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SYLVANIA-6AU4-GTA

WITH

SARONG CATHODE

HELPS YOU

“WRAP-UP” PROFITS!

ew life-giving, profit-building

features are built into every
SYLVANIA-6AU4-GTA TV-damper
tube. Consider, for one feature, the
SYLVANIA SARONG CATHODE
and how it adds dependability to tube
life. SARONG provides uniform
spacing between cathode and plate—
reduces possibility of plate-to-cathode
arc-over. SARONG prevents the
build-up of “whiskers” inside the cath-
ode sleeve that can develop during
other types of coating processes —
reduces possibilities of cathode-to-
heater arc-over.

Consider, too, the “pigtail” hcater in
SYLVANIA-6AU4-GTA. Welded
securely to the stem-lead, it reduces
heater “hot spots™ and the possibilities
of heater burnout. More . . . rectangu-
lar top and bottom micas with excep-
tionally wide slots increase the resist-
ance of dc leakage paths, further
reduce the possibilities of internal arc-
over and breakdown.

There’s extra profit assurance,too,with
SYLVANIA-6AU4-GTA. Every one
of them is tested for shorts, emission
and the ability to withstand arc-over at
5000-volts peak inverse on the anode.

So, “wrap up” the profits you make
by putting a “damper’ on call-
backs. When you ask your distributor
for 6AU4-GTA’s, always specify
SYLVANIA.

Electronic Tubes Division, Sylvania
Electric Products Inc., 1740 Broad-
way, New York 19, New York.

SY LVANIA

Sussidiary of GENERAL TELEPHONE & FLECTRON/CS (<&%)




SUBJECT »
NO COST

@ TRANSISTC
complete cov
theory withot
matics. @ ¢
HNEADLIGHT ¢
Eye)—lecture
LIGHT SENTIN
LIGIIT SWITCH
TROUBLE-SIIO
for dead or weak low voltage auto
radio tuners and trigger circuits. ©
LECTURE AND LAB. PRACTICE ON
“SIGNAL SEEKER'’ AND ''WONDER
BAR’’ auto radio tuners and trigger
circuits. ) TRANSISTOR CIRCUIT
TROUBLE-SHHOOTING —lecture and
lab. work analyzing defects in tran-
sistor circuits. €2 HIYBRID-TYPE
AUTOMOBILE RADIOS—low voltage
tube and output transistor circuits.
Lecture and lab. @ pELco-MATIC
ALL-TRANSISTOR GARAGE DOOR
OPERATORS—lecture and lab. Q
AUTO PCRTABLE RADIOS—lectures
and lab. practice on all-transistor
portable radios. Get prepared for
the all-transistor auto radio that
will appear in the next few years.

THE LATEST ON

TRANSISTORS AND AUTOMOTIVE ELECTRONICS 9 suBJecTs
AVAILABLE TO YOU AT THE FREE DELCO RADIO - GUIDE LAMP ADVANCED TRAINING
SCHOOL. One week of instruction. No lab. fees. No tuition charge. Textbooks supplied.

In 1960 over 900 electronics technicians completed our one-week course. You, too, can receive this same
valuable training in 1961. Bring yourself up to date on transistors and automotive electronics with personalized
instruction at the General Motors Training Center near you. (See schedule below.)

Classes will be conducted by graduate engineers with special training in your field. Diplomas, awarded only
to those who successfully complete the courses, will mean a great deal to you—and to your customers.

Register now through your local Delco Electronics Parts Distributor or write directly to Delco Radio Division,
General Motors Corporation, Kokomo, Indiana, Attention: Service Manager.

GUIDE LAMP DIVISION G arom,oom RADIO

DELCO ELECTROMICE TRAIMING SCHOOL SCHEDULE
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NO PREVIOUS
TECHNICAL EXPERIENCE
REQUIRED!

MEN 17-55

>
"~ Prepare now to enter one of the
many profitable branches of

ELECTRONICS €:

SEND FOR FREE FACTS! Mt

The day the first Satellite spiraled into outer space will be known to thousands
of men throughout the United States and Canada as “Opportunity Day’’ —

because it brought to light the tremendous possibilities that the field of Elec- EARN
tronics holds for the man who seeks a better job or a business of his own. WHILE
One of the great things about the giant field of Electronics is the fact YOU

that even a man who does not have an advanced education or LEARN!

previous technical experience can prepare
for many profitable opportunities in his
spare time at home . . . or, if he desires,
he may attend our well-equipped CHICAGO
or TORONTO laboratories.

If you seek a better job or a business of
your own, why don’t you fill in the coupon
below for FREE facts?

Make “‘Satellite Day’” your ‘‘Opportunity
Day,” too!

\
Look at these
Job Opportunities!

Get into One of
Today’s Fastest

Growing Fields!
IN YOUR SPARE Radar * Guided Missile Control

TIME AT HOME OR i© Television e«  Microwaves

IN OUR CHICAGO “  Communications . Radio
OR TORONTO a4

LABORATORIES.

DRAFT AGE?

We have valuable information for every man of droft
age; so if you are subject to military service be sure to
check the coupon.

LIVE-WIRE EMPLOYMENT SERVICE

Through long-established contocts with well-known em-
ployers, DeVry Tech’s Placement Department has helped
many men toward better jobs in Communications,
Guided Missile Control, Radar, Automation, Television,
Instrumentation, etc, The service is free to graduates.

SEND for 2 FREE BOOKLETS

Industrial Electronics < Computers
Automation Electronics ¢ Broadcasting

MAIL COUPON TODAY!

We'll give you a free copy of 2 interesting booklets, DeVRY TECHNICAL INSTITUTE I
"Electronics in Space Travel” and “Pocket Guide to Real 4141 Belmont Avenue, Chicago 41, IIL.. Dept. EW-1-R I
Earnings.” See for yourself how you may toke advan- Please aive me your two free hooklets, *'Pocket Guide to Real
f th o - s (Eosts o field e Earnings’ and “'Electronics in Space Travel’: also include '
tage of the opportunities in this fast-growing field. w 1‘09,' details on how to prepare for a career in Electronies. | am in-
. { 4"6” terested in the following opportunities (check one or more) '
& < [J Space & Missile Electronics (] Communications
M 4 . (] Television and Radie O Conputerf l
] Microwaves [J Broadcasting '
ec n I ca ns I u e O Radar [J Industrial Electronics
1 Automatian Electronics [J Special **Short Courses' l
CHICAGO « TORONTO - e i
i PLEASE PRINT :
e ‘“One of North America’s
Aceredited S [/ Foremost Electronics A - — it
ceredite . Training Centers'’ o .
Member of A City - Zone___ State_ l
National Home e P e {7 Check here if you face military service.
Study Counciy o | i 8 5] &] ’[ Canadian residents: Write DeVry Tech of Canada, Ltd., I
LS | ‘E' i £ iRy 970 Lawrence Avenue West, Toronto 19, Pntarioc  ,qq9

. & R B ¢ R R R R 7 R R B R B B B |
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x Very Hot News . . .
from hallicrafters

Two great new kits...a complete, high-performance AM/CW station,
from the world’ s most experienced designers of short wave equipment

HALLIKITS, we call them —a completely
new concept of kit angineering that brings
to your workshop, for the first time, these
two outstanding advantages:

First, the unparalleled design exparience
of Hallierafters’ communications labora-

tories; and seccnd, production-line proof of
“Constructability” before you buy.

Have a2 wonde-ful time! Save a bund.e of
money! End up with a station the most ex-
parienced amateur would be proud to call
his own.

HT-40 TRANSMITTER, $79.95

A perfect match for the handsome SX-140, both
in quality and appearance. Hallicrafters’ trans-
mitter leadership is evident in every precision-
engineered feature of this crystal-controlled
75-watt beauty —features as important to old-
timers as they are to novices.

¢ FEATURES: You get excellent CW perform-
ance as well as AM. Full band switching, 80
through 6 meters. Enjoy easy tune-up and
erisp, clean styling that has efficient opera-
tion as well as appearance in mind. Unit is
fully metered, TVI filtered.

¢ SPECIFICATIONS: Maximum D.C.powerin-
put: 75 watts. Power output in excess of 35
watts CW, 30 watts peak AM phone.(Slightly
less on 6 meters.) Frequency bands: 80, 40,
20, 15, 10 and 6 meters.

¢ TUBES AND FUNCTIONS: 6DQ5 power
output; 6CX8 crystal oscillator and driver;
12AX 7 speech amplifier; 6DE7 modulator;
silicon high voltage rectifiers.

¢ FRONT PANEL: Function (AC off, tune,
standby, AM, CW); Band Selector (80, 40,
20, 15, 10, 6); Drive control; Plate tuning,
plate loading, Crystal-V.F.O.; Grid Current;
Meter; AC indicator light; RF output.

¢ REAR CHASSIS: Microphone gain; antenna
co-ax connector; remote contro! terminals;
AC power cord.

SX-140 RECEIVER, $94.95

Doesn't it make sense to team up your skill
with the experience of a company who has de-
signed and built more high-performance receiv-
ers than any other in the world? Especially when
the result is the lowest-priced amateur band re-
ceiver available?

o FEATURES: You get complete coverage of
all amateur bands 80 through 6 meters, with
extremely high sensitivity and sharp selec-
tivity. Unit has RF stage; S-meter; antenna
trimmer; and XTAL calibrator. Tuning ratio
is 25 to 1.

¢ CONTROLS: Tuning; Antenna Trimmer;
Cal. Reset; Function (AC off, standby, AM,
CW-SSB); Band Selector; Cal. on/off; RF
Gain; Auto. Noise Limiter on/off; Selectivity
/BFO; Audio Gain; phone jack; S-meter Adj.

¢ TUBES AND FUNCTIONS: 6AZ8 tuned RF
amplifier and crystal calibrator; 6U8 oscilla-
tor and mixer; 6BA6 1650 ke. IF amplifier
and BFO; 6T8A 2nd detector, A.V.C., ANL
and Ist audio; 6AWS8A audio power ampli-
fier and S-meter amplifier; (2) silicon high
voltage rectifiers.

Y Bolh units are available fully
wired, and lested. SX-140,
[ e $109.95. HT-40, $99.95.

halli-kits 7o (3 hallicrafters

Chicago 24, lllinois

... where the new ideas in communications are born!

Export Sales: International Div., Raytheon Co., Waltham, A ass. Canada: Gould Sales Co., Montreal, P.Q.
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Here’s The Offer No Other Radio-TV School

LEARN AT HOME in Spare Time! D ARES M AKE!

YOU DO MANY PRACTICAL JOBS with the kits we
send- you. That's right, you PRACTICE what we
TEACH! You build a Signal Gen AC-DC Power
Pack, dACDCSpht dy Rd Receive
dtpqaltyZlihTVStEARNASYOU
LEARN with the famous RTS 30 Day !ncome Plan

nons st et RTS Will Train You at a Price
et 71 00 You Can Afford and When
l wiriaisss 2 Yo Are 3 Qualified Graduate

RO Will Help You Open a Service
\ Shop of Your Own and Supply
A& You With Every Bit of
- Equipment You Need to Get
B Started - Plus an Inventory
of Parts and Necessary

Supplies.

\“"5! P, N ALL FINANCED WITHOUT INTEREST
N v, cwenms OR CARRYING CHARGES!!
=7 Sr e oty You Also Receive . . . Advertising
L" mesn - =N Help and Material, Shop Plans,
| “uw” \| Business Systems, Letterheads,
T 3 Callmg Cards and Much More|

YOU BUILD THESE
AND OTHER UNITS!

RTS® Mmb ship in
The Ass tion of
HmeS'dySh ols
ssssssssssssss of

Rlblyl gyud s What Two of Many Business Plan Shop Owners Have to Say!
\ This business takes in betw The school lives up to its
$1500 a d $2000 a month l promises 1009% . RTS does no t
e ' had to hire help to keep up lose interest in its students once
Oitation with it they graduate
et CULLEN W_ IRBY HAROLD R. STANLAKE

Corpus Christi, Texas Perry., Michigan

DON'T LOSE OUT — FIND OUT!

RADIO TELEVISION TRAINING SCHOOL, Dept. EW-11
815 E. Rosecrans Ave. Los Angeles 59, Calif
Rush me full information by return mail. (Please Print)

e Coupon

nnmo-fn:vuslou
TRAINING SCHOOL\ /or FREE

815 E. ROSECRANS AVENUE
LOS ANGELES 59, CALIFORNIA

% L 101D Est. 1922
CITY ZONE STATE

A
JE:‘ F' I
NO SALESMAN WILL CALL ON YOU!
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... for the Record

By W. A. STOCKLIN

Editor
o HEN Christmases roll around in a matter of
.__’Q months instead of annually—it is a pretty safe
f bet you are well out of your teens. This year
:: has moved fast—in the electronics industry in
e particular and the country as a whole. We have seen space

{

probes and satellites hurled into outer space with unbelievable
nonchalance and almost incredible success, redeeming the
prestige we lost when the first Sputnik was orbited.
However, this first year in the new decade has proven less
hopeful than our crystal-ball gazing last year indicated. There
were a number of factors which contributed to this “softening

()
"0 © -

A

C}Jd Y . 9. . .
L of the economy™ or “sliding recession” . .. or whatever phrase
> you select to characterize the present business climate.
.f Paradoxically, the Gross National Product remains at a
oo record high, bank deposits are up, and more people are gain-
< fully employed than ever before. .. but still the annual reports

{

rolling in show earnings, sales, and profits all down over a
like period in 1939.

Is the market oversold or are potential customers “running
scared”? Practically every consumer survey shows that the
public hius cut back on planned purchases. Those who earlier in
the year planned to buy a second TV set or invest in a color
receiver, now report a change of heart. True, the cost of living
has edged up, taking an even higher percentage of a man's
take-home pay and leaving fewer “discretionary dollars’ avail-
able for luxury purchase . .. but perhaps the industry itself
has been falling down on the job by failing to provide that
incentive-to-purchase that many consumers seem to require.

In an economy of plenty, such as we enjoy, would-be cus-
tomers are inclined to be lethargic in the matter of pursuing
merchandise since they know it is available and can be ob-
tained any time the spirit moves them.

The true test of salesmanship is to create a desire, supply
the need. and insure customer satisfaction. It is not necessary

®
® )

.
afi‘ [ ]
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STEREO

[ oo

{

f to make wild claims for quality products . . . and plugging
o non-existent features of poor merchandise has a way of boom-
FM-AM RECEIVER | 'a eranging unpleasantly,

Many people claim that our industry has been oversold. In
some cases this may be all too true. Basically, however, the
electronics industry has much to offer in comfort, convenience,
and entertainment. Electronics in itself is enough of a
“miracle’” to create the desire for such products. But if, as
some analysts claim, our market is “oversold,” it is up to the

m Twice as sensitive as any competitive
stereo receiver—and easily the most pow- }
erful, with a conservative rating of GO
watts distortion-free music power! The
FISHER 800 incorporates the famous

Golden Cascode Front-End for the out- Che sales departments of our manufacturers to develop a program
standing FM sensitivity of 0.7 microvolts .__,‘ that will create the incentive necessary to increase the sales
(20 db of quieting with 72-ohm an- (3 of their products.
tenna!) The AM signal is of FM calibre, | :: As we wind up this year and head toward 1961, it is our
for perfect FM-AM Stereo. The 800 offers e hope that the New Year has many good things in store for all
unlimited flexibility for every application, o of our readers. So. from the entire staff of ELECTRONICS WORLD,
including Center Channel, Tape Monitor- .g may we wish you all . . ..
ing and Multiplex Stereo! Truly, here is °®
an instrument you’ll be proud to own and .__’Q
recommend to your friends! $429.50 4

| *o -

o0
Write Today For Complete Specifications! e o
.y
FISHER RADIO CORPORATION ‘ 4 /
21-38 44th Drive * Long Island City 1, N. Y. | ¢ 3

— NG N

l oo ° ® H ° ° ° ° ® L)
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° LIIED value-packed 1961

444-PAGE ELECTRONICS CATALOG

including special products
available only from Allied

SAVE MOST ON
EVERYTHING IN ELECTRONICS

® New Stereo Hi-Fi Systems—

| Everything in Hi-Fi Components

| ® Money-Saving, Build-Your-Own
KNIGHT-KITS® for Every Need

‘.,ﬁ_fl-,-_,_a‘-l ® Best Buys in Recorders & Supplies

® Newest Public Address Systems,

W) Paging and Intercom Equipment

e Amateur Receivers, Transmitters
l and Station Gear

|| @ Citizen’s Band 2-Way Radio
® Test and Laboratory Instruments
D ® TV Tubes, Antennas, Accessories

® Huge Listings of Parts, Tubes,
Transistors, Tools, Books

BUY ON EASIEST TERMS
only $2 down on orders up to $50;
only $5 down on orders up to $200;

only $10 down over $200.

Up to 24 months to pay.

AULLIED exciusives:
MONEY-SAVING KNIGHT-KITS® —truly the very best
in build-your-own electronic equipment—lowest
in cost, easiest to assemble, best for performance.
Select from a complete line of Stereo hi-fi kits,
Hobbyist kits, Test Instrument and Amateur kits.
KNIGHT-KITS are an exclusive ALLIED product.

KNIGHT® STEREO HI-FI—Comparable to the best in
quality, styling and performance, yet priced far
lower. Select super-value KNIGHT components or
complete systems and save most. Also see the e o

largé)st scle)::tions of famous-name hi-fi compo- o"m'_‘;’_o:lr‘m send coupon today
nents and money-saving ALLIED-recommended g for 444-page catalog
complete high-fidelity music systems. avsio adbid

Exclusive Allied products save you more

You get every buying advantage at ALLIED:
Lowest, money-saving prices, fastest shipment,
expert personal help, easiest-pay terms, sat-
isfaction guaranteed or your money back.

NS ENESESESEERNEREEA.
ALLIED RADIO, Dept. 1-Al

8
" a
i .
: 100 N. Western Ave., Chicago 80, Il :
8 [ Send FREE 1961 Allied Catalog No. 200 -
. .
ALLIED RADIO f
a Name._ — . ]
a PLEASE PRINT :
a
a
Satisfaction Guaranteed or Your Money Back : Address.___ 3 S o :
World’s Largest Electronic Supply House H s
] a
— .} 8 City_ Zone State_ b
éﬁi :-'L-I 'L —=] our 40th year : =
7

Janvary, 1961



SELECTIVE

ELECTRO-VOICE'S MODEL 729 MICROPHONE reduces random room noise and reverberation by as much as 67%

The Electro-Voice 729 cardioid microphone is the first low-cost micro-
phone to ofter the enormous advantages of a directional microphone
and a virtually indestructible ceramic generating element. The ability to
reject unwanted sound from the rear of the microphone permits better
sound pickup and superior performance of associated equipment.

You get all this, and more, in the new E-V 729 at a list price of only $24.50
with all trade discounts applying. The cardicid pickup pattern of the 729
dramatically reveals the greatly increasea distance at which you can
work from the microphone. It is virtually dead from any sound pickup
from the rear, removes annoying room reverberation, and assures ex-
cellent microphone pickup even in the hands of inexperienced users.
Response is peak-tree, and the high outgut is ample for use with all

preamplifiers, tape recorders, public address microphones, communica-
tions equipment and similar equipment.
The generating element is indestructible ceramic, guaranteeing years of
efficient operationin any climate and under wide variations oftemperature
and humidity. The 729 feels good in the hand; instantly lifts out of desk
stand (supplied with microphone) without any hardware adjustment. A
plug-in floor stand adapter is sup- ®
plied also with each microphone. [ J
Built with E-V's traditional quality, M%ﬂ.’:
the 729 is guaranteed satisfactory Commercial Products Division
or your money back. ELECTRO-VOICE, INC.
Dept. IN Buchanan, Michigan




BREAK THROUGH TO HIGHER PAY
S, FLECTRONICG

TV=-RADIO

START NOW! Break through the Earning Barrier that stops
half-trained men. N.T.S. ""All-Phase’’ training prepares you —
at home in spare time — for o high-paying CAREER in Elec-
tronics — TV — Radio as a MASTER TECHNICIAN. One Master
Course at One Low Tuition trains you for unlimited opportuni-
ties in All Phases: Servicing, Communications, Preparation
F.C.C. license, Broadcasting, Manufacturing, Automation,
Radar and Micro-Waves, Missile and Rocket Projects.

AVERAGE INCOME

LOW INCOME

A more rewarding job a secure
. future a richer, fuller life can YOU v work on
. be yours! As an N.T.S. MASTER - % actual job
! : TECHNICIAN you can go straight to C

projects

the top in industry or in your
own prafitable business,

S _5

SUCCEED IN MANY HIGH-PAYING Iq BIG KITS

JOBS LIKE THESE... YOURS TO KEEP

 TV-Radio Sales, Service and Repair
 Communications Technician— F.C.C. License 2 7]
« Hi-fi, Stereo & Sound Recording Specialist ; \
a ﬁ-\
« Technician in Computers & Missiles
« Electronics Field Engineer
e Expert Trouble Shooter
* All-Phase Master Technician

* Profitable Business of Your Own
« TV-Radio Broadcasting Operator
¢ % oo [ .A .“\Q—}
« Specialist in Microwaves & Servomechanisms % @ ) F“. bOOk

gives you all the facts
NATIONAL T{Em SCHOOLS N.T.S. Shop-Tested HOME TRAIN- tional cost. You olso get o Profes-

WORLD . wiDE TRAINING SINCE 1908 ING is Better, More Complete, sionol Multitester for your procticol

4000 0. FIGUEROA ST., 10S ANGELES 37, CAUF. U.S. & P Lower Cost ond it is your key job projects.
Write Dept. RH-11 p ol
- {

to the most fascinating, oppartu-
nity-filled industry todoy! EARN AS YOU LEARN...

Tre -

ll
r HIIIF U WE SHOW YOU HOW!
- YOU LEARN QUICKLY AND EASILY M dent f tire tuiti
RESIOENT TRAINING AT LOS ANGELES THE N.T.S. SHOP-TESTED WAY m L e U A e
1 you wish to take your ‘l’::‘e’l‘: start V& _m\ —ond eorn much more — with
"'""':‘“sf:::',.":,.L,Tsnops and Labs  B¥ You get lessons, manuals, job proj spare time work they perform while
(e tatest Aute .."::m:"::I \ s ) ects, unlimited consultotion, grodu troining. You con do the some. ..
el 18| . .

e::\I::I: lv:::u:\'lg:u‘nu “III power clqulvﬂ ‘,' ote odvisory service we show you how
ment - mst :n?lv;:‘r: e ks . You build o Short Wove-Long Wove
:n'n“év:ﬂ‘u::c Employment Service. Held A ‘:":’”“’ ':_""" Superhet Receiver, plus o lorge- SEND FOR INFORMATION NOW...
in finding :omy::ll'u‘v?m ang B m—LtgecaTine ishalty screen TV set from the ground up, TODAY! IT COSTS YOU NOTHING

b while n ¢ plivate . a
:::';nm. SPECIAL RESIDENT SCHOOL S ) with ports we send you ot no oddi- TO INVESTIGATE.

CATALOG AND INFORMATION

N nsmocn sovoned  — MAIL  ( NATIONAL it SCHOOLS ()
® Lab-Studio Planned : cou Pou A WORLD-WIDE TRATNING SINCE 1905

® Shop-Tested Mail Now To
[] |nﬂ!l§tf¥'APPf°.V9ﬂ K "ow National Technical Schools, Dept. RH-11
o Specifically Designed ; for 4000 S. Figueroa St., Los Angeles 37, Calif.

Stud
N FREE BOOK Please rush FREE Electronics
TV-Radio “Opportunity’’ Book and Actual

aond Lesson. No Salesman will call.

ACTUAL /19
LESSON (s

' City. Zone. Stote.
NO OBI.IGA‘IION ' ' Chech here if interestod ONLY in Resicent Training at Los Angeles.

| VETERANS: Give date of discharge.

e T T T r r x

NO SALESMAN WILL CALL
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MINUTEMAN
openings in
Operational Electronics
Design

Boeing’s Aero-Space Division has
openings now for Electronic/Elec-
trical Engineers interested in the
challenge and growth potential
offered by the expanding Minute-
man solid-fuel ICBM program.

