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/ PROOF

FACTS MAKE FEATURES: RANGES

L : : DC Volts: -2.5-10-
1 Comprehensive overload protectiort. ohms/volt. 0-0.25 at 100’ microamperes.

AC Volts: 0-3-10-50-250-1,000-5,000 at
5,000 ohms/volt.

Decibels: —20 to +11, +21, 435, +49, +61,
+75;“0" DB at 1 MW on 600 ohm line.

g q q i g -100
3 Polarlty reversing switch DC Microamperes 0-100 at 250 Mv,
DC Milliamperes: 0-10-100-1,000 at 250 Mv.

Additional protection is provided by Model 630-PLK’s new transistorized relay circuit. IR, 0-10 2t 250 Mv.

Transistorized overload sensing device does not load circuit under test, eliminating d 0-1,000-10.000 (4.4-44 at center scale).
the possibility of damaging circuit components. A special meter shorting feature on Megohms : CLLI00(A4000.000 ot cgbter SRl :
““off’’ position offers high damping when moving tester. The exclusive patented Bar Output Volts (AC): 0-3-10-50-250-1,000 at 5,000 ohms/volt; |
Ring Movement provides self-shielding and is not affected by stray magnetic fields. e R L

Wider spread scales, and unbreakable clear plastic window assure maximum read-

o . e . CARRYING CASE
ability. Diode network across meter protects against instantaneous transient voltage. Madel 639-05 black lesther carryin case.

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIQ  fiw ' i st Sthmiel S8

2 One selector switch minimizes chance of incorrect settings

630 630-A 630-PL 630-APL 630-L 630-NA 630-NS 630cPLK 630.7 631 800 666-R
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GREAT CB BARGAIN
from RADIO SHACK]

Our Fabulous "SPACE PATROL" Walkie - Talkig)

Best Buy in the Country for E WE'LL MAIL A PAR

- - i i . NYWHERE
On-the-Move Communications Up to V4 Mile! "; THE COUNTRY

o Comes Fully Wired — Not a Kit; FOR C
Works the Minute You Get /t! ,,ni:]n?paigstm

* No License, Exam, Age Limit — VXEEE
Anyone Can Operate It! / ¢ '

»

Put a wireless 2-way radio station in his E h
Christmas stocking for only $9.90 — for Qe

hunting, camping, boating, or just talk- $ o

ing with buddies. With telescoping 19 per Pulr /
antenna, push-to-talk switch, battery,

crystal.

SUPERHET
STEP UP TO 100 MW @
orassszzrone 2-WAY CB RADIO! | S / /,

Model TRC-1: transmlts 2"95 // /

6 Tru“SiS'ors to 1 mile or more!

d. TRC-2: range to 2 2995 ! \\ /

9 TI’(IHSlS‘orS mlles No extras to buy!

TRC-3: 3 miles; 379

12 TrunSISiorS added RF stage; squelch!
AC POWER BASE Fitsall3 models,

for base
eliminates batteries. |deaé)NE\r( e

station operahon .....

o e T ‘ MCIl‘ coupon'
lFor Pair of Spoce Potro s’ ijo Shack Store

two
W|'|'h 519 50 $19.50. Please send mY
i lemen: | enclose furn mail to:
b gl e;‘f o Walkie-Talkies bysriest
‘ Space-Pair e —
P —
|‘ Name —— e —
e T
| Street ——— Zip ———— | MINNESOTA PENNSYLVANIA
i State . "L _m-GRKST PAUL, 16 i. 6th st. PHILADELPHIA, 1128 walnut St.
. =
| City —— A= e s = NEW YORK, 1128 Ave. Americas ::;;AEDIESLLTN':' 232765 Cottmanists
L —— - SYRACUSE, 3057 Ene BIvd. st cpansToN, 1301 Rescrolr ave.
EAST PROVIDENCE, Shoppers’ Town
\_ CHICAGO, Evergreen Pk., 95th St. :3’:;“”0' Pine Tree Shop. Ctr. TEXAS °
s 3 MASSACHUSETTS : DALLAS, 1601 Maln St.
”  BOSTON, 167 Washington St. CINCINNAT), 852 Swifton Ctr. R LG, e 1
At All 43 I BOSTON, 594 Washington St, OKLAHOMA DALLAS, 125 Wynnewnod village
BOSTON, 110 Federal St. TULSA, 317 S, Detrait St. FORT WORTH, 1515 So. Univ. Dr.
RAD|O SHAC K BRAINTREE, South Shore Plaza CALIFORNIA FORT WORTH. 900 E. Berry St.
BROOKLINE, 730 Commonwealth BAKERSFIELD, 1308 19th St. FORT WORTH, 3524 E. DENTDN Hgwy.
STORES ) CAMBRIDGE, Fresh Pond Ctr. DOWNEY, Stonewocd Shop. Cte. HOUSTON, 2315 Travis St.
/ FRAMINGHAM, Shoppers’ world LA MESA, Grossmont Skop. Ctr. HOUSTON, 322 Northline Mall
Coast to Coast LOWELL, Central Shop. Plaza LONG BEACH, 127 . Zth St. SEN ANTONI0, Wonderland Ctr.
— SAUGUS. New England Shop. Ctr.  SAN LEANDRC. Bay Fair Shop. Ctr,  WACG, 1016 Austin Ave.
Q SPRINGFIELD, 1182 Main St. CONNECTICUT VIRGINIA
' WORCESTER, Lincoin Plaza NEW HAVEN, 92 York St. ARLINGTON, Washingtcn-Lew Cir.
NEW HAMPSHIRE STAMFORD, 28 High Ricge Rd. WRSHINGTON

MANCHESTER, 1247 Eim St. WEST HARTFORD, 39 Sc. Main St. SEATTLE, 2024 Third Ave.
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Radio-Electronics

FEBRUARY 1965

GUEST EDITORIAL

Robert F. Scott

29 The Future of Communications ... John R. Pierce
RADIO ,
J 4 1 HF”IIH./ Lf’?’}(l"
5 Unusual Diode Applications. UV TS . — T ———
/ e Ingenious circuits in receivers and transmitters
70 Mobile 2-Way Systems Intercabling Troubles.

TEST INSTRUMENTS

F. lohn Mivec

Troubleshooting a common cause of breakdown

HEAYL

a
I~
Hf‘ﬂ J Charles Erwin Cohn

lector E. French

_Tom Jaski

36 Intensify Your Scope
47 Build A True Audio Wattmeter.
% Lotw-power instrument for experimen
51 Battery Eliminator for VIVM’s
55 Scopes: DCor AC? . .

é 66

S.easf 1o

W hat does one do that the other can’t?
Test Equipment Reports: International Crystal AOC-VMK-1 and Hickok 662
Kit voltmeter und installer’s color pattern generator

ELECTRONICS

34

COVER STORY 40

Launching the Boat's Electronics Elbert Robberson
W hip radio gear into shape for safety before the boat puts out

Electrical Anesthesia .. . S ..James W . Bray
Neiw non-chemical method is safe, has no after-effects

drwin Math

Jack Darr

Fred Blechman

...... T. F. Sinclair

95 Photollash Power Supply . -
GENERAL
24 Service Clinic . i
Vertical trouble: sync or oscillator
33 Breaker Box . ——
Resettable protection for your equipment
43 What’s New
Pictorial reports of new developments
44 The Fluid Amplifier. B
Is electronic amplification threatened ?
49 What’s Your EQ?
72 Electronics Primer

_Sinclair

AUDIO-HIGH FIDELITY-STEREO

30 Radio-Electronics Reports on “Anonymous’ Speakers . Peter E. Sutheim
Are vou getting your money’s worth in “package” deals?
oA —— 50 70 Volis, or Wiring for Sound the Easy Way G. A. Briggs
< Clearest exposition of constant-volt lines
60 Equipment Reports: Dynatuner FM-3 and Lahti U-2
Stereamatic multiplex and speaker sysiem
TELEVISION
18 GClossary of Color Terms. Ed Bukstein
37 The Secret of Color Service - Art Margolis

(:1 75

An old technique—but doubly important in color
Converters for UHF TV =

. - lomer Davidson
4s uhf increases, so will demand for conversions

VOL. XXXV

No. 2

Over 55 Years of Electronic Publishing

THE DEPARTMENTS

16 Correspondence
105 New Books

88 New Literature
103 New Patents

6 News Briefs
90 Noteworthy Circuits

(ete
R

L) ()

g 3 - c % r

84 New Products 92 Technicians' News D i
73 New Semiconductors & Tubes 77 Technotes Mambet,

institute of High Fidelity
Radio-Electronics

is indexed In

Applied Science

& Technology Index
(Formerly

Industrial Arts Index).

97 Trv This One
49 50 Years Ago

HUGO GERNSBACK, editor-in-chief and publisher. M. HARVEY GERNSBACK, ediror. Fred Shunaman, managing editor. Robert F. Scott, W2PWG,
rechnical editor. Peter E. Sutheim, associate editor. Jack Darr, service editor. 1. Queen, edirorial associate. John J. Lamson,
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Choose Your Tailor-Made =
Course in N.T. S.“PROJECT
METHOD” ELECTRONICS!

Now! N.T.S. — one of America’s oldest leading home-study and resident ‘
technical schools — offers you GREATER CAREER OPPORTUNITIES
IN ELECTRONICS. N.T.S. “Project Method’’ home training lessons
are shop-tested in the Resident School in Los Angeles. You
work on practical job projects, learn to use shop
manuals and schematics. Your N.T.S. training is e ~1
individual. You proceed at your own pace. The Schools’ 37 5.
practical methods, plus more than 60 years of experience, :
have helped thousands of students all over the world to
successful careers. Prepare now for a secure future in one of 8
N.T.S. Electronics Courses designed to fit your own particular needs. or succeed in your own business.

CHOOSE YOUR FIELD—INSURE YOUR FUTURE!

ELECTRONICS-TV-RADIO-SERVICING & COMMU- BSTEREO, HI-FI AND SOUND SYSTEMS A grow-
NICATIONS A basic course thoroughly covering ing field. Prepares you to build, install and service
fundamentals of electronics, radio, TV servicing modern sound equipment for home or industry.

and communications. 7BASIC ELECTRONICS Gives you the fundamen-
MASTER COURSE IN ELECTRONICS-TV-RADIO, [ tals you must know to build on for a future

PLUS ADVANCED TV & INDUSTRIAL ELECTRON- Electronics career. Also offers an excellent back-

ICS This course covers everything included in ground for Salesmen, Purchasing Agents, and
Course No. 1 plus Automation and every phase of others in Electronics.

the Electronics industry. . )

. . ELECTRONICS MATH Simple, easy-to-follow in-
FCC LICENSE Preparation for this government 85tructions in the specialized math you need in
license essential for interesting jobs in radar, many electronics jobs
radio, television, communications, guided missiles, )
many others. Upon completion of this course, if
you do not pass the FCC exam for a 1st Class
Commercial Radiotelephone License your tuition
will be refunded.

RADIO SERVICING (AM-FM-Transistors) Train for
4 radio sales and service with dealer or distributor.

Work
- on the

electronic
‘ *‘brains’'ot
industry —

computers, data
grocessing and
other automation
equipment, Become
a TV-Radio Technician,
an electronics field engineer,

-\

Most courses inciude Equipment Kits. THERE ARE NO KIT DEPOSITS.
- Everything included in
your low tuition.

TELEVISION SERVICING ( Including Color) Covers
5 installation, adjustment, repair and servicing of
black and white and color television . .. prepares
you for your own sales and service business.

HIGH SCHOOL AT HOME

Learn easily. New modern method. Na-
tional also offers accredited high school
programs for men and women. Take
only subjects you need. Study at your
own pace. Latest approved texthooks—
yours to keep—everything included at
one low tuition. Check High School box
in coupon for information.

CLASSROOM TRAINING AT
LOS ANGELES

You can take classroom training in our
famous Resident School at Los Angeles
in Sunny Southern California. N.T.S. is
the oldest and largest school of its
kind. Associate in Science Degree also
offered in our Resident Program. Check
Resident School box in coupon for full

Please Rush FREE Electronics ‘‘Opportunity Book"

, and actual sample lesson on course checked belgw: ,

, [J Electronics-TV-Radio Servicing & Communications ,

-3 , [ Master Course in Electronics-TV-RADIO ,
Advanced TV & Industrial Electronics

details. e § O Fec License Dept [}
> mpE ess R . s o (A ) M-T . -
MAIL COUPON TODAY b Faevision Sorvicing imenenaiztors)  206-25 &

,[] Stereo, Hi-Fi and Sound Systems
,[] Basic Electronics [] Electronics Math

FOR FREE BOOK AND
SAM PLE LESSON In Field of Your Choice,

You enroll by Mail — and Save Money. No Salesmen: This
means lower tuition for you. Accredited Member N.H.S.C.

, Name Age.

, Address
State Zip

!
!
!
I
i L City ,
R F '[1 Check here if interested ONLY in Classroom
SCHOOLS ;W ] Training at L.A,
L ey ‘[] Check here for High School Department Catalog

Hop g gro® WORLOD-WIDE TRAINING SINCE 1905 only.

4000 S. Figueroa St., Los Angeles, California 90037 (_ N N N N F F ¥ R R R YY"

RADIO-ELECTRONICS published monthly at Concord, N. H., by
Publications Inc. All rights reserved under Universal, Iniernational a

Gernsback Publications Inc. Second-class postage paid at Concord, N. H. © 1965, by Gernsback
nd Pan-American Copyright Conventions. SUBSCRIPTION RATES: US and possessions, Can-

ada: $5 for 1, $9 for 2, $12 for 3 years. Pan-American countries: $6 for 1, $11 for 2, $15 for 3 years. Other countries: $6.50 for 1, $12 for 2, $16.50 for 3 years. Post-

master send form 3579 to 154 W. 14th St., New York 10011.
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NEW CROSS-CONTINENT
MICROWAVE

Workmen erect a microwave antenna
on Western Union’s 24-story headquarters
building in New York.

Western Union has put into opera-
tion a transcontinental microwave sys-
tem extending from Boston, New York
and Washington to San Francisco and
Los Angeles. The system is 7,500 miles
long—the longest single microwave
project ever undertaken at one time.

The system consists of 267 micro-
wave stations spaced 25 to 30 miles
apart. Its total capacity is approxi-
mately 7,000 voice channels, and it can
be used for all forms of communica-
tion: Telex, punched tape, facsimile,
punched card, magnetic tape and even
television. The microwave link is ex-
pected to handle 80% of Western Un-
ion’s traffic.

THE VWOA ELECTS OFFICERS

The Veteran Wireless Operators
Association held its annual dinner in
New York on Dec. 3. The main busi-
ness of the meeting was to announce
the election of officers for 1965: presi-
dent, Larry Jamison, Radiomarine
Corp. of America; vice president, Tony
Zamborino; second vice president,
E. H. Rietzke, Capitol Radio Institute;

6

secretary, Pat O’Keeffe, and treasur-
er, Dick Griffiths.

The association reported a net
gain of one member over the year, in
spite of the deaths of six members and
the dropping out of others. The meet-
ing closed with reminiscences of old
times by several members, including
Rietzke, Elmo Pickerill and Ed Raser,
whose radio museum in Trenton, N.J.,
contains exhibits dating from 1899 to
1925.

NEW COMPUTER FAMILY
ANNOUNCED BY RCA

A series of four computers, in-
troduced by RCA at its Palm Beach
Gardens plant, combines technologi-
cal advantages that not only match,
but go beyond those of any other
known computer system, according to
Dr. Elmer W. Engstrom, RCA’s presi-
dent.

The largest of the new computers
use single-crystal (monolithic) inte-
grated circuitry, thus forming what
RCA calls the first of a 3rd genera-
tion. Dr. Engstrom explained that the
earliest computers used large units
containing tubes; the second genera-
tion of computers used much smaller

The mono-
lithic integrated
circuitry of the
70—45 and 70-
55 compared
with the second
generation trdan-
sistor board.
Three of the lit-
tle circuits held
in the tweezers
will replace the
big hoard. The
three are mount-
ed on a plug-in
hoard less than
one-third the
size of the one
it replaces. The
new “flat-packs”
can also be
stacked  closer
than the older
units, resulting
in a double sav-
ing of space,
plus—RCA  be-
lieves — greater
reliability.

wWww.americanradiohistorv.com

plug-in panels with transistors and con-
ventional resistors and capacitors. The
third generation, however, combines
the functions of all these in small sili-
con chips, cach one so small that it
barely covers the letter “o” of a type-
writer. Yet each contains two com-
plete electronic circuits with 15 tran-
sistors and 13 resistors.

