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- THE “TRANSIQTOR WILLIAMSON” Stereo Power Amplifier
;34 AND 5 LAYER SEMICONDUCTOR DIODES
_TEMPERATURE-SENSITIVE DEVICES
- MEASURING THE “SONIC BOOM”

2.l

3

2 '3 " a’,.,;
T UL/ U QR R o S L Wi

" | \ ‘ t‘r y =
A\ 4 8
' 4 - Machines that-
=4 or printed alpha -
G ) .
convert them into
_ amwwvv.ame_ricaaradiG&Ustowﬁln ——e . - === i)


www.americanradiohistory.com

Choose From NRI'S
Specialized Instruction Plans

h YEAR of leadership

~for Radio-Television

SPECIAL CUSTOM DESIGNED TRAINING
EQUIPMENT INCLUDED

Since NRI pioneered equipment units to provide
ACTUAL ON-THE-JOB EXPERIENCE in home training,
NRI instructors have invested many thousands of man
hours in testing, changing, retesting, improving NRI
equipment to simplify and speed training. Unlike other
schools "'stock’ or "standard" equipment is not good
enough. NRI equipment is custom designed EXCLU-
SIVELY FOR TRAINING. It demonstrates theories, cir-
cuit action, defects; you get experience in Operation,
maintenance, trouble shooting.

These Men Trained for Success
with NRI—YOU CAN, TOO

"'want to thank NRI for making it all possible,” says Robert
L. 'Heureux of Needham, Mass., who sought our job con-
3 sultant's advice in making job applications and is now an
2 Assistant Field Engineer in the DATAmatic Div. of Minneapo-
lis-Honeywell, working on dato processing systems.

= His own full-time Radio-TV Servicing
Shop has brought steadily rising income to Harlin C.
Robertson of Oroville, Calif. In addition to employing o
full-time technician, two NRI men work for him part-time.
He remarks about NRI training, | think it's tops.”

Even before finishing his NRI training, Thomas F. Favaloro,
Shelburne, N.Y., obtained o position with Technical Appli-
ance Corp. Now he is foreman in charge of government
and communications divisions. He writes, "As far as | om
concerned, NR! training is responsible
for my whole future.”

AR % "l can recommend the NRI course to

anyone who has a desire to get
ahead,"” says Gerald L. Roberts, of Champaign, lil., whose
Communications training helped him become an Electronic
Technician at the Coordinated Science laboratory, U. of

Hllinois, working on Naval research projects.

NATIONAL RADIO INSTITUTE

Oldest and largest school of its kind

www.americanra
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Television-Radio Servicing

learn to fix black-and-white and color sets, AM-FM radios, stereo
hi-fi, etc. A profitable field for part or full-time business of your own.

Industrial-Military Electronics

Llearn Principles, Practices, Maintenance of Electronics equipment.
Covers computers, servos, telemetry, multiplexing, other subjects.

Complete Communications

A comprehensive program for careers in broadcasting or mobile,
marine, aviation communications. learn to operate, maintain trans- i
mitting equipment. Prepares for FCC Llicense.

FCC License !

Prepares you quickly for First Class license exams. Every communica-
tions station must have licensed operators. Also valuable for Service
Technicians.

Math for Electronics

A short-course of carefully prepared texts going from basic arith-
metic to graphs and electronic formulas. Quick, complete, low in cost.

Basic Electronics

Abbreviated, 26-lesson course covering Automation-Electronics,
TV Radio language, components, principles. Ideal for salesmen,
hobbyists, others.

Electronics for Automation

For the man with o knowledge of basic electronics who wants to
prepare for a career in process control, ultrasonics, telemetering
and remote control, electromechanical measurement, others.

Aviation Communications

For the man who wants a career in and around planes. Covers
direction finders, ranges, markers, loran, shoran, radar, landing
system transmitters. Prepares for FCC Llicense.

Marine Communications

learn to operate, repair transmitters, direction finders, depth indi-
cators, radar, other Electronic equipment used on commercial and
pleasure boats. A growing, profitable field. Prepares for your FCC
license.

Mobile Communications

Learn to install, operate, maintain mobile equipment and associated
base stations as used by police, fire departments, taxi companies,
etc. Prepares for FCC Llicense.

SEND FOR
THESE
TWO
NEW
BOOKS

Read the story of NRI's 50 years of pioneering
and leadership in training men at home for
careers in Electronics. Read about NRI's phi-
losophy of training; its reputation among
leaders of the Electronics industry; read about
our specialized instruction plans and seé pic-
tures of equipment you get. Whatever your
age or status, the continuing increase in career
opportunities in the ever-growing, ever-chang-
ing Electronics industry should interest you.
Mail the postage-tfree form today.

£
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your next customer:

You can’t know if he’ll be smil-
ing or angry, wearing a suit or a
sports shirt, ordriving a 6 or an 8.

One thing you can be reasonably
sure of, though. You’ll be able to
service his radio with Delco parts.
That’s because nearly half the

e oty N, o o £
oy
Atlanta......oiiiiiiiinininn, Cedar 7-1501
Boston.......iiiiiriiiiiiiiieaa, Wells 3-3100
Chicago... i iiiiiitiiin it iniiinnnnn 437-5300
Detroit......o.oiiiiiiiin i 584-1025
Los Angeles. ................... Dunkirk 5-6487
Minneapolis..........oiiiiiai ., 331-4811

Newark........ ..., 297-3300

San Francisco................ Landscape 6-8221

Seattle............ .o iiiiii. Parkway 2-4477
October, 1964

cars on the road—around
25,000,000 of them —have Delco
radios. And you can service most
other kinds of radios with Delco
parts, too. The line is that broad.

What does this mean? Simply
that it makes good sense to stock
and use genuine Delco parts. For
better servicing. For fewer cus-
tomer complaints. For the con-
venience of getting most of the
parts you need quickly and reli-
ablyfrom onesource:yourUnited
Delco supplier.

w7 IDelco

Dallas........coooviviininaa.. Fleetwood 2-8471
Cleveland..............ooiiiiiin, 671-6460
Denver.......coiiiiiivieiannnn Keystone 4-0273
Indianapolis.......oooivvnian.n Melrose 6-4351
Buffalo............ooiiiiiiiiiiiie, TF 2-5362
Philadelphia.................... Garfield 3-8200
St. Louis.oviiisin s Jefferson 3-4230
New Orleans...........cooiiiiiiiean. .. 523-4281
Pittsburgh........................ Court 1-6551
Omaha.......ooiiiiii i i 558-0225
Memphis.......cooveiiiiii.. Jackson 5-6471
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Call him today for our big de-
tailed catalog. (Tolearn who your
nearest United Delco supplier is,
phone any of the numbers listed
below. Ask for the Zone Service
Manager.)

Delco Radio electronic service
parts and electro-mechanical de-
vices are distributed nationally
through United Delco.

e

United
Delco

Cincinnati...........oo0vi i, Cherry 1-2310
Charlotte............ ... i Edison 4-8671
Jacksenville......... ... ... .., Exbrook 8-5755
........................ Jackson 6-4338
................ Juniper 8-7494

Keystone 3-1651
....................... Judson 2-3824
..................... Fairfax 1-3900
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Created by the hand of experience

RCA Cermolox® beam power tubes take up where conventional tubes leave off. De-
signed specifically for “spucc-age” communications applications. they offer areater
power and higher frequency capabilities.. . are exceptionally rugged. compact, and re-
liable. Incorporating many Cermolox construction features, the new RCA-8072, -8121,
-8122. and -8462 Ceramic-Metal types offer outstanding performance with cconomy in
mobile communications.

These four...cach packing more RF power than previously available in fubes of
comparable size...hive a one-picce. precision-aligned grid structure that is resistant 10
shock and vibration. and permits high power output with low driving power. Stronger
than the ceramic itself is the ceramic-metal scal. Heater design assures dependable per-
formance whether the battery is charging or discharging. Coaxial-electrode structure
contributes to both tube strength and efficient high-temperature operation. Elzctrical
characteristics arc enhanced by the tripod arrangement of unipotential cathode and
grid-No. 1 leads.

Investigate all of the RCA Ceramic-Metal power tubes. Ask your RCA Distributor
1oday for the RCA Power Tubes Catalog (PG-101F).

TYPICAL OPERATION
CLASS C TELEGRAPH OR FM TELEPHONE SERVICE

Usetui

8462
(Quick-
heating)

Conduc-

*May be higher, depending on heat-sink design

RCA ELECTRONIC COMPONENTS AND DEVICES,HARRISON,N.).  AVAILABLE THROUGH YOUR RCA INDUSIRIAL TUBE DISTRIBUTOR
FOR rIAME AND ADDRESS OF YOUR LOCAL DiSTRIBUTOR WRITE OR CALL YOUR

NEARE ST RCA DISTRIBUTOR PRODUCTS SALES OFFICE—New York, N.

;36 W. 4%th

St., {212) MU €-7200; Necedham Heights 94, Mass.. 80 A" St., {617) HI 4.8480; Wash-

ingtor 6, D. C.. 1725 “K'* St., N.w., {202) FE
. . N.W.. t404) JA 4-7703; Clevelond, Ohia: 1621 Euclid
The MOSt TrUSted N.me mn E.ectro"|cs Merchondise Mert, {312) 467-5900; Dallas 7, Texo“

'8500; Atlanta, Ga.: 134 Peachtree 5.,
Ave., (216} CH 1-3450; Chicago, I!l.:
7601 Carpenter Freeway, (214) ME

1-3050, Kansas City 14, Mo.: 7711 Stote Line. (816) EM 1.6462; Hallywaaod, Calif - 8363

Sunset Boulevard, (213) 461-9171: San Frencisco 2, Calif.. 420 Taylor St.,

(415) PR 5-5135:6-7
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Coming Next Month. . ............ 4 Transients Quiz .................

Reader Service Page. . ............ 13 Radio & TV News...............

Letters from Our Readers.......... 16 Electronic Crosswords. ...........
New Products & Literature........ 106

Optical Scanners: Machines that Read Ken Gilmore

Tape-Winding Nomogram Ffred Blechman

Four charts that make it simple to wind the correct amount of 5, 1.,
and 1.5-mil tupe on rvarious reel sizes for different recording times.

Recent Developments in Electronics
The “‘Transistor Williamson’’ Stereo Power Amplifier «. H. Sveker

Helical Video Recorder for Television Joseph Roizen

Operation of a rotating-head portable tape recorder that is being
widely used for educational, medical, and industrial upplications.

Temperature Sensitive Devices John R. Collins

Some of these devices increase their ohmic resistance with temperature while
others decrease theirs. This churacteristic makes for manv unusual circuits.

How Capacitors Change V.T.V.M. Readings H. Q. buguid
New Citizens Band Circuits Len Buckwalter
Tone-Modulated Frequency Calibrator ronald L. Ives
Measuring the ‘‘Sonic Boom Jim Kyle

4- and 5-Layer Semiconductor Diodes Donald E. Lancaster

These are new avalanche-mode solid-state switches with many important and
unusual applications—such «s in high-power audio amplifiers, d.c. trans.
formers, light dimmers, motor-speed controls, and computer counter circuits.

Citizens Radio Rules Tightened
How Linear is Your Sweep?
Enlarger-Phototimer

Adding VU Meter to Tape Recorder John W. Hogan

For the Record (Editorial) w. A. stockiin
An Exciting Summer

EW Lab Tested

Vernon 47/26 Tape Recorder
Shure V—15 Phono Cartridge

Recharging Cadmium Cells John Frye

Test Equipment Product Report

Western Reserve Electronics Model 300 Digital V.O.M.
Sencore I’'S127 Oscilloscope
EMC Model 801 R-C Bridge and Capacitor Checker

MONTHLY FEATURES

Copyrizht © 1963 by Ziti-Davis Publishing Company. All rights reserved.

October, 1964
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THIS MONTH'S COVER sym-
bolizes the mechanical
scanning system used in
some Farrington readers (op-
tical scanners). As the
printed document moves
through the reader, the num-
bers are illuminated and
imaged on a photomultiplier
tube through an optical sys-
tem and a rotating scanning
disc and a fixed plate slit. A
second light source, shining
through the slits in the
scanning disc, causes a mul-
tiplier tube to produce a
timing signal. The output
signals are applied to logic
circuits where character
recognition takes place. For
details, see page 33. (lI-
lustration: Otto Markevics.)
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NEED
EXTRA
INCOME

SELL AUDIO
COMPONENTS
SUCCESSFULLY

Who's the Garrard rep in Minnesota?

What's the price on Apparatus Development's
strap-type stand-offs for holding antenna wire
away from a roof-top mast?

You have a technical question about a Pick-
ering cartridge and want to write to the chief
field engineer. Who is he?

“Ekkofon” is the trade name for what man-
ufacturer?

All of the answers to these questions — and
thousands like them — can be found in one
reference book: the Sound Industry Directory,

The Directory is issued by the publishers of
HIGH-FIDELITY TRADE NEWS. The 1964 Edition
lists over 2,360 products with descriptions,
specs and prices. About 200 manufacturers of
audio equipment are listed, with addresses,
names of key personnel. and, in many cases,
their sales reps. There are cross-indexes, store-
tested merchandising tips, and everything to
lead the reader through the complexities of
this many-faceted industry.

One more thing. The Directory is printed on
heavy stock with a sturdy cover. Limited edition
available while supply lasts. Send $5.95{post-
paid per copy) to Ken Nelson, Sound Industry
Directory, 25 W. 45th St., New York 36, N.Y.

The trades buyng
guide to audio S

Send to Ken Nelson, Sound Industry Directory
25 W. 45th St., New York 36, N.Y.

NAME
ADDRESS
COMPANY NAME

$5.95 Enclosed

COMING e
NEXT
MONTH

SEMICONDUCTORS FOR

POWER SUPPLIES

Which semiconductor rectifier should be
used in which circuit? William Gutzwil-
ler of G-E’s Rectifier Components De-
partment, discusses this problem and
points out the proper choice for specific
applications.

SCR AUTOMOTIVE IGNITION SYSTEM
Complete details on the construction of
a capacitive discharge ignition system,
using a silicon controlled rectifier.

TRANSISTORS VS TUBES

IN TWO-WAY RADIO

Will transistors replace tubes in 2-wcay
svstems? Howard H. Rice of Motorola
presents the many pros and cons.

COMPUTER INPUT-QUTPUT

EQUIPMENT

The central computer communicates
with its human user by means of mag-
netic tape, punched-card machines. per-
foraied tape, and various high-speed
printers. Ed Bukstein explains how this
is done.

| COMMUNICATING IN A

HIGH-NOISE ENVIRONMENT
Robert P. Devanev, Svstems Engr. of

s s

Roamwall Corp. fells how to improve
communications in a high-noise environ-
ment. Most communications syvstems use
microphones, usually in relatively quiet
areas. When vocal communications must
be established from noisy locations, the
choice of microphones, earphones, and
communications systems is critical.

VIBRATION INSTRUMENTATION

Unwanted vibration in a mechanical
component usuallv spells trouble—if not
corrected in time. Various ways of detect-
ing the different types of vibration are
discussed in this article.

SHIELDED CABLES

There are many tvpes of shielded cables.
This article discusses their characteris-
tics and points out how to make the
proper choice of cable for a specific ap-
plication.

AUDIO-COMPRESSION PREAMP

Jess C. Wright of Cubic Corp. describes
the design and construction of a circuit
using negative feedback to produce 20 db
of audio compression with low distortion
and wide frequency range. The circuit
can be used with low-level microphones
in p.a., recording, and modulator appli-
cations.

CIRCLE NO. 220 ON READER SERVICE PAGE
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All these and manv nmore interesting and informative articles will be vours
in the NOVEMBER issue of ELECTRONICS WORLD ... on sale October 20th.

ZIFF-DAVIS PUBLISHING COMPANY

ZIFF-DAVIS PUBLISHING COMPANY
Editorial and Executive Offices

One Park Avenue, New York, N.Y. 1C016
212 ORegon 9-72C0

MIDWESTERN and CIRCULATION OFFICE

434 South Wabash Avenue, Chicago, 1. 60605
312 WAbash 2-4911

Midwestern Advertising Manager, Royce Richard

WESTERN OFFICE

9025 Wilshire Boulevard, Beverly Hills, Cal. 90211
213 CRestview 4-0265

Western Advertising Mcuccer, Bud Dean

FOREIGN ADVERTISING REPRESENTATIVE

D. A. Goodall Ltd., Lenden, England

William B. Ziff

Chairman of the Board (1946-1053)
William Ziff

President

W. Bradford Briggs

FExccutive Viee President

Hershel B. Sarbin

Viee President and General Manager
Philip Sine

Treasurer

Walter §. Mills, Jr.

Circulution Director

Stanley R. Greenfield

Viee President

Phillip T. Heffernan

Vice President

Member
Audit Bureau of
Cireulations

ilcw. U.S. Pat. O!ff.

>ctronics World. Circu-
x weeks for change of

abel Irom a recent issue.

Badio & TV News ¢ Radio News ¢ Radio-Electronic Engineering T

SUBSCRIPTION SERVICE: All subscription correspondence»shou‘d be add
lation Dcpt.. 134 South Wabash Ave., Chicago. Ill. 60605, Pleasc _aliow
address. Include your old address as well as new—enclosing if possibie an

EDITORIAL CONTRIBUTIONS must be sccompanied by return postage and will be handled with reasonable
care; however publisher assumes no responsibility for return or safery ot art work, photographs. or
Manuseripls.

ELECTRONICS WORLD is published monthly by Zifi-Davis Publishing Company at 434 South Wabash
Avenue, Chicago, Ill. 60605, (Ziff-Davis also publishes Popular_Photography, Popular Electronics, HiFi/
Stereo Review, Popular Boating. Car and Drniver. Flying. Modern Bride. Amaung. and Fantastic.) Subscrip-
tion rates: one year United Staics and possessions $5.00: Canaaa and American Union countries
$5.50: all other foreign countrics £6.00. = cond class postage paid at C . lllinois and at additional
mailing oilices. Authorized as second class mail by the Post Otlice Depar nt. Ottawa, Canada and for

payment of postage in cash. October, 1964. Vol. 72, No. 4.

PAYMENT MAY ALSO BE REMITTED in the following foreign currencies for a one year subscription:
Australian pounds (2 °16): Belgian francs (310); Danish kroner 143:: Englith pounds 2 4 6): French
francs (311; Dutch guilders 122 : Indian rupees (31 ): Italian lire (3900 : Japancse yen (2100): Nor-
wegian kroner (45: Philippine pesos 1235 South African rands (4.501; Swedish kronor (33): Swiss

francs (27); West German marks t25).

ELECTRONICS WORLD
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Tips for Technicians

Mallory Distributor Products Company
A division of P. R. Mallory & Co. Inc.
Indianapolis, Indiana 46206

: How to break the
capacitor replacement habit

GEM CAPACITORS

PYC CAPACITORS

October, 1964

Ever hear of “original capacitor-itis?” Tt’s a habit
that has been plaguing service technicians for decades.
Here's what it means. If vou need to install a new
capacitor, vou automatically get one exactly like the
one that was in the cireuit. The original capacitor,
in theory. is the best one for the job.

But ...it ain't necessarilv so. And breaking the
habit can often save you money.

When you need to replace a mica capacitor, for
instance . . . consider ceramics. They'll often do a
better job. for less cost (and we mean up to 'v as
much) than mica capacitors in most circuits. Ceramie
capacitors often give vou an extra safety factor in
voltage rating, too; except for a few miniature and
special types, their standard rating is 1000 volts DC.
Some up to 30 KV. You can almost always replace
mica with ceramie. But ... you seldom can replace
ceramic with mica, because ceramics are of ten selected
by original equipment designers for temperature
compensating functions.

Don't forget to think of ceramics, too, when you
need to replace a molded tubular capacitor. They
cost about the same or even less, value for value.
If you've got 'em, you can use ‘em.

Here are two tips that may save you time and money.

First . . . when vou’re replacing a capacitor. all vou
need 9 times out of 10 is the same microfurads and
voltage rating. Not a round one. Or a square one.

Second ... when vou need capuacitors, see your
Mallory Distributor. He carries not only a complete
line of Mallory Discap" ceramic capacitors . .. the
finest in the industry ... but also Mallory GEM”
and PVC"” Mylar* tubulars. Plus Mallory electro-
lyties, batteries, volume controls, switches, semi-
conductors. All of them at famous Mallory quality,
at sensible Mallory prices.

*Reyistered Du Pont Trademark

CIRCLE NO. 129 ON READER SERVICE PAGE
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The antenna that challeng
wep? E lomeni

A/ 4

“COLOR-

8Y

FINGC >

Finco’s Color Ve-Log challenges all competition on color or black and white reception and
stands behind this challenge with a “‘Guarantee of Supremacy’”. B The swept element
design assures the finest in brilliant color and sharply defined black and white television
reception — as well as superb FM monaural and stereo quality. m FINCO precision-
engineered features make these advanced-design antennas indispensable to good home
sight-and-sound systems. And, of course, they carry the famous unconditional guarantee
from the leading manufacturer in the field — FINCO. ®m Promote the Color Ve-Log
Antennas with pride, sell them with confidence, and profit handsomely.