Assignments are available for:

® Electronics Packaging Engineers,
Electrical/Electronic and Me-
chanical Design Engineers whose
experience and interest qualify
them for

Equipment wiring design
Equipment miniaturization

Model design

Parts evaluation and related areas

Electronic/Electrical design en-
gineers whose education and
experience qualify them for de-
sign of ground support equipment
and associated test equipment, in
the following specialized fields:

Transistor amplifier design

Transistor power supply design

Magnetic logic design

Transistor circuit design

Logic circuit design

Systems analysis

Systems design

Equipment integration

Communications design

Radio noise and interference
specialist

Ground power equipment and cable
design

At Boeing you'll enjoy the advan-
tages of living in the uncongested
Pacific Northwest, famons for mild
year-round climate, fine schools and
housing and unexcelled recreational
facilities for the whole family.

Write today to: Mr. W. B. Evans,
Boeing Airplane Company, P. O.
Box 3707 - EX A, Seattle 24, Wash,

|
—

-

e
A

TRANSISTORIZED RAILROAD RADIOS
To the Editors:

Your article on “Railroad Radio” in
the August issue was very interesting
and comprehensive. We would like to
bring up to date the last paragraph in
which you say that partially transistor-
ized equipment now in use has semicon-
ductors in the audio output stages and in
the power supplies. The latest Motorola
railroad radio goes quite a bit further.

Our 64/12-volt universal “MOTRAC”
railroad radio has a completely tran-
sistorized receiver. completely transis-
torized power supply, and a partially
transistorized transmitter. The unit can
bhe operated from either 64- or 12-volt
power sources, thus making possible in-
stallation in either diesels o1 cabooses.

LEE WEDDIG

Press Relations

Motorola Communications &
Electronics Inc.

Chicago, Illinois

We are certain that owr readers will
be interested in being brought up to
date on the use of completely transis-
torized railroad radios.—Editors.

HAM RADIO CONSTRUCTION
To the Editors:

I have just finished reading Howard
Pyle's article “Has Ham Radio Con-
struction Improved?’” which appeared in
your August issue. and I enjoyed it
very much.

But quite frankly. I do not agree with
you that amateur radio construction has
improved. The technical end has ad-
vanced unbelievably fast, particularly
so since World Wanr II. and the technical
know-how of the amateur today has
progressed accordingly. However,
therein lies the basis of comparison for.
considering the state of the art now and
30 or 40 yvears ago, actual construction
has gone backwards. if anything. You
see, I do not include “kit building” as
construction for it is not, and there are
relatively few hams today who build
from the ground up. In the *“old days”
the ham usually built everything except
meters. headphones. and tubes. and I
have known some who were not
stumped by these.

LesLiE E. WRIGHT
New Woodstock, New York

Here is a portion of Author Pyle’s re-
ply to the above letter.—Editors.

Dear Les:

In connection with kits, I can agree
with you only partially. True, the hard
work is done by factories; holes are
drilled and punched. panels lettered,
etc., all of which greatly enhance the
appearance of the finished product. Ac-

from our Readers

tual on-the-air performance is due. in
my opinion, not 1o the fact that Kkits pro-
vide more workmanlike appearance, but
to the fact that the technicul develop-
ments, to which the ham has contributed
in a major way, have progressed. as vou
say. to an almost unbelievable extent.

Nevertheless. there still remain a
number of us of the "old school” who
like at times to “build from scratch:"
I know that I do. Naturally, we don't
have the facilities which a modern kit
factory must provide fi1rom the produc-
tion standpoint. Sure. we can buy socket
hole punches and many other tools un-
heard of in the pioneer days when we
laboriously drilled a circle of small holes
in a chassis. chiseled out the inner circle
and patiently filed the edges.

I don’'t often go to that extreme any-
more. In fact, I consider kits a boon to
the experimenter who is willing to adopt
conventional circuits and practice. For
the man with a new idea (are there
anyv?), the laborious process of develop-
ing your brain child the “hard way.” is
still pretty much of a “must.” I often
get a design idea for which no kit exists.
I have a yen then to hring my “brain-
child” into being. bend sheet metal
(without a brake). drill and punch
holes. letter panels with the small decals
(not available to early pioneers). but I
try to come up with a workmanlike job,
based on background and experience.

For the newcomer to the ham ranks,
there is no electronic background; prob-
ably not much mechanical experience.
For him the kit is ideal. While assem-
bling and wiring it, craftsmanship
gradually rubs off on him and, when he
has progressed to the stage where the
urge to actually “build from scratch”
and from his own design becomes over-
powering. he cannot help but do a better
job of construction than were he to be
forced to grope in the semi-dark to pro-
duce a “breadboard” job such as ap-
peared photographically on the first
page of my article.

Howarn S. PyLe
Mercer Island, Washington

TAPE RECORDER SPEED AT 50 CPS
To the Editors:

Recently 1 had to record a week's
convention in Rio de Janeiro, Brazil,
where the power is 50 cps.

Since I have many excellent portable
recorders for 60-cvcle operation, I
wanted to be able to use them and still
get good recordings. The solution was
easy., and I want to pass it on to the
readers of ELECTRONICS WORLD.

1 recorded as usual. but when I
got back to 60-cycle power, I dubbed
(copied) the material to another ma-
chine. On it I had built up the diam-

ELECTRONICS WORLD



Through
HOME STUDY _

or in -

RESIDENT CLASSES

the Grantham Communications
Electronics Course prepares you
for your first class commercial

F.C.C. LICENSE

The Grantham home study course teaches vou prin-
ciples of electronics in a simple “easy-to-grasp’ manner.
Each new principle is explained first in everyday lan.
guage and then, after you understand it, is associated
with the proper technical language. You learn and re-
member more, because the emphasis is on understanding
rather than on memorizing.

This correspondence course is directed toward two
major objectives — (1) to feach you a great deal about
electronics, and (2) to prepare you to pass all of the
F.C.C. examinations required for a first class commer-
cial operator’s license. We teach you step by step and
have you practice with FCC-type tests which you send
to the School for grading and comment. You prepare for
your F.C.C. examinations under the watchful direction
of an instructor who is especially qualified in this field.

Grantham training is the easy way to learn more
quickly — to prepare more thoroughly — for F.C.C.
examinations. And your first class license is the quick,
easy way to prove to your employer that you are worth
more money.

Get details concerning how we can prepare you for
your F.C.C. license and how that license can help you
advance in electronics. Mail the coupon below to the
home oftice of Grantham School of Electronics in Holly-
wood, Calif,, and our free catalog will be sent to you
promptly.
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ELECTRONICS

i field of opportunity —

offers
interesting and profitable careers in

RADIO AND TV BROADCASTING « TWO-WAY RADIO COM-
MUNICATIONS ¢ RESEARCH AND DEVELOPMENT ¢ RELAY
STATION MAINTENANCE « AUTOMATION ELECTRONICS
* TECHNICAL WRITING IN ELECTRONICS « INDUSTRIAL
ELECTRONICS ¢ ELECTRONIC COMPUTERS « MILITARY
ELECTRONICS ¢ INSTRUMENTATION « TELEMETERING
* AERONAUTICAL ELECTRONICS « SPACE ELECTRONICS
and many other

interesting and profitable fields of the present and future
[

To get ahead in electronics, you must have the proper
training and your employer must know that vou have that
training. Your F.C.C. license is a “diploma” in communi-
cations electronics granted by the U.S. Government, and
it is recognized as such by employers. Grantham School of
Electronies specializes in preparing you to earn this
diploma,

HERE'S PROOF. .. that Grantham students prepare for
F.C.C. examinations in a minimum of time. Here is a list
of a few of our recent graduates, the class of license they

got, and how long it took them: License Weeks

Edgar T. Phelps, 931 Hickory Street, Poplar Biuff, Mo. 1st 12
Wayne Hogg, 4830 San Fernando Rd., Glendale, Calif.. . Ist 20
Robert Watson, Star Route, Box 24, Renovo, Pa.. . ... ... o Ist 12
William H. Patchin, 3865 Westview Ave., NW, Canton, Ohio. .. ... 1st 12
V. Dean DeVore, 309 Bess Street, Washington, fil. was I 16
Edward T. Wali, Box 184, Kenly, N.C.. . .. i Vren ' . 1Ist 12
James W. Wranich, 4236 Michigan Street, Kansas City, Mo.. ... .. 1st 20
Robert E. Sullivan, 2475 E. Douglas, Des Moines, Jowa. .. ... .... 1st 12
Nelson S. Kibler, 1413 Patrick Henry Dr., Falls Church, Va. . Ist 18
Barry L. Ulrich, 1110 Chestnut Ave., Barnesboro, Pa. o Ist 14
Jerry E. Milligan, 707 Ragsdale Dr., Milan, Tenn.. .. .. ......... 1st 12
Robert S. Davis, 2100 - 10 Ave., So., Apt. 12, Birmingham, Ala. . Ist 13

If you are interested in details concerning our training,
indicate in the coupon below whether you prefer home study
or resident classes, and mail the coupon to the School’s home
office in Hollywood, California — to the address given in the
coupon — for free details.

GRANTHAM SCHOOL OF ELECTRONICS

HOLLYWOOD [ SEATTLE |

KANSAS_CITY | WASHINGTON

mailed to you promptly.

1505 N. Western Ave., Hollywood 27, Calif.

FIRST CLASS F.C.C. LICENSE IN 12 WEEKS

Grantham resident schools are located in four major cities — Hollywood,
Seattle, Kansas City, and Washington, D.C. Regularly scheduled classes in
F.C.C. license preparation are offered at all locations. New day classes begin
every three months, and new evening classes begin four times a year. The day
classes meet 5 days a week and prepare you for a first class F. C. C. license in
12 weeks. The evening classes meet 3 nights a week and prepare you for a
first class license in 20 weeks. For more information about the Grantham resi-
dent schools, indicate in the coupon the city of your choice and then mail
the coupon to the School’s home office in Hollywood, Calif. Free details will be

GRANTHAM SCHOOL OF ELECTRONICS

¢ ;\ {Mail in envelope or paste on postal cord)

{ ".)\

(1)) To: GRANTHAM SCHOOL OF ELECTRONICS
e

1505 N. WESTERN AVE.,, HOLLYWOOD 27, CALIF,

Gentlemen:

-
1

1

]

1

1

1

1

1

1

1

)

Please send me your free booklet telling how | can get my com :
mercial F.C.C. license quickly. I understand there is no obligation 1
ond no salesman will call. :
]

Name Age :
1

Address :
1

1

i

1

1

1

1

I

§

]

City

| am interested in:

State
] Home Study
Hollywood classes [[] Seattle classes

Kanses City classes

Washington classes

MAIL COUPON FOR FREE DETAILS — NO SALESMAN WILL CALL®—> «__________ —

January, 1961
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PRECISION
©& new products

|27 ToBs TEST

1
NEW

PACO MODEL T-61C
AND MODEL T-61F

SELF-SERVICE TUBE CHECKER KITS
For the enterprising retailer who wants to
increase his store traffic with this extra
service. 2 models: Counter (T-61C illus.) and
Floor (T-61F). 24 tube sockets, 3 simple
selectors. Complete instruction data cards
make tube-checking a 'snap’.

Model T-61C (Kit) ... ... . Net Price: $ 99.95
Model T-61CW (Wired). ... Net Price: $134.95
Model T-61F (Kit) . .. .Net Price: $124.95
Model T-61FW (Wired) ...Net Price: $164.95

NEW

PACO TK-6

TOOL KIT
For the kit-
builder or ex-
perienced elec-
tronic technician, this complete set of
precision-built English and American-made
tools can handle any assembly job, large or
small, Includes: diagonal cutters; long-nosed
pliers; 40-watt soldering iron; two screw-
drivers; a pair of wire-strippers, plus see-
through carrying-case.

Model TK-6 ... ........ .Net Price: $9.95

NEW

PACO MODEL L-1

HIGH FIDELITY
SPEAKER SYSTEM
SEMI-KIT

A ‘bookshelf' speaker system whose sound
output and small size will astound you!
So efficient, it assures perfect results even
with low-powered amplifiers. Response, 50-
14,000 cps. Only 15Va"x9%"x812". 12 Ibs.
Assembly-time—1 hour!
Model L-1U (Semi-kit)

in unfinished walnut .. Net Price: $24.95

NEW

PACO MODEL B-12
REGULATE[ POWER

SUPPLY KIT
Two instruments in one! A reliable source of
variable regulated DC plate voltage from
0-400 volts at 150 ma, plus bias and AC
filament voltages...with an exclusive 12.6
volt AC supply! Maximum stability. Lab-qual-
ity PACE double-jewelled D'Arsonval meters.

Model B-12 (Kit) ... ...... Met Price: $69.95
Model B-12w (Wired) ..... Het Price: $99.95

4.
NEW

PACO MODEL G-15

GRID DIP METER KIT

Truly, a hand-held elec-

. tronic ‘‘jack-of-all-
trades’ — VFQ; Absorp-

- tion Wavemeter; Signal
i Source; field strength
indicator, plus an exclusive visual/aural ‘on-
the-air’ Modulation Indicator. A ‘must’ for
the ham or electronic technician who wants
maximum quality at the lowest possible cost.
Model G-15 (Kit) .. ... .. .. Net Price: $31.95
Model G-15W (Wired) ....Net Price: $49.95

.Q.-‘..T-Q-.

6

¢
PACO DF-90

E W rtransistorizen

DEFTH FINDER KIT
An absolute necessity for protection against
shoals, and for finding that elusive school of
fish! Range, 0 to 120 feet. Large, illuminated
dial for easy readings. Operates on self-con-
tained batteries or from ship’s power source,
Completely fungus and moisture-proof.

DW-90 (Kit) ............ Net Price: § 84.50
DF-30W (Wired) ........ Net Price: $135.50

PAIC @ ELECTRONICS CO, INC.

cter of the capstan drive shaft with
Scotch splicing tape #41 where it pulls
the tape until twelve seconds of leader
and timing tape went through in ten
seconds. My capstan shalt is approxi-
mately one-quarter inch in diameter
and I needed exactly twelve inches of
splicing tape for the job.

After the orviginal tape is copied on
the recorder with the buitt-up capstan,
that copy will play at proper specd on
any other recorder. Lt is only neces-
sary to usc the tape on the capstan
once. Alwavs play the copy with a
bare capstan. The splicing tape is very
thin and does not lcave cnough ridge
at the beginning and end to make any
apparent wow in the reproduced tape.

WEes MitLer. Chief Fagineer
Southern Baptists' Radio

and Television Commission
FFort Worth, Texas

We are pleased 1o puss along tivis
very helpful hint to any of our readers
who may desire 1o corvect the speed of
material Taped at 50 eps. We also wish
1o thank Reader Miller for his thowgh! -
frulness in advising us of his capericneces
in this regard. - -Edilors.

CITIZENS BAND USE
To the Editors:

I have recently heen on a ten-day trip
through New:- England and have traz
cled on turnpikes. thiruways, toll 1roads.
and in isolated places. driving approx-
imately 2000 miles. \We felt at all times
that if we needed help due to break-
down of our car, or finding a place to
stay or catl, there was alwayvs someone
available to help us through the use of
our Citizens Band equipment.

In Buffalo for example. we heard
several CB operators giving assistance
10 other CB operators in Niagara Falls
and arranging for accommodations.

As a real-estate broker. I have six
units, and they have been a great help
in my business and well worth their
cost.

Jazxies D, QUILLEN
Dover, Delaware

Many of onur readers haire pointed ont
the nuscfulness of CB aear on the road.
Owr writc-up of “A National Travel
Scirvice Frequeney for Citizens Bund-
crs” for just the uborve purposes in onr
September 1960 isswe yeccived a lurge
member of favoruble comments.

Editors.

THE CASCODE CIRCUIT
To the Editors:

As a co-iventovr of the original low-
noise cascode with A. B. Macnee and
H. Wallman (U.S. Patent 2,644.860), I
object to its being called the *“*\Wall-
man’' cireuit. as was done in your Sep-
tember. 1960 issue. The triple invention
of this circuit is based on the fact that
I suggested it, Macnee and Wallman
predicted its possible low-noise advan-
tages theoretically. and I built and
fested the first model.

Incidentally. Fig. 2 of Mr. Kyle's ar-
ticle should show the suppressor ol the

ELECTRONICS WORLD



How to Get a

Commercial FCC License

: ile Radio
e

©]

Guided Missiles

LN > |
tis & ‘
Radio & TV Broadcasting P

4. Collins Radio Company

€

FIND OUT HOW:

1. The new electronic devices
can be handled by you <

2. To solve the problems that
will stump your fellow
technicians

Electronics

3. Training is Job Insurance
when employment is tough to
find . . . and more money for
you when times are good

do you know what an FCC license

. Raytheon Manufacturing Com-
. Radio Corporation of America

. Jupiter IRBM, Army Ordnance

. Radio Corporation of America

2 successtul plan for

really can do for you in Electronics?

o More income for you every week

9 A more interesting job in electronics

Chances are if yvou are
reading this magazine,
vou can qualify for the
really good jobs in elec-
tronics, like those
shown at left . . . and it
won't take long to do it.
Your past training and
experience in radio &
TV repair, armed forces
electronics, ham opera-
tor, etc. can be your
foundation for a profit-
able career as an elec-
tronics technician. Send
for the Career Informa-
tion Material shown be-
low today.

Increase Your
Technical Knowledge

Get a government license plus an un-
derstanding of such electronic appli-
cations as computers . . . industrial
electronics . . . radar . . . communica-
tions . .. color TV . . Instrumentation
... Automation . . . Radio Telemetry
. ..and many more.

SEND FOR INFORMATION TODAY

CLEVELAND Get This Handy Pocket
'ng;UTE Electronics Data Guide
ELECTRONICS
Desk RN-49, Free ® 0 0

4900 Euclid Ave.
Cleveland 3, Ohio Puts all the commonly used conversion factors,
formulas, tables, and color codes at your finger-
tips. Yours absolutely free if you mail the
coupon today. No further obligation!

TO GET THIS FREE GIFT,
MAIL COUPON TODAY!

pany

Missile Command

N CLEVELAND INSTITUTE OF ELECTRONICS
Py ) Desk RN49, 4900 Euclid Ave., Cleveland 3, Ohio
Fi \ Please send FREE Career Information Material prepared to
S~ < help me get ahead in Electronics. | have had training or ex-
perience in Electronics as indicated below:
[ Military
[J Radio-TV Servicing
[J Manufacturing

[] Broadcastirg

el

L

[] Home Experimenting
[] Telephone Company
Other

In what branch of Electronics

[] Amateur Radio

Training

In what kind of work are you now

engaged? are you interested?
Name Age.
Address

City_____ Zone State

RN49
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cause of this feature.

—ROHN.

SEND THE HANDY COU-

For your needs and for all allied tower accessories, contact your local
ROHN salesman or write direct for full info-mation.

ROHN Manvufacturing Company

THE MOST FAMOUS LINE
OF TOWERS IN THE

WORLD ARE ROHN!

Here are the features that make them the largect
sellng and most accepted tower for felevision,

radio, industrial and communicabong uges:

@ ZIG-ZAG CONSTRUCTION —proven 2ig-1ag design means sturdiness
and dependability that is truly outstanding. Tower sectioms are com-
pletely assembled and electric welded throughout for maximum
strength and greater economy in erection.

® HOT DIPPED GALVANIZED AFTER FABRICATION~—Entire tower sections
are completely zinc coated after fabrication for the finest outer pro-
tection possible. Being golvanized after fabrication means no un-
coated bolt holes, weld spots or seam to rust. All ROHN Towers last
far longer and have less maintenance than competitive towers be-

@ HIGHEST QUALITY MATERIAL USED—only highest guality laboratory-
certified steel tubing is used (not pipe). Quality steel plus heavy
gauges combine to give far greater strength than campetitive towers.

¢ COMPLETE LINE FOR WHATEVER YOUR NEEDS—Fully self-supporting
towers are available to-170 feet or lower; heavy duty guyed towers
available up to 500 feet. Whatever yoer needs, check ROHN.

© UNEXCELLED ENGINEERING~—all ROHN Towers are eaginesred to meet
the most rigid requirements as outlined by all mojor communications
equipment manufacturers and electronic industry associatiens.

® UNIVERSAL ACCEPTANCE—Hundreds of thousends of Rohn Towers are
in use all over the world. They have withstood the ‘‘tast of time" —
the only true test as to the superiority of a tower. So why settle for
less than the BEST? Insist on the largest selling tower in the world

Box 2000
PON INDICATING YOUR [JSSuRAShaN
NEEDS Send me plete | on the foll
TV Towers

ROHN

. Name _ S—
Manufacturing [N
Company Address

BOX 2000
PEORIA, ILLINOIS

Lag-55 Audio Generator Sine Square

A multi-purpose generator for meas-
urements on audio equipment-amplifiers,
speakers, networks. Three waveforms:
sine, square and complex for all types of
measurements including response, distor-
tion, transient and I-M distortion checks.
Full range is from 20 to 200,000 cps, out-
put 5 volts with minimum amplitude vari-
ation throughout whole range.

OHMATSU ELECTRIC CO.LTD.

850 Tsunashima-Cho, Kohoku-Ku
Yokohama, Japan.

[0 Communication Towers

g ROHN Products:
| Amateur Towers
ROHN Accessorien

new

| 6AKS5 connected internally to the cath-
ode. It may be noted that the word
“cascode” was coined by F. V. Hunt
who originated this type of circuit in
connection with a voltage stabilizer
‘(unpalented). The series modification
of the high-frequency circuit was made
by E. K. Nelson in adapting it to TV
tuners (U.S. Patent 2,775.659)
CHRISTOPHER P. GADSDEN
Assistant Professor of
Electrical Engineering
Tulane University
New Orleans, Louisiana

Some authors have attached Wall-
man’s name to the cascode circuit for
brevity and because the paper which
iformally described the development to
| the mdustry was written by him, and
he placed Lis name on it first. However,
Wallman has disavowed the practice of
singling him alone for credit in a letter
to the “Proceedings of the IRE,” which
Professor Gadsden was good enough to
|forward to us—Editors.

| PHOTOELECTRONIC BURGLAR ALARM
To the Editors

I recently bought a photoelectronic
relay and light source kit from Allied
| Rudio as a protective device against
housebreaking, which is very bad here
on Taiwan, especially for Americans.
I received the kit one morning, as-
sembled it during the same afternoon,
and had it installed and operating that
night with a buzzer that I had to con-
[ vert from a bicvcle horn, as all door-
bells and buzzers here are for 110 volts
a.c. About 2 a.m. that same night, the
buzzer sounded, and I had a sneak
thief cornered with a baseball bat that
| Just happened to be handy. The cul-
|prit is now weaving grass rugs in the
local monkey house and will be there
for a few months to come.
GorboN B. ScorTt
Martin Company Tech. Rep.
Tainan, Taiwan (Formosa)

These kits work in the United States
too.—Editors.

LINE-VOLTAGE ADJUSTER
| To the Editors

Before the smoke from burning trans-
formers completely obscures Fig. 4 on
page 67 of ELEcTrRONICS WoORLD for No-
vember 1960, I urge you to change that
wire leading downward from the lower
left-hand terminal of S; from its present
position on the terminal “E” lead to a
more logical spot, the “F"” lead.

JoHN D. McCuRrRACH
Commonwealth Edison Company
Chicago, Illinois

We certainly appreciate the alertness

f reader McCurrach in pointing out

[ the improper connection that occurred
in Fig. ) of the article “A Line-Voltage
Adjuster” by Ronald L. Ives. We are
sorry that neither we nor Awthor Ives
caught this when tracing the circuit op-
eration. through the various switches
that are utilized in the line-voltage ad-
juster.—Editors. 30—
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AKES YOUR LIVING ROOM SOUND

—ADD-ON REVERBERATION
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AS LARGE AS A CONCERT HALL!

Change acoustic dimensions of a room to fit
the music . . . switch from club lounge intimacy
to concert hall grandeur at the touch of a dial.
Controlled reverberation is the secret! Some
of this year’s consoles feature “built-in” rever-
beration. But Utah alone offers “Acousti-
Control” — a self-contained
reverberation speaker-and-
amplifier that hooks into
any radio, phonograph (mono
or stereo), or component
sound system.

>«

Here’s how it works: Hook Utah’s “Acousti-Con-
trol” unit into any speaker system. Part of the original
signal feeds through a carefully tuned device which
delays the sound for 1/30th of a second. This delayed
sound blends with the original sound to add acoustic
dimension to the room.(The further you turn the knob,
thelargerthe room sounds.)
Makes monaural FM sound like
stereo—adds startling dimension
to stereo itself. Ask for a demon-
stration at your dealer’s—or write
for free literature and prices.



look to this sign of assurance!