Another important feature of the
new computers is their multi-lingual
ability. The Spectra 70, as the new line
is called, can handle all the more com-
mon programming data and commu-
nications language of commonly used
computers of today, and can commu-
nicate with computers of other manu-
facturers or use tapes from those com-
puters without the necessity of trans-
lation.

There are four computers in the
new line, ranging from the Spectra 70-
15, which will rent at about $800 a
month (plus costs of input and out-
put equipment) to the 70-55, rental of
which will run around $22,550 per
month.

CLOSED-CIRCUIT TV
FOR AIRLINE PASSENGERS

A new form of entertainment be-
ing offered passengers on airlines was

RADIO-ELECTRONICS
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50,000 MEN HAVE
FOLLOWED OUR ADVICE..
HOW ABOUT YOU?

Profit and Grow

“FOR REAL MONEY, A SOLID FUTURE AND EXCITING WORK, GET

INTO THIS GREAT INDUSTRY!"" — that's the kind of advice we've

given ever since DeVry Tech started more than three decades ago. And

our advice still holds true, for today's electronics industry is a
multi-billion-dotlar field, growing fast, calling for more and more trained
men, offering some of the greatest opportunities in its history.

There is an air of excitement about electronics, whether you are in
radio and television, space and missile electronics,

communications, computer work, your own service business, or other
branch of the field. Thousands of men much like yourself, men

FEBRUARY,

MODERN
TRAINING AIDS

“Programmed” texts
... visual aid training
mavies . . . actual
equipment to build.
DeVry's pregrams are
designed with progress
in mind.

2,200 RESIDENT
STUDENTS

DeVry Tech now has
2,200 residamt students
attending day and
evening classes.

5,000 FIRMS HAVE
EMPLGYED DeVRY
GRADUATES

Our men are “wanted”
in many industries.
There must he a reason!

DeVry Technical Institute ="

Chicago -

1965

Toronto

l‘ Get two valu.able ] Space & Missile Electronics

with ambition to be somebody — have learned electronics the DeVry

way, either at home or in day or evening classes at one of our
well-equipped resident schools. You, too, may keep your

present job while preparing for a better one; make extra money in spare
time while you learn. And . . . you don’t need previous technical
experience or advanced education to get started.

When you graduate, our efficient Employment Service will help
you get started toward a good job, a promotion or a business

of your own. Get the full story — no obligation! All

you have to do is fill out the coupon and send it in.

2. (17l MAIL THIS COUPON TODAY!
=3 | DeVRY TECHNICAL INSTITUTE

4141 Belmont Ave., Chicago, IN. 60641, Dept. RE-2-\/

,r_mun cuot

the following opportunity fields (check one or more):

"] Communications

“] Computers

] Industrial Electronics
[ ] Broadcasting

booklets telling about = [ei°vioion & Radio
0
O

| today’s opportunities

Automation Electronics

in electronics. Radar (] Electronic Control
NAME — . - Sy — )
ADDRESS - _ APT._
___ ZONE_ __STATE.

{0 Check here if you are under 16 years of age.
Canadian residents: Write DeVry Tech of Canada, Ltd.

2097 970 Lawrence Avenue West, Toronto 19, Ontario

www americanradiohistorv com

Please give me your two free booklets, “Pocket Guide to Real
Earnings'' and “Electronics in Space Travel'; also include details
on how to prepare for a career in Electronics. | am interested in
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NOW, MORE THAN EVER...

FHE FINEST SERVICE IN
TUNER OVERHAULING

CASTLE TV TUNER-EAST HAS
MOVED TO NEW LOCATION
WITH IMPROVED FACILITIES

In Long Island City near Postal Concentration
Center to provide faster service by mail.

All other U.S. and Cana-
dian Servicemen will get
e the same fast service
from CASTLE-CHICAGO
and CASTLE-CANADA,

(EXCEPT TUBES) ¥

ONE PRICE

ALL MAKES
ALL.LABOR
AND PARTS

ONE LOW PRICE INCLUDES ALL UHF ,
VHE AND UV COMBINATION* TUNERS

Simply send us your defective tuner com-
plete;” include tubes, shield cover and
any damaged parts with model number
and complaint. 90 Day Warranty.

Exact Replacements are available for
tuners unfit for overhaul. As low as
$12.95 exchange. (Replacements are new
or rebuilt.)

*UV combination -tuner must be of one
piece construction. Separate UHF and
VHF tuners must be dismantled and the
defective unit only sent in.

Pioneers jn TV

CASTLE

TV TUNER SERVICE, INC.

EAST: 41-96 Vernon Bivd., Long Island City 1, N. Y,

MAIN PLANT: 5715 N. Western Ave., Chicago 45, lilinois
CANADA: 136 Main Street, Toronto 13, Ontario

# Major Parts are additional in Canada

Tunes Overhauling

NEWS BRIEFS continued

shown by American Airlines in a dem-
onstrator duplicate of an Astrojet’s
cabin.

For the new system, called Astro-
vision, small Sony TV sets are mounted
between the seats so that two passen-
gers share the screen directly ahead of
them. Each passenger has his individ-
ual headset with a volume control and
a panel with three jacks. He can select

Technician changes tapes on the Sony
Videocorder which supplies the closed-cir-
cuit TV pictures for American Airlines
Astrovision. Beside the TV, stereophonic
classical and popular music as well as live
television and in-transit pictures of the ter-
rain are furnished.

Advertising Representatives:
AST MIDWEST
John J. Lamson P. H. Dempers Co.
Eastern Sales Manager 740 North Rush Street
Radio-Electronics Chicago, Illinois 60611
154 West 14th Street (312) Michigan 2-4245
New York, N.Y. 10011

t (212) Algonquin 5-7755

SOUTHEAST

J. Sidney Crane, Assoc.
22 Eighth St,, N.E.
Atlanta. Ga. 30309
(404) TRinity 2-6720

Neff Associates
15 Castle Harbor_Isle
Ft Lauderdale, Fla.

33308
(305) LOgan 6-5656

TEXAS/ARKANSAS
Media Sales Co. 2600 Douglas Avenue, Irving,

| Texas 57060. (214) BlLackburn 5-6573

WEST COAST/OKLAHOMA
Husted-Coughlin, Inc. Husted-Coughlin, Inc.
1830 W. 8th Street 444 Market Street
Los Angeles, San Francisco,

Cailf. 90057 Calif. 94111
(213) 389-3132 (415) GArfield 1-0151

UNITED KINGDOM

Publishing & Distributing Co., Ltd., Mitre House,
177 Regent St., London W.1, England

Subscription Service: Address form 3579 and
correspondence to Radio-Electronics, Sub-
scriber Service, 154 West 14th Street, New
York, N. Y. 10011. When requesting a change
of address, please furnish an address label
from a recent issue. Allow one month for
change of address.
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sound from the TV, or plug into either
classical or popular stereo music.
Closed-circuit television (taped
movies, etc.) is expected to provide
the bulk of the programs. Provision is
being made for live television, how-
ever, and nose cameras are being in-
stalled experimentally to view ap-
proaches, landings and takeoffs. In-
deed, the future airway passenger may
find himself on a conducted tour, with
the camera pointing straight down and
the stewardess pointing out features of
interest to right, to left and below.

NETWORK SUES CATV

The Columbia Broadcasting Sys-
tem has filed a copyright infringement
suite against CATV operator Tele-
PrompTer, charging that the cable sys-
tem has rebroadcast. without the net-
work’s permission, its programs and
non-CBS-owned programs that CBS is
licensed to broadcast. In the suit, CBS
states that CATV duplication can re-
duce the income of its afliliates, pos-
sibly causing stations to go off the air
and leaving some communities with
no service.

CALENDAR OF EVENTS

1965 Washington Hi-Fi Music Show, Feb. 12~
14; Sheraton Park Hotel, Washington, D. C.

12th Annual International Solid-State Circuits
Conference, Feb. 17-19; Sheraton Hotel and
University of Pennsylvania, Philadelphia, Pa.

Los Angeles Hi-Fi Music Show, Mar. 7-15; Am-
bassador Hotel, Los Angeles, Calif.

IEEE International Convention, Mar. 22-25;
Coliseum and New York Hilton Hotel, New
York, N.Y.

International Exhibition of Electronic Com-
ponents, April 8-13; Parc des Expositions
(Fairgrounds), Porte de Versailles, Paris

PIRATE BROADCASTERS
HAVE TROUBLE

Radio Nordzee, an illicit radio—
TV station in the North Sea off the
Netherlands coast, was silenced in the
middle of a housewives’ jazz request
program by a task force of Dutch
naval, helicopter and state police men.
They boarded the Texas-Tower-like
broadcasting platform, operating about
four miles offshore, under a Dutch law
prohibiting unlicensed commercial
radio and TV broadcasts.

The station beamed American
television films, music, and sponsor’s
advertising to the Netherlands, and
had been cutting into the ratings of the
five organizations that monopolize Hol-
land’s radio and TV since Sept. 1.

Belgian and British technicians of
the station offered no resistance but
leaned over the railings and took mo-
tion pictures of the police landing.

continued on page 14
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NOW! get this BIG BONUS with your purchase

SRR

this deluxe new
Four-Drawer
FILE CABINET
(with full-drawer suspension)
worth $55.00 —available only
with your purchase of a
PHOTOFACT LIBRARY
consisting of 200 SETS
plus valuable Free extras!

R T

oeluxe
full-
susoensicn
feature ;
d-awers
open al:
the way

Offer for Limited Time Only —Act Now!

FEBRUARY, 1965

of a ProToFACT  Library!

boost your earning power—own and use
the world's finest TV-radio service data

Now, more than ever, it pays to own a PHOTOFACT Library
—the time-saving troubleshooting partner guaranteed to
help you earn more daily. Now, you can start or complete
your PHOTOFACT Library the special Easy-Buy way, and
get absolutely FREE with your purchase, the deluxe
4-drawer File Cabinet worth $55.00, plus valuable extras
described below!

OWN A PHOTOFACT LIBRARY THE EASY-BUY WAY:

e Only $10 down e 30 months to pay
e No interest or carrying charges e Prepaid transportation

e Add-on privilege of a year's advance subscription to cur-
rent Photofact data, on the same Easy-Buy contract

e Save 30¢ per Set—special $1.95 price applies on Easy-Buy
(instead of regular $2.25 price)

PLUS: In addition to the deluxe File Cabinet, you get a com-
plete Color TV Servicing Course, 2nd Class Radiotelephone
License Course, Transistor Radio Servicing Course, and Test
Equipment Guide!

4 WAYS TO SELECT YOUR PHOTOFACT LiBRARY

1. Complete your present PHoTOFACT Library

2. Order a PHOTOFACT *‘Starter’ Library —200
Sets (Sets 401-600 —coverage from 1958 to
1963 —only $12.66 per month).

3. Order by brand name and year—see the
handy selection chart at your distributor.

4. Order a complete PHoTOFACT Library —get
FREE File Cabinets to accommodate the
entire library, the Courses listed above, plus
an 8-volume Set of 101 Ways’’ Test Instru-
ment books worth $18.50.

A PHOTOFACT LIBRARY PAYS ITS OWN WAY—
ORDER TODAY AND GET THE FREE BONUS EXTRAS

See your Distributor for PHOTOFACT Easy-Buy
details or send coupon today! Ask also about GET THE
a Standing Order Subscription to current
PHororacT and Specialized Service Series— DETAILS
FREE File Cabinet also available! NOW

HOWARD W. SAMS & C€O., INC.
Howard W. Sams & Co., Inc. Dept. REF-2

| 4300 W.62nd St., Indianapolis, Ind. 46206 Q |
l [ Send full information on Easy-Buy Plan ® :
I My Distributor is: i
l Shop Name i
: Attn :
| Address |
l City State Zip I

L----------------J
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Discover the ease
and excitement of NRI's

S D)

Vi

MENSIONAL

STRIO

D)

of ELECTRONICS
TV-RADIO TRAINING

10 HOME-STUDY PLANS TO CHOOSE FROM

Ask men whose judgment you respect about
NRI's three dimensional method of home-
study training. Ask about the new, remarkable
NRI Achievement Kit. Ask about NRI custom-
designed training equipment, programmed
for the training of your choice to make Elec-
tronics come alive in an exciting, absorbing,
practical way. Ask about NRI “bite-size” texts,
as direct and easy to read as 50 years of
teaching experience can make them. Achieve-
ment Kit . . . training equipment . . . bite-size
texts .. . the three dimensions of home-study
training; the essentials you must have to make

learning easier, more interesting, more mean-
ingful. You get them all from NRI.

Whatever your interest . . . whatever your
need . .. whatever your education . . . pick the
field of your choice from NRI's 10 instruction
plans and mail the postage free card today
for your free NRI catalog. Discover just how
easy and exciting the NRI 3-DIMENSIONAL
METHOD of training at home can be. Do it
today. NATIONAL RADIO INSTITUTE, Elec-
tronics Division, Washington, D.C. 20016.

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE EASY NRI WAY—MAIL CARD TODAY

OUR 50TH YEAR OF LEADERSHIP IN ELECTRONICS TRAINING

2 CTRONICS
10 RADIO-ELE

wWWwWw.americanradiohistorv.com
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Start Fast with NRI’s New
Remarkable Achievement Kit

The day you enroll with NRI this new starter kit
is on its way to you. Everything you need to make
a significant start in the Electronics field of your
choice is delivered to your door. it's an out-
standing way of introducing you to NRI training
methods . . . an unparalleled ‘first dimension’
that opens the way to new discoveries, new knowl-
edge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other school has any-
thing like it. Find out more about the NRI
Achievement Kit. Mail the postage-free card today.

NRI “‘Bite-Size’’ Lesson Texts
Program Your Training

Certainly, lesson texts are a necessary part of
any training program . . . but only a part. NRI's
“bite-size’” texts are simple, direct, well illus-
trated, and carefully programmed to relate things
you read about to training equipment you build.
Here is the ‘‘second dimension’ in NRI's training
method. Here are the fundamental laws of elec-
tronics, the theory, the training of your choice,
presented in a manner you'll appreciate. And in
addition to lesson texts, NRI courses include
valuable Reference Texts related to the subjects
you study, the field of most interest to you.

s O o

%

i)

i
L

b
o
e

Custom-Designed Training Kits
Make Learning Come Alive

Electronics becomes a clear and understandable
force under your control as you get your hands
on actual parts and build, experiment, explore,
discover. Here is the “third dimension’. . . the
practical demonstration of things you read about
in NRI texts. NRI pioneered and perfected the
use of training kits to aid in learning at home in
spare time. Nothing is as effective as learning
by doing. NRI invites comparison with equipment
offered by any other school, at any price. Prove
to yourself what three-quarters-of-a-million NRI
students could tell you . . . that you get more for
your money from NRI than from any other home-
study Radio-TV, Electronics school. Mail postage
free card for your NRI catalog. (No salesman
will call.)

FEBRUARY, 1965 13
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Assemble the finest instrument

4 highlights of
musical superiority:

N\

PIPE ORGAN VOICING—each
separate and distinct—32 in Re-
cital Model-LIBRARY OF
STOPS™ Kit feature adds count-
less voices for instant plug-in.

10 Ciﬁi Qﬁé

PIPE ORGAN TONE-all four
families of pipe tone in all models
—Schober Organs are played like
pipe organs—Recital Model built
entirely to AGO specifications.

.E'

ALL-TRANSISTOR -— Recital
and Consolette II—instant re-
sponse, easier assembly, longev-
ity—full 5§ year guarantee.

= T
REVERBATAPE® Unit — adds
depth and power to electronic

organs — converts smallest living
room into an “auditorium.

plus FULL THEATRE AND
CHURCH VOICING, optional
PERCUSSION, and many other
quality features!

FREE CATALOG —

FREE “SAMPLER” RECORD

hear
hefore
you
build

14

your money can buy
NEW ALL-TRANSISTOR

ELECTRONIC
ORGAN

NEW SCHOBER ALL-TRANSISTOR
RECITAL MODEL —sounds and plays like
fine pipe organ — compares musically to instru-
ments costing 4 times the price!

How is it possible to put so many superior musical
features into every Schober Organ?

How is it possible to acquire the skill needed to
build a splendid organ — without any previous
knowledge of electronics or music?

