the r.f. and converter tun-
ing circuits are designed with a low
“Q.” This means that the sides of the
input curve are not very steep, like

38
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the sides of a rectangle, but rather
tend to taper off gradually. Fig. 1A
illustrates a typical input character-
istic of a modern television receiver.
With a response of this type, voltages
at the frequency of the sound carrier
of the next lower channel or the pic-
ture carrier of the next higher chan-
nel could penetrate through the r.f.
stages and reach the video i.f. system.
Unless trap circuits are inserted in the
video i.f. system (or even beyond), the
effect of these interfering signals will
be detrimental to the image.

To ascertain the frequency of the
interfering signals, suppose the re-
ceiver is tuned to channel 3 (60-66
mc.) and the video carrier i.f. value is
26.4 mc. The sound carrier of the
next lower channel (54-60 mc.) is at
59.75 me. A signal at this frequency
when mixed with the local oscillator
(87.65 for channel 3) will develop a
difference frequency of 27.9 mec. This
is one interference signal frequency.

The second interference signal is
the picture carrier of the next higher

WwWWW.americanradiohistorv.com

channel (66-72 mc.). When this beats
with the same local oscillator, a dif-
ference frequency of 87.65-67.25 mec.
or 20.4 me. is produced.

The two frequencies (1) sound from
the next lower channel (27.9 me.) and
(2) picture carrier from the next
higher channel (204 mc.) must be
eliminated from the video signal be-
fore it reaches the cathode-ray tube.
Channel 3 is used in this illustration
but any other channel could have been
chosen. In all cases where closely ad-
jacent channels exist, the two inter-
fering frequencies will be 27.9 and
20.4 mc. for this receiver. Note, how-
ever, that there are channels which
are not subject to such interference.
Thus, channel 1,* (44-50 mec.), has
neither a closely adjacent lower nor
a closely adjacent higher channel. By
closely adjacent we mean channels
which follow each other without any
frequency separation. Channel 1 is
followed by' channel 2, but the end of
channel 1 and the beginning of chan-
nel 2 are separated by 4 me. Channel
1 is 44-50 mec.; channel 2 is 54-60 muc,
This 4 mc. is sufficient to prevent any
of the frequencies in channel 2 from
adversely affecting channel 1. How-
ever, channel 2 (54-60 mc.) is closely
followed by channel 3 (60-66 mc.) and
interference is possible. The same is
true of many of the other channels.
Hence the importance of using these
traps. The trap frequencies will vary
with the video and audio i.f. values
employed in the circuit. The purpose
of the traps, however, remains un-
changed.

The objection may be raised that
traps are not really necessary because
under existing regulations adjacent
channels are not assigned in any one
community. This is true. However,
communities which are located com-
paratively close to each other are as-
signed to adjacent channels. Thus,
consider New York and Philadelphia,
only 90 miles apart. New York is as-
signed channels 2, 4, 5, 7, 9, 11, and 13;
Philadelphia is assigned channels 3,
6, 8, 10, and 12. Any set situated be-
tween these two cities would certainly
be subject to considerable interference
and would definitely require the above-
mentioned trap circuits. This same
situation is true in many other parts
of the country.

There is one additional trap which

*Note: The FCC has recently withdrawn chan-
nel 1 from television service. The numbering of
existing channels will not be changed. thus
present channel 3 will continue as channel 3. etc.
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is always found in television receivers
and this is a trap designed to prevent
the audio i.f. voltage of the same chan-
nel from reaching the cathode-ray
tube. In any channel, the audio if.
frequency is sufficiently close to the
bandpass of video if. systems to be
able to pass through to the cathode-
ray tube unless special precautions are
taken. This trap is even more impor-
tant than any of the other traps be-
cause adjacent channel stations are
not always present, but the sound of
the same channel is. An indication of
sound interference at the cathode-ray
tube is the appearance of horizontal
dark and light bars across the face of
the tube. The width of the bars varies
with the audio frequency; the intens-
ity of the bars is proportional to the
amplitude of the audio signal. When
both the amplitude and the pitch of
the audio signal change, ripples pass
across the picture like water waves
when the wind is high.

Placement of the Traps

The +trap circuits are generally
placed in the video i.f. system although
some manufacturers go so far as to
include one or two in the video fre-
quency amplifiers. The danger of per-
mitting these interference signals to
get too close to the cathode-ray tube
is that they may have become so
strong, due to successive amplification,
that a single simple trap may be in-
capable of attenuating them below the
point of interference. Sound traps
for the same channel must not be used
until the video and sound signals have
been separated.

Type of Traps

(a) Series Traps. A series type of
trap circuit is shown in Fig. 1B. It is
placed between two i.f. stages and
tuned to the frequency to be rejected.
Trap circuits are sharply tuned net-
works, designed to reject one fre-
quency, or, at most, a narrow band of
frequencies. When a signal at the
trap frequency appears at the plate
of V,, Fig. 1B, the impedance offered
by LC is high, absorbing most of this
interference voltage. A negligible
amount appears across the input cir-
cuit of the following i.f. amplifier. At
all other frequencies, the tank offers
negligible impedance and the desired
signal passes easily.

(b) Absorption Traps. The absorp-
tion trap, shown in Fig. 1C, is the most
widely used type of rejection circuit.
It consists of a coil (and parallel fixed
condenser) inductively coupled to the
" plate load of an i.f. amplifier. When
the i.f. amplifier receives a signal at
the resonant frequency of the trap cir-
cuit, a high circulating current devel-
ops in the trap, and because of the
coupling between the trap and the
plate coil, the voltage in the video
coil, at the trap frequency, becomes
quite low. As a result, very little of
this interference voltage is developed
across the video coil and correspond-
ingly little of this voltage reaches the
next amplifier.

September, 1948
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Fig. 1. (A) The rf. response curve of
adjacent channels can pass through
trap. (D) Double-humped response ¢

most television receivers. Note that signals from
rd. system. (B) Series trap. (C) Absorption type
haracteristic of closely coupled tuned circuits.

To explain this action more fully,
two resonant circuits closely coupled
will give a double-humped curve, such
as shown in Fig. 1D. Note the sharp
decrease in primary current at the
center frequency. In the case of the
two tuned cireuits of Fig. 1C, L. is
tuned to a band of frequencies while
the secondary is sharply set at one
frequency. Since the primary band
coverage includes this one frequency,
there is a sharp drop in primary cur-
rent at this frequency, because of the
presence of the trap. It is this inter-
action between coils which produces
the marked decrease of each of the
trap frequencies. The other frequen-
cies in this signal are unaffected by the
trap.

(¢) Cathode or Degenerative Traps.
A cathode trap, shown in Fig. 34, is a
parallel resonant circuit coupled to a
coil in the cathode leg. The coil L, in
series with C,, forms a series resonant
circuit at the frequency to which L.
is tuned. This permits V, to function
as a normal amplifier for all signals at
this frequency. However, at the
resonant frequency of the trap, a high
impedance is reflected into the cathode
circuit (by the trap) and the gain of

T .

=7 @

Fig. 2. Two types of parallel traps.

this stage is reduced by degeneration.

Another type of cathode trap, il-
lustrated in Fig. 3B, places the parallel
circuit directly into the cathode leg.
At the resonant frequency of the trap
the impedance in the cathode leg will
rise, producing a large degenerative
voltage and reducing the gain of the
amplifier. At all other frequencies,

(Continued on page 128)

Fig. 3. Two types of cathode or degenerative wave traps used in television receivers.
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Compiled by KENNETH R. BOORD

B N OBSERVANCE of its 20th Jubi-
l lee in March, 1947, PCJ, “The

- Happy Station;” Hilversum, Hol-
land, launched a worldwide contest for
the best answer to the question: “Can
International Short-Wave Radio Pro-
mote World Peace?”  First prize of a
round-trip by K.L.M. (Royal Dutch
Airlines) to Holland and a week’s stay
in that picturesque, little country
went to Miss Elizabeth Holland, of 29
Gower St., St. John’s, Newfoundland.
During her recent trip to the Nether-
lands, Miss Holland appeared before
the microphone with Eddie Startz on
one of his “Happy Statiocn Program”
periods.

Thanks to Mr. Startz and to Henry
Callahan, Pennsylvania, we present
below Miss Holland’s winning essay:

* # #
“*Can International Short-Wave
Radio Promote Worid FPeace?™

“As nations are just groups of in-
dividuals. and the world just a number
of these groups, the idea of peace and
unity must begin with the individual,
and the best place to instill this idea
into him is in his own home—the place
where he is most receptive. His sus-
picion of the fellow who speaks a dif-
ferent language must be done away
with, and replaced by a feeling of fel-
lowship and the knowledge that the
other fellow is basically the same as
he is, with the same needs and feel-
ings. For unless there is unity
amongst individuals, there can never
be unity amongst nations, and with-
out unity there is no peace.

“With the ever more widespread use
of radios, many millions permit their
ideas and their attitude towards oth-
ers to be formed by what they hear on
them, so that radio has become the
most powerful force for good or evil
in the world. With this power in its
hands, International Short-Wave Ra-
dio should use it so that it not only
CAN but MUST promote World
Peace!”

We offer sincere congratulations to
Miss Holland! .

Port Moresby On Air

Radio Australia reported some time
ago that a new short-wave outlet at
Port Moresby, New Guinea, was to
take the air on' 9.520 on June 28, using
the call-sign VLT, with a power of
500 watts, and to relay the medium-
wave outlet 9PA. A Swedish DX

(11

broadcast reported this station signing
off at 1733.* -

However, August Balbi, Calif., re-
ports VLTS, Port Moresby, heard on
7.28 at 0400-0500; English news 0400,
followed by weather report; asked for
reports; full schedule unknown; fair
to good signal. Mr. Balbi also has
heard VLT7, 9.52, from 0130. with fair
to good level, also. He comments that
when he first heard the 9.520 channel,
it had surprisingly good signal for the
season of the year, but adds that since
this is a bad spot for QRM, it is un-
likely that 9.520 will be used widely
bv VLT, and if so, it is improbable

M:ss

Elizabeth Holland of Newfoundland.
winner of PCJ's essay contest on the sub-

ject “Can International ShortWave Radio
Promote World Peace?” appears with Eddie
Startz, master of ceremonies, on a “Happy
Station Program” during her recent trip to
the Netherlands., The trip was the top
award in the world-wide competition spon-
sored by the Hilversum station in observ-
ance of its 20th Jubilee in March, 1947.

that good, consistent reception will be
currently possible in America.

Grady C. Ferguson, North Carolina,
airmails me that he is hearing VLTS5,
7.280, early mornings, best around
0600-0700, announcing as being in the
“Papuan service’’; relays programs
from Australia’s ABC. And an air-
‘mail report just in from George Ma-
jor, Western Australia, informs “VLT5
carries the Australian Broadcasting
Commission’s medium-wave 9PA pro-
grams, which consist of many sessions
from Australia. VLT5 signs on at
1545, and is heard well at my location
from 0245 to 0800, other times not
checked. Have checked on the VLT
channel, 9.520, since June 28 when was
supposed to begin transmissions in
31-meter band, but have heard no sig-
nal there, and no mention of this fre-
quency (9.520) has been made by
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VLTS5 (7.280). I presume that call-
signs will be VLTI for 16 m. outlet
(if and when used); VLT2 for 19 m.;
VLT3 for 25 m.; VLT4 for 31 m.,
and VLTS5 for 41 m. (latter as an-
nounced).”

I believe this new station is in-
tended primarily for local listeners—
those in the British New Guinea area
who may be unable to pick up the
medium-wave station, 9PA.

British New Guinea (or Papua) is
the southeastern part of the Island of
New Guinea, located north of Aus-
tralia. Its area is estimated at 90,540
square miles with an estimated native
population of 338,822.

In 1940 the European population
was 1822. The British Government an-
nexed the territory in 1884 and it was
administered by the Government of
Queensland until” 1906. It is now
known as an Australian Territory.
The Japanese invaded Papua in De-
cember, 1941, but were driven out a
year later.

Chief exports of Papua are copra,
gold, rubber, and dessicated coconut.

Swedish Publieation

A special DX magazine, published
by Radiojanst (Stockholm Radio), in-
cluding a current list of world short-
wave stations, compiled by Arne
Skoog, the well-known Swedish DX
authority, may be had by sending
three International Reply Coupons
(for sale at your local post office)- to
DX Editor, Swedish Broadcasting
Service, Stockholm 7, Sweden. The
publication is called “Varlden i Hog-
talaren” (“The World in Your Loud-
speaker”).

Verifieation Data

QRA of VY1RG, 6.150, Venezuela, is
Radio Cabimas, Calle Democracia, Ca-
bimas, Venezuela. (Nilsson, Sweden)

Reports to CE622, 6.220, Santiago, -
may be sent to P. O. Box 2626, San-
tiago, Chile. (Stephen, Sou. Africa)

Address of Radio Malaya in Kuala
Lumpur is Dept. of Broadcasting, Ori-
ental Building, P. O. Bob 534, Kuala,
Lumpur, Malaya. (DXSA, Sou. Aus-
tralia)

Reports to Japanese stations should

(Continued on page 104)

*(Note: Unless otherwise stated, time hercin is

.expressed in American EST on a 24-hour clock

basis; add 5 hours for GCT.
the English language.}
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Direet reading db. meter

indicates at a glance

stage-by-stage or over-all

performance of andio

amplifiers.

By W. E. NORMAN

T '7HEN working at audio fre-
¢ quencies, the question, “How
much gain?” will come up
quite often. In order to compute gain,
it is necessary to know input and out-
put signal values in the same terms.
This difference between input and out-
put is called “gain.” An instrument
capable of measuring these extremes
will play a vital role in all types of
work with sound equipment.

The decibel is a convenient unit to
use for gain measurement because it
is approximately proportional to the
sensation of sound volume to our ears.
This cannot be said for voltage or
wattage which are usually spoken of
as ratios. There is no “standard deci-
bel” so the reference level must be
included. This is usually given for
zero decibels.

Zero decibels can be expressed as
the threshold of audibility at 1000
cycles-per-second. The statement of
frequency in this definition is neces-
sary because the ear responds to low
frequencies very poorly, but aural re-
sponse improves as the frequency
rises until 3000 or 4000 cycles-per-
second is reached, at which point it
begins to taper off until at 20,000
cycles-per-second sound becomes inau-
dible to the human ear.

A change of 1 db. is barely percep-
tible to the ear. A rise of 3 db. can
be noticed by the trained observer.
Although a 5 db. change from ‘0" to
plus 5 db. requires a power increase of
only .013 watts, it takes an increase of
410 watts to bring about a change of,
say, from 45 to 50 db. The change of
voltage level in db. is db. — 20 log.
(E\/E.»). Thus the decibel, keing lo-
garithmic, can simply be added or sub-
tracted when used to express gain. An
example will easily show this con-
venience. Consider a voltage amplifier
with a gain of 60.db., a matching net-
work with a loss of 10 db., a master
mixer and driver with a gain of 30
db., a line transformer with a loss of
2 db., and a power amplifier with a
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gain of 20 db. 60—10+30—2-420=98.
The over-all gain is 98 db.

Audio power can be measured with
a db. meter, but in this case the refer-
ence level must be considered. Power
level in db. is, db. =10 logw (watts/
reference level im watts). A meter
with a reference level of .006 watts
into 500 ohms or 1.73 volts into 500
ohms was used because 500 ohm
transformers and 500 ohm lines are
common.

Most multimeters have decibel scales
on them, but very few read below
—12 db. which is about the output
level for voltage amplifiers. This
limits these units to the measurement
of output and driving signals. Signals
from microphones and phonograph
pickups are usually very minute. Man-
ufacturers will state the average volt-
age or decibels obtainable from the
mike or pickup, and when an ampli-
fier is being tested a signal of the
proper value from the audio oscillator
should be injected. Suppose this sig-
nal should be —66 db. This is too
small a value to read on the meter
because with a reference level of 6
milliwatts into 500 ohms the voltage
is .00173 volts. However it is possible
to take the signal indicated on the db.
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Fig. 1. Front view of gain measuring set.

meter and attenuate it by means of
precision pads. To do this on the
Gain Measuring Set, described in this
article, it is only necessary to throw
in the —40 and —20 pads on the “IN-
PUT REFERENCE LEVEL,” turn the
“—DB. BELOW REF. LEVEL” atten-
uator to —6. This gives a total of
—66 db. on 500 ohms. If other than
500 ohms output impedance is used,
an additional loss for the rematch
must be included. Should the ampli-
fier input be 50 ohms, the “OUTPUT
IMPEDANCE’ switch would be
turned to 50 ohms. It will be noticed
that a loss of —20 db. is effected in
this rematch, thus only —40 db. will
be needed on the “INPUT REFER-
ENCE LEVEL” and —6 db. on the
“—DB. BELOW REF. LEVEL” atten-
uator, giving a total of —66 db. The
“AUDIO SIGNAL OUTPUT” should
be loaded by connecting it to the 50
ohm amplifier input. The final opera-
tion is to adjust the “AUDIO INPUT
GAIN” with the “DB. METER” switch
on “INPUT” to 0 db. on the meter.
The signal is now ready to use. If
the amplifier input were 500,000 ohms
or any very high value, the input
would offer no load for the audio sig-
nal output. The pads in the “OUTPUT

6l


www.americanradiohistory.com

D8. METER

INPUT REFERENGCE LEVEL

Ry through Ry—See Fig. 8
Ryy—35000 ohm, 1 w. res.
Ra:, Roy—500 ohm T-pad
Rog—3420 ohm, 1 w. res.
Ry—2310 ohm, 1 w. res.