The Distributor displaying this sign will

solve your tuner problems at a prcfit to you.
He has available the New Standard Tuner
Replacement Guide, including replacement parts
listings. This is the only Guide of its kind in the
world. Covers all Standard tuners produced
through 1959. Includes replacements for many
tuners not produced by Standard.

He handles our 48-hour Factory Guaranteed
Repair Service and Trade-In Allowance

on unrepairable Standard tuners.

See This Authorized Distributer Today

Stlandand con

TV TUNER DISTRIBUTOR

GUARANTEED retacement Tuais -~ FACTORY SERYICE — PARTS

standard kollsman
INDUSTRIES 1IN C. Formerly Standard Coil Products Co., Inc.

16

2085 N. HAWTHORNE AVENUE, MELROSE PARK, ILLINOIS
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Another outstanding product by the HIDDEN who plan for your future:

TYPE TE
LITTL-LYTIC" CAPACITORS

Transistors revolutionized the industry. And to make the
most of their inherent advantages, they called for an
entirely new group of components. Here, Sprague Re-
search was the first to answer the call with the smallest
truly reliable dry electrolytic made for transistor circuits
—the Littl-Lytic. This reasonably priced capacitor is the
most reliable subminiature you can buy for transistorized
radios, hearing aids, wireless microphones, pocket wire
recorders, and other miniature electronic equipment.

The remarkable reliability of Littl-Lytic is the result of
a new manufacturing technique in which all the terminal
connections are welded. Units are hermetically sealed and
metal encased . . . with no pressure joints . . . there are no
“open circuits” with the passage of time. Leakage current is
extremely low as the result of the use of high purity foil
and ultra-stable formation techniques. Sprague’s catalog
replacement ratings are the most comprehensive in the
industry. They assure you of exact replacements to meet
your day-to-day service requirements.

Littl-Lytic is a typical example of how Sprague Research
keeps its products up-to-the-minute. Reliable components
mean reliable service work — your business keeps pace
with the electronic industry when you use Sprague.

*The "Hidden 500" are Sprague’s 500 experienced researchers who staff the'
largest research organization in the electronic component industry
and who back up the efforts of some 6,000 Sprague employees working in 14
manufacturing operations—four at North Adams, Mass.; Bennington and Barre,
Vt.; Concord and Nashua, N.H.; Lansing, N.C.; Grafton, Wis.; Visalia, Calif.; two at
Ponce, Puerto Rico; and Milan, italy.

don’t be vague ... insist on s pn n G U E N

world’s largest capacitor manufacturer
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ARKANSAS

Little Rock: Southern Radio Supply

Texarkana: Lavender Radio & T.V. Sup.

CALIFORNIA

Downey: Net Electronics

Hemet: Gil Severns

Hollywood: Pacific Radio Exchange

Los Angeles: Radio Product Sales
The Sound Foyer

Qakland: Elmar Electronics

Sacramento: Selectronics

San Francisco: Market Radio Sound Dept.

San Pedro: Marine Radio Service
DISTRICT OF COLUMBIA
Washington: Electronic Wholesalers
FLORIDA
Miami: East Coast Radio & TV
Tampa: Kinkade Radio Supply
GEORGIA
Atlanta: Specialty Distributing
ILLINOIS
Chicago: Nationwide Radio

lrving Joseph, Inc.
La Salle: Klaus Radio & Electric

La Salle Electronics
Peoria: Klaus Radio & Electric
INDIANA
Anderson: Seybert’s Radio Sup.
Bloomington: Stansifer Radio Co.
Evansville: Hutch and Son, Inc.

Ohio Valley Sound
Fort Wayne: Pembleton Laboratories
Indianapolis: Brown Distributing Co.
Graham Electronic Sup.
Van Sickle Radio Supply

Kokomo: George’s Electronic Sup.
Michigan City: Tri-State Electrical Sup.
Portland: Buck’s Hi-Fi
Richmond: Fox Electronics Company
Terre Haute: Midwest Supply Company
IOWA
Cedar Rapids: lowa Radio Supply

THE @ MICROPHONE COMPANY

Please send me further information on The Turner 350C citizen’s band microphone.

NAME
STREET OR RFD
ciry

STATE

900 17th St. N.E., Cedar Rapids, lowa

Replace improper equipment with the only

microphone

designed specifically I,"[ m“N[“ 35@@
for citizen's band

This reasonably priced, mobile-type ceramic microphone
is the perfect replacement for the many improper, tape

recorder-type microphones now being used on CB equipment
Has DPST switch wired for relay operation with easily
reversible terminals to allow medifications (if necessary);
wiring diagram enclosed with each microphone; hanger
butten and standard dash bracket for mobile rig mounting;
and an 11" retracted (five foot extended), plostic-

jocketed, coiled cord. Response:
B0-7,000 cps. Output: =54 db.

List price: $16.80 complete. See THE
your Turner Distributer, listed

below, he has the 350C in stock.

Des Moines: Bob & Jacks, Incorporated
Radio Trade Supply Co.
KANSAS
Topeka: Acme Radio Supply
KENTUCKY
Lexington: Radio Equipment Co.
Lovisville: Arcby Electronics
P. I. Burks Company
Peerless Electronic Equipment Co.
LOUISIANA
Baton Rouge: Davis Electronics Sup.
New beria: Brooks Electronics
MASSACHUSETTS
Boston: A. W. Mayer Company
O’Donnell Electronic Supply
Radio Shack Corp.
Lawrence: Alco Electronics
MICHIGAN
Ann Arbor: Purchase Radio Supply
Detroit: High Fidelity Workshop
Lansing: Offenhaver Company
MINNESOTA
Minneapolis: Lew Bonn
National Electronics Co.
Harry Starks, Inc.
Schaak Electronics
MISSOURI
St. Louis: Radonics
NEW JERSEY
Berlin: Midstate Radio Supply
Jersey City: Nidisco-Jersey City
Mountainside: Federated Purchaser
NEW YORK
Albany: Greylock Electronics Supply
Buffalo: Radio Equipment Corp.
Farmingdale, L.I.: Gem Electronics
Forest Hills: Beam Electronics
Hicksville: Gem Electronics
Kingston: Greylock Electronics
Long tsland City: Spera Electronics
Mt. Vernon: Davis Electronics

ZONE

900 17th St. N.E.

R
MICROPHONE COMPANY

F3d 17th 5. NLE
Cedar RBapidy, lowao

New York: Harvey Radio Company
Acme Electronics

Poughkeepsie: Greylock Electronics

Rochester: Rochester Radio Supply

NORTH CAROLINA

Greensboro: Johannesen Electric Company

Raleigh: Southeastern Radio Supply Co.

Winston-Salem: Womack Company

OHIO

Cleveland: Pioneer Electronic Sup.

Columbus: Whitehead Radio Company

Mansfield: Wholesaling, Inc.

Toledo: Lifetime Electronics

OKLAHOMA

Oklahoma City: Johnson Wholesale

OREGON

Portland: United Radio Supply

PENNSYLVANIA

Homestead: M. Leff Radio Parts

Lancaster: George D. Barbey Co.

Lebanon: George D. Barbey Co.

Philadelphia: Radio Electric Service Co.

Pottstown: George D. Barbey Co.

Reading: George D. Barbey Co.

Wilkes-Barre: General Radio & Electronics

York: Radio Electric Service Co.

RHODE ISLAND

Providence: Del Padre Supply Co.

Zetka Distributors

SOUTH CAROLINA

Columbia: Dixie Radio Supply Company

SOUTH DAKOTA

Watertown: Burghardt Radio Supply

TEXAS

Houston: Sound Equipment Inc.

VIRGINIA

Arlington: Rucker Electronic Products

Falls Church: The Television Workshop

Richmond: Banner Electronics, Inc.

WISCONSIN

Chippewa Falls: Bushland Radio Spec.

Eau Claire: Bushland Radio Spec.

Send this coupon to the nearest Turner distributor
listed above or write The Turner Microphone
Company for the name of a distributor in your area.

" MICROPHONE COMPANY

Cedar Rapids, lowa
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Latest Information
L

;

on the Electronic Industry

Il

By ELECTRONICS WORLD'S
WASHINGTON CORRESPONDENT

ELECTRONIC SPEED MAIL MAKES DEBUT—AnN innovation in mailing featuring a
microwave network and electronic facsimile was unveiled recently in Washington.
Hailing the development as a..."major landmark in the evolution of postal
service"...spokesmen said that the system should prove to be a practical and
economical means of sending a "preferred type of mail." In operation, the sender
types, writes, draws or otherwise imprints a message on a special form (similar
to the V-mail form of World War II) and then folds, seals, and mails the form.
At a local post office, it is sent to a Speed Mail unit. One machine places a code
mark on the letter which guides it through a "brain" of the system—a complex
electronic switching equipment—which directs it to the correct destination printing
machine. Moving on to other machines, the sealed edges are then trimmed off; the
latter is "read” and transmitted over a microwave network to the destination post
office. There it is reprinted in its original form, automatically folded, sealed,
and sent out to the addressee. Each sending and receiving unit can handle one letter
every four seconds. At present, the basic transmission and reception system is
between Washington and Chicago, with four sending and four receiving units in the
capital and four divided between Chicago and Battle Creek.

OVER 40 TRANSMITTERS BEAMED ELECTION RETURNS OVER VOA CIRCUITS TO WORLD—
The U.S. Information Agency global radio network, the Voice of America, involving
46 domestic and overseas transmitters with a total power of 3,000,000 watts, was
used to send election returns worldwide. Besides making its studio facilities
available to foreign correspondents, more than 30 feeder broadcasts were scheduled
for overseas stations or networks located in Italy, West Germany, Austria, France,
Spain, Luxembourg, Holland, Iceland, Norway, Turkey, Tanganyika, and Kenya.

RUSSIA TO HAVE 15-MILLION TV SETS BY 1965, REPORT DISCLOSES—By 1965, the number
of TV sets in Russia is expected to increase from the now more than 3-million to
over 15-million, according to a report appearing in a Russian magazine. The article,
translated by a government agency, also notes that there will be, five years from
now, 160 TV stations, compared to the 70 now operating. In addition, the report
continues, new studios will be added to the three now in Moscow and a new tall tower
for broadcasting will be erected in Ostankin. It was also revealed that both black
and white and color will be transmitted at that time.

FORWARD-SCATTER TRANSMISSION OVER NORTH ATLANTIC SOUGHT BY FAA—The forward-
scatter principle, successfully used by military and communications networks, may
soon be used for airways communications, the Federal Aviation Agency announced
recently. Based on the effectiveness of the Pan American Airline system in Ireland
with a range of 400 miles, the FAA said that it believed forward scatter should be
practical for both domestic and overseas operations. As a first step in determining
the extent to which forward scatter might be used, the FAA will establish two
terminals here and subsequently locate others in Europe.

ELECTRONIC SUPERMARKET DEVELOPED—A novel approach to electronic marketing—
where a customer never handles the goods—has been demonstrated. The system features
an automatic method of warehousing coupled with electronic order-taking which
enables one to make a choice by inserting a card into slots over goods on display.
The cards are then fed into a processing machine, which sets automatic dispensing
from the warehouse into action.

MICROWAVES FOR BUSINESS RADIO SERVICE—Frequencies above 10,000 mc. will soon be
available for the Business Radio Service, according to an amendment issued by the
FCC.

PROPOSED RULES TO AFFECT OPERATION IN 450-470 MC. BAND—The rules governing the
Public Safety, Industrial, Land Transportation and Citizens Radio Services, may be
amended to require a reduction in the modulation-frequency deviation of all FM
transmitters operating in the 450-470 mc. band from plus or minus 15 kec.
to plus or minus 5 kc. -0~
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% OR RADIO REC

AN A. GHIRARD!

Let these two famous training books teach
you to handle all types of AM. FM and TV
service jobs by approved professional methods

and wateh your efficiency and earnings soar!
Almost 1500 pages and over 800 clear pictures
and diagrams explain EVERY troubleshooting
and repair operation as clearly as A-B-C. N
needless mathematics. No involved theory. You
er straight-from-the-shoulder training of the
type that teaches vou to do the best work in the

RADIO & TV CIRCUIT

SAVE $2.00!

Maoke your service library
complete! Get both these
famous Ghirardi books at
a saving of $2.00 under
the regular price. Sce
MONEY - SAVING COMBI-
NATION OFFER in coupon.

294 £

Let these 2 Ghirardi manuals teach you to
REPAIR ANY TELEVISION

EIVER ever made!

shortest time. Each book is co-authored by A.
A. Ghirardi whose rudio-electronics training
guides have. for more than 25 years, been more
widely used for military. school and home study
training than any other books of their types.
Books are sold separately at prices indicated—
or vou save $2.00 by buying them both. Use
coupon or order from Dept. RN-11, Technical
Div.. Holt, Rinehart and Winston, Inc.. 383
Madison Ave.. New York 17, N.Y

RY and OPERATION

Learn about circuits . . . and watch service headaches disappear

o 0 A
§ dO ion
S I( IeV an re ANY radio, 1V atl ect reuits and  thei
e (-] uipment _Ints  easi te I bett to look
-] el . liar with it rewts w st wh est d
g_ ar ,,t"" ,,ao"" how cach one works . that tly th ver
. specializ t { troubl
& 1o po Radio & TV CIRCUITRY AND opumrlo pad servicing
> an First it es e de di
S Sold caparatcly for 9. fllP—nr e MONEY-S4VING COMBINATION OFFER.
-3
5 Wt o
© o AT RADIO & TV TROUBLESHOOTING & REPAIR
it P . .
3 %2{,:%‘{‘ Complete training in modern service methods
3 gL Rudio & TV TROUBLESHOOTING AND REPAIR  methods ind shoricuts; or to find fast ssswers 1o prob-
3 Z ) t 2 iide  to proj:uxunlul ervice earn  troubleshont of all types Irm
hods (" nd that he ' ter Static’’ tests te y . § ethods.  Step
. more profitably. For beginners. tl it hook ith it by-step ‘I\( monstrate e y what t nok fa nd
g 3 11 illustritio il nderstond course in te . t i wn-t rth
Mohory F locating  trouble t and nxing them righr. F TV sen wedures. Re it
/-’ nced  serv it s ! way to deve betre s at
Sold saparately for 10.00 or sore $2.00 on MONEY .S ) I\l. COMBINATION OFFER.

Cut Radio-TV Test Now! FIX ANY
Time IN HALF! ELECTRIC MOTOR

Handle ANY job from minor

In modern electronic work fePOi:S"O
complete
it's what you know about rewinding
using instruments that
Ore )
really counts! it pr
I et
BASIC g | I3 \l'o'rn_u
ELE("I R()I\l( TE T PROCE. "'l"“"“ o=

DURES nmunual w m ts  more v
than 190 ustration patter i
photas and  procedure diagrams
teach you to test t.
X or cor 1t
fraction of the usual time. In
it is complete course

fle all ol
] f

A\ or DC motor
on

instrument e t ng techniques!
ay oing jobs. For instar ,','. | Ly Ve
k for distortion by the 'sco -t
o e e TRAIN FOR BETTER u rs
iy SR el THaT 1oy CRoBDEDE S e o &
\ ter, mete 1a the 1dge 1 1. Over | non copies fn use ! Imotor re.
method—and so on through 1 types ol testing fe nn [3
Incluc Current  ¢h E-ﬁfz measuring  Power s - oIy oul B n for
Capacitance. Resistance, AF. RF, Phase, Distor- ) tor repedr i mply v o
tion & Modulation: te sting T \l\"* Jd  Semi tel honh)
conductors:  testing lifiers:  che g Sensi Order ELECTRIC MOTOR REPAIR in coupon.
tivity, RF Gain, Fide ty. AVC V ,Lc. etc. Price only $9.25.

Even includes industrial electronic test pmc;durcs.
Everything is rcaf/ly complete—and written so you
can understand it! Price $8.00.

Order BASIC ELLCTRONIC TEST PROCEDURES

in coupon.
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USE COUPON FOR ’o-dﬂy Free ’fiﬂ/.'

DON’T THROW OLD
RADIOS AWAY!

. Heie's the dota you need
‘/___f.—f"’" to fix old sets in a jiffy!
Just look un the hnw-to-

lu-1t dat wdio

¢ {4-page
Ghirardi RADIO TROU-
B! rSHOOTER S HAND
BOOI\ tells what is likely to
he troul .

\hn s how to fix it. No use
less testing. No wasted time.
b\ ng it, even beginncrs can

; asily f old  sets hich
Contrsllevery .mg‘n _utherwis bg thrown
model made by 1l CAURCIBERVICS o ]
202 mfrs. from maton | cking. With a
1925 1o 1942 lew simple repairs, most of
_the 1 set e

riect for years to come

t:

"THE ONLY GUIDE OF ITS KIND!

Cuts service time in half!

Included are common trouble symptoms and
their remedies for over 4,800 models of old home,
auto radios and record changers: Airline. Apex. Ar-
vin. Atwater Kent. Belmont. Bosch. Brunswick,
Clarion. Crosley, Emerson, Fada, G-E. Kolster. Ma-
estic, Motorola. Philco, Pllot, RCA, Silvertone,
Sparton. Stromberg and dozens more. Includes
hundreds of pages of invaluable tube and compo-
nent data. service short cuts, etc. ]
Specify R4DIO TROUBLENHOOTERS HAND-
BOOK in coupon. Pricg only $10.00. 10-day trinl.

ELECTRONICS WORLD



TRAINING YOU NEED

in its most complete
economical and
eusily undersfood form

I 1 Ct

ABI L ITIN DSV

TRAIN AT HOME FOR TV-RADIO-ELECTRONICS... at rock-bottom cost!

Now! Get your basic training from these two easily understood, low cost books!

BASIC ELECTRICITY BASIC ELECTRONICS — This ne )

E

r t tak Basic
t 1 t t W t
i ( 't k E
t t
. t
Cte st O 1t
t t it ti
; t v
fi ot
; § Pr S
= ONLY %$11,00 FOR THIS Save $1.50! See special

COMPLETE HOME TRAINING! Money-Saving Offer in Coupon!

Here’s everything you need to T ”-,'#;‘r,‘ m SHORT CUT TO TV REPAIRS!
s e b &
. —=1 (¥ o ceiv se nvolve v
know about -—--—J PIX O.FIX  TROUBIE tructions. Two PIX
i 7 i FINDER GUIDE! When the pic | nits_No and 2 cover
1 1 the PINX-O-FIX_ win 48 ditferent TV troubles. Togcther
OSCILLOSCOPES!| | . | . AL R e
- oy J V. Price only $3.00 k
5} L ot the trouble nd the r1¢ the tw

.

Complete data
on using
the handiest
instrument of all!

Men who know how to use
oscillon 1ty of
] s ttr
shoot [}

nt X te
troubl 1a jitty. adjust t

ickly € y A
t f ge T

ac 1 th ot

~ MODERN OSCIILLO
SCOPES AND THEIR USES

'Scope experts gets right down to carth in
lrri, R T REPAIR ANY ELECTRICAL APPLIANCE!
obs! [ . “Part; L . 3 "
. how to use them. Particular Save on repair bills! . . . Earn in your Spare Time!
ittention is paid to AM. FM. and TV realignment o | 4 .
rocedures, Every detail of te g th “scopes is This 370-page ELECTRICAL APPLIANCE rubleshooti f charts quickly help you
from ting the “scope and setting it SERVICE MANUAL ¥ ce es. Easy instructic €y
ntr ljustir om nts in the ch ticall } lectrical applian 1 in ki repair T¢ 2w to make i
; tested. Illustrated instructions teach you to - T . ow test I 5 n
i At nclud ta_of ntit: SR 3 : ’ f shi t An o
tiv 1€ ts r lor TV servicing) toaster: A r f g Y 1 a 1an building
an pes i1 ustrial electronic clocks, motors, and many more. fit ess! 8$6.25.
atc prk. 370 allustrations. P §t
flwrilv MODERN OSCILLOSCOPES AND THEIR ORDER
VSES in roupon te order. NOW

New! Master Guide to TIME-
SAVING TV SERVICE

MK Almaost regardless set make or model this
L remarkable new page HANDBOOK OF TV
TROUBLES helps truck wn TV trou
[ t 1 nt set gt
tly dark: "'l ing"": abnorn
ti; TP tail
t trou
1] n!
t that te t
t turn to t
X F Guide
| t
t t t
(G n. 1 AAN
ii()- 1 1 (; just what
LOOK! LISTEN! , o 8 jio [(Juline) Sitas
rie [
Then follow this \ore tha test patterns, wa \
easy guide! ST AUTIT D CEYARTD [ t
T ed ir re tyf
and boun wt Wi for it t h. A thog
presents tested by t thor thr t

work ! Price $7.50.
Order HANDBOOK OF TV TROUBLES in coupon.

January, 1961
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Get your COMMERICAL OPERATORS LICENSE!

Train for radio’s most fascinating, best paid jobs!

EIGHT FCC examination elements-
not just some of them. Reviews al
most 2200 exam questions. Covers
everything you'll nced to know to
pass your examination for 1st or 2nd
class radio-phone license with flying
colors! Price $6.75

This famous book makes it easy to
train for your FCC commercial license
as an operator aboard ship, in avia-
tion. broadcasting. telecasting, etc.
LICENSE MANUAL FOR RADIO
OPERATORS is a quick, easily un-
derstood guide that covers ALL

l Dept. RN-11, Technical Division, Holt, Rinehart & Winston, Inc.,
383 Madison Ave., New York 17, N. Y.
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[[] Check here for MONEY-SAVING SERV-
ICE COMBINATION on Ghirardi's Radio &
TV CIRCUITRY & OPERATION and Rodio &
TV TROUBLESHOOTING & REPAIR. Price only
$17.00 for both (ptus postage). Regular price
$19.00—yov save $2.00!

Check here to order
Rodio & TV CIRCUITRY &

Check here for MONEY-SAVING Basic
Training COMBINATION ON BASIC ELEC.
TRICITY and BASIC ELECTRONICS. Price only
$11.00 plus postage for both big baoks.
Regular price—$12.50—yov save $1.50!

INDIVIDUAL BOOKS

Basic Electronics S 6.25

r—-—-—_—-—_—_—_—

OPERATION $ 9.00 Modern Oscilloscopes &
Radio & TV Receiver TROUBLE- Their Uses « .zqsswss voms 8.00
SHOOTING and REPAIR 10.00 PIX-O-FIX TV Trouble Finder
Basic Electronic Test Guides, Nos. 1 and 2. .. 3.00
Procedures - 8.00 License Manual for
Electric Motor Repair 9.25 Radio Operators 6.75
Radio Troubleshooter’s Electricai Appliance
Haondbook . s 10.00 Service Manual . : 6.25
Basic Electricity . 6.25 Handbook of TV Troubles. .. 7.50
OUTSIDE U. 5. A.
A 5 Nome
book. Casl
re y Address
bonk
City, Zone, State
[ B _N_ N N _§N N & § &N & B N B N N N N N N N _§N XN
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TARZIAN Offers 48-Hour,
Direct Factory Service
on Tuner Repairs

That's right. Net, $8.50 per unit and $15 for
UV combinations, including ALL replacement
parts. 90-day warranty against defective work-
manship and parts failure. Tuners repaired on
approved, open accounts. Replacements of-
fered atthese prices* on tuners not repairable:

VHF 12 position tuner. . , . . $22.00
VHF 13 or 16 position 23.00
VHF/UHF combination 25.00
UHFonly . ... .. . 15.50

*Subject to change

Tarzian-made tuners are easily iden-

tified by this stamping on the unit,

When inquiring about service or re-
placements for other than Tarzian-made
tuners, always give tube complement. .. shaft
length ... filament voltage. .. series or shunt
heater ... IF frequency, chassis identification
and allow a little more time for service. Use
this address for fast, 48-hour service:

SARKES TARZIAN, Inc.

Att.: Service Mgr., Tuner Division
Dept. 6
Bloomington, Indiana

New Volume II1

SURPLUS RADIO
CONVERSION MANUAL

—gives new conversion data, instructions,
and diagrams for putting surplus
equipment to practical use.