While the completed organ is a complex instru-
ment, the Schober Organ internal construction is
especially designed for do-it-yourselfers. Thanks
to printed circuitry the usual labor is eliminated
and makes errors almost impossible. Many parts
are supplied partially or fully assembled. For ex-
ample, the keyboard with associated switches is
supplied as an integral unit fully assembled. No
woodworking is necessary — consoles come com-
pletely assembled and finished. You simply follow
detailed illustrated instructions for easy assembly.

By saving the high cost of factory assembly and
the usual retail store markup, you can put every-
thing into the fine musical parts, and enjoy the
finest instrument your money can buy.

Many who could well afford to buy any organ
have chosen to build a Schober Organ simply be-
cause they prefer it musically.

Schober Organs are available in kit form from $550
—and vou may purchase the complete set of kits,
or you may spread the cost by ordering just the
first unit for $21.79. Send coupon to The Schober
Organ Corp., 43 W. 61st St., New York, N.Y. 10023.

Schober Organ Kits are sold in the U. S. only by

THE %@égz ﬁW CORPORATION

Dealers in principal countries.

43 West 61st St., New York, N.Y. 10023

[] Please send me, without cost or obligation, the Schober
Organ Booklet with specifications of each mode!, details
about Pointer System, 7-inch ‘‘sampler’ record inciuded FREE.

O Enclosed find $2 for high-quality LP 10” SCHOBER DEMON-
l STRATION RECORD which fully illustrates all three models
with different kinds of music ($2 refunded with purchase of
l first kit). I
NAME.
l ADDRESS '
CITY. STATE.

www.americanradiohistorv.com

Schoter

|

NEWS BRIEFS continved

FIRST ELECTRONIC NEWSPAPER
PRINTED IN JAPAN

Radiowave Mainichi, the world’s
first photo-telegraphic newspaper, is
being “printed” experimentally by one
of Japan’s biggest newspaper com-
panies.

The newspaper is set up in type
at the main plant and printed. Then
the copies are placed on facsimile ma-
chines, scanned, and the signals sent
to substations (which in future systems
might be in remote parts of Japan),
where facsimile copies are run off.
(The necessity and desirability of such
a system was pointed out by Hugo

| Gernsback in his editorial “Automated

Electronic in  March
1963.)

Mainichi research states that the
system is not yet ready for practical
application, but point out that the first
TV sets were too expensive for most
people. “It may not be long,” said one
project official, “before every house-
hold in the nation can have a small,
light facsimile receiver at a relatively
low cost.”

Newspaper”

BRIEF BRIEFS

NASA has announced the first
successful tracking of a satellite by a
laser beam. The time required for the
laser beam to reach the satellite and
return can be used for very accurate
measure of distance.

The Illinois Central Railroad
plans to install an automatic fare-col-
lection this year. Passengers will use
change-making and fare-vending ma-
chines to buy magnetically coded tick-
ets, from which each ride will be elec-
tronically subtracted at the exit gate.
The system will be produced by Ad-
vance Data Systems Corp., Litton In-
dustries, Beverly Hills, Calif.

The Atlantic Coast Line Rail-
road, which began showing motion
pictures on its Florida Special 2 years
ago, has installed television on all
coaches, lounge and recreation cars of
the train.

French and Canadian medical sci-
entists report that electrical signals in
the brain have been converted with
amplifiers and loudspeakers to sound
signals that can be used to guide a sur-
geon in delicate explorations of brain
tissue.

The Air Force has demonstrated
what it calls the world’s first “in depth”
weather radar, which can track a cloud
pattern 12 miles aloft. Conventional
radar can spot approaching rainstorms
but cannot tell whether the sky is clear
a milc above the rainstorm. END

RADIO-ELECTRONICS
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A New Electronics Slide Rule
with Self-Training Course

i

iy .
3
iy
’”’/!I//, /,/' ;/. s
30 Wiy,

Why didn’t someone think of this before?

Here’s a great new way to solve electronic problems accurately
...easily. The Cleveland Institute Electronics Slide Rule is
the only rule designed specifically for the exacting requirements
of electronics computation. It comes complete with an illus-
trated Self-Training Course consisting of four lessons . . . each
with a short quiz you can send in for grading and consultation
by CIE’s expert instructors. With this personal guidance, you'il
soon be solving complex electronics problems in seconds while
others still struggle along with pad and pencil.

Here’s what Mr. Joseph J. DeFrance, Head of the Electrical
Technology Dept., New York City Community College, has
to say about it:

“I was very intrigued by the ‘quickie’ electronics problem

SATISFACTION Warranty

The Electronics Slide Rule with Self-Training
Course is available only from Cleveland Institute
of Electronics, and is covered by CIE's exclusive

“Satisfaction Warranty.” Order it now . .. use it
for ten full days. Then, if you're not completely.
satisfied, you may return the Slide Rule with Self-
Training Course and CIE will refund full payment.

solutions. It is an ingenious technique. The special scales
should be of decided value to any technician, engineer,
or student. The CIE slide rule is a natural.”
Sec for yourself. You will learn how to use special scales to
solve problems dealing with reactance, resonance, inductance,
AC and DC circuitry, etc. And, as an added bonus, you can
use this high-quality rule for conventional computation, too.
This all-metal Slide Rule is a full 10” long and is made to
our rigid specifications by a leading manufacturer of measur-
ing instruments. Slide Rule, Self-Training Course and hand-
some top-grain leather carrying case . . . all yours for just
$14.95. Cleveland Institute of Electronics, 1776 E. 17th St.,
Department RE-107, Cleveland, Ohio 44114.

to: Cleveland Institute
of Electronics
1776 East 17th St., Dept. RE-107 « Cleveland, Ohio 44114

|

|

|

|

| [ Please send me your Electronics Slide Rule with Self-
| Training Course and top-grain leathercarrying case. (If not
| fully satisfied after 10-day trial, CIE will refund payment.)
I [] Please send descriptive brochure only.

|

|

i

|

|

Name

(Please Print)

Address County

City State Zip
{0 Send descriptive literature only . . . no obligation

—t
(%, ]
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Turner’s
noise
cancelling

orrespondence

L

333 : | R | !
' 3k SR e | PLACES, EVERYONE ol

TOPS FOR CB

Dear Editor:

On page 70 of your November is-
sue, I. Queen commits the same error
Jack Darr warns against on page 62
(carrying decimal places out beyond the
point justified by the precision of the
measurement ). Mr. Queen is describing
the 0.5% voliage reference decades
made by Emcee Electronics. He sug-
gests that by putting four decades in
series, we can generate 54.87 mv. This
is nonsense. If the accuracy of the 100-
mv decade is 0.5% of full scale, then it
cannot be better than 0.5 mv. The ac-
curacy of the 10-mv decade is .05
mv. The total error of the series com-
bination. then, is 0.55 mv, meaning that
our 54.87 could be anywhere between

Now you can get a deluxe professional com-
munications microphone for use on CB —
and at CB prices, too. The new Turner Model
333 CB Microphone is also ideal for ama-
teur, marine and all other ‘mobile communi-
cations.

A professional ‘‘noise ‘cancelling’” micro-
phone, it features the shielded Koiled Kord
that's so long lasting it's used on police cars,
taxicabs, etc. High impact cycolac case. Voice
response: 300-3000 cps. Just $21.50 list.

THE MICROPHONE COMPANY

909 17th Street N,E., Cedar Rapids, lowa

In Canada: Tri-Tel Associates, Ltd., 81 Sheppard Ave., West, Willowdale, Ontario

54.32 and 55.42. Even the second sig-

Export: Ad Auriema, Inc., 85 Broad Street, New York 4, N. Y. nificant figure isn't so good! \
' For those who had troubhle G my
See your Turner Distributor, listed below. He has the 333 in stock. audio sweep generator (R-E, Sept.

1963), getting it to sweep wide enough.

A':'?:n‘i:‘g‘hqm geé goEiln::‘nonics t:;:(y:":e Assoc. Store R g " f h B k f
e ey KANSAS NORTH CAROLINA ‘ increase the md‘uctance of the tank o
Los Angeles Telrace Southeastern Radio Supp. the variable oscillator and decrease the
§§2§néii:?°ni“ KE:EZ%EEE::EI“"DM . O%E‘?:.TE’C':.&','.;?I“""‘ — capacitance in proportion, t0 maintain
Palo Al LouIsIANA Cloveland thg same resonant freque’ncy. I:O\fv.
L ,,Solumbia Radio Supe. o f = wnh C smaller, a given change_‘o ca-
Eommnto Lewiston e Sl ] pacitance across it will have more effect
North Sacramento Rockland OKLAHOMA on the frequency than before.
Son Francimar T SuPRY o e, Bl Db At eur Bl | PHILIP STEIN
Carousel Electronics ) M;T::{‘g’?ing Tulsa ma o5
Guaranteed Two-Way Radio Festara 1ediPGrchazer Radio, Inc. W heaton, Md.
g)au’:arv,\::\ev Electronics MASSACH;J‘SELTS FE;‘:::IL')'/“AINIA |
a;d:“r"\'/’ Corner Mt o Supply tofayetrelRadioElec: |
Cg‘l;g:;:g[o‘ec"cmcs Supply :{ii:;:E:liaronics Supply é"r‘eir‘igsr:ssocime S.tor.e
Denver Grahom Radio Moo Electronics Distributors | WHY NO HAM?
e e Moy e I
Ward Terry & Company 8B Heciranics Rodio Electric Service | Dear Ediror:
CoNNECHICD Bt B sriburors SR T 0 e | I have been a regular reader of
mEjE.E:rE §E:"c°o"l%§”§‘i' M:{'f':'sé’i‘,‘i:um..m Ei‘é“ji‘i‘,’;‘;f@;",:’ggxy RaDIO ELECTRONICS fog sev.el?nl vears
(@ll Southern pronches included) mISSOURI_ (Seorse 0. Borbey um! ger?erally enjoy 1t. But wi yo.u. T)‘\-
FLORIDA Associotes Rodio Communicorions Columbia | plain why lhefeoare never ar}\]y z[n.trlc LE
{oll branches in Florida included) L e Dixie Rodio Suoply | about h'amArax_ho. lntgresllll1 tl is )I.l'nC |
GEORGIA NEVADA o f of radio 1s increasing by leaps anc
Cooper TV & Appliance Center Electronic Distributing Noshville bounds, and there is really no excuse for
g;:::"EIec"onic STy ?v::lc(;néloe‘(l:romcs RA:ul;i”ETe(c?r”or?irgnd‘ o) your r‘eaders arﬁ a?]ls al:](k’ Ifeth y i
boaria & i broncht” Lefovene Rado Elec SEE B o S e e TR i
Klous Radio Springfeld Houston S tinual procession of articles on TV

INDIANA
Bloomington

Disco Electronics
Federated Purchaser

Modison Electronic Supply
VIRGINA

H. E. JEFFErRY

Lefferson Radie TV & Sound NEW YORK Falls Church
RUl:'(IinB e 6 Albany T;e }'elev%}on Workshop G(l/f Ont.

. R. i WASHINGTON i H Aol
indignapolis " peepsaund Spokane [We certainly have nothing against

Associated Distributors

Van Sickle Radio

Kokomo

George’s Electronic Supplies
South Bend

Lafayette Radio Assoc. Store
Glen Falls, Plottsburg, Malone
Roy Supply Incorporated
Kingston, Poughkeepsie
Greylock Electronic Dist.

HCJ Electronics
WEST VIRGINIA

Wheeling

Lafayette Radio Elect. Assoc. Store
WISCONSIN

ham radio; in fact, our Technical Edi-
tor, Associate Editor and Editorial As-
sociate all hold ham calls. But there are

IOTV?IIEW“OH Supply New York Fond du Lac 3 i
Harrison Radio Corp. Wi in Electronic Suppl . .
Cedur Rapids Soratoga o F Mitwoukee 1O PUPRY ‘ a number of major, national monthly

lowa Radio Supply

Lanfear TV Service

Amateur Electronics Supply
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magazines devoted exclusively to ama-
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teurs, while Rabio-ELECTRONICS holds a
unique place in serving the technician,
the serious hobbyist, the engineer and
the audiophile. We have felt that our
readers (including the hams) buy Ra-
p10-ELECTRONICS for that kind of cov-
erage, and our amateur readers might
even be unhappy if we deviated from it
to duplicate the magazines they certain-
ly are reading already.

And we don’t entirely ignore ham
radio. A recent article on a superselec-
tive electromechanical if. filter (Sep-
tember 1964 cover story), while ad-
dressed chiefly to BCLs and SWLs, is
perfectly applicable to lower-priced
ham receivers. A feature article in the
July 1963 issue covered build-’em-your-
self wvertical receiving antennas for
short-wave (and amateur) radio. The
January 1964 issue carried an article by
the same author on multi-element “steer-
able”  vertical-beam  antennas and
rhombics. The Noteworthy Circuits col-
umn in the July 1963 issue contained a
schematic and construction details for a
250-watt “ultra-linear” type of ground-
ed-grid rf final amplifier using an 813.
We also run the odd novice article, and
occasionally a special story that might
be a bit far out for the regular ham
mags.—Editor].

DISPUTES BIAS TERM AND
SYNC-SEPARATOR EXPLANATION

Dear Editor:

I feel I should mention two rather
elementary errors in articles by Jack
Darr in the November 1964 Rapio-
ELECTRONICS.

The first occurs in “Cooking Up an
Amplifier” on page 6!. I cannot agree
that the type of bias on the 6AV6 is
grid-leak bias, which is normally devel-
oped by rectification of the signal be-
tween the diode formed by grid and
cathode. The usual term is contact bias,
generated by heating of the dissimilar
metals of the grid and cathode struc-
tures.

The second crror occurs on page
47 in “Sync Clippers: How and Why.”
I wish to take exception to the entire
section dealing with thc separation of
the vertical and horizontal pulses. First,
I do not agrce with the validity of analyz-
ing the performance of this circuit from
a reactance standpoint. My textbooks
all agrce that reactance is a term re-
served for sinusoidal signals, which of
course does not include pulses. I feel
that time constants of the circuits must
be used to analyze them.

In any case, I compliment Mr. Darr
on the most lucid and rcadable articles
in his field.

PHiLIP R. HURTT
Roswell, N. M.

FEBRUARY, 1965

Jack Darr Replies:

The bias: Actually, the circuit uses
both contact and grid-leak bias. Con-
tact bias, in a good tube, is usually pret-
ty small-—usually around 0.1 to 0.2 volt
—too little for proper operation. Grid-
leak bias varies with signal, and the sum
of the two is what determines the actual
operating bias. Grid-leak bias is the com-
mon, colloquial (if slightly ambiguous)
phrase for the kind of bias that depends
solely on a high-value resistance between
grid and cathode of a high-mu triode.

Sync clippers: your contentions are
basically correct, but so are mine! (All
discontinuous periodic functions, like
square waves or pulses, for instance, can
be analyzed into a series of sine waves—
as Fourier showed a century ago.) What
I was after was just this: high-frequency
pulses pass through small capacitors,
while low-frequency pulses are slowed
down or blocked. If I got that across,
the article did what T wanted it to.

Jack DARrR
Service Editor

KEEPS HIM UP TO DATE

Dear Editor:

Rapio-ELECTRONICS {(and Radio-
Craft) have helped tremendously to
keep me updated during 30 years of
teaching physics. Often I find new basic
discoveries first in your issues. Your Jan-
uary 1947 “Lee De Forest Memorial Is-
sue” is still on our front shelf. It is a
valuable reference.

G. A. KERrR, VE3DOD
Physics Dept. Head
Vaughan Road Collegiate Institute

Toronto, Ont. END

pd

“Well, if you're so sure

what's wrong with i,
why don't you fix it?”
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| Nowl! A clear, simple
way to teach yourself

LECTRONICS

At last there's a simple, surefire way for
you to learn basic electronics at home, in
your spare time. That way is ELECTRO *
STUDY—a new, step-by-step self-teaching
method that brings electronics within the
grasp of everyone, regardless of experience
or education,

Each ELECTRO * STUDY unit consists of
a simply written, profusely illustrated text-
book...and a programed Study Guide, with
hundreds of questions and answers on ma-
terial in the text. As you read the text, you
review important points by referring to the
Study Guide, so you remember them better.
This frame-by-frame method makes tough
points seem easy. You really learn your stuff|

Here are the 16 ELECTRO % STUDY units,
each covering a vital area of basic electronics
knowledge:

E1 Electrons at Work
E2 Electric Circuits and Ohm's Law

E3 Magnetism, Electromagnetism—
Wiring, Soldering

E4 Theory of Alternating Currents

E5 Direct-Current Networks

E6 Inductance and Capacitance

E7 Transformers in Radio and Electronics

E8 Motors and Generators in Etectronics

E9 Resonant Circuits

E10 Radio Communications Fundamentals

E11 Vacuum Tube Fundamentals

E12 Batteries and Electronic Power Supplies

E13 Audio Frequency Amplifiers

| E14 R-F Circuits

E15 Transistors and Their Applications

| E16 Superheterodyne Receivers

|
|
I
|

| Order as many of these units as you want—
but order now! Take advantage of the special
introductory price of just $4.95 each. Charter
subscribers will receive, FREE, a handsome
vinyl case for each Study Guide.