One-piece cross-over drive line as-
sembly has no joints between adja.
cent driven elements. Eliminates
loose connections, shorts, broken
drive line sections. Polystyrene
snap-lock spacers, with center ‘air
insulator’ space.

Elements are made of triple thick
aluminum to stand up in severe

weather. Die stamped bracket fas-

tened with tough, thick-gauge rivet
holds proportional fength sieeve

reinforcing shell into which ele-

ment fits.

First from Finco and exclusive —
double contact between drive line
and driven element bracket assem-
bly for perfect drive-line support
and electrical continuity. Positive,
vibration-free, non-corrosive con-
tact.

Boom reinforcing back up brackets
at elements add triple strength to
the riveted assembly, mounted on
arigid, non-crushable 1" heavy
duty square boom. Boom rolled
square from 1%" diameter round
aluminum for increased strength.

W rite for color brochure #20-307, Dept. 410

ELECTRONICS WORLD
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SR

,

Finco's boom-mast brazket rust-
proofed by zinc plate-godd di-chro-
mate dip process, is the finest
available. It has positioned cleats
to assure sag-free positive direz-
tion of the antenna. Locks tight.
Can't tilt. Antenna stays in groper
position at all times.

Hizh impact polystyrene insulators

ar? reinforced with strong alumi-

num shields. This gives quadruple
st ength in supporting triple-thick

smap-in elements. Lifetime assem-

blv with fitted aluminum cup to
hcld oversize aluminum rivet.

VL-10
€ driven elements
1 parasitic element
List price $34.95

Featuring Finco's Exclusive Gold Corodizing

vL-5
5 element VHF-FM
5 driven elements
List price $16.95

il

Py
ol VL7

7 element VHF-FM
7 driven elements
List price $23.95

VL-15
15 element VHF-FM
9 driven elements

6 parasitic elements
List price $46.95

| 4
8= "y
18 element VHF-FM
9 driven elements
9 parasitic elements
List price $54.50

The FINNEY Company * 34 Interstate Street - Bedford, Ohio

October, 1964
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NEW SAMS BOOKS

®

Know Your Color-TV Test Equipment

by Robert Middleton, To use Color-TV

test equipment properly, the technician must under-
stand its capabilities and limitations, and its proper
application. T'his book explains clearly and easily
the function and circuit action of each Color-TV
instrument—shows how to service, calibrate, and
maintain it for continuous, reliable service. Covers:
White-Dot and Cross-Hatch Generators, Color-Pat-
tern & Color-Bar Generatars, Rainbow & NTSC
Generators, Principles of Video-Frequency Sweep
Generators & Testing, Lab-type equipment, and use-
ful setup information. Profusely 1llustrated. An in-
valuable book for anyone using Color- TV tests 50
equipment. 514 x 813”. Order KOC-1, only. ... 2

Radio Service Training Manual
by Edward P. Rice. Offers an extremely successful
system for quickly locating troubles in radio re-
ceivers—based on the use of carefully selected key
circuit points, where test results will give positive
indications. Programmed trouble-shooting charts
show how to quickly isolate trouble to specific com-
ponents. Covers both tube and transistor type re-
ceivers. Fully illustrated. 5l x 814",
Order RSS-1 (softbound), only. .............

Radar License Endorsement Handbook

by Fdward M. Noll. Provides all the information
needed to pass the FCC Element 8 license examina-
tion for the radar endorsement. Provides, in addi-
tion, a firm grasp of radar fundamentals, plus a prac-
tical hnowledge of modern marine and other radar
equipment. The book includes tables, laws, and pro-
cedures which will remain permanently helpful after
you have passed the examination. 5% x 8}/2'".3 95
Order RLH-1, only 2

ONLY COURSE OF ITS KIND
5-Volume HOWARD W. SAMS

Basic
Electricity / Electronics

New, unique positive train-
ing worth hundreds of dol-
B 5 lars. First completely new
t course to be published in
| the last 10 years...using
.‘f;,;,f: the latest programmed

}é‘?‘;"ﬂu

method for quick, effective
learning.

Vol. 1. Basic Principles & Applications

Vol. 2. How AC & DC Circuits Work

Vol. 3. Understanding Tube & Transistor Circuits
Vol. 4. Understanding & Using Test Instruments
Vol. 5. Motors & Generators—How They Work

(Complete Set contains over 1300 pages; 1250 illustra-
tions; 51 chapters; in sturdy slipcase)

Order ECY-50, only ....... .............: ~$1995

Mathematics for Electronics Engineers & Technicians

by Norman H. Crowhurst. This book, intended for
the use of the advanced technician and engineer,
helps to bridge the gap between “book learning”
and practical experience. Uses a unique programmed
method showing how to apply textbook math to-
ward the solution of practical problems in elec-
tronics. Begins with Olin’s and Kirchhoff’s laws and
goes on to selective networks, properties of coils and
transformers, feedback circuits, etc. 514 x 814”; $R95
hardbound. Order MEA-Y, only........... ... 6

TV Receiver Tube Usage Guide

A "must” for the shop and the tube caddy—saves
time and eliminates wasted service calls. Lists all
tubes, semiconductors, and fuses used in 1963-64
TV receivers, so you can quickly check your caddy
before you start out on a service call, to see whether
it contains the proper tubes. Tubes are listed by
function; a tube usage section provides a valuable
guide to proper tube stocking. Where wire or circuit-
breaker perforins fuse function, this fact is noted,
Indexed by receiver model and chassis number. In-
cludes information on alternate tubes whens %
used. 514 x 814”7, Order TUR-1, only.......... l

HOWARD W. SAMS & CO., INC.

My Distributor is
mm INCANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 s em el
CIRCLE NO. 213 ON READER SERVICE PAGE
8

§ Order from your Sams Distributor today, or mail
1 to Howard W. Sams & Co., Inc., Dept. EW-10, 1
B 4300 W. 62nd Street, Indianapolis, Ind. 46206 ']
B Send me the following books: 1
: O KOC-1 [JRSH-1 [JECY-50 [JTUR-I 1
§ OFRssl ORH1 [MEAD :
: s _enclased. [J Send FREE Booklist :
: Name :
: Address :
: City State Zip :
Il ]
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A. STOCKLIN, EDITOR

AN EXCITING SUMMER

HE months of July and August are

usually the least exciting ones of the
vear—insolar as our industry is con-
cerned. So it has been for many past
vears with nearly evervone planning
time off for vacations, This year, how-
ever, conditions seemed different. Most
executives were readily available during
these Lot sunmer months. There was
excitement and enthusiasm throughont
our industry and all were looking for-
ward to a record-breaking fall and win-
ter market.

For those on our staff who had hoped
for a summer vacation, Florida in win-
ter might not be too bad,

This October issue is a “bonus pack-
age” for all our readers. With its 132
pages, it is our largest monthly issue
since November 1961, This alone indi-
cates a belief on the part of manufac-
turers in a bright future for the
electronics industry. It also means more
editorial pages for our readers and, with
an industry that is moving ahead, the
opportunity for reporting on new aud
exciting developments is much greater,

For those who are not familiar with
our publication Stereo/Hi-Fi Direc-
Tory (available September 22nd), it is
a complete directory of component hi-fi
equipment. This is an annual publication
which is compiled and edited by the
EW staft, \With its 188 pages, it too has
broken all previous records. It is the
largest issue thus far and contains more
listings than ever before. The changes
over last year’s edition are predomi-
nantly in tuners and amplifiers. There
are more transistorized versions than
ever, with some of the major manufac-
turers completely eliminating all-tube
versions. Mahogany and blonde cabinets
for equipment and speakers are less
plentiful, with walnut finishes rising in
popularity.

Outside of our own publishing field,
there were several outstanding news
events during the past few months which
will affect every one of us in one way
or another.

Pay TV: Svlvester L, (“Pat”) Weaver,
Jr., president of Subscription Television,
Inc. did get his pay-TV syvstem in oper-
ation in Los Angeles on July 1 as plan-
ned, much to our surprise, but with some
disappointments and criticism. It had
been hoped that 20,000 subscribers
each would be signed up in Los Angeles
and San Francisco but the LA service
started with 4000 subscribers while the
SF operation has just gotten underway
as this is being written in late August.

There is a lot at stake, Although Mr.
Weaver claims that both pav- and free-
TV can co-exist, we feel that onlv one
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can ultimately survive. Motion picture
theaters are obviously opposed and it
is estimated that some $2 million will be
spent on a campaign which California
voters will decide in a November refer-
endum. Since pay-TV is u closed-circuit
operation, the FCC is not involved. It
seems rather strange to us that anyv legal
action or vote can prevent its continued
operation. The chances are that if the
referendum is defeated at the polls, the
company will probably be upheld in sub-
sequent legal action.

We believe that the decision should
be made not at the polls but by either
subscribing to the service or not. The
determining factor will be whether or
not the firm will be able to obtain top-
rated programs which will induce some
30,000 customers to pay $10 a month
for service. If it can, the operation should
be profituble within a year.

FCC Sets New CB Rules: Although
delaved for about a vear, the FCC has
finally issued new and tighter rules. to
be eftective Nov. 1, that should do much
to stop the illegal and hobby-tvpe oper-
ation so prevalent on the Citizens Band.
Ont of 23 availuble CB channels, 16 of
them must be for use only between units
of the same station and call; the other
7 can be used only for legitimate rea-
sons between units of different stations.
\Whether the rule changes will curtail
total sales for the industry is difficult to
evaluate at this time. Robert Halligan,
president of The Iallicrafters Company,
and Bernard Levine, president of Verni-
tron Corporation, both manufacturers of
CB equipment, emphatically believe
that they will increase sales. Time alone
will tell. For details on the rule changes,
see page 78 of this issue,

Congratulations to JPL: The Jet Pro-
pulsion Laboratories, after much criti-
cism for past failures, has finally suc-
ceeded in its “Ranger VII” program of
television close-up photos of the moon.
All equipment performed beyond expec-
tations. The final results yielded 4316
photographs of the moon that were so
detailed that topographic features less
than 3 feet across are discernible. Never
before in historv—and this includes the
Russian moon probes—has man learned
so much about the geographical makeup
of the moon’s surface. It wus, without
question, one of the most complicated
scientific and engineering feats at-
tempted by man. Literally thousands of
things could have gone wrong and
doomed the flight. Congratulations to
JPL and to some 50,000 people in gov-
ernment, industry, universities, and the
scientific community who participated in
the program.

ELECTRONICS WORLD
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J As electronics move"'gihea' in the space age...
'-- will you be left behind?
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THE SPACE AGE AND AUTOMATION ARE
CHANGING THE ELECTRONICS INDUSTRY. JOBS
ARE FEWER, HIRING REQUIREMENTS TOUGHER.
THERE IS VIRTUALLY NO DEMAND FOR MEN
WITH ORDINARY QUALIFICATIONS. BUT

MEN WITH SPECIALIZED KNOWLEDGE OF NEW
AND EXPANDING AREAS OF ELECTRONICS ARE
STILL IN SHORT SUPPLY.

Because you work in electronics, you know the cold, hard facts about
employment opportunities in this field today. Many men are unem-
ployed or will soon fose their jobs because the electronics they know
is out-of-date and they have failed to learn enough about new devel-
opments to pull their weight on the job. Other men are unemployed
because the routine jobs they held have been eliminated by the new
automated manufacturing techniques of the space age.

Yet, at the same time that many men are being let go, leading com-
panies are searching for men with specialized knowledge of new
and expanding areas of electronics.

WILL THE SPACE AGE END YOUR CAREER IN ELECTRONICS?
OR WILL IT OPEN UP NEW OPPORTUNITIES FOR YOU?

That depends on whether or not you supplement your education in
electronics with the new knowledge required by employers today. if
you don’t, you can forget about your career in electronics. Guiding
space vehicles demands knowledge that didn’t exist when you went to
school—and is almost impossible to acquire on the job. And, even if
you work for a company that is not directly involved in space, it is
probably already using techniques developed in the space program.

if you bring your education up to space age standards, you can look
forward to arewarding and exciting career as a sought-after specialist
in one of the new and advanced areas of electronics.

CREI CAN HELP YOU MOVE INTO THE SPACE AGE

CRE! offers you Home Study Programs planned to help you protect
your future in electronics by updating your education to space
age requirements.

CREl's Programs in Space Electronics enable you to study at home,
on your own schedule—through methods developed in more than
37 years of experience in education through home study.

Long and painstaking effort has been devoted to the preparation of
these programs. CREI faculty members visited 14 government and
private technical organizations in the space effort to determine
exactly what knowledge of electronics they want in men they employ.
Engineers and scientists from some of these organizations have
been retained as consultants to supply the technical material for
these programs.

Photographs courtesy of National Aeronautics & Space Administration l':
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Equip yourself to meet current employment opportuni-
ties by acquiring specialized knowledge in one of
these fields:

Protect your future | -
ACE D ATA SYSTEMS —includes mutti-channel

through the new reaisition and processng. T SYem o
CREI Programs in SPACECRAFT TRACKING AND CONTROL —1n

cludes such areas of space technology as orbit calcula-
-4 tion and prediction, inertial guidance, electromagnetic

Space EleCtroniCS wave generation, space surveillance and environment.
i \ I,‘;‘\:'*‘ Lk h \'IH“ I, '\l,] "l“il\-'l — Includes
' specialized knowledge of surveillance radar antennas,

receivers, components and microwave equipment used
in space applications.

W These are the first extension programs developed
specifically to help men in electronics apply their expe-
rience to the space effort.

l Content of programs developed to meet employment
requirements as determined by consulting government
and private organizations in the space field.

B Text material prepared with the help of engineers
and scientists from leading space-oriented organi-
zations.

YOU ARE ELIGIBLE FOR THESE PROGRAMS IF YOU
WORK IN ELECTRONICS AND HAVE A HIGH
SCHOOL EDUCATION.

FREE BOOK GIVES FULLINFORMATION. TEAROUT
AND AIRMAIL POSTPAID CARD OR WRITE,

L Y]

UREI \ DEPT.1110B, 3224 Sixteenth St., N.W.
/ Washington, D.C. 20010

Founded 1927

The Capitol Radio Engineering Institute
Accredited Member of the National Home Study Council

Dept. 1110B, 3224 Sixteenth St., N. W,
Washington, D.C. 20010

7 ONCS

Please send me FREE book describing CREl Home Study
Programs including new Programs in Space Electronics. |
amemployedinelectronics and have a high school education.

G Name Age

1
Address
City _ State Zip Code___
Employed by

Type of present work

Check: [[] Home Study [] Residence School [] G.I. Bill E-31

bericanradiohistorv.com
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Postage will be paid by
T ———
A

The Capitol Radio Engineering Institute
3224 Sixteenth Streat, N.W.
Washington, D.C. 20010

FIRST CLASS
Permit No. 288-R
Washington, D.C.

CREI
OFFERS YOU
UP-TO-DATE
EDUCATION
IN EVERY
IMPORTANT
ELECTRONIC
SPECIALTY

Electronic Engineering Technology
Communications

Aeronautical and Navigational
Television

Servomechanisms and Computers
Nuclear Instrumentation

Radar

Nuclear Engineering Technology

Mathematics

PLUS THREE NEW PROGRAMS IN
SPACE ELECTRONICS:

LA

SPACECRAFT TRACKING AND
CONTROL

AEROSPACE RADAR ENGINEERING

FREE BOOK GIVES COMPLETE
INFORMATION. TEAR OUT AND
MAIL POSTPAID CARD FOR YOUR
COPY TODAY.

www.americanradiohitorv.com
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PROFESSIONAL USE ONLY Total Number D

of Requests

NAME (PRINT CLEARLY) _ __TITLE

COMPANY NAME

COMPANY ADDRESS
CITY _STATE___ ZONE

' I AM EMPLOYED IN: INDUSTRY [ COMMERCIAL O COMMUNICATIONS J
: MILITARY/GOVERNMENT [J  OTHER [J

Please send me additional information on products | have circled.
: (Key numbers for advertised products also appear in Advertisers Index.)

il2 3 5 6 7 8 9 10 11 12 13 14 15 16 17
P18 19 21 23 24 25 26 27 28 29 30 49 50 51
i 52 53 54 55 57 58 59 62 65 121 123 128 129 134

ELECTRONICS WORLD
P.0. BOX 7842, PHILADELPHIA 1, PA. (VOID AFTER OCTOBER 31, 1964) 10 :

READER SERVICE PAGE

Since many products and services mentioned are primarily for professional
use only, we are using two different coupons.

Circle the number that corresponds to the number of the product or service
in which you are interested.

FOR PROFESSIONAL USE: In requesting information on products and serv-
ices listed in this coupon it is necessary to fill out the coupon COMPLETELY,
stating your company, address, and your function or title. If the coupon is in-
complete it cannot be processed.

FOR GENERAL USE: In requesting information on products and services listed
in this coupon, please use only your home address.

You can use both coupons, since each contains specific items, if each coupon
is filled out completely.

Mail to: ELECTRONICS WORLD r. 0. BOX 7842, PHILADELPHIA 1, PA.

Please send me additional information on advertised products I have circled.
(Key numbers for advertised products also appear in Advertisers Index.)

GENERAL USE ONLY R l:] :
i NAME (PRINT CLEARLY)
ADDRESS. __
fotv STATE ZONE

121 123 128 129 134 152 154 161 162 163 164 168
170 171 174 178 180 181 183 185 186 187 189 191 192 194 197
198 200 201 203 206 207 210 212 213 214 217 219 220 221 224
225 228 229 231 233 237 238 241 243 245 246 247 248 249 250
251 252

NEW PRODUCTS & LITERATURE

§24101920212225263031323334353637383940
i 41 42 43 44 45 46 47 48 50 52 53 56 58 60 61 63 64 66 67
! ELECTRONICS WORLD .

P.0. BOX 7842, PHILADELPHIA 1, PA. {(VOID AFTER OCTOBER 31, 1964) 10 5

v,
------------------------------------------------------------------------------------------------------------------------
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Good-bye thread-up problems! )

FREE REEL FREE ]ong-roll bonus! A self-threading

v . reel with purchase of 7" roll of double or triple
length tape!

No more tape fumbles, even with boxing gloves on! Just lay tape inside this
reel, start recorder—and watch the reel thread-up automaticaity. Takes any
tape thickness or leader tape. Releases freely on rewind. Get cne free in the
special pack shown. Just purchase a regular 7" reel of either double or triple
length “"SCOTCH™™ Brand Racording Tape (up to 6 hours recording time at
3% ips). See your dealer.

ELECTRONICS WORLD
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Hello new mailing ease!

1564

FREE short-roll bonus! new heavy-duty
plastic mailer with each “’Living Letter’’ tape!

New high-strength dust-free case for “Living Letters” makes handling, stor-
age, mailing of taped correspondence the easiest, most secure ever. Conforms
to new pcstal regulations. Address label included. Built-in post holds reel
securely. And the reel is new, too—fits all reel-to-reel recorders. Qnly 3” reel
available that holds full 600" of triple length tape (an hour recording time
at 3% ips). 150" and 300' lengths also offered. Look for the new “mail-
box" display at your dealer.

Magnetic Products Division 3’[!

"SCOTCH'™ AND THE PLAID DESIGN ARE REG. TMS OF 3M CD., ST, PAUL. MINN. §5113, ©1964, IM 20,

www americanradiohistorv com
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yow

add tape to your music system,
add recording to a playback
system, add stereo to a mon-
aural system , or make special
effect recordings on these new
monaural or stereo tape trans-
ports with hyperbolic heads —
no old fashioned pressure pads.

MODEL 87 TRANSPORT
with exclusive ‘‘Edit-Eze’’ feature.

Two motors + Two Speeds -
Fiexible Head Arrangements -
{ Tape Lifters + Run-Out Switch
| - Counter » Erase-Protek Inter
+ lock from $138.00

MODEL 78 TRANSPORT

One Motor + Two Speeds +

Flexible Head Arrangements

Single Tape Motion Control
from $85.00

'

]

) I A ENEE R,

' RP83 AMPLIFIER
Matching Record/Playback Pre

l amplifier from $92.50

You can always change or ex-
pand your system with tape
components
MADE BY SKILLED
AMERICAN CRAFTSMEN AT

P I N

1
NG of minNeaPOLIS, INC.

9600 Aldrich Ave. So. Minneapolis, Minn. 55420

9 _/
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LETTERS
FROM OUR
READERS

OUR JUNE ISSUE
To the Editors:

In reference to vonr June issue of
ELrcrionics Wonen, which was de-
voted to the Goddard Space Flight
Center. T am thoroughly pleased and
delighted with the section and sincerely
hope that this type of coverage will con-
tinue.

I feel that the information presented
has materially increased my knowledge
and understanding of our efforts and
progress in various fields of space tech-
nology, especially in electronics.

This issue has been for me one of the
most interesting and informative maga-
zines that I have ever read.

Lanny T Baxoy
56th Signal Corps
Fort Lewis, Wash.

Thanks to Reader Bandy and to
others that we have heard from com-
plimenting us on this issue. We have
also received several requests for re-
prints of the section dealing with God-
dard, wchich we have been happy to
honor.—Editors.