Contents include:
701-A: AN/APN-1: A\N/( RC-7: AN/URC-4:;
ARA: BC-442, 453-455, 456-459, 603, 696, 950,
1066, 12563: CBY-29125, )()083. 50141, H2208-11,
52232, 52302-09: FT-241A: MBF (COL-43065);
MD-7/ARC-5: R.97APN-4; R23.R28 ARC.5;
RAT: RAV: RM-52(53): RT-19/ARC-4: SCR.
274N: SCR-522; T-15/ARC-5 to T-23’ARC-5,
For list of contents of Vols. | and ||, send
stamped, addressed envelope. $3.00 per volume

at vour distributor, or add 107, on orders to

A EDITORS and
i ENGINEERS, Ltd.

Summerland 2, California

Bookstores: order from Baker & Tayler, Hiliside, N.J.
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ORLAND O. SCHAUS has joined Audio De-
vices. Ime.. of New York, manufacturer
ol magnetic tapes,
as manager of re-
search and engineer-
mng,

Dr. Schaus has
been technical direc-
tor of Cyanwmid of
Cuanada for the last
six years. Before
this. he was Lec-
turer in Chemical Engineering at Mec-
Gill University in Montreal where he
received his Ph.D. in physical chemistry
and his B.S. in chemical engineering
Dr. Schaus is a director of the Chemical
Institute of (‘anddd
DR. HARRY F. OLSON, RCA Laboratorics,
has been elected president of the Audio
Engineering Society for 1960-61.

Serving with Dr. Olson are Herman
H. Scott, H. H. Scolt. Inc.. executive
vice-president; L. R. Burroughs, Elcc-
tro-Voice, Inc.. central vice-president;
Pell Kruttschnitt, Cupitol Records. Lie.,
western vice<president; C. J. LeBel,
Audio Instrument Co., re-elected secre-
tary; and R. A. Schlegel, RKO Tclc-
radio  Pictures, WOR  Division. re-
clected treasurer.

New governors include
Crosby. Crostiy Luaboratories. Inc.: John
M. Hollywood, CBS Laboratorics: and
Dr. M. R. Schroeder, Bell Telephone
Laboratories.

Murray G.

& ]

ALFRED STROGOFF has heen named vice-
president and general manager of Adlcr
Elcetronices, Inc.,
New Rochelle. N.Y.

Since joining the
firm in 1949 as a de-
sign engineer, Mr.
Strogolf has held
key positions in ev-
ery phase of the
firm's operations, in-
cluding manufactur-
and administration,

sales,

ing,
He is a member of the executive com-

the EIA. Institute of Radio
Engineers. Armed Forces Communica-
tions and Electronics Association, and
the American Society of Mechanical
Engineers. He is a graduate of Worces-
ter Polytech.

mittee of

£ *® *

LAFAYETTE RADIO ELECTRONICS CORP., Ja-
maica. N.Y. has created a nation-wide
chain of associated, franchised stores to
distribute electronic parts, high-fidelity
components, and allied products. Stores
are presently in operation in Trenton,
N.J. and Waterbury, Conn. with a new
store scheduled to open in Denver

around the first of the vear . ., HICKOK
ELECTRICAL INSTRUMENT CO. has opened
a new 14,000-square-foot electronics re-
search center at 1348 East 133rd St
East Cleveland., Ohio Ground has
been broken in Paris, Illinois by ZENITH
RADIO CORPORATION for the construc-
tion of a new radio receiver and elec-
tronic component manufacturing plant.
The first unit will provide 100,000
square feet of floor space for the com-
pany’'s wholly owned subsidiary, CEN-
TRAL ELECTRONICS, INC. . . . TELECHROME
MANUFACTURING CORP. is building a
40.000-square-foot addition to its plant
in Amityville, L..I. The new section will
house executive offices as well as ex-
panded engineering, manufacturing, and
laboratory facilities . . . CLEVITE TRAN-
SISTOR has moved into its new plant at
200 Smith Street in Waltham, Mass.

SYLVANIA ELECTRIC PRODUCTS INC.
has begun construction of a new elec-
tron tube research and development
center in Emporium, Pa,

* x ®

C. P. OLIPHANT has been named manag-
ing editor of the technical book division
of Howard W. Sums -
& Co.. Inc.. Indian-
apolis.

In his new post,
Mr. Oliphant will be -
responsible for the 1 i i
operationof the book ! [

division, including ['- )

technical editing and
coordination of pro-

duction and art departments with edit-
ing, among other duties.

He has been associated with the com-
pany for the past eight years and was
a prolessional service technician. He is
the author of several standard servicing
texts.

£ ® =

JULIAN SPRAGUE, president of Sprugue
Electric Compuany. died recently at the
age of 57. He was a well-known figure
in the industry and actively associated
with the EIA. NEMA, AMA, and AIM.
He was president and/or director of a
number of firms both in and out of the
clectronies field . . . DR, REMO PELLIN
has joined the semiconductor products
division of Motorola Inc. as product
manager. semiconductor materials. He
was formerly associated with DuPont

. NEVILLE W. JAMES has been named
reliability-quality control engineer of
Internationad Resistance Co. . . . RCA
Electron Tube Dirvision has announced
the appointments of JOSEPH T. CIMO-
RELLI as manager, engineering, receiving
tube operations and KENNETH G. BUCK-
LIN to the newly created post of man-
ager. new products engineering. Both

ELECTRONICS WORLD



Now you can build your own All Transistor, Crystal
Controlled, Portable Transceiver for Citizens band
or Amateur communications. International sub-
assemblies, prewired and tested are ‘‘quickly”
interwired and ready for operation. Fifteen tran-
sistors for transmitting and receiving. Dual con-
version superheterodyne receiver. Noise limiter
and squelch. International precision crystals and
highest quality components throughout. Power re-
quirements: 15 volts dc @ 60 ma average. Positive
ground.

TRC-1 CONVERTER

Crystat controtled, 3 transistors for 10 meters or Citizens band. RF am-
plifier, mixer/oscillator. Double tuned front end. IF output 6 mc. Others
on special order. Power: 15 volts d¢ @ 5 ma. Wired, tested with Crystal.
Cat. No. 300-132 $17.95
Special IF (Cat. No. 300-140). $22.50
TRB-1 MIXER IF UNIT

Six transistors, 2 diodes. 6 mc RF amplifier/mixer. Crystal controfled

LL TRANSISTOR TRANSCEIVER

» e

local oscillator. 455 k¢ IF. Noise limiter/squelch. Input 6 mc. Specify
frequency. Wired, tested with crystals. Cat. No. 300-131 $32.50
TRA-2 AUDIO UNIT

Three transistors. Input 100,000 ohms and 50 ohms. Speech amplifier for
dynamic microphone. Push-pull power amplifier class B. Output 300 mw.
Wired and tested. Cat. No. 400-104 $21.50
TRT-2 TRANSMITTER

Crystal controlled. Three transistors. Output 100 milliwatts minimum with
£1 transistors. Power stage uses special HF transistors. Wired and tested

less crystals and transistors. Cat. No. 200-118 $10.00
#1 Transistor Kit (100 mw output). Cat. No. 150-128 $17.50
£2 Transistor Kit ( 50 mw output). Cat. No. 150-129 $ 9.00
Crystals FCB for Citizens band (.0025%). $ 475
Crystals FA-5 for Amateur (.01%) $ 4.00

e -

-
:,\:‘.

ASSEMBLY PARTS KIT makes
it easy to interwire subassemblies.
B Kit includes base plate, squelch con-
trol, volume control, transmit-receive
switch and antenna tonnector.

o ﬁ
= Cat. No. 150-136 ... %395

ORDER DIRECT FROM INTERNATIONAL CRYSTAL MFG. CO.

INTERNATIONAL

CRYSTAL MFG ¢CO.,

18 NORTH LEE e

January, 1961

OKLAHOMA CITY, OKLAHOM*

INC.

SEND FREE 1961 INTERNATIONAL CATALOG

FREE  Ha—
1961 CA'AI-OG CITY. STATE




THIS IS THE
GREATEST
‘CONTINENTAL’
OF THEM

CONTINENTAL ‘400’

New 4-track

The
ecciting Stereo-record/stereo-playback
specifications tape recorder

guild-crafted by
Philips of the
Netherlands

on the new Norelco
CONTINENTAL ‘400’
(EL3536/54) provide only
an indication of what “the great-
est Continental of them all” holds in
store for the music lover, studio-recordist or
high fidelity enthusiast who is seeking a profes-
sional quality stereo machine at a modest price.
¢ FOUR-TRACK STEREOPHONIC RECORDING AND
PLAYBACK ¢ FOUR-TRACK MONOPHONIC RECORDING
AND PLAYBACK ¢ THREE TAPE SPEEDS—17;, 33, AND 7% IPS
¢ COMPLETELY SELF-CONTAINED, INCLUDING DUAL RECORD-
ING AND PLAYBACK PREAMPLIFIERS, DUAL POWER AMPLIFIERS AND
TWO NORELCO WIDE-RANGE LOUDSPEAKERS (SECOND [N LID)
¢ CAN ALSO BE USED AS A QUALITY STEREO HI-FI REPRO-
DUCING SYSTEM WITH TUNER OR RECORD PLAYER ¢
FACILITY FOR MIXING PHONO AND MIKE INPUTS
¢ HEAD-GAP WIDTH —.00012” ¢ FREQUENCY
RESPONSE—50 TO 18,000 CPS AT 71, IPS ¢
WOW AND FLUTTER-—LESS THAN .159%

Fora
AT 7Y% IPS ¢ SIGNAL-TO-NOISE convincing
RATIO—48 DB OR BETTER ¢ demonstration

of all of the features
and qualities that
make the Continental
‘400’ “‘the greatest

CROSSTALK — 55 DB ¢
PORTABLE ¢ STYLED BY
THE CONTINENT’S

: B 4 Noreleo TOPDESIGNERS ‘Continental’ of them
gs =z dual element ¢ RUGGED all,” visit your favorite
=z stereo- - fi ', or
S22 B Gnanic . g L O
‘EE”: ierophDIE dealer, or write fo
=7 ix standard complete literature to:
®© equipment

. Narth American Philips Co., Inc.
with the High Fidelity Products Division
e IENTAL 230 Duffy Avenue,

Hicksville, L. I.,N. Y.
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men will make their headquarters in
Harrison, N.J. . . . JAY §. SALZ is the
new general manager of Trio Labora-
tories, Inc. . . . Lafayette Radio Elcc-
tronics Corp. has elected ROBERT LAUB
vice-president for sales and JACK BREAK-
IRON vice-president of mail order opera-
lions ... W. W. SMITH has been appointed
chiel of engineering development for
Babcock Electronics Corporation . . .
RICHARD B, VOSK has joined Transdyne
Corp. as assistant director of engineer-
ing . . . EDWIN S. DAVIS has been ap-
pointed device design engineer by In-
dustro Transistor Corporation . . . The
distributor division of Amphenol has
appointed R. F. MEINICKE vice-president
for sales . . . The new post of director
| of marketing at Allied Radio Corp. is
being filled by THORNTON S. ADAMS. He
was formerly marketing consultant to
the firm ... CLARENCE H. HOPPER is the
new president of CBS Electronics . . .
JOHN E. CLARKE has joined Computer
Diode Corp. as manager of applications
engineering.

JACOB H. RUITER, JR., has been named
manager of sales promotion for the
Weston Instruments
Division, Daystrom
Inc.

In his new capac-
ity, Mr. Ruiter will
assume over-all re-
sponsibility for ad-
vertising and sales
promotion activities.
Before joining the
firm, he was associated with the elec-
tronies division of Curtiss-Wright and
Allen B. DuMont Luaboratories.

He is the author of two books, a
senior member of the IRE, and former
president of the New Jersey chapter of
National Industrial Advertisers Assn.

TERMINAL ELECTRONICS, INC. and HUDSON
RADIO & TELEVISION CORP., major elec-
tronic parts and equipment suppliers in
the New York metropolitan area, have
merged to form TERMINAL-HUDSON ELEC-
TRONICS, INC. Corporate headquarters
are at 236 \West 17th Street, New York.
The company will continue to operate
its various retail outlets in the area
. DALE ELECTRONICS, INC. of Columbus,
Nebraska has acquired SIOUX RADIO
| PRODUCTS of Yankton, S.D., producer of
coils and ferrite antennas for radio and
TV. ... GENERAL TELEPHONE & ELECTRON-
| 1CS INTERNATIONAL INCORPORATED has
acquired a majority interest in the Ra-
dio Communications Division of MAG-
| NETTI  MARELLI of Milan, Italy
INTERNATIONAL COMMUNICATIONS COR-
PORATION has been established in Santa
Monica, California to design and manu-
facture airborne and marine navigation
and communication equipment. Law-
irence Hermes is president of the new
| corporation . . . ESPEY MFG. & ELECTRON-
{ 1CS CORP. has established a new division
at Saratoga Springs, New York which
will be known as the SARATOGA SEMI-
| cONDUCTOR DIVISION. The company will
| produce a line of semiconductor com-
ponents for military and industrial
equipment. —30—

ELECTRONICS WORLD



g

DESIGNED

§ AS YOU WOULD DESIGN IF YOU
WERE AN ELECTRONICS ENGINEER...

Praised by the experts as Best Buys. .. m

(A) By far the best professional VIVM value depth of internal modulation 0-50% by 400
in electronics; nobody but EICO brings; cps Colpitts oscillator. Variable gain external
you such outstanding instrument perform- modulation amplifier: only 3 volts needed for
ance for so low a price! Calibration without 30% mod. Turret-mounted, slug-tuned coils
removing from cabinet. Measure directly p-p  for max. accuracy. Fine & Coarse (3-step) RF
voltage of complex & sine waves: 0-4, 14, attenuators. RF output 100,000 uv, AF output
42, 140, 420, 1400, 4200. DC/RMS sine to 10 v.

volts: 015, 5, 15, 50, 150, 500, 1500 (up

to 30,000 volts with HVP probe, & 250 mc (D) Provides more ranges, greater ease and
with PRF probe). Ohms: 0.2 ohms to 1000 \=/ accuracy, and better performance than
megs. 412~ meter, can't-burn-out circuit. 7 any competilive unit. Entirely electronic
non-skip ranges on every funclion. Zero  sweep circuit with accurately-biased incre-
center.* Features EICO’s exclusive UNI-PROBE: ductor for excellent linearity. Extremely flat
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your terrific time-saver, performs all func-  RF output. Exceptional tuning accuracy. Hum
tions: a half turn of probe-tip selects DC & leakage eliminated. 5 fundamental sweep
or AC-Ohms! ranges: 3-216 mc. Variable marker range:

: ; : 2-75 mc in 3 fund. bands, 60-225 mc on har-
® iAn" tﬁ:g;:gsgwgl aé'é'g_";é:f";e;""gftfhtﬁ monic band. 4.5 mc crystal marker osc.,

ici o] 18 g crystal supplied. Ext. marker provision. At-
ratory precision and EICO-priced for lowest tenuators: Marker Size. RF Fine, RF Coarse
cost. Features DC amplifiers. Flat from OC to (4-step décade) Narrov;l range p'hasing con-
4.5 mc, usable to 10 mc. Vert. Sens.: 25 mv/ tralkiciecc rat el SlEnment
in.l;I ir;gut Zha megs; direcft-coupled & push- Lenmenty
pu roughout. 4-step frequency-compen- Speedy, simple operation, unexcelled
sated attenuator up to 1000:1, Sweep: per- @sgnsn’{;ny ar':d acé’uracy; 'superb elec-
fectly (Im;ar 1o Sk io?v"\f (e:'t, cap. for  trical and mechanical design. Tests all
range to 1 cps). Pre-set TV V & H positions.  receiving tubes (picture tubes with adapter),
Auto sync limiter & amplifier Direct or C  n'o.n and p-n-p transistors. Composite indi-
coupling; balanced or unbalanced inputs; cation of Gm, Gp & peak 'emission Simul-
edge-lit engraved lucite screen with dimmer taneous selection of any one of 4 combina-

control. tions of 3 plate voltages, 3 screen voltages,
©More features and versatility, more 3 ranges of continuously variable grid volt-
range and accuracy than in generators age (with 5% accurate pot.). Sensitive 200
costing three to four times as muCh. 150 ke ua meter. 10 six-position lever switches:
to 435 mc with ONE generator in 6 fun- freepoint connection of each tube pin. 10
damental bands and 1 harmonic band! push-buttons: rapid insert of any tube ele-
#+1.5% frequency accuracy. Colpitts RF ment in leakage test circuit. Direct reading
oscillator directly plate-modulated by K-  of inter-element leakage in ohms. New gear-
follower for improved modulation. Variable driven rolichart. CRA Adapter $4.50.

®

PEAK-TO-PEAK
VTIVM #232 & tUNI-PROBE®
KIT $29.95 WIRED $49.95
tU. S. Pat. No. 2,790,051

.,ﬁ-llnul

&

votioloabioedn

lQ

P

.1, N.Y-Add 5% in the West

2
2
c

®: . J &
2 9000BGE3%%%% » g
ad =
S__..r-_: = , # ‘;
i Xl adid i B
= Ei é‘ {' dl ﬂ r 1 I z
COLOR & MONOCHROME 4 O v [ g
DC 7O 5 MC LAB & TV , ‘ ! ! A
57 0SCILLOSCOPE #460 e a
KIT $79.95 WIREOD $129.50 ; i
- D) (E) DYNAMIC CONDUCTANCE 8
Also available: = TUBE & TRANSISTOR ]
5~ Push-Pull TV-FM SWEEP GENERATOR TESTER #666 it
Oscilloscope #425 &ergsxsEsR LA 2.9 KIT $69.95 WIRED $109.95 @
Kit $44.95 Wired $79.95 $69. IRED $119.95 Complete with steel cover and handle -
%g —»
' "3 o9 : ;
o _ { . et oe &
t i i e b iy » IS -
O = a0 PYEEE ®
< = . 6 & 12V Battery
z = Power & Bias Eliminator
¢} = All Transistor Supply for Deluxe Tube Tester #625 & Charger #1050
- = Portahle RA-6 Transistorized Multi-Signal Kit $34.95 Kit $29,95
z i = Kit $29.95 Eqpt. #1020 Tracer #147 Wired $49.95 Wired $38.95
5 Y Wired $49.95 Kit $19.95 Kit $24.95 Pix Tube Test #1060 Kit $38.95
& | = fess battery wired $27.95 wired $39.95 | Adapter ... $4.50 | Wired $47.95
£ P V= . ' EICO 3300 Northern Bivd. L.1.C. 1, N.Y. EW-1 |
2 E ;— I i I Show me HOW TO SAVE 50% on [J Test Instruments |
< =3 | O HiFi [ Ham Gear. Send me FREE Catalog, name i
z P “ . e . | of neighborhood deater. [] Send free Short Course I
= o g o @ | for Novice License. 1
- 5 3| v-0-Mm #5865 o
S RF SIGNAL Kit $24.95 I ame.... R |
O GENERATOR #324 Wired $29.95 | R.C Bridge & R-CL \  pq 0 |
i KIT$26.95 WIRED $39.95 Most EICO distributors KR h D ampardiar wosd ety ———— |
Turn Page For More EICO Values offer budget terms. Wired $14.90 | wired $29.95 , o |

EXPORT: Roburn Agencies, Inc., 431 Greenwich St.,, New York 13, N.Y.
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4.TRACK STEREO TAPE DECK

MODEL RP-100W

\ J Completely assembled, wired and tested.
\ $395.00

MODEL RP-100K

Seml-kit includes a completely assembled
and tested transport, electronics in kit
form. $289.95

Perfected 4-track stereo/mono recording, 4
& 2 track playback. True high fidelity tran-
sistor electronics, individual for record &
ﬁlayback. plus separate record & playback

eads permitting off-the-tape monitor. 2
recording level meters, mixing, mic & level
controls, switched sound-on-sound record.
mi. Electrodynamically braked supplz &
take-up reel motors; hysteresis synchro-
nous capstan motor. Individual solenoids
for pinch-roller & tape lifters. All-electric,
interlocked push-button transport control &

dedicated

)
- e T, - interlocked safety “‘record’ pushbutton.
O [Irm:‘ ., . b Precision tape guidance & sweep loading
O . b MW v py wacmmgye  texms — no pressure pads. No slurring or tape

bounce problems. Digital turns counter.
Vertical or horizontal mounting. Modular
plug-in construction. An original, exclu-
sive EICO product designed & manufac-
tured in U. S. A. (patents pending)

N SR ST oG Ay 5.
O©CP o ¢ @ 03

ooy o€y gy N

—camw s e

perfection
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NEW 9 14 LINE
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J

- } FM and AM stereo tuners on one com-
K/ pact chassis. Easy:-to-assemble: prewired,
DMereo FOHED prealigned RF and IF stages for AM and
FM. Exclusive precision prewired EYE-

TRONICS® tuning on both AM and FM.

FM TUNER

Switched AFC (Automatic Frequency Con.

trol). Sensitivity: 1.5uv for 20db quieting.

oA g i . Frequency Response: 20-15,000 cps=*ldb.
v . o man "y ¢ /
J A - r { 3 AM TUNER
el ¥, o " Switched ‘‘wide’” and '‘narrow’ bandpass.
N h High Q'liltear eliminates 10 kc whistle.
. Sensitivity: 3uv for 1.0V output at 20db
FM TUNING R EVED aGeiey FRL-EVEY AR S/N ratio. Frequency Response: 20.9,000
— - - cps (“wide”); 20-4,500 cps (“narrow”).
FM-AM STEREO TUNER ST96
Kit $89.95 Includes Metal Cover and FEY Wired $129.95
OF EICO STEREO. s s 2« s 2 = 5 =«
- s . -3 = T o BOTH AMPLIFIERS: Complete stereo cen-
=7 ters plus two excellent power amplifiers.
—=leveo EICOEXRTY Accept, control, and amplify signals from

any stereo or mono source.

ST70: Cathode-coupled phase inverter cir-
cuitry preceded by a direct-coupled voltage
amplifier. Harmonic Distortion: less than
1% from 25.20,000 cps within 1db of 70
watts. Frequency Response: *=1db 10-

i . ol i ] . >
R A P S~ S S S~ S A G200 wps-
o e 3 ¥ L - . o 3 - ST40: Highly stable Williamson-type power
L 5 & \ ¢ WA ) 1= amplifiers. Harmonic Distortion: less than
# " el — — — 1% from 40-20.000 cps within 1 db of 40
2 ory watts, Frequency Response: *=14db 12-
SELECTOR MODE BALANCE LEVEL BASS o 3= TREBLE 'Y’ 25,000 cps. -

70-WATT INTEGRATED STEREO AMPLIFIER ST70
Kit $94.95 Includes Metal Cover Wired $144.95

40-WATT INTEGRATED STEREO AMPLIFIER ST49
Kit $79.95 Includes Metal Cover wired $124.95

Over 2 MILLION EICO instruments in use.
Most EICO Dealers offer budget terms.

)
1)

There's an EICO for your every stereo/mono need. Send for FREE catalog. E

i EICO, 3300 N. Bivd., L.L.C. 1, N. Y. EWw-1

1 [J Send free 32-page catalog & dealer’s name
+ O Send new 36-page Guidebook to N1-FI for
L which | enclose 25¢ for postage & handling.
1 Name
i Address
; City Zone ... State

Add 5% in West. Turn Page For More EICO Values.

wnTe o
HIGH FIDELITY
wesvrarTORING
~

Listen to the EICO Hour, WABC-FM, N, Y. 955 MC, Mon..Fri., 7:15.8 P.M. © 1961 by EICO, 33-00 N. Blvd,, L. 1. C. 1, N. Y.
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TRANSISTORIZED
THEREMIN/.. coue o voce

Build this self-powered, three-octave instrument that will bring “music from the
ether.” Self-contained unit may be connected to any external amplifier and speaker.

mysterious field. Ranpio NEws maga-

zine (as ELECTroNICS \WWoRLD was then
called) featured articles describing a
novel type of radio receiver called the
superheterodyne; hi-fi, television. and
clectronic computers were yet to come.
And in 1928, Professor Leon Theremin,
a voung Russian physicist, introduced
to this country a musical instrument
which he had invented. The instrument,
named for its inventor, had two remark-
able features. First, it was entirely elec-
trronic and. except for its loudspeaker,
had no moving parts. Second, and
cqually remarkable, the performer
played the instrument without touching
it.