DON'T DELAY. FIlL OQUT THE COUPON NOW |

)

INTERNATIONAL EDUCATIONAL
SERVICES
Box 828, Scranton, Penna. 18515

[0 Send me, postpaid, the ELECTRO x
STUDY units circled below, at $4.95 each.
I enclose check (money order) for
to cover full amount.

0 Send me circled units COD. | will pay
postage.

15-day money-back guarantee, if not satisfied.

E1 E2 E3 E4 E5 E6 E7 E8

Y e e . o B et e

E9 E10 E11 E12 E13 E14 EI5 Els
Name____ o
(indicate Mr. Miss Mrs,)

Address S

City__

State_ __ZipCode_____

Occupation
e s e e e =
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TUNER REPAIRS

Includes ALL parts (except tubes)...
ALL labor on ALL makes for com-

ﬁfe overhaul.

05l

FAST, 24-HOUR SERVICE

with FULL YEAR WARRANTY

Sarkes Tarzian, Inc., largest manufacturer of
TV and FM tuners, maintains two completely-
equipped Service Centers, offering fast, de-
pendable tuner repair service. Tarzian-made
tuners received one day will be repaired and
shipped out the next. More time may be re-
quired on other makes. Every channel checked
and realigned per manufacturer's specs. Tar=
zian offers full, 12-month guarantee against de-
fective workmanship and parts failure due to
normal usage. Cost, including all labor and
parts (except tubes), is only $9.50 and $15 for
UV combinations. No additional costs. No
hidden charges. You pay shipping. Replace-
ments at low cost are available on tuners beyond
practical repalr.

Always send TV make, chassis and Model
number with faulty tuner. Check with your local
distributor for Sarkes Tarzian replacement
tuners, parts, or repair service. Or, use the
address nearest you for fast factory repair
service.

C

- SARKES TARZIAN, INC.
TUNER SERVICE DIVISION

Dept. 200 Dept. 200

10654 Magnolia Blvd.,
North Hollywood, Califs
Tel: 769-2720

537 South Walnut St.,
Bloomington, Indiana
Tel: 332-6055
MANUFACTURERS OF TUNERS, SEMICONDUCTORS,
AIR TRIMMERS, FM RADIDS, AM-FM RADIOS,
AUDIO TAPE and BROADCAST EQUIPMENT
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Glossary of Color Terms

By ED BUKSTEIN

Continued from last month

chrominance amplifier: The amplifier
that scparates the chrominance signal
from the total video signal. (Sce band-
pass amplifier.)

| chrominance signal: The sidebands pro-

duced when the I and Q signals modu-
late the 3.58-mc subcarrier. These side-
bands carry color information only
(brightness information is carried sepa-
rately by the luminance signal).

chrominance subcarrier: The 3.579545-
mc subcarrier (referred to as 3.58-mc
for simplicity) which is modulated by
the I and Q signals 1o produce the side-
bands which carry the color informa-
tion. These sidebands, along with the
brightness signal, modulate the picture
carrier of the channel.

color bar generator: A test instrument
used for troubleshooting and alignment.
Its output, applied to a color TV re-
ceiver, produces a pattern of colored
bars on the screen.

color burst: A sample of the suppressed
subcarrier. (Sec burst.)

color-difference signal: A waveform
produced by subtracting the luminance
signal (Y) from the output signal of the
color cameras. Since brightness infor-
mation is handled separately in the
transmitter and receiver, it can be elim-
inated from the chrominance signals.
Subtracting the brightness signal from
the output of the blue camera yields the
“blue minus brightness” or B — Y sig-
nal. Similarly, subtracting the bright-
ness signal from the red camera output
produces the “red minus brightness” or
R — Y signal. The G — Y signal can be
produced by combining portions of the
B—Y and R — Y signals. (See B —
Y, G-Y,R—-Y)

color edging: Extrancous colors at the
boundaries of colored areas in the pic-
ture.

color killer: A circuit that cuts off the
chrominance amplifier during black-
and-white reception. If this were not
done, noise voltage in the chrominance
amplifier would produce colored snow
(confetti) in the black-and-white pic-
ture. When color is transmitted, the

- burst signal deactivates the Killer, al-

lowing the chrominance amplifier to op-
erate normally.

www. americanradiohistorv. com

color subcarrier: See chrominance sub-
carrier.

composite color signal: The complete
signal required to producc a color pic-

ture. This includes the luminance
(brightness) signal, the chrominance

signal, all blanking and sync pulses, and
the color burst.

confetti: Flecks or streaks of color
caused by tube noise in the chrominance
amplifier. Because of its colors, confetti
is much more noticeable than snow in a
black-and-white picture. The chromi-
nance amplifier is therefore cut off dur-
ing a black-and-white program. (See
color killer.)

convergence: The condition in a color
picture tube when the three electron
beams intersect in the plane of the
shadow mask. so that all thrce beams
strike their own color dots on the
screen. (See dc convergence and dy-
namic convergence.)

dc convergence: The condition in a
color picture tube when the three elec-
tron beams intersect while passing
through an opening in the center of the
shadow mask. Such convergence of the
undeflected beams is also known as
static convergence.

degaussing: The process of demagnetiz-
ing metal parts or supporting struc-
tures of the color picture tube. De-
gaussing is done with a large-diameter
coil connected to the ac line.

demodulator: See I demodulator and Q
demodulator.

dynamic convergence: The condition in
a color picture tube when the three
beams remain properly converged even
when deflected to the edges of the
screen. Compensation must be made for
the greater distance the beams must
travel when deflected away from the
center of the screen.

frequency interlacing: The frequency
components corresponding to the lumi-
nance signal do not occupy a continuous
spectrum but rather occur in clusters.
The unused spectrum space between
adjacent clusters can therefore be used
for color information signals. In this
manner, both luminance and chromi-
nance information can be transmitted

RADIO-ELECTRONICS
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in the same channel bandwidth without
interfering with each other. This tech-
nique is known as frequency interlacing
or frequency interleaving.

green gun: The electron gun whose
beam, when properly adjusted, strikes
only the green phosphor dots in the col-
or picture tube.

green video voltage: The signal voltage
that controls the grid of the green gun
in a three-gun picture tube. This signal
is a reproduction of the ouput of the
green camera at the transmitter.

G — Y signal: A signal representing the
difference between the green camera
output and the brightness (Y) signal.
The G — Y signal can be produced by
combining portions of the R — Y and
B — Y signals. If the brightness signal
is added to the G — Y signal, the result
will be G — Y + Y = G. This G signal
is used to control the green gun of the
picture tube.

hue: The technical name for what is
commonly called “color”. Red, green,
orange, blue, yellow, etc. are hues.

i S"IG
1
I DEMOD
CHROMA 3.58MC
AMPL 0SC

-
o

Q
DEMOD

90°PHASE SHIFTER

QsIG

I demodulator: A demodulator circuit
whose inputs are (1) the chrominance
signal and (2) the signal from the local
3.58-mc oscillator. The output of this
demodulator is a video signal represent-
ing colors in the televised scene. The Q
demodulator is similar except that its
input from the local oscillator is shifted
90 degrees (see diagram above).

I signal: A color information signal
produced at the transmitter by combin-
ing portions of the outputs of the red,
green, and blue cameras. At the receiv-
er, these sidebands (chrominance signal)
are reconverted to color video signals.
(See I demodulator.)

luminance: Pertaining to brightness, as
distinguished from chrominance, which
pertains to color.

FEBRUARY, 1965

luminance signal: The signal that carries
brightness information only, as distin-
guished from the chrominance signal,
which carries color information only.
Luminance signal is also known as
brightness signal or Y-signal. (Sec
brightness signal.)

matrix: In the transmitter, the circuit
that combines the red, green and blue
camera signals in proper proportions to
produce the I and Q signals. This matrix
is sometimes referred to as a color coder
or encoder. The matrix in the receiver
performs the opposite operation; it
combines the Y, I and Q signals in

proper proportions to produce red,
green and blue video voltage for the
three electron guns of the picture tube.
This matrix is sometimes referred to as
a decoder.

monochrome signal: See brightness sig-
nal.

noise: See confetti.

NTSC: National Television Systems
Committee. This committee formulated
the TV standards later approved by the
FCC.

to be continued

easily service
transistor
radios...and
make money!

Dyna-Trace Single-Point Probe and Built-in Metered Power Supply and VTVM.

This is the way to profit from transis-
tor radio servicing. There’s no hit or
miss, no waste of time and work. The
B&K 960" Analyst gives you a com-
plete transistor radio service shop in
one easy-to-use instrument. It provides
signal-generator, power supply,
milliammeter, VTVM, battery tester,
ohmmeter, and both in-circuit and out-
of-circuit transistor tester—all in one.
Also speeds servicing of tube-type
radios. Brings you new customers, and
new profit. Net $9995

Unique Point-to-Point Signal Injection
Easily enables you to troubleshoot any stage
of any transistor radio—fast.

Built-in Metered Power Supply

Makes it easy to operate radio under test.
Provides from 1 to 12 volts in 1% volt steps.
Supplies bias taps.

Simplifies In-Circuit Transistor Test
Dyna-Trace single-point probe needs only
the one contact to transistor under test.
Gives fast, positive meter indication.

Built-in VTVM
Includes essential high-input-impedance
vacuum-tube voltmeter for correct servicing.

Test All Transistors Out-of-Circuit

Meter has ‘‘good-bad’’ scale for both leakage
and beta; and direct-reading beta scale.
Also automatically—determines NPN or
PNP. Meter is protected against accidental
overload and burn-out.

See Your B&K BaK MANUFACTURING CO.

Distributor DIVISION OF DYNASCAN CORPORATION

or Write for 1801 W. BELLE PLAINE AVE. - CHICAGO 13, ILL.
Catalog Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont.
AP21-E Export: Empire Exparters, 253 Broadway, New York 7, U.S.A.
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* MANY HOURS
OF ROUTINE
WORK required to put
together conveniional
circuitry are eliminated
by the molecular
circuitry used in
this tiny video
amplifier.

-
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' (Photo courtesy of Westinghouse)

 Will the Space Age .

eliminate your job in

RADID-ELECTRONICS
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YOUR JOB IS IN DANGER if you work
on the routine level where new automated
manufacturing techniques are rapidly
replacing men. And your job is in danger
if you haven’t learned enough about new
developments in electronics to be of real
value to your employer in the space age.

and Automation ';

y

Electronics?

[

FEBRUARY, 1965

Protect your future through
the New CREI Programs in
Space Electronics

Will the space age end your career in electronics? Or will
it open up new opportunities for you? What happens
depends on whether or not you supplement your education
in electronics with the new knowledge needed to make
you a valuable employee today. The new CREI Programs
in Space Electronics offer you the up-to-date knowledge
employers want and need.

SPACE DATA SYSTEMS—Includes multi-channel
recording, analog to digital conversion systems, data
acquisition and processing.

SPACECRAFT TRACKING AND CONTROL-—
Includes such areas of space technology as orbit calcu-
fation and prediction, inertial guidance, electromagnetic
wave generation, space surveillance and environment.

AEROSPACE RADAR ENGINEERING—Includes spe-
cialized knowledge of surveillance radar, antennas,
receivers, components and microwave equipment used in
space applications.

@ The first extension programs developed specifically to
help men in electronics apply their experience to the
space effort.

®m Content developed to meet employment requirements
as determined by consulting government and private
organizations in the space field. Text material prepared in
leading space-oriented organizations.

CREI also offers specialized education in these important
areas of electronics: Automation, Industrial, Nuclear,
Servomechanisms, Computers, Radar, Communica-
tions, Aeronautical, Navigational and Television.

You are eligible for these programs if you work in elec-
tronics and have a high school education.

FREE BOOK gives full information on CREI programs.
R ——— For your copy, mail postpaid card or
CIREII' write: CREI, Dept. 1402-C, 3224
Sixteenth St., N. W., Washington,

Founded 1927

THE CAPITOL RADIO ENGINEERING INSTITUTE

Accredited Member of the National Home Study Council
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EIC0|965 SERVICE CLINIC

By JACK DARR Service Editor

Farad Ohm
Bridge-Analyzer

B FaradOhm's 9-range Wien capacitor-resistor
bridge (including C-R-L comparison range)
operates with the low bridge voltage (0.45
VAC) required for safe measurement (no
overheating) of even 1 volt electrolytics and
3 volt ceramics. Measures 5 pF—5000 uf
in 4 ranges and 0.5 Q-500 MQ} in 4
ranges. Pane! input jacks for external
bridge supply and polarizing voltages.

B FaradOhm incorporates a vastly superior
VIVM for bridge balance indication, volt-
age and current measurement. AGC in the
bridge detector circuit diminishes as bal-
ance is approached, prevents off-scale de-
flection of the meter pointer in the unbal-
anced condition without reducing the sharp-
ness of the null indication.

M FaradOhm has 6 ranges of continuously var-
iable dc supply voltage from 1.5 to 500 VDC
to permit exact voltage settings for accu-
rate capacitor leakage or |I-R (insulation re-
sistance) measurement and transistor char-
acteristics measurement.

B FaradOhm's VT nano-micro-milliameter has
11 internal / external current measurement
ranges from 0.15uA to 15 mA. Reads capac-
itor, transistor, and diode leakage currents
down to 3 nanoamperes (3/1000ths of a
microampere),

FaradOhm's VT voltmeter has 6 internal/
external voltage measurement ranges from
1.5 to 500 VDC. Reads down to 30 milli-
volts. Input impedance 11 megohms.

W FaradOhm’s “Instant-Zero” pushbutton per-
mits meter zeroing regardless of settings
or connections, even during a measurement.

W FaradOhm has all internal adjustments ac-
cessible without cabinet removal.

W FaradOhm has a complete overload and high
voltage warning system.

W FaradOhm’s bridge circuit and power supply
are separately fused.

B Factory Wired and Tested

ONLY $129.95

: EICO Electronic Instrument Co. Inc.
131.01 39th Avanue, Flushing, N.Y. 11352

Send for 1965 Full-Line Catalog

Name.
| Addres
Add 5%
I ei o
H City. Zip. Stata. in West
o o = = e s - ———— - - <
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VERTICAL TROUBLE:
SYNC OR OSCILLATOR?

A FREQUENT QUESTION: 1S “VERTICAL
trouble” caused by a bad vertical oscil-
lator or by missing vertical sync? There’s
an easy way to tell from the front of the
cabinet (or the side, depending on where
the vertical hold control is).

Very complex test. so watch it!
Turn the vertical hold control, watch
picture. That’s all. If you can make the
picture reverse direction somewhere
near the center of the hold control’s ro-
tation, the oscillator is OK. Why? Be-
cause you have just proved that the os-
cillator is capable of operating on,
above and below the right frequency!

If the control comes to the end of its
rotation, and the picture is still going,
in either direction, then we have oscil-
lator troubles. If you can stop the pic-
ture, but the control is almost at the
end of rotation, you'd better check
something: you're going to get a call-
back if you don't.

Roll the picture down slowly. If the
blanking bar goes past the bottom of
the screen without even slowing down,
no sync.

Look for the normal action of the
hold control. You should be able to roll
a picture slowly downward. As the
blanking bar nears the bottom of the
screen, the picture should “snap” and
lock-in temporarily. Turning the control
the other way should leave the picture
stationary for quite a while, then it
should start moving upward very rapid-
ly. For a distinction, we call downward
movement “rolling” and upward move-
ment ‘flipping”. Try it and you’ll see
why. When making this test, look for the
“snap” as the blanking bar gets to either
the top or the bottom of the screen. No
snap, no sync.