* o L

U.H.F. TV CONVERTER TESTS

To the Editors:

This is in reference to the article “Re-
sults of EVV Tests on U.H.F. Converters”
which appeared in vour July issue. This
letter is addressed to the “Method of
Measurement” section appended to the
article.

It is uot clear whether this is intended
to be a description of the standard pro-
cedure used to measure oscillator radia-
tion (51 IRE 17S1) or whether this is
a description of the test procedure actu-
allv used by the two testing outfits whose
measurements are reported in vour arti-
cle. Since the method of measurement
in vour article departs in sev ral respects
from the IRE standard, reasurements
made pursuant to your article would not
be acceptable for determining compli-
ance with our requircments.

Assuming that the measurements re-
ported in vour article were made in ac-
cordance with the method of measure-
ment described therein, may we suggest
that vou caution vour readers not to take
these measurements as evidence of com-
pliance or non-compliance, although the
radiated fields reported for several of
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the converters are sufficiently large as to
be reasonably conclusive of non-compli-
ance.

For vour information, we note the fol-
lowing discrepancies between the IRE
51 IRE 1751 and the method described

in vour article. First, however, may
we call attention to what appears to
be a typographical error in the cita-
tion in the fourth line of the third para-
araph. The number of the IRE standard
is 31 IRE 1781, not “51 and 1751.7

The IRE standard specifies that the
receiver (or converter) under test be
comected to a simple dipole constructed
of % inch tubing mounted at a fixed
height of 30 feet. Details for the con-
struction of an appropriate dipole are
contained in Supplement 2 to the IRE
standard. For u.h.f. television receivers
(and for converters) the dipole shall be
12 inchies from end to end.

In contrast to this, the method of
measurement in vour article calls for us-
ing a folded dipole, half-wave at the
frequency of operation, mounted on a
relatively short mast of unspecified
height with provision to vary the height.

Another area of discrepancy is the
statement that the level of the received
signal (oscillator radiation from the w.h.f.
converter) is determined from the signal
generator plus the 6-db pad shown in
vour Fig. 4. While this setup is satisfac-
tory for determining the number of mi-
crovolts at the input terminals of the
field-strength meter, this value of micro-
volts must be multiplied by the antenna
constant for the measuring antenna in
order to determine the ficld strength in
microvolts per meter. Actual practice in
measuring feld strength is to determine
the microvolts input to the field-strength
meter (the meter reading times attenu-
ator setting) and multiply this by the
antenna constant taken from the manu-
facturer's manual to give the measured
field strength in microvolts per meter.

Bex I WaPLE
Federal Communications Comm.
Washington, D. C.

Our thanks to Mr. Waple for pointing
out the typographical error regarding
51 IRE 17S1. The description of the test
procedure is that employed by certain
manufacturers, and the section “Meas-
urement Technigues” points out that the

ELECTRONICS WORLD
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Most People Build Heathkit Test Gear...

[ o

vabUUM TUBE
N

vacuvm Tuss K

vacuum Tums

CarrmETER veLTmarER

REGULArED Powia SuErY &

4MOmLTONY ¥ BueRLOBCORE

But Many Buy Them Factory Assembled!

NOW vyou can buy these Heathkit favorites
either factory assembled or in easy-to-build kit
form! Either way you'll find their dependable,
time-proven circuitry and quality components
the answer 1o your test equipment needs. You
buy direct from the manufacturer...no middle-
man profits or expensive distribution costs to
pay. And you save cven more when you do the
casy assembly yourself. Compare and sce why
Heathkit test equipment is ycur best buy . ..
cither way!

Heathkit IM-11 VITVM . .. World’s Largest
Selling VTVM! o Finest guality components
throughout for long life and dependable per-
formance e Single test probe convenience o 7
AC, 7 DC and 7 Ohms ranges o Large, casy-to-
read 414" 200 UA mecter o 1 Precision re-
sistors for high accuracy.

Kit IM-ii...
Assen 2d IMW-11...5 .

IM-%" _PECIFICATIONS—_PV :rscales: DC & AC(RMS):
0.1.¢ 5,15, 50 150, 500, 1500+ 1> tutl scale. AC peak- »-peak:
0.7, 74, 40, 14, 400. 1400, 4000 Resistance: 10 ohm - nter scale
«1, ¥10, x100, x100C, x10K, + 100K, «1 mea Measures .t ohmto 1000
- egohms with internal battery. Meter: 4747 200 La movement.
Multipliers: 1% precision tyne. Input resistance DC: 11 mea-
ohms (1 megohm 1n probe) on all ranges. Circuit: Balanced
bridge (push-pull usina twin triode). Accurzey: DC +3%. AC
+5% ot full scale, Frequency response: +1 db, 25 cnsto1 me
(600 ohm source), Tubes: 12AU, 6AL5. Battery requirements:
1.5 volt, cize " C" flashlight cell. Power requirements: 105125
volt 50 /60 cycle AC, 10 watls. Dimensions: 754" H x 4-11 /15" W
x 4% D.

Heathkit Laboratory AC VIVM . . . for Pre-
cision AC Work ! e 10 Voltage ranges—0.0! to
300 volts RMS full scale ¢ =1 DB, 10 CPS to
500 KC frequency responsc e 10 Megohm input
impedance for high accuracy e Calibrated DB
scale for audio measurements ¢ VU type ballis-
tic damping of meter movement.

Kit IM-21...51bs.. ... .o oiininnn $33.95
Assembled IMW-21...51bs........... $52.95

1M-21 SPECIFICATIONS —-Frequency response: +1 db 10
cps to 500 k¢, £2 db 10 cps to 1 mc, all ranges. Ranges: Ten
ranges from 0.01 to 300 volts RMS full scale, Decibels: Total-
range —52 fo +52 db, meler scale —1210 +2db (0 cb=1mw n

October, 1964

€00 chms), ten ¢ witch sclected ranges from —20 db to +50 db in
10 db steps. Input impedance: 10 meaohms shurted by 12 uut
on ranges 10 to 300 volts, 10 megohms shunted by 22 uufonranqges
.01 to 3 volts. Tube complement: (1) 6AWS, (1) 6EJ7/EF-184.
Accuracy: Within 5% of full scale. Power requirements:
105.125 volts AC. 50-€0 cycles, 10 watls. Dimensions: 7% H x
411187 W x 44" D,

Heathkit “*Service Bench” VIVM . .. Ideal For
Shop Or Home! o Measurcs AC & DC volts
resistance & db e Separate 1.5 & 5 volt AC
scales o Gimbal bracket for under-shelf, bench
top or wall mounting e Tilts to any angic e Big
6" 200 ua meter o Single test probe o 175
precision resistors.

Kit IM-13...7 Ibs.. .
Assembled IMW-13...7 lbs........... $49.95

IM-13 SPECIFICATIONS —Meter scales DC & AC (RMS):
0-1.5, 5 15, 50, 150 500, 1500 voits tull scale (1.5 ama 5 .0lt AC
ranacs read on separate scales). Ohmmeter: Scale aith 100hm
conter x1, x10, x100, x1000, »10K x100K, x1 meg. Mcasures 1 ohm
to 1000 megohms with internal bati-ry. Dividers: 155 procisian
type. Meter: (7 200 ua movement. DC Input resistance: 11 meg-
ohms (1 megohm in proba) on ali ranages, AC tnput impedance:
1 meaohm shurted by 40 uut (measwed at input torminals).
Circuit: Balances bridae (push-pull) usira tvin thode, Accur-
acy: DC =3%. AC £5°% ot iull scale, Frequency'response:
£1db .5 cos to 1 mc (600 obm <ourct), Tubes: 124U7T, BALS.
Battery: 1.5,0lt size "'C" fiashliant . ||, Power requirements:
105-175 volts 50/C0 cycle AC 10 .atts, Dimensions: 57 H x
12,11 167 W 477 D,

Heathkit Variable-Voltage Regulated Labora-
tory Power Supply e Ideal for all types of circuit
design & development work e Furnishes B+,
bias and filament voltages ¢« DC output variable
from O to 400 volts e Pancl meters monitor
output voltage and current o Rugged, well-
rated components throughout for dependability
and long life.

Kit 1P-32...161bs........c.oon. $56.95
Assembled I1PW-32. .16 Ibs........... $84.95

IP-32 SPECIFICATIONS —Output: 0-400 \oits reaulated DC
at 0-100 ma cont.. 125 ma intermitti-rt, 0 to ~100 volts DC at 1 ma
variable bias voltage 6.3 voits AC at 4 amps., tilament vollage.
Regulation: Oulput vaniation 1ess thar 19, trom no joad to tull
load. Output variation less than 194 tor a 10 v. change at 117 V.
AC input. Ripple: Less than 10 mittivolts RIAS, ripple. jiticr and
noise. Output impedance: Liss then 10 ohms, DC to 1 mc.
Meters: Voitmeter 0-400 V ¢r C-150 V., Milhiammeter 0-150ma.
Dimensions: 13" W x 84" H x " D.

CIRCLE NO. 187 ON RCADER SERVICE PAGE
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Heathkit “Extra-Duty” Lab 5” Oscilloscope
o Professional styling & features at low cost
e Full 5 MC bandwidth—idecal for Color TV
servicing e Heath patented sweep circuit—10
CPS to 500 KC e Push-pull vertical & hori-
zontal output amplifiers e Finest oscilloscope
value in the industry!

Kit 10-12...24 1bs..c.oovuiveen.... 57695
Assembled IOW-12...24 lbs. .. ...... $126.95

10-12 SPECIFICATIONS —(Vertical) Sensitivity: 0.025 voits
RMS per inch at 1 ke, Frequency response (referred to 1 ke
tevel): +10db 8 cpsto 2.5 me: +1.510 —5 ub, 3 cos to 5 mc: re-
sponse at 3.58 mc,—2.7 db. Rise time:0.08 microseconds Or less.
Input impedance: (at 1 KC) 2.7 mrgonms at X1; 3.3 megohms at
X10and X100. (Horizontal Channel) Sensitivity: 0.3 voits RMS
per inch at | k¢, Frequency response: =1 db 1 cps to 200 kes
+3 db 1 ¢cps to 400 ke, Input impedance: 4.8 megohms at 1 kc.
Sweep generator: Range—10 cpsto500kcintive steps, variable,
plus any 2 switch-selected preset sseep frequencies in this
ranqe. Synchronizing: auvtomalic locr-1n cucuit using self-
limiting synchronizing cathoge :olloser. Power requirements:
105-125 volts 50/€0 cycles AC 2t 80 watls, tusced. Dimensions:
1414 H x B" W x 16" D.

r FREE 1965 CATALOG

See these and over 250 other
exciting Heathkits available in
easy-10-build kit form. Save
50% or more by doing the
easy assembly yourself! Send
for your free catalog today!

—_—

HEATH COMPANY, Dept. 15-10-1 I
Benton Harbor, Michigan 49023

I [1 Pleasc send my free Heathkit Catalog.
l [1 Enclosed is § , plus postage. Send

model .
Name
(Please Print)
Address
City State _ _ Zip

TE-133
Prices & specifications subject to change without notice.
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This one is~
twice as safe.

When Sonotone designs a retractable cartridge, you can be sure it offers some-
thing extra. Like other retractable cartridges, the new Sonotone “21TR” with-
draws into the safety of the arm to avoid bumps and bruises. Further, it has
“bottoming” buttons which act as shock absorbers between the needle assembly
and the record. Unlike other retractables, the “21TR” features the exclusive
Sono-Flex® stylus, which can be dropped or mauled and still continue to pro-
vide superior performance. The high-output “21TR” is a direct replacement
for the thousands of record players requiring_a quality retractable cartridge.

This one is'!
twice as safe an
twice as compliant.

The new Sonotone “23T” offers performance specifications never before avail-
able in a budget-priced ceramic cartridge— plus record protection. High com-
pliance of 10; channel separation of 24 db; output voltage of 0.38; low tracking
force of 2 to 4 grams make it the ideal replacement in quality stereo phono-
graphs. Performance is only half the story of the “23T”. This new cartridge
features “bottoming” buttons and the flexible Sono-Flex® needle. Another
Sonotone cartridge, the “22T," offers the high performance of the “23T”
with a slightly higher output. Both feature the Sono-Flex. plus a unique
snap-in mounting bracket, for rapid replacement without tools.

Both are direct
replacements

for popular makes

...and themselves.

SONOTONE

audio products

Sonotone Corp., Electronic Applications Div., Etmsford, New York
Cartridges ¢ S ¢ Head ¢ MHearing Aids * Batteries

s * Micr
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IRE standard was followed with certain
exceptions that were noted in the text.
Ecidently the test laboratories wanted to
present the “worst-case” conditions by
employing a tuned dipole and « mutual
antenna arrangement that would dupli-
cate the conditions found on a typical
rooftop. The short mast was used to re-
duce the effect of plysical motion of the
antennas due to wind gusts.,

If the measuring technique deseribed
in Mr. Waple's letter were followed,
then the rodiation figures would be
somewhat different than those given in
the article. Although there are many
variables involved, the figures probably
would he somewhat lower in calue.
However, the radiation from the offend-
ing converters was sufficiently above the
1000-yc.fm. figure so as to definitely
indicate non-compliance —Editors.

L] L @
To the Editors:

We are indeed pleased with the article
on the “Results of EW Tests on U.ILE.
Converters” (July issue) and we are cer-
tainly pleased with the performance of
the Blonder-Tongue converter.

This article may be pioneering in the
publishing profession since vou give
names and performunce figures which
may cause the FCC some real concern.
I hope that this does not rebound to
vour disadvantage, since this kind of
reporting provides a real service to the
electronics technician,

Isaac S, BroNpinr
Blonder-Tongue Laboratories. Inc.
Newark, N. J.

Thanks to Xr. Blonder and to others
in the industry we hace heard from,
both by mail and by phone, on this im-
portant and wuscful article. We would
like to point out that some of the manu-
facturers mentioned in the article have
several other models of wvf. concerters
acailable. The figures given apply only
to those specific models mentioned in
the article.—=Editors.

o o o
PLUMBING THE MICROWAVE CIRCUIT
To the Editors:

In Fig. 8 of vonr article “Plumbing
the Microwave Circuit” (June issue)
showing a luboratory setup for testing a
variuble attenuator, the attennator under
test should be shown between the slot-
ted section and the tuning stuby.

Il installed as shown on the left
(power) side of the slotted line, the
v.sawer. of the item under test will only
change the available power to the load
but not the v.s.aw.r, reading. The v.s.w.r.
as read on the indicator will change
only if the item under test is installed
hetween the slotted section and the tun-
ing stub on its right (load) side.

Murnray Evcinrz
Canadian Aviation Electronics Litd.
Winnipeg, Manitoba A

ELECTRONICS WORLD
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ow To Get 4 New CB Features
At The Same Low Price...

¢
t
i
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Buy The New MW-34

You Made It Possible! The new Heathkit
MW-34 CB Transceiver evolved out of the
largest rescarch & development department
in the world . . . You! Yes, you and the
thousands like you who buy and usce our
products. No matter how much product-
testing we do in our own laboratories, the
most crucial test is actual consumer use.
Those letters and comments you send us
are our reward or retribution. And though
the majority of them are highly favorable,
we always listen to suggested changes, re-
finements, improvements. And then we act!
It’s all part of our continuing effort 1o offer
you the best for less. It's the primary reason
the Heath Company has carned and main-
tained the reputation as the World's Largest
Manufacturer of Electronic Kits!

4 Advanced Features You Asked Ior!

1. The new Heathkit MW-34 boasts 3 crys-
tal-controlled transmit & receive channels
with a new front-panel crystal socket to
allow quick, casy changing of one transmit
crystal wirhowr the fuss of removing the
cabinet. Lets you transimit on all 23 channels
if you wish.

2. The MW-34 utilizes variable receiver
tuning with another new feature—a spotting
switch—for receive function. The spotting
switch turns on the transmitter oscillator
withour going on the air, thus generating a
signal for tuning the receiver to exactly the
same frequency as the transmitter,

3. In addition, a TVI filter is incorporated

HEATH — The Quality Line In

Deluxe Moster Stotion S5-Channel
CB Transceiver
Kit GW-42, 23 Ibs... ... $119.95

Famous Heathkit GW-11 CB Trans-
ceiver (ACor DC), 13 Ibs.. . $69.95

October, 1964

Heathkit 5-Channel CB Transceiver,
Kit GW-22 (AC), 14 Ibs.. ..$59.95

T

to minimize interference with TV sets oper-
ating in the surrounding area.

4. And a new calibrated “*S™ meter which
automatically shifts from transmitter to re-
ceiver to indicate strength of received signals
and relative power output during transmiit.
Ideal FFor Boat, Car & lHome! The MW-34's
compact size. 3-way power supply (117 v,
AC. 6 or 12 v. DC), and gimbal mounting
bracket allow installation under your car's
dash. on top of your boat's instrument
panel, or anywhere you wish to set up CB
communications. Its rust-resistant metal
cabinet is attractively styled in black &
white with blue accents and anodized trim
. .. matches Heathkit marine gear!

More Deluxe Features For Maximum Per-
formance! Like variable receiver tuning with
vernier action and lighted dial, superheter-
odyne receiver with RE stage for sensitive,
long-distance reception: adjustable squelch
and automatic noise limiter: and ethicient
transmitter  circuitry.  It's  convenient  to
operate too, with the built-in speaker &
push-to-talk nuke.

Simpie To Assemble! With the new Heath-
kit 2-color step-by-step instructions, as-
sembly of the MW-34 proceeds smoothly,
quickly from start to finish. Takes no spe-
cial skills or know ledge.

Kit includes PTT microphone, AC & DC
power cords. and crystals for one channel
(specity {reqg. no.). Choose yours now!

Kit MW-34,161bs................. $89.95

CB Gear Kits!

!i!
|
|

i
]3!32 ]'

i

9-Transistor "Walkie-
Talkie”, Kit GW-21,
3bs....vun, $44.95

i

i
Mg

i

|

1-Watt "“"Walkie-

i Talkie”, Kit GW-52,

20bseia... .. $19.95
—Only $35 o pair

CIRCLE NO. 187 ON READER SERVICE PAGE

www americanradiohistorv com

At Only $89.95!

Advanced New Features!

Spotting Switch

Operates with front-panel

crystal socket, & generates

a signal to tune receiver to

POy exact frequency of selected
crystal,

cre an

Front-Panel

Crystal Socket

Enables changing tronsmit
crystol to any of 23 CB chon-
nels without removing cobi-
inet.

Calibrated ''S"” Meter!
Indicates strength of received
signol & relative power out-
put.

TVI Filter

Minimizes interference with
TV sets operating in sur-
rounding areo.

FREE CATALOG
See this and over 250 other exciting |
Heathkits available in easy-to-build
kit form. Save 50 ;, or more by doing
the easy assembly yourself! Send
for your free catalog today! :

- ) - - -

==l

|

| HEATH COMPANY, Dept. 15-10-4 !
Benton Harbor, Michigan 49023 ]
In Conado: Daystrom, Ltd., Cooksville, Ontario [}
O Enclased is $_ , plus postage. :
Please send model(s) ]
] Please send my Free Heothkit Catolog. :
Name ]
{Please Print) :

Address ]

{

City State Zip ]
GX-137

Prices & specifications subject to change without notice |
. e e - —- - —— - - — - - - - - - - -
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No matter what job you have today

CIE can help you move ahead
.Jfast!
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It's a fact. The men holding down high-paying, challenging
jobs in electronics have one thing in common , . . they Anow
practical electronic theory. And now . . . thanks to Cleveland
Institute of Electronics . . . you can join this select group of
successful men. First, find “you™ in the picture. Second, read
about the CIE Program that matches your present occupa-
tion. Third, fill out the postage-paid reply card and drop it
in the nearest mail box. You'll soon sce why modern, effec-
tive CIE Home Study has helped thousands move ahead in
electronics . . . can do the same for you. But act now. The
demand will never be greater for ambitious men who prepare
themselves for the top jobs in electronics.

Radio-TV Servicemen: Boost your business fast.
Get your Commercial FCC License and service mobile radios
used by police and fire departments, taxi and truck fleets . . .
also maintain marine electronics, broadcast station equipment,
CB, etc. CIE's First Class FCC License program is the quick
risk-free way to prepare for the tough FCC exam. Switching
to a job in industry? With our comprehensive Electronics
Technology program under your belt . . . you're a cinch to
get just the one you want,

“Ham” Operators: Turn that hobby into a
profitable profession. Prepare for a rewarding job at one of the
country's 5,000 Commercial Radio and TV stations. CIE’s
Broadcast Enginecring program will teach you how to select,
use, maintain all types of Radio and TV station broadcasting
equipment; also prepares you for the First Class FCC Licensc.

@Communications Specialists: Want a top job
with a telephone company. a railroad, a pipeline company
or any firm with a big stake in communications? CIE’s
Electronic Communications program will change that wish to
reality. Covers mobile radio, microwave; carrier telephony,
too, if you want it. Gets you a Second Class FCC Ticket.