OUTPUT  OFF INPUT O 410 ~10 -20 —40
e - —— —= -DB BELOW
P REFERENCE LEVEL
I
s2 53, s4$> S5 : :
€ : €< 1 % ’ i L,
’-—l R23 |7 L 4
R24 ,l/ / : / ; // o~ ¢ ¢
521 R25 L/I i R , \RSSA ) ? ) ) N J
- _/__ _J—_.. N 3
/NN LTI T]
Jeea d 11321377371
43

S7b

mn

Ty [ P

3 / §0 R348
/ Dy S
S anxomss 11 1) 1]
/ 5K \SOO
ﬁ L R368 ) l'
ouTPUTMPEDANCE R378 | | ] | 1 | )

o [+3 o o 20
8808 T 0 D &
Hd & @ _FO &) 3 srerEig 8%
DIRECT CONDENSER GND GND  HIGH HIGH GND  HIGH GND HIGH GND HIGH GND ALL CONTACTS S7¢ 500. IMPEDANCE.
AUDIO EXTERNAL EXTERNAL AUDIO
OSCILLOSCOPE  OSCILLATOR IMPEDANCE IMPEDANCE . SIGNAL
OUTPUT METER 5000 OHM MONITOR INPUT MATCHING MATCHING CUTPUT

Ry, Rog, Roz, Rog through Rgr—See Fig. 6
v S—D.p. 11-pos. rotary sw.

So—3-pole, d.t. sw.

84, 84, S5, Se—D.p.d.t. sw.

Se—S.p.d.t. slide sw.

RIIC PN
W—f

C1—2 ufd., 600 ». cond.

Co—.1 ufd., 600 v. cond.

M—Db. meter, 5000 ohm (0 db. equals 6
milliwatts into 500 ohms)

T1—500 ohm line-to-grid trans.

Fig. 2.

IMPEDANCE” selector are designed
to give the correct signal when fully
loaded, so when working into such
high impedances from, say the 500
ohm output, it will be necessary to

have a 500 ohm resistor in the “EXT.
IMP. MATCH” jacks which are pro-
vided, in order to load the output.
By being able to adjust the input sig-
nal to a known value, putting an out-

Fig. 3. Impedance switching arrangement for transformer-coupled output.
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Circuit diagram and parts list for gain measuring test set.

put meter on the output, and subtract-
ing the db. input algebraically from
the db. output, the question, “How
much gain?”, can be answered. Fre-
quency response curves can be run
and audio service or experimental
work can be done precisely, with such
data of a definite nature that can be
tabulated and filed away for future
reference.

The “AUDIO INPUT GAIN” control -
was incorporated because of the in-
creased convenience it offered. Since
constant input and output impedance
was desired, a Mallory 500 ohm “T”
pad was used. The “EXT. IMP.
MATCH” jacks are used to load the
audio oscillator in case it does not
have a 500 ohm output. It will be
found that almost all audio oscilla-
tors must be loaded properly in order
to duplicate the manufacturer’s fre-
quency response specifications.

It was found easier to make the
resistors for the “INPUT REFER-
ENCE LEVEL” ‘“T” pads since a high
degree of accuracy was desired. They
were wound with meter wire doubled
on a non-metallic material to provide
the non-inductive feature. Fine ad-
justment was made by putting them
on the bridge and unwinding the wire
until the balance was obtained, then
soldering it to the lead. Details of
the resistors are shown in Fig. 5.

A line-to-line transformer was used
on the audio signal output in the first
tests but it was found that ordinary
transformers were too inaccurate to
be used in this instrument. A good
transformer should be used because

RADIO & TELEVISION NEWS
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maximum accuracy is required of this
test instrument. The unit should be
able to pass from 30 to 15,000 cycles-
per-second with negligible loss and
a turns ratio accuracy of 1%. A
transformer gives us the advantage
of working into a balanced line, isola-
tion, and a handy selection of imped-
ances at negligible loss (which can
be made selective on a switch as shown
in Fig. 3).

The numbering of the taps on the
line-to-line transformers will be differ-
ent for different manufacturers, there-
fore the connections shown in Fig. 3
are only indicated to illustrate the
switching possibilities. This arrange-
ment can be worked out for any trans-
former which has 50, 125, 250, and 500
ohm selection on the output.

The cheap transformer originally
tried was discarded. To keep the cost
down it was decided to make up a
group of “T” pads for the impedances
wanted. How to figure these pads is
shown in Fig. 6.

Impedance matching is very impor-
tant and it must be remembered that
any loss in a mismatch must be added
to any losses incurred at the “REF-
ERENCE LEVEL” or “ATTENUA-
TOR.” Rather than calculating these
losses, it is simpler to have the needed
impedances available on the “AUDIO
SIGNAL OQUTPUT.” To match very
low impedance inputs, such as 20 chms
down to .1 ochm, a transformer is the
best solution because the minimum
loss for a “T"” pad becomes higher as
the impedance goes down. This means
that if the pad has a loss of 30 db. the
maximum signal that could be de-
livered would be —30 on the “OUT-
PUT IMPEDANCE,” 410 on the
“REFERENCE LEVEL” equals —20
db. If this signal is not sufficient to
drive the input properly there is no
alternative except to use a trans-
former.

To work into a balanced line input
from a “T” network it is best to dis-
connect the center tap of the input
transformer because if the ground of
the audio oscillator or oscilloscope be-
came connected to the unit being
tested, it would be working into half
of the input transformer to ground.
To avoid the necessity of doing this,
a transformer or a network of “H”
pads should be used in the Gain Set.
See Fig. 11.

The audio signal output will prove
handy as a signal injector when
troubleshooting between stages in an
amplifier. To adapt it for this pur-
pose, a switch was used to throw a
coupling condenser (C.) in series for
d.c. isolation. Since in all probability
very high impedances will be investi-
gated, it would be well to load the
“AUDIO SIGNAL OUTPUT” with a
resistor whose value matches the se-
lected impedance in the “EXT. IMP.
MATCH” jacks. It might be men-
tioned here that the coupling con-
densers and “EXT. IMP. MATCH”
jacks were incorporated in the unit to
eliminate the necessity for using con-
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Fig. 4. A typical setup that may be used
for the testing of any type of amplifier.

DOUBLE PROPER
MICARTA LENGTH OF METER

TUBING | v WIRE AND WIND
P / AROUND FORM.

—\L\ 5!;/ WIRE SOLDERED TO LEAD.
Z1 n

FINE ADJUSTMENT IS
MADE HERE. 2% OR BETTER.
A
CUT GROOVE v
FOR WIRE

TWIST TIGHTLY
AND SOLER.

I*~——NO. 14 SOLIt BARE
COPPER WIRE

Fig. 5. The method used in making preci-
sion, non-inductive resistors. Where un-
insulated resistance wire is used, wind
string or thread along the wire for spac-
ing. Dip the completed resistor in bees-
wax or impregnate with bakelite varnish.

A Rb
INPUT Z q
Ra TaNH & TRe -—wmwrm.ww—h
OUTPUT 2 =
OUTPUT 2, _ge NPUT =
g0 mann e Re NPT ReZ  OUTRMT
+IN.Z OUT. Z i
Re SINH ©
) = .lI5 XLOSS IN db.
DB Input Output Res.
Loss Z E Ec_ By Z No.
30 500 498 2.94 1.06 4 R29
30 500 436 4.16 3.85 8 R30

20 500 485 24.80 5.26 30 R3l

20 500 478 32.00 19.00 50 R32
20 500 459 50.70 76.90 125 R33
10 500 387 225.00 19.50 200 R34
10 500 363 248.00 §7.00 250 R3S
10 500 260 351.00  260.00 500 R25
20 500 408 101.00  408.00 500 R28
40 500 480 10.00  490.00 500 R27
10 500 232 386,00 360.00 600 R36
20 500 190 320.00 4790.00 5000 R37T

Fig. 6. The values of T-pads used and
method for computing them. Accuracy
of about 2 per-cenf, or better, is the goal.

densers or resistors on the test leads.

The resistors for the output multi-
plier can either be made or hand-
picked from ordinary resistors, if an
accurate bridge for such measure-
ments is available. One per-cent re-
sistors should be the goal. Fine ad-
justment can be made on low value
resistors by selecting one of a little
higher value than required and then
paralleling a high value resistor. Fine
adjustments on high value resistors
can be made by selecting the high re-
sistor nearest the value required and

on the low side then adding a low
value resistor in series. :
This output multiplier will increase
the flexibility of the instrument since
when input signals are being investi-
gated there are usually output signals
to measure. A meter switch allows
the same meter to be used for both in-
put and output. The resistance re-
mains 5000 ohms for all steps. This
is important if the loading of the out-
put of the unit being tested is to be
kept the same no matter where the
(Continued on page 167)

Fig. 7. Rear view of gain measuring test unit. Portion of the shield has
been removed to expose S.. The center wafer of S; is used for tie points.
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i
VOLFORNMETIR

Front panel view of the
volt-ohmmeter.
The battery is connected
externally through a plug.

home-built

\

By THOMAS R. LAWSON, JR.

This easily-consiructed test instrument is
ideal for the beginuer or the experimenter.

OW many times have budding
ig repairmen or experimenters

wished for a multimeter only
to be stopped by its cost? “Is the
plate voltage high enough?” ‘Is that
resistor shorted?”  Although many
may not have the price of a factory-
made volt-ohmmeter, those of you who
have five or six dollars available may,
by following these instructions, make
a suitable meter. It is quite true, of
course, that this model cannot com-
pete with one of more expensive de-
sign, however, the unit constructed ac-
cording to this article is a very useful
instrument.

Expianation of Schematie

First let us examine the circuit and
its operation. In order to measure volt-
ages, 8: is set so that probe 2 is con-
nected directly to the rectifier thus
eliminating the batteries 1, 2, and 3;
resistors R., R; and R.; and the rheo-
stat, E;, from the circuit. 8; is set to
one of the resistance ranges so that
the maximum expected voltage will
not exceed the current capacity of the
meter. The method of determining
the value of the resistances will be
given later. }

Since, in a circuit of constant resist-
ance, the current produced is propor-
tional to the voltage impressed, the

same voltage will always produce the

same current. With this known, the
dial of the meter can be marked to
represent voltages directly. The full-
wave rectifier changes a.c. to d.c. and
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d.c. of the wrong polarity
to d.c. of the correct polar-
ity. Polarity of the meter
must be observed because
the meter moves in only
one direction.

When measuring a.c.
voltages, the value read on
the d.c. scale will be the “average”
value of a.c. rather than the “r.m.s.”
value. The “average” value must be
multiplied by 1.1 to give ‘“r.m.s.”’, or

a separate scale may be added to the .

meter for r.m.s. voltages. Linearity
may not be too good on the lower por-
tion of the 10 volt a.c. range, but will
be satisfactory on all other ranges.

To measure resistances, 8, is turned
so that probe 1 is connected directly
to the rectifier, and 8. is turned
to that scale which will permit easiest
reading of the expected resistance
value. The probes are shorted, and
the rheostat is adjusted so that the
needle is over to the last mark on the
scale.

When the probes are shorted, bat-
tery 1, 2, or 3, depending for which
battery 8. is set, will create a current
which goes through R. R; or R:; the
rheostat; the rectifier; and the meter.

R, R; and R, merely limit the current .

so that the meter will not be burned
out. The rheostat adjusts the current
to exactly the meter capacity. As you
know, an external resistance inserted
between the probes will decrease the
current produced. This decrease can be
measured and is the same for equal
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internal re-

Since the
sistance is constant and the external
resistance is variable, the ohm scales

resistances.

will not be linear. Instead, the divi-
sions will become more crowded to-
ward the left side.

The components needed to construct
this instrument are given in the parts
list. The probes are of the usual type
and are easily obtainable. They should
have needle points to facilitate their
use. All resistors are inexpensive and
standard. The rheostat is a 5000 ohm,
2 or 4 w. unit. The use of a low re-
sistance, full-wave copper oxide recti-
fier in the circuit does away with an
extra switch and an extra scale on the
dial. It is also used to protect the
meter for thus the polarity of the
brobes is always correct. A rectifier
may be purchased to go with the
meter, but in this case the over-all -
sensitivity with the rectifier connected
must be 0-1 milliamperes. The fuse
listed in the parts list, while not abso-

‘lutely necessary, is recommended as

further protection for the meter. If
a fuse is used, its resistance must be
subtracted from the values of the mul-
tiplier resistors, unless the meter is
calibrated with the fuse in place, in

RADE® & TELEVISION NEWS
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which case the resistance of me fuse
may be ignored.

The values of R, Rs and R: are de-
termined by means of Ohm’s Law, R—
E/I. Since on this meter maximum
current is 1 milliampere, I — .001. E
is the maxirmum voltage to be read on
that scale whose corresponding circuit
resistance is being calculated. Three
voltage scales were selected, 10, 100,
and 1000 volts. Substituting in the
formula, we find that the total circuit
resistance should be 10,000 ohms, 100,-
000 ohms, and 1 megohm. In very
accurate work, the recsistance of the
meter would be subtracted from the
calculated resistance to give R; R,
and R: but since this meter was not
designed for extremc accuracy, the
values originally determined will be
sufficiently exact.

Calculating R., Ri;, and R. is done
in the same way, with the exception
that F is the voltage of the battery or
batteries you are using. Using 1.5,
225, and 45 volts, the calculated re-
sistances become 1500 ohms, 22,500
ohms, and 45,000 ohms. From these
three resistances subtract about 500
to 1000 ohms apiece. A 1000 ohm po-
tentiometer was tried first but was
found to have not enough control over
the higher voltage scales. A 5000 or
even a 10,000 ohm potentiometer
worked better.

Construction

The actual construction of this
meter will offer few difficulties. If a
metal chassis is used the most diffi-
cult part, with ordinary hand tools,
will be the cutting of the meter hole.
As can be seen in the under-chassis
view of the instrument, the flashlight
cell is mounted internally, while the
leads to the other battery are con-
nected to a plug just outside of the
chassis so that the large battery may
be connected. The probe leads are
brought in through a %4 inch hole in
the side of the 4 x 8 x 1 inch chassis. A
grommet or bushing is recommended
in order to keep the insulation on the
leads from wearing thin. Be sure to
make the probe leads long enough.
“Two feet is not too long. Notice that
no connections are made to the chassis.
If connections were made to the
chassis and one of the probes should
touch the chassis, with the switch in
the incorrect setting, it might ruin the
meter.

A simple and neat way of marking
the switch positions is to paint the
- chassis with a good grade of enamel
in some dark color. After the paint
has dried thoroughly, use a straight-
edge and a stylus to cut the markings
through the paint to the silvery
chassis.

Calibration of this instrument is
rather lengthy. First, the movement
must be removed from the meter case
or external meter cover. Several
screws will usually need to be loosened
or removed in order to release the
movement. Extrcme caution should
be exercised in handling the move-
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R,—3000 Clhm, wirewound rheostat
R.—500 oam, Yy w. res.
R;—22,000 ohm Y3 w. res.
R—44,000 ohm, Y5 w. res.

Ry—1 mr,gohm 2 w. res.

R5—100 000 ohm, V5 w. res.

PROBE 2

St PROBE |

R-—10,000 ohm, V5 w. res.

S1=~S8.p. 5-pos. rotary sw.

Se-~D.p. 5-pos. rotary sw.

F—5 milliampere fuse

M—0-1 d.c. milliammeter (including rectifier)
Rectifier—Full wave mcter rectifier

1—1.5 volt battery

1—45 volt battery, tapped at 22.5 v.

Circuit diagram of the low-cost, easily constructed. volt-ohmmeter.

ment so as not to injure any of the
delicate windings, springs, or the
needle which are exposed.

To calibrate the voltage scale use
a fresh battery as a standard and de-
termine what current is registered on
the meter for that particular battery
voltage. Make a table like that shown
in this article of the voltages and cur-
rents produced by each. Use % volt
intervals for the 10 volt scale, 5 volt
intervals for the 100 volt scale and
50 volt intervals for the 1000 volt
scale. Mark these voltages on the dial
opposite the current produced. A good
source of calibrating voltage consists
of a potentiometer connected across a
battery or other d.c. supply. Varying
the potentiometer setting will vary
the calibrating voltage.

In calibrating the ohm scales, the
internal resistance of each circuit is
adjusted to the proper resistance, as
found in the calculation of R., R and
R.. Again a table should be prepared.

=R
R =10,000 R=100,000 R=1
Ein vors | Tinma 3 ¥ € I
o5 .05 5 .05 50 .05
1.0 L0 10 ] 100 10
i.5 .15 ] L 1S 150 A8
2.0 .20 20 .20 200 .20
10.0 1.00Q 100 l 1.00 1000 150

Sample voltage chart used in calibration.
R in right hand column is in megohms.

With this table, however, use a differ-
ent form of Ohm’s Law, I —= E/ (R -+
7). K is constant for each scale as is
R. I is the current produced in the cir-
cuit while 7 is the external resistance.
Make a table listing every resistance
you wish to measure for each scale
and the corresponding current pro-
duced. Again mark the resistances on
the dial, opposite the corresponding
currents, and then carefully replace-
the movement in the case. .

You now have an easy-to-use volt-
ohmmeter at reasonable cost.

Under-chassis view of volt-ohmmeter showing correct location of 1%z volt battery.
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* SERVICE SHOP

By JOHN T. FRYE

BARNEY LEARNS

ABOUT

KAY, you spider, a fly has
just walked into your par-
~ lor!” )

Mac turned around from the bench
to see his good friend and fishing part-
ner, Bill the barber, leaning against
the door of the service department, a
grin on his face and an a.c.-d.c. set
beneath his arm.

“Well if it isn’t the old clip-joint
operator himself!” Mac said. “What’s
on your mind, butcher-boy? Don’t
tell me you are going to give me a
chance to get back a few of those
dollars I have paid you for what are
laughingly known as haircuts.”

“Yes, now is your chance to get
even for all three haircuts you got
last year. I ought to have my head
examined, but I decided to let you
give Betsy here her annual check-up.”

“Any complaints?”

“Nothing much. When I first turn
the set on, it sounds rather hoarse for
the first half-hour; but then it gets
all right. The tone quality might not
be quite so good as it once was, but
I am not sure.”

“Well, let’s hope it is nothing trivial
or inexpensive,” Mac said.

“If T know you, you old rosin-core
robber, it won’t be,” Bill called back
over his shoulder as he went out the
door; “and just remember that until
I get that set back, I'll have nothing
to listen to but the customers.”

As Mac put the set on the bench,
Barney came out of the chassis-clean-
ing booth.