CHECK CAREFULLY

This column is for your service
problems—TYV, radio, audio or general
and industrial electronics. We answer
all questions individually by mail, free
of charge, and the more interesting
ones will be printed here.

If you're really stuck, write us.
We'll do our best to help you. Don't
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 154 West 14th
Street, New York 10011.

One common cause for this is in-
correct settings of vertical size and
linearity controls! A picture that is “out
of shape” can be unstable. The distorted
waveform makes it hard for the sync
10 take hold and lock it in. So, before
taking the set out of the box, always
check the setting of the height and
linearity controls; the picture should be
V2 inch or so beyond the mask, top and
bottom.

Quick-check for linearity: roll the
blanking bar slowly down the screen.
If the vertical deflection is linear, the
bar will be the same width (or height)
all the way down.

Many circuits use a large resistor
in series with the vertical hold control,
in the oscillator grid circuit. If the pic-
ture won't stop, but the control is
jammed against either end, suspect this
resistor of having changed value. You
can tell which way it has gone by noting
whether the variable resistor is stopped
with all or none of its resistance in the
ctrcuit.

In a multivibrator vertical oscilla-
tor—output stage, check all resistors
and capacitors in the feedback loop
(Fig. 1). Pretty high peak voltages are
always present, and it doesn’t take much
leakage in a capacitor to upset things.
After all, the output of this network is

LY S
Ly 14 oTP7
FROM 0027
SYNC 112 6FV8 VERT OUTPUT
SEP VERT N
MULT ,[35v
T
| —40v = % 0 YOKE
il
L
T S2MEG T30 S4700/3W
VERT
‘ HOLD
IMEG T X TvERT Lin L
I ) - t260v
soov %% Fig. 1—All the indicated parts in the feedback loop
BOOST  T260v are critical and can affect vertical oscillator stability

and waveform seriously.
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the voltage pulse fed back to the input
grid that keeps the oscillator working! (
Common trouble: a short in a capaci-
tor, resulting in a double picture on the
screen.

The most important thing in serv-
icing these stages: thoroughness. Check
the schematic to be sure that you're not |
overlooking a capacitor or resistor
somewhere. If you are, that one will, of
course, turn out to be the bad one!

Power-transformer replacement
I've got an RCA 8T270 TV chassis
with a burned-out power transformer.
I've got a power transformer out of an-
other set—an RCA 2749061.The original
was a 9700251, Will this substitution
work?—H. B., Brooklyn, N. Y. ’

I hate to tell you this, but I couldn’t
find either of the numbers you gave me
in my collection of transformer catalogs!
As a matter of fact, I found three differ-
ent “original RCA part numbers” listed
in threc different catalogs for this same
set! So now I'yn confused, too!

At any rate, power transformers are
basically simple. You can make a re-
placement for this one by choosing a
unit which will fit physically on the
chassis, and has the same electrical char-
acteristics. For the 8T270, this is what |
you need: !

400-0-400 volts, 220 ma
210-0-210 volts, 90 ma '
5 volts at 3 amps ‘
5 volts at 2 amps

6.3 volts at 10 amps

6.3 volts at 2.6 amps

Any replacement transformer with
those “specs” will do. |

Earphone impedance matching

I have an impedance-matching
problem. I want to hook up earphones
to a TV set for a hard-of-hearing per- ‘
son. I got this circuit (Fig. 2) out of a
hook; will it work?—E.S., McAllen, I
Tex. ~

Yes, but if you use ordinary 2,000-
ohm phones, you’ll get little volume. |
That’s the reason for impedance match- |
ing: transfer of maximum power! You’ll

Tv OUTPUT
TRANS
SPKR
z=39 SPKR |
PHONES

AARN PHONES
3.3Q/1W )

Fig. 2—This often-used circuit for hooking
earphones to a TV or radio may not put
enoigh sound into the phones for a hard-of-
hearing person if their impedance is high '

(a few hundred ohms or more).
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ZERO IN ON 1965's WORLD OF ELECTRONICS

at the International Exhibition of
77N

ELECTRONICE
COMPONENTS

and the International Exhibition of

AUDIO EQUIPMENT

440 Paris Porte de Versailles
p April 8 to 13, 1965

e The greatest International
/Ao Y Electronic Show
] f Parts, tubes and semiconductors, test

and control apparatus, audio equipment

For complete information and literature:
S§.D.S.A. 16, rue de Presies

Paris 15, France

Tel. 273-24-70

Official transport to the Show:

AIR FRANCE

Overseas Trade Show Department

683 Fifth Avenue, New York, 10022

Under the sponsorship of the F.N.I.E.

INTERNATIONAL
SYMPOSIUM ON
MEMORY TECHNIQUES
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125 Avenue de Suffren, Paris, France
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“What our business
needs is a good UHF
VHF amplifier?“What
our business needsis
a good UHF-VHF amp
lifier’*"What our bu..”

"Say no more."

‘“‘You mean there’s an amplifier that covers all

TV channels from 2 to 832"

“You bet. In fact there are two—the outdoor U/Vamp-2

and the indoor V/U-ALL2.”

‘‘Suppose | live in an area where there’s only VHF?”’
“Your motto should be 'Be Prepared’ because there
are a lot of new UHF stations soon to come on the air.
These all-channel amplifiers are obsolescence-proof.”
‘“‘Anything | should know about the U/Vamp-2?"’
“"Well, the U/Vamp-2 is compact and easy to install
on the antenna mast. Has a remote AC power supply.”

‘‘How about performance?’’

“Two transistors give you all the power you need
for better reception on VHF and UHF. Also protect
against overload. Lists for $49.95."”

‘‘Supposing | don’t want to put an amplifier

up on my antenna mast?’’

“Then use the V/U-ALL2. Not as effective as the
U/Vamp-2, but you don't have to climb aladder. ..
and it delivers signals to two TV sets. Only $42.50 list.”
““Guess I'll rush down and get one of the new
Blonder-Tongue UHF/VHF amplifiers.”’

(This message was paid for out of the gross profits of
BLONDER-TONGUE, 9 Alling St., Newark 2, N.J.) sl
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SERVICE CLINIC continued

lose most of your power in that resistor.
For hard-of-hearing people, you need a
lot of power in the phones. For a better
match without too much loss, use one
of the hookups in Fig. 3-a. Get a trans-
former with a “primary” impedance to
match the phones (about 2,000 chms),
and a “secondary” to match the nomi-
nal speaker impedance—probably 3-4
ohms. Then use it backward.
MSPKR

PHONES

TV AUDIO OUTPUT TRANS

e

SPKR

PHONES

a5
3-40

"BACKWARDS"
AUDIO OUTPUT
TRANS

a

Z2=2K

TV AUDIO OUTPUT TRANS
25-509

VOLUME

SPKR

'BACKWARDS" AUDIO
OUTPUT TRANS

Z:2K

b PHONES

Fig. 3—These circuits are better. In a, a
reversed output transformer steps up signal
voltage  for  medium-to-high-impedance
phones. No dummy resistor is needed. In b,
2-pole 3-position switch is wired to select
cither phones or speaker, or both. If ear-
phone volume must be high, series rheostat
in speaker line cuts speaker volume down
to bearable level.

I'd also put a volume control across
the TV set’s speaker (Fig. 3-b). Then
you can turn the audio up so that it will
be loud enough in the phones, then cut
down the speaker’s output so that it
won’t blast the others out of the room.

Trav-Ler TV tuner trouble

I got a Trav-Ler 65G50 TV for re-
pairs. It has one of those one-tube (12-
AT7) tuners, with a thing that looks like
a variable capacitor bur isn’t! I can’t get
a picture unless I pull the tube out and
put it back. Looks like the tuner’s not
oscillating. Is that right?—E. §., St. Louis,
Mo.

This tuner has been quite trouble-
some in the past and, truthfully, your
best bet might be to replace it with one
of the newer miniaturized types. How-
ever, a few things can be done to the
original one to make it work better.

RADIO-ELECTRONICS
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First, clean it very thoroughly, es-
pecially the back section of the switch
(away from the shaft). Check the whole
switch with a magnifying glass for
burned contacts, and check the 15,000-
ohm and 2,200-ohm resistors in the B-
plus feed to see that they haven’t been
burned up by a previous shorted tube.
Plate voltage on the oscillator section
should be 150, with abcut =2 volts on
the grid on the high channels; more on
the lows.

You'll probably have to select a
good tube for this tuner. Try several and
use the one that gives you the best
results.

Tuner alighment

I can’t get enough rt out of my sig-
nal generator to ger a curve when I
align this tuner. If I connect the scope
to the looker point, I get nothing but a

HERE OR HERE

I CONNECT scoﬂ

siraight line! How can [ modify this
sweep generator to get more rf?—C. N.,
Dravosburg, Pa.

I wouldn’t! Frankly, this could lead
to a real headache, and perhaps a trip
back to the factory for your sweep gen-
erator! There are other ways of solving
the problem.

Try connecting your scope to the
first video i.f. grid. This will give you
the benefit of the mixer gain. If even
that isn’t enough, go on to the plate. If
the if. tuned circuits affect the re-
sponse, shunt a 1,000-ohm resistor
across each temporarily. This, in effect,
makes the i.f. stage an R-C amplifier for
the scope (Fig. 4).

Custom-installing

DuMont RA-112

My customer is planning a custom
installation of a Dumont RA-112 with

= Fig. 4—For

> higher gain,

connect  scope

- farther  down

LOOKER the line. That

(P INT way, i.f. stages
become pre-

amp for scope.

his high-fidelity system. At the same
time, he'd like to change the picture
tube to a 21-inch rectangular type. To
the best of my knowledge, a 21AP4
would be the best replacement for the
19AP4 now in the set. However, the
high voltage may be too low.

Could you clarify this point, and
give me any other changes which might
be necessary? Also, if the 21AP4 isn't g

suitable replacement, would you suggest
another  type?—D.D., Burlinganze,
Calif.

This should work out very well.
The RA-112 chassis has four video i.f.
stages, and all the trimmings.

I would make only one suggestion:
use the *“converter’s favorite” tube, the
21EP4 instead of that 21 AP4! [ will ad-
mit to the technician’s prejudice against
any and all metal-cone picture tubes:
They bite!

The 2IEP4 has magnetic focusing,
just as your original tube does, and only
a 4° increase in deflection angle. The
21 AP4 is also a 70° tube. High voltage
will be ample for either type.

Your only difficulty will be in the
physical mounting of the tube, and, as
this is to be a custom installation, you
shouldn’t have too much trouble there.
Look up the May 1960 TV Clinic in
Rapio-ELECTRONICS for some hints on
various methods of mounting picture
tubes. END

MONEY-MAKING OPPORTUNITY

WITH A NEW TYPE OF BUSINESS

NOW . . NuTone, America’s largest manu-
facturer of Built-In Music Systems . . offers
you a fine oppmtumty to own and operate a
profitable business in your locality.

You can start in full or spare time without
previous experience. You need not worry about
large inventory stocks . . because NuTone's
network of wholesalers can furnish evervthing
you need at extra special discounts available
to you.

The modernization market is booming . . and
Built-In Music Systems are in big demand.
Thousands of new homes have NuTone Built-

BUILT-IN MUSIC and INTERCOM
INSIDE and OUTSICE the HOME!

ihbg

cl by i

In Home Entertainment Systems . . you can
supply an even larger market through the
existing homes in your area.

Home owners are surprised at the moderate
cost . . and are pleased to learn that they can
have a complete music and. intercom system
installed in the homes they now own.

You can start this business at a minimum in-
vestment . . and expand it to a large staft of
sales and installation specialists. We offer you
complete details . . just mail coupon to . .
Mr.Dickinson, Product Manager, Electronics
Division, NuTone, Inc., Cincinnati 27, Ohio.
FREE FACTS COUPON
INTERCOM-RADIO BUSINESS
RE-2
NAME ___ = -

]

l

|| ADDRESS -
IFlemy =l s

YOU CAN BE FIRST TO START THIS BUSINESS IN YOUR COMMUNITY
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Tips for Technicians

Mallory Distributor Products Company
P.O. Box 1558, Indianapolis, Ind. 46206
a division of P. R. Mallory & Co. Inc.

How to choose and use
replacement controls

There’s more to replacing a volume control, “pot”, or
\ trimmer than simply selecting the proper value in ohms

B
\

/) and watts. Naturally you need the proper value, but you
/ also need the correct taper or the circuit won’t per-

[: 4
o
A,

form properly.

/ What’s taper ? Briefly, it’s the way resistance changes as

/ you rotate the shaft. There are three basic tapers
normally used which match the needs of different kinds
\ 7 of circuits. The chart shows how each of the three works.

Y
o
N
-
gy
4
N

F-3
(=]

/ / Audio taper (often called left hand logarithmic by people

who like big words) gives you a small increase in re-
sistance at the beginning of shaft rotation and a faster
increase toward the end (clockwise rotation). This
/| matches the response of the human ear and is the reason
4 audio tapers are generally used in volume controls and

° . . . .
0 20 a0 55 80 7o similar shunt circuits.

% ROTATION - LtoR Linear taper is just that. Resistance change is exactly
1—Audio taper. 2—Reverse taper. 3—Linear taper. proportional to shaft rotation. All standard wire-wound
controls have linear tapers. Carbon controls with linear
tapers are commonly used in tone controls, sweep controls
and other straight voltage-division uses.

% RESISTANCE
ot

/

n
[=]

r \\\
~

Reverse taper (right hand logarithmic) is the opposite
of an audio taper. You'll get a big change in resistance in
the first half of shaft rotation and very little in the last
half. This taper is used with cathode voltage controls
such as TV contrast and many bias voltage controls.

In the Mallory STA-LOC® control system, it’s easy to
remember which taper is which. Linear controls end with
“L”, and audio with “A”, and reverse with “R”.

You can check which taper is used in an unknown control
by connecting an ohmmeter as shown in the drawing.

First, measure total resistance. Then turn the shaft to
509 of rotation. If resistance is 509, of total, you have a
linear taper. If it is 109, to 209, of total you have an
audio taper. If it is around 809, of total you have a
reverse taper.

To be sure you have the exact control when you need it,
ask your Mallory distributor to show you one of the
STA-LOC technician kits. With a STA-LOC kit you ecan
make exact on-the-spot replacements of any of literally
thousands of single, dual, push-pull, tandem, or clutech
controls. Pieces snap together and stay together. STA-LOC
kits are sensibly priced and are real money-makers and
time-savers. See your Mallory distributor for everything

STA-LOC technician kit you need in controls, capacitors, batteries, switches,
\ resistors, and semiconductors.
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DR. JoHN PIERCE,
ExecuTtive DIRECTGR,
RESEARCH—COMMUNICA-
TIONS SYSTEMS DIVISIONS,
BELL TELEPHONE
LABORATORIES.

The Future of
Communications

Guest editorial by Dr. JouN R. PIERCE

n writing about the future of communications, I wish

I could make it seem as exciting as Hugo Gernsback

did many years ago, when 1 was much younger than
I am now. I remember poring over the catalog of his
Electro Importing Co., marveling at the romantic names
of equipment I understood vaguely and equipment [
didn’t understand at all. All this he madc available to the
electrical experimenter of that day. Indeed, he published
a journal called the FElectrical Experimenter, and later
Science and Invention, which was more familiar to me.
These were followed by others, up to and including
Rapro-ELECTRONICS. Gernsback’s prophecies have been
vivid and exciting.

I can’t remember all his predictions, of course, nor
can I remember the apt names he used to describe them.
But radar was there, and television, in Ralph 124C 41+,
a novel of space travel which has only recently become
a reality in part.

Among other inventions which have been realized,
at least in part, Gernshack prophesied the teledactyl, by
means of which one could sense things and move things
at a distance. Some of the developments he foresaw have
not been realized—at least as vet—and these include the
voice typewriter. But it is not for want of trying that this
has not become a reality, and we have seen a major effort
in certain directions where reality has not yet caught up
with Gernsback’s words.