The first public demonsiration of the
Theremin was given on January 31, 1928
at the Melropolitan Opera House in
New York City. The program cover set
the mood for the evening: “Music from
the Ether,” emanating from a pair of
slender hands which were reaching out
of a raging fire. A fascinated audience
heard Rudolf Wurlitzer introduce Pro-
fessor Theremin and explain that There-
min would play his instrument by vary-
ing the position of his hands in the space
around it. The audience hecame even
more fascinated when Professor There-
min began to play. The music was un-
like anything they had heard hefore, but

IN 1928. electronics was a new and

January, 1961

was reminiscent of a musical saw. How-
ever, the feature of the performance
which undoubtedly amazed the audience
most was the manner of performance;
it was difficult for them to understand
how the movement of the performer's
hands in space could be used to create
music.

Today. ‘“electronics” is a household
word. There are millions of color TV
sets and stereo sound systems in our
homes. \WWe are accustomed to reading
newspaper accounts of scientists con-
trolling satellites which are hundreds of
thousands of miles distant. Yet the
Theremin, invented over thirty years
ago, still mystifies and fascinates all
who hear it. This may seemx surprising
at first, since the instrument is basically
simple. However, the Theremin’s main
clement ol fascination is its completely
unique method of playing. It is truly the
most modern and original of musical
instruments.

The instrument to he described is a
transistorized Theremin, powered hy a
small battery. and designed to be con-
nected to any extevnal amplifier. Al-
though it is quite simple and inexpen-
sive to build. it is a true musica!l instru-
ment. Its pitch range covers more than
three octaves. Its tone quality is pleas-
ing and rich in harmonics. The playving
technique can easilv be mastered hy
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Fig. 1. Schematic of Theremin. ] :ERIZ
R R—680 ohm. 'y w. res. P SR8 3 Ci4
R..R.—220 ahm, 'y w. res. EERS c7 9 c) I( I STANDBY
R R 2200 ohm, Vy w. res. 9 ] 8 OI.FF &
R.R 330 ohm V; w. res. CRI ' ]I AUDIO BEAT NOTE <4 .S
R, 22000 ohm. V) w. res. M ) ) ~\ R|3E:
R«— 150,000 ohm, V4 w. res. RS:E ICS . € 3 B _"‘
Ry Ri—33.000 ahm. V3 . res. 3 3R 2NiseA Uyt =6
Ri—68 ohm, V3 w. res. 1 OR ZVNEOBG =
Ro—A47,0000 ahm, ¥y w. res. 1-
R 4700 vhm V) w. res. ” 0 .
Cr Co— 13- upf. variable capacitor (. [

Johuson SMIL)

C..C.C., C,—390 puf. mica capacitor =10%

Co, Co, Cro—1 pf.. 10 v, coramiv capacitor

C.Cr— A7 uyf., 10 v, ceramic capacitor

C., Ci.—3560 uuf. mica capacitor =101,

Cior— 005 uf. ceramic capacitor

C:—2 uf., 12 v. ¢elec. capacitor

Ci1—2.2 uf., 3 v. ceramic capacitor

L.—75 mhy. pitch antenna coil ( Moag 11-3111 or
three 25 mhy. ferrite-core r.{. chakes in serics
(J. 8. Miller 6308 or Meissner 19-1053). See
text.

L —Volume oscillator coil (Mooy 11-302, see
text)

L —1Volume control coil ( Moog 11-303, see text )

L. 10 mhy. volume antenna coil ( Moog 11-312)
or two § mhy. ferrite-core r.f. chokes in series
tJ. W, Miller 8304 or Meissner 19-1051 1.

T.. T -—Pitch oscillator transformer ( Mooe 11-
3, see text)

Ji. J Pin or banana juck

J - Phono jack

Po ' Pin or bunana pluy

S0 D.p. 3-pos. shorting rotury switch ( Mal-

lory 31231
Bi—6-volt battery ( Evercady 724 or vquiv.)

CR. 1IN ar equiv.
Vo, U, U —"u-p-n’ transistor (G-E
1681 or 2N 1086 or equiv.)

NOTE: Coils for this unit may be purchased
direct from R. 1. Moog Co., Box 263, Ithaca.
N.Y. Price for a complete set of coils (T, T,
aud L through I 1 isc N12.50 plus postage. Indi-
vidual cails are also available. In addition, a
complete kit of purts for the construction of the
Theremin is available. Orders for enils or re-
quests for information on the kit chould be sent
direet to the company.

CR
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anyone with a musical ear. And. most
important from a musician's viewpoint,
the instrument is exceptionally stable
and reliable.

How it Works

The Theremin works by taking ad-
vantage of the fact that the hand is a
conductor of electricity, and that its
connection to the rest of the body effec-
tively grounds it. Thus, the hand can be
regarded as a grounded plate of a ca-
pacitor. If the hand is moved with rela-
tion to another electrical conductor, we
have a variable capacitor. In playing the
Theremin. the performer varies the ca-
pacitance between his right hand and a
“pitch-control antenna” to determine
the pitch of the tone. and varies the ca-
pacitance between his left hand and a
“volume-control antenna” to determine
the loudness of the tone.

How does the Theremin utilize capac-
itance to control the pitch (frequency)
or loudness of a tone? To answer this
question, let us first examine the pitch-
generator section of the schematic dia-
gram (Fig, 1). The pitch-generator con-
sists of two stable r.f. oscillators, V, and
V.. both of which operate at about 150
ke. The signals from these two oscil-
lators are mixed through C, and C;, and
rectified by CR,. The frequency of the
signal appearing at the junction of C.
and C;, which is the output of the recti-
fier circuit, is equal to the difference bhe-
tween the frequencies at which V, and
V. oscillate. If V, and V. are oscillating
at the same frequency, then the differ-
ence frequency is zero and no a.c. volt-
age appears at the junction of C; and C..
If the oscillation frequency of V, is one
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per-cent lower than that of V.. then the
difference f{requency appearing at the
output of the rectifier circuit is one per-
cent of 150 ke.. or 1.5 ke. This frequency
is in the middle of the audio-frequency
spectrum, and is about two and one-half
octaves above middle C on the piano.
Thus., by lowering the oscillation fre-
quency of V, by only one per-cent, the
difference frequency can be swept
through a wide pitch range, starting at
“zero beat’ and going continuously up
in pitch through all but the highest
notes on a piano.

This one per-cent change in the oscil-
lation frequency of V, is caused by the
change in hand capacitance. Hand ca-
pacitance never exceeds a fraction of a
micromicrofarad. If this capacitance

Performer’s right hand determines pitch
while his left hand controls the volume.

were to be applied directly across the
tank of oscillator V,, the oscillation fre-
quency would change by only a few hun-
dredths of a per-cent. Naturally, this
change is not enough to produce an ade-
quate pitch range for a musical instru-
ment.

To increase the effect of the hand ca-
pacitance on the frequency of oscilla-
tion of V,, a coil with high inductance.
low distributed capacitance. and low
loss (L,) is connected between the pitch-
antenna and the tank of oscillator V..
This antenna coil forms a series-reso-
nant circuit with the combined capaci-
tance of C, and the pitch-antenna. the
resonant frequency of which is slightly
below the resonant frequency of the
oscillator tank. The total impedance of
this series-resonant circuit, as seen by
the oscillator tank, is much lower than
the impedance of just the pitch-antenna
alone. In addition, the change in imped-
«nce of the series-resonant circuit re-
sulting from variation in capacitance at
the pitch-antenna is also much greater
than the change in impedance of just
the pitch-antenna alone. These two fac-
tors combine to greatly increase the ef-
fectiveness of the pitch-antenna, so that
a change of a fraction of a micromicro-
farad at the pitch-antenna does, in fact,
cause the difference frequency to
change by as much as 1.5 ke.

The coupling of oscillators V, and V.
through capacitors C, and C. produces
two effects which are desirable in a
Theremin. First, the oscillators tend to
synchronize when their frequencies are
very close together, making it easy for
the performer to adjust for “zero beat.”
Second, even when the oscillators are
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not synchronized, they ‘‘pull” each
other. This pulling is characteristic of
any beat oscillator circuit in which the
oscillators are coupled. As a result of
the pulling, the waveform of the audio
difference frequency signal is saw-
tooth-like, and contains a succession of
overtones that impart a pleasing quality
to the tone. The degree of coupling has
been set 1o give a moderate amount of
pulling, but not enough to cause insta-
bility at low difference frequencies.

Now let us turn our attention to the
volume-control section. In this section,
as in the pitch-generator section, the
combined capacitance of the control an-
tenna and C,. is in series with a high-
inductance, low-loss coil L, forming a
series-resonant circuit. L, is connected
to a fixed-frequency oscillator V.
through a large resistance R.. The im-
pedance of the antenna series-resonant
circuit is lowest when its resonant fre-
quency is equal to the oscillator fre-
quency, and increases as its resonant
frequency is lowered, for instance by the
addition of hand capacitance to the vol-
ume-control antenna. When the imped-
ance of the antenna circuit increases,
the r.f. voltage at the junction of R. and
L, also increases. This r.f. voltage is ap-
plied across the parallel-resonant cir-
cuit €., and L., and is rectified by CR..
A negative d.c. voltage, which is propor-
tional to the r.f. voltage, is thus devel-
oped at the junction of Ry, and C... When
the resonant frequency of the antenna
circuit is equal to the oscillator fre-
quency. the d.c. voltage at the junction
of R, and C.. is only a few tenths of a
volt. As the resonant frequency of the
antenna circuit is lowered, this voltage
increases to about five volts,

Although the pitch-antenna circuit
and the volume-antenna circuit are sim-
ilar, they are applied in different ways.
The pitch-antenna circuit is connected
directly across the tank of oscillator V..
and is used to change the frequency of
oscillation. The volume-antenna circuit
is connected to the tank of oscillator
V. through a large resistor. and is used
to change the amplitude of the r.f. volt-
age at the junction of R. and L.

The d.c. voltage developed at the
junction of R, and C.: is applied through
R. as bias to the bhase of control ampli-
fier V.. By increasing the d.c. bias volt-
age, the collector current of V, can be
decreased until it is completely cut off.
The audio signal from the pitch-gener-
ator section is also applied to the base of
V.. The a,c. output signal appearing at
the collector of V, can be varied in am-
plitude from about 0.5 volt (minimum
d.c. control voltage) to zero (maximum
d.c. control voltage). and is fed to the
output jack through isolating capacitor

Tie

The instrument is powered by a small
six-volt battery. The current drawn by
each of the three oscillators is stabilized
by its emitter resistor. the base voltage
being fixed by the resistive voltage di-
vider R., and R,;. Total battery current
is about 8 ma.

A three-position switch is used to turn
the instrument on. The first position is
“off,” and no battery current flows. The
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CROSS-SECTION VIEW QF
A COMPLETED coIL

SINGLE-LAYER
INSIDE WINDING

SCRAMBLE-WOUND "
OUTSIDE WINDING

General [nstructions:

1. Use oue-half-inch diam., slug-tuned coil forms
(CTC LSHIK or J. W, Mitler 221000 RB1)

2. Use =36 enawmelled and cotton-covered wire.

3. Space the windings 34" from the lug end of
the form and wind the coils V" wide (see dia-
gram abave).

4. Always wind in the same direction around the
coil form, for a given coil.

S. Coat the completed coils with a polystyrene-
base coil dope.

Specifie Instructious:

1. T, and T : First, wind 20 turns in a single
layer. Start of this winding is terminal =1 and
the end is terminal 42, Next, scramble-wind
145 turns aver the 2i-turn layer. Start of the
H5-turn winding is =3 and the end is =4. Do
not wind tape or other insulation between
the first and second windings.

2. L:: Start at terminal 1. Wind 5 turns in a
single layer and bring a tap out to terminal
#2. Next, scramble-wind 30 more turns and
bring another tap out to terminal 3. Fi-
nally, scramble-wind 95 wmore turns and con-
nect the end of the winding to terminal 1.

3. L : Scramble-wind 130 turns.

Fig. 2. Details on coils employed in unit.

second position is “silent’ or “standby,”
in which battery current flows but the
output jack is shorted to ground. The
third position is “play” or “on,” and the
short across the output is removed. This
arrangement is needed to eliminate the
transient accompanying the initial flow
of hattery current from getting into the
amplifier and being heard as a thump
at the loudspeaker.

Construction

Building a transistor Theremin is a
relatively easy matter. Since the two
control antennas have to be separated
by at least twenty inches and have to be
about three and one-half feet from the
ground. we found it convenient to mount
everything on a plywood board, and
fasten a flange with a standard micro-
phone-stand thread (Atlus AD-11) to
the bottom of the hoard. The entire in-
strument can then be supported by a
microphone stand. The photos reveal the
layout of components on the board. The
board is '»” plywood, 24” long by 512"
wide. Two pieces of wood 5',"x 3"x1%:"
are fastened at either end of the board.

These pieces of wood hold the antennas.
The pitch antenna, which goes on the
right end of the board if you are right-
handed, is an aluminum rod 33" in di-
ameter and 21” long (3" aluminum rod
is sold in hardware stores that carry
Reynolds “do-it-yourself” aluminum), A
vertical hole slightly larger in diameter
than the *.” rod is drilled through the
block that goes at the right end of the
board. A wood screw is put into the
board beneath the block hole, so that
with the block in place, the rod can be
dropped in the hole, and will rest on the
screw head. A wire is fastened to the
wood screw before the block is screwed
to the board.

The volume-control antenna is a sheet
of aluminum, 5'2"x 312", fastened to the
outer face of the block at the left end
of the board. Connection to the antenna
is made by a wire under one of the
mounting screws,

All components, except the antenna
circuit components. are mounted on a
5”x 10”"x 3” aluminum chassis (Bud AC-
404) on the middle of the board. The an-
tenna coils L, and L, are mounted on the
board between the chassis and the end
blocks, and tuning capacitors C, and Ci:
are mounted on a 3”"x 22” sheet of alu-
minum that runs across the entire front
of the instrument between the two end
blocks. This arrangemen! minimizes the
stray wiring capacitance in the antenna
circuits, but provides shielding hetween
the performer’'s hands and the antennas
when he adjusts C, or C,..

Other layouts may be employed as
long as (wo requirements are heeded:
First. the two antennas must be sep-
arated by at least twenty inches, so that
the motion of the right hand does not af-
fect the left antenna. and vice rersa.
Second. the antenna capacitances must
be kept small. Don’'t mount the anten-
nas near large pieces of metal. Keep the
leads coming from the antennas as short
as possible. And, finally, use only wood
or other insulating materials for the
bottom board and the cover.

The chassis layout is not critical. but
it is most convenient to mount the com-
ponents in the pitch-generator section
on the side of the chassis nearest the
pitch antenna. and the components in
the volume-control section on the side

Looking into the open top of the chassis reveals this simple component layout.

L2 cs RI3

J3

TI

CR2 Ci2

Clé C3 R2 T2 R4
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PITCH
ANTENNA

Over-all view of the enfire instrument with 1ts wooden cover removed to show layout.

nearest the volume antenna. It is also
convenient to mount the output jack on
the bottom of the chassis, so that the
cord going to the external amplifier can
be plugged in through a hole in the ply-
wood board, out of the way of the per-
former.

Placement of the coils in the chassis
is important. The centers of the pitch-
oscillator coils should be at least three
inches apart. in order not to increase the
coupling between the oscillators, Sim-
ilarly, the volume-oscillator coil should
be at least three inches from L. Also.
none of the coils should be closer than
one-half inch to the sides of the chassis.
A suitable layout is shown in one of the
photos. Regular lug strips are used to
mount most of the components. The use
of transisitor sockets, rather than sol-
dering the transistors directly in the cir-
cuit, is desirable in the long run.

The layout, as shown in the photo-
graphs, is correct for a right-handed
person. If you are left-handed, simply
reverse the layout so that the pitch-
antenna is on the left end of the board.
Of course, a left-handed person can play
a right-handed instrument, simply by
standing behind the instrument instead
of in front of it.

Coils

The coils T,. T.. and L, through L,
have been specially designed for this in-
strument and are available direct from
the manufacturer. The coils can also he
assembled from standard components
and materials. The variable coils T, T..
L., and L. are wound on one-half-inch
diameter slug-tuned coil forms. The
winding dimensions and material speci-
fications are given in Fig. 2. A partially
completed pitch oscillator coil and a
completed coil are shown in one of the
photos. If the instructions in Fig. 2 are
followed carefully, the electrical charac-
teristies of the hand-wound coils will be
nearly the same as those of their com-
mercially produced counterparts.

The antenna coils are machine-wound
by a special method called “progressive-
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universal,” and cannot be duplicated by
hand-winding. However, satisfactory
substitutes for the antenna coils may be
assembled [rom standard ferrite-core
r.f. chokes, For L. connect three 25
mhy. ferrite-core chokes in series. and
for L, connect two 5 mhy. ferrite-core
chokes in series. Because of their low
“@” and high distributed capacitance.
air-core or powdered-iron-core chokes
cannot be used in place of ferrite-core
chokes to make up the antenna coils.

Setting the Coil Slugs

After checking the wiring thoroughly.
turn the instrument on and check the
voltages at the two points shown in the
schematic. If the voltages check, con-
nect an external amplifier to the output
jack. and short the junction of R, and
C,. to ground. If a loud hum is heard
when the base terminal of V, is touched
with the finger, the amplifier stage is
working and the pitch adjustments may
now be set. Place the Theremin on a
microphone stand, and at least two feet
from any large objects. Set the slug in
T, all the way out, and the slug in T.
half way in. Turn C, so that its plates
are half meshed. With the junction of
R, and C,: still shorted to ground, ad-
vance the slug in T,. When the resonant
frequency of T, approaches that of T., a
loud, high beat note will be heard, which
decreases in pitch as the slug in T, is
advanced, and disappears entirely when
the two pitch oscillators are zero-beat-
ing (operating at the same {requency).

If the slug in T, is advanced still fur-
ther, a beat note is again heard. Leave
the slug in T, at the point where the
beat note starts again. Now check the
pitch-antenna as follows: Set C, so that.
when you stand away from the instru-
ment, the oscillators zero-beat, but a
heat note is heard as soon as your hand
is within eighteen inches of the pitch-
antenna.

Now move your hand slowly toward
the antenna and listen closely. The pitch
of the tone will go up gradually. If at
one point it jumps suddenly to a very

high note, then the resonant frequencies
of T\ and T: are too low. Retract the slug
in T: a couple of turns and repeat the
adjustment procedure. If no jumps in
frequency are heard as the hand ap-
proaches the pitch antenna, touch the
antenna and listen to the pitch of this
note. If it is about three octaves above
middle C on the piano. then T, and T:
are adjusted correctly.

If the note is much higher than three
octaves above middle C, then the reso-
nant frequencies of T, and T. are too
low. Retract the slug in T one turn and
repeat the adjustment procedure. Sim-
ilarly, if the note is much lower than
three octaves above middle C, then the
resonant frequencies of 7, and T. ave
too high. Advance the slug in T. one
turn and repeat the adjustment pro-
cedure.

If you don't have a piano. you can
whistle a high note and this will be close

- gl T B
: "
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If the instructions in Fig. 2 are followed
carefully, the coils will look like this.

Top view shows just single-layer inside
winding of T;. Completed coil is below.

to three octaves above middle C. By re-
peating the above procedure a couple of
times the correct setting of T, and T-:
will be achieved.

To set the slugs in L: and L . remove
the short from the junction of R, and
C,: to ground, and place it from the junc-
tion of C. and C: to ground. Connect a
20,000 ohms-per-volt voltmeter from
the junction of R, and C.: to ground.
retract the slugs in both L. and L. all
the way and set C, so that the plates are
about one quarter meshed. The volt-
meter should read a couple of volts.
Standing away from the volume-an-
tenna, advance the slug in L.. The meter
reading will drop. reach a minimum.
then slowly start to climb. Set the slug
where the meter reading is at a mini-
mum. At this point. the frequency of
oscillation of V is equal to the resonant
frequency of the volume-antenna cir-
cuit. Next, place your hand on the vol-
ume-antenna and advance the slug in
L.. The meter reading will now increase,
reach a sharp maximum. then decrease.
Set the slug in L- where the meter read-
ing is at its highest value (about five
volts). This completes the setting of L.
and L..

You are now ready to try yvour There-
min. Set the instrument on a micro-
phone stand, and at least two feet from
walls or large pieces of furniture, and
connect it to the amplifier. The There-
min is tuned first by setting the volume

(Continued on page 125)
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Versatile

Impedance
Checker

By HAROLD REED

Used with standard test gear, this test
box enables quick and accurate

measurement of unknown impedances.

does some kind of servicing or any

other kind of work. runs into situa-
tions where he should bhe able to make
impedance measurements at various
points in electronic equipment. This is
particularly true of audio technicians,
Cases where knowledge of the imped-
ance is important would include those
where modifications or additional equip-
ment or circuits are to be incorporated
in a system.

It is true that the specifications for
electronic devices generally state input
and/or output impedances in ohms.
However, these are the impedances for
which the devices were designed. That
is, the stated input impedance is the
source impedance that should be
matched to the unit, and the output
should work into a load of the stated
output impedance. But these figures do
not necessarily specify the true input
and output impedances of the device it-
self.

Consider, for example, a line ampli-
fier in an audio network. Filters or
equalizers are to be added to this sys-
tem. For these additions to work prop-
erly, the actual impedances at the
points where they are to be introduced
must be known and the filters must he
designed accordingly.

The amplifier is specified as having a
600-ohm output. However, like most
quality amplifiers in use today, it has
negative feedback around the output
stage. This means that the actual im-
pedance looking back into the amplifier
can be below 100 ohms. It may also he
said that the amplifier has an input of
50 ohms. Yet, to improve gain, the input
transformer may be unloaded in such a
way, going into the first stage, that the
actual impedance seen may be over 1000
ohms.

The test-instrument accessory de-
scribed here facilitates the measure-

EVERY TECHNICIAN. whether he
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ment of such impedances. Requiring
only three push-button switches, ten
binding posts. and a small standard cab-
inet (Figs. 1 and 2), it can be built sim-
ply and inexpensively. It is used in
conjunction with such conventional
equipment as an oscillator, a v.t.v.m.,
and an ohmmeter.

The cabinet measures 4 x 4 x 2 inches,
All binding posts and switches are
mounted on the front panel. The binding
posts used by the author were of the
3-way type. While these are available
from more than one source, the ones
used were in the Lufuyette MS-566 kit,
which includes exactly ten posts. They
were spaced on % -inch mounting cen-
ters to accept standard. dual banana
test plugs and were insulated from the
cabinet by fiber shoulder washers.

The three switches are all single-pole,
double-throw units, but momentary.
spring-return types are desirable. The
ones actually used were push-button
switches, Lufayette MS-449. They are
shown in Fig. 2 in the normal position,
when the push-button is not depressed.
Since there is nothing critical about
parts placement or wiring. the sche-
matic and the front panel, shown in Fig.
1, are sufficient for adequate duplica-
tion Designations in both illustrations
agree with each other except that 8. in

Fig. 2. Switches and binding posts are
chief components in this passive network.
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All connections required for an impedance test
set-up are made and switched through this simple device.

the schematic has conveniently been
identified as Z. for impedance, in Fig. 1.

Using the Checker

Although the device may he used in
numerous impedance-measuring appli-
cations, the constructor will understand
its operation sufficiently from an exam-
ple using an audio amplifier. To meas-
ure its output impedance, the output
terminals from the amplifier are con-
nected to the Test” binding posts. An
audio v.t.v.m. (or other suitable volt-
meter) and an ohmmeter or other re-
sistance-measuring device are connected
to the correspondingly labelled binding
posts, A variable resistor or potentiom-
eter is connected to the R binding posts.
Its value will depend on the order of
impedance being measured, and should
be selected so its value is that of the
rated impedance or slightly greater.

Now a generator is connected to the
input of the amplifier to provide a sig-
nal whose frequency is that at which
impedance measurements are ordinarily
made on the equipment under test. For
an audio amplifier, this can be 1000
cps. Note that no connection is made
to the “Oscillator” binding posts of the
checker in this test. The generator
and/or the amplifier gain control are
adjusted to provide a convenient voltage
reading on the voltmeter, which is
across the amplifier output- -say 1 volt.
Depress switch S.. which shunts the
resistor across the amplifier output and
the meter, and hold it down. Now vary
the resistor until the voltage reading
drops to half of the initial reading—half
a volt here. Release S.. The resistance
across the amplifier output equals ac-
tual output impedance. Remove ampli-
fier connections from the test binding
posts. Depress S. (Z) to shunt in the
ohmmeter. This will give a direct read-
ing of the desired impedance.