“Red,” Mac said, “lend me your big
flapping ears for a few minutes. I
want to show you what we do along
the line of ‘preventive service.” We
will be having a good bit of that kind

66

&6

|

“PREVENTIVE

SERVICING*®

of work for the next two or three
months, Folks, like Bill here, will be
bringing their sets in for a good going
over before the winter programs start
up-n

“Do lots of them bring their sets
in for a regular check?”

“More and more of them are doing
so. It is good insurance against hav-
ing the set go dead at a time when
it is particularly needed.”

“Can you make sure that will not
happen?”

“No, neither I nor any other service-
man can make sure that some electri-
cal part will not suddenly and un-
predictably fail, but we can greatly
decrease the likelihood of such an oc-
currence. Now you watch while I
go over Bill's set; and whenever you
work on a receiver that has been
brought in for ‘preventive service’ you
go through the same routine.”

“First,” Mac went on, “let’s take up
the complaints; he said the set was
hoarse when he first turned it on and
that the tone quality might be off a
little. Let’s listen.”

When the set was turned on, it be-
gan to play with normal volume; but
the music sounded slightly rough, and
speech did have a rasping quality.

“What do you think?” Mac asked
with a quizzical look.

Before answering, Barney reached
over and turned the volume clear off.
A pronounced hum still came from
the speaker.

“The input filter condenser, and
possibly the others, are weak,” the boy
said with conviction.

“Good boy!” Mac applauded. “Very
often when the filters start to go on
these little jobs, the condensers will

www americanradiohistorv com

be low in capacity when they are
cold but will gradually build up with
a rise in temperature. That accounts
for the hoarseness disappearing after
the first half-hour. Always check the
filters in these little sets and replace
them if they are low in capacity or
are leaky or are more than three
years old. When you replace one
section, replace them all; for all of
the condensers are of the same age,
and when one goes, the others will
usually follow shortly.”

While he was talking, Mac had re-
moved the old filter sections and had
soldered in new ones. This took all of
the hoarseness out of the set, but
when the volume was advanced to
slightly above normal, some distor-
tion was apparent. The probe of the
vacuum-tube voltmeter applied to the
grid of the 50B5 indicated a few volts
positive, and when the coupling con-
denser was cut loose from the grid
prong, the condenser lead still showed
a postive potential, indicating that
the condenser was leaking voltage
from the plate of the preceding stage.
A new condenser was installed, and
the volume remained undistorted al-
most to the full output of the set.

“The coupling condensers should al-
ways be checked for leakage—and so
should a.v.c. Dbypasses—and they
should be replaced if the slightest
amount of leakage is present,” Mac
said. “A leaky condenser in these
spots can cause a lot of trouble, and
the leakage always increases with
time.”

“Now that we have taken care of
his complaints, let’s see what else we

. can find that may cause trouble,” the

veteran serviceman said. He ran his
finger lightly around the rim of the
speaker cone, pushing inward just a
trifle. When pressure was applied at
one particular small arc of the rim,
the music suddenly became muffled
and distorted with even a very light
pressure; but a comparatively heavy
pressure could be exerted on other
parts of the rim without this happen-
ing.

“The cone is out of alignment so
that the voice-coil is nearly rubbing
on the pole-piece on one side,” Mac
explained as he loosened the spider-
screws and inserted speaker shims
evenly around the pole-piece. After
the screws were tightened and the
shims removed, the same pressure was
required on any portion of the rim of
the cone to make the voice-coil touch
the pole-piece.

Next Mac ran a strong unmodulated
signal into the antenna of the set and
tapped all of the tubes lightly with a
little rubber hammer. Then he turned
it upside down and tapped the various
coupling and bypass condensers. One
condenser was found—a screen bypass
—that made a rasping noise when it
was tapped. This only happened when
the unmodulated signal was passing
through the set. Replacement of the
condenser took care of this.

(Continued on page 142)
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Localizing troubles in television sound
systiems and proper servicing procedures to use.

Many service organizations have the equipment and personnel qualified to handle television installations and repairs. Here
Frank Krantz and Reginald Cherrill of the Witte Radio and Television Company. Philadelphia, check a couple of video receivers.

LL television receivers can be di-

Z_ vided roughly into three main
sections-—a video section, an

audio section, and a composite signal
section. The video section handles.the
video signal exclusively; the audio sec-
tion handles the audio signal exclu-

sively; and the composite section of

the receiver handles both signals si-
multaneously. We have already noted
that the two signals remain together
through the r.f. system and one or
more i.[. amplifiers, depending upon
the design of the receiver. (Receivers
employing the intercarrier system are
not included in this discussion.) Con-
sequently, if we obtain a bright clear
image, we know that those stages con-
taining both signals are functioning
properly and up to tne point of sep-
aration, the circuit contiains no defect.
Following this line of reasoning one
step further, a distorted or absent
audio output coupled with a good
Image can only mean that the trouble
exists within the audio system.

A defect localized in the sound sys-
tem of a television receiver is charac-
terized by any of the following symp-
toms.

1. Picture is bright and clear but
there is no audio.

2. Audio noisy but picture is clear.

3. Audio output distorted; picture
unaffected.

September, 1948

Before proceeding, there is one im-
portant exception to be noted. In sets
containing a fine-tuning control, the
prescribed tuning procedure requires
that the audio be brought in most
clearly by adjusting the fine-tuning
control. However, if the local oscilla-
tor frequency has drifted sufficiently,
say several hundred kilocycles, it may
be impossible to obtain a clear audio
output with the fine-tuning control.
In this case, adjust the oscillator trim-
mer or slug and note if any improve-
ment is achieved. If both methods
fail, it has been the author’'s experi-
ence that a aistorted output means a
defect in the sound system. Of course,
if the audio system is completely
quiet, these preliminary adjustments
can be dispensed with and the audio
system serviced immediately. How-
ever, for noisy, distorted, or weak
audio outputs, with a clear picture,
the adjustment of the fine-tuning con-
trol and receiver oscillator slug pre-
cedes any general servicing program.

When the serviceman has, from the
above symptoms, decided that the de-
fect is located within the sound sys-
tem, there are several quick tests that
can be applied before an extensive
servicing procedure is undertaken. In
many cases simple defects are quick-
ly revealed, saving the serviceman con-
siderable time. Probably the first test
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is to check all the tubes in the sound
system. These include the audio i.f.,
detector, and audio amplifiers. The
best method is by substitution with
tubes known to be good. A set of
such check tubes should be kept sep-
arately and used only for testing pur-
poses. '

Many of the present television re-
ceivers combine AM and FM tuners
together with television. This offers a
second method for making a quick
preliminary check. All services gen-
erally use the same audio system. If
it is found that the set operates nor-
mally on the AM bands, but the audio
output is distorted or missing when
switched to television, then we can
eliminate the audio amplifiers as the
source of our trouble. This narrows
down the search to the sound i.f. and
detector stages.

Another item that can be discounted
if a clear image is present is the low-
voltage power system of the television
receiver. (In the exceptional case, sep-
arate low-voltage supplies will be
found for the audio and video systems.
In these instances, the low-voltage
system will require checking if the
audio output is completely quiet.)

To obtain maximum benefit from
the indications obtained during the
preliminary testing, the serviceman
must be familiar with the entire cir-
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Fig. 1. (A) Foster-Seeley FM discriminator.
(B) Response curve obtained with circuit,
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Fig. 2. The most common distortions of the
S-curve indicating improper FM detector
operation. (A and B) Primary of discrimina-
tor transformer misadjusted. (C) Response
of S-curve too narrow. Adjust primary and
secondary trimmers (or slugs) of discrim~
inator transformer or, if this fails, re-
place entire unit.
criminator transformer is misadjusted.
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Fig. 3. A balanced ratio detector. The in-
dications obtained at test points 1 and
a4 T 2 are discussed in delail in the text.
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Fig. 4. An unbalanced ratio detector. See
text for uses of the test points 1 and 2.
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- Fig. 5. The S-curve response when one di-
ode in the FM detector has poor emission.
(A) Emission slighly below normal and
(B} when the tube emission is very low.
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Fig. 6. A typical limiter inserted ahead.
of Foster-Seeley discriminators. If R should
open up the complete limiting action
will not be attained thus resulting in «a
noisy ouiput on all but strongest signals.

cuit arrangement. It is here that a
diagram showing, in block form nota-
tion, the path of the various signals
through the set would be extremely
useful. An auxiliary diagram show-
ing the layout of the tubes and com-
ponents on top and bottom of the
chassis will also reduce the service
time.

Test Points in FM Systems

The preliminary tests are designed
to reveal simple defects quickly. How-
ever, if no positive indication can be
obtained, then a general servicing pro-
cedure is in order. Before we begin
this process, let us carefully note. each
of the test point locations in a FM
sound system because the signal indi-
cations obtained at these points will
reveal considerable and valuable in-
formation concerning the circuit un-
der test and do so with a minimum of
wasted time.

(24

a. Sets containing Foster-Seeley
Discriminators: For the Foster-Seeley
circuit, Fig. 1A, the response charac-
teristic is an S-shaped curve. See Fig.
1B. This is viewed by placing an os-
cilloscope across both load resistors,
E, and R., and applying an FM signal
to the grid of the stage preceding the
detector. The useful section of this
S-curve is its linear portion. This
should extend for. at least plus or
minus 100 ke. about the i.f. value and
in most television receivers will be
plus or minus 300 ke. An AM signal
generator, connected in parallel with
the sweep generator, will provide
marker pips and permit the extent
of the curve to be determined. The
condition of the S-curve is a sensitive
indication of the ability of the FM de-
tector to convert the incoming signal
into distortionless audio voltage. The
S-curve is thus an important test point
of any FM detector. As long as the
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curve deviates from this proper form,
the output will be affected immedi-
ately. Fig. 2 shows several common
distortions of the S-curve, their causes
and remedies.

It is also possible to check the S-
curve by placing a vacuum-tube volt-
meter (instead of the oscilloscope)
across R; and R: Now, however, an
AM signal generator must be used as
the signal source. The meter readings
are noted for various frequencies
equally above and below the center
i.f. The response is linear as long as
frequencies equally above and below
this center if. produce equal (but of
opposite polarity) voltages on the me-
ter. This method is more tedious than
the previous method, but it can be
used.

The Foster-Seeley discriminator is
always preceded by a limiter. Since
the voltage developed across the grid
resistor of the limiter varies with sig-
nal amplitude, placement of a vacu-

um-tube voltmeter or oscilloscope
-across  this resistor will indicate
whether any . signals are passing

through the i.f. system. When two
limiters are employed, the test point
is shifted from the grid resistor of
the first limiter to the grid resistor of
the second limiter. Care should be
observed to use the lowest readable
signal in order not to drive the first
limiter into saturation. With strong
signals, the meter reading will remain
steady for different input voltages and
it will be impossible to properly check
the alignment of the if. stages.

b. Ratio FM wvetectors: Ratio de-
tectors are either balanced or unbal-
anced and the method of using the test
points afforded by this circuit varies
with the arrangement of the detector.
In the balanced circuit, Fig. 3, place-
ment of an oscilloscope across test
points No. 1 will produce an S-curve
characteristic when an FM signal is
applied to the grid of a preceding
stage. The same two terminals can
be used by a vacuum-tube voltmeter
when an ‘AM signal generator is con-
nected to a previous stage. The meth-
od is similar to the one employed for
the Foster-Seeley discriminator.

In the unbalanced ratio detector,
the S-curve appears when an oscillo-
scope is connected to the test points
No. 1. See Fig. 4. However, to check
the linearity of this ratio detector
using a vacuum-tube voltmeter, the
following must be done. Connect two
68,000-ohm resistors in series across
the 5 wfd. condenser, Fig. 4, and at-
tach the common lead from the vacu-
um-tube voltmeter to the point be-
tween the 68,000-ohm resistors and the
d.c. probe of the meter to terminal B.
Now feed in signals having frequen-
cies above and below the i.f. value and
note the meter readings. Linearity
will be determined by how many equal
voltage readings but of opposite po-
larity are obtained for frequencies
equally situated above.and below the
if,
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The regularity with which *Old Faithful” sends its towering spray
skyward has been a glowing symbol of dependability. And so it
follows that the regularity of "Old Faithful” best typifies the de-
pendability of RADIART VIBRATORS. Because they're built better
... because they're engineered faultlessly, servicemen everywhere
prefer Radiart everytime because they know that their customers
receive greatest value consistently. They start . . . and start
quickly! Their performance is dependable and above reproach.
Just another feature in the long list of factors why Radiart is the

preferred and fastest selling vibrator.

THE ONLY VIBRATOR LINE 10 B§ |
BE LISTED IN SAMS RED BOOK §§

liart Corp

CLEVELAND 2, OHIO
el e e e D e

September, 1948
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Biggest Values

Model No. Description Net Price
7 7" TV kit with wood front ponel—
Schonnelseaeeeeriiiiiiiioneennns $149.50
7BL 7" TV kit with table cabinet and built-in
lens for 60 sq. in picture—5 channels... 189.00
with cab.
7FL  Same os 7PL, but with 13 channel
TV/FM tuner—75 sq. in. picture...... 198.00
10FL 150 sq. in. picture TV /FM kit, complete
with new all-ongle lens built into a
lucite frame—13 channels.. oo 249.00

TV/FM kit with 13 channel tuner.

12" Standardee . eeiiiieieiiiiinenn. 246.00
TV /EM kit with de luxe 13 channel tuner.
12" De LuXeueueeeooeeeeosonnnnnns 293.00

As llustrated

DEALERS

Write in on your
stationery for
best dealer net

All prices are for complete kits with all parts, tubes, antenna, 60 foot lead-in wire.

prices.
Store Store & Warehouse
149 Riverdale Ave. Phone 191(3::?2:::;”)’
nonkers TRafalgar 7-4487 N
o York New York

NEW YORK

HEADQUARTERS

in TELEVISION

Easiest to Assemble—Lo:vest in Cost

Model No. Description Net Price

7CL  Some kit as 7BL—cabinet is console, 2-
piece swing-top... .. .eevecenennoans 199.00
with cab.
7PL  Same kit as 7BL—NEW ALL ANGLE LENS
is built into lucite front ponel—75 sq. in.
PICIUFE .ttt eitienienneennenninnnns
10BL 120 sq. in picture—10" electro-magnetic
TV kit with FM radio-lon Trap—prolongs
life of tube—Table model walnut or
blond, cabinet has built-in 15" lens

179.00

~—13 chonnels.covenun.... 000000000 299.00
As lllustrated

TERMS—_10% net with erder, bal-

ance C.O.D., or remit in full to save C.O.D.
charges. .

It is easy to learn or increase speed
with an Instructograph Code Teacher,
Affords the quickest and most prac-
tical method yet developed. For be-

Speed range 5 to 40 WPM.
ready—no QRM.

ENDORSED BY THOUSANDS!

‘The Instructograph Code Teacher lit-
erally takes the place of an operator-
instructor and enables anvone to
learn and master code without fur-
ther assistunce. Thousands of successful operators have
{‘acquired the code’’

Always J

with the Instructograph System.

‘Write today for conventent rental and purchase plans.

4711 SHERIDAN -ROAD, CHICAGO 46, ILLINOIS
70

|-

A COMPLETE MANUAL ON
TEST EQUIPMENT

included in the Radio Data Book

Here you become acquainted with the designs and func-
fions of all test equipment. All types of volt, current and
ohmmeters, tybe checkers, condenser meters, inductance
meters, bridge measuring devices, RF signal generators,
AF signal generators, signal tracers, distortion analyzers,
test speakers, aoscilloscopes, square-wave
frequency meters, field strength and tuning meters gre ex-
plained and illustrated. From this section anyone working
in electronics can determine the proper equipment for any
particular job.

This is only 1 of the 12 sections in the RADIO DATA
BOOK. 1148 pages, over 1000 iilustrations. Order
one today from your jobber or:

$3.00

MONTCLAIR 2,
NEW JERSEY

WwWWW.americanradiohistorv.com

generators -

Test points No. 2 in the ratio detec-
tor are placed where the a.v.c. voltage
is developed. See Figs. 3 and 4. This
point may be considered as the coun-
terpart of the test point in the grid
circuit .of the limiter stages.

When checking the alignment of
the i.f. stages using an AM signal gen-
erator, a vacuum-tube voltmeter is
connected to test points 2 (Figs. 3 and
4). (Note that the voltage polarity
at point 4 is negative with respect to
ground.) A voltage will appear at
point A if a signal is able to pass
through the if. stages. Test points
2 are thus useful for peaking i.f. coils.

If it is desired to check the align-
ment of the if. stages with a sweep
generator, then the vertical terminals
of an oscilloscope are connected across
test points No. 2 but with the follow-
ing precaution: Disconnect the elec-
trolytic condenser connected from the
a.v.c. point to ground. This is the top
10 wfd. condenser in Fig. 3 and the
5 #fd. condenser in Fig. 4. Now, con-
nect the sweep generator to.the con-
trol grid of the first i.f. stage and the
response pattern for the if. system
will appear on the screen.

The foregoing test points in each
of the FM detector systems provide
the serviceman with easy access into
the respective circuits and help him
track down defects simply and logi-
cally. The proper operation of an 1M
receiver is closely tied in with the
correct alignment of all tuned cir-
cuits; any deviation from this condi-
tion will immediately result in audi-
ble distortion and seriously impair
the ability of the-FM system to com-
bat noise and other interference.

General Servicing Procedure

The general procedure for trouble-
shooting the audio system by means
of signal tracing follows the same
path pursued in AM sets, i.e., starting
at the loudspeaker and working to-
ward the front end of the receiver. In
television sets, however, we need pro-
gress only back to the point where the
video and audio signals -were sep-
arated. The audio amplifiers are
tested either by applying a 60-cycle
(or other audible) note to the control
grids of each audio tube or by placing
a finger on each control grid socket
terminal and noting whether hum is
heard from the loudspeaker.

Next comes the FM detector. The
best test to run on an FM detector is
to observe its response or S-curve.
Connect a sweep signal generator to
the grid of the tube preceding the
FM detector. Set it to sweep 300 kec.
above and below the center i.f. Con-
nect an oscilloscope across the output
terminals of the detector and note the
appearance of the S-curve. If dis-
torted, check with Fig. 2 and correct
accordingly.