Military Electronic Specialists: Staying in
... or getting out, CLE’s Electronics Technology program will
help nail down your next promotion . . . or land that first
high-paying job in civilian life. You'll learn new electronic
principles . . . know how to apply them for troubleshooting
all types of electronic equipment.

Electricians: Electronics is here to stay! CIE's
Industrial Electronics and Automation program takes the
mystery out of “exetic™ new industrial control systems,
electronic heating and welding, servomechanisms, solid state
devices, ultrasonics, X-ray . . . has everything you need to
understand your new electronic equipment.

Ambitious Men . . . anywhere: Elcctronics
is the world’s fastest-growing industry . . . a 17 billion dollar
business that's grown 400% in the last 10 years. Right now
there are thousands of good steady jobs just waiting for
trained men. CIE’s Electronics Technology program provides

complete understanding of electronics theory and funda-
mentals . . . prepares you for the First Class Commercial
FCC License. Whether you're in Electronics now . . . or just
thinking about changing to this exciting carcer field; whether
you work in industry, business, government, or the military
. .. this is the program for you.

CLEVELAND INSTITUTE HOME STUDY IS FAST,
ECONOMICAL, EFFECTIVE. HERE'S WHY':

Modern up-to-date material . . . including three exciting new
subjects. Every day .. . the Electronics Industry sees new develop-
ments in equipment, design  methods, application techniques.
CIE lesson material keeps pace. For example ... our new Trouble-
shootiag lessons give you a fast. systematic method of locating
faults on «ny electronic equipment. New  lesson  material on
Transistors covers this vital subject clearly, concisely . . . shows
how they work, where and how you use them. And a new Micro-
miniaturization lesson describes all types of micro components .. .
explains such critical subjects as integrated circuits and microwatt
electronics. It's the kind of knowledge you want—the kind of
knowledge you'll use!

An FCC license . .
(except Industrial Electronics and Advanced Engineering) are
backed by our famous Commercial FCC License Warranty:
“If you fail the FCC exam for the License specified after completing
call ruition will be refunded.”” Compare this to any

. or your money back. All CIE Programs

your program . .
other FCC License offer. You'll see it's about as close to a sure
thing as you'll ever find!

“‘Check-point®® programmed learning . .. plus FCC Progress
Reviews. CIE Home Study works! You learn at your best learning
speed. All material comes in small, casy-to-understand scgments

.. Is locked-in™ by examples, diagrams, explanations. You lcarn
thoroughly . .. and remember what vou learn! And FCC Licensing
Programs include special Progress Reviews covering hundreds of
questions and answers just like those on the FCC License Exam.

Free nationwide job placement service . . . for life, for every
CIE graduate. Every 60 days . .. while you're a student and after

graduation CIE will send you an up-to-date list of many high-
paying job opportunities with top compani¢s across the country,
We'll also provide you with 200 professionally-prepared resumes
to help you land the job you want!

Thirty vears of experience . . . highly qualified instructors . . .
accredited. Since 1934, Electronics home study has been Cleveland
Institute's onfy business. Our instructors are experts in electronics
and are currently training some 15,500 students. We are aceredited
by the Accrediting Commission of the National Home Study
Council. This Commission has been approved by the U, S. Ofhce
of Education as a “nationally recognized accrediting agency™
under the terms of Public Laws 82-550 and 85-864.

Now is the time
to make your move in Electronics

Mail Reply Card Today

Cleveland Institute of Electronics

DEPT. EW-94

October, 1964

1776 East 17th Street Cleveland, Ohio 44114
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Directivity — Equally important for superior color pictures is
freedom from interference and ghosts. Therefore, an antenna with
sharp directivity and good signal-to-noise characteristics is
necessary. Extraneous signals picked up at the back and sides pro-
duce objectionable noise and ghosts in black and white reception
... frequently ruin color reception.

Winegard’s Colortron has the maost ideal directivity
pattern of any all channeli VHF antenna made. It
has ne spurious side or large back lobes . .. is ab-
solutely dead on both sides. Colortron does not pick
up extranecus signals, and even has a higher front-
to-back ratio than a single channel yvagi. Trpica

Look at this Colortron polar pattern. No other i
VHF-TV antenna has sharper directivity on a channel-for-channe!
comparison.

L.

BALANCED DESIGN COLORTRONS HAVE SUFERIOR MECHAMNICAL
FeATURES, Too!

Every squarc inch of the Colortron has necn engineered for
maximum strength, minimum weight and minimum wind loading.
Even the insulators are designed for low wind resisiance. The result

T
7 }-‘,@
~z

COLORTRON ANTIINNA
Model C-43 - Boid Apodized - $51.80

COLORTRON ANTENNA
Model £-44 - Rold Anadized « $54.95

COLORTRON ANTEMN2
Madel C-42 - Bold Anorized « $24.95

Madel € 41 « Gold Arodized « 524,95

is a streamlined, lightweight antenna that stays stronger longer.
Colortrons have been wind tested to 100 mph.

Colortrons are simpler to put up, too. Easier to carry up a lad-
der and mount on a high mast. No extra wcight and bulk to
frustrate the antenna installer.

And, you can see the difference in quality when you examine a
Winegard CoLorTRON. The Gorp Anopizep finish is bright
weather-proof gold that won'r fade, rust or corrode. It’s the same
finish specified by the Navy for military antennas. Full attention
is paid to every detail.

Winegard Helps You Sell—does more national advertising
than all other brands combined. When you sell Winegard, you sell
a brand your customer knows . . . backed by a written factory
guarantee of satisfaction.

It’s not surprising that Wincegard leaas the field in the number of
antennas installed with color scts. And Colortrons have been in-
stalled by the hundreds of thousands for black and white sets too
—for the antenna that’s best for color is best for black and white
as well. Why don’t you try a balanced design Colortron and see

for yourself ?
Winegard Co.

3003-) KIRKWOOD » BURLINGTON, IOWA

COLCRTRON ANTEMMA

CIRCLE HNO. 237 ON READER SERVICE PAGE
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Shure V-15 Phono

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK 1LABS

Vernon 47 /26 Tape Recorder
Cartridge

Vernon 47 /26 Tape Recorder

For copy of manufacturer’s brochure, circle No. 63 on coupon (page 13).

N its stvling and performance features,

the Vernon 47/26 tape recorder is re-
freshingly different from other record-
ers, both domestic and foreign, which
we have tested. The 47/26 is imported
from Japan by Vernon Audio Division
of Mount Vernon, New York.

The name of this recorder is a clue to
its circuit complexity, which involves
a total of 47 transistors and 26 diodes.
Its electronics portions are fully solid-
state and are constructed on plug-in
printed-circuit boards for ease of main-
tenance. In addition to separate stereo
record and playback preamplifiers, the
unit has a pair of 10-watt power ampli-
fiers, using OTL (output transformer-
less) output stages. These amplifiers
drive the built-in 5” monitor speakers,
or external speaker systems. The tape
transport motors may be switched off,
so that the amplifiers can be used as a
part of a home music system or as a pub-
lic-address amplifier.

The recorder is housed in an attrac-
tive, compact, and rugged all-metal case.

26

Die-castings are used liberally for rigid-
ity and dimensional control. In spite of its
small size (15%”x12%”x6%”), it weighs
44 pounds. The drive mechanism uses
three motors, controlled by a unique
“piano-key” button grouping. The keys
have a feather light touch and operate
the motors through an interlocked sys-
tem of flip-flops, diode gates, and one-
shot multivibrators. Incorrect operation
of the mechanism is virtually impossible.

The tape may be switched to either
fast-forward or rewind directly from nor-
mal speed or from a standstill. Unlike
other recorders, it can be switched from
a fast speed to normal playing speed.
The tape comes to a smooth stop, pauses
a couple of seconds, and proceeds to

play. The built-in time delay prevents
any possibility of tape breakage or
stretching. It may also be rocked back
and forth between fast-forward and re-
wind to locate a particular portion of
the tape, with the aid of the index
counter.

The “black keys” of the piano-type
keyboard must be pressed simultane-
ously with the “Play” key to make a re-
cording. Red lights indicate when either
or both channels are recording. Stopping
the tape or going to a fast speed releases
the recording buttons. If it is desired
to temporarily stop the tape without
dropping out of “Record,” the “Pause”
button does this instantly. Another press
on it and the tape is instantly in motion.

Two push-buttons select the playback
mode through the internal speakers, or
extermnal speakers if they are plugged in
(which disconnects the internal speak-
ers). The buttons allow mono reproduc-
tion of either track through both
speakers, stereo playback, or shutting
off both speakers when playing through
an external power amplifier. Another
push-button switches the output from
the input stages to the tape playback
amplifier, in order to compare the in-
coming signal with the recorded signal.
The two tape speeds of 74 and 3% ips
are selected by a switch which clec-
trically changes the capstan motor
speed, as well as shutting off the motor
in a third position, while leaving the
amplifiers operating.

There is an automatic stop when the
tape runs off either reel. By sticking
a piece of conductive metal foil on each
end of a reel of tape, an automatic re-
peat feature may be used. This auto-
matically rewinds the tape after playing
and repeats the play for as long as may
be desired.

Two sets of concentric controls set

5 i
oy i
of' it
o 1 L i
o | A = Y- = f
. ! PLAYBACK RESPONSE 11
| 1] 7 H2IPS AMPEX 3132i-04 TAPE EAl
1 e P o I S i

o5 el o SOKC.

FREQUENCY-CPS
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Scoit's top rated LT-110
FM Stiereo Tuner Kit now
ai a new low price...$139.95!

‘..1.88 uv sensitivity by a home ulugnmeni procedure without

’ Electronics lllustrated

Here's terrific news for kit builders! Now, the
famous Scott LT-110 tuner kit . . . the same kit
top rated by every audio expert . . . the same
superbly engineered FM Stereo tuner built by
thousands of hi fi enthusiasts . . . is now available
in handsome new styling at a truly modest price.

Look at the outstanding features of this superb
tuner. It includes a heavily silver-plated front end
that is pre-wired and tested in Scott’s engineering
laboratories. The critical multiplex section is also
completely pre-wired and tested with the most

STERFD
NS L ¥

hﬁ'“a

advanced multiplex equipment available. Among
the LT-110-B’s many pluses: Stereo Separation
in excess of 30 db, Sonic Monitor Stereo indicator,
60 db signal-to-noise ratio, sensitive tuning meter.

Here's what the technical editor of Electronics
Illustrated said about the LT-110: “If you have
hesitated to go into stereo FM because of im-
agined complexities and highly technical skills
and knowledge that might be required, fear no
more. The LT-110 shows you how to enjoy stereo
FM the easy way."”

[FREE 1965 STEREO GUIDE

New LK-72B 80-watt Steres Am-
plifier Kit. Here's a popular inte-
grated stereo amplifier kit at an
outstanding price. Rugged stereo
outpu! stages deliver 80-watts,
can be used with any speaker
systems. Every conceivable con-
trol feature is found on this ver-
satile amplifier including a
switched front panel headphone
output, complete recording facili-
ties, and provision for driving
a third or center channel loud-
speaker system without additional
amplification. Only $149.95

LK-48B 48-Watt Complete Stereo

Amplifier Kit. More than enough
power for the majority of music
systems. The all-new LK-48B has
two new convenience features, a
switched front {)anel headphone
output for private listening, and
a powered center channel output
to drive extension speakers. 13
front panel controls. Complete
tape recording facilities. Typical
Scott luxury features include all-
aluminum chassis and DC-operated
heaters for lowest hum. Only
$129.95

I H.H. Scott, Inc., 111 Powdermill Rd., Maynard, Mass.

i Please send me your new 20-page full-c
Exclusive FULL-COLOR instruction I O 1965 Stereo Guige and compIF(;E’zl»:ig catalogo.[or
Book ‘‘eliminates just about the
last possible chance of wiring l ] Send me complete information on new con-
g\r’;t;;s wire are s%‘gev% igarrfat::la(i I elloo bl el MR RS0 gl U K

c <

R Toen AR op TR oe Eione - [ATTads beautiful, hand-finished cabinets. Fw 160-10
dition, each full-color illustration I
in the instruction book is ac-
companied by its own PART- Name eriaenaaines
CHART, another Scott exclusive. I
The actual parts described in the ADATeSS e Bl £ 505 58 it g o6 B aas bR
illustration are placed in the l
exact sequence in which they are City.. . Zone State.......

used.

Export. Scott International, 111 Powdermill Raad, Maynard, Mass. Canada: Atlas Radio Corp., S0 wingold Ave., Toronto. Cable HIF1

| SCOTT"

October,

1964
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PUTS -THE WORLD AT
YDUR FINGER TIPSl

/e f«x@

FAMOUS
“SECOND OP"

Essential DX operating aid, provides
vital data like: beam headings: list of
world QSL bureaus;includes logging
space., See needed prefixes at a
glance, increase your odds of a QSO
because you have full information
instantly.

NEW Q" DIAL

A mustfor every active operator, ham
or C.B. Over a dozen vital informa
tion tables including: Q-signals, 10-
signals, abbreviations, all U.S. radio
districts and prefixes, time conver-
sion, logging space for CW-SSB-CB.
Saves time for efficient operation,

At your E-V microphone headquarters,
or send $1.00 each to

ELECTRO-VOICE, INC,
Dept. 1043N, Buchanan, Michigan 49107

Electho Yoree

SETTING NEW STAMDARDS 1IN SOUND

CIRCLE NO. 180 ON READER SERVICE PAGE
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recording and plavback levels, with the
aid of twin illuminated “vu-tvpe” meters,
A unique tone control offers a smooth
transition {rom loudness compensation,
to bass boost, to Hat response and finally
treble boost, effective only on plavback,
Each channel has inputs for two high-
level sources and a microphone. They
may be selected individually or mixed.
By suitable internal cross-patching from
one channel to the other, sound-on-
sound, echo, and other special effects
mav be created.

The 7h-ips playvback response of the
47/26, as mecasured with the Ampex
31321-04 tape, was within =3 db from
50 to 15,000 c¢ps. The over-all record/
plavback response was quite fat and
smooth. At 7% ips, it was down 2.5 db at
35 and 12,000 ¢ps, and 5 db down at 28
and 14,500 ¢ps. At 3% ips, it was within
=3 db from 30 to 8500 cps. These
measurements were made with the tone
controls in the indicated “flat response”
setting and can be modified as desired
by use of the tone control.

The wow and flutter were very low,
meus'uring 0.03% and 0.03% respectively
at 7% ips with the Ampex 31326-01 test
tape. The tape speeds, measured with a
tape strobe, were exact. The fast tape
handling was unusually fast, requiring
less than 50 seconds to move 1200 feet
of tape. The signal-to-noise ratio aver-
aged 45 db at 7% ips and 46.5 db at
3% ips. The noise was essentially all hiss,
with little or no hum present.

The amplifier section frequency was
down 3 db at 25 and 15,000 cps, in
the flat tone-control position. The treble
boost was a very mild 3 db maximum
in the 8000 cps to 10,000 c¢ps region.
The “bass boost” was actually a strong
treble cut, beginning at a few hundred
cps and reaching a maximum of about
13 db. The power output of the ampli-
fiers, although nominally rated at 10
watts per channel, varied from about 10
watts into a 4-ohm load, to about G watts
into a 16-ohm load. Intermodulation dis-
tortion on one channel of the test unit

was under 1% up to several watts output,
with a 16-ohm load, and under 3% up
to more than 10 watts output into a
4-ohm load., The INI distortion of the
other channel was higher at low levels,
but decreased to normal levels at several
watts output.

When making recordings at 7% ips
from an FM tuner, no change in sound
quality (other than a very slight in-
crease in hiss level) could be heard
when comparing the incoming and out-
going signals from the recorder. At 3%
ips, ouly a slight dulling of extremne high
frequencies distinguished the two sig-
nals. The over-all sound quality of this
recorder is compatible in every way
with the finest home music svstems,
when plaved through an external ampli-
fier and speaker svstems. Its internal
amplifiers and speakers are quite ade-
quate for monitoring or casual listening.
The built-in amplifiers were able to drive
medium-efficiency speaker systemns with
very pleasing sound quality.

The tape transport is, without a
doubt, the most fool-proof we have ever
used. No matter how the controls are
misused, it is impossible to break, spill,
stretch, or accidentally erase a tape. The
recorder can be mounted horizontally,
vertically on the removable bases pro-
vided, or at any other angle. It runs cool
and requires only a minimal amount of
ventilation.

The manufacturer also makes avail-
able a dynamic microphone, the DF-1,
which is well suited for use with the
47/26 recorder, We found the quality
of the DF-1 microphone to be perfectly
satisfactory for general home or other
nonprofessional recording. Another ac-
cessory is a remote-control unit which
plugs into the recorder. It has a dupli-
cate set of “piano kevs” which allow
control of all tape transport functions
up to a distance of about 20 feet from
the recorder.

The Vernon 47/26 recorder, with
plastic cover, all cables, and mounting
accessories, sells for $600.00. A

Shure V-15 Phono Cartridge

For copy of manufacturer’s brochure, circle No. 64 on coupon (page 13).

ECENTLY, the significance of the
vertical angle between the gencr-
ating elements of a phono cartridge and
the record surface has reccived wide
publicity. Tt has been shown, both theo-
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retically and practically, that the vertical
angles of the recording cutter stylus and
the playback cartridge styvlus should be
identical. The chief result of an appre-
ciable departure from this condition is
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see what’s new for 1965 in

the Wondnnful World of kemight-kits

KG-854 54-Watt
Solid-State Stereo
Amplifier Kit—abso-

$799%

IESS) lutely superb perform-
ance, a pleasure to
build. No output transformers; pre-
cision self-resetting circuit breakers;
printed circuit board and military
type terminal board for easy assem
bly. Nothing like it at the price!

case

53495

with
switchable
probe

KG-765 All-Transistor
Stereo FM-AM Tuner
Kit—delivers the most
exciting stereo sound
imaginable. Features
automatic stereo MX indicator hght;
FM.AM signal-strength tuning meter
factory-assembled and aligned IF strip
and FM front-end. Superb quality—
incomparably low in cost

5095

less
case

JLE

with cable
& leads

$ 95 C-560 5-Watt CcB
89 Transceiver Kit—for

110-130v. AC/12v. DC,
terrific sensitivity; 6-crystal-con-
trolled channels; 23-channel manual
tuning, preassembled and tuned Nu
vistor RF stage, solid-state power
supply, 2-stage IF; adjustable
squelch, and much more. A super-
value in latest CB design.

51598

KG-275 Exposure

Meter Kit —latest

super-sensitive cad-

mium-sulphidetype

accurately measures

both reflected and

incident fight, 2-

range meter; push

button selection for

low and high light levels; color-coded
scales to calculate proper lens opening
and shutter speed. Professional quality
—outperforms far costlier units.

knight- kit
GUARANTEE

KG-625 6” VTVM Kit—king-sized for
accura_cy; Ya-volt full-scale DC range
200 microamp movement; reads peak-l
to-peak AC volts directly, precision 19
fiim-type resistors single switchable
AC-ohms/DC test probe. Terrfic value

KG-375 Universal Auto Analyzer Kit—
great for auto tuneups—checks generator
alternator regulator, wining, both 6 and
lZ-voltl, all engines Big 7~ meter; solid-
state circuitry: self powered. Packed with
exclusive features—at Jowest cost

KG-225 Wireless Intercom Kit—
transistorized and wireless—newest
finest, most advanced intercom kit
you can buy. All units are Masters
al! originate calls, Squelch circuit
eliminates interference. Add stations
as needed. Amazingly low priced.

Buy any Knight-Kit.
Build it. Operate it.
You must be satis-
fied or we refund
your money.

see many other great knight-kits’ including best-sellers like these!

KG-870 70-Watt Solid-
State Stereo Amplifier
Kit—packed with dozens
of detuxe features to
bring you spectacular performance at
low, low cost. The last word in easy
assembly and breathtaking sound.

5009

less case

el

-

C-22 5-Watt CB Trans-
ceiver Kit—top quality
at lowest price; for 110-
130 v. AC/12 v. DC; 5 crystal-con-
trolled channels, 22-channel manual
tuning; adjustable squelch; ANL;
Pi-net output, and more.

BT

‘‘Star Roamer” 5-Band

53995 Superhet Short-Wave
Receiver—band-

switched ranges; electrical bandspread;
"S" meter; ANL; IF sensitivity con-
trol—tops for lowest-cost world-wide
radio reception.

PO

h@m*

5 95 T-150A 150-Watt AM/
gg CW Transmitter Kit—
covers 80 through 10
meter ham bands; controlled-carrier
modulation; stable VFO; "'spot” switch;
chirp-free cathode keying; front panel
key jack. The price is unbeatable.

5888 Famous

c-100
less Walkie-
battery  Talkie Kit

—all-transistor; range
up to % mile; crystal-
controlled xmitter for
channel 7; fun to build
and use. Owned by
thousands. Lowest-
priced Walkie-Talkie
kit available anywhere.

ALLIEg

ELECTROMNICS
PO IO

32495 KG-620
42" VTVM
with Kit. 7
leads  ranges

each, AC v. (RMS &
P-P), DC v., ochms, and
db. 11 megohm input.
Extended response —
=1 db, 30 cps to 3 mc.
Easy-reading 2-color
meter scale. A dollar-
stretching value.