I can’t compete with Gernsback in making the tech-
nical details of a far future scem just around the corner,
but I am as much interested in the future of communica-

Dr. Pierce is an author, inventor, scientist and composer. He
has been intimately associaied with the development of travel-
ing-wave tubes, holds 83 patents, chiefly on microwave tubes,
electron guns and electron mudtipliers, has written five hooks
and more than 150 scientific articles. He was also one of the
composers of the computer music that appeared on the Decca
record “Music from Mathematics.”
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Hugo Gernsback, Editor-in-Chief

tions as he is. To me that future is as much a matter of
goals as of particular technological means. I foresee that
we will have better and smaller electronic devices, mag-
nctic, solid-state, and other forms, and that integrated
circuits will enable us to perform many complicated
operations in a small spuce. We will communicate, I hope
much more economically, by light beams from lasers, and
we will bridge the space between continent and continent
and perhaps between the earth and planets with satellites
using advanced microwave communication equipment.
But with all these technical resources, toward what ends
will we work? What will we do that will make our lives
different? This is the question to which I wish to address
myself.

We are all familiar with the mass communciation
provided first by radio and then by television. This has
brought the interests, desires and aspirations of the multi-
tude into every individual home. But the communication
that is dearest to my heart is the individual communica-
tion between person and person or between one small
group of persons and another.

I would like to think, for instance, that some day a
frequency range comparable to a very small part of the
ultra-high-frequency television band will be set aside for
mobile telephony, and that this. together with advanced
techniques, will make it possible for everyone to have a
telephone in his car. The desirability of this has been
pointed up—though not vet effectively realized—by the
limited number of mobile telephones now available. I
would like to think that every Ralph of the near future
will be able to reassure his waiting wife that he is really
mearly stuck in traffic, and that he will be able to make
some other reservation when he sees that he just won’t
get to the airport in time.

Even in a day when telephones in cars, and perhaps
even telephones in our pockets, are the common thing,
most of our communication will probably be done from
our homes and offices. Here we have a long way to go,
even beyond our astonishing service of today. Some day,
I am sure. we will all sec face-to-face, cither in person-to-
person calls or in conferences between groups. But many
things just as valuable will probably come earlier.

One of these is sending all kinds of business com-
munications over telephone connections. Economical
electrically operated typewriters will make this possible.
Another advance will be the use of such typewriters, to-
gether with high-quality sound systems and perhaps fac-
simile, in holding conferences among people who other-
wise would have to fly wearying miles to mecet for per-
haps an hour or less.

If we are really to transact more of our business over
the telephone, in all of its intimate personal and financial
details. in many cases we will want a high degree of
security, so as to defeat any wirctapper. This can be pro-
vided by a number of means. now that we have highly
sophisticated and very reliable electronic circuitry. I
expect that for business as well as for government pur-
poses, transmission will be encrypted for security in the
not distant future.

I have been describing a number of steps in the
direction of making communication by telephone, tele-

continued on page 79
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Radio-Electronics Reports
On “"Anonymous’’ Speakers

By PETER E. SUTHEIM
ASSOCIATE EDITOR

SOME OF THE SEVEN MONOGRAMS AROVE
are model numbers or trademarks of
well known hi-fi equipment; the oth-
ers are brands on speakers sold in “pack-
age deals”—spcakers whose origin is as
uncertain as a stray pup’s. Yet those
speakers, showing only their walnut
cabinets and cane grilles, are being ad-
vertised—and sold—as fit companions
for amplifiers and receivers that normal-
ly cost up to $400.

Who makes them? What’s in ’em?
What are they really worth? How do
they sound? That was what RADIO-
ELEcTRONICS wanted to know, our curi-
osity prodded by newspaper ads pro-
moting price deals on name-brand clec-
tronics mated with mysterious speakers.

An example of what aroused our
suspicions: We computed the price of a
speaker in a package deal offered by one
of New York's leading hi-fi chains, Sam

SMg

_v FOUR

Goody, Inc. Starting with the advertised
price of $260, we subtracted successive-
ly the lowest imaginable price at which
a mass dealer could sell the name-brand
equipment and still break even. We
came up with a figure of less than $20
per spcaker. Was it possible that speak-
ers of far lower quality than the rest of
the equipment were being used to set an
attractively low price on a “hi-fi pack-
age?” We decided to find out.

The salesman at one of the chain’s
storcs was a bit reluctant to sell a speak-
er separately, explaining that they were
specially designed to go with the systems
they were sold with. We managed to
buy one after a bit of haggling—for
$30.

The specaker, called the SMG, ad-
vertised (in the New York Times, Oct.
1, 1964) as “a precision designed cabi-
net to give a smooth response over the

Photography by Peter E. Sutheim

Part of the test setup. Amplifier is the 20-watter described in the November 1963 issue.
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entire audio range. 40-16,000 cps,”
turned out to be a relatively small wal-
nut-veneer box with a burlap-like grille.
The cabinet was sturdy and well made,
but the back was held on with only four
screws—flimsy even for such a small
speaker.

A few minutes’ listening confirmed
the worst suspicions: the speaker sound-
cd “boxy”, vaguely overprominent in
the upper bass or lower mid-range.
There was no real, solid bass at all.
String basses just seemed to drop off the
edge of hearing below a certain note.

The SMG speaker svstem sold by a large
record and hi-fi dealer with outlets in New
York City and suburbs.

Measurements confirmed the lis-
tening-test ecvaluation. We discovered
that there was no usable response below
100 cycles. An attempt to drive the
speaker hard at 65 cycles, to get some
sound out of it, resulted in something
like 90% third-harmonic distortion: al-
most all the output was at 195 cycles!
There was a broad hump in the response
around 400-500 cycles, which explains
the boxy sound. High-frequency re-
sponse was acceptable up to 13 or 14
kc, where it began to roll off.

What was inside? A single 8-inch
speaker made by R & A, a British firm.
It had a stamped-steel frame and a fair-
sized magnet. Retail price of the unit,
by itself, is just under $10. (Presumably
a lot less in manufacturing quantities.)

The primary mechanical resonance
of most 8-inch speakers is around 70
cycles in free air (unenclosed). In an
enclosure, the resonance goes higher un-
less the volume of the enclosure is very
large (many cubic feet). The bass-re-
flex, or ported, enclosure reduces the
size requirements to about 2 cu ft for an
8-inch speaker, but even then there is a
definite and well known lower limit of
size. To go below that size without de-
feating the purpose of the enclosure, a
duct can be used with the port to lower
the enclosure’s resonance for the same
internal volume.

In the SMG, there is no duct, and
the internal volume is less than 1 cu ft.
There is only a 3-inch-diameter port,
which contributes nothing below about

RADIO-ELECTRONICS
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Each of the speakers reviewed here
was compared with a calibrated ref-
erence speaker, using a microphone
to compare sound leve!s, and a source
of variegble audio frequencies. The
calibrated speaker was an Acoustic
Research AR-4, selected for its flat
response and for the fact that pre-
cise response curves were available.

Since an anechoic (free-field, or
echo-free) chamber was not available,
the measures taken to avoid mislead-
ing curves due to room acoustics in-
ciuded using recorded warble tones
and varying microphone location.

The audio levels to the AR-4 and
the speaker under test were adjusted
for equal acoustic output at 1,000 cy-
cles, using 2 microphone and oscillo-
scope. Then readings were taken at
500, 200, 100, 70 and 50 cycles, and
2,5, 10 and 12 kc by noting the elec-
trical attenuation necessary in the
more efficient speaker's amplifier to
maintain equal acoustical output at
the test frequency as the signal was
switched between the two speakers.
The attenuator, a Hewlett-Packard
350-B, was calibrated in db, so the
total difference in level could be read
off the knobs at a glance.

The test is not absolutely rigor-
ous, because it assumes that the
speakers are perfectly linear in their
amplitude response—that s, that
doubling the electrical power input
also doubles the acoustical power out-
put (though not, of course, the loud-
ness). This is not strictly true, espe-
cially at higher volume levels. The
levels in these tests were kept quite
low.

So the curves given here must
not be taken as definitive response
curves for the speakers; they are
merely illustrations of the general na-
ture of the speakers' response, and
confirm very nicely the results of lis-
tening tests.

FEBRUARY, 1965

Inside the
SMG. Speak-
er is a gar-
den - varietv
8-inclh maod-
el. The 3-
inclh  round
port contri-
butes little to
perform-
ance.

100 cycles—apparently the system’s
overall bass resonant point. Bass sound-
ed and measured beiter with the back
off!

Acoustic padding inside the enclo-
sure consisted of glass wool V4 to 1%
inch thick, covering about half the in-
ternal surface area.

The next choice in our survey was
the XAM-1D (sold by E. J. Korvette,
Inc., a national discount department
store chain whose stores have good-
sized audio departments). Its price was
also about $30. All the speakers in the
XAM line are not only sold separately,
but so advertised. They are also offered
in package deals with “big-name” elec-
tronics.

The XAM-1D was better built
than the SMG, and featured a twecter-
level control on the back. (The unin-
formed buyer would have to rely on in-
stinct about that, for there was no
marking, nor were there any phasing or
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impedance indications.) Advertised re-
sponse is 32 to 17,000 cycles.

The sound, however, was confused
and constrained. There wasn’t much
bass below 100 cycles and treble was
obtrusive and blaring rather than just
“there”. The stick-out quality of solo in-
struments suggested a rise in mid-range
response.

The enclosure contained a husky
8-inch woofer with a moderately com-
pliant hard-paper cone (cloth surround)
and a substantial magnet structure.
There was no indication of who made
the woofer or the 3-inch cone tweeter
that shares the box: both looked Amer-
ican-made. The *‘crossover” was a ca-
pacitor in series with the tweeter and the
levei control. The enciosure was filled
loosely with cellulose “fluffs”, which
not only damps high-frequency standing
waves but also increases the effective
volume of the enclosure. Just why the
sound was so disappointing is not clear
from the construction. Again, probably,
the internal volume of the enclosure is
too small for the compliance of the
woofer, and raises the system reso-
nance. (Response drops off at 12 db per
octave below resonance.)

There was no instruction sheet
with the XAM-1D.

The third speaker to be investi-
gated was the Pro I, lowest-priced
speaker in the Colbert Lab line sold by
Audio Exchange, a New York chain
that handles new and used audio equip-
ment. This speaker also cost $30.

The Pro I's worst acoustic defect
was. its tendency to “scream” in the up-
per mid-range. The effect on music was
so strangely harsh and strident that, on
a hunch. I tuned my FM tuner between
stations and turned up the volume.
What should have been more-or-less

- IKC
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Smoothed curves compare the three speakers with a high-grade reference unit.
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The XAM-1D, a private-brand bookshelf-
tvpe enclosure sold by a national discount-
store chain.

“white noise” sounded more like air at
high pressure and velocity rushing
through a pipe or a whistle that wasn’t
quite whistling! There was a very ap-
parent tendency to “sing”—a coloration
at some high frequency. A quick check
with a glide-tone band on a test record
(Columbia STR-100) confirmed that
there was a pronounced peak around 6
ke.

The 8-inch speaker in the Pro I had
a stiff cone of hard paper, quite uncom-
pliant, with no edge treatment of any
kind. The “port” was a horizontal slot
12 x 7 incnes, with no duct. Worst of
all, there was no padding anywhere in-
side the enclosure. That's the reason, no
doubt, for the 6-kc “scream”. The unit
had no tweeter—just the single 8-inch
speaker.

Again, the terminal strip bore no
impedance or phase markings. A card

stapled to the back described the speak-
er as “. . . a carefully designed acousti-
cally engineered product.” Of the three
speakers, it deserves our ‘‘worst buy”
rating.

Why all the fuss?

To the man who asks, “So what do
vou want for $30?" I say “I have no ob-
jection to cheap speakers.” All three of
these are probably better than what you
find in the under-$100 package “hi-fi
stereo” systems. What bothers me—and
all of us at Rapio-ELECTRONICS—is that
these speakers are masquerading under
pretty cabinets and starry-eved names
as high-fidelity speakers—by implication
suitable to be used with the top-rank re-
ceivers and amplifiers with which they
are advertised and sold in package deals.

Our survey hasn’t been exhaustive,
but it does show that some of the speak-
ers sold as hi-fi are a mockery of the
name. Whether the speakers are worth
the $30 is beside the point. For $10 to
$20 more per speaker, you can buy units
that are so vastly better in overall sound
quality that a moment’s comparison
would make these “bargains” sound like
hopped-up table radios.

When a hi-fi listener find himself
a victim of listener fatigue (even though
he may not know it by that name), he
can’t possibly single out the speakers for
blame. He is likely to blame the entire
system—including the pedigree compo-
nents—for his vague dissatisfaction. All
the expensive engineering that went into
producing amplifiers tlat from 10 cycles
to 100,000, and with maximum-output
distortion of 0.5%, has gone for naught.
The buyer wonders whether he wouldn’t

Inside view of the XAM-ID shows the 8-inch woofer and 3-inch tweeter.
d
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Front of the Pro I with grille cloth stripped
away o expose speaker and port. Speaker
baffle and back were glued in and could
not be removed.

have done better to put half his money
into a new washing machine instead,
and listen to music on a $150 packaged
phonograph.

Package deals on component hi-fi
are still immensely attractive; the prices
are low, and they make buying a system
so easy. But if you care enough about
sound to lay out 5250 and more, be sure
you aren’t stufling the expensive, wide-
range, low-distortion sound from your
ampliiier through an acoustic pinhole.
Compare the package-deal speakers
with others. name-brand ones, in about
the same price and size category. Often
you can work a package deal with
name-brand speakers for only a few dol-
lars more than the advertised “special.”
Don’t be afraid 1o shop, and to listen to
what you're buying. It'll be worth while.

END

GROMMETS IN STRIPS

ANY-SIZE GROMMETS on the spot
are practical with Gromsirip, a new
product of Ilumitronic Engineering
Corp., 680 E. Taylor Ave., Sunnyvale,
Calif. Available in 50-, 100- and 500-
foot lengths in polyethylene, nylon or
Teflon, the grooved, flexible strip can be
cut to any length and fitted snugly
around the rim of a hole. It comes in
five thicknesses. Samples and catalog
are available from the manufacturer.
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BREAKER BOX

Pays for itself quickly in fuse savings

By FRED BLECHMAN, K6UGT

IF YOU BUILD, MODIFY OR SERVICE ELEC-
tronic equipment, you probably know
the importance of a fuse! But when a
fuse blows, it must be replaced, which
may be embarrassing, costly or time-
consuming—and often you don’t have
the proper replacement.

The Breaker Box is an external adap-
ter for use during equipment checkout.
It is a low-current circuit breaker built
into a small box together with a stand-
ard 117-volt ac plug and receptacle.

To reset, just
push in  the
plunger. 1f you
prefer, yoiu can
use three-wire
receptucles,
with the third,
prong
for a ground
connection.

round
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When the Breaker Box is plugged into
a wall socket, and the equipment under
test is plugged into the Breaker Box,
the circuit breaker is in series with one
side of the power line to protect equip-
ment during tests. Too much current
draw will open the breaker.

Inexpensive resettable circuit break-
ers are often difficult to buy in small
quantities. Allied Electronics (a subsidi-
ary of Allied Radio Corp., at the same
address: 100 N. Western Ave., Chicago

Breaker is
wired in series
with one side
of line. Other
side goes direct
from plug to
receptucle. Re-
ceptacle shown
here is Cinch-
Jones type
2R2.
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80, Ill.) does stock ten ratings of the
Mel-Rain circuit breakers, from 500 ma
to 4 amps, costing only 80 cents each.
They are listed on page 285 of Allied’s
Catalog 240.

The rated current for these break-
ers is that at which the breaker will trip
(open) in about 10 seconds. Tempera-
ture compensation has been built into
these bowed-armature off-center snap-
action breakers. They can be used safely
on the 117-volt ac line. Reset them by
simply pushing in the red button after a
short wait for the element to cool.

Putting the box together

A chassis-mounting plug (Amphenol
61-M) and socket (Amphenol 61-F)
mount in [114 .-inch-diameter holes at
the cnds of a 2% X 2V X 138-inch
aluminum Minibox (Bud CU-2100-A).
Retaining rings are supplied with the
plug and socket to hold them in position.
The Mel-Rain breaker has a standard
¥8-inch-diameter threaded bushing V4
inch long. It is mounted in a single 3s-
inch-diameter hole in the center of the
box, using a mounting nut from a po-
tentiometer.

Wire the breaker in series with one
side of the line. The other side of the
line goes directly from the plug to the
socket. In no cuse should any wires touch
the box, or youw'll have a dangerous shock
hazard. Labels complete the job by in-
dicating the rated value of the breaker.

You may want to build several
Breaker Boxes with breakers of ditferent
ratings. Also, you may use other types of
connectors; the unit, in the photos, used
a different type of receptacle from the
one specified above.