Whenever the complete response
curves are viewed on the oscilloscope
screen, marker signals obtained from
a separate AM signal generator should
be used to identify mid-i.f. and the
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@& PLEASE TEAR OUT
THIS ADV. AS REMINDER

1 oo 1 RADIO FACTS
AND FIGURES

AUDELS RADIOMANS GUIDE— 914 Pages, 633 lllus=
trations, Photos, Wiring Diagrams, 38 Big Chapters,
covering Radio Theory, Canstruction, Servicing, includ=
ing Important Data on Developments in Television,
Electronics and Frequency Mddulation, Review.
Questions and Answers, Calculations & Testing.
Highly Endorsed —Indispensable for Ready Reference
and Home Study.

$4 COMPLETE » PAY ONLY $1 A MONTH
Step up your own skill with the facts and Agures of
your trade. Audels Mechanics Guides contain Prac-
tical Inside Trade Informatiop in a handy form.
Fully illustrated and Easy to Understand. Highly
Endorsed. Check the book you want for 7 days
Free Examinatio

8end No Money Nothing to pay postman
g~ === CUT HERE ==—=—

MAIL ORDER

AUDEL, Publishers, 49 W.23 St., NEW York

Please send me postpald for FREE EXAMINATION books
marked (X) below.1f | decide to keep them | agree to
mail $1 in 7 Days on each book ordered and further
mail $1 monthly on each book until | have paid price
=otherwise, I will return them.
[ ] RADIOMANS GUIDE, 914 Pages . , . . . .
] ELECTRICIANS EXAMINATIONS, 250 Pages . 1
WIRING DIAGRAMS, 210 Pages . . . . . .
ELECTRIC MOTOR GUIDE 1000 Pages ., .. 4
ELECTRICAL DICTIONARY, 9000 Terms © . 2
ELECTRICAL POWER CALCULATIONS, 425 Pgs. 2
HANDY BOOK OF ELECTRICITY, 1440 Pages 4
% ELECTRONIC DEVICES, 216 Pages .....
ELECTRIC LiBRARY, 12 vol., 7000 Pgs., $1.50vol
[J OfL BURNER GUIDE, 384 Pages .
:| REFRIGERATION & Air Condmomng 1280 Pgs
| POWER PLANT ENGINEERS Guide, 1500 Pages.
|| PUMPS, Hydraulics &A:rCompressors 1658 Pgs.
< WELDERS GUIDE, 400 Pages. . . . . .. .
[C BLUE PRINT READING, 416 Pages . . . . .
[ SHEET METAL WORKERS Handy Book 388 Pgs.
SHEET METAL PATTERN LAYOUTS 1100 Pgs.
AIRCRAFT WORKER, 240 Pages . . .. ..
MATHEMATICS & CALCULATIONS 700 Pgs. .
MACHINISTS Handy Book, 1600 Pages .
MECHANICAL Dictionary, 968 Pages. ., . .
AUTOMOBILE GUIDE, 1700 Pages . . . . .
DIESEL ENGINE MANUAL, 400 Pages™ -
| MARINE ENGINEERS Handy Book, 1280 Pages
MECHANICAL DRAWING GUIDE, 160 Pages .
MECHANICAL DRAWING & DESIGN, 480 Pgs.
MILLWRIGHTS & Mechanics Guide, 1200 Pgs
CARPENTERS & Builders Guides (4 vols.).
PLUMBERS & Steamfitters Gundes (4 vols.) .
MASONS & Buitders Guides (4 vols.) .
MASTER PAINTER & DECORATOR, 320 Pgs,
GARDENERS & GROWERS GUIDES (4 vols)
ENGINEERS and Mechanics Guides
Nos.1,2,3,4,5,6,7and 8complete , , . 1
Answers on Practical ENGINEERING .
ENGINEERS & FIREMANS EXAMINATIONS'
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‘impaired.

end frequencies of the linear section
of the curve. When a sweep signal
generator is not available and the tests
must be made using an AM signal
generator, the process is lengthened
considerably because we can only test
one point at a time. The procedure,
in this instance, has already been
given in detail in a previous article.

In these FM detectors the two di-
odes should be matched fairly closely.
If one- detector diode has low emis-
sion, the S-shaped curve will now as-
sume the appearance shown in Fig. 5.
This condition results in poor noise re-
jection at low signal inputs and sound
distortion at high signal inputs. When
both discriminator diodes have low
emission, the sensitivity of the receiv-
er is poor and even normally good sig-
nals are heard against a background
of noise.

Checking Limiters

When a receiver which has been
operating normally suddenly becomes
noisy, the discriminator tubes and
alignment should be checked. If the
receiver contains a limiter stage, this
too should be checked. Limiters be-
come hoisy when their grid-leak cir-
cuits open up, or the voltages applied
to the electrodes rise above normal.
In many circuits, low voltages for the
screen and the plate are obtained by
the voltage divider arrangement
shown in Fig. 6. If R should open
up, the voltage applied to the screen
will rise. Under these conditions it
will require a considerably stronger
signal to bring the tube to saturation
and the limiting action of the tube is
Ordinarily, most limiter
tubes will saturate with input signal
voltages of 2 volts or more. The best
method of testing the limiter is to
measure ‘its grid, screen and plate
voltages and check these against the
values recommended by the manufac-
turer.

A noisy receiver containing a ratio
detector can. usually be traced either
to improper alignment of the detector
or an open electrolytic condenser in
the detector (C; and/or (. of Fig. 3

or C, of Fig. 4). This condenser, to-
gether with its shunting resistor, sta-
bilize the ratio detector against am-
plitude modulation of the received
carrier. If the condenser becomes de-
fective, noise will ride through and
be heard. The serviceman will find
that sets using the ratio detector will
receive weaker signals with less back-
ground noise than the same signal in
a set possessing the Foster-Seeley dis-
criminator. In the latter receiver,
noise disappears only when the preced-
ing limiter is driven to saturation, but
no such “threshold” effect is appar-
ent in the ratio detector. However,
in all instances, when the noise or in-
terference is stronger than the signal,
the noise will prevail.

The Intermediate Amplifiers

A rapid check of the i.f. system, to
determine whether signals can pass
through, can be made in the follow-
ing manner. For receivers using the
Foster-Seeley discriminator, connect
a vacuum-tube voltmeter across the
grid-leak resistor in the limiter. Con-
nect the output lead of an AM signal
generator to the signal grid of the
mixer tube. The ground lead of the
generator is attached to the receiver
chassis. Set the signal generator to
the if. value of the circuit. If the
i.f. system is functioning, the vacuum-
tube voltmeter needle will deflect. If
the signal path is broken at any point, ~
moving the generator toward the lim-
iter will soon reveal the defective
stage. An ordinary voltage and re-
sistance check should narrow down
the search to the component itself.

In sets using a ratio detector there
are no limiters. In these instances,
place the v.t.v.m. at test points 2, Figs.
3 and 4. The same indications will
now be obtained as with the meter in
the limiter grid circuit.

It cannot be stressed too strongly
that for optimum results in the short-
est time, the serviceman must be fa-
miliar with the layout of the parts on
the receiver chassis and the signal
path through the receiver.

(To be continued)

The problem of the high cost of putting an FM station on the air has been met by
Station WOPT-FM of Oswego, New York. A low-cost Quonset hut. 40 by 60 feet,
was adapted to house the transmitter, the radio station’s offices, and studios. The
floor area provides for foyer and lounge, three studios, engineer’s room, music
library, control room. information office, newscast and teletype room. manager’s
office., utility room. service area, program director's office and the rest rooms.
Quonset huts are now being used by many stations in various parts of the country.
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DETROLA CHANGER
$12.95 2 for $25.00

Detrala Changer. Rase size

11%x12 inches. $12.95, Two
for $25.00. Aero Changer.
IBase size 12x13 inches,
$12.95.  VM-800 Changer,
1iase  size 1ix14  inches,
$14.95.

General Instrument changer. base size 10%
$16.95. Seehurx. triple post. World's hest, hase size
14x14 Inches, $37.95. Made to fit leatherette hases tor
above chanyers. $1.95. Specify type of changer lor base.

REPLACEMENT MOTOR FOR CHANGER...... $1.49

1948- MODEL—MIKE-BROADCASTER

ONLY $7.95 "
Broadeasts 800 10 1500 g@\
KC from cither a phono- (\i
graph pick-up or a Crys-

tal or dynamic¢ iike.

Makes any racdio receiver

a  INA. system. recovd "
player or recordiug am-

plirier. Gives broadcast

quality. llas fader eon- ,

trol from mike to record, . .
simulating a refular bioadeast station. This is a pow-
erful model: usig 2-3504, 123837 and -
Peiced with tubes and connecting instructior
on 110 volts AC-DC. ystal mike and desk s
$1.96 extra. Model DE-5 truly a de-luxe mlke-phono
oxeillator.

3-TUBE PHONO. OSC. ONLY $4.95

i ~  Model DE-4—Phonograph os-
1 cillasor. Liroadeasts from 800
! 2 to 1500 KC. Guin ror any
crystal pick-up. A new
powerful e¢ireuit ix used to
assure plenty of power. Has
variable gain control for
proper modulation. 1° ||ce(I
with tubes roum to operate. two 50B5 and 34W
Model DI Net

SUPERHET BROADCAST
TUNER for connection to
phono amp. or . A,
(ompakt chassis

May he
IIu~ record

7

diode. Complete wilh tubes.
loop amemm dial aud instructions for uonnecting to
any amplifier. Net $7. Npecify it tuner is to be
used with AC or AC-DC type amplifier.

G.E. YARIABLE RELUC-
TANCE PICK-UP AND
PRE-AMP $6.95

S¢oop—ire-amplifier for Gen-
eral Electric Variahle Reluctance
pick-up. Easily connected to any
AC or AC-DC amplifier. Wired
and” Tested  with 6XC7T  or
7) tuhe. Diagram tor conneetions is furnished.
Specify whether you want pre-amplitier for AC or AC-
DC use. \l'l price, Pre-amp. with Tube and G. E.
III' k-up—9$6.9

-3 Varnnhle “relustance pick-up cartridge with per-
m.mem needle,  Net, $3.95.

FM-TUNER

Top Quality 1 tuner for &8 to
108 MC. This is a ratio detector
type. A full superhet, not a
regenerative gadeet. This one
works or yonr money back.
Stock No. FIt-88

Net iwice ........ veee.. 82048

Jrope s

= - 12 FOR $2.39
Permanent plmno needles. Save 73% on permanent
needles.  Regutar £1.00 retail scller. We bonght 50.000
from a phiono nanutacturer, at a great loss: vour gain
%001‘ play precious point needle. 12 for §2.39, Worth
6.00.

REPLACEMENT CARTRIDGES

) L-72 High-Output (3-5 volts) Replace-
“\A nient cartridge for ‘one jung' ampli-
tier. Scoop price $1.49, 10 for $13.00.
American Replacement cartridge fits 95% of all tone
arms.  Replaces L-26 Astatic. etc. Net "s1.20. 10 for
$11.95. L-Th cartridge $1.49.
Shure or Astatic mauufacturers type Ddick-up. wlth
normal outvput, (1 volt). Cartoned $1.95.
General Industries Ileavy Duty f‘hono Motors. Brand
new. Model RM-4. 78 RI*M. best Phono motor to-
day. $7.95.
Standard \Ilmn(‘e phono motor, rim drive with turn-
table $2.9.
Our L«ader pliono motor. rim drive, with turntable,
top wuatity $1.98.
IReplacemeut mmno motor, fits 75% of all automatic
chankers S1.49. 2 for $2.79.

GET ON OUR MAILING LIST

Drop Us a Post Card Now—for our Latest
Bargain Flyer.

50,000 TUBES

Guaranteed Standard Brand 1st Grade

49¢c EACH 100 FOR $45.00
PICK TYPES FROM LIST BELOW

35A5 7E5 TF7

50A5 7EH7 IN7

35Y4 7H7

14A7 7C7 pes

14B6 786 7Z4

14Q7 TA7 7Y4

BRAND NEW
BC-645
9.95 % 19.00

A small complete Transmit-
ter and superhet receiver.
tor the 150 megacycle band. Diagrams ror I)\nldlnx AC
power supply and conversion !mn hed. MCW,
t\\ or phone. The tubes (4-71'F, 4-7U7. 616,

316A) are \\onh more than our sale
F. unit $9.95 each. Two for $19.00
Lixtra \\I -Alb. tube 98¢. 12 volr DC dyvnamotor {(fur-
mslmd all power) $§2.95. BC- 045 Gqupmg \rm,,m 25 lbs.

ARC 4 TRANSMITTER AND RECEIVER
Ior operation VIIF frequencies in Yange of 140-144
me.  Four channel erystal controlled, manufactured
by Western FElectric—24V oberation. Comblete with
crystal and dynamotor. Used. 5
Gnnd condition .

BC-733 D LOCALIZER RECEIVER
Freq. 108-110 Me; Tube Lomploment I0
12807, 212817, 1— 2a6. L—all
717A. New.
.\'O\\ O\'I N et CnrsirenSal 4 [ AR Pl P

15" 1000 OHM FIELD $13.95

Nationally known make—153" 1000 ohm speaker. 1%
16 ohs voice eoil. Will take 25 watts. Factory cartoned.
tully guarantee sStoek No. 15UZ.

F13:95, TWO TOF 4 i i o ocih st b b $26.50

tube BC-1
New. factor)
.\( 1-518 Alr

206 Beacon Ree
artoned.......
neter complete, New factory ca

eiver, 195-420 KC. $

ned
,\\1 61A 15 tibe Indicator ampli

New with

TIILER ma . o - o sy rere s g v S e B e - e PR, 9.95
Carbon hand mike, with push \II(‘I\ 99¢, 10 for 6.90
elsyin indicator $2.45, 2 for 4.45
"ransmitter-receiver. xaod ronrl on. 12.95
5 to 7 MC Comunand transmitter, new
in factors cartons 6.95
BC-454. 3 10 6 )
tubes. New factory 5.95

New BC-486 Modulator,
motor

'sed BC
motor ...
Command  set  Antenua eurrent lnelel
$1.95, 2 for $3.50; New $2.95, 2 for

with lulyes. less dma-

R.C"A. Two-Station Inter-
It has Amplifier made

st §
case, trimmed with chrome.
Law distortion produces
natural voice reproduction.
Liase of installation makes
lhIs unit ideal for home,
tice or store. Complete
\\ ith amplifier. two stations
and 100 ft, wire,

FM-AM CHASSIS
9 TUBES—$59.95

9 tube KM and AM

sis.  (overs 88 to 108 MC
and 550 to 1600 KC. Twin
dials easily installed in cabi-
net. ctory wired and test-
ed, with tubes and 5" speaker,
Use with any larger PM
speaker. TPuy this deluxe c¢h for the price of a
good FM converter. Model ) Net $59.95, Cinau-
dagraph, heavy dutr Alnieo nagnet 1°M speaker,
127, $6.95, extra.

14-WATT AMP.
s e s $29.95
THIS AMP. SHOULD
. SELL FOR $50.00
Iere i high fidelity -
| 383 |

L. coused under Western Flee-

tric patents. Iir.nu(l new fac-

tory cartoned. 14 watt average output; 25 watt peak
outbut. \l.mh 3 16 or 500 ohm line. Complete with
tubes 6RL7. 63N 2—-6Véegt and 5Y3. De-
signed tor 110 volt A G -vele operation. Hregquency
response 50 to 12.000 CP'S Huin level down 69 DB.
Gain for two mikes and one phono pick-up. Eastern
amplifier. Model KI4A ...............,..Net $29.95
Model E253. Same as model I14A, excebt it has 2—
GL6 output tubes. giving 30 watts output. ... Net $14.95

=,

Clark 14 watt amplifier. tlas input for mike and
phono. Factory built, less metal top. \Vhllc mey last
§22.95. An unbeatable value. Stock ﬁC\

COMPLETE WIRE RECORDER $69.95

Portable wire Recorder
Model GN-1I
Has ready wired and tested
5 tube AC type amplifier with
push-pull 6V6 tubes. Built-
in eraser eircuit. Input for
crvstal mike or phone pick-
up. Diagrams show how vou
can record from any radio
receiver. 3 position switeh enables you to quickly ehange

] watts of good clean awdio, Here
ix wha! vou get: hster 79 recording mechanism. with
15 minute spool of wire, attractive leatherette covered
case. 8” heavy duty PM speaker and wired and tested
12 watt AC wire recordinz amplifier. All vou do is
mount the amp. recording wechanism and speaker.
.\mm]e instruetions furnished. Portable Reeorder Model
(GN-11 Net $69.95. (‘rystal mike $4.95 extra.

Deluxe Portable Wire Recorder Maodet GN-12. Has
same features. as the model GN-11, as well as a
larger split type leatherette covered case and a
heavy duty 10 ineh PM speaker. Deluxe I'ortalile Wire
Recorder Model GN-12. Net $79.95, Crystal Mike
$4.95, extra,.

Recording Wire, 15 minuto spool §1.30, 30 minute
spool $1.95, 1 hour spool $3.2

COMPLETE DISC RECORDER $39.95

78 RPM Disc Recorder. The
hest ralre in_America, today.
Makes records from mike or
radio. Hasx beautitul tan
case, leatherette covered. Size
8x13x16 inches. 78 RPM. R-
70T, General Industries ree-
ord playback wechanism and
wired and tested recording
amplifier (Push-pull 50L8
output, 4 tubex plus recti-
fier). 3 inch Alnico V PM
speaker. You get ali material
for recorder; nothing clse to buy. Only a few minutes
time requived to mount the amplifier. R-70L and
speaker in the case. A $T0.00 \'.nlue with easy to
follow instructions. Net Price $39.3.

This recorder offered as single s|u'e(I {78 RI’M) only.
The case will not accommod:aie the dual speed mech-
anism. 33 1/3 RPM is not successful on this tvpe of
unit.