F e eSend for 490 page 1965
ALLIED CATALOG!
SEE THE FULL SELECTION OF KNIGHT KITS:
Stereo Hi-Fi, CB, Hobby, Shortwave,
Ham, Test Instrument, Intercom—

PLUS the world’s largest selection
of electronic equipment.

satisfaction guaranteed or your money back
EASY TERMS: Take advantage of the Allied Credit Fund Plan

ALLIED RADIO

The World’s Largest Electronic Supply House

October, 1964

F--------------

B Ship me the following Knight-Kit(s):

51995
' Transistorized
Electronic Ta-
chometer Kit—
registers 0-8000
rpm, with 39 full-
L% scale accuracy;
Zener diode regu-
lation; universal mount. Rugged; reli-
able. Tops in value and performance.

ALLIED RADIO, Dept. I-KK

100 N. Western Ave., Chicago,

lllinois 60680 Fﬂee

| [J Send FREE 1965 Allied Catalog.

53595 600-B Tube Tester Kit
—tests over 2300 types;
checks for quality, con-

tinuity, shorts, open elements and gas;

cathode-emission type; fast setup. Ex-
cellent value.

send for

CATALOG

Name

PLEASE PRINT

Address

City,

State Zip

-----J

-------------------J
CIRCLE NO. 249 ON READER SERVICE PAGE
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for

NATURE
LOVERS ...

Record nature sounds.
Set on auto operation.
Sound starts and stops
it automatically.

SLIDES
& SOUND

)

Built-in automatic syn-
chronizer advances
slides; coordinates them
with commentary or
music,

SECRET
RECORDINGS . .

For investigations, inter-
rogations, gathering of
evidence, Works unat-
tended. Voice starts and
stops it.

DICTATION . ..

Use voice operation or
remote-control micro-
phone. Dictate anywhere
— office, home or on the
road.

MUSIC WHEREVER YOU GO .

radio or records.

Enjoy music at the beach, on your boat, anywhere.
Play commercial tapes or your own selections from

World's First Fully-
Automatic Voice- Operated
Portable Tape Recorder!

CONCORD

330

You'll find all sorts of “hands-free” uses for
Concord’s amazing portable 330 — applications
not possible with an ordinary recorder. You
don’t even have to be there. Sound starts it;
sound stops it. Just set it and forget it! O The
330 is packed with features: automatic slide
projector advance; automatic Synctrol for home
movies; automatic self-threading too! Up to

6 hours playing time on 5” reels; 2 speeds; VU
meter/battery life indicator and an optional

AC adaptor. O See your Concord dealer right
away for a demonstration, Under $200.00.*

Other Models to $450.00.

For Connoisseurs Of Sound

CONCORD 330

CONCORD

®ELECTHDNICS CORPORATION

809 N. Cahuenga Bivd., Dept, 24, Los Angeles 38, Calif
*price slightly higher in Canada.
CIRCLE NO. 171 ON READER SERVICE PAGE
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an increase in  playback distortion,
mostly sccond harmonic, There is gen-
eral industry agreement that a 15-degree
vertical angle in the playback system is
optimum for plaving older records as
well as those made with more recent
cutter designs.

The new Shure V-15 “Stereo Dynetic”
cartridge s (1emy]ed with a 15-degree
vertical tracking angle. Like other Shure
cartridges, it is a moving-magnet design,
with an easily removable stvlus assem-
bly. The stvlus compliance is 25 x 10-¢
c¢m./dyvne in both lateral and vertical
planes, which calls for a tracking force
between % gram and 1% grams. Forces
greater than 1} grams are not recom-
mended. If the pickup is dropped, or
excessive vertical force applied for any
reason, the stylus retracts until a small
plastic button on the stylus assembly
contacts the record surface. This pro-
tects the stylus from accidental damage,
and also does away with the pops and
clicks caused by record scratches pro-
duced by rough handling of the pickup.

A unique feature of the cartridge is
its elliptical stvlus. Onc of the inherent
weaknesses of disc recordings is the fact
that the cutting and plavback styli have
different shapes. Records are cut with a
sharp-edged stvlus and plaved back
with a conical stylus. The inability of the
plavback stvlus to trace precisely the
groove modulation cut by the recording

-
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stvlus leads to “pinch-effect” distortion,
as well as a loss of high-frequency re-
sponse near the inner grooves of the
record, where the recorded wavelength
becomes comparable to the stylus di-
mensions,

One approach to the solution of this
problem has been the use of a smaller
tip radius on the playback stvlus, Some
stereo cartridges have conical stvli with
0.4-mil tip radius, or even less. These
can produce a noticeable improvement
in clarity and reduced distortion near the
end of a record. However, they are un-
suitable for plaving mono LP records
which were designed for a 1-mil play-
back stvlus. The small tipped stvli tend
to “rattle around” in the Dbottom of a
mono LP groove, producing unpleasant
distortion.

Another approach has been the use of
an elliptical stylus. This has a larger
radius at right angles to the groove and
a small radius on the portion of the stylus
which contacts the groove walls. The
short wavelengths of high-frequency
groove modulations are readily traced
by the small edge radius, while the large
frontal radius keeps the stvlus from “bot-
toming” in the record groove.

Elliptical stvli have been tried several
times in the past by various manufactur-
ers. They have usually been offered on
experimental or limited-production car-
tridges. Difficulties in manufacturing the
diamond styli have prevented wide-
spread application of this concept.
Shure has now introduced the elliptical

(Continued on page 103)
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TO PROVE TO YOU...

You really need 2 |types of microphones

A SPECIAL OFFER IN THE INTEREST
OF IMPROVED SPEAKING TECHNIQUES

This special limited-time offer applies
to the famous Unidyn= I ard Il
series and other fine Shure micro-
phones listed below.* Unidyne HI is
the only cardioid microphone with
pick-up pattern symmetrical about
axis and uniform at all frequences.
Outstanding for voice or instruments.
*Models 300, 315, 330, 333, 555W. 555, 545,
5455, 546, 5365, 576. 578, 5785. A Shure
Lavalier for only $5.00 with cach, when you

send in your guarantee registration card.
Oifer expires December 31, 196+,

SHURE

Shure Brothers, Tng.,, 222 Hartrey Avenue, Lvanston, Hlinois

October, 1964

Lol

tributor or sound installer.

tration card.

post paid. Sorry, no C.O.Ds.

B R I e L R I I

4 . . -
« That's all there is to do. Your microphone will be sent to you

CIRCLE NO. 217 ON READER SERVICE PAGE
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Steps to obtain vour Lavalier Microphone:
Purchase any of the microphones listed above thru your dis-

Remove guarantee registration card from microphone package.
Specify whether you wish high impedance or fow impedance
lavalier microphone in the comment section of guarantee regis-

Mail to Shure Brothers, Inc. with vour check or money order for
$5.00. If sending cash please send by registered mail.

For lecturers, teachers, ministers,
managers, public speaking requires
the freedom and flexibility of a sec-
ond microphone. The ability to move
around while talking frees the speaker
for writing on a blackboard or han-
dling visuals, makes any speaker more
interesting, more cfiective. Prove it to
yourself for only $5.C0 when you buy
a Shure Microphone for fixed-loca-
tion use.

PR R R I I R AL

crereoeenin
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EICO’s complete new
color TV labfor the pro
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Color TV servicing is a job for professionals—and Eico’s new color TV test
equipment is designed to their requirements. Professional service engi-
neers can't afford to waste time on apparent set troubles caused by make-
shift, inaccurate test signals, or on test equipment that is inherently
difficult to use or incapable of fast, accurate determinations. Critical pro-
fessionals know they can depend on EICO for accuracy, reliability, and
laboratory standard performance. Moreover, EICO has now successfully
reduced equipment size while improving performance, to permit conven-
ient on-location servicing. No wonder the pros choose EICO!

PROFESSIONAL PERFORMANCE IN COLOR TV TEST INSTRUMENTS/
(A) MODEL 380 SOLID STATE N.T.S.C. STANDARD COLOR SIGNAL &
DOT-BAR GENERATOR (PAT. PEND.) Entirely unique_in both providing
completely standard 100%_fully saturated N.7.5.C. color signals, including
both chrominance and luminance signals exactly as specified, and in be-
ing completely transistorized. Color burst is precisely gated and delayed
according to N.T.S.C. standards, and phase angles are permanently estab-
lished by taps on a linearly distributed delay line, so that no adjustments
are ever required. Use of saturated transistors for switching and delay pro-
vides square ‘'clean’ waveforms without significant overshoots or ringing
for excellent signal definition. The design of the 380 is an absolute pro-
tection against obsolescence, and assures the professional service engineer
that apparent set trouble is not caused by a non-standard test signal. in
addition to generating 11 different color signals, one at a time, for hue and
demodulator adjustments, the Model 380 generates dots, crosshatch, hori-
zontal lines, and vertical lines for convergence and linearity adjustments.
Both video and RF outputs are provided, with gain controls. Three crystal-
controlled oscillators are employed for color burst and color information,
convergence and sync signals, and RF output on TV channel 3 (exchange-
able for TV channel 4). Entirely stable and inherently rugged by solid state
design, the Model 380 is also outstandingly compact and weighs only 4
Ibs. SIZE (HWD): 8%2 x 5% x 6% inches. Kit $129.95. Wired $169.95.

(B) MODEL 369 TV-FM SWEEP & POST-INJECTION MARKER GENERATOR
(CRYSTAL-CALIBRATED) For easiest, fastest visual alignment of color or
B&W TV, and FM receiver RF & IF circuits. Five sweep ranges from 3-220
mc and four marker ranges from 2-225 mc, plus a crystal marker oscillator
that turns on when a crystal is plugged into the panel socket (4.5 mc
crystal supplied for TV sound alignment). Controllable inductor sweep cir-
cuit is purely electronic and has no mechanical parts to wear out. Retrace
blanking, and a 3-stage AGC circuit that keeps the amplitude of the swept
signal even when the widest sweep width of 20 mc is used. With the 369,
circuit response is not affected by markers and markers are not affected
by traps in the circuit. Only the sweep signal is applied to the circuit under
test. A demodulator cable picks up the output signal and feeds the demod-
ulated signal to a mixer stage in the 369 where the markers are added.
Then the combined signal is fed to a 'scope. Separate trace size and marker
size controls can be used independently. SIZE (HWD): 8% x 12% x 7%
inches. Kit $89.95. Wired $139.95.

(C) MODEL 435 DC WIDEBAND 3” OSCILLOSCOPE You'll be able to com-
plete many more color or B&W TV service calls on location if you can take
your 'scope with you. EICO's 435 is really portable (Y3 the size of conven-
tional 5” scopes) and fully equipped to do the job. Quality equal to or
better than the finest 5”7 TV service scopes is achieved with a far sharper,
brighter trace on a flat-face CRT. Direct-coupled, push-pull V amplifier, with
4-pos. frequency-compensated decade attenuator has no low frequency
phase shift, and is flat from DC—4.5mc (41, —3db). Far more accurate
p-p voltage measurements than ever before with a Zener diode-controlied

32
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square wave calibrating voltage, and an edge-lit calibration grid. Easier to
use for TV servicing with pre-set TV-V and TV-H positions in addition to 4
sweep ranges, automatic sync limiter and amplifier, and full retrace blank-
ing. Amazingly easy to build because of professional interior packaging
that has eliminated crowding and permits easy access to any component.
SIZE (HWD): 8% x 5% x 12% inches. Kit $99.95. Wired $149.95.
SRy ONE MORE MATCHING INSTRUMENT EQUIPS YOU
et FOR FM STEREO SERVICING, MODEL 342 FM MUL-
TIPLEX SIGNAL GENERATOR. The EICO Model 342
is a compact, efficient instrument essential for test
or alignment of the multiplex circuits of FM Multi-
plex Stereo tuners, receivers, and radios. FM Stereo
E is a field as fast-growing as color TV, and a multi-
B plex generator is an absolute must for getting a
. share of the increasingly important and profitable
g ..'h service business. The circuitry of the Model 342 is
! ¥ of the design lab quality needed for restoring orig-
%5: + inal performance quality to the costliest equipment,
o mm— but the controls have been simplified for fast, un-
complicated operation. With it, you can quickly measure and adjust chan-
nel separation and balance, or the input level needed for synchronization
or switch-over to stereo operation. The Model 342 provides signals as
perfect as those available from generators costing many hundreds of
dollars. It provides both a controlled amplitude composite audio output for
direct signal injection beyond the detector into a multiplex section, and
the same signal modulating an FM RF carrier at about 100mc (adjustable)
with controlled deviation = 75kc (100% modulation) for connection directly
to the antenna terminals. Either a built-in 1kc oscillator (below 0.3%
distortion) or an external audio oscillator may be used to provide the left
only, right only, difference, or sum signats. The 19kc pilot signal is crystat
controlled and may be switched on or off independently of the composite
signal. The signal may be obtained without audio information and only
the 19kc pilot injected. An oscilloscope sync output is provided, with a
choice of either 19kc sync or internal lkc/external oscillator sync. In
addition, an input is provided for connecting an external audio oscillator
to provide an SCA signal when required. Another important and valuable
feature of the Model 342 is dual inputs and amplifiers for a stereo source
to permit FM MULTIPLEX STEREO demonstrations to customers when
there are no stereo programs being broadcast. Modern compactron tubes
are used to obtain a lightweight, compact package that is easily portable.
SIZE (HWD): 8%z x 5% x 12% inches. Kit $99.95. Wired $149.95.

-
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Visit the EICO exhibit in the Pavilion of 4merican interiors at the World’s Fair.

@ EICO Electronic Instrument Co., Inc.

131-01 39th Avenue, Flushing, N.Y. 11352

Send new 1965 catalog featuring more than 230 EICO Products.
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A survey of the various techniques that are now under development and in present use
for the translation of printed or written alphanumeric characters into computer signals.

NUMERAL

T0 BE
RECOGNIZED

LENS

LIGHT
SOURCE

OPTICAL

SCANNERS
MACHINES

THAT REA

By KEN GILMORE

ODAY'S computers perform tremendous amounts of

work at unbelievable speeds. But computers, for all

their abilities, have one major shortcoming. They can-
not read documents designed for human eyes—the mountains
of bills, receipts, sales slips, vouchers, forms, and other pa-
pers that keep our society running. As a result, the job of
coding information so that computers can use it is, for the
most part, still done slowly, expensively, and inaccurately
~—by hand.

At last, though, this great bottleneck is being broken.
More than a score of companies are now working on optical
reading machines—devices that scan typewritten or printed
words and numbers and translate them into punched cards or
digital signals automaticallv, with speed, accuracy, and econ-
omy far bevond human ability. (Optical reading machines
should not be confused with magnetic reading machines, de-
signed to identify numbers on the bottom of checks. For a
{ull explanation of this guite different system, see ELEc-
TRON1CS WORLD, April, 1963.)

A large number of optical reading machines are already at
work, doing a wide variety of jobs. A battery of optical scan-
ners keeps track of the mere than 600.000 dividend checks
and the hundreds of thousands of warrants, proxies, and other
stockholder documents the American Telephone and Tele-
graph. Company sends out periodically. A majority of the
country’s major oil companies now read incoming gasoline
credit card charge slips with automatic machines. (You may
have noticed the stylized printing designed especiallv for
machine reading on some of vour own credit cards, ) Many
ot our major insurance compunies, utilities, and other firms

October, 1664

BEAM-SPLITTING
OPTICS

TRANSPARENT
MASKS WITH PHOTO-
OPAQUE NUMERALS MULTIPLIERS

LENSES \.I

Fig. 1. Mask-matching technique. Transmitted image co-
incides with only one mask, that of the ''5,” so no light
passes through that mask. In this case the number to be
recognized is transparent. Optical methods of project-
ing numbers written on paper have also been devised.

Fig. 2. Alternate Farrington reading scheme, vusing os-
cillating mirror rather than moving document to produce
horizontal character movement past the device's sensors.

LIGHT ELECTRONIC

PULSES
SCANN|NG [

N\ i
—-—

D) mnn

TIMING PULSE
LIGHT SOURCE Q_T
|

REFLECTING .-
MIRRORS *

| HOTO-
MULTIPLIERS

FIXED
SLIT

\ REVOLVING SLIT
CONé)ENESlNG
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Display on scope shows number presented to logic circuits
of experimental IBM reader. A card with the same digits as
the one at the left has been placed in the reader. The logic
circuits guide the scanning beam on a moving circular
path around the written characters to detect the line edges
and extract the other data required for proper recognition.

now read returned premium notices and their customers” bills
by means of machine.

The expericnce of one company shows why firms that
handle large volumes of dociments are turning to automatic
reading. Back in 1955, the Reader’s Digest Book Club was
sending out some 15- to 20,000,000 books a year in four quar-
terly shipments, recrniting temporary help to handle each
tremendous mailing. To eliminate the inefficiency mherent
in such a svstem, the company bought a specially designed
machine from a small firm called Intelligent Machines Re-
search (later to become a division of Farrington Manufac-
turing Company and the country’s leading producer of read-
ing machines). The original device, which could read through
the entire subscription list in a few days and prepare com-
puter instructions for label printing, is still in operation.
Digest officials report that the scanner—first optical reader to
go into commercial service in the United States—has saved
its original price every six months both in terms of very
much reduced labor costs and increased efficiency.

Three Principal Approaches

Optical reading machines working on many different prin-
ciples have been built. Most effort, however, has gone into
three main approaches: template or mask matching, feature
extraction, and matrix matching,.

The first approach—mask matching—is the simplest, The
image of a character to be recognized—say a “5"—is projected
on a scries of transparent masks, each containing a single
character printed m black (Fig. 1). When the image is
projected on the mask containing the 5, the projected imuage
coineides exactly with the printed image and all light is
blocked. Since there is some mismatch as the 5 is projected
on all other masks, some light shines through each and fulls
on cach photomultiplier except the one behind the 3. The
mask that blocked all light is easily detected by the photo-
cells, and the character is thus identified. Optical systems
can be designed to project a number or letter to be recog-
nized on all masks either simultaneously or else in a sequen-
tial manner.

Although such a machine is attractively simple in prin-
ciple and construction, it has several major disadvantages,
Character size, registration, and alignment are extremely crit-
ical, A system designed to recognize one tvpe face has a high
error rate on any other. Also, most documents in business,
government, and science that could be efficiently read by

34
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By 1965, some U.S. mail will be electronically read and sorted
by ZIP code. As a preliminary step, this recognition equip-
ment, designed by Philco, has been delivered to the Post
Office Department for extensive testing and evaluation. The
equipment reads mail addresses and controls sorting machine.
This system will greatly speed up the distribution of mail.

machines are tyvpewritten. And tyvped characters, when ex-
amined under magnification, are far from perfect. Lines are
broken, open areas filled in, edges tuzzy. Mask-matching
svstems do poorly on such tvpe. For this reason, mask-
matching techniques have been largely abandoned.

Most commercial readers today are based on one of two
more versatile approaches: feature extraction or matrix
muatching, Farringfon machines, although theyv vary some-
what from model to model in scanning geometry and recog-
nition circuitry, illustrate the first approach mentioned.

Feature Extraction

The illustration on the cover shows the mechanical scan-
ning svstem of one Farrington reader. The combined move-
ments of the character (and its projected image) and the
scamning disc cause successive vertical slices of the character
to be projected through the fixed plate slit onto the photo-
multiplier. The scan can be compared to a television raster
except that the scanning rates are interchanged: the high-
speed vertical sweep is supplied by the spinning disc and
the fixed slit, while the slower horizontal sweep is produced
by the movement of the document. (Note: On the cover il-
lustration the fast sweep is vertical with respect to the num-
bers on the document but due to the mechanical arrangement
shown, this scanming is done horizontally across the image

An RCA-developed optital character reader takes advantage of
scanning ability of the TV vidicon tube. The device reads data
on 90,000 utility bills or insurance premium notices an hour.

ELECTRONICS WORLD
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Main units of IBM experimental multifont optical character
reader are shown here. Power supply and scanner are in the
background, a part of identification circuitry is at right.
The text, as seen by the scanner, is displayed on TV screen.

which is turned 90° at the scanning disc. As the document
moves horizontally through the reader, the images of the
numbers move vertically at the scanning disc.)

Fig. 2 illustrates a slightly different wrangement using
an oscillating mirror for the horizontal motion, A typical
scanning pattern and the waveforms generated by repre-
sentative scans in either svstem are shown in Fig. 3.

The wavelorms are sent to a recognition logic section for
feature extraction. The logic section determines the presence
or absence of such features us a horizontad top. bottoni. or
nmiddle bar. short or long vertical bars on right or left. and
so on. A 27 for example, must have a horizontal top. middle.
and bottom bar. and short vertical bars on the top right and
lower left. Characteristics the machine secks in other num-
bers are shown in Fig. 4.