(Continued on pugye 92)
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4 “‘Courier” Communications Satellite
A model of the 500-pound “Courier” satellite, recently
orbited by the U.S., is shown here undergoing vibration
tests. The purpose of the satellite is to relay messages
for communications between giround stations. In op-
eration. it accepts messages from one ground station,
stores them, and on command, delivers them to another
ground station. The electronics in the Philco-built sat-
ellite uses but a single vacuum tube along with nearly
1300 1ransistors and diodes.

Transistorized Police Radio
Newark, N. J. has become the first major city to use
a two-way radio system employving transistorized
equipment, with inauguration of the police department
segment of a hookup that wiil tie in fire and publie
worlks vehicles later. The compact FM commmunications
gear is being installed in city vehicles under a 5-year
agreement with RCA. v

Recent
Developments
in

Electronics

Electronic Air-Traffic Control [ 3
A new electronie system, developed for the Air Force by Avco
Corp., is undergoing tests for controlling air traflic above busy
air terminals. Called “Volscan.” the system makes it possible
for 120 aircraft to take off and land each hour, or one every
30 seconds. Here an operator at one of the consoles is setting in
initial data for an aircrafi's approach. Operating under all types
of weather conditions. the system employs radar and radio as
well as electronic computers —under the supervision of air-traflic
controllers-—-to direct the arrival and departure of aircrafs.

o ‘“Compactron’” Defense Radio
A breadboard hookup of a "Compactron” table radio
with a National Emergency Alarm Repeater receiver
(right rear corner) is shown here. This setup, recently
tested hy the Office of Civil and Defense Mobilization.
results in the radio being turned on automatically
up n receipt of an alarm impulse that signifies a
defanse or weather alert. Two G-E *“Compactrons”
in ithe receiver take the place of 5 ordinary tubes.
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Multi-Polarized Antenna »
A new multi-polarized antenna which can do the work of four sepa-
rate types of antennas in operating with missiles or space vehicles
has been developed by the Electronics Division of Chuance Vought.
The highly flexible unit will be used aboard the USNS *“Range
Tracker,” the Pacific Missile Range's first tracking vessel. The
single antenna can be used with facilities for tracking, telemetering.
or command control of missiles o space vehicles. With its complete
polarization coverage, it can perform the functions of four types
of antennas-—vertically polarized, horizontally polarized, and clock-
wise and counterclockwise helical antennas. Polarization can be
selected either through remote switching orr automatically, pro-
viding instant response.

Missile Radars | 2
Fire-control radars for the Navy's new surface-to-air ‘“Tartar”
missile are shown on the new guided missile destrover “Charles F.
Adams.” commissioned recently in Boston. Developed and produced
by Ravtheon for the Navy. the radars help guide the missile de-
spite enemy evasive tactics or jamming devices. The new radars,
called AN,/SPG-31. can be used as part of the ship’s over-all fire-
control syvstem to fire the vessel's conventional guns.
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o Microfilm Video
Transmission System
A video transmission system that in-
stantly brings drawings on microfilim
from a central library to a remote high-
resolution TV viewer was demonstrated
recently by Nord Photocopy & Electron-
ics Corp. The system uses a flyving-spot
scanner rather than a vidicon camera
and lights to generate a video signal
that is transmitted via cable to the
viewer. The operator at the TV viewer
is able to scan and enlarge any portion
of the film with a magnification of up to
60 times microfilm aperture size.

] Optical Maser

During communication experiment with
an optical maser, D. F. Nelson (left)
and W. L. Bond, Bell Telephone Labora-
tories, maintain phone contact with
experimenters at the Laboratories’
Holmdel, N. J. location. Light from the
masel* was flashed from Holmdel to the
Murray Hill, N. J. location shown, 25
miles away, where it was received on a
phototube. The general principles of op-
tical maser operation were described in
our article “The Laser-—a Light Ampli-
fier,” on page 39 of our September,
1960 issue.
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Demonstration
Oscillators
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Complete details on the construction of some simple

v.h.f. oscillators from ordinary beam-power receiving

tubes for experiments or for classroom demonstrations.

ASUALLY reading that a 50L6GT
c beam-power tube makes an excel-

lent oscillator in the very top por-
tion of the v.h.f. band will likely cause
you to do a double take, just to see if
you've read it correctly the first time.
Actually, receiving-type beam-power
tubes in the class of the 50L6GT, 50B5,
50C5, etc. will readily develop up to 3
watts output at frequencies as high as
300 mc., while the 6Y6-G, 6V6-G, and
6L.6-G will produce considerably larger
power outputs up to 200 mc.

In 1938, two independent research
teams at the Cruft Laboratory, Harvard
University, discovered that beam tubes
of all types, 6Y6-G, 6V6-G, 6L6-G, etc.
support v.h.f. parasitic oscillations of
great intensity when connected in ap-
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Basic beam-tube oscillator circvit.

Fig. 1.

parently conventional amplifier circuits
and operated at rated voltages. In fact,
the oscillations persisted under such di-
verse conditions that it seemed to be a
real problem to eliminate them in cir-
cuits in which they were not wanted. A
study was undertaken by Ronold King
(see “Beam Tubes as Ultra-High Fre-
quency Generators,” Journal of Applied
Physics, September, 1939) in order to
devise means for preventing the genera-
tion of these troublesome very-high-fre-
quency currents and, after a preliminary
series of experiments had revealed the
rather unusual qualities of beam tubes
in sustaining such currents, a more de-
tailed investigation was conducted.
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Inspection of the basic beam-tube os-
cillator circuit of Fig. 1 indicates that it
differs from conventional circuitry in
that the oscillations occur in the screen-
plate circuit, with the control-grid play-
ing no part. Oscillations not only occur
with the screen and plate at the same
potential, but can be maintained at
screen voltages ranging from —40 volts
to values well above the plate potential
of the 6Y6-G. The tank circuit consists
of parallel brass rods connected at one
end to the tube's plate and screen ter-
minals. and bridged at the other end by
a large blocking capacitor C.. A second
capacitor, C, is used to detune the length
of rods extending beyond C.. All power-
supply connections to the control-grid,
heater, and tank circuits are isolated by
means of adjustable choke coils which
are tuned to act as parallel-resonance
wavetraps.

A simplified breadboard version of the
beam-tube oscillator is shown in Fig. 2
while the schematic is given in Fig. 3.
This unit was developed for use in the
classroom to demonstrate standing
waves. The very-high-frequency output
of the oscillator is inductively coupled
to a parallel wire (Lecher) line. Stand-
ing waves are set up on the line wires

and a simple neon-lamp detector is
moved along the line to locate two volt-
age maximums, which are a half-wave-
length apart. If we let d = length of a
half-wavelength in inches, the fre-
quency of the beam oscillator’s output is
found by means of the simple formula:
Frequency (megacycles) =5905/d.

Construction

The components for the beam-tube
oscillator and power supply are mounted
on a plywood baseboard, as shown in
Fig. 2. Since the 450-ohm voltage drop-
ping resistor for the heater of the
50L6GT tube produces considerable
heat, it is kept away from the other
components by mounting it on the left,
rear corner of the baseboard on one-
half-inch stand-offs. The rheostat shown
in the front, left end of the baseboard is
a 500-ohm, 25-watt wirewound unit
which is used as a d.c. voltage control.
This unit was from the junk box and it
has been found that a 250-ohm, 5-watt
wirewound fixed resistor can be substi-
tuted without any sacrifice in perform-
ance.

A barrier terminal strip (also from
the junk box) provides a convenient
means of supporting the 150-ma. sele-

Fig. 2. Breadboard model of one of the demonstration units built by the author,
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nTv.AC.

R 500 ohm, 25 w. wirewound rheostat or 250
ohm. S w, wirewonnd fixed res. (see text)

R 33.000 ok, I w. res.

R 150 ohm, 25 w. wirewound res.

C: 80 uf., 150 v. elec. capacitor (two 40 uf. in
parallel)

RIC ,RIMC —See text

L—Tank coil {(see text)

SRS ma., 130 v, selenium rectifier

V—80L6GT tube

Fig. 3. Circuit of simplified oscillator.

nium rectifier and the pair of 40-uf., 150-
volt electrolytic capacitors which are
connected in parallel to give 80 uf. for
filtering the output of the half-wave
rectifier, as shown in the schematic dia-
agram, Fig. 3.

To secure the highest possible output
frequency from any beam tube used in
this circuit, connections should he made
direct to the tube pins and the tank
circuit formed by soldering a heavy
jumper wire directly across the tips of
the pins connecting the tube's screen
and plate. Sce Fig. 4. (Modifying the
tube by removing the base and making
connections direct to the leads will. of
course, result in a slightly higher fre-
quency.) To permit changing the tank
cireuit without the necessity for solder-
ing connections ecach time, the author
seltled for the next best arrangement
in the form of a low-loss octal socket
made of polystyrene. The metal mount-
ing strap is removed from the socket
and miniature Fahnestock clips soldered
to the screen, plate, and control-grid
lugs as close to the body of the socket as
possible. The metal lugs are removed
from holes No. 1 and No. 6 of the socket
and all protruding ends of the lugs cut
off beyond the soldered connections.

The 50I.6GT tube is supported hori-
zontally above the baseboard by a Lu-
cite clamp around its base and a stand-
off. A *4-inch wide, Vj;-inch thick strip
of Lucite is heated and bent around the
base of the tube to form a clamp, as
shown in Fig. 2. The flattened edges of
the clamp are drilled for a 6-32 machine
screw, which holds it and the tube to the
top of a 'i-inch diameter, 1l-inch-long
aluminum stand-off, tapped in both ends
for a 6-32 screw. The stand-off is held to
the baseboard with a 6-32 machine
SCrew,

Directly beneath the Fahnestock clip
soldered to tube socket terminal No. 5,
the control-grid connection, is another
Fahnestock clip screwed to the base-
board, One end of the 33.000-ohm grid-
bias resistor is connected to this clip by
forming a loop in one of the lead wires
and clamping it under the head of the
wood serew holding the clip to the base-
board. The other end of this resistor is
soldered to terminal lugs No. 8 and No.
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2 of the octal socket, which are also
wired to the d.c. power supply's negative
and the common heater load of the
30L6GT tube. These clips provide an
casy means of changing r.f. chokes in
the control-grid of the tube. which must
be changed to match each new tank cir-
cuit,

A second Fahnestock clip is screwed
to the baseboard near the front edge,
ditectly in line with the tube, and wired
to the positive terminal of the d.c. sup-
ply. A short length of insulated hook-up
wire, terminated in a miniature alliga-
tor clip, is connected to this Fahnestock
clip for convenience in changing the r.f.
choke that connects between the posi-
tive terminal of the d.c. supply and the
tank circuit. Both of the r.t. chokes used
in this oscillator circuit must be
matched to the frequency of the partic-
ular tank circuit in use.

Operation

A simple tank cireuit for use in check-
ing out the beam-tube oscillator is
shown in Fig. 3A. No r.f. chokes are re-
quired with this simple tank coil, which
consists of 6 turns of =14 plastic-insu-
lated solid copper wire (the kind that is
used for inside house wiring) wound
side-by-side on a 3-inch diameter form.
Slide the coil off the form. bunch the
turns snugly together, and tape tightly
at three points as shown. Bend the lead

TANK COIL
—

-C GRID
RF
CHOKE
50L6GT HEATER
SUPPLY B8 -B DTOODOSN Y
33K
[BasesoARG

* REMOVE SOCKET-LUG INSERTS NO.! & NO.6
Fig. 4. Bottom view of octal-socket wiring.

wires at right angles to the coil and strip
the ends for connection to the Fahne-
stock clips of the 50L.6GT tube's screen
and plate. Remove about 's-inch of the
plastic insulation from the coil winding
at the mid-point for a tap. The exact lo-
cation is not critical. an inch or two in
ecither direction from true center will
suffice.

To test the oscillator, the miniature
alligator clip from the positive side of
the d.c. power supply is connected di-
rectly to the tap on the coil, omitting the
usual r.f. choke. A short length of bare
wire. connected between the Fahnestock
clips in the tube’s control grid, replaces
the r.f. choke normally required at that
point.

A simple r.f. output indicator, consist-
ing of a single 3-inch diameter turn of
the same type wire used for the tank
coil, with the ends connected to the ter-
minals of a miniature 6-volt lamp, is
shown in Fig. 513. With the voltage con-
trol rheostat set to its mid-point, a value
of 230 ohms, the r.f. output of the beam-
tube oscillator is sufficient to light the
6-volt tamp to full brilliance when its
single turn loop is brought to within a
half inch of the tank coil. The output
frequency of the oscillator, using this

tank coil, will be approximately 25 mc.

When using this unit for demonstra-
tion, be sure to be careful of the exposed
a.c. and d.c. voltages that exist.

Tank Coil & R.F, Choke Data

A tank coil suitable for 6-mc. consists
of 8 turns of # 14 plastic-insulated, solid
copper wire, of the same type as used
for the test coil, wound on a 6-inch di-
ameter form. The turns are bunched,
taped, and center-tapped in the same
fashion as the test coil. The r.f. choke
may be omitted from the tank circuit
and the positive lead from the d.c. sup-
ply connected directly to the coil's cen-
ter-tap. An r.f. choke must be used in
the oscillator’'s control-grid circuit, but
its value does not seem at all critical. An
extensive collection of video peaking
coils in the author's junk box performed
properly in the circuit.

The 75-mec. tank coil consists of 11
turns of =12 solid copper wire close-
wound on a ‘!j-inch diameter form,
which is then removed. The r.f. choke
coils for use with this tank coil each con-
sists of 57 turns of #36 s.s.c. wire wound
in a single layer on a 'i}.-inch diameter
form, occupying a length of 31 inch. A
molded composition resistor having a re-
sistance of 1 megohm or more, is used as
the choke form. The r.[. choke supplying
positive d.c. to the tank may be con-
nected to either the plate or screen end
of the coil, or tapped-in at some point on
the coil.

The tank for 200 mic. consists of a
strip of copper, 1i-inch wide, bent in the
form of a “U” that is 13} inches long,
with the sides spaced 2 inch apart. The
matching r.f. chokes are wound on 7;.-
inch diameter, '4-inch long molded com-
position resistors having a resistance of
1 megohm or over, with 5 turns of £28
enamel wire. (Fig. 2 shows this unit.)

Circuit Refinements

The over-all performance of the
beam-tube oscillator operating at the
higher frequencies can be greatly im-
proved by incorporating a third r.f.
choke in the tube's cathode lead at the
socket. Further improvement may be
secured by inserting additional rv.f.
chokes in the heater leads of the tube at
the socket, and removing the jumper
connection tying the cathode to one side
of the heater. Since the performance of
the oscillator has proven entirely satis-
factory for demonstration purposes.
these additional improvements have
been omitted for simplicity. —{30—

Fig. 5. (A) Twenty-five megacycle tank coil
for oscillator check. (B) Output indicator.

6 VOLT

TO SOL6GT PLATE
PILOT LAMP

AND SCREEN CLIPS

SINGLE TURN
NO.14 SOLID, PLASTIC-

PLASTIC-INSULATED
INSULATED WIRE
3° DIAMETER

WIRE, 3°DIA. TAPED
AT THREE POINTS
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Tailor

ur Loudspeaker

TO I
Your Room

How to get the most out of your loudspeaker system in
a particular listening room by use of equalizing circuits.

VERYBODY agrees that a loud-
speaker must be considered as part
of the room in which it is placed.

But as soon as you ask the question,
“What should I do to make a loud-
speaker system sound best in my listen-
ing room?"”, the area of agreement van-
ishes.

Some experts recommend lots of
overstuffed furniture and drapes to
make a small room “‘acoustical.” Others
advise the use of mirrors and glass-cov-
ered pictures hung on the walls. One
group has resolved the problem with a
single formula: big room--big speaker,
little room--little speaker. (Unfortu-
nately, it doesn’t always work out this
way.) One successful dealer gets rid of
the whole difficulty by telling his cus-
tomers that in a stereo system room
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acoustics don’t matter very much any
more.

Obviously, these conflicting theories
are more confusing than helpful. But
the situation isn't really so complex if
we look at it logically.

There are two things to consider: the
characteristics of the loudspeaker sys-
tem and the acoustics of the room. It is
the interaction of these plus the per-
sonal listening preferences of the au-
diophile which determine how well the
system sounds.

Room Acoustics

Contrary to what many people have
been told, lots of overstuffed furniture
and drapes will not make a small room
sound like a concert hall.

Certainly, a reasonable amount of ab-

sorption is required. Some of today's
modern houses have rooms built en-
tirely of glass and concrete. These make
wonderful echo chambers, but you can’t
carry on an understandable conversa-
tion, much less listen to the Pittsburgh
Symphony.

Even if the total absorption in a room
is within acceptable limits, it must be
well distributed. Large parallel hard
surfaces (picture windows facing a plas-
ter wall, or uncarpeted floors and hard
ceilings, for example) can generate a
peculiar flutter as the sound bounces
back and forth.

The absorption of sound by carpets,
drapes, and furniture affects high fre-
quencies primarily. However, the nat-
ural rate at which walls and ceilings
flex can absorb substantial acoustic en-
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ergy in the bass range. But absorption
by diaphragm action usually does not
affect a wide band of frequencies—it
will introduce one or two ‘‘holes™ at fre-
quencies where the walls tend to be-
come acoustically transparent.

Fortunately, such absorption bands
are usually not serious enough to no-
ticeably deteriorate the acoustical qual-
ities of a room. But they may give rise
to objectionable interference in the ad-
joining apartment. Sometimes a differ-
ent location for the loudspeaker system
will let you make more noise (if you
like your music loud) without antag-
onizing the neighbors. If this doesn’t
work, about the only thing that can be
done is to turn down the volume control.

There is still a third acoustic phenom-
enon which is extremely influential in
determining the sound of your hi-fi sys-
tem.

Suppose we have a room 20 feet long
with a loudspeaker system at one end.
Over most of the audio range, sound
scatters around the room fairly evenly;
it is reflected and re-reflected from vari-
ous surfaces until it is finally absorbed
completely. As long as uniform distri-
bution is maintained, the reverberation
time of the room is its primary acoustic
characteristic. But at about 55 cps the
room is a wavelength long, and the
wavefront bounces merrily back and
forth, from one end of the room to the
other, being given a little bump by the
loudspeaker cone at exactly the right
moment every 1/55th of a second.

Things become even more interesting
if we take into account the height and
width of the room as well as its length.
Standing waves are set up between the
various room surfaces, and if one dimen-
sion is an even multiple of another, we
are in for real trouble. If. for example.
our 20-foot room is 10 feet wide and
9 feet high it approaches the shape of
two cubes placed together. All threc
room dimensions combine to set up
standing waves at about 55 and 110 cps.

These standing waves naturally in-
troduce discouraging peaks and dips in
the response of the system. Not only
that. but since stationary patterns of
sound pressure are set up, the response
of the system changes abruptly, not
only with frequency, but depending on
the location of the loudspeaker and the
listener.

Example: “Why is it that when I play
the Popular Psychiatrics Test Record
on my Minigon. I don’t hear the 40-cycle
tone? My old car radio speaker made
a nice solid buzz at 40 cycles.”

“Well, it doesn’'t buzz because it
doesn’'t distort. And the reason you
don't hear anything is because you ave
sitting in a pressure node.”

“I beg your pardon.”

“Let me demonstrate. DMove over
there into the corner of the room. Now
let me put on the 40-cycle tone.”

(The eyes light up, the mouth drops
open, and the whole face takes on an
expression of amazed rapture which
simply cannot be appreciated by the
outsider.)

Perhaps the factors involved can be
made clearer with a more detailed ex-
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Fig. 1. Author’s listening room with two speaker systems located at ‘A’ and “B’".

ample. Consider the following case.

Case History

Fig. 1 shows the living room of the
author’s apartment. The ceiling is about
8 feet high, so the room approaches the
double-cube configuration which was
just used as a horrible example. The
present loudspeaker installation consists
of two small identical systems hung on
the wall near floor level at locations
“A" and “B.” Eventually these will be
used in stereo—right now they are par-
alleled and connected to a single 60-watt
amplifier.

Despite the fact that high-quality
speakers were used, the system sounded
bass-heavy and boomy. A sweep through

the low-frequency range with a sine-
wave oscillator triggered a strong reso-
nance at about 63 cps. At this frequency
the whole room quivered and a heavy
crystal ashtray started creeping toward
the edge of the table. And there I was,
face to face with a standing wave. If
I had taken the trouble to measure the
living room before moving into the
apartment, I could have predicted its
unhappy acoustic qualities.

The best thing to do seemed to be to
nail down the problem with more de-
tailed information. So. a good micro-
phone and a v.t.v.m. were borrowed, and
some curves were plotted. (If you should
decide to try this, make sure you get a
sensitive meter with an accurate decibel

Fig. 2. Performance of loudspeaker system at location “A’ (A), at location *‘B"" (B),
Performance of speaker systems at “A’" and ‘B’ connected in parallel is shown at (C).
The performance of o single loudspeaker system in free space is illustrated at (D).
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scale. Also, be sure to use a high-quality
condenser or dynamic microphone. If
you try to use a ribbon microphone,
your curves will be inside-out in the
region where standing waves occur.)
It was found that below 300 cps or
so, the trick is to measure individual
peaks and dips, plotting these points on
4-cycle, semi-logarithmic graph paper.
But in the mid- and high-frequency
region, the peaks and dips are so close
together that it is impossible to chart
them all. Instead, you have to take a
half-octave at a time, sweeping back and
forth in this band, and estimating the
average position of the meter pointer.
The procedure is entertaining and it
is easy to get carried away. However,
readings below 30 and above 5000 cps
should be disregarded. Unless fantasti-
cally expensive equipment and an indi-
vidually calibrated microphone are used,
such measurements are worthless.
Using this technique, separate curves
were drawn for the two loudspeakers.
Fig. 2A is a representative curve of
speaker “A” and Fig. 2B shows the re-
sponse of loudspeaker “B.” To those
who are used to measuring speakers,
the picket fence aspect of these curves
comes as no surprise. However, there
are two things which deserve comment :
(1) In loudspeaker “A."” the peak at
65 cps is clearly audible and extremely
annoying. We would expect this from a
look at the curve even if we had never
heard the system. We would also ex-
pect the bhroad depression around 200
cps to be audible too. This is an instance
where the microphone doesn’t agree
with the ear—it isn't audible.
(2) Clearly, if a single monophonic
system is used in this room, the corner
is not the best location. Not only is the
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Fig. 3. Response of equalization circuit.

bass response of “B" smoother than that
of “A" but its performance in the 30-50
cps range is actually stronger. This is
exactly the opposite of what we would
expect. It demonstrates the value of ex-
perimenting with loudspeaker position

. a distance of only five feet makes
the difference between the results of
Figs. 2A and 2B.

After measuring the loudspeakers in-
dividually, the next step was to connect
them in parallel and check the response
of the whole system. The author has
explained in previous articles that one
of the advantages of separated loud-
speaker systems is the tendency to av-
erage out peaks and dips caused by
room acoustics. Therefore, the perform-
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ance of “A"” and “B” together should
be better than either one alone.

Well, nobody is right all the time.

Fig. 2C shows the performance of the
two speakers in parallel. This is obvi-
ously worse than either unit by itself.
And because of the law of I.C.I1.O. (“The
Innate Cussedness of Inanimate Ob-
jects”), it sounds as bad as it looks.
That is, the 65-cps peak is just as pro-
nounced as you'd expect. However, the
spatial quality and improved re-
flected/direct-sound ratio makes the
over-all performance of the two paral-
lel systems much more lifelike than
either one alone. The problem was to
keep this physical arrangement but get
rid of the 65-cycle boom.

Since all three curves show a general
rise around 60 cps, and a depression
around 200 cps, you might suspect that
the problem was a function of the loud-
speakers themselves. I did. so I managed
to steal a free-field curve of the 10-inch
woofer as run by the manufacturer.

from a frequency of 35 to 1000 cps.

Well, since the loudspeakers were
good (remarkably good really) and
placement was not to be changed, how
about changing the listening location?
The chair which had been used as the
“ideal” listening point was moved two
feet and the curve of Fig. 4 was ob-
tained. This was better, but additional
equalization was required.