SCOOP — WIRE RECORDER $59.95
Scoop. A comblete portable wire recorder and play-
back offered in the same case as the disc recorder
model KD-3 deseribed above. ITas all the features of
model GN-11 except is furnished with a wired and
tested push pull 5018 amplitler, This unit has the
same features as nationally advertised ‘ire recorders
selling for twice our price. Shibped with major com-
ponents unmounted. Model TR-49 net $59.95,

" PORTABLE RECORD PLAYER $13.95

Deluxe single record plaver with 3 tube wired and
tested amplifier and 4x6 pm. In same case as model
KD-3. Latest motor and pickup. Shipped with com-
ponents usm;loumed stock no. DV-14. A $25.00 value
only §i

VOLT-OHM-METER
$29.95

Jaekson Model (43, new condi-
tion, push-button type Volt-
Ohin-Meter. 1000 ohms per volt
sensitivity,  Measures volts AC
or DC to 1000 in 5 steps. Ohms.
low edium aud high ranges.
3 mil scales. A scoop at only
329 95.

CLASSIFIED BARGAIN LISTINGS

100 sznod watt carbon reslstors.  All popular
sizes, S0. i

El mm neon lamp. me base as a regular house light
bu 110y for nite l:zht, $0.39.

Phxlmore cryaml ~radio recelver, for breadcast band
$1.49 valuc $0.89.

Univ 1 antenna, RF oscillator coils. Made by
Lngle Buv these and nmtcn any condenser gang. Choice,
vach S0 S —
Walsco Umversnl “dial beitingr. A 5-foot length. (-nou;:n
for several belts. Installed without dismantling  th.
dial_mechanism. $0.90.

Battery booster (charger), 4-2 amp tapering charge, A
gnndv item for the shob. to keep your test battery up.
5.95

I.oop antennas, “as used on popular AC and AC-DC ra-
dios. 3 sizes: small, medium and large. Your cheice,
$0.39, g
Phono Motor for_record i chanm‘ls Fit 759 of all
changers uxI! Rated about 00 horsepower, 11
volt, 60 qee 9Idenl for L'erlmemer:. cte.  31.

g S

bpam\elu (ubu
sorted sizes.

Gril cloth in a
shop item. 18 x

Grill cloth, light weight, grey. 487 wide. $1.49 per
yJ

smatl package ‘of 8-inch Iengv.hs . as-
ackage. $0.19.

lophane du
0”. 50.7

vroof package. A h:md_y
2 x 127, $0.36.

61.6 Metal RCA tubes. A litte xusly. but new and per- per-

ect Speclal. $0.49: 10 for $a

SGT RCA tubes. rusty but pcxrect Special, 50.19;
l() for 51450 1
8-foot G plnstlc AC Ilm‘ cord, with lifetline plug.
Special, $0.24; 10 for 0. =ty
Mau:hed set of coils and con(lells(‘r gang. Includes 2

. ndonscr gang, loop antenna and oscillator cofl.
bpocml $1.9
a56 I.F. lram.rm mers, 17 can. Leitz wound. S;wcial.
per_pair. SO | I .
Iron core pee-wee [LF. trunsformers. 456 KC: as used
in personal portable sets. -Per pair, $0.98.
1ot _special 1 lo"gle S\vnchm \xngle PST. Y& shank.
$0.22: 10 fo 0. ST shank, $O. 9; 10 for
52 50. DI’DT '/"" shank $0. 39. 10 for $3.50.
New carmned RCA GLG Metal tubes. Spf.clnl. $1.29;
10 for $11.00 = N
38 /62 DIvlsmu TLead Co. Rosin core solder. lot Spe-
cial, 1 b, spoul. SO. 49. B
Bakelite Fuse holders. Pancl muumlng Spocml $0.15.
Bakelite cased jewels. turns to din .00 value;
panel mount. Speclal, $0.19; 10 rm sx 504

% or 4 wire osclilator coils. Special. $0.19; 10 for
$1.50.

1

SEND 25% DEPOSIT—BALANCE C.O.D

MCGEE RADIO COMPANY ‘I’%'chgesmocB”l?LgG 1225 McGEE ST. KANSAS CITY, MISSOURI

September, 1948
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% FACTORY CARTONED
% ALNICO V MAGNET
VALUE IN AMERICA

Designed by one of America’s finest speaker
record players and P.A, systems.
$500.00 bracket.
Alnico V tweeter.
any 8 ohin output transformer.

% BRAND NEW
NETWORK

mately 18 watts.
nary speaker. when we are offering a co-
1948 production,

act surplus, fully guaranteed.

* SALE «
12 inch COAXIAL

PERMANENT MAGNET SPEAKER

% BUILT IN MATCHING
% BEST SPEAKER

huilders, for
This Speakex is incorporated in radios selling in the
It is a specially designed 12” Alnico V magnet PM, with built-in 4"
The high-pass filter is concealed under the pot cover.
(Will hook in place of any house radio speaker.
most speakers have 8 ohm voice coils), only two wires to connect.
This co-axial PM speaker should sell for $35.00.
xial Alnico V PM for only $12.¢
Stock No. 4-12X,

oy

§!

WO
FOR
$25.00

speakers.
FM high fidelity radios, It¥.
peak.
not line through-outs.

A full 15” 123% oz.

Just hook to

A $35.00 value for only §12

ilere is the speaker value of all time.

Has standard 8 ohm_voice coil.

Here is a speaker that will hnng out those low notes.
Every speaker is guaranteed perfect,
tinue this offer for lqng, So Dldce your order now.

SCOOP!
15inALNICOVS )3

PERMANENT MAGNET

JUKE BOX SPEAKER TVS FOR

% NEW—FACTORY CARTONED
% GUARANTEED
Y THE 15" SPEAKER OF THE YEAR

Made by a nationally known builder of fine
Alnico V Dermanent magnet speaker of juke hox aual-
Will take up to 18 watts average or 25 wafrs
Latest 1948 production;
‘We may not be able to con-
Stock No. 15-KR, weight 11 Tbs.

Will_handle approx
Why huy an ordi-

£32 Latest

15"
SUPER pu
Weight 8 lbs.

w g

Model [5-LS 15” PM speaker; same as 13-KR except
has 21% oz. Alnico V magret and will take 30 watts
peak audio. Fine for public address use. Weight 12

% OUR LEADER %
12" COAXIAL
PM SPEAKER

5995:.:':$19°°

leader 12" coaxial PM speaker,
with 3”7 tweeter. Equal to above model 4-12X except
tweeter will not respond to as high a frequency. Match-
ing network is built-in; hook to any & ohm outbut.
Will take 15 watts. Weight 12 1lbs. Net $9.95,
2 for $19.00

8-WATT AMPLI-
FIER WITH P.P.
50B5 $9.95

4 tube, plus rectifier, AC-
BHC amplifier. Push-pull
50B5 output tubes, with i
12837 (Gain for mike or i

G.E. variable reluctance pickup), 128L7 (Gain for
conventional crystal pick-up) and phase invertor. This
is a nice small audio amplifier, with tone and fader
control, plus inverse feed-back., Furnished wired and
tested, complete with tubes. § watts output. Ready to
play. Weight 6 Ibs. Model TM-5, Net Drice $8.95.
Crystal mike and desk stand $4.95 extra. 87 PM
speaker $2.95 extra. G.E. variable reluctance pick-up
cartridge $4.69 extra.

BINGO P.A. SYSTEM $14.95

Model 12-RN— Oux

Bingo Amplifier, £14.95. A comblete portable public
addr ysteml, ‘with inputs for microphone and phono
pick We offer the above 8 watt push-pull 50B5

amplifier in an attractive leatherette case with large
8” built-in speaker for only $14.95. 'This bingo am-
plifier is ideal for paging and announcing work. Stock
No. BG-4. Weight 14 1hs. Net $14.95. Crystal mike
and desk stand, 54.95 extra.

$59.50 VALUE MUSICAL AMPLIFIER
WHILE THEY LAST $24.95

e e
8 watt musical amplifier, 4 tube AC type. Inpbuts for
crystal or dynamic mike and phono or instrument pick-
np. 2 gain controls and tone control. Has heavy duty
built-in 87 speaker. Attractive leatherette covered case.
Made by a larce manufacture to sell at $59.95. Brand
new, fully guaranteed. For 110 volt AC oberation. Qur
scoop price, $24.95. Stock No. XR-3. Contact instru-
ment pick-up, $6.95 extra, Deiuxe instrument pick-up;
with volume control, $8.95 extra. Crvstal mike and
desk stand $4.95. Shipping weight, 20 lbs.

3-TUBE MUSICAL AMP. $19.95

In same deluxe case as the model XR-3 shown ahove,
Has same features_exceDt it is designed for instru-
ment pickup only, No input for mike, Stock No. XR-
22, Net $19.95.

SCOOP! 51.49ﬁ

Auto pilot amplifier salvage
scoop.  Has 6 high resist-
ance relays that operate in
tube plate circuits on less
than § mills. Also 4 con-
s.  Choke cond., etec.
Less tubes. Used but in
good condition. Weight 12
Ibs. Stock No. C-1T. Net
$1.49;. two for $2.49.

McGEE RADIO COMPANY

MAGNAVOX P.M. SPEAKER SALE

5” Magnavox 8 Oz. Alnico 3 magnet P)M. .$ 179
"10 for 15.00

6” Magnavox 12 Oz Alnico 3 magnet PM...... 2.25
5 for 10.00

8” Magnavox 12 Oz Alnico 3 Magnet PM...... 3.25
5 for 15.00

10" Magnavox 20 Oz. Alnico 3 magnet I’M. 4.95
5 for 22.50

12” Magnavox 20 Oz. Alnico 3 magnet PM...... .95
5 for 25.00

POPULAR ALNICO V P.M.'s
AT NEW LOW PRICES

371 0z. Alnico V magnet PM speaker..
0z. Alnico V magnet P)[ speake
oz. Alnico V magnet PM speake

. Alnico V magnet P)M speaker. 1.19

Alnico V magnet PH speaker 1.49

0z. Alnico V magnet PM. 1.49

re 2.15 0z. Alnico V magnet PAL. 1.95

4x6” 1.47 0z. Alnico V magnet PM speaker 1.49

6x9” 3.16 0z. Almico V magnet P speaker 2.98
12" 7 0z. Alnico V 18 watt PM. Net.... 5

10" 7 o0z. Alnico V 18 watt PM. Net.
10’; 4 oi Alnico V 12 watt PM. Net.

50 ohm field speaker
57 450 ohm field speaker.
5" 4 ohm field auto speaker

4 ohm field auto speaker
615" 450 ohm field speaker...
634" 1000 ohm field speaker. .
57 450 ohm field speaker, with output tr

former for S0L6.....

12" 1000 ohm field Operadio.
127 450 ohm field R.C.A.

Heavy Duty Vibrator — Made for

6-110 volt amplifiers. Freq. 60
CPS. Scoop price.......... $1.99
135 ma 6-110 volt conventional

power transformer. with all wind-
ings; will run phono motor..$5.95
(Use with above vibrator)

PORTABLE P.A.
$39.95

18 watt combplete Pportable
public address system, Has
inputs for a crystal or dy-
i namic mike and phono pick-
up. Has push-pull 7C5 tubes
in output. Attractive leath-
erette covered split type case.
Priced complete -with two
This is a complete public address
Stock No. RC-18. Net

10” PM speakers.
system wired ready to Dlay.
$39.95. Priced complete with crystal mike and desk
stand.

Amplifier chassis only with tubes, less speaker,
and mike: in kit form. Diagram furnished. Stock No.
AC 18 \'et $10.95. AC-18 amplifier wired and tested.

case

RCA ...

COIN OPERATED
RADIO

SCooP $24.95

PRICE

Coin Operated Radio. The Sensation of the year. & 7
tube, 2 band. American and Foreign shortwave.
Gray metal case, trimined with cnrome, wade by
America’s largest manufacturers. R.C.A. licensed.
Start your own money making business. Finance
through vyour local bank and but in Hotels and
Tourist_Cabins, in your community. You can buy this
fine radio unit for about one-half the price the largest
operators in_the nation have paid for them, the last
two years. Has 25c slot, set to play for two hours,
This radio has out-sold all other coin operated sets.
Even this fine AC chassis is worth more than our
price for the whole radio. It is especially made to
be easy to service. Don’t miss on this. You can have
your own business, with 100 of these radios located
near your home and they will bring you profit for
vears to come. Remember, they won’t last long at
this price. Net Price in single- lots, $24.95, 5 for

117P7GT 607 GT 155
32L7GT 6V6 GT 3Q4

© 12A8GT 6X5 GT 384
12K7 GT 6SA7 GT 1B4
2526 GT 6SD7 GT 12K8
6A7 6SK7 GT 12A6
47 6SN7 GT 128F7
12F5 GT 63Q7 GT 6F5
658 GT 25L6 GT 615
6P5 GT 70(7 GT 6817
3v4 17L7 GT 12817
6C5 11773 6AJ5
12SA7 GT 12AT6 6SF5
125K7 GT 12BA6 6BA6
12507 GT 12BEG GBEG
35L6 GT 35Wa 6ATE .
3525 GT 35B5 6X4
50L6 GT 50B5 [3:3]
6K7 GT 1T4 6AKS
6A8 GT L4 BBHE
5Y3 GT 1u4 80
6K6 GT 1R5
75% OF ALL THE TUBES YOU USE

49c EACH

$110.00. Write for 100 lot price.

WRITE FOR CATALOG
PRICES F.0.B. K. C.

1bs.  Net price, $19.95.
IN. ALNICO V

. lz P.M. SPEAKER
5699

TWO FOR $1295

Latest 1948 production 6.8 oz. Alnico V PM speaker
with 6.8 ohm voice coil. Will take 15 watts. Beau-
tiful grey finish, with pot cover. Worth twice our
price. A nationally known make. Stock No. CH-12.
Weight 6 lbs. Net, $6.95: 2 for $12.95.

C 7

3 FOR

o I $1400

Super value. Folded Di-pole antenna, for FM and Tele-
vision. Complete with 60 feet of twin 300 ohm line and
4 low-loss stand-off insulators. This folded di-pole
covers frequencies 42 through 108 megacycles. Trom-
bhone action makes exact tuning to any one weak sta-
tion. Furnished with adjustable mounting bracket. Has
5 foot mast. Made for Stromberg-Carlson. Stock N

3 No.
Mt-300—Net $4.95. Weight 4 1bs. Individually packed.

Crystal Calibrator $2.95
Crystal Calibrator, gives 50 KC
beat note through an Xtal cynced,
multivibrator. Furpished ¢ o m-
plete, less 200 KC With

mbes 128A7 and 2—128L7. A
ndy item to have Scoop
mlce ................... $2.95

ORDER 100 RADIO TUBES $35.00

Individually Cartoned — Full Replacement -~
Branded HYVAC — You Pick the Types from
List Below — 39c EACH — 100 for $35.00

Guaranfeed Standard Brands
Cartoned and Uncarfoned

12AH7 67" 6SL7 128G7 128Q7
27 9001 6SN7 128H7 128R7
26 9002 68G7 12817 0L6

78 9003 6SR7 128A7 128K7
76 1625 6V6 GT 128L7 25L6 GT
384 6SA7 6X5 GT 128C7 35L6 GT
5U4G 68C7 6AB7 1T4 3525 GT
5Y3G 6SF7 12ATS IRS 35W4
6AC7 68Q7 12BA6 185 50B5
6C3 6SH7 I12BE6 6R7

6HE 68]7 I2H6 6L7

615 6SK7 1215 GT  7z4

59c_each 1'% Volt Octal—IN5 GT IH5 GT, (A7 GT,

IA5 GT. 69c¢ each Loctal Tubés—50A5, 35A5, 7A7, 7R7,
7E7. 7F7, 7N7, 7C5, 7Y4, 0Z4, 35Y4. 14A7, 14B6,
14Q7, 7E5. 79¢ each 1% VoIt Loctal Tubes— ILNS,
ILCG. {LH4, ILDS5.

SEND 25% DEPOSIT—BALANCE C.0.D.
1225 McGEE ST., KANSAS CITY, MISSOURI

T4

www americanradiohistorv com
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PORTABLE RADIO KIT
MAKES A $32.50 RADIO
Weighs Only 32 Lbs.

@ Loop Aerial, Built-in Lid
® Looks like and is a Commercial Radio Kit
® Simple Assembly and Wiring Instructions

/)eadml

Size: 6/2"x 3Va"x 45"

® Two-Tone lvory, Red Plastic Cab.
® 4-Tube Superhet ® AVC.
® Two-Gang Cond., Lucite Dial

Thig kit is ready for immediate delivery.

(o, is mount the parts and wire, This radic kit will assemble into a

lactory. We turnish you a diagram, photocraph of completed chas
knowledge of radio may wire this t. The beautiful case is made of metal with plastic hinged 11(1 and
the receiver has an inlaid gold design, The circuit is thL (onvmmon'll two gang suberhet type, h ALV
540 to 1650 K('. Uses miniature tubes: IR5 conveirter, 185 detector AV.C., IT4 amplifier and 3
The loop antenna is huilt in the Jid,
plete with tubes and 67% volt "B battery and flash cell (Not AC-DC).
Postage for 6 1bs.

SCOOP MODEL X-45 PERSONAL PORTABLE KIT WIRED AND TESTED WITH BATTERIES.

nan-on back.
5o Re

Nothing else to buy.

Complete with Batteries

+14%

The same nationally known factory that manutactuies tens of thousands of this radio, is line-
producing this radio kit for us. livery part. from the cabinet down to the last resistor, is matched. The chassis is ready punched: all you
autiful personal radic for you. just the same as it does for the
and full assembly instructions so that those with a minimum
The lucite face of
S ives the broadeast band,
-1 pm\ er ambplifier. Alnico V PM speaker.
Radio comes on Allt(\md“( ally when 1id opens. Operates on self-contained hatteries.
Model X-45, Price $14.95.