Whenever you test a new piece of
equipment, or modify or repair an ex-
isting device, use the Breaker Box. If
there is a fuse in the equipment under
test, jump it until the checkout is com-
plete to avoid burning it out if there is
a defect—the Breaker Box will pro-
tect the equipment. Remember to un-
jump the fuse after testing. END

IOWA CB’ERS FOIL THIEVES

Percy Geidl, KGI14824, president
of the Tri State Fleca-Watters Citizen’s
Band Radio Club, saw two men pilfer-
ing a car in a parking lot in Des Moines.
He put out a 10-33, which was inter-
cepted by Jan Cooper KGI2063 and
Ruth Williams KLH7938, who called
the police. The result was that the thieves
were apprehended before the victim
knew that he had been robbed!

The thieves were later sentenced to
S-year terms, according to a report in
Whar's New, organ of the Tri State Flea-
Watters, published in Sioux City, Ia.
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When a boat is on the launching ways, it's too late to start working on the electronic gear!

Launching the Boat’s Electronics

WHEN 1 WAS IN THE MARINE RADIO
business, I used to get a yearly invita-
tion from some dear fricnds to go on a
weekend cruise: “You’ve been working
so hard, drop everything, forget work
and just relax for a couple of days!”

Once we were under way, the man
would turn on the radiotelephone, fiddle
with the knobs, get a lot of crackles and
buzzes, and then say: “Now, what do
you suppose happened to this thing? It
worked last year.”

I knew that. I had made it work
on my last weekend of “relaxation” with
them.

The host’s wife would pipe up,
turning her eyes on full, opening them
their widest and beaming them directly
into mine: “I wish Joe could fix things,
but he’s so helpless around machinery.
You know so much aboout everything.
Do you think you could see what is
wrong?” Then she would shudder help-
lessly, lean toward me and say, “I'm so
afraid to be out in the ocean with the
telephone out of order.”

So, with a nail file, the chisel-
pointed screwdriver they used for open-
ing and stirring paint, and a pair of

By ELBERT ROBBERSON

rusty gas pliers, I would get their radio-
telephone back into commission. This is
not the best way—nor the best time.

The best time to get electronic

equipment in shape for the season is
hefore launching, when the boat sits
steady, with shore power, tools and in-
struments, the parts store and decent
work space all available. Whether you
are an electronically inclined boatman

Check all cables for broken strands, danger-
ous insulation. Clean and tighten terminals.

SHORT WAVE

96&1 WASHIRGTON.N.Y.
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or an clectronics man who is boat-
minded, or a marine technician, you can
do most of the work right now to in-
sure that the gear operates next summer.

Components of a radiotelephone
are all capable of at least 1,000 hours of
operation. Most of them will hold out
much longer. The most ardent boatman,
who is aboard 2 days every weekend for
the normal 6-month navigation season,
will be afloat only 48 days a year, or say
50, throwing in July 4 and Labor Day.
If he runs the radiotelephone 2 hours a
day (a tiresomely long time to listen to
the noise and nonsense on the air), it
will take him 10 years to rack up 1,000
hours. Obviously, if the equipment is not
antique to begin with, it should not
wear out from use.

What ruins radiotelephones (and
other electronic gear) is the 8,660 hours
that they sit neglected every year, ex-
posed to heat and cold, usually damp-
ness and sometimes salt. So the greater
part of maintenance is to repair the
ravages of not being used, which are
most serious during the laid-up season.

Power supplies

Some large equipment operates
from 110 volts ac, with transformer and
rectifier power supplies the same as
used in shore equipment. Use a volt-
ohmmeter to check resistance from
B-plus to ground to discover possible
short circuits or excessive capacitor
leakage. The meter should jump to a
low-resistance value, then build up, as
the filter capacitors charge, to whatever
value of bleeder or other resistors are
on the line. Such equipment can be
checked by running it on shore ac, and
measuring plate, screen, heater and
other voltages.

Boats using ac equipment some-
times have a rotary converter to supply
power from the dc boat supply. Inspect
brushes to see that they are not exces-
sively worn, check brush pigtail connec-
tions and pressure springs, and make
sure brushes move freely in their hold-
ers. The commutator and sliprings
should be smooth and brown. If they
are corroded or burned, turn the unit
on and apply really fine sandpaper with
an insulated holder (like a piece of
wood) to brighten them. Clean out any
carbon dust with a rag dampened with
a service cleaner, being careful not to
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breathe the fumes. Lubricate the bear-
ings, unless they arc the sealed ball-
bearing or “permanent-lubrication’ type,
but do not get oil on the commutator
or sliprings.

Sets with dynamotor power sup-
plies should be similarly serviced. An
operating test will, of course. require
correct battery power. On shore, a 12-
volt car battery can be used on 12-volt
cquipment. When testing any equip-
ment with batteries, be certain to con-
nect with the proper polarity, or the
cquipment may be seriously damaged.

In vibrator power supplies, test
bulfer capacitors as well as filters for
leakage. While electrolytic filter capaci-
tors normally show some lcakage, buf-
fers that show any leakage whatcever on
the highest ohmmeter range should be
replaced.

After a vibrator has becn inactive
for a long time, a film of oxide on the
contacts may prevent its starting when
voltage is applied. This can usually be
cured by rocking the unit in its socket or
rapping it sharply. Once vibration starts,
the contacts should clean themselves.

To “freslien” pin contact. wiggle vibrator,
tubes, crystals in their sockets.

Burnish relay contacts with hond paper.
Push contacts closed with your fingers.
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Capacitor-leakage tests should be
all that is required with transistorized
supplies. Before testing “live,” with in-
put voltage applicd, double-check bat-
tery polarity.

Receivers

The interior of the equipment
should be inspected thoroughly for cor-
rosion or other signs of moisture. Any
dirt or corrosion should be clcaned out
with a small stiff brush (such as a tooth-
brush) or a rag moistened with light
cleaning solvent. If therc are signs of
corrosion, pull tubes and crystals (one
at a time to avoid putting them back in
the wrong sockets) and brush, sand,
scrape, or wipe the pins clean. Be care-
ful, especially with miniature pins, not
to bend them or reinsert them incor-
rectly. If you are not absolutely sure of
what you're doing, don’t remove any
parts. Instead, rock the tubes and crys-
tals in their sockets, then seat them
firmly. This should rub off any corro-
sion that might interrupt contact.

Multiple-contact relays switch the
antenna, power supply and other cir-
cuits from “receivc” to “transmit.” See
that the contactor “pile-up” insulation
(insulating strips  between  contact
leaves) is clean, and that all the con-
tacts “make.” Use a piece of bond pa-
per, doubled for stiffness, to burnish
contact points. Push the relay armaturc
closed to bring the “transmit” contacts
together, and burnish them, too. Bec
careful not to bend any of the contacts
or displace the relay spring. If contacts
do not “make” one way or the other,
they can be adjusted with a pair of
needlc-nose pliers. In checking for con-
tact make-and-break, use an ohmmeter
on the low-ohms range; somectimes
points appear to close, but still do not
make clectrical contact.

Operate switches, to sce that they
turn freely. A tiny dab of light oil—just
a touch on the point of a toothpick—
can be applied to the panel shaft bear-
ing if it feels “sticky.” If contacts are
not clean, apply a slight dose of switch-
contact cleaning fluid and rotate the
switch back and forth to clear out any
corrosion. You can tell by eye if the
contacts are functioning properly—the
jaws should spread as the blade passes
between them and close as it leaves. If
they have relaxed or worn, so as not to
make good contact, squecze them to-
gether—be carcful not to bend them or
get them out of alignment. Again, use a
mecter to be sure the contacts close. Re-
place the volume control if it is noisy
or jumpy in operation.

Receiver performance can often be
perked up by peaking the i.f. and input
tuning circuits. Do not attempt this un-
less you have an accurate signal genera-
tor that covers 455 kc as well as the
marine frequencies. The oscillator ad-
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frequency errors. Knob on rtuning tool

makes adjustments easier.

Separate coil turns that may have been
hent together.

justments of receivers that are not
crystal-controlled should be set exactly
on frequency. Identify every control
positively before adjusting, to make
sure it is not a transmitter control or
other part that requires special treat-
ment. Do not trust your ear for align-
ment; use a vtvm on the ave line or
(with the generator modulated), on the
af amplifier output. It is not uncommon
to bring receiver response up several db
by careful alignment.

Tighten panel knobs. If setscrews
are rusted, a drop of penetrating oil will
free them. When the knobs require a
special wrench, be sure there is one in
the boat’s tool kit or secured somewhere
in sight inside the set. Being unable to
remove the knob of a defective part is
about as exasperating as having it ro-
tate freely on the shaft, doing nothing.
Both can be prevented by having the
proper tool at hand.

Transmitters

Give the transmitter part of the
telephone the same general going-over
as the receiver. Inspect air-wound coils
for short-circuited turns, and separate
any that might be touching. Be sure that
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Keep adjacent coil clips from touching by
using plastic tape on them.

coil clips do not touch each other or any
other metal. If there appears to be dan-
ger that clips might touch if jarred or
vibrated out of place, insulate them
with a layer of plastic tape. Check clip
screws for tightness, and make sure the
wire of the coil is properly scated in the
clip groove. Do not change the place-
ment of any coil clips or make any other
transmitter adjustments unless you have
transmitter test facilitics and hold a
commercial FCC license, Second-Class
or higher.

It is helpful to test the transmitter
with a dummy antenna before putting

it on the air. A dummy antenna for
relative tests can be made up of a 50-
ohm rf load, a variable capacitor of
about 150-pf and an rf ammeter. These
are connected in series from the an-
tenna terminal to ground. Tune the ca-
pacitor for maximum rf current to reso-
nate the antenna circuit. Power output is
I2R, and should be over 50% of the
input power, obtained by multiplying
plate curreft and voltage readings on
the rf amplifier.

With 100% modulation, antenna
current should rise to a value of from
13% to 22% of the carrier value. On a
monitor recciver (ground the antenna
to reduce pickup, and move away from
the transmitter if necessary to prevent
feedback) the signal should be clean
and free of distortion or excessive pow-
er supply noise. Plate input current
should remain substantially steady un-
der modulation, and output should stay
up when the “transmit” button is held
down for a minute or so.

Measure transmitter frequencies—
they should not be off by more than 200
ppm, either way. On 2.182 mc, this
amounts to 436 cycles; and on 2.738
mc, 547 cycles.

Second-harmonic emission should
measure at least 7 S points on an accu-
rate S-meter below the fundamental-
frequency strength, and preferably 9 or
more.

Inspect the microphone cord for

Tighten coil clips—they sometimes work
loose. Don’t check transmitter tuning unless
you have proper FCC license.

cracks, soft insulation or other signs of
deterioration. Especially check the
points where it flexes most, at the micro-
phone and the equipment ends, and see
that the terminals or wires are not
weakened. If the cord is not in perfect
shape, replace it.

If the radiotelephone passes these
tests, you can count on its performing
as it should on the boat, with a mini-
mum of further work.

The next article will take a look at
antennas and insulators, grounds and
ground plates, echo sounders and direc-
tion finders. END

Intensify Your Scope v

A NUMBER OF LOW-PRICED SCOPES USE
cathode-ray tubes with intensifier con-
nections. In such tubes (the most com-
mon ones are the 5CP- and 5ADP-
series) the intensifier electrode is
brought out to a connection on the side
of the envelope and is intended to oper-
ate at about the same positive voltage
as the negative voltage supplied to the
rest of the CRT circuit. In low-priced
scopes, however, the intensifier is mere-
ly connected to B-plus. In such instru-
ments a proper intensifier power supply
will improve the brightness and sharp-
ness of the trace.

The diagram shows the nccessary
modifications. An additional high-volt-
age rectifier and its filament transfor-
mer must be added. The rectifier plate
is connccted to the high-voltage wind-
ing of the power transformer and pro-
duces a positive voltage. A filter capaci-
tor and bleeder resistor complete the
picture. The lead going to the CRT in-
tensifier connector is disconnected from
B-plus and connected to the rectifier
output.

I made this modification on a
Heath OP-1 professional oscilloscope.
A 2 x 2 X 4-inch aluminum utility box
(the smallest standard size that will
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hold the transformer and filter capaci-
tor) is mounted in a conveniently lo-
cated clear spot on the chassis. It is se-
cured with onc of the power-trans-
former mounting bolts and one of the
screws holding the high-voltage shield.
A spacer on the power transformer bolt
raises the bottom of the box slightly off
the chassis to clear various screw heads
and grommets. This mounts the box
sccurely without drilling any holes in
any part of the scope.

Mount filament transformer on the
bottom of the utility box. Filter capaci-
tor C has its ground end bolted to the
rear surface. Bleeder resistor R and a

2.5KV INSULATION HV+ TO CRT
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two-lug terminal strip for the trans-
former primary leads complete the con-
tents of the box.

Rectifier tube V plugs into a ce-
ramic socket on top of the utility box.
A 2X2 was used here because a num-
ber were on hand. TV type rectifiers
such as the 1B3-GT can be used, with
a dropping resistor to correct the fila-
ment voltage. Filament transformers
are not normally available for less than
2.5 volts. For a 1B3-GT, 6.8 ohms, ¥2-
watt is about right.

Bring the 2X2 plate lead down
through an existing grommet in the
cathode of the scope’s high-voltage rec-
scope chassis and connect it to the
cathode of the scope’s high-voltage rec-
tifier. Make this lead from a picce of
high-voltage wire. Use a ceramic plate
cap on the rectifier for safety. Remove
the lead from the cathode-ray tube
from B-plus, bring it through a grom-
met in the utility box and connect it to
the rectifier cathode. Notc that this con-
forms to safety standards, as all high-
voltage connections are either thor-
oughly insulated or enclosed in the util-
ity box.

The difference in scope perform-
ance will be noticed immediately. The
traces are not only brighter, but can be
focused more sharply at a given bright-
ness.—Charles Erwin Cohn
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THE SECRET OF
COLOR SERVICE

Color sets have their kinks, but people

are almost impossible to fix! (You have

to take ’em as they come.)

By ART MARGOLIS

SERVICING COLOR TV IS A GOOD MONEY-
maker if (and it’s a big if) the set owner
is handled properly. Most experienced
techs can change tubes, locate bad com-
ponents skillfully in the very first color
set they repair. In other words, you can
handle the technical end of the repair,
if you take the time to apply yourself.

Customer relations are the rough
end of the repair. Why should it be
stickier with color than in a black-and-
white encounter? The people are the
same, only the TV has changed.

There are two reasons: One, peak
performance on most color sets does not
produce perfect pictures. Two, color re-
pair bills are considerably higher than
black-and-white. The jobs take longer
and the components are more expensive.

This mix of charging fancy figures
and not delivering perfection can pro-
duce an explosive situation unless cus-
tomer relations is handled properly.
Three case histories illustrate our policy
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on handling some tough color-television
owners.

The Guarantee Trick Caper

The barroom owner thought he was
buttering me up but he only put me on
guard as he confided to me. “The last
guy who fixed this television didn’t know
his knee from his elbow. You take it
over, will ya?”

I turned on the TV, an RCA CTC
5, in the darkened corner of the bar. It
was a good spot for color TV. A color
show came on. The colors were good at
first, then wouldn't hold still. They
shimmered from top to bottom in bril-
liant rainbow waves. The color was out
of sync.

I changed the burst keyer and burst
amplifier. The colors held for a min-
ute or two, then began cascading down-
ward again. I changed the 6CB6 3.58-
mc oscillator. The same thing hap-
pened. The picture came on good for a
few minutes, then lost color sync.

I noticed this chassis had its 3.58-
mc crystal in a glass envelope the size
of a 6ALS5 tube. I happened to have a
couple in the truck, so I installed a new
crystal. Now the colors rolled like crazy
from the moment T turned on the TV.
I touched up the crystal coil adjustment.
The colors locked in tight.
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The crystal had been running
slightly off frequency. The new crystal
was purring exactly right. I left in the
new tubes as insurance.

A commercial came on in black-
and-white. Black-and-white? Pink, green
and magenta! I decided to adjust the pic-
ture for gray-scale tracking. I hooked
my vtvm into the red gun and set the
bias with the red screen and back-
ground controls. Then 1 disconnected
the meter.

Next I tickled the green and blue
background controls for improved high-
lights, and the green and blue screen
controls for improved lowlights (Fig.
1). T was rewarded as a fair-to-middling
black-and-white picture gradually took
shape.