Notice that if the loudspeakers were
not flat things might be considerably
easier. A speaker system having a hole
at 60 cycles and a little bump around
120 cycles could be used. It would prob-
ably sound very good without any elec-
tronic equalization at all. Such a
speaker wouldn’t be too difficult to find,
but since I wanted to use the units I
already had, equalization seemed to be
the best solution.

The dotted line in Fig. 4 gives a fairly
good indication of what the system
sounds like in operation. It was drawn
by connecting mid-points of the ups and

+2 QT T T T

15—

RESPONSE -0B

AVERAGE RESPONSE i

i 5 L

500 KT
FREQUENCY-CPS

ENE ONE  FONE.

Fig. 4. Performance of two speaker systems in parallel measured at final listening
location. Dotted line indicates average response. Shaded areas can be considered
reasonably accurate because a laboratory capacitor microphone was used for the tests.

This is shown in Fig, 2D. “Well,” I
thought, “there is a little bump around
60 cycles. Maybe this is one of these
curves that has been forcibly smoothed
for publication.”

So I went to a lot of trouble to run
some free-field curves myself. The re-
sults were almost identical with the
curve of Fig. 2D. No matter how care-
fully I tried to find the peaks and dips.
the loudspeakers refused to vary their
output move than approximately =3 db

downs of the curve that was measured.

Fig. 3 is the equalization added to the
amplifier and Fig. 5 is the averaged re-
sponse of the equalized system. The
bump around 65 cps has been squashed
down until it is only about 6 db above
mean intensity. I couldn’t resist raising
the depression around 200 cps to make
the curve look nicer even though this
refinement doesn’t make any audible
improvement.

(Continned on page 124)

Fig. 5. Solid line shows average response of speaker system with equalization em-
ployed. The dotted line shows the average response of system without equalization.
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PACKAGED-CIRCUIT
SERVICE PROBLEMS

Unitized multi-component networks present some

By H. R. HOLTZ

special service problems. How to find and fix faults.

ments that include the various com-

ponents of certain networks seems
to have our TV and radio designers in its
grip. and not without reason. These in-
tegrated combinations are sprouting up
all over the chassis of newer-model sets
today.

These elements are of various types.
In the beginning, they were simply
called “printed circuits.” In these, in-
stead of using conventional components,
resistors and capacitors were literally
printed on small, ceramic wafers and
kiln-fired inside an insulating sheath,
with connecting leads protruding. To
avoid confusion with other uses of the
term today. these plates or packaged
units are no longer called printed cir-
cuits. The most common early examples

AMANIA for using single physical ele-
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Fig. 1. This FM discriminator output
network is used in Philco chassis 7H22.

were standardized vertical-integrating
networks.

The newer combinations ave a bit dif-
ferent. They will have more depth than
the wafers. Standard capacitors, resis-
tors, and possibly other components are
mounted on small boards (on the order
of 1 x2 or 2x2inches) and the finished
assemblies or modules are dipped in
some sealant compound. As is the case
with the earlier type, internal connec-
tions are sealed in and inaccessible, but
external cetinections are brought out as
pigtails. Usually these leads will go
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through orifices on an etched-circuit
chassis board and be soldered to the wir-
ing printed on the latter.

At best, it is quite difficult to “see”
the circuit from visual inspection of the
physical equipment; it is almost always
necessary to examine the schematic
drawing of the receiver. Since measure-
ments can be made only at the external
connections to the module or package.
where individual components are not
always accessible, precise understand-
ing of the circuit operation is essential
if efficient repair is to be achieved.

Such cut-and-try methods as check-
ing components by substitution have ob-
vious limitations. Even substitution of
an entire assembly is not simple, be-
cause maintaining a stock of all possible
combinations already in use may be
wasteful and may also be futile, since
new types are constantly being added.

However. this does not mean that you
can only t dke a number of measure-
ments and then go into a trance until
you arrive at the correct answer by a
series of brilliant deductions. We have
heard of fabled geniuses who can do
this. but the average service technician
has learned that he must get most of
his answers the hard way.

The most practical approach to
checking a package or module seems to
be offered by some form of the signal-
tracing technique. with or without sig-
nal injection. The value of this approach
lies in the fact that it can localize a
trouble to a given area, between (wo

specific points in a circuit, although it
may not point directly at the defective
component. With these multiple-com-
ponent networks, it is possible to estab-
lish at least two such points, which may
be considered an input end and an out-
put end. Thus signal tracing can estab-
lish whether a defect is indeed inside the
compact assembly or not, and we know
whether or not a replacement must be
ordered.

There are usually other means of
checking that can then be used to pro-
vide verification of the diagnosis. For
example, consider the portion of an FM
discriminator circuit used in certain
Philco receivers, shown in Fig. 1. The
voltage-divider and filter network in the
diseriminator output, appearing within
the broken-line box, is sealed in a single
unit. In an actual case of weak audio
output, an oscilloscope showed ample
signal present at the cathode of the 5T8
that connects to terminal 2, which is the
input end of the network, Touching ter-
minal 1, the output end, produced a loud
hum in the set's speaker. There was no
hesitation in branding the assembly as
defective.

Nevertheless, as a further check. a
100,000-0hm resistor was bridged across
terminals 1 and 2. The audio came in
loud and clear. Using various combina-
tions of terminals and checking with an
ohmmeter or with injected signals,
other components could be checked.
Leakage in the upper 150-guf. capacitor

(Continued on page 110}

Fig. 2. Other unitized groupings: (A} audio-coupling network, (B} a network

used in retrace-blanking circuits, and

{C) diode pairs for horizontal a.f.c.
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TV performance losses as
sets age, gradual and
cumulative, are seldom

due to single defects.

Houw to restore old life.

Where Did the Gajn Go

By

KENNETH BRAMHAM

EMEMBER the new TV receiver of
R four or five years ago? At that time.

when the set was brand new all the
avallable channels were received, includ-
ing the “hard-to-get” channel in the
neighboring eity. Now, after a few years
of service, only the stronger stations are
seen at all and only those in the low
band (channels 2 10 6) are usable.

This loss of gain is often so gradual a
process that it may not be noticed by
the viewer until repairs are made on
some other part of the circuit or until
comparison is made with another set.
On the other hand, gain may be lost
due to a component failure and will be
immediately noticed by the viewer. This
second case of a sudden catastrophic
failure presents a relatively simple
problem to the service technician. It is
the gradual deterioration and its cor-
rection which provides something of a
challenge.

The cause of reduced gain may be
found almost anywhere in the receiver
circuit from the antenna to the view-
ing screen. Gradual deterioration of the
antenna connections and lead-in wire
will give a weak and snowy picture; poor
amplification in the r.f., i.f., or video-

output stages will show on the screen
as a weak picture; and most simple of
all, yet often not immediately obvious.
a dirty screen will result in reduced con-
trast and brightness. These and other
parts of the system where lost gain is
likely to be found are shown in Fig. 1.

Tube Faults Not Obvious

Poor amplification in the receiver is
most likely to be caused by tube de-
terioration. Gradual loss of emission by
the tubes will result in reduced gain
that is not likely to be restored by the
replacement of any single tube. A sensi-
tive tube checker will accurately indi-
cate the condition of each tube and per-
mit the service technician to decide
intelligently which tubes must be re-
placed to restore the receiver to its
original performance.

\While tube testing is a simple pro-
cedure, the technician’'s familiarity with
his tube checlker can make the difference
between a fast, effective service job
and a tedious series of tube substitu-
tions. A dual tube, for example, may
read ““Good” in a particular checker
when, in reality, one half of the tube is
weak and the other half is very good.

Fig. 1. Points in the receiving system where changes contribute to performance loss.
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In the testing circuit, the two parts of
the tube may average out, but this will
not be the case under load conditions in
the receiver. A dual tube in this condi-
tion, for example, if used as a mixer-
oscillator in a TV tuner, may give ade-
quate oscillator output on the low chan-
nels. none on the high channels, and
inadequate amplification in the mixer
stage when the oscillator is working.
Shorted or gassy tubes must be found
if the set is to be restored to full gain.
This is far more important than de-
termining if a tube is “weak.” The
“weak” tube may be quite good for the
job it is to do in the set, when it is run
under correct bias conditions. A ‘“short
test” is provided in all useful tube
testers, and serves not only to reject
shorted or gassy tubes. but also to pro-
tect the instrument itself from damage
To give this protection the short test
should be applied before going on to
emission or conductance testing.
Cascode r.f. amplifier circuits are
perhaps the largest single source of tube
failure in sets used under poor signal
conditions. If little or no a.g.c. voltage
is available, the cascode amplifier tube
will draw far more current than it can
reasonably be expected to handle, and
the resulting failure must be expected.
The maximum cathode current rating
for a 6BQ7, for instance, is 20 milliam-
peres. If no bias voltage is applied to
rhe grid. due to a lack of a.g.c. voltage
resulting from a weak signal and with
the normal 125 volts on the plates, the
cathode current will be in the region of
30 ma.-—50% over the rated maximun.
Similar conditions prevail in the i.f.
stages but to a less serious degree.
Cathode biasing of these pentodes by
resistors insures some negative grid
bias at all times. However, under certain
conditions of low a.g.c. voltage, cathode
and plate current can become excessive.
Lack of a.g.c. voltage is not always
caused directly by poor signal condi-
tions. Reduced gain in the r.f. and i.f.
stages results in less signal voltage be-
ing applied to the detector and a.g.c.
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circuit which, in turn, develops less than
normal a.g.c. voltage for a given signal
strength at the antenna. Thus we have
a chain reaction where loss of gain
creates a low a.g.c. condition which, in
turn, produces tube deterioration, due to
lack of bias voltage, causing a further
reduction in gain.

This low-gain/low-a.g.c.-voltage
spiral can be extended to include the
antenna as a likely starting point. A new
TV set may be equipped with a new
antenna, but deterioration of both an-
tenna and set starts immediately upon
installation. As antenna connections cor-
rode, elements possibly break off, and
lead-in wires hecome damaged, so the
antenna gain is reduced. placing an un-
necessary load on the receiver. Because
this condition will remain after the re-
ceiver gain is restored, it is alwavs a
good idea to make a simple ohmmeter
check for faulty antenna conditions
when servicing for lost gain. If the ohm-
meter shows a resistance of more than
2 few ohms across the lead-in wires to a
folded dipole, when they are discon-
nected from the set, an antenna system
overhaul is indicated.

The primary task of the technician
when servicing a TV receiver should
always be to restore the receiver to its
original condition. Replacement of a
tube with a new duplicate will only do
this if the tube being replaced is of the
correct type. Often a substitute may
have been installed in the past, for one
reason or another, which may cause
reduced gain or mis-alignment. It is
therefore essential that all replacement
tubes should be checked against the
original schematic or tube-layout dia-
gram to make sure that the new tubes
are identical or otherwise acceptable
types (such as improved versions) of
the original manufacturer’s types.

Developments in tube design have
made available improved tube types
which are interchangeable with older
ones to provide increases in gain or re-
liability. The 6 BSR. for example. may be
used to replace the older 6BZ7 r.f. am-
plifier and should generally provide an
increase of abhout 3 db in gain and a
decrease of about 1 db in noise level—
a total improvement of 4 db. It is, how-
ever, advisable to re-align the r.f. stage
when installing this new tube type. This
may give a further improvement of as
much as 2 db. In the i.f. stages it is also
possible to use improved tube types,
but their use is often dependent upon
correct re-alignment and may even re-
quire circuit changes beyond the limits
of normal service.

Bad-Tube Chain Reactions

Poor gain caused by defective tubes
will not always be corrected by tube
replacement alone. Often a defective
tube will cause some other component
to fail, and the latter must be replaced
if full gain is to be restored, The most
frequent failure of this kind occurs when
a tube develops a shorted or gassy con-
dition and. by drawing excessive cur-
rent, overloads various resistors in
series with the tube. The overloading
and resultant ove.heating varies in ef-
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fect from a slight change in value of
one resistor to the complete burn-out of
a whole string of them extending back
to the power supply.

The r.f.-circuit dropping resistors in
cascode tuners (R, and R. in Fig. 2A)
are possibly the most frequently affected
components in this category. In this case
the failure will show up, after a shorted
tube has been found and replaced, as
a loss of sound and picture, or reduced
r.f. gain with very weak or snowy pic-
tures. As all the resistors in series with
the tube may not be obvious, a voltage
check should be made under load after a
resistor has been changed,

Similar failures may occur in the i.f.
stages, but their effect may be some-
what different. Complete loss of picture
will, of course, be the maximum result;
but lesser failures will cause a weak
rather than a snowy picture. This char-
acteristic of i.f. failures will aid in
diagnosis: snow usually denotes tuner
trouble but seldom i.f. trouble; a
“washed out” picture usually denotes
i.f. or video-output trouble.

The i.f. stages, like the ones shown in

R 2R R

LOw HIGH
B8+ OUTPUT B+

L (8)

Fig. 2. Shorts in r.f. or i.f. tubes
may overload resistors, like (A} R, and
R. in r.f. and (B} resistors R in i.f.

Fig. 3. Resistor changes in voltoge
divider (A} of a.g.c. line may cut gain
or add snow. Changes in (B) stacked
“B+" supply may affect sensitivity.
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Fig. 2B, are particularly susceptible to
burned-out resistors (especially the ones
marked R). In this circuit, a stacked-
“B+' arrangement is used that resem-
bles the one found in cascode amplifiers,
that is, the two tubes are in series across
a high “B-" voltage, with the lower
“B+" at the cathode of the second tube
serving as plate voltage for the first
stage. and possibly some other circuits
in the receiver. Thus a leaky or shorted
tube in one of these stages could set up
a chain reaction that would affect com-
ponents in both stages and possibly have
secondary effects on other circuits us-
ing the same source of low “B+." This
may mask the true symptoms. Similarly,
a defect in another circuit supplied
from this voltage point might affect
the i.f. system. The possibility of such
interrelated and cumulative faults
should not be overlooked.

Failures in the a.g.c. circuit will, at
times, produce effects similar to tuner
or i.f, failures. A snowy picture may re-
sult if, for example, an open bias re-
sistor (R, in Fig. 3A) allows an exces-
sive negative voltage to be applied to
the tuner, thus cutting down the input
to the i.f. strip and, in turn, reducing
the a.g.c. voltage on the i.f. tubes. If R,
becomes low in value or R. becomes
open, the result will be a positive voltage
applied to the tuner a.g.c. line, an in-
crease in tuner gain, but increased a.g.c.
bias voltage to the i.f. stages from a
separate a.g.c. line. and a weak picture.
In practice, the r.f. amplifier would
probably not survive, which would com-
plicate the service procedure because
the direct symptom masked the defect

Trouble originating in circuits which,
at first glance, have little or no relation
to tuner or i.f. circuits may be the cause
of poor gain. A defective audio-output
tube may, in a stacked “B+ "' supply cir-
cuit, cut down the low “B-+" voltage
and reduce the output of the i.f. strip.
In this familiar circuit, shown in Fig.
3A, the audio-output tube is used as a
dropping resistor to reduce the 250
volts or so from the power supply to
the 100 to 150 volts needed by the i.f.
strip. Changed resistor values in this
circuit will affect the working condi-
tions of the audio-output tube and pro-
duce similar results. Supply voltage re-
duced by open or leaky capacitors in
the power-supply circuit may also show
on the screen as reduced gain, as will
any other defective component that is
“dragging down' the supply voltage.

Sets being serviced on the bench un-
der good signal conditions may not show
the same symptoms of lost gain, but
such symptoms will recur when the set
is returned to the customer's antenna.
As all sets are likely to have some loss of
over-all gain in time, it is good practice
to check all sets undergoing hench re-
pairs with this in mind. A simple test
procedure is to check the a.g.c. voltage
at both the tuner and the i.f. strip while
the set is connected to a “standard”
antenna. Once the procedure is adopted,
any set showing helow-average readings
will easily be noticed and can be serv-
iced to resto-e the gain before it is al-
lowed to leave the bench. 0
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Reverheration in Principle & Practice

Fig. 1. Sound can be considered as individval bundles of en-
ergy, scattering in all directions from the sound source used.

Fig. 3. Parcel 1 has disappeared, while 2 is arriving to cause
continuation of sound or echo. Parcel 3 will arrive some time later.

Fig. 2. Parcel 1

is the first to reach the listener. Parcels

2 and 3 arrive later after having been reflected from surfaces.

Fig. 4. In a listening room, there are a large number of sound
parcels arriving at the listener's location at various ftimes.

By GEORGE OWEN/Proied Engineer, Motorola Inc.

Description of the Motorola technique for obtaining
the reverberation effect in its packaged stereo units.

the living room in much the same

way as it is heard in its original state,
both as to content and environment, has
taxed the energies and imaginations of
many who are engaged in the science of
sound reproduction.

Advancements in the state of this
science have been both psychological
and technological for, since we are deal-
ing with the human hearing mechanism,
the development of the mechanics of
sound reproduction is dependent first
on the findings of researchers in the
psycho-acoustic field. As an example,
the requirements for re-creating an ex-
act sound picture of reproduced music
in the home were known for many years
before the technical development of
stereo recording methods. And now, al-
though the principles and characteris-
tics of reverberation have been covered
in dozens of scientific journals for the
past 20 years, they have received wide-
spread interest only in the last few

THE REPRODUCTION of sound in
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months as technical developments have
caught up with earlier research.

Before pursuing these technical de-
velopments, let's pause for a moment
to consider some of the physical factors
pertaining to the causes and effects of
reverberation so as to clarify their sig-
nificance as far as our hearing mecha-
nism is concerned.

Effects of Reverberation

Imagine that you are looking down
into a room and that you are able to
see sound energy in the form of parti-
cles. or bundles (Fig. 1). The source of
this energy might be a short trumpet
blast lasting but an instant.

The source is located at position “A”
and the listener at position “B.” The
total sound energy, divided into three
particles as shown, is leaving the source
by three different paths. At this point,
no sound has yet reached the listener.

In Fig. 2. a short instant of time later,
particle 1 has reached the listener who

perceives the sensation of hearing a
trumpet blast. Particle 2, meanwhile,
has struck one of the side walls and
has been reflected toward the listener.
Particle 3. however has been reflected
from the other side wall and is now
heading toward the back wall. All three
particles have travelled the same dis-
tance, but because of the longer paths
taken by bundles 2 and 3., these have
not yet reached the observer.

You may also note that particles 2
and 3 have decreased in strength. This
is due to the fact that some of their
energy has been dissipated-—absorbed
by the walls from which they are re-
flected.

The amount of energy lost due to ab-
sorption depends upon the material of
the reflecting surface. A heavily draped
wall, for example, would reflect very
little energy. The final character of the
signal reaching the listener therefore
depends, to a large extent, upon the
materials in a room.

ELECTRONICS WORLD



In Fig. 3, taken still another instant
of time later, the second particle has
reached the listener and he perceives
either a continuation of the original
trumpet blast, or an echo, depending
upon the difference in arrival time be-
tween the first and second particles. In
either case, the sound actually received
by the listener has undergone a change
from the original sound produced by
the source—due entirely to the charac-
teristics of the room. It is this charac-
teristic which is known as reverbera-
tion. In the instant depicted in Fig. 3,
the third particle, having hbeen reflected
off the rear wall, is now headed toward
the listener to change the sound still
more.

Under actual conditions, there will
be a large number of particles travers-
ing many different paths. The end re-
sult is a gradual decrease of sound from
the time the listener first hears the
initial blast. The time taken for this
sound to decrease to nearly zero is the
reverberation time and this, too, is
largely governed by the characteristics
of the listening room. See Fig. 4.

Obviously, the characteristics of a
living room differ vastly from those of
a concert hall. While a particularly
“live” room may generate a good deal
of reverberation, the reverberation time
and the time delay between reception of
the individual reflected signals in the
living room bears no relationship to
their counterparts in the concert hall.
No matter how “live” a particular room
may he, the feeling of spaciousness as-
sociated with a concert hall is not dupli-
cated in the home.
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REVERB UNIT
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Until recently, reverberation in the
home has been entirely a function of
the techniques employed during the re-
cording process and of the characteris-
tics of the playback room. Now, thanks
to a unique development by the Hum-
mond Oryan Compuany, we are able to
duplicate the reverberation characteris-
tics of a large hall even in the restricted
confines of the ordinary living room,

The operation of the basic Hammond
reverberation unit, together with its
associated circuitry as employed by
Philco and Zenith, was described in the
August issue of ELEcTrRONICS WoRLD.
The Motorola circuitry for its top-of-
the-line reverberation stereo consoles is
described in the following paragraphs.

The Motorola System

For the reproduction of the stereo
cffect alone. three separate power-am-
plifier channels are employed. In the
preamplifier. the two-channel stereo
signal is divided into three portions,
cach one going to its own power ampli-
fier. The combined bass frequencies
from both stereo signals (below 200
cycles) are amplified by the center
power amplifier, while the mid-range
and high frequencies of each stereo sig-
nal are separately amplified and repro-
duced by individual left and right am-
plifiers and speaker systems. Because
frequencies below 200 cycles contribute
nothing to the directional effect of
stereo, the three-amplifier system pro-
vides a full measure of stereo while
offering greater IM-reduction possibili-
ties than the mwore conventional two-
amplifier systems.

At the same time, the extreme bass
frequencies have little or no effect on
reverberation. In fact, the basic rever-
beration unit supplied by Hammond
cuts off at about 200 cycles. Conse-
quently, the signal to be delayed and
reverberated is a combination of the
stereo signals provided by the two out-
side stereo amplifiers.

Mixing of the two stereo signals for

12 12ax7
157 PRL AMP

12 12487
ND PRE AMP

subsequent delay and reverberation is
accomplished in the input transducer of
the reverberation unit. As shown in the
partial schematic of Fig. 5. the field
coil of this transducer is center-tapped
and the center-tap is grounded. With
opposite ends of the coil connected to
the "hot” terminals of its respective
stereo speaker, each half of the field
coil is effectively connected in parallel
with one of the speaker voice coils. The
signal energizing the field coil, however,
is a composite of the two stereo signals.

Before being mixed in the reverbera-
tion unit, the two stereo signals are
passed through individual pilot-bulb
limiters which serve as automatic re-
verb compressors at high volume levels.
The use of this unique feature is based
on the experimentally verified premise
that, at high volume levels, the volume
ratio between the reverberated and the
direct signal should be smaller than at
low volume. A little deliberation will
point up the reason for this require-
ment.

At low volume levels, the reverbera-
tion due to the acoustics of the listen-
ing room, being lower in intensity than
the direct sound, might well be masked
by the ever-present room noise, thus
becoming entirely inaudible. Without
the addition of artificial reverberation,
the resultant sound becomes relatively
uninteresting. At high levels, however,
the natural room reverberations con-
tribute a good deal to the total rever-
berated signal so that the artificial re-
verberation ratio should be considerably
reduced. The pilot bulbs, connected in
series with the reverberation unit, auto-
matically accomplish this function by
increasing their filament resistance at
high signal levels.

Acoustic vs Electronic Mixing

In an effort to simulate concert-hall
conditions as realistically as possible,
Motorola has clected to blend the re-
verberated signal with the main signal

(Continued on puye 84)
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COMPUTER
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By ED BUKSTEIN

Author, **Digital Counters and Computers"

Function of ‘‘decision-making’ elements used
in computers was described in a preceding article.
Here are the actual circuits used in these blocks.
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tubes, (C, D) transistors, or (E} diodes.
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elements of the digital computer.

Such circuits are designed to “recog-
nize” certain combinations of inputs,
and to produce outputs only when these
combinations exist at the input termi-
nals. The and circuit, for example, will
produce an output only when all of its
input terminals reccive inputs; the or
circuit will produce output when input
is applied to «t least one of its input
terminals; the notf circuit produces out-
put only when input is not applied; and
the inhibitor produces output when it
receives input if a signal is not present
at the inhibit terminal. In a preceding
article, logic circuits were considered in
terms of block diagrams. This article
deals with the actual circuitry.

Fig. 1 shows a number of «nd circuits,
including vacuum-tube logic, transistor
logic, and diode logic. The circuit of
Fig. 1A uses a tube with two input grids.
both normally biased below cut-off. A
mixer type tube may be used in this ap-
plication or, as shown, the suppressor
of a pentode may be used as a second
control grid. Since both input grids are
biased below cut-off, a positive input to
either one of the two grids will not pro-
duce a flow of plate current. Plate cur-
rent can flow only when both input grids
are above cut-off simultaneously, and
the circuit therefore produces an output
only when positive inputs are applied to
both input terminals. This type of and
circuit is sometimes referred to as a
pentode switch.