The machine determines which features are present and
absent by analvzing the waveforms in a series of locical

As the paper tape being read on this machine moves past the
reading station, a spinning 4-sided mirror reflects images
of numbers being read through a lens onto photomultiplier
reading heads. The reader was built by Rabinow Engineering
to read the fare tapes made by Swedish streetcar conductors.

steps. The block diagram in Fig. 5, for example, illustrates
the subroutine for detecting long vertical lines. Since the line
to be analvzed may be imperfect with small inissing portions,
this cirenit is designed to ignore small breaks. At the same
time. it must detect longer breaks, such as the clear break
in the vertical sides of a well-formed “8.”

The wavetorms A through E in Fig, 5 illustrate the detec-
tion process for a long vertical line with minor breaks. The
signal to be analyzed (A) is presented to the detector circuit
and inverted (B) by IT so that the short missing portions
show up as positive pulses. If these missing pulses are shorter
than the timing interval of mcasuring circuit M1, they are
eliminated. and do not appear at the M1 output (C). The sig-
nal is inverted again (D) by 12 and presented to the second
measuring circuit (M2), whose interval is set to detect a
long line. This circuit produces an output only if the signal
is of greater duration than its measuring interval. Since a
long signal is present, M2 produces an output pulse, which
indicates the presence of a long vertical line. Two primer
circuits. P1oand P2, determine whether the Tine is on the
richt or left of the character being detected. Timing circuits
turn one of them on when the first edge of the character is
detected. the other at the other end of the letter. Since the
output of M2 is fed to both in parallel, an output from
one indicates the right side; the other. the left.

Fig. 3. {Left) Electronic signals that are produced during optical scanning of the numeral **2" are illustrated below. Fig. 4,
(Right) Simplified truth table for numerical characters. Abbreviations are for horizontal top (HT}, horizontal middle
(HM), horizontal bottom {(HB), short vertical upper left (SVUL], short vertical upper right (SVUR}; short vertical lower

left {SVLL}, short vertical lower right (SVLR), long

i
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vertical left (LVL), and finally, long vertical right (LVR).
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Documents to be read are fed to paper-handling equipment at
front of this Farrington reader, Associated electronic equip-
ment, including recognition logic, is housed in the cabinel.

GATED LONG
scan — T H M }—-»{ IzHMZ F‘n VERTICAL
SIGNAL RIGHT
RIGHT SIDE
LONG
P2 VERTICAL
LEFT SIDE - e

GATED SCANNER SIGNAL

II-INVERTED SCAN SIGNAL

MI-INVERTED SCAN SIGNAL WITH
SMALL BREAKS FILLED IN

I2-FILLED-IN SCAN SIGNAL

M2-LONG VERTICAL

Fig. 5. Subroutine for detecting long vertical lines in spite of
small imperfections. Timing circuits identify horizontal position.

When a number that does not contain a long vertical—such
as an “8"—is presented to the circuit, the timing circuits
discriminate as shown in waveforms F through T in Fig. 5.
Since the peak in the inverted signal (G) is of longer du-
ration than the timing interval of M1, it appears at the out-
put of M1 (H) and is inverted (I). Neither of the two long
positive pulses is as long as the timing interval of M2, so
this timing circuit produces no output. Subroutines of about
the same complexity are used to determine the presence or
absence of other vertical and horizontal strokes.

A final logical operation identifies the character by check-
ing the outputs of the nine feature-extraction subroutines.
(Fig. 6.) Each feature-extraction subroutine has two outputs,
one of which is activated if the cirenit detects a feature it
is designed to respond to. the other if it doesn’t. The recog-
nition cireuits for individual numbers are connected lo all
subroutine outputs used in the identification of that number,
and generate an output signal only if they detect the proper
pattern of “on’s” and “ofl's” at the outputs of the various
subroutines. For the “zero” to be identified, for example,
Fig. 4 shows that the identification logic must detect a
horizontal top and bottom, and long vertical lelt and right
lines. In addition. it must not detect a horizontal middle. Thus
the “zero” recognition cirenit, as shown in Fig, 6, is connected
to the “on” outputs of the fonr feature snbroutines it must
detect, and to the “oft” output of the purticular one of the
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subroutines which must be missing. The other subroutines
play no role in the generation of a signal for a “zero.”

The Matrix Matcher

Another major tvpe of machine in operation today matches
information derived from the character to be recognized with
a different kind of criteria stored or wired into its circuitry.
A reader built by Rabinow Engincering illustrates this.

The image of the character sweeps past a row of photocells
(Fig. 7 A through G). Timing circuits sample the image at
five points (B through F) and store the signals detected in
a shift register. At sample time 1, for example, a fourth
photocell from the bottom is the only one detecting a signal,
and this information is stored in the shift register as shown.
As the figure continues to move across the photocells, outputs
at subsequent sampling times are also stored in the register.
When the sampling is finished, the character is shifted down
in the shift register to the “standard™ position,

Each of the 60 elements in the shift register is represented

CHARACTER-RECOGNITION CIRCUITS
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Fig. 6. Final operation with feature-extraction subroutines.
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Fig. 7. Character recognition by means of matrix matching.
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by a flip-flop circuit (Fig. 8). Normally, all circuits are in
the “white” position, If a black area corresponding to a
particular position in the register is detected during the
character sensing, the flip-flop representing that position
changes to the “black” position.

Once the number has been detected, stored in the shift
register, and shifted to the standard position, the outputs of
the flip-flop circuits are applied in parallel to a series of
resistor matrixes (a separate one for each character to be
recognized) for character identification (Iig. 9). As can he
seen, a resistor is wired to the output of each flip-flop that
shonld have a “black™ output for the character to be detected.

IF PHOTOCELL "A"
SEES "BLACK" AT
SAMPLE TIME I,

THIS WIRE TURNS " "
s By ASSERTION" OUTPUT

ON FLIP-FLOP
7O "BLACK" STATE \
\‘
FROM . . .
PHOTOCELL "A N TRANSISTOR +6 VOLTS IF “BLACK" e
-6 VOLTS IF "WHITE
FLIP~FLOP
AR = —6 VOLTS IF "BLACK"
SAMPLE TIME | _ _ oAl
DRIVER +6 VOLTS IF "WHITE <

“NEGATION" OUTPUT 7

Fig. 8. One stage of electronic memory in matrix matcher.
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Fig. 9. Resistor matrixes are used for character recognition,

When the number “17 is stored in the shift register, for
example the output of each of the assertion outputs of euch
of these flip-flops will be —6 v.; all other flip-Hops will be
registering —6 v. If +6 v. is applied to every resistor of the
“1” matrix, then +6 v. will appear at the input of the “"hest
match” selector. No other matrix will have only positive
voltages applied to its resistors.

Take the “E” matrix, {or example. Plus 6 v. will appear at
8 of its resistors. but —6 v. will appear at 9 others. Its
resistors will operate as a voltage divider, and a potential
of just below O v. will appear at the matrix output. The “17
matrix, in other words, has an output of +6 v while all
others show either a lower positive voltage or a negative
potential. The “best match” selector therefore identifies the
character as a 1.7

October, 1964

As is the case with the feature-extraction technique, a
character need not be perfect to be identified. Some of the
flip-flops can be in the wrong state, and the voltage generated
consequently somewhat below +6 v., vet the machine will
find the highest voltage and identify it as the “best match.”
In practice such machines can correctly identify quite poorly
typed characters.

As seen in Fig, 8, each flip-flop has a “negation” output,
as well as its normal “assertion” output. While most normal
recognition is accomplished with the assertion circuits, nega-
tion outputs are used to help distinguish between similar
characters such as “E” and “F.” The matrix for the letter
“F” (Fig. 9) has four “negatives” and a “positive” along its
bottom row, for example, to distinguish it from the “E” which
has five positives. Thus the voltage difference generated bv
“E” and “F,” which, without the use of negation outputs.
would tend to be small, is made larger, and the two can be
differentiated more easily.

Still another technique can be used in a matrix-matching
system to distinguish between similar letters, such as “O”
and "Q.7 Instead of using identical resistors at each matrix
position, those that sense the tail of the “Q7 are of a lower
value. Thus the voltages generated by the tail are dispropor-
tionately large, and the tail receives greater weight in the
machine’s decision process. This principle of emphasizing
parts of the character particularly important in its recognition
is applied wherever similarities tend to make identification
difficult.

Matrix-matching machines can be made morve versatile by
providing a number of different resistor matrixes for each
character to be recognized. One wmatrix, for example, might
be designed to recognize the capital letter “R,” another a
lower case “r”". Still others might be provided to recognize
the same letter in various other tvpe faces.

Many Variations

Although most current machines operate either on feature-
extraction or matrix-matching principles, there are many var-
intions. The Farrington machine cited earlier, for example,
develops its scanning pattern with a combination of spinning
dise and document movement. (Continued on page S4)

Fig. 10, Block diagram of main components of experimental
multifont optical character reader built by IBM. CRT beam
scans the text to be read, and resulting output signal from
photomultiplier tube enters the buffer. Then the signal goes
into the measurement-logic unit, where each character’s dis-
tinguishing features are determined. If the machine is being
trained to recognize a new type font, these features are sent
to a measurement reference compiler and then stored on mag-
netic tape. When the machine actually reads text, the measure-
ments go to decision-logic unit where character is identified.
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TAPE-WINDING NOMOGRAM

EL

LEMIL TAPE

4 .5 6 7 .8 9 10
HUB RADIUS —INCHES
Fig. 1. Outer and inner radii for tape winding using 1.5-mil magnetic tape.
Note: Dashed lines in Figs. 1, 2, 4 show maximum outer radius of 8-mm reel.

Fig. 2. Outer and inner radii for tape winding using 1.0-mil magnetic tape.
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By FRED BLECHMAN

These charts make it
simple to wind

the correct amount

of tape on varions reel

szzes for different

remrdz';zg times.

number of short recordings or if

you do much corresponding vig
tape, it doesn’t take long before yvou have
an array of different-sized reels holding
unknown lengths of tape. Since these
lengths are not known, the recording
time is unknown, especially sinee three
different thicknesses of tape are in com-
mon use.

When yvou wish to record a tape of a
specific length or to wind vour own tapes
from larger reels for economy, vou are
faced with a scemingly complex prob-
lem. One solution is to spend valuable
time running entire tapes through the
recorder at a known speed and calculat-
ing the length. There is, however, a
much faster and easier way—take two
simple measurenients with a common
inch-scale and use the charts that ac-
company this article.

Fig. 3 is a nomogram of tape length
and recording time at various standard
speeds. To use it vou only need a
straightedge. For example, yvou wish to
know how long 150 feet of tape will
run at 3% ips. Lay the straightedge on
the nomogram so it intersects the 130-
foot marking on the left scale and the
3%-ips marking on the diagonal scale:
the result (8 minutes) will be found
where the straightedge crosses the right
side of the scale.

Next, let us consider Figs. 1, 2, and
4. Suppose vou wish to wind 8 small
reels of 150 feet each from a 77 1200-
foot reel of 1.5-mil tape. First measure
the hub radius of the small reels you
intend to use. (Common 8-mm. movie
reels, often used by tape-respondants,
have a hub radius of .625 inch.) Enter
Fig. 1 (1.5-mil tape) at the hub radius
on the horizontal scale and move verti-
cally upward until vou intersect the
150-foot curve. The proper radius for
this tape winding length will be found
directly across on the verticul scale.
Now all you do is mark this “outer
radius” on the reels with a pencil or

]:F vou have occasion to make a large

ELECTRONICS WORLD
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Commonly used small reels include the 3 V4-in.
diameter reel that holds 600 feet of .5-mil
tape (left) and the 8-mm. movie reel (right).

Fig. 3. (Upper right) Tape length versus record-
play time nomogram for various tape speeds.

Fig. 4. {Lower right) Outer and inner radii for

tape winding using .5-mil magnetic tape. )

felt-pen and fast-forward wind tape from
the large reel to the marked point on
the small reels. This will give yvou within
a few percent of 150 feet on each small
reel. If vou are using 1-mil tape. utilize
Fig. 2 in the same manner, and Fig. 4
for .5-mil tape.

Of course, these curves can also be
used to determine unknown tape length
by measuring the hub and tape winding
radii; however, vou must know the tape
thickness. The casiest thing to do in
this case is to run the tape throngh the
machine at 7% ips for exactly four min-
utes; this will be 130 feet. Measure the
hub and tape radii on the takeup reel
and find which of the three charts (Fig.
1, 2, or 4) has these coordinates inter-
secting at the 130-foot curve. This, of
course, tells you the tape thickness, since
each chart is for a different tape thick-
ness.

Figs. 1, 2, and 4 are based on the
formula: L=K (R2—r2) where L — tape
length in feet, K= tape thickness/air gap
constant, R~ outer tape radius in inches,
r=reel hub radius in inches.

The “fly in the ointment” here is that
there are three different common tape
thicknesses and an undefined air gap be-
tween tape lavers. The author has found,
experimentally, the factor K for each
tape thickness. This was found to be:
314 for .5-mil tape, 193 for 1-mil tape,
and 140 for 1.5-mil tape. The results.
using these formulas, are good to within
2%, close enough for most uses.

Liberal use of plain leader tapes will
allow marking the tape length at cach
end of the reel. The box should also be
marked with the tape length. Keep the
charts handy, stored with vour tape ac-
cessories, and vou'll probably find vour-
self using them often. Fig. 3 is especialiv
useful. Since the largest tapes normually
used in correspondence do not exceed

%7, 600-foot recls, no attemipt has been
made in these charts to cover larger
reels or Tonger tapes. The formulas will,
however, work for larger reels. A
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RECENT
DEVELOPMENTS
in ELECTRONICS

Plasma-Jet Generator. (Above) A free-burning plasma jet
with a brilliance three times as great as any other steady
light source on earth was demonstrated recently at Colum-
bia University's Electronics Research Lab. The jet, oper-
ating at 20,000 degrees, easily boiled tungsten and cut
through concrete. The plasma jet consists of a highly ion-
ized gas, such as argon, that is fed under pressure through
a porous anode at the center of the generator face. Up to
450 amps of current at 40 to 60 volts flows from 3 cath-
odes to the anode in a continuous arc discharge. The gas
is instantly ionized by the arc as it emerges from the
anode, and conducts the heavy current forming the jet.

Scanning Electron Microscope. (Above) The photomicro-
graphs show two different internal views of crystal im-
perfections in a silicon diode. The photos were taken
with a scanning electron microscope, developed at Bell
Laboratories, at magnifications of about 700X. Using
this technique, scientists can “look inside” semicon-
ductor diodes using a finely focused electron beam in
order to study internal crystal defects. Variations in the
beam energy permit various degrees of penetration.

wWWW . americanradiohistorv.com

Ultrasonic Leak Detector. {Above) A new
method of detecting leaks in pressurized tele-
phone cables is used by repairman shown. The
leak is found with the aid of a compact ultra-
sonic transceiver, made by Delcon Corp. The
device operates on a frequercy of 35 to 45 kc.
It detects high-frequency hissing sounds ema-
nating from tiny leaks from as far away as fifty
feet on busy streets, while not responding at
all to the audible noises made by the traffic.

Wireless TV Camera. (Above) A new TV pickup
tube has made possible the development of a
wireless TV camera with studio quality. The cam-
era, used first by CBS to cover the Republicar
National Convention, weighs under 29 Ibs. in-
cluding transmitter and power supply. The
tube, made by Philips, though far smatller than
a studio image-orthicon, nonetheless meets the
same operational standards and characteristics.

ELECTRONICS WORLD
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Experimental MHD Generator.
(Left) A new research machine
for testing the feasibility of elec-
tric power generation in space by
magnetohydrodynamics, or MHD,
is shown here. The machine com-
bines a generator and motor in a
closed, self-contained loop—the
first such MHD device to operate
entirely without moving appara-
tus of any kind. The equipment
fits between the poles of strong
magnets. Two end pieces com-
plete the loop, through which a
white-hot plasma of helium and
cesium circulates continuously
during the machine’s operation.
Power is generated by the pas-
sage of the highly ionized gas
mixture through the magnetic
field. The experimental system
was developed by Westinghouse
for the United States Air Force.

Artificial Quartz Crystals. (Right} The first factory in Europe
for the commercial production of artificial quartz crystals
was announced by ITT's Standard Telephones and Cables Ltd.
The new $2.8 million production facility will produce crystals
for the electronics industry. Until now, the electronics in-
dustry in Europe had been dependent on supplies of natural
crystalline quartz. These crystals were expensive and large
wastage resulted from irregularities and natural defects. The
artificial crystals are grown from scrap chips of quartz dis-
solved in solution at elevated temperatures within heavy-walled
pressure vessels. At the proper temperatures and at pressures
up to 30,000 psi, the dissolved chips deposit in the form of a
large crystal onto a “seed” crystal previously placed in vessel.

Microelectronic Decade Counter. (Left) The decade counter
shown, developed by Honeywell, is described as the semicon-
ductor industry’s most complex monolithic integrated circuit.
The silicon chip contains some 59 components on a single
silicon chip measuring only .088 by .138 inch in size.
These components are 23 transistors, 16 resistors and,
for the first time, 20 silicon controlled rectifiers. Initial
packaging will be in a 14-lead, low-profile TO-5 can. The
circuit is a 10-stage ring counter which is to be incorpo-
rated in an electronic fuze, cascading four decades to form
a decimal counter. In the fuze example, reliability and
design simplicity will be increased markedly with the re-
duction in external leads to 14 from the 185 in present use.
The digital circuit is designed for a counting rate exceed-
ing 100 kc., operates from 4.5 volts, and dissipates 25 mw.
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e’ TRANSISTOR
WILLIAMSON"

STEREQ POWER
AMPLIFIER

Design details of an all-solid-state dual

30-watt power amplifier. Recently developed
transistors are employed in a complementary

push-pull emitter-follower output circuit.

By KEITH H. SUEKER

Semiconductor Div,, Westinghouse Electric Corp.

Editor’s Note: The following circuit is a basic power am-
plifier. 1t must he used with a preamp which has equaliza-
tion, tone, and volume controls. The associated preamp may
be cither a vacuum-tube or transistor type, and cither a com-
mercial unit or home-built. Requirements for the preamp
are given in the article,

Listening tests on the amplifier confirm its fine qualitics.
Reproduced sound was clean and open and we were tery
pleased with its performance. Lab tests on the unit showed
that it meets and, in some cases, exceeds the figures given
by the author. For example, maximum mid-frequency steady-
state power output before clipping was found to be 28
watts at 8 ohms and 36 watts at 4 ohms. With both chan-

nels driven, power dropped less than 1% db.
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N 1947, D.T.N. Williamson developed the advanced-
design “Williamson” amplifier circuit, which has since
become world famous. With various modifications and

refinements, including the “ultra-linear” connections, the orig-
inal circuit can still be recognized in the vast majority of to-
day’s vacuum-tube high-fidelity amplifiers. As wide-range
output transformers became gencrally available at reasonable
prices, “Williamson” amplifiers were built literally by the mil-
lions and sound reproduction in the home rapidly reached
new levels of quality. Modern vacuum-tube amplifiers of this
basic type are capuble of performance levels, including flat
frequency response. good transient characteristics and low
distortion, substantially better than the best available input
and output transducers (i.c., microphones, pickups, and
speaker systems). The amplifier. then, is certainly not often
the limiting factor in system performance. Nonetheless, the
search goes on for better amplifier circuitry, and each vear the
art advances a bit closer to perfection,

Much of the current interest in amplifier development
involves transistor “output-transformerless” (OTL) circuitry.
Elimination of the output transformer reduces the size and
weight of the amplifier and subtracts a substantial cost
element in high-power circuits. The relative merits of tran-
sistors versus vacuum-tube amplifiers in general have been
endlesshy (and entertainingly) debated, and it seems point-
less merely to add fuel to the fire. Rather, it is the intention
of this article to describe an OTL transistor amplifier of
unusual design which can take the place of the Williamson
amplifier for the home constructor, It incorporates all the
basic virtues of the Williamson circuit as regards the use
of standard components, ease of mechanical assembly, fool-
proof operation, freedom from complicated adjustments, and
a high level of technical performance at a reasonable cost.

Design Considerations

The design of an amplifier usually starts with the output
circuit since it is this stage which determines amplifier power
capabilities. The transistor amplifier designer has available
a number of basic OTL output circuits and options within
these circuits. The field is soon narrowed down, however,
by practical considerations. First, push-pull operation is
mandatory for all but the lowest power levels; second, class
B operation is certainly desirable for high-power output and
good utilization of semiconductor capabilities; third, for the
home constructor, it is preferable to use a circuit which has
“intrinsic linearity”’—one which does not depend on selec-
tion or matching of transistors. Finally, elimination of the
driver transformer is another desirable goal.

Both of the widely used OTL circuits, the “followed emit-
ter-follower” of Fig. 1A and the “single-ended push-pull
circuit” of Fig. 1B fail to satisfy one of the basic require-
ments. The followed emitter-follower is not capable of class-
B operation and the single-ended push-pull circuit usually
requires transistor matching with substantial feedback for
low distortion.