All the screen- and control-grid
pots had been turned. They were easily
accessible on the back of the chassis. A
lot of hands had tried to adjust that off-
frequency oscillator with those controls.
How was I going to stop this? If I didn’t,
I'd be back there many times on war-
rantly calls.

I called the bar owner over. “One
of your main problems has been some-
one monkeying around with the adjust-
ments.”

He snorted, “You TV guys are all
alike. That’s what the last guy said. He
wouldn’t come back here anymore. I
guess you’re gonna pull the same bal-
oney.”

I told him politely, “No, sir, our
work is guaranteed. We’ll come back
whenever you call, with pleasure. The
only stipulation is that no one else touch
the TV but us. Here, look, I've painted
and raped all the critical adjustments.
As long as the seal remains intact your
guarantee is in effect. If the seals are
broken you’ll have to pay again.”

He said, grudgingly, “Welil, I guess
that’s only right. I’ll buy that.”

Case of the Crochety Crusader

I recognized Mrs. Buckingham’s
voice as she whined over the telephone,
“It’s about time you came home to tend
to your business. I couldn’t get any sat-
isfaction from your men.”

I had just returned from a week of
sun and swimming, and noticed her col-
or TV sitting in the INCOMING area. It
had arrived the day I left. None of the
fellows would touch it—they were all
aware of the continual fuss she caused
as she attended town meetings and rode
herd on the town ofticials. She imagined
herself a one-woman crusader to keep
politics clean. I knew I was going to have
to handle her most gently, or else an
argument would certainly ensue. I rolled
her TV over to my bench and turned it
on.

It came on slowly. The picture was
defocused, magenta, shrunk in on four
sides and rolling vigorously. It looked
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formidable. T pulled the schematic and
sat on a stool in front of the TV set. I
turncd up the sound. It was clear except
for a low hum. The symptom gradually
defuzzed in my mind and 1 realized it
was simply 120-cycle hum in the video
and audio. I adjusted the vertical hold.
The picture stopped rolling and the hum
bars showed clearly.

I checked out all the rf, i.f. and
video tubes and replaced a few weak
ones. I pulled the chassis about halfway
out of the cabinet till the bottoms of the
filter cans were exposed. Then I took a
40-uf 450-volt tubular, connected the
negative lead to ground and began touch-
ing down on the filter sections one by
one. When I hit an 80 pf in a four-
section can (Fig. 2), the screen snapped
to. The sweep spread, the focus crisped

5U4 (2)

| 2A 390V
+5 E+

Fif. 2—An open filter capacitor produced
familiar-looking 120-cycle hum bars—but
in muagenta!

nicely and the picture began to roll. I
tacked the filter in temporarily and ad-
justed the wvertical hold. A fair-to-
middling picture rolled to a stop.

I turned off the TV, puiled the ap-
propriate can from stock and installed
it. That cured the primary trouble. How-
ever, the picture was still magenta. I
paused and thought, how can I handle
this woman who is always looking for
trouble.

1 dialed her. “Mrs, Buckingham,
this is Art. I'm working on your TV.”

“Yes?” came an attentive reply.

“Ma’am, would you like to stop by
the shop? I'd like to show you your
TV so far.”
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She was there in less than 10 min-
utes. I demonstrated to her the excellent
magenta picture, showed her the filter
can, explained the labor of pulling and
installing the chassis.

She harumphed a couple of times,
then said, “What about the purple pic-
turc?”

I cxplained, “That is an entirely
separate repair. You are going to need
an A-to-Z color alignment.” 1 then
showed her the test equipment and ex-
plained in simplified form what had to
be done and quoted her the additional
price. She agreed.

About an hour later I had the pur-
ity, gray-scale tracking and static and
dynamic convergence completed. The
black-and-white picture was fair. The
colors were not bad, but I'd scen better.
But this was (in my opinion) peak per-
formance for this particular receiver. 1
let it cook for the rest of the day.

The next morning I turned it on
again. The reception was unchanged. No
better, no worse. 1 picked up the phone
and dialed. “Mrs. Buckingham, 1 have
your TV completed. Would you like to
come by again and sec it?” She was
there in about 8 minutes.

I had the set good and hot by then
and c¢xplained, “As you can sce, the ma-
genta tint is now gone and your set is
working once more. I have it running
now at peak performance. Some color
sets might show better pictures, others
will show poorer pictures. This, how-
ever, is peak performance for your TV,
How do you like it?”

She harumphed a few times in sat-
isfaction and pulled out her checkbook.
I held up my hands. “You can pay us
after we install it in your house.” She
smiled.

A pleasant surprisc to me was the
reception in her darkened living room.
Her antenna was a good one and the
colors showed up much better than in
our shop. She was a satisfied customer.

A loudmouth like her could cause a
lot of problems if you don’t handle her
with care. Actually, what happened was
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that she became one of our boosters. She
has since sent us a lot of customers, be-
cause her friends and acquaintances re-
gard her advice as gospel.

Color TV and
Custom-Made Charlie

The merchants around town have
nicknamed a tall, heavy man Custom-
Made Charlie. His first name is really
Charles, and he is the type of guy who
buys only the best of everything and is
usually unhappy with everything he
buys. His home is a showplace because
every stick of furniture has been ex-
changed, to the chagrin of the mer-
chants, many times.

I shuddered when I heard his voice
say petuantly, “Art, my color TV serv-
ice contract just ran out and don’t you
think my TV quit at the same time.
Would you be so kind as to come over
and scrvice it?”

“Of course,” I answered in my best
retail-customer-handling voice. On my
way over I stopped at the car-wash and
had the truck scrubbed down. Then I
stopped home and put on a clean serv-
ice uniform.

I knocked on his door and when he
answered I purposely wiped my feet on
the doormat outside even though it was
a dry, sunny day. He spouted a steady
stream of pride, extolling the beauty of
his color picture before it went out. I
turned the set on. The picture came on
perfect momentarily. Then it defocused
quickly and darkened considerably. 1
turned the set ofl by removing the back.
I plugged it in and the tubes lit again.

As 1 watched, all the tubes came
on normally. Then the 1V2 focus rec-
tifier dimmed and went out. I replaced
it. The new tube did the same thing. T
changed the 6BK4 high-voltage regula-
tor. Same thing. As a routine checkout
I changed all the high-voltage-area
tubes. No dice. The TV had to be pulled
to the shop.

Charlie’s facc fell when I informed
him of the pull job. He watched as I
placed the TV in the truck. He clucked
approval as I wrapped it carefully in a
blanket and secured it with straps.

On the bench I examined the sche-
matic. Something was loading the focus
rectifier circuit down and killing the
1V2 heater voltage. There really weren’t
that many components in the area—a
few capacitors and resistors. Voltage
readings in this circuit are hard to man-
age and do not provide too much infor-
mation anyway. Also the circuit was
very roomy. The component was good
at first, then broke down under load.
Under the circumstances I decided to
locate the trouble by direct replacement
of the suspect components. I circled the
prime suspects and began substituting
one by one. First I changed the 3.6-ohm
heater resistor in the 1V2. Didn’t help.
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I changed the 1.5-meg in the 6BK4
cathode. No go. Then | changed the
.0033 between grid and cathode (Fig.
3). That did it. The picture came on and
stayed on. I tested the suspect capacitor
with a capacitor tester. Tt tested out per-
fectly in capacitance but staried to leak
as I cranked up the voliage.

The picture came on. Charlic was
right. It was one of the best color sets
I've ever seen. The black-und-white pic-
ture and color picture I'd class as excel-
lent.

3A3
HV RECT
PART OF
FLYBACK
TRANS
TO CRT HV ANODE
2 6BK4
HV REG
P
0033 | .5MEG
AN
TEST 500K
JUMPER HV ADJ

Fig. 3—The .0033-uf capacitor began leak- |

ing under load. This darkened and de-
focused the picture.

I'set up a delivery time and arrived
at his home. Exerting every effort to
please, I installed the TV and turned it
on. A color program wus showing. The
picture really didn't need degaussing but
I plugged in the coil and began rotating.
The colors swirled magnificently. Char-
lie watched, impressed. T gradually
backed away from the set and shut off
the coil. T wrote up the bill and Charlie
paid me in his superior way. He said
magnanimously, “The rest is for you,
Art.”

I thanked him for the twenty-three-
cent tip. A commercial came on in
black-and-white. Charlie said, “That ad
has fabulous reds and blues. doesn’t it?”

I thought he was kidding, but he
wasn’t. Charles was a phoney. He
couldn’t tell one color from another. He
was totally color blind.

Admittedly color TV is a tougher
repair business than black-and-white.
But you’ll be paid, and paid well, for
your efforts. Just add a little class to
your operation to handle color repairs.
Seal up your work and controls to pro-
tect your guarantees. Take time to edu-
cate each customer about what to ex-
pect from his TV. Sharpen up your op-
eration to handle the discriminating
horse-and-carriage trade. Co'or-set own-
ers have been indoctrinated in the last
8 years to the fact that they must pay
more than for black-and-white. All you
have to do is provide the classy serv-
ice to reap the harvest. END
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Coming next month in

Radio-Electronics

A special editorial section on High-Fidelity and Tape Recorders
will be featured in the March issue of RADIO-ELECTRONICS.
Here are just a few of the highlights of the issue:

B Build the 40-40 Transistor Stereo Amplifier

Full construction details on the latest amplifier of Daniel Meyer,
who has constructed so many of our best transistor amplifiers
and preamplifiers. This 40-40 means sine-wave watts per chan-
nel—the amplifier might be classed as over 100 watts by
“music-power'’ ratings.

¥ How A Tape Recorder Works

A down-to-earth explanation for the beginner or the technician
who has to explain in terms his customers can understand. One
of the most easily understood articles ever written on the
subject.

B What’s New with Speakers?
Authority Victor Brociner investigates this question, and comes
up with some surprising answers.

B Choosing the Right Recorder

What does a buyer want in his first recorder? And how do you
explain to him the differences between equipment that sells
for $120 and jobs that cost four times as much? Veteran tape
author Herman Burstein gives you some leads.

B Measuring Turntable Rumble
Edgar Villchur, of AR fame, tells-how to measure rumble, and
explodes a few current ideas on the subject.

You'll find these and many other articles, features and regular
departments next month in RADIO-ELECTRONICS

www.americanradiohistorv com
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COVER STORY

Small alternating currents applied via
surface electrodes to the brain produce
instant sleep or anesthesia

ELECTRIC

By JAMES W. BRAY*

Cover photo by Irvin Jaynes

SCIENTISTS BECAME INTERESTED IN THE
effects of electric currents on the brain
as early as 1875. By proper choice of
waveform and current level, it seemed
possible to produce a sleep deep enough
to allow surgery to be performed satis-
factorily on humans. This condition is
called electrical anesthesia.

The term anesthesia was chosen
because it describes a state in which
portions of the nervous system are de-
pressed to a point where muscles arc re-
laxed and pain perception is removed.
One frequently hears the term electro-
narcosis, which does not mean the same.
In narcosis, the patient may be com-
pletely or partially unconscious, but not
truly anesthetized. Operations may not
be possible in narcosis because some
muscle tone remains, and the patient
may respond to painful stimuli by move-
ment.

As early as 1875, German scien-
tists noted that when direct current was
passed through water containing live
fish, they became insensitive to pain and
oriented themselves according to the di-
rection of current flow. In 1890, d’Ar-
sonval caused anesthesia in rabbits with
high-frequency ac (2.5 to 10 kc). In
1902, interrupted dc was used to pro-
duce deep anesthesia in rabbits and
dogs.

In 1910, Louise Robinovitch used
interrupted dc to bring about regional
anesthesia in man. Regional anesthesia
implies a block of specific nerve path-
ways outside the central nervous system.
The rest of the nerves remain functional.
Her first case consisted of an amputa-
tion of four toes. She also described the
first practical application of electro-
narcosis for operations in animals.

«Director. Instrument Div., University of Tennessee
Medical Units.
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The first human subject was a sci-
entist named Leduc who subjected him-
self to electric sleep, using 35 volts at 4
ma (Fig. 1). The current was left on
for | hour, then turned off. The patient
awoke normally a short while later.
Electrodes were placed on the forehead
(—) and the palm of the right hand
(+).

Electric sleep means simply a loss
of consciousness. The depth of sleep is
not sufficient to deaden pain or relax
muscles enough for operations. Equip-

GRAPHITE
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(MOTOR-DRIVEN,
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Fig. 1—Early elecirical anesthesia apparat-
us used by Robinovitch in 1910. Electrodes
are connected at points marked X, after ad-
justment.
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Fig. 2—Pulses produced by apparatus in

Fig. 1.
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ment suitable for electric sleep is also
suitable for regional or general anesthe-
sia and vice versa (provided the current
capacity is sufficient). Only the magni-
tude of the current (and voltage) and
electrode placement are changed ac-
cording to the type of anesthesia (or
sleep) required.

The apparatus in Fig. 1 was used
both for clectric sleep and anesthesia.
The dummy patient (resistor) is con-
nected in the circuit, and the proper re-
sistance selected with the slider. The
main on-off switch is closed and the in-
terrupter switch is stopped on a con-
tact, allowing current to flow through
the circuit. The rheostat is now adjusted
to give the correct voltage (E) and cur-
rent (I.). Next, the motor which ro-
tates the interrupter switch is started.
Arrangement of the contacts on this
switch allows the duty cycle (on-off ra-
tio) to be changed. For best results, a
ratio of I, = I,/10 is used. in which I,
is the current with the interrupter oper-
ating and I is the steady-state current
(no interruption).

For example, if I = 20 ma, ad-
just contacts so that I, = 2 ma. The
pulses thus formed are shown graphi-
cally in Fig. 2. A combination of motor
speed and number of contacts is chosen
to give from 6,000 to 12,000 interrup-
tions per minute (100 to 200 pulses per
second).

Recent developments

Nothing much happened in this
ficld until 1941 when spinal anesthesia
was produced in animals with direct
current. In the early 1950’s Knutson be-
gan experimenting with 700-cycle sine-
wave current, reporting animal studies
in 1954. In 1956, he described its use
on human patients. Following this work,
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Dr. James D. Hardy and his co-workers
at Jackson, Miss., used similar techniques
to produce electrical anesthesia in 12
patients. The equipment (Figs. 3 and 4)
consisted of a low-distortion 700-cycle
sine-wave oscillator. The output of the
oscillator was fed to a good-quality
audio amplifier that delivered approxi-
mately 150 ma to a load impedance of
250 ohms. (A multitap modulation
transformer was substituted for the
usual  output transformer. Besides
matching impedances, it also isolates
the patient from ground—a desirable
feature for his protection. Also, stray
currents through accidental grounding
of the patient are eliminated.) A moni-
tor oscilloscope and a loudspeaker were
connected. (Work with sine waves indi-
cated that a pure waveform was impor-
tant.) Mecters were arranged to measure
the output voltage and current. Protec-
tive fuses were placed in the output cir-
cuit.

Silver-plated electrodes of the type
used with electrocardiographs were
placed over the temples and held in
place by rubber straps. Currents of 35
to 50 ma at 700 cycles were sufficient to
cause anesthesia deep enough for sur-
gery in dogs. Animals were held under
from 6 to 8 hours by this method. When
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the current was turned off, the animals
regained normal activity almost imme-
diately, yet showed no effects of pain
from the site of the operation for some
time afterward.

The Russians have claimed success
with 4 combination of 100-cycle square-
wave pulses 1.0 to 1.4 milliseconds wide
superimposed on dec. This is essentially
the same technique as used by Robino-
vitch (Fig. 2) except that pulses were

Fig. 3 (above and below)—Instruments used by Dr. Hardy in anesthetizing animals and

humans.
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Fig. 4—Amplifier (a) and oscil-
lator (b) of Hardy’s equipment.

superimposed on a dc bias instead of go-
ing from zero to maximum as shown.
Electrodes were placed on the eyelids
and at the base of the skull. Electro-
narcosis in dogs was achieved with 6-
to 12-ma current (35 to 40 volts). Some
anesthetic effects lasted 10 to 30 min-
utes after the current was switched off.

Following the lead of the Russians,
Smith and Cullen at the University of
California described a method in which
a 100-cycle square wave is superim-
posed on a 20-ma direct current and the
combination applied to the patient. The
dc bias is believed to act as a cushion
which eliminates the possibility of con-
vulsions that often occur with “raw”
square-wave pulses. Dur