In the circuit of Fig. 1B, the parallel
triodes share a common load resistor.
Since both tubes are normally at satura-
tion (positive bias) the current flow
through the load resistor is suflicient to
drop most of the supply voltage. As a
result, the voltage at the output termi-
nal is relatively low. If a negative input

LOGIC circuits are the decision-making
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is applied to only one of the two input
terminals, the corresponding tube will
be driven to cut-off. The other tube,
however, is still at saturation and most
of the supply voltage is still dropped
across the load resistor. Since the in-
ternal resistance of the saturated tube
is considerably lower than the value of
the plate load resistor, the voltage at
the output terminal does not change
significantly when only one of the tubes

MM —B+
p——eOut 'U‘

are shown, but p-»n-p units may be used
if all polarities are reversed.

In the and circuit shown in Fig. 1D,
all transistors are biased below cut-off
(negative bias to p-type base material).
Since the transistors are connected in
series, current can flow through the load
only if «ll transistors are made conduc-
tive. The voltage at the output terminal
will therefore decrease when positive in-
puts are applied to all input terminals.

In the diode and circuit shown in Fig.
1E. all diodes are biased in the forward
direction. The pathways for current flow
are completed through the driving cir-
cuits connected to the input terminals.
Since all diodes are conducting, most of
the supply voltage is dropped across
the load resistor. The voltage at the
output terminal is therefore relatively
low. Because the resistance of even one
conducting diode is very low as com-
pared to the value of the load resistor,
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Fig. 2. Four different circuits that act alike. Each provides the “or” function.

is driven into the cut-off condition.

If negative inputs are applied to both
of the input terminals however, both
tubes will be driven to cut-off and the
voltage at the output terminal will rise
to the value of the “B” supply. Simul-
taneous inputs are therefore required
to produce a significant change at the
output terminal. This type of and circuit
is sometimes referred to as a parallel
gate or a Rossi circuit. More triodes may
be connected in parallel to provide a
greater number of input terminals.

The circuit shown in Fig. 1C is a
transistorized version of the circuit
shown in Fig. 1B. All transistors nor-
mally conduct heavily because of the
positive bias applied to the p-type base
material. Since each conducting tran-
sistor is practically a short circuit, the
voltage at the output terminal will be
very low as long as one or more of the
transistors are conducting. The voltage
at the output terminal will therefore
change significantly only when «ll tran-
sistors are driven to cut-off (negative
inputs to the p-type base material).
More transistors may be added in paral-
lel if a greater number of input termi-
nals is desired. Type n-p-n transistors
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most of the supply voltage will be
dropped across the load as long as one
(or more) of the diodes is conducting.
Output voltage will therefore increase
significantly only when «ll diodes be-
come nonconductive. Simultaneous in-
puts are therefore required to produce
an output.

By definition, an or circuit produces
an output when input is applied to at
least one of its input terminals. In its
simplest form, the or circuit would
therefore consist of several pieces of
wire connecting the input terminals to
the common output terminal. In this
form however, the or circuit would not
be practical hecause it would permit in-
teractions hetween the driving circuits
connected to the input terminals. A
signal applied to one of the input termi-
nals could feed bhack into the driving
circuits connected to the other input
terminals. The or circuit must therefore
be of such design that it will isolate the
driving circuits from each other. For this
reason the or circuit is also known as a
buffer. Vacuum - tube, transistor, and
diode or circuits are shown in Fig. 2.

The triodes in Fig. 2A are biased be-
low cut-off. A positive input to either

one (or both) of the input terminals will
produce a flow of plate current. Voltage
at the output terminal therefore
changes in response to at least one input.
More triodes may be added in parallel
if a greater number of input terminals
is desired.

In the transistorized or circuit of Fig.
2B, the transistors are all biased below
cut-off. A positive input to any one (or
more) of the input terminals will there-
fore cause a decrease of voltage at the
output terminal. A simplification of this
circuit is shown in Fig. 2C. Here, only
one transistor is required, and resistors
provide isolation of the input driving
circuits. Since the transistor is biased
below cut-off, a positive input to any
one (or more) of the input terminals
will make the transistor conductive and
will produce a change of output voltage.

This circuit is representative of a type
often referred to as nor logic. This name
is derived from the polarity-reversing
characteristic of the circuit: a positive
input pulse produces a negative output
pulse. Since inversion represents the
not function, the circuit may be referred
to as a not or circuit, which is generally
shortened to nor.

The diode or circuit shown in Fig. 2D
consists of a number of diodes sharing
a common load resistor. An input to any
one (or more) of the input terminals will
cause the corresponding diode (or
diodes) to conduct, and an output will
appear across the load resistor.

The not or inverter circuit consists
essentially of a conventional amplifier
stage. In the circuit shown in Fig. 3, a
voltage divider is connected between
the plate and a source of negative volt-
age. The output terminal will therefore
be at a potential somewhere between
the value of plate voltage and the value

(Continued on page 77)
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“not”
be at either of two different levels.
These can represent binary **1" or 0",

Fig. 3. A OQutput can

Fig. 4. The inhibitor circuit produces
output when it receives input—unless a
potential is applied to inhibit terminal.
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Symbols
for
Symptoms

By WAYNE LEMONS

AWP4

small sticker on the back of every TV
set that came into the shop. It has
room to write the customer’s name. the
date, and the trouble. This gave us
many advantages. For example, let’s
say that a set we worked on is brought
in again by the customer. We can’t re-
call his name right at that moment, but
a quick glance at the sticker (while we
are maneuvering the set and engaging
him in conversation about the weather)
enables us to impress him with the fact
that we remember him. This always
helps. In the second place. we know for
certain when we last worked on the
set. This saves no end of trouble when
it comes to warranties. complaints that
“yvou just worked on it and it still isn't
right.” and other matters.

Finally, a specific notation as to the

could memorize the entire code reliably,
Constant reference to a wall chart for
the code would be distracting to tech-
nicians and customers. Besides, if some-
one happened to jot down a wrong digit,
there would be no way of knowing this
or determining what number should
have been written down instead. The
code had to use symbols that had mean-
ing, so that it could be remembered al-
most automatically. This would tend to
eliminate errors and make them easier
to correct.

We think the alphabetical system
presented here fulfills our requirements
nicely. After extensive use, we have yet
to find a trouble that it cannot cover
(although, of course, we are not cover-
ing any bets).

Six of the thirteen letters used are

ANHY

Epitor's Note: Ou first reading, the author's
scheme struck us as heing wild and improbable.
Sccond reaction: some plan of this sort would
be aeefuld inoany shop, but we know all too
many where this particular one wonld collupse
in a week, Final decision: cach shop owner
might have to work ont his individual variation
of the system—bunt the author’s version. which
works for him, is as good a starting point as
any for a worthwhile method.

note and record the trouble symp-
toms for which a TV set is brought
into the shop. There are many reasons
for doing so. not all of them obvious.
For one thing. it will cleavly prevent
anyone from overlooking the primary
comptlaint with which the set was
brought in. This “oversight” is far from
unlikely. especially when a tough set
with more than one defect or intermit-
tent symptoms is on the bench,
Unfortunately, writing out the com-
plete symptoms on a shop ticket is time-
consuming. Thus a harried technician
might not do a thorough job o1 he might
omit the chore altogether.
Some years ago we decided to put a

EVERY SHOP must have some way to

a8

trouble lets the technician who handles
the set on the hench (and who need not
be the one who brought the set in or
took it when it was brought in) know
exactly where he stands. It also “forces”
the person who takes the set to listen to
and digest the customer’'s complaint
carefully, usually picking up the sort of
helpful information that can help us
do a better job.

Everything was fine - -except that the
stickers just didn't have enough room
for the complete story, A bigger sticker
would be too conspicuous. Besides we
sometimes had trouble interpreting our
own scribblings. let alone make them
understandable to someone else. It soon
became apparent that we would have
to develop some kind of a code. It would
have to have brevity to fit on the sticker.
It would also have to be clear, simple
to use. and certainly understandable to
all of us.

The first thought was to use numbers
arbitrarily to represent symptoms, but
there were obvious disadvantages. With
so many possible symptoms, nobody

adjectives or descriptive words to clar-
ify the nature of the trouble. The other
seven suggest portions of the TV set
in which the symptoms exist or appear.
Where difficulty occurs only on one or
more than one channel, corresponding
numbers are used. but no other use of
numbers is made. The complete code
appears in Table 1. In every case, there
is enough connection between the letter
and the idea it represents to make re-
membering easy.

The descriptive letters include B for
Bending. D for Distorted, I for Inter-
mittent, N for No, W for Weak, and Z
for Noisy or Snowy. Note that all let-
ters used except Y and Z are the initial
letters of the words for which they
stand. Y is for Sync and Z is for Noisy.
These (two symbols warrant some ex-
planation.

Why not use S for Sync? We did for
a while, but found it was leading to
confusion. It was sometimes taken to
mean Sound, Sweep, or Snowy. How-
ever. since Y is the second letter in Sync
rather than the initial, it is easy to re-
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member. N could not be used for Noisy,
because that letter already stands for
No. However, if you think of the famil-
iar cartoon depiction for a snoring
(noisy) man, which is Z-Z-Z-Z, there is
no problem. Or else you may wish to
think of a phonetic spelling, noy-Z.

Our experience has shown that the
best way to write the trouble symptom
is to note first the portion of the TV
set that is not giving trouble, wherever
possible. This is followed by a coded no-
tation describing the symptom itself or
the portion of the set where the trouble
is suspected. This is not as complicated
as it sounds, as you will see from some
examples.

Suppose a set comes in with a good
picture but no sound. You write PN4
for picture OK but no audio. You

might try to cover the copy and succes-
sively uncover the “translations” only
after you have tried to interpret each
one yourself: NAR = no audio or raster
(dead set). ANV = audio, no vertical
(deflection is understood). ANVY =
audio, but no vertical sync. AZP =au-
dio, but noisy (snowy) picture. PIA =
picture, but intermittent audio. AIR =
audio, but intermittent raster. ABP =
audio, but bending picture.

The use of the word “Bending” re-
quires some additional explanation. In
the case of a picture or raster, it could
mean 60- or 120-cps hum. To represent
audio hum, we cannot use H, since this
already means Horizontal. Thus B will
stand for hum whenever it is used with
reference to audio. For example, PB4
would mean the picture is OK, but there

Streamline your bench
work, prevent servicing
errors, and keep your
customers happy with
this orderly method for
making a record of all
complaints and defects.
It has been time-tested
in a successful shop.

ADV

AWHY

would write PWA for picture OK with
weak audio. What if picture and sound
were both weak? In this case, you might
skip noting that any portion of the set
is not giving trouble, but you would
start the notation with one of the six
descriptive letters — WAP for weak
audio and picture. Suppose you had no
video (picture) but there was a raster
and sound was weak. You write
RNPWA—raster OK, but no picture
and weak audio.

To help you pick up the knack, addi-
tional examples of the code follow. You

Table 1. Put any fault into ‘‘shorthand”

is hum in the sound. As a final exercise
in translating code into English, try
this: AP3NAP10. Puzzling? Well, it
might help to know that the two active
channels in the service area are 3 and
10. So the symbols simply mean audio
and picture (OK) on channel 3, but no
audio or picture on channel 10.

Now let’s reverse the procedure. Try
to put this fairly complicated symptom
into code: there is no vertical deflection
and the sound is weak, but the customer
also says that the horizontal hold was
critical before the set went out. What

with these 13 letters plus channel numbers.

MEANING

Audio

Bending {or hum in audio)
Distorted

Horizontal

LETTER

Intermittent
No
Picture (video)

PTZTITO®>

MEANING

Raster

U.h.f.

Vertical

Weak

Sync

Noisy (or snowy)

LETTER

g<c=™

N N =<

, 3, etc. Channel numbers

Januvary, 1961

do we have? We have a raster (light
on the screen, even if it's only a thin
line), so we put down R. We follow this
with WA for weak audio and NV for
no vertical deflection. Then we add
WHY for the customer's mention of
weak horizontal sync. Translated back,
RWANVWHY becomes, ‘Raster, but
weak audio, no vertical deflection and
weak horizontal sync.” A complicated
fault reduced to eight letters.

Try a few of the recent symptons you
have run into. You'll see how easy it
is to master the code and teach it to
others. There is another important ad-
vantage in adopting it. Putting the com-
plaint into “shorthand” compels you to
interpret the customer’s complaint logi-
cally, so that you're much more likely
to get it straight. You can’t reduce the
symptoms to code unless you under-
stand them yourself. You'll find your-
self asking the customer much more
intelligent and useful questions. You'll
not only know what his complaint is,
but also (and often just as vital) what

it isn't. 30—
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R-C BRIDGES:

By DAVID R. ANDERSON

HE R-C BRIDGE, a useful test in-

strument in the well-equipped shop,

has at least one thing in common
with other test gear: it may break
down. When this happens, although the
bridge is not a familiar unit to work
on. there is no reason that the owner
cannot [(ix it himself.

The first step in approaching the
fault is an understanding of operation
and the roles played by specific circuit
sections and components. To this end,
a simplified diagram of a resistance
bridge is shown in Fig. 1.

Assume that, when an unknown re-
sistor is connected where shown, the
ratio between its value and that of R.
is the same as the ratio between R, and

+: that is, unknown R :R. R.:Ru A
voltage applied across points 4 and B
will appear across each series pair of
resistors. If the two resistance ratios
noted are indeed equal, then voltage di-
vision across the upper series pair will
be the same as that across the lower
pair. Thus the voltages at points C and
D will also be equal, and there will be no
potential difference across the meter or
other indicating device.

In practice, B, is made variable so
that it can be adjusted for a zero read-

Fig. 1. Basic resistance bridge circuit.

c

UNKNOWN R

50

Popular service versions use similar circuitry.

Troubleshooting procedures are also similar.

ing or null on the indicator for different
values of unknown resistance. and the
dial on its knob is calibrated to give
readings for the value of the unknown.
Also, for indication over a wide range of
values, a switch selects ditfferent range-

UNKNOWN R

Rs :RI,R2,R3
" ORR4

A EXPANDED

RANGE ONLY

OPEN FOR J

RS 3

Ry 0O Rp

—

Fig. 2. Typical resistance-measuring
circuit used in a commercial bridge.

P— A.C. SOURCE —

setting resistors for R.. In most com-
mercial R-C bridges. an electron-ray or
eve tube is the null indicator (Fig. 2)
instead of a milliammeter or voltmeter,
because of the tube’s low cost and con-
venience.

The electron-ray tube. a sensitive de-
vice that causes very little circuit load-
ing, enables a high degree of accuracy.
And. since it can also rectify. a.c. may
be used as the test voltage. This makes
it possible to measure capacitance too.
The only necessary circuit change is the
substitution of a range-setting capaci-
tor for R..

Another refinement in Fig. 2 is the
grounding of one side of the indicator
in this case, the tube’s cathode— to give
the instrument greater stability. Also,
R . and R, are both made variable. in the

form of R.. greatly increasing range and
sensitivity.

To understand the eye tube’s function
as a null indicator. assume we are
checking the value of an unknown re-
sistor on the bridge of Fig. 2. The un-
known is connected where shown. The
bridge will probably be unbalanced and
the eve tube will be closed, as shown in
Fig. 3B. R. is then rotated until a null
is indicated by maximum eye opening
(Fig. 3A).

With the bridge unbalanced, the eye
is closed because there is a voltage dif-
ference between points C and D of Fig.
2. This a.c. voltage, proportional to the
unbalance of the bridge, is fed to the
grid through C. then rectified and fil-
tered by the grid. C., and R.. The result-
ant d.c. bias voltage is also proportional
to the unbalance of the bridge. When
this negative bias is high, the eye of the
tube is closed.

As R. is rotated toward balance, the
voltage difference between points C and
D is reduced. This, in turn, causes the
grid bias to become less negative and
the eye begins to open. With balance
achieved, bias voltage is at a minimum
and the eyve is fully opened.

Changing the value of R. to R, R..
R., o R, changes the range over which
the bridge operates. There are several
ranges to be found in all commercial in-
struments, including what is known as
an expanded range. On the expanded
range. R. is switched in series with R.

Fig. 3. Indicator tube with (A) bridge
balanced (eye open) and (B) eye closed.

- l

(A) (B)
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(part of R,) in one arm of the bridge to
do just what the name implies: increase
the highest range of the instrument.

Capacitance Measurements

The operation of the capacitance
bridge, shown in Fig. 4, is essentially
the same as that of the resistance
bridge. There are, however, a few differ-
ences to be noted. First and most ob-
vious is that capacitor C, is used to set

OPEN FOR
& ELECTROLYTIC
RANGES ONLY

C5:CL,C2,C3
ORC4

OPEN FOR
EXPANDED
RANGE ONLY

Y

O -

A.C. SOURCE

=

Fig. 4. How bridge measures capacitance.

the range in place of resistor R.. Also,
when measuring the capacitance of an
electrolytic unit, it is necessary to
switch potentiometer R, into the cir-
cuit.

R.. is necessary to balance out the
large lealiage resistance of an electro-
lytic capacitor. It must be adjusted,
along with R, to obtain a true null. R,
is usually calibrated in percentage of
power factor, which gives a good indica-
tion of the condition of the capacitor be-
ing measured. In general, a unit with a
power factor larger than 15 per-cent
should be discarded.

In addition to the bridge circuits,
most instruments incorporate a circuit
for testing the leakage resistance of ca-
pacitors. An example of such a circuit is
shown in Fig. 5.

The capacitor to be tested for leakage
is connected to the test jacks, and poten-
tiometer R., is set to the working volt-
age at which the suspected unit is rated.
If the capacitor is leaky, some of the
applied negative voltage will be passed
to the grid of the elecrron-ray tube, and
the eye will tend to close. If no leakage
is present, the capacitor will block any
d.c. voltage from reaching the grid of
the tube. and the eyve will remain open.

The sensitive circuit. shown in Fig.
5A, is used when paper or mica capaci-
tors are being measured for leakage.
However, when electrolytic capacitors
are being checked, less sensitivity is de-
sirable because of the relatively large
lealkage resistance normal for this type.
To cut down the sensitivity an addi-
tional resistor (R.) is shunted across
grid resistor R: in Fig. 5B. Under this
condition, a small voltage at the grid of
the tube will not develop enough bias to
close the eye of the tube. Only when
leakage exceeds the normal value for an
electrolytic will the developed bias be-
gin to close the eye.

Janvary, 1961

A d.c. power supply that is capable of
supplying “B--" for the positive elec-
trodes of the electron-ray tube and a
high d.c. voltage for the leakage test is
necessary. An example of such a supply
is shown in Fig. 6. It consists of a half-
wave rectifier and an appropriate filter
network. “B+" for the positive elec-
trodes of the eye tube is taken from the
cathode circuit, while the high d.c. volt-
age (negative) for the leakage test is
taken from the plate circuit of the rec-
tifier.

Also necessary is an a.c. source for
operating the bridge, to be connected
across points A and B in Figs. 1, 2, and
4. The 50-volt transformer secondary,
shown in Fig. 6, supplies this voltage.
Resistor R. provides safety by limiting
current flow to the bridge.

Troubleshooting

When a failure in this test instrument
develops, the first step in determining
the cause is to divide the entire unit into
functional sections. Based on an under-
standing of operation, such a division
enables a quick determination of the
section likely to be at fault. Thus
troubleshooting may be confined to a
relatively limited area, instead of be-
coming a hit-or-miss procedure.

CAPACITOR
UNDER TEST

LEAKAGE
RESISTANCE

-450 YR 1
VOLTS, = YV

i}

(A}

ﬁ)-":
}

1
B+ —i— CAPACITOR
~~T~~UNDER TEST

|

2RS ZRIZ

(8l

Fig. 5. Capacitor leakage tests for (A)
low-value and (B) electrolytic units.

The four basic sections are the resist-
ance bridge. the capacitance bridge, the
leakage test circuit. and the power sup-
ply. For our purpose. it is not important
that certain elements are common to
more than one section. In fact, this can
be helpful in isolating the problem. For
example. examination of the built-in
indicator can assist greatly in localiza-
tion. Let us assume, to illustrate, that
the instrument gives normal indications
on all capacitance ranges and all resist-
ance ranges but one.

The power supply and the capaci-
tance bridge must be operating nor-
mally for such indication to occur. The
leakage test circuit, which is not likely
to affect the operation of the bridge cir-

cuits, can be kept out of consideration.
The defect appears to be in the resist-
ance bridge. An examination of Fig. 2
suggests that the only component that
could be involved in this trouble is the
range-setting resistor for the defective
range-—unless the latter happens to be
the expanded range, in which case Rs
might also be involved.

The same reasoning would apply if
the capacitance bridge failed to operate
on one range only. The only exception
would be when the defect appeared on
the range (or ranges) used for checking
electrolyvtic capacitors. In this case, R,
the power-factor control shown in Fig.
4, must also be checked for an open or
short.

Now,. let us assume the eve gives no
indication on any bridge range, that is,
it remains open no matter what resist-
ance or capacitance range is used, and
varying R. has no effect on the eye.

Here again, by observing the eye, we
can eliminate a number of components
from suspicion. If it is lit. the “B+"" sup-
ply must be working and we can elimi-
nate it from suspicion. Also, the range-
setting resistors and capacitors may be
disregarded, since each one is used on
one range only and the delfect is com-
mon to all ranges. The leakage test cir-
cuit, of course, does not enter into
bridge operation, and it may also be dis-
regarded.

This leaves only those components
that are used for all ranges of both
bridge sections. As can be seen from
Figs. 2 and 4, these are R; C; R. the
electron-ray tube, and the a.c. source.
R- and R. may be quickly checked with
an ochmmeter. C. and the tube are best
checked by substitution. The a.c. source
may be checked with a voltmeter.

With trouble in the leakage section
only. the negative high-voltage should
be checked first. If it is present, the
other components may be checked with
an ohmmeter. If it is absent, the power
supply is checked in a conventional way.

An important point to consider is that
the various sections of the instrument
are, of necessity, connected together
through switches. These can develop
such defects as open, intermittent, dirty,
or broken contacts. Since switching in
most commercial bridges is important,
a visual inspection of the contacts is
recommended as the first troubleshoot-
ing step. It may save much later time
and effort.

Fig. 6. Common R-C bridge power supply.
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By J. O. PAINE
Replacement components are at your
fingertips with this tested method.
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Ga., several years ago, Howard DeLaughter learned

an important fact: the accumulated time spent looking
for replacement parts can take a big bite out of profits. Five
unnecessary minutes spent trying to locate a new tube or
capacitor, repeated several times a day, had the effect of
taking quite a bit of cash out of the register per week.

This, plus the fact that Del.aughter is an orderly sort of
person anyhow, led him to devise a system for “filing” tubes
and small parts. As a result, he says that a new resistor is
generally installed in a set in his shop in less time than it
would take a technician to find the item in some other estab-
lishments. In use for nearly four years, the technique has
proved itself not only with tubes and conventional parts,
but with the steady flow of new items.

Tubes are stacked in shelves located above and within
easy reach of the work benches that line one wall at Ray &
DeLanghter TV Co. Stacks are separated (Fig. A) by verti-
cal boards of thin plywood. Each of the five shelves is as-
signed a letter beginning with A (bottom shelf) and working
up to E. Each group of shelves is also assigned a number
(section 1, shown in Fig. A, is indicated by the “1” at the
top of the photo) and. on each lettered shelf within the
group, individual stacks are numbered, from left to right.

The order in which tube types are assigned to various
compartments does not have to follow any pattern. This
makes it simple, as each new tube comes on the market, to
stock it in the very next unoccupied compartment. How-
ever, its shelf location is listed on the index chart to the left
of the tube shelves, mounted on hinges.

This is how the system works: a technician needs to re-
place a 6CG7 just found to be defective. He goes to the index,
which lists all tubes in conventional numerical-alphabetical
order, and finds 6CG7 (Fig. B). Reading across, he finds
“1B-18" next to it. This means if he goes to section 1 and
sights along shelf B, he will find the type he wants in
compartment 18, Fig. C is a detail showing this location.

(Continued on page 127)

SHORTLY after he opened his TV service shop in Moultrie,
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