Priced com-
Include

NET §17.95

8- TUBE RADIO KIT WITH COAXIAL SPEAKER, $37.95
A COMBINED BROADCAST SUPERHET RADIO
CHASSIS AND I5 WATT P. A, SYSTEM
HEAVY DUTY 12" P.M. SPEAKER

CROW 8” SLIDE RULE DIAL. 2 GANG COND.
REC. BROAD, 550 TO 1700 KC AND 9 TO 49
METERS

PUSH PULL 6VA—TONE CONTROLS

INPUTS FOR CRYSTAL OR DYN. MIKES AND

PHONO-PICKUP. WE FURNISH EVERYTHING

TO BUILD THIS DELUXE CHASSIS

® WHY NOT ORDER THE ARMCHAIR CABI-
NET WITH THIS KIT

e HAS INPUT GAIN FOR THE G.E. VARI-
ABLE RELUCTANCE PICKUP

e CHASSIS SIZE 9% x 11 x 8" HIGH

Here is something new in radio. A real |5 watt power amplifier with hass and trebie controls. Has extra gain stage

for crystal or dynamic mikes. And on the same chassis, a standard superhet radio receiver. We furnish alt parts,

knobs, escutcheon plate and tubes: 6SA7, 65K7. 6SR7, 6SN7, 6SJ7, two 6V6 and 5Y3. No cabinet. Extra care in

desngnmg the power supply section assures fow hum level, making this unit ideal for recording as well as P.A. use.

We furnish everything as well as schematic dlagr%m and photos of the completed chassis. W. 1ght 35 Ibs.

PR-15. Exactly the same kit as the PRK Kit
PRIK-24 Radio-Amp. Kit oy (v it is farni 3

With 127 AL \Dia}\(:ll $2995 except it is furnished with a 12" Cinauda
With tubes ..........0

'3 l
R e ik Ry $37798
ARMCHAIR 6-110 VOLT POWER SUPPLY KIT
CABINET $29.95

- MAKES ANY AMP. WORK ON 51495
Will House PRK-24 A STORAGE BATTERY
or CPR-15

N ew Power Supply Kit _‘?%:ﬁﬁ
Reautifully m a g ¢ walnut =

adapts any amplifier to g
- i i f t-110 volt operation. Kit

m;;}-‘ﬁg:ign 381}31'9‘}‘.}(.1,0‘{?:‘,29 includes all detI\ tubes,

deep, and 27" wide. Ample :2?1?1;‘%511113}19(1‘ l(>lllfuoi>

room for radio receiver 14" and diagrams nec :

'x’,““' 97 (ll‘ib’h i;"‘l 10" deep. for you to build thi

Will hold a changev up to 1t DC or 110 volt AC

147 square. Will accommo- ;;8“,91. g({mpiy Tm\mm-ane

date speaker up to 12", 1as 1 > t

record album storage com-

radioman should wire this
partment. liinged lid covers

unit in an houx or less, - e
S 33 f 110 volts cycele, volty
changer combpartment. Cahinet Ar-15 Net $29.95. De- uppgu R YO
trola automatic changer $12.95 extra.

at 135 mills, 6.3 volrs AC.  Also, from 6 volts DC it
produces 110 volts 60 cyele AC to run a phono motor,

ARMCHAIR CABINET
IN BLOND FINISH, NET $34.95

record changer, o all AC-DC radio; 350 volts DC
at 135 Mills. I uctions are furnished, to show you
how this supply can be adapted to make any P.A. sys
tems, up to watts, operates on 6 volts DC or 110

volts AC. Switching is done in the power supply.
3-WAY Everything complete, including 2-6X5 rectifiers. Kit
6-110KR, Net $14.95. Sparve heavy duty vibrator,
PORTABLE KIT $1.95 extra.

$16.95 6-110 VOLT AMPLIFIER KIT, $29.95
Model 22-KR-—A complete
® 4 Tubes Plus kit of parts to build a 25
Disc Rectifier watt, 6 volt DC and 110
e 300 Hour volt AC amplifier, ulilizing
t he above power subbly.
'B:,:':e;eydpud Has push-pull 6L6 output

tubes, with universal output
transtormer, 4-8-16-500 ohm
iine_to voice coil winding,

E one controls, inpurs

¢ Beautifully Built
Portable Case

Build this powerful, 4-tube, 3-way portable kit. Op-
erates on 114 volts AC or DC or self confained bat-
leries.  Receives broadcast 57 0 K.C. Incorpo-
rafes @ standar AVC and loop
Ant. Has Aln a 2 gang condenser.
AN parts and batteries are furn ed including tubes.
Disc Rectifier, 1R5, IT4, 185 and 354. Has attractive
leatherette Dortable cabinet ize Weight 14 1bs.
Kit Model 3-ZA................. .Net $16.95

part and tube, as well as diagrams and ready punched
chassis fuinished. You get the above 6-110 volt power
supply kit and the ambplifier kit pictured. Net § 5.

6-110 YOLT AMP. KIT FOR WIRE
RECORDING, $32.95

This amplifier kit isx similar to kit 22-KR, except has
oscillator and switching feature mx wire rccmdmg and
play back., Output 20 watts. Kit 34-KR Net $32.95.

WEBSTER WIRE RECORDING MECHANISM 344 lﬂ

SMALL PORTABLE KIT, $10.95
® 4-Tube Broadcast Superhet

BUILD A RADIO
Like you would buy
5.TUBE KIT

ONLY $9.95
Made from Detrola
Comnponents
Afttractive 13” blond cabi-
net AC-DC radio Kkit, with
illuminated slide rule dial
Incorporates a standard 2
gany superhet circuit, Loop antenna, ready-punched
cha This is another one of our line production

radio 5. Bvery part -is furnished. Includes tuhes:
128A7 SK7. 14A7, 35Z5 and 50L6. Diagram, photos
and instractions are included. Has full 5” Alnico §

PM xpéaker. Receives hroadeast 550 to 1650 KC. Ship-
ping weight 9 Ibs. Model TF-G, Net $9.95.
Model TF-6 wired and tested........ ..514.95

1949 MODEL
AC-DC KIT
$12.95

This is our latest and fin-
est AC-DC o kit. Re-
ceives DBroadcast, 540 to
1650 K. Ilas full lensth
illuminated s1ide rule
dial. Choice of lvory or
Walnut plastic cabinet,
Full high efficiency 2
gang superhet anmt with loop antenna. Ready
1>unvhvd chassi; 1 5’ PM speaker. Iivery part fits.
waythmg nunhhed including tubes, 12 , 128K7,
12807, 3525 and 50L6. This kit will go together just
Jike it would on the production line. Diagram, photes
and instructions are furmshed Sluppmg weight 9 1bs.
Kit model XA-40. Net $12.95

AMERICAN AND
FOREIGN KIT

$14.95

550 to 1600 KC
and 6 to 18 MC

Jhis radio kit is housed in an attractive grey obalescent
“finished metal cabinet. Incorporates a standard 2 gang
superhet circuit. Receives Broadcast (5350 to 1600 KC)
and foreign short wave (§ to 18 Mewacycles), This kit
is complete, nothing else to buy: just as all ouwr kits.
Ready-punched chassis. It will go together just as it
would down a Droduction line. Has full 53 PM speaker.
Complete with tubes: 128A7, 128K7, 128Q7, 3545,
5016. Diagram, photos and instructions zuc furnished.
Shipping weight 10 1bs. Kit model DT-5. Net $14.95.

12 WATT AMPLIFIER KIT, $10.95

Push Pull 6VY6's Gain
for Mike

K1T MOGDEL AC-12. 12
watt amplifier kit. Ideal for
high quality record player
as well as public address or
recording amplifier. Matehed
mhponent parts, ready punched chassis pan. One con-
trol 1ades from phono to microphone. Gain enough for
crystal or dynamic microphone. 100 mil power trans-
former, for 114 volt AC 60 cycle operation. Priced vom-
plete with tubes: 2—6V6, 6SN7, 68SH7 and rectifler.
Diagrams and photos furnished, Kit AC-12. Net $10.95.
12" Alnieo 5 PM speaker $6.95 extra; crystal micro-
phone and desk stand $4.95 extra.

The above AC-12 amplifier wired and tested
operate net §$14.95. Specify Stock No. AC
inch Alnico V PM speaker $5.95 extra.
and desk stand $4.95.

S

ready to
25, 12-
al mike

® Priced Complete with Batteries
® Dynamic Speaker ® Slide Rule Dial

PORTABLE KIT
MODEL K-PX. Small
size leatherette ¢

case 9x51ex3.
build. Operates on Self
contained B and A bat-

4 TUBE RADIO
KIT $6.95

4 tube AC-DC, TRF radio
kit. Ideal for students and
beginners. Every part fur-
nished to build this kit. in-
cluding tubes, diagram and
teries. Itec, Broadcast photos. Has Alnico ¥V PM sDeaker u.nd tubes IZS'K'I
b50 to 1600 K., Incor- 12847, 50 and 37W4 Plastic cahinet with slide rule
porates a standard su- dial. Receives broadcast 550 to 1600 XKC. This is the
perhet circuit with ave. easiest tyPe of radio to build. Kit Model TF-4 Net
; . Ih\ % inch Alnico five $6.95. Weight 6 Ibs.

P speaker. Priced
complete with bhatteries, Dpictorial diagram and tubes

1R5, 185, 1T4 and 384, Not AC-DC, but straight hat- INTER COM
tory operated. ias 2 gang cond. Evervone should have KITS $7.95 .
one of these pwsonal pmtabl 5. th'uw furnished. N ¥
Kit K-PX ..o ....Net $10.95 Inter-com kit. All parts
{urnished to b\luld a smal.
wo - way call system
CARBON HAND MIKE 99%¢ (Master and one sub-sta-
Q Army carbon hand mike with tion speaker). Has speaker and tuhes TOL7 and

push-to-talk switech, cord and
plug. Brand new and factory
cartoned. While they last, 99c
each; two for $1.89; ten for $6.90.

128L7. Has separate 3” speaker for sub-station. Ready
punched chassis. Evervthing comblete, less cabinet.
Diagrams and photo furnished, Kit TB-3.

Net Price $7.95.

20-WATT UTILITY AMP, KIT, $17.95
Build this 20 watt wutility
110 volt AC, 20 Watt power
amplifier. Ready punched
chassis, size 12 X 6 x 2%
inches. Has two input cir-
cuits, one mike and one
phono, Mike stage has 135
DB gain, for crystal or dy-
namic mike. Has hass and
tieble controls. Designed for use with PM speakers; has
8-16 ohm output transformer, All parts and easy-to-
follow diagram furnished, including tubes: 2—68N7,
td5, 2-—6LAGA, 573. Kit Model 20-LX......Net $l7.95

POWERFUL SINGLE
RECORD PLAYER Z-26.
Housed in an attractive
leatherette covered cabinet, |
Latext 78 RPM rim drive
motor and light weight pick-
up. Ready wired and tested
7TOL7 type tube amplifier. :
Tone and volume control, 5”
PM speaker (Alnico V). This
kil easily slibDs together. Priced cumnlete with tubes and
hook-up instructions. Kit Z-26..............Net $9.95

e, I

w w s wm

WRITE FOR CATALOG
Prices F.0.B. K.C.

McGEE RADIO COMPANY

September, 1948

WWW.americanradiohistorv.com

SEND 25% DEPOSIT—BALANCE C. O. D.
1225 McGEE ST., KANSAS CITY, MISSOURI
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POWER CONVERSION UNIT

Of interest to the radio amateur is
the new line of power conversion units
being announced by Radio Products
Sales, Inc. of Los Angeles.

Designed to permit operation of d.c.-
operated war surplus equipment on
a.c. lines, these units feature ease of
installation and the elimination of

complicated and unnecessary rewir-
ing.

A basic schematic is furnished with
each power conversion unit. The units
are available with transformers to
match in nine popular models with
d.c. outputs ranging from 14 volts at
2, 45, 10, and 40 amperes to 28 volt
units at 1.8, 5, 10, 20, and 40 amperes.

Special units are also available for
operating equipment not covered by
the standard models. :

Radio Products Sales, Inc., 1501
South Hill Street, Los Angeles 15,
California will supply full information
to those requesting it.

MOUNTING BRACKET'

Of particular interest to servicemen
is the new adjustable speaker mount-
ing bracket being offered by Wright,
Inc. of St. Paul, Minnesota.

This new bracket is now being in-
cluded as standard equipment on the
company’s line of replacement speak-
ers. Thus equipped, 4%, 5, and 6 inch
speakers may be used as replacements
in practically any table model radio.

Wright, Inc., 2233 University Ave-
nue, St. Paul 4, Minnesota will sup-
ply full details on their new speaker
line which includes the ingenious ad-
justable mounting bracket feature.

"QUIK-RIG™ ANTENNAS

Production on the company’s line of
“Quik-Rig” television antennas has
started at the J.F.D. Manufacturing
Co., Inc., plant at Brooklyn, New York.

According to the company, the new
antenna can be assembled in less than
30 seconds. In the disassembled state,
the antenna forms one complete, com-
pact unit free from all loose elements
and hardware. The dipoles and reflec-
tors, which are folded up against the

76

side of the crossarm, are simply swung
out into position and tightened by
means of attached wing nuts.

A specially engineered mast ar-
rangement permits rapid on-the-job
enlarging and stacking of arrays to
suit local conditions. A heavy-duty U-
bolt clamp permits the unit to be at-
tached to any size mast up to 1%
inch o.d. This clamp also provides 14,
%, or % wavelength spacing of any
number of bays on the array and al-
lows each bay to be independently
oriented.

A bulletin describing the new “Quik-
Rig” line is available from J.F.D.
Manufacturing Co., Inc., 4117 Fort
Hamilton Parkway, Brooklyn 19, New
York.

HIGH VOLTAGE METER
Spellman Television Co., Inc., has
announced production on a new high
voltage meter which has been espe-
cially designed for projection televi-

sion servicing and installation.
The meter covers the range from 0
to 30 kilovolts. It incorporates a 4

inch scale and draws only 20 micro- .

amperes. The bakelite meter panel is
housed in a solid oak cabinet with a
sloping panel for easy reading.

Full technical details on this unit
are available from Spellman Televi-
sion Co., Inc., 130 West 24th Street,
New York 11, New York.

TUBE CHECKER

General Electric Company’s Special-
ty Division has announced a new tube
checker, the Type YTW-1,

Operating flexibility has been attain-
ed in this checker with each tube ele-
ment having its own individual circuit
switch. The unit tests 4, 5, 6, 7, and 8
pin standard, 5 pin small, 7 and 9 pin
miniature, and lock-in tubes, as well
as pilot bulbs and batteries.

The checker tests for filament con-

tinuity, heater cathode, open elements, '

shorted elements, and quality of emis-
sion.

The device is completely portable,
weighing only 15 pounds, and oper-
ates from standard a.c. power source.

www americanradiohistorv com

Further information on the new
Type YITW-1 may be secured from the
Specialty Division, General FElectric
Company, Electronics Park, Syracuse,
New York.

NEW MAGNETAPE RECORDER

The latest addition to the “Magne-
tape” recorder line, the Model SP850,
has been unveiled by the Magnephone
Division of Amplifier Corp. of Amer-
ica.

Designed for broadcast, recording
studio, and all semi-professional appli-
cations, the new model is ruggedly
constructed and self-contained. The
unit consists of an efficient tape pull-
ing mechanism, a recording amplifier
with supersonic bias ‘and erase oscil-
lator, a playback amplifier, monitor
amplifier and speaker, all housed in an
enclosed relay rack cabinet measuring
20% inches high by 15 inches deep by
21 inches wide.

A vacuum tube type VU meter is

built-in and includes an adjustable
sensitivity range of 18 db. for indica-
tion of proper recording level on all
types of magnetic tape.

For additional information on this
recorder, including a complete set of
technical specifications, write for cata-
logue No. 4904, Magnephone Division,
Amplifier Corp. of America, 398-2
Broadway, New York 13, New York.

REPLACEMENT MIKE .

Electro-Voice, Inc. is introducing the
new Series 210 high articulation car-
bon “Mobil-Mikes” to be used as exact
replacement units in current Motoro-
la, RCA, General Electric, etc. mobile
equipment for commercial and emer-
gency two-way communications.

A metal button at the rear of the
microphone case fits the filament con-
trol switch bracket. The microphones
are rugged, housed in a high impact
phenolic case with a 5/32 inch wall.
The units weigh only 7 ounces and fit
comfortably in the hand. The micro-

RADIO & TELEVISION NEWS
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SAVE $ ©

U. S. SIGNAL CORPS
§ METER SHORT WAVE XMTRS.

(72.2Mc) XMTRS and TUBE only, less mike. bat-
terles and antenna. One 13 volt dry cell and 67%
volts of B operates it. Just attach di-pole. key or
mike, connect the batteries and it’s ready to use.
Signal Corps spec. wired with silvered wire, mica
condensers, and_precision resistors. Highly stable
circuit with Lo-Loss silvered inductance.

(Adjustable padder) Schematic supplied. Conserts
easily to walkie-talkie and Ham bands $3.

GENUINE SIGNAL CORPS FEATHER-
WEIGHT HAEADPHONES WITH CORD
AND PLUG 2000 OHMS—8000 OHMS
INMPEDANCE

NATIONALLY KNOWN
OIL FILLED FILTER CONDENSERS
1.—M¥FD-—2000 volts .
1 —MI D—1000 working

"FAMOUS BF BRAND RECORD CUTTING HEAD
These units are all Brand new and were made for &
nationally advertised manufacturer to he in _their
quality Home Recording Radios. Size 133x27%; ready
to fit your cutting arm or bracket. SPECIAL..$2.95

3 BAND ALL-WAVE DIAL 6” DIAMETER....75¢

ADIO SURPLUS

Slgnal Corps Flex, hook-up wire asst. conulnu npprox
150 ft. asst. colors, glass insulation. 1 Ib. .2Sc

GENERAL ELECTRIC 60 CYCLE WATT HOUR METERS,
slightly used, perfect condlnon same as used in your
hom:. uo 1 volts. 5 Am

PHILCO MAGNETIC RELAY TAP
SWITCH, Operates on 6 V DC—
15 V AC. When contact is moade
relay operates rotary contacts g
sthch to 20 different contacts.