The secret of success in this new amplifier is the comple-
mentary push-pull emitter-follower circuit shown in Fig.
1C. In this circuit, the transistors are driven by a common
a.c. signal and phase inversion is inherent in the p-n-p—n-p-n
arrangement. Each side operates as a true emitter-follower
in coupling its signal polarity to the load. The basic cir-
cuit is not new but the lack of n-p-n transistors of moder-
ate cost and high power capacity has precluded its use for
entertainment amplifiers. However, the recent development
by Westinghouse of the low-cost “OEM Line” of n-p-n sili-
con power transistors for commercial and entertainment
service makes the circuit emiently practical from a cost
standpoint. The present amplifier is the successful result of
a feasibility study on this circuit approach,

The “OEM Line” was developed from military n-p-n
silicon transistor designs. The 131-152 series transistors,

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

available from the munufacturer’s local distributors, are
100-watt, 6-ampere units which come in various gains and
voltage classes through 200 volts. These designs have hard-
soldered junctions and are entirely free from secondary
breakdown effects when operated within maximum ratings.
All units are mounted in single-ended cases with 5/16-24
studs and they may be operated at junction temperatures
to 150° C.

The 152-06 transistor chosen for this amplifier has a
gain (hpp or d.e. beta) range of 18 to 75 at 1.5 amperes
collector current and a Vi rating of 60 volts at 150° C.
It is somewhat overrated for this amplifier since the ger-
manium output transistors, operating on identical heat sinks,
are rated at 105° C junction temperature. Thus, the sili-
con transistors never get near their maximum junction tem-
peratures when operating in this circuit.

Circuit Description

The complete amplifier circuit is shown in Fig. 2. One
of the stereo channels has been omitted since it is identical
to the one shown. The two channels are completely separate
except for the common chassis and power supply. Total
parts cost for the entire unit is about $90.00.

The power supply itself is a double full-wave unit (a
bridge circuit, with transtormer center-tap grounded) util-
izing a husky power transformer and silicon diodes. Out-
put voltages are plus and minus 30 volts nominal to ground.
The combination of low transformer impedance, silicon rec-
tifiers, and high output capacitance provides excellent regu-
lation for the class-B loads. While transistor regulators would
reduce the ripple and stabilize the voltage still more, they
were felt to be an unnecessary complication. Emitter-follow-
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Fig. 1. (A) Followed emitter-follower output circuit. (B) Single-
ended push-pull circuit. (C) Complementary emitter-follower,

Fig, 2. Schematic showing one channel and power supply of stereo amplifier, All parts that are shown must be duplicated
for the second channel of the amplifier with the exception of the power transformer, rectifiers, and filter capacitors,

—p + 30V, *
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INPUT (E

TI

F2 S\

H7TV.AC,

*POWER TAKE-OFF FOR
SECOND CHANNEL

—30v.*

R1—1000 ohm, 14 w. res.
R2—0800 ohm, L} w. res.
R3—2200 ohm, V5 w. res.
R4—100 ohm, 15 w. res.
R5—470 ohm, 13 w. res.
R6—220 ohm, 15 w. res.
R7—1800 ohm, 14 w. res.
R8-—500 ohm, 1 w. pot.
RY9—10 ohm, 15 w. res.
R10—25 ohm, 1 w. pot.
R11—24 ohm, 13 w, res.
R12—400 ohm, 5 w. res.

R15—1 ohm, 5 w. res.

J1—Phono jack

8-77)
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R13—700 ohm, 5 w. res.
R14—10 ohm, V% w. res.

S1—S.p.s.t. slide switch
Fl—Power trans. 17-21.5 v, @ 1.5 amps; (UTC

C1—2 pf., 50 v. elec. capacitor
C2—.002 uf. ceramic capacitor
C3,C4—4500 uf., 50 v. elec. capacitor
F1,F2—2 amp fuse (3AG)

D1.D2—1.6 amp, 50 p.r.v. silicon diede (1N1217)

wWww.americanradiohistorv.com

#= GND.

D3.D4,D5,D6—5 amp,
(Westinghouse 366B)

Q1,03-—2N1479 transistor (with Wakefield NF-
207 fins)

Q2—2N2139 transistor {mounted to chassis with
insulation)

Q4—2NI1183B transistor (mounted to chassis with
insulation)

Q5—152-06 tramsistor (Westinghouse, on Wake-
field NC-421 heat sink)

Q6—2N443 transistor (on Wakefield NC-421 heat
sink)

100 p.r.v. silicon diode
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The stereo amplifier is built on a 13"x 5”x 3" aluminum chassis.
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Fig. 3. {A) Direct-coupled output. (B) Capacitor-coupled output,
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ers are not critically dependent on supply regulation and the
amplifier performance is excellent as designed. Long-term de-
pendibility has been assured through the use of conservative
transformer and diode ratings combined with a generous
voltage margin on the filter capacitors. Output fuses are
used to protect the speakers from any possible component
malfunction,

A dual-polarity power supply with direct coupling to the
speakers was chosen in preference to a single-polarity power
supply with capacitor coupling to the speakers in order to ob-
tain d.c. amplification and to save the space and cost of one
large capacitor. The two possible output circuits are shown in
Figs. 3A and 3B. Fig. 3A shows the dual power supply with
direct coupling and Fig. 3B shows capacitor coupling with
a single-polarity power supply. Notice that the circuit of Fig,
3B requires a power-supply filter capacitor and two output
coupling capacitors (one for each channel}, whereas the cir-
cuit of Fig. 3A requires only the two filter capacitors.

Output coupling capacitors are often used in commercial
transistor amplifiers since they limit the energv of transients
fed to the speuker syvstem through incorrect connections and
similar mishaps. Thus, they render the commercial units

Q4A,DIAD2A on Q4B Q3B
{HIDDEN)

DIB, D28
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somewhat more fool-proof, Balance drift is also less of a
problem since an unbalance does not put d.c. into the
speakers.

The choice between these two circuits is more one of
preference than busic circuit requirements and an amplifier
of perhaps equally satisfactory performance could be de-
veloped with capacitor output coupling. With the circuit
chiosen, however, the amplifier will handle d.c. inputs and
there is simply no question about adequate low-frequency
response, phase shift. or recovery from overload. Also, in-
termodulation distortion is reduced to negligible levels.

Turning now to the amplifier proper, transistors Q3 and
Q6 form the push-pull, emitter-follower output circuit which
is the heart of this design. Note that (3, an n-p-n silicon
transistor, is an emitter-follower which has its collector con-
nected to +30 volts and its emitter connected through the
load (speaker) to ground. Signals at the base of Q3 which
have a positive potential above ground are coupled with
nearly unity voltage gain (and, of course, a large power
gain) to the load. For negative signals, 05 simply cuts off.

The current gain is boosted by 3, also an n-p-n silicon
transistor, in the Darlington connection, Both units must
be capable of handling Vi swings to nearly 60 volts—twice
the supply voltage—with saturation input signals. (O3 pro-
vides sufficient base drive for Q3 to produce linear output
peaks up to 3 amperes with low-impedance loads. Although
a base shunting resistor and a series emitter resistor are
usually' required to prevent thermal runaway in Darlington
pairs, O3 and Q5 are stable without them—even at clevated
temperatures, This is a fundamental (and rather satisfying)
advautage of silicon transistors.

The other half of the output circuit consists of germanium
p-n-p transistors Q4 and Q6, also connected as a Darling-
ton pair. Q6 is an emitter-follower which operates exactly
the sume as (O3 except that Q6 couples negative-polarity sig-
nals to the load. Since the germanium and silicon transistors
are somewhat different in their input characteristics, com-
pensating elements are required to balance the output cir-
cuit, Silicon diodes D1 and D2 add a constant voltage drop
between Q4 and (6 to balance the higher input threshold
voltages of 3 and Q5. The total series drvop of two ger-
manivwm  transistors and two silicon diodes nicely matches
the series drop of two silicon transistors.

Similarly, R15 provides a series resistance which balances
the higher input resistance of the silicon transistors. Al-
though the balancing function of RI3 could be accomplished
by a resistor between Q4 and 6, RI3 provides bias stabil-
ization through emitter degeneration in the location shown,
It also balances a slight drop in driver output on positive
swings., Although the output impedunce is raised slightly,
the increase is of no practical importance. Rl4 prevents
thermal runawayv in Q6 by providing a shunt path for leak-
age current. The need for this resistor was verified experi-
mentally. R13 provides a reverse bias to the base of (6 and
dramatically reduces high-frequency
distortion in the amplificr.

The two halves of the output circuit
are driven by Q2. a relatively high-
power class-A amplifier which also pro-
vides all the voltage gain in the ampli-
fier. This stage operates across the entire
60-volt series output of the two power

Beneath the two large heat sinks and
atop the chassis are mounted Q4A, Q2A,
Q4B (under the two Q6's) and Q3B, Q2B,
Q3A (under the two Q5's). Transistors
Q1A and Q1B are mounted by their leads
underneath the chasis, This particular
layout is not particularly critical and
other arrangements can be employed if
desired. (The letters A and B refer to com-
ponent parts used in channels A and B.)

'
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supply sections. The output resistance is low enough so that it
provides a stiff voltage source to the output stage even at high
signal levels. The output resistance approaches 400 ohins as
a maximum at peak negative voltage swings. At zero signal it
is 200 ohms and at peak positive swings it drops to less than
20 ohms. This characteristic is ideal for the output stage since
the silicon transistors have a somewhat lower gain and conse-
quently require more base drive than the germanium units.
This is especially true at high signal levels.

Resistors R10 and R11 provide forward bias for Q3 and
Q4. Enough range is provided to bias Q5 and Q6 from cut-
off to some 300 ma. Normal operation is at an idling current
of about 150 ma. R9 provides emitter degeneration sufficient
to linearize Q2 and permit it to be driven as a voltage am-
plifier from a low-impedance source, R9 also causes a drop
of 1.5 volts on positive peaks which introduces a slight asym-
metry in the drive. On negative peaks, the drive to (3 and
04 approaches a nominal 30 volts negative whereas on pos-
itive peaks it approaches 28.5 volts positive. This effect
is balanced out by the drop in R15 which was mentioned
carlier. The net result of these various compensations is
to reduce the distorvtion to less than 3% at full output even
without feedback.

The drive to Q2 is provided by Q1, another class-A ampli-
fier. R4 loads the collector circuit of (1 and provides a
low-impedance voltage source for Q2. R3 serves simply to
decrease collector dissipation in Q1 by reducing the static
collector voltage. Forward bias for Q1 is supplied by R7
and R8 with R8 serving as the balance control for the ampli-
fier. This biasing scheme is a little unusual in that biasing
is more commonly done in the base input. The circuit shown
was developed to keep the base of Q1 at a nominal zero
volts with respect to ground so as to facilitate operation
from balanced d.c. inputs. RG sets the bias voltage and also
provides emitter degeneration to linearize Q1 for voltage
source inputs, R1 is the base return for the bias current, It
is a low enough resistance so that shorting the input causes
only a small change in the output balance.

About 6 db of over-all negative feedback is fed to the
emitter of Q1 through R3. This feedback reduces the dis-
tortion still further and stabilizes the d.c. balance of Q5
and Q6. C2 was chosen to optimize square-wave response
and eliminate a slight overshoot. The series C1-R2 circuit,
which looks rather strange at first glance, is a “filter.” Power-
supply ripple is balanced in the push-pull output circuit but
is coupled into the amplifier through the single-ended driver
stages. R2 introduces an opposing ripple derived from the
positive bus and C1 isolates the emitter from the d.c. volt-
age. This stratagem reduces residual output ripple by ap-
proximately 12 db. The value of R2 is not espccially critical
and the ripple compensation holds constant over a supply
voltage runge from 103 to 125 volts,

One of the prices paid for the use of rugged and depend-
able allov-junction transistors is intrinsically poor high-fre-
quency response, The a.c, beta of Q6 drops severely above
5 ke. but the gain loss per se is offset by high driver current
capacity and the emitter-follower circuit, A related phenom-
enon in Q6 and « source of considerable distortion is the
slow turn-off time. When the amplifier is driven at high
levels, the collector current of Q6 does not fall off imme-
diately as base drive is reduced. In fact, the lag is on the
order of 20 microseconds. At low frequencies this causes
no problem at all but at frequencies above 5 ke, the distor-
tion becomes scrious. At 20 ke, 6 adds a considerable
“tail” to one side of the sine wave, In addition, the delay
in collector current fall-off means that both (05 and Q6 are
in conduction at the same time for an appreciable portion
of the cyvcle. This leads to high current demand from the
power supply and rapid overheating of 035 and Q6.

The turn-off delay in a transistor is caused by the finite
time required to S\\'eeplplm"rent carriers out of the base re-
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Fig. 4. Frequency response of unit into an 8-ohm output load.
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Fig. 5. Maximum power output (one channel) for various loads.
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Fig. 6. Distortion characteristics into an 8-ohm output load.

gion. Whereas these carriers will slowly migrate out of the
base region with no reverse voltage applied, the process can
be greatly accelerated by forcing momentary reverse cur-
rent flow with reverse bias. This is the function performed
by R13. When Q4 is conducting, there is a net positive bias
on Q6. When Q4 cuts off at the end of a negative half cycle,
R13 provides a 40-ma. reverse pulse into the base of QG
and forces rapid turn-off. R14 serves to limit the reverse bias
voltage to approximately 0.5 volt.

Performance

The characteristics of the amplifier are shown in Figs.
4, 5, and 6. Fig. 4 shows the I-watt {requency response to
be absolutely Hat from d.c. to above 10,000 cps and down
only 0.5 db at 20,000 cps. At 15-watt output, the response
is down about 0.5 db at 10.000 cps and 1.5 db at 20,000
cps. For all practical purposes, the amplifier has a {lat re-
sponse throughout the entire audio range.

Maximum power output curves for various load imped-
ances are shown in Fig. 5 for both sine-wave imput and
IHF “music” input. As in all class-B amplifiers, the maxi-
mum power output is limited by power-supply regulation.
The sine-wave curve was tuken with constant line voltage
of 120 volts and represents the clipping threshold. Har-
monic distortion under these conditions is less than 2%
at all frequencies from d.c. to 3000 cps. Below 20 cps, the
maximum peak power output drops slightly due to filter
capacitor inadequacy, and the d.c. maximum peak power
output is down about 2 db with a 4-ohm load. At higher
load impedances, this effect disappears. \With a stiff power
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supply. the [HI curve applies. This curve represents the
amplifier output capacity for short-duration music bursts
which do not drag down the power-supply voltage. Note
that the amplifier can deliver an instantaneous peak output
of 80 watts (twice the average value of 40 watts) per chan-
nel into a 4-ohm load. This will create a rather decent din
in the average living room. .

Distortion curves are shown in Fig. 6. These were taken
with continuons sine-wave drive and an 8-ohm load. The
curves have an unusual appearance since each represents
a combination of two distortion sources. At {requencies be-
low the break point in each curve, the indicated distortion
is primarily due to power-supply ripple at the high unbal-
anced load currents. This is measured as “distortion,” of
course, even though it is not caused by amplifier non-line-
arity. It is not evident in listening tests. Above the Dbreak
point. the distortion due to the germanium transistor turn-
off time becomes very apparent. However, program material
with such a high energy content at high frequencies is
virtually: non-existent. The 1000-cps square-wave response
shown in the photograph is free from overshoot and vet
has an excellent rise time. There is no tilt at any frequency.

Thermal limitations in the output transistors prevent the
amplifier from operating continuously at maximum power
ouiput. In the low- and mid-frequency regions, it will handle
continuous sine-wave outputs to about 6 db below maxi-
mum with both channels operating. At frequencies above
5 ke., the output should be limited to several watts except
for short-dluration testing. These power limits can be raised
considerably by forced cooling of the heat sinks, but the
addition of a blower is not worth the expense and nuisance
unless the amplifier is to be used for special work. In normal
music listening, the amplifier can be driven to full output on

&

peaks without overheating.
Construetion & Adjustments

The completed amplifier is constructed on a single 13”7 x
5”7 x 3”7 aluminum chassis. Lead lengths and parts place-
ment are of no consequence and can be varied to suit indi-
vidual taste. The various germanium driver transistors are
mounted directly to the chassis with appropriate insulating
kits. The silicon drivers are all equipped with clip-on heat
sinks and either socket-mounted or soldered to terminal
strips. Since the output transistors generate considerable
heat, thev are mounted on extruded aluminum heat sinks
without insulation. The heat sinks themselves are insulated
from the chassis with Teflon stand-off insulators, Both ger-
manium output transistors are mounted on one heat sink
and both silicon units on the other. All should be securely
fastened to allow optimum heat transfer, and the use of a
silicone grease between base and heat sink is recommended.

General coustruction details of the amplifier are self-evi-
dent from the photographs. AssemDbly is easy despite the
rather compact construction. The outputs were terminated
in binding posts primarily from the aunthor’s experience in
fighting with various plugs and screw terminals over the
years.

The only adjustments necessary to place the amplifier

into operation are the bias and balunce controls. For opti-
mum operation, a resistor approximately equal to the d.c.
resistance of the speaker voice coil should be connected to
one channel. With the input open, the balance control should
then be adjusted for zero d.c. volts at the output. Next, the
bias should be set to 130 ma. as measured with a voltmeter
across R15 (150 ma. equals 0.15 volt). Some interaction
should be expected between bias and balance adjustments.
This procedure should then be repeated for the other chan-
nel. Both bias and balance should be re-adjusted after about
5 to 10 minutes of operation so as to allow for the slight bal-
ance drift during warmup. No further adjustments shonlkd
be necessary.

The low input impedance of this amplifier will pose a
problem if it is to be used with vacuum-tube preamplifiers.
Unless the preamp is equipped with a cathode-follower out-
put, it will probably not develop sufficient power to drive
the amplifier. This problem mayv be solved by adding a
cathode follower or a transistor anplifier to the preamp out-
put so as to provide a source impedance below 1000 ohms.
The driver stage must produce an undistorted output of 2
volts rm.s. to drive the amplifier to full power. A coupling
capacitor of at least 20 pf. capacity (with low d.c. leak-
age) should he used.

(Editor's Note: A cathode-follower may be added to a pre-
amp quite simply. Half of o 12AUT can be used with a
1-meg. grid resistor and a 1000-ohim cathode resistor. The
plate is connected directly to a +100-volt source. A 20-pf..
25-volt clectrolytic is connected hetween the cathode and
the input of the transistor amplifier. With a 4-volt signal
on the grid, the cathode-follower should delicer about 2
volts to the amplifier. 1f the output coupling capacitor from
the preamp is much less than about 20 pf., bass response
will be down considerably. If it is not convenient to replace
the capacitor with a much larger value, bass boost and treble
cut must be used in the preamp to restore the over-all pre-
amplificr-amplifier response to flat.)

The amplifier mayv be used with virtually any speaker
system as long as the voice-coil resistance is above 3 ohms.
If the output stage is loaded with lower resistance values,
the d.c. feedback drops off and the output balance may
shift excessively with temperature or line voltage. The am-
plifier is completely stable with an open-circuited output and
it canmot be damaged from momentary overdrive,

The author sincerely hopes that this transistor amplifier
circuit will prove a worthy competitor to the Williamson
circuit in ease of assembly and operational performance.
Those readers who build the amplifier as described should
experience a minimum of construction difficulties. At the
same time, it is hoped that some will tuke this article as a
starting point for further amplifier development work based
on the complementary output circuit, A capacitor-coupled
output arrangement, for instance, has already Dbeen dis-
cussed. The use of diffnsed germanium transistors could
also be explored. There are any number of ways in which
this present amplifier can surelv be improved with future
efforts. Until such second-generation designs appear, how-
ever, here is the "Transistor Williamson.”

Square-wave response at 20 cps (leftl, 1000 cps (center), and 10,000 cps (right). Slight tilt at 20 cps is due to oscilloscope.
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,  HELICAL VIDEQ
' RECORDER
4 FOR TELEVISION

By JOSEPH ROIZEN

Ampex Corporation

e e,

Close-up showing tape-travel arrangement. Tape comes off supply reel
at left, passes over guides and video erase head in front of machine,
turns toward rear, takes half-turn around scan assembly with its spin-
ning video record heads, goes around exit guide at front, passes audio
head, then goes between capstan and pinch roller to take-up reel at right.

Basic operating principles of a rotating-head portable recorder that
is widely employed for educational, medical, industrial applications.

ELICAL recording of video signals is one approach to
the problem of magnetic recording of television
images for edncational, industrial, and broadcast-
ing applications. In this system, the tape is scanned by a
rotating video head assembly, containing one or two heads,
which records tracks at a narrow angle to the edge of the
tape. The tape may be either a 2-inch or l-inch width and
carries the video information in approximately 80% of its
center area, while the audio and control timing signals are
recorded in narrow longitudinal tracks along the top and
bottom cdges.
In the single-head configuration, the tape is wrapped in
a full helix with the head scan covering one or two fields and
the crossover period synchronized so as to occur in the vertical
blanking interval. In the more common two-head configura-
tion, each head records or plays back one field, but enough
track overlap exists to allow switching {from head to head
during the vertical interval.
The helical recorder consists of a transport system with

Fig. 1. Simplified block diagram of the video tape recorder.