Brand new

Philco rotary tap tone control,
3 inetuding d

ers. Only 1 wire to connect to
grid of audio tube. V4" shaft.25¢

. €. A. 30 MH RF choke
Grind your own crystals—Pure Brazlhan Qu
sizes and thicknesses—l2 Ib. packag

National Vveivet Vernier Dial Au.achment—%" shan—
converts any dial to slow motion vernier

340 degree dial_with 10 push button attachmenb—%
shaft—ideal for Xmitters—Sig Gen. or Osc

RCA Band Switches—
3 gang 3 posit. 3 band....30¢ HlGH }'BEQUE\CY
5 gang 5 posit. 4-5 band . .40c

AMULIFIER CHASSIS, SIZE 18”’(8"("’/'»" BLUE
CRACKLE FINISH DRILLED FOR CONDENSERS
—TRANSFORMERS AND SOCKETS 65

Trimmer-Padder Asst.—all isolantite—singles, _dual.
triples—100 asst. pieces 2.25

Signal Corps V. T. 1 receiving tubes—per doz. . .

U.8. AIR FORCE RESISTOR ASST. %-%
—100 PIECES

AIR FORCE MICA COND ASST. 25
oOM 10003MMFD

Low-Loss-Short Wave
Variable Condensers
%~ Shaft Type
Plate—20 MMFD,
Plate—36-40 MMF"D

3 GANG T.R.F.
VARIABLE CON-
DENSERS .000365

MFD
Plate—150-155 MMFD. .5
Plate—210-21 MMFD. ..

Lock Type Air Trimmer
Variable Condensers
MFD.

2 piece 5-pole . . .
Male and Female
Separable plug.
Male 18 for panel
Female for

Plate—30-35 MMFD.
10 Plate—40 MMFD.
13 Plate—50 MMFD.
14 Plate—56 MMFD. Oc
20 Plate—80-100 MMFD. ..25¢
27 Plate—100-110 MMFD...35¢

SIGNAL CORPS TRANS. KEYS

PROQNG weFER SOCKETS—

49 pel

LANTITE OCTAL WAFER SOCKETS—
.25 per C 6 ¢ each
ILCO 4 MF—300 V—i% CAN CONDENSER—
8.00 per C ¢ each
-L—I10 W. 1.000 ohm POWER RHEOSTAT

29c¢
PRONG WAFER SOCKETS $2. 50l)erC
ST. SOCKETS—4-5-6-7—0CTAL

mount.
Flex. cord. A steal.
at only..35¢ per pr.

ESIS.
100 ERIE—1 WATT—2.000 OHM RES S..
10 WIRE WOUND RES., KiT—5.50 W
2 METER RF CHOKES
nh]gao PICK-UP REST

2.000 OHM WIRE WOUND RHEOSTATS

$ | per doz.
RCA-VICTOR NEEDLE CUPS—2 PIECE |10Qc ea.
CARTER WIRE WOUND C.T. VARIABLE 20 OHM
RESISTORS $1.00 per doz.
G. E. TAPPED VOLTAGE DIVIDER—200 WATT—
230 OHM—MOUNTED ON ASBEST0S BASE—

5

$5.00 per C

MAGNAVOX—
127-900- 1100 ohm Dynamic speakers
8" 10.000 ohm Dynamic speakers.
3n—4 ,o ohm AC.DC dynamic.

5

Spaghetti Assortment_Approx. 75 ft.

30-WATT—6L6 BEAM POWER AMPLIFIER KIT. Com-
pléte kit of parts with all necessary parts—Tubes—
Ready to assemble and wire. Plate supply—is provided
by an oversize extra heavy transformer—(1) Filament
supPlied by an extra heavy transformer filter, bypass
and filter condensers. Sockets all ready mounted on
chassis. Volume and tone controls with separate AC
switeh are provided. Circuit is the latest tyue of phase
inverter system using 1—5Z3,2—6L6,1—6C5,1—6517,
1-6N7. Chassis has ample room to wcrk an or add
more tubes—terminal strips for mounting resistors, etc.,
are also provided, and all parts are Signal Corps spec.
brand new. never used before. A large diagram is’ pro.
vided so that a novice may be able to assemble this
kit with ease, merely by following the point to point
connections that are outlined on the print. Complete
6L6 kit. less speaker and output trans 517,

TUY SNT —45!:. .)4 39:.
11 7L 7 —59e 272 =2 1 0
01A—25c; 31—20:. 85

DRY ELEC, FILTER COND ASST
PIECES ALL BRAND NEW

2A7—39¢; 35—39c;
same as *224—-20c;

CONTAINS 10 |
.81.10
. .59c |

RADIO EXPERIMENTER'S SURPRISE PACKAGE CON-
TAINS BYPASS & FILTER CONDENSERS, SHORT
WAVE TUNING UNITS, POWER AND AUDIO TRANS-
FORMERS. SOCKETS, RESISTORS. CHASSIS HARD-
WARE OVER 20 LBS oF VALUABL‘ PARTS. .$4.95

HEAVY DUTY SHIELDED GENERATOR CABLE.
315" Long. WILL CARRY 35 AMPS—3 WIRE.
DRIL' ED cm}gsls FOR 5-6 tubes 7"x10"x153"

X

RCA OUBLE_FILTER CHOKE 89¢
ZENI'IH RADIO CABI\FT & SPEAKER BAFFLF
X 15157x1014 " xs"—WILL FIT 8" S
FR—\IAHOG\\Y T —BRA.\ID NEW
NAT!OI\AL 8-8—45

EBY SPF AKER VOLUME O1. WIRE WOUND
15 OHMS FOR USE IN CONTRDLLI\G VOL-
ON A. SPEA KE SWIT

UM
SPECIAL 25: ea.: LOT.
e omp —15¢

2 Sc
RECORD PLA\ER
1434 " LxlO%”\V MAHOG 0-
TOR & PICK & VOL. CO\TTROL—ROO“ FOR
EAKER & AMPLT FIER ea,
LlMITEO QUANTITY O
'ER 714, watt amp]lﬁer with 127 speaker—
t. $175.00; less tubes. cut to $9.95—weight

80 lbs.
SERVICFM-\\' S RADIO TUBE CARRIER--MADE
BRE SIZE 10' 5'x8" w.
I.EAT ER ﬁH P.

QUANT

MINIMUM ORDER $2.00—NO C.0.D. SHIPMENTS—PLEASE INCLUDE POSTAGE

NEWARK SURPLUS MATERIALS CoO.

324 Plane Street

Newark 1, N, J.

Dept. SE
=3 SR RRN

"LEARN CODE FASTER-
with Ingenious Code Tutor

The Precision Transmitting Machine
Now! Learn by ear automatically. Listen to code
characters sounded precisely at any speed you
desire—on the clear Tone-Buzzer of the CODE
TUTOR mechanical transmitter. Then, repeat
back and duplicate each character’s sound on
Practice Key. In no time, develop transmitting
perfection that will amaze you.

EXCELLENT FOR CLASS WORK
Get your CODE TUTOR today lrom your
dealer or factory direct. SPECIAL low intro-
ductory pnce—only $7.95, comﬁ)lete Two sets,
for communication practice, o nly $14.95, post-
})md Also Kree details on many mterestmg uses
or CODE TUTOR. Write NOW!

INTERNATIONAL ELECTRIC CO.

1836 W. North Ave,, Chicago 22, INl.

TIMERS $2.951!!

Cramer timer with veeder counter
in hours and /10 hours t09999.9.

110v. 60 cycle, a.c.
DM 35 only $2.95

NEW BOXED, Thls is dynamotor
for BC 604, 684. etc. |2y lnput
625y @ 225" mlls output,

BC 312 RECEIVERS

Speclal $54.50

GN 45 Replaces PE 103

Externally driven generator. output 6v @ 3A and
500v @ 140 mlis for BC 654 and others, $6.45. Many
other items. 259, cash wtlh order. Balance C.0.0.

EMMONS RADIO SUPPLY

405 « 10th STREET OAKLAND, CALIF.
Phone TWlineaks 3-9103

78
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phones may be used indoors or out-
doors in any kind of weather.

For complete information and data
write for “Mobil-Mike” Bulletin No.
140, to Electro-Voice, Inc., Buchanan,
Michigan.

AUDIO OSCILLATOR

General Electric Company’s Elec-
tronics Department is announcing the
new Type YGA-4 audio oscillator
which has been designed especially for
the radio serviceman.

The new device designed for use in
testing radio receiver audio channels,
p.a. systems, intercoms, and other au-
dio work, features a low distortion

?

output in one band over the audio
spectrum from 25 to 16,000 cycles.

A large illuminated dial facilitates
the rapid check of audio circuits and
equipment for frequency response, dis-
tortion, gain, power output, and phase
shift. A stable b.f.o. circuit enables
the YGA-4 to deliver a low distortion
output voltage which remains constant
within plus or minus one decibel over
the frequency range 30 to 15,000
cycles.

The instrument weighs 21 pounds
and operates on standard power of
50-60 cycles, 105-125 volts..

Further information on the new
audio oscillator, Type YGA-4, can be
obtained from the General Electric
Company, Specialty Division, Elec-
tronics Park, Syracuse, New York

INEXPENSIVE INTERCOM

Brooks Radio Distributing Corp. of
New York is currently merchandising
the new low-cost “ElectroVox” inter-

com which is designed for home,
school, office, etc., installation.
This “Electronic Interphone” oper-

ates on either a.c. or d.c. and uses three
easily-replacable standard radio tubes.
The master unit is 10 inches high and
weighs less than 3 pounds. The remote
unit is 5 inches square.

A data sheet which includes prices
and further details may be secured on
request from Brooks Radio Distribut-
ing Corp., 80 Vesey Street, New York
7, New York.

INDOOR TV ANTENNA

The Workshop Associates of New-
ton Highlands, Massachusetts, has a
new all-channel television and FM an-
tenna which has been designed for in-
door installation.

The “Bi-Conical” unit is constructed

(Continued on page 108)
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Here's another “first” by Ward in the rapidly expanding
field of television reception. Advanced Ward design and
engineering makes receivers work to their highest degree
of efficiency.

That’s the opinion of satisfied set owners, service installers,
and major set manufacturers, who are all directly inter-
ested in the improved performance of television.

As a result of months of exhaustive scientific research and
field testing, Ward now makes available a high band TV
array which can be stacked above the standard television
elements, and independently oriented! Also new is a kit for
stacking two of Wards finest television assemblies into a
two-bay array for a greater gain than ever before.

Sure, there have been other multiple antennas, but none
with the scientifically measured spacing and complete
adaptability of the new Ward models. You can see the
difference yourself on the television screen when a “Magic
Wand” aerial is connected to the set.

Send in coupon today for free copy of new Ward catalog.

aerials.

(] ] e S S N S e R i
ADDRESS s PO o b e LT e e i
STATE - oo (LT /- S = BT S SR i
IF JOBBER OR DEALER |

COMPANY NAME e |

THE WARD PRODUCTS CORPORATION

DIVISION OF THE GABRIEL COMPANY
1524 E.45th STREET, CLEVELAND 3, OHIO

IN CANADA: ATLAS:RADIO CORP. LTD.; TORONTO, CANADA

SO AVRY R70D-. U C- 0
~ - ﬂ,, )
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assembled.

tion time.

ORIENTING AND GAIN. Each bay
tilts in any plane, can be ecriented in any
direction to give sharpest focus possible,
Eliminates awkward or tricky installations.
Permits hairline adjustments for utmost
gain on both the high and low band
stations.,

ADAPTABILITY. Ease of combination of
assemblies in basic kits makes ''Magic
Wand'' Aerials more adaptable than ever
to the varying requirements of each in-
stallation. This superior flexibility means
a highly specialized Ward TV aerial for
each purpose, with fewer models in stock,
no absolescence, and greater profits!
Write today for free catalog!

All major parts pre-

Saves costly installa.

gl
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ATTENTION!

Ail Tubes guaranteed, ex-
cept for open filaments,
shorts and broken glass,
for which we check
before shipment.

Please specify how to
ship, i.e.: Parcel Post,
Railway Express, ete.
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RADIO |

XMITTING—RECEIVING—CATHODE RAY—RECTIFIER—SPECIAL PURPOSE

BRAND NEW TUBES—STANDARD BRANDS

387 /1251
3D6 /1299
3LFa4 ..

6ABS /6NS
64ar7 /1853
B6AC5GT ...
6AC7 /1852
6AD7G . ...
GAF6G
6AGS .
6AG7 .
BAH6

ONLY

125K7GT ... $ 0.67

2SL7GT 9

.99

62

.67

.81

.81

.99

1.20

1.62

.99

.99

.99

.99

.99

.81

.99

1.20

1.20

1.20

.99

.99

1.20

.20

81

1.20

1.20

67

.62

LR1

.62

.67

.62

.81

.99

1.20

1.54

1.20

1.20

.81

.81

.81

.67

.52

.99
.81

1.20 .57
.99 .52
1.20 .99
.20 .67
.99 .81
1.20 .99
1.20 .67
1.62 .67
.99 .67
.81 .67
.81 .67
.81 .67
.67 .99
.81 .99
-67 -99
1.20 1.62
1.62 -99
.81 -81
1.20 -67
1.20 67
1.20 .99
.B1 .81
.81 -67
.81 .81
67 .81
1.89 1.20
.81 1.62
.81 .81
.67 .67
.67 .67
.67 .67
.81 .67
1.20 .99
.67 .47
1.20 1.54
.81 -99
.81 .99
87 i.20
.81 .67
.67 .81
.67 .81
1.20 1.62
1.20 1.62
.99 1.62
.67 -81
.67 -99
‘62 1.06
.62 72
1.20 1.92
.81 1.25
.81 1.06
2
d .88
.99 82
.62 82
67 .82
.67 .82
.67 .88
.99 1.06
1.20 1.06
.99 .89
.99 .69
1.54 .49
1.20 .49
.99 -98
1.20 a9

AM SHACK Inc.

3 DEY STREET .

www americanradiohistorv com

,"l;l‘n,"‘r'() !!"( l”' p'. ‘(I

RADIO & TELEVISION NEWS


www.americanradiohistory.com

1000 KC
CRYSTAL

Standard Type Holder
BRAND NEW

COAX FITTINGS

83-18P-Cable Plug 39c 83-1J-Tunction. .
83-1R-Chassis \t. 35c 83-168-Adapter. ...
83-1AP-Angle Plug 39¢ 83-1T-T Connector 1.

10H/528. .39¢ 1011/528. 39¢

1 K.W. POWER SUPPLY KIT

2500-—0—2500v @ 500 MA

or
2000—0—2000v @ 500 MA
(Oil filled Xformer from BC 610
1 Swinging Choke
1 Smoothing Choke
1 Filament Nformer
2—2 \fd.—3000v Condenser
2—872 A Tubes
2—DPlate Caps for 8724
2—Sockets for 872A

All Parts Now Reduced to $7'9i0-

STEP DOWN TRANSFORMER

PRIMARY 440/220 VOLTS
SECONDARY 230/115 VOLTS

S;;ecial at $§ %ﬁ

SELEN!UM RECTIFIERS

Full Wave Bridge Type
ouTPUT

up to 12vDC Y5 Amp. $ 0 98
up to 18v AC up to 12v DC 1 Amp.

up to 18v AC upto 12v DC 3 Amp. 3.45
up to 18v AC up to 12v DC 5 Amp. 4.45
up to 18v AC upto 12vDC 10 Amp. 7.45
up to 18v AC upto 12vDC 15 Amp. 9.95
up to 86v AC upto 28v DC 1 Amp. 3.45
up to 36v AC wup to 28v DC 5 Amp. 7.45
up to 36v AC upto 28v DC 10 Amp.
up to 36v AC upto 28v DC 15 Amp.
up to 116v AC up to 100v DC .25 Amp. 2.95
up to 116v AC  up to 100v DC .6 Amp.  6.95

.600 KVA

INPUT
up to 18y AC

up to 115v AC up to 100v DC 5 Amp. 19.95
up to 115v AC  up to 100v DC 3 Amp. 12.95
LisssoGor i i

OIL CONDENSERS
NATIONALLY ADVERTISED BRANDS
All Ratings, D. C.

2x.1mfd.  600v $0.35 1mid.  2000v $g.95
75

25mfd.  600v .35 3mfd.  2000v 2.
Smid. 600v .35 4mfd. 2000v 3.75
1mid. 600v .35 15mfd. 2000v  4.95
2mfd. 600v .35 2mid. 2500v  2.49
4mfd.  600v .60 Jdmfd. 2500v 1,25
Smid. 600v 1.10 25mfd. 2500v  1.45
10mfd. 600v 1.15 Smfd. 2500v 1.75
3x.1mfd. 1000v 45  05mfd. 3000v 1.95
25mfd.  1000v 45 dmifd.  3000v  2.25
1mfd. 1000v 60 25mid.  3000v 2.65
2mfd. 1000v 70 Smfd.  3000v 2.85
4mfd. 1000v .90 1mfd.  3000v 3.50
Smfd. 1000v  1.95 2mfd.  3000v 3.45
10mfd. 1000+ 2.10 12mfd. 3000v 6.95
15mfd. 1000v  2.25 2mid.  4000v 5.95
20mfd. 1000v 2.95 1mfd. 5000v  4.95
24mid. 1500v  6.95 Amfd.  7000v  2.95
dmid. 1750w .89 3mid. 4000v  6.95
Amid.  2000v .95 2x.1mfd. 7000v 3.25
.26mid.  2000v 1.05 .02mfd. 12000v 9.95
26000v 11.95

Smifd. 2000v 1.15

.02mfd.

HIGH CAPACITY CONDENSERS
10,000 mfd.—25 WVDC........................
2x3500 mid.—25 WVDC e
2500 mfd.—3 VDC. ..
2x1250 mfd.—10 VDC. ..
1000 mfd.—15 WYDC. ..
300 mid.—35 VDC . ...............
100 mfd.—50 WVDC.......
4x10 mid.—400 VDC. . ...
4000 mid.—18 WVDC. . .
4000 mfd.—25 WVDC. ..
4000 mid.—30 WVDC.

XMITTER-BC-950A-121

Frequency Range — 100-156 me.
Four band — auto tune — crystal
controlled, complete with 2-1625,
2-832, 1-815 and 4 crystals. Ant.
Rectifier relay switching, Brand

MOEILE or BOAT
12 volt INVERTER
AYR-Model RSA
Input 12v DC—Output 110v 60 eve. 125

W. Int.—100 W. Cont. $]6 95

Brand New. Special......

115v DCINVERTER

Input 115v DC—OQutput 115v 60
cye. 250 W. continuous. ‘Slightly
shelf-worn—but GOOD!. . ..5§19.95

TEST PROBE
WITH SHIELDED CABLE

For high-frequency work and to elimi-
nate strav pickup. VFor use with oscil-
loscopes. Amphenol #93M coax.
connector on one end. Part of
Dumont 224 A oscillograph. Special . $2.49

RADIO ALTIMETER

Xmitter- Receiver RT7/APN;
complete with 14 tubes—418 to
456 me.—28v  dynamotor. Certi-
hedva%A

SURPLUS RADIO
CONVERSION MANUAL
115 pages of circuits and data on
BC221, 342, 312, 348, 412, 643,
946, 1068 SCRZ74 522, "TRY
PI2103, b\u‘plus indes and VT
Chartsmies whis: a - M. o iiiie 8 Lo $2.50

PERMALLOY SHIELDS
for CATHODE RAY TUBES

3" Shield 3w sreg 5 mopemam e $1.49
5% Shield ....eovuvarsns T . e 1.98
12" Shield o5z 55 e 3 7o 5 gETam T 5.98

SCR-518 ALTIMETER

Famous SCR 518A Altimeter. Brand
new factory cartoned. Worth over
$900.00 Made by RCA. Has 29
} tubes. Works in the 500 MC region.
This is the complete unit. Transmit-
ter, receiver, power supply and 3"
scope indicator. Reads altitude up to
30,000 ft. Operates on 28 volts. D.C.
Complete with tubes. 65K7, 2 8012,
2 65J7, 6C8, 6SN7. 6F8, 23D4, 6Y6,
6V6, 10 ()AC? 3 2X2, 954, 90.:) 956,
6J5, and 3 in. CR tube 1808P. A
RED hot scoop at only.. .$69.50

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE
All merchandise guaranteed. Mail orders promptly filled.
All prices F.O.B. New York City. Send money order or check.
Shipping charges sent C.O.D. Minimum order $5.00

20‘7' Deposif required with all orders

September, 1948
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TRANSFORMER — 115.V 6D Cyc.
Hi-VOLTAGE INSULATION

3710v @10 ma.: 2x234v @ 3A .$9.95
2500v @ .15 nn sl A P B Bl 6.50
2500v @ 4 mu.; gv @ 2A. 6. 3V @ 1 amp. 7.95
2150v @ 15 ma. ... ... 5.50
1750v @ 4 ma. . 6.3v @ AL . o Ad kA 6.50

1600v @ 4 ma.; 700v CT @ 1:)0 ma.; 6.3v
(@) R N S_—
525-0-525v @ 60 ma.; 925v @ 10 ma.; 2x5v
@3A:63v@3.64:63v @2A:63v @ 1A, 7.95
500-0-500v @ 25 ma.; 262-0-262v @ 55 ma.;
63v @ 1A;2x5v @2A................... 4.49
500-0-500v @ 100 ma.; 5v CT @ 3A.
410-0410v @ 1060 ma.; Primary 110/220 . . .
400-315-0-100-315v @ 200 ma.; 2.5v @ 2A;
5v @ 3A;63v @9A:63v @9A. .. ... .. .. 6.50

7.95

400-0-400v @ 200 ma.; 5v @ 3A. .. ... 495
350-0-350v @ 150 ma.; 5v @ 3A; 6. @ 64\,
T8V @ IM s i, | ot el e A 4.95
350-0-350v @ 45 ma.; 675v @ 5 ma.; 2%y @
2A;2x63v @ 1A;63v @ 2%9A .. .. ...... 4,95

350-0-350v @ 80 ma.;
3.75A; 2x5v @ 3A. s
385-0- '385-:)90v @ ‘700 ma. ‘7‘2\ C 24;5v @
3A; 8x6.3v @ 6’\*PRI 110/220. 7.95
350-0-350v @ 150 ma.; 5v @ 34\; 63v @
7.5A;6.3v @ 3A. N mlirn. o PP 4.95
350-0-350v @ 35 ma.. ... . . ... 1.49
340-0-340v @ 300 ma.; 1540v @ Sma. ... .. 5.95
335-0-335v @ 60 ma.; 5v @ 3A: 6.3v @ 24,
0-13-17-21-23v @ 70 ma.—I’RI. 110/220... 4.95
325-0-325v @ 120 ma.; 10v @ 5A;5v @ 7TA. .. 3.49
300-0300v @ 65 ma.; 2x5v @ 2A; 6.3v @

63v @ 6A; 63v @
3

24A:;63v @ LA........ ... ... 3.49
250-0-250v @ 100 ma. 2x6 3v @ 4A;6.3v @

SAVIGISY: (ERlASer . o mrwen b @ -eacdon. Todd ol 4.95
120-0120v @ S0 ma... . ... ... ............ .98
80-0-80v @ 225 ma.; 5v. @ 2A; 5v @ 4A.... 3.95
24V @ BA e o o oo G e A 3.50
135CT @ 325A................. .. 295
3x103v @ 7TA; CT................ .. 995
126v CT @ 104; 11vCT @ 6.5A..... 7.95
63v @ 10A;63v @ 1A..... .. .. ......... 3.50
6.3v @ 1A;2%v @2A. ... ... ...... .. 3.45
6.3v @ 21144; 6.3v @ 24; 2/2v @ 2A.. . 5.95
S5v—I190A. ... ... 17.50 6.3v @ 1A.. ., 98
S5v—115A.......1495 8v CT1A....... 98
5v @ 20 amp.; Primary 110/220v......... 3.95
63vCT @3A;5vCT @ 4A. .. ... .. ..... 4.25

TELEGRAPH KEY J45

Fully adjustable. Silver contacts and 3 ft. rubber cable,
with PL-55 plug.
Brand New......................... Tden 69¢ each

2 SPEED PLANETARY DRIVE
Fits condenser shaft back of panel, or dial knob
shaft. 5 to 1 and 1 to 1 ratios. For any 4" shaft.
Special 79cea.............. ... .. ... 2 for $1.50

FILTER CHOKES
HI-VOLTAGE INSULATION

10 hy @ 400ma......54.95 325 hy @ 3ma...... $ 3.49
8hy @ 300ma.. .... 3.95 1lhy @ 800ma.......14.95
25hy @ 160 ma..... 3.49 10hy @ 250 ma..... 2.49
12hy @ 150 ma..... 2.25 10 hy @ 200 ma...... 1.98
12 hy @ 100 ma..... 1.39 10/20 @ 85 ma...... 1.59
30hy @ 70ma...... 1.39 15hy @ 125 ma..... 1.49
05hy @ 15 amps... 7.95 15 hy @ 100 ma. . 1.39
1hy @ 5amps 6. 3hy @ 50 ma....... .29

4hy @ 600 ma......
200 hy @ 10 ma..,..
600 hy @ 3 ma. ...

30 hy Dual @ 20 ma. 1.49
8/30 hy @ 250 ma. 3.50
10 hy @ 100 ma..... 1.20

ATTENTION!

INDUSTRIALS—LABS—SCHOOLS
—AMATEURS

Let us quote om componenis and
equipment that you require. We have
too many items to be lisied on this
page. Place your name on our mail-
ing list now for new catalog.

BR
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BRAND NEW SURPLUS

Not *'Like-New," or *Just-As-Good-as-New,"

but BRAND NEW. Pay o’ little more—
GET THE BEST

15" SPEAKERS

® Cingudagraph Dynamic Speaker with
12,500-0hm Field Coil, made for heavy-
duiy P-A Systems, efc. Superb phono item. $1 395
Brand new, of course! Reg. price $47.50.

WHILE THEY LAST
PE—103 DYNAMOTORS

LAST LOT! Brand New—in moisture-proof sealed pack-
ing. 6 or 12v input; 500v, 160ma output. Complete
with filters, circuit breakers, etc. GET THE FINEST IN
UNOPENED CASES. .. .e.vvievinonnnnnns $10.95

FL-8A FILTER
LISTEW ONLY % the Sinol You WANT 10 Flar

i

Y.

K

Improves ANY receiver! 1020 cps Filter, connects
between output of receiver and 'phones or speaker.
Hear only ONE signal at o time. Cuts out interference
and background noise. AMAZING PERFORMANCE!
Complete with cords, 'phone plug and extension con-
nector. BRAND NEW, made by UTC. War Surplus item
Original cartons. POSTPAID ................ $2.95

Brond New!
T5-13 HANDSETS

Cradle-Type Black Bakelite Tele-
phone Handset, with low-impedance
carbon mike and 3,000-ohm ear-
phone, 6-ft. cord and two plugs.
Butterfly push-talk switch. Brand New,
in Original Sealed Cartons.

LOWEST PRICE IN U. S. A.

Only.ieeriiennnnnn.. $2.85 net
Hanger for TS-13 Handset Black
Crcckled Metaloooooona.s $1.95

POWER SUPPLY FOR
ANY 274-N RECEIVER

Here it is—at last! Just plug it into
the rear of your 274-N RECEIVER
. . . any model! Complete kit, and
black metal case, with ALL parts
and diqgrams. Simple and easy to
build in a jiffy. Designed especially
for the 274-N receiver [(Resistance-filter KIT $6.95)
Standard model has choke filter. ... .vvu..os $7.95

NAVY SPARE-PARTS CHEST
WITH MANY FINE PARTS

® At least $25.00 worth of
BRAND NEW, excellent parts,
and a plywood chest, gray
lacquered, with lift compart-
ment, handles and hasp, at ¢
give-away price..$4.95 net!
Chest contains oudio xfmrs,
chokes, many standard resis-
tors, mica condensers, oil con-
densers, coils, relay parts, wire-
wound rheostats, 3 Type 78 Tubes, 2 Type 77 and
1 RCA-1642. EVERYTHING BRAND NEW!

VERY FEW ON HAND. Air-Mail your order $4 95

® Eimac VT-127A Tubes, $2.45 each, Four for $8.40
® Power Supply Kit for BC-221 Frequency Meter 5.85
® 12" PM Alnico-5 Speaker.....c.uiuvuuan 7.85

WRITE FOR FREE CATALOG 89-R

@ 4-Hour Mail Order Service.
Send 25% Deposit, Balance COD.

OFFENBACH & REIMUS CO.

372 Ellis St. . San Francisco 2, Calif.

"made rapid strides

82

The Audio
Engineering Society

A group of forward-thinking audio men have banded
together to stimulate and improve andio standards.

By LEWIS S. GOODFRIEND

Research Eng., Stevens Institute of Technology

organized in February of this
yvear at New York, has already
in bringing to-
gether members of the audio profes-
sion for the purpose of- discussing, or-
ganizing the existing knowledge, and
promoting the intelligent study of
problems in the field of audio en-
gineering. Since most of the readers
of Rap1o NEwS desigh or operate audio
equipment, the society and its activi-
ties are of essential interest. It is
with this in mind that the following
review is presented.

For the past few years men en-
gaged in audio engineering have found
themselves eligible for membership in
one of four major professional so-
cieties, but in each of these societies
“audio” was merely a minor item.
Papers and reports on audio subjects
seldom found their way into the jour-
nals or on the agenda .at meetings of
these societies. It is a matter of com-
mon knowledge that technical devel-
opments in the audio field have gone
far beyond the material currently
available. In order to offset this sit-
uation prominent .audio men have,
from time to time, organized small
local groups where they could discuss
audio and exchange ideas, the most
prominent of these organizations be-
ing the Sapphire Group in Hollywood.
A few publications, among them Ra-
pio NEwsS, published articles on audio,
but this was an exception, not the gen-
eral case. However, it was not until
a year ago, in the summer of 1947,
that any action to form a professional
society for audio 1fien received any
great impetus. It was at that time
that C. J. LeBel, New York consultant,
first began to discuss the need for
such .a society with other prominent
members of the audio field. Audio de-
velopment had made great strides, yet
many professional and scientific jour-
nals gave even less space than pre-
viously to the subject. Mr. LeBels
activity was rewarded by the forma-
tion of a committee -including four
other audio men. They are Norman
C. Pickering, John D. Colvin, Charles
G. McProud, and C. A. Rackey. Itwas
this committee, whose members took
time from their professional duties,
that finally succeeded in getting the
society started.

THE Audio Engineering Society,
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In January the committee organized
a meeting of audio engineers in the
New York area, and on February 17
over 200 audio men met and listened
to discussions by LeBel and Pickering
on the needs and aims of a profes-
sional society of audio engineers. The
group in attendance agreed with the
two speakers and a motion was car-
ried to form the Awudio Engineering
Society. In order to carry forward
the business of the new society, the
original committee was empowered to
continue its activity. ’

Since its formation, the society has
adopted a constitution and By-Laws,
elected officers, and held three tech-
nical meetings. Officers of the new
Society are the members of the orig-
inal committee: Mr., LeBel as Presi-
dent; with Mr. Pickering as Secre-
tary, and with the addition of R. A.
Schlegel as Treasurer.

The first Technical Meeting featured
a paper by Dr. Harry F. Olson, of the
RCA Laboratories, Princeton, New
Jersey. Dr. Olson spoke on ‘“Prob-
lems of High Fidelity Reproduction,”
describing three specific problems in-
volving phonograph transducers, noise
suppressors, and loudspeakers. He il-
lustrated his paper with slides show-
ing the dynamical analogies involved,
and a demonstration of the equipment
resulting from his solution of the prob-
lems. At the May Meeting of the So-
ciety Herschel Toomin, noted for his
work in the study of magnetic record-
ing media, delivered a paper describ-
ing a new sweep frequency generator
capable of showing the frequency re-
sponse of an audio system on an os-
cilloscope screen with true logarithmic
frequency scale, and either a linear or
decibel scale for vertical presentation.
The instrument described has fre-
quency markers and variable high and
low frequency limits so that it may be
used for specific narrow-band audio
systems, as well as wide range equip-
ment, without modification.

The third technical paper presented
to the Society was by Colonel Richard
H. Ranger, President of Rangertone,
and Chairman of the Society’s mem-
bership committee. Colonel Ranger
spoke on various problems of the mag-
netic recording field, and indicated
that theory has not yet come abreast
of experimental work. However he
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A smart serviceman, you are mighty
careful to pick the best in tubes. That’s only
natural. You have a reputation to protect. Just
so does Motorola guard jealously its welle
earned reputation as tops in auto radio by
selecting only the best components.

Ever notice how often you find Hytron
tubes in Motorola auto sets? To rate as one of
Motorola’s major tube suppliers, Hytron just
naturally makes tubes a lot better than good.
Take a tip from leading radio set manufacturers like
Motorola. They make it their business to know and use
- the best in tubes. You, too, can bid goodbye to your tube
t'roubles, and safeguard your reputation by “going steady”
with Hytron,

FIRST PRIZE.

AUG.
-McMurdo Silver
900A “Vomax,”
904 C/R Tester,
ond 905A *‘Sparx.”

FIRST PRIZE, SEPT.

Jackson 641 Universal

Signal Generator. EIRSTIREIZE JOCTE

Weston 769 H-F Electronic Analyzer.

Want one of these deluxe first prizes? Perhaps a

with complete details from your Hytron jobber, or
$200 U. S. Savings Bond grand prize? Or one of

write us. Describe your proposal for a simple,

three $50 and three $25 U. S. Savings Bond second
and third prizes? Try your hand at any or all of
Hytron’s monthly contests exclusively for radio
servicemen. It’s easy. Here’s how. Get entry blank

economical shop tool like the Hytron Tube Tapper
or Miniature Pin Straighteners. Mail entry to
Hytron Contest Editor. Then hold your breath.
The finger of the judges may point at you.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 192%

MAIN OFFICE:

September, 1948

SALEM, MASSACHUSETTS

NEW ¢-PIN
Miniature Pin Straightener

Only 49¢ at Hytron jobbers
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pointed out that through experimental
work, an extremely high quality mag-
netic system is possible.

What exactly is the need for any
professional Society? The members
of the Audio Engineering Society de-
cided that there was a need for their
organization for the following reasons:
“The diffusion and increase of educa-
tional and scientific knowledge in
audio engineering and the promotion
and advancement of this science and
its allied arts in both their theoretical
and practical applications, and the
stimulation of interest in audio en-
gineering, the interchange and inter-
course of ideas and the promotion and
maintainance .of high professional
standards among its members.” In
order to carry out these aims, the So-
ciety must hold meetings for the read-
ing of professional papers, publica-
tions, communications, and such other
professional activity as is necessary.

Among other things the members
feel that the Society must remain in-
dependent of any other organization
or any commercial interest, and al-
though ecommercial groups may be-
come sustaining members, make do-
nations of space or material, or act to
publish the Society’s activities, they
may have no vote in the operation and
conduct of the Society’s affairs.

Among the branches of audio en-
gineering in which the Society has a
large number of members and about
which there is little published infor-
mation are: speech input system, stu-
dio design and use, disc recording, tape.
and wire recording, hearing aids, pub-
lic address systems, high quality home
reproduction systems, wired music sys-
tems, and telephone engineering.

Besides these subjects to be cov-
ered by the Society’s activity, there
are certain obligations that the So-
ciety has to the art, including the de-
velopment of a public appreciation of
audio engineering as a separate art,
the fostering of research on basic
problems in the field, facilities for
publication of papers and the holding
of meetings on audio engineering, the
fostering of education and guidance
of education in the audio engineering
field, along with the preparation of
standards, cooperative research, and
standards work not only in audio but
with other groups working in closely
allied fields. It is with these ideas in
mind that the Executive Committee is
proceeding with its work. Plans un-
der way call for a meeting of the na-
tional organization in October, and
the preparation of material to assist
in the organization of local sections
throughout the country. It is hoped
that the local sections will be able to
carry on in the fall in a manner
similar to the New York section this
past spring, holding technical meet-
ings, panel discussions, and contribut-
ing papers to the Society’s own pub-
lication which will be arranged for the
fall.

Ep. NoTE: There is mo officiel Society
publication, nor affiliation with any maga-
zine at this writing.

Membership in the Audio Engineer-
ing Society is 