VIDEQ
INPUT

RECORD

PLAYBACK

I

VIDEO
OUTPUT

October, 1964

take-up and supply reels;, a scanning assembly, means of
guiding the tape, and a tape-tension control system. The
signal system consists of a modulator, record amplifier, play-
back preamplifier, sequence switcher, demodulator, and video
amplifier (Fig. 1). The servo system is made up ol a head-
drum servo, a capstan servo, and a tape-tension servo in the
more sophisticated models of video tape recorders.

The Tape Transport

The tape transport consists of a rigid deep casting on
which are mounted all of the components for pulling, guid-
ing, and recording on the tape. The scan assembly is in the
center of the transport and is made up of a hollow, circular
casting about 7 inches in diameter with a cutaway through
the center to permit the rotating drum containing the mag-
netic transducers to make contact with the tape wrapped
around the helix. The drum itself holds two such transducers
i exact 180° displacement with adjustable mechanical
wedges that permit accurate tip projection and dihedral

Fig. 2. The head drum contains two rotating video record heads.
In this illustration the tape loop has been opened up to show
the head position. Actually, there is no abrupt change in the
direction of the tape as shown. See photos of head assembly.

HEAD DRUM CONTROL
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AUDIO ERASE HEAD AUDIO RECORD HEAD
CHANNEL 2 CHANNEL |
CHANNEL | CHANNEL 2

=

INTERTRACK SPACING. 2.5MILS
VIDEO TRACKS 7.5 MILSI9°ANGLE

24NCH-WIDE VIDEO TAPE

VIDEO ERASE HEAD
1.680 INCHES

TAPE MOTION

-

==

CONTROL-TRACK CONTROL-TRACK
ERASE HEAD RECORD HEAD

Fig. 3. The track pattern that is laid dawn by the recarder,

positioning of the writing gap (Fig. 2). The two transducers
are connected into the system through a set of slip rings and
brushes mounted in the center of the drum assembly, The
tape is guided around the scan assembly by an inlet and out-
let guide which are canted so as to produce the necessary
helical track configuration.

The video scamning heads write tracks at 9° to the edge of
the tape and the effective writing speed is 630 inches per
second. These tracks are 7.5 mils wide with a 2.53-mil guard
band, thus providing a track-to-track center spacing of 10
mils (IFig. 3). Three longitudinal tracks are recorded at
both edges of the tape, two audio tracks being at the upper
edge and a 30-mil control track at the lower edge. These
three tracks are written by stationary heads mounted on the
scan assembly, with suitable erase heads eliminating any
remanent video components.

The longitudinal tape speed is 3.709 inches per second.
This may appear to be un odd choice, but was selected for
the reason that it produces a recording geometry which
places the horizontal sync pulses recorded on the tape in a
90” pattern to the scan angle (Fig. 4). This means that
regardless of tape motion or lack of it, the scanning head will
see similar information as it scans across from track-to-track
and can, therefore, maintain an image under stop, slow, or
fust-motion conditions.

As this recorder is expected to be operated by non-technical
personnel, a number of mechanical innovations were included
to simplify operations and avoid human error. Tape motion
is controlled from a single knob (called a “jov stick™) which
can occupy five positions. Tts straight-up condition is off.
Pushing it to the left puts the tape in rewind, to the right
in fast-forward, down into play mode, and up into the record-
ready mode. To avoid accidental erasure of the material
alrcady recorded on the tape, a push-button must be engaged
to initiate record after the joy stick is canted up. In this way
no conflicting mode can be engaged. To further insure against
the possibility that rapid switching from one mode to an-
other would cause a sudden tension on the tape, a motion-
sensing device, which cousists of a silicone-damped vane ac-
tuated by anv longitudinal tape motion, operates a pair of
microswitches that disable the motors until the tape comes
to rest. It is possible then to rapidly switch from full fast-
forward into play without stretching the tape.

Since tape tension is an important factor, a tape-tension
sensing arm is located ahead of the scan assembly and is
mechanically linked to a brake on the tape supply reel motor.
An electrical adjustment labeled “skew” sets the central op-
erating point of the tape tension arm through a variable
solenoid and it can be adjusted by observing optimum per-
pendicularity of vertical lines in the playback image.

The Scanning Assembly
The scanning assembly lias mounted on it, in addition to
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SCAN ASSY.
(CONTAINS TAKE-UP
VIDEO REEL

HEADS)

AUDH) RECORD HEAD
CAPSTAN"S
PINCH ROLLER

The scan assembly af the recorder with the top cover removed.

the video head drum, all of the record and playback heads
which lay signals on the tape. The tape must drop through
its own width in a little over 180° of the scan area. This is
accomplished by tilted entry and exit guides which establish
the 9° angle. No other guiding is used in the scan assembly
and the natural compliance of the 2-inch tape is depended
upon for the precision positioning necessary to achieve inter-
changeability of recorded tapes from machine to machine.
The two video transducers mounted on the edge ol the head
drum are positioned so as to project into the tape by about
five mils. Their angular position is adjusted by a small
mechanical wedging device and signals from the rotating
heads are recovered through a slip-ring and brush assembly
which is connected to a plug-in circuit board in the top of
the scan assembly. Head penetration of the tape means that
the head will wear; therefore, head exchange has been simpli-
fied by requiring only the unsoldering of two leads and the
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= SYNC PULSES AT 90°
ANGLE TO TRACKS

.

VIDEO TRACKS

ENLARGED SECTION OF 2INCH VIDEO TAPE

Fig. 4. Sync-pulse alignment shown by dots on the video tracks.
The tape speed employed for recording is 3.709 inches per sec.

removing of one screw. However, after the new head is
installed, the proper amount of penetration and positioning
must be re-adjusted with the aid of a jig and a test tape.

The Signal Cysiem

As with transverse video recorders, the helical recorder
also requires changing the character of the video signal
before it can be adequately recorded on magnetic tape. It is
necessary to use an M modulator whose frequency is con-
trolled by the video signal amplitude. The range of frequen-
cies then produced fall into a more acceptable passband for
the magnetic recording process. In addition to this, constant-
level FM can be amplified and limited in playback so as to
achieve immunity from signal dropouts due to tape surface
defects.

The composite video signal entering the recorder has its
amplitude adjusted by a potentiometer which estublishes
the deviation of the oscillator. It is also pre-emphasized
to provide {or the veduction of sensitivity of the variable
oscillator to higher frequency information. The variable oscil-
lator is driven to 53.4 mc. for black level und 54.7 mc. at
peak white and is applied to a mixer receiving a stable 50-
me. signal from a local oscillator. The output is the differcnce
signal ranging from 3.4 mc. at syne tip to 4.7 mc. at peak
white. This signal is then applied to r.f. amplifiers and
push-pull head drivers which record the constant amplitude
EM on tape. Video heads are driven simultancously.

In plavback, the signal recovered from the video heads is
amplified by independent preamplifiers and then placed in
proper sequence by a switcher driven from the head drum
tachometer. The continuous r.f. output is amplified and
limited several times to provide a constant amplitude signal
into the demodulator regardless of variations in signal level
encountered by the individual heads. The demodulator
is a pulse-connter type and its output is amplified and
applied to o low-impedance driver which provides the 753-
ohm low-impedance output required for normal video-dis-
tribution systems. To permit proper adjustment of tracking,
which maximizes signal output {rom the video heads, a
portion of the r.f. signal coming from the switcher is recti-
fied and applied to a meter. The tracking control is then
adjusted for maximum reading on the meter. This same
meter is utilized in the record mode as a peak-indicating
device and is calibrated to show a l-volt input level indi-
cating adequate amount of video signal reaching the re-
cording heads from the recorder operation.

The Servo System

The underlving principle of the helical-scan recorder is
that a full field of television information is recorded with
one scan of each video head. Obviously, it is preferable to
have the switching from head to head occur during the verti-
cal blanking interval so that it will not affect the play-
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back image. In order to do this. the rotating head drum
recording the television signal must be synchronized with the
incoming television information and positionally controlled
so that the physical initiation of each scan is in time with
the start of the picture period. The incoming video signal,
in addition to driving the modulator, is also amplified and
applied to a sync stripper which extracts vertical sync in-
formation and drives the head-drum servo. A 30-¢ps tachom-
cter pulse gencrated by the head drum is compared in a phase
comparator with the pulse derived from this vertical svne
and, in case of error, a control voltage is generated to drive
the head-drum oscillator to the correct phase and frequency.
The output of this oscillator is amplified and supplies power
to the 4-pole induction motor rotating the head drum. This
guarantees that the drum will remain locked to the incoming
video signal during record. The tachometer pulses from the
head drum are also recorded at the lower edge of the tape.
These will be used in playback for timing information. Tape
tension during record is maintained at a constant preset level.

In playback, the pulses are recovered from the control
track and are compared in phase with the drum tachometer.
Any error signal will once more change the {requency of the
60-cps oscillator driving the drum so that the same relation-
ship that existed in record will be re-established in playv-
back. A hysteresis synchronous motor is used to drive the
capstan and achieves a low flutter rate required for accu-
rate longitudinal timing information coming from the control
track. A recorder used for closed-circuit applications re-
quires only a head-drum servo, since manual controls are
provided for setting tape tension and capstan position. How-
ever, if the recorder is to be used for broadcast purposes, it is
necessary to maintain both proper teusion and time-base
stabilitv constantly. This is accomplished by two additional
electronic servo systems.

The tape-tension servo is driven by horizontal sync derived
from the video output of the playback signal. Any time-
base error that is detected in horizontal sync from tape de-
velops an error voltage which positions the tension arm
automatically to bring the horizontal frequency back to the
normal 15,750 cps.

The capstan must also be servoed. To do this, the capstan
is driven from an oscillator whose output is raised to the
proper level by a power amplifier. This isolates the capstan
from the power-line frequency variations and permits it to
maintain accurate tracking during playvback by slaving it
directly to the drum tachometer of the recorder.

Performance Characteristics

The over-all performance of this recorder meets most
closed-circuit and certain broadcast applications. Its video
bandpass is 3.5 mc., which is approximately equal to a good
home receiver. The signal-to-noise ratio is on the order of
40 db (peak-to-peak video to r.m.s. noise). The two audio
channels will handle 60 cps to 10 ke. within = 2 db at bet-
ter than 42 db signal-to-noise ratio. The audio tracks can be
recorded and erased independently, permitting additional
commentary to be added after a video recording has been
made. An accessory to the machine that permits stopping
the tape motion or controlling it incrementally allows play-
back of the tapes at slower than norinal speeds, giving either
stop-frame or slow-motion reproduction on the video monitor.

This tvpe of video recorder has been used as an educa-
tional tool by many ETV systems throughout the country. It
has also been applied to sports training in baseball, football,
golf, and to the monitoring of sporting events at race tracks
and soccer stadia. In the medical field, it has served to record
moving radiology images derived from television-monitored
image intensifiers. As quantities of these recorders become
available and manufacturing techniques permit lower prices.
there will be an ever increasing application of helical-scan
recorders in all aspects of television. A
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Fig. 1. Resistance-temperature curve for a typical thermistor.
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HEN a missile blasts off its launching pad, it car-

ries a temperature sensor to measure the wide range

of temperatures encountered in outer space and to
convert the information into electrical signals for relay back
to earth. Other temperature sensors control the flow of
cryogenic fluids used as fuel. High-speed aircraft carry tem-
perature sensors to monitor critical surface and engine tem-
peratures. In the industrial sector, precision temperature
sensors have made possible better control of automatic proc-
esses and greatly improved analvtical instruments.

Devices that change in resistance with a change in tem-
perature have been used for many years. They are finding
ever wider application for the obvious reason that for re-
cording or control purposes it is easier to convert resistance
variations into a signal than it is to convert the level of mer-
cury in a conventional thermometer to an electrical signal.

As in the case of many other components, military and
industrial demands have led to the discovery of new and
better materials and the development of better temperature
transducers. Sensitivity is an important consideration, and
materials have been developed that will respond to very
small temperature changes. As applications become more
sophisticated, however, more attention is devoted to pro-
ducing temperature sensors that show negligible hysteresis
and aging, that have resistance-temperature curves of par-
ticular shapes, and that are standardized so that a new sen-
sor can be installed in a sensitive instrument without ex-
tensive recalibration of that, and associated instruments.

Thermistors

Thermistors, which are used not only for temperature
measurement but also for a variety of detection and control
purposes, are the most versatile temperature sensors. They
come in many sizes and shapes, including discs, wafers, rods,
and beads. Their useful range is from about —350°C to
--300°C, and they usually exhibit pronounced negative tem-
perature coefficient characteristics.

As shown in Fig. 1, a typical thermistor with nominal re-
sistance of 4000 ohms at 25°C will change from 100 ohms
al 160°C to about 88,000 ohms at —40°C. This represents
an average change of more than 400 ohms per degree. Even
though the greatest changes are to be found at the lowest
temperatures, the over-all sensitivity is remarkable, and tem-
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When the resistance
of a circuit component can be changed
by temperature, it can find

many applications in electronic circuits.

Sern

By JOHN R. COLLINS

perature measurements to 1/1000 of a degree are possible.
Such a wide range of resistance values is not an unmixed
blessing, however, since it is not easy to measure accurately
both very high and very low temperatures with the same in-
strument.

Thermistors are made of various metallic oxides, includ-
ing those of manganese, nickel, copper, and cobalt, which
are fused to form ceramic materials. Resistance changes re-
sult frem the incorporation of oxides in which the metal is
in two valence states, permitting the migration of electrons
from an atom in one state to a neighboring atom in a differ-
ent state. Increased migration with a temperature rise causes
thermistors to exhibit a negative temperature coefficient of
resistance.

The operational characteristics of a thermistor depend not
only on its chemical composition, but also on its physical
shape and dimensions and how it is mounted. The most
significant characteristics are the following:

Cold resistance: The resistance at a nominal temperature,
usually 77°F (25°C). The range of available resistance
values compares with those of ordinary resistors. Commer-
cial types from a few ohms to several megohms are shelf
items, and any desired valie can be supplied on a custom
basis.

Thermal time constant: The time required for a thermis-
tor to change from its initial temperature to 63 percent of
the temperature of the surrounding medium when no elec-
trical power is being dissipated in it. Thus, if a thermistor
at 25°C is placed in an oven at 125°C, its thermal time-
constant would be the time needed for it to reach 88°C—that
is, 63 percent of the total difference of 100 degrees. This
factor is influenced by the size and shape of the thermistor,
since tiny beads and thin rods are more readily heated and
exhibit faster response than larger, more solidly constructed
thermistors. Typical values range from a few seconds to
several minutes.

Dissipation constant: The power needed to raise the tem-
perature of a thermistor one degree above the ambient,
usually measured in milliwatts per degree C. This charac-
teristic is affected by the surrounding medium (air, oil,
water, etc.) and by the method of mounting, since the body
temperature of the thermistor obviously will not rise if the
heat is carried away as fast as it is generated.

ELECTRONICS WORLD
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The dissipation constant is a measure of the self-heating
properties of a thermistor. While self-heating is undesirable
in most electronic components, many uses have been devised
for this effect in thermistors. Perhaps the most common is
surge protection, especially for radio tube filaments. The
cold resistance of a tungsten filament is much less than its
hot resistance, consequently when a radio or television set
is first turned on a sudden surge of current will sometimes
cause a filament to burn out, The danger is greatly reduced
by placing a thermistor in series with the filament string.
Since the cold resistance of the thermistor is high, it permits
only a small current to flow at first. Bv the tine the ther-
mistor resistance has dropped to a minimunm, the tube fila-
ments have warmed up gradually to their full, hot resistance.

Other Applications

The telephone industry is one of the largest users of
thermistors. Some vears ago, long-distance telephone calls
were often distorted because the resistance of copper wire
increases as the temperature increases. Since the amplifiers
along the line could not be re-adjusted to compensate for
temperature changes, the voices were often either too loud
or too low. The difficulty was solved bv inserting specially
sclected thermistors in the lines with characteristics exactly
the reverse of copper wire. Under this condition, the total
line resistance is always the same regardless of temperature,
and the amplifiers can be permanently adjusted for the
proper speech level.

Thermistors are now made with such precision and sen-
sitivity that they can perform tasks not previously possible.
One such application is that of a hypsometer to determine
altitude by means of air pressure. Since the rarefied air found
at high altitudes will not dissipate heat as fast us the denser
air at lower levels, a thermistor at high altitudes will evi-
dence more self-heating and thus lower resistance.

Sensitive rate-of-flow meters are hased on the principle
that moving air or liquid will cool a thermistor faster than
a static medium, the cooling effect being proportional to
the rate of flow. A related application is the use of thermis-
tors for an unconventional rate-of-climb meter for aircraft.
A thermistor is inserted in a tube leading to a bottle of air.
As the aircraft ascends, air rushing from the bottle to equal-
ize the inside and outside pressure cools the thermistor, thus
increasing its resistance.

Devices such as the above are, of course, affected by
ambient conditions and it is necessary to compensate for
temperature changes to obtain accurate results. This is done
by utilizing a carefully matched pair of thermistors, con-
nected in a Wheatstone bridge arrangement, as in Fig. 2.
The reference thermistor is subjected to the same tempera-
ture as the sensing thermistor, but not to the pressure dif-
ference in the case of the hypsometer or to motion of the
medium in the case of flow and rate-of-climb meters. Ac-
cordingly, the difference in resistance between the two ther-
mistors will be due solely to the conditions it is desired to
measure.

Different gases exhibit individual heat-dissipation char-
acteristics, a fact that provides a means for determining both

the identity and proportional amounts of various ingredients
in a mixture. The system, known as gas chromatography,
is widely used in the petroleum industry and other branches
of chemistry for rapid, accurate checks on the elements in
a process stream. In practice, the test sample is vaporized
and carried by an inert gas throngh a syvstem of tubes and
filters where it is separated into its individual components
by a fractionating process. A thermistor bridge circuit at the
output measures the amount of each element (from the
time needed for its passage) and identifies it by its heat-
dissipation properties. A pen recorder provides a permanent
record. Because of the speed with which such analyses can
be made and the comparative simplicity, the electronic ther-
mistor method of gas chromatography is becoming popular
for monitoring industrial chemical processes.

Positive TC Thermistors

Although thermistors traditionally have a negative tem-
perature coefficient (TC) of resistance, recent research has
developed a class whose resistance increases with increased
temperature. They are made from barium and strontium ti-
tanates containing a small fraction of lanthanum. By varying
the composition, a number of ditferent characteristic curves
can be obtained.

Some of the advantages of a positive temperature coef-
ficient are immediately obvious. A negative TC thermistor
is subject to thermal runaway, since current passing through
it raises its temperature, causing a reduction in its resistance
which, in turn, leads to still further current increase and
further reduction in resistance. Because positive TC thermis-
tors are not subject to this effect, they often provide more
stable operation in simpler control circuits than negative
TC types. Furthermore, the combination of positive and
negative TC thermistors, in either series or parallel, mukes
possible a variety of response curves for specialized com-
pensation or control functions.

It is not entirely clear how positive TC thermistors work.
It appears, however, that the effect is based on a transition

Fig. 2. Wheatstone bridge arrangement using matched devices.
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of crystal structure from one phase to another. Below about
110°C, a tetragonal crystal structure is stable, while above
that temperature, a cubic structure is stable. The actual
transition temperature can be varied within limits in the
manufacturing process.

Although some positive TC thermistors exhibit fairly
smooth characteristic curves (Fig. 4A), others, as in Fig.
413, maintain almost constant resistance over a very broad
range until a critical temperature is reached, whereupon they
immediately jump to a very high resistance. The action is
like that of a switch and has been utilized for switching
purposes in such applications as protection of large motors.
If a motor is overloaded or becomes jammed, its armature
current rises and may overheat and damage the armature
coil. However, a positive TC thermistor, connected in series
with the armature coil and in close contact with it, senses
a condition of overheating and reacts at once by switching
a large resistance into the circnit to limit current.

Indirectly heated thermistors have an electrically isolated
heater in close thermal coupling with the thermistor. In this
case, the voltage-current or current-time characteristic is
replaced with the temperature-resistance characteristic of
the thermistor. These indirectly heated thermistors are used
in a.c.-to-d.c. transfer devices, automatic control devices, and
for fluid-flow measurements.

Silicon Resistors

Experience gained in the manufacture of transistors has
led to the production of temperature-sensitive silicon resis-
tors. Although pure silicon has a negative temperature co-
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Fig, 3. Transistor amplifier with temperature compensation.

Fig. 4. {A) Positive TC thermistor shows relatively smooth
characteristic, (B) Special type of positive TC thermistor
exhibits switching characteristic at critical temperature.

o
©
x
~‘~

/ |

2K
» /

~
Q
(=]
<
By 21

100 /

7
v'a
£

RESISTANCE —OHMS

N...

20 40 60 80 100 (20 20 40 €0 80 100 120
TEMPERATURE~—C TEMPERATURE—°C
(A) (8)

52

efficient of resistance, silicon doped with an infinitesimal
impurity of boron exhibits a positive temperative coefficient
from about —150°C to -+-300°C. Bevond these two extremes,
the characteristic reverses and again becomes negative.
Within the positive range, the specific resistivity is depend-
ent almost entirely on the amount of boron impurity. With
modern semiconductor manufacturing methods, this can be
held to a very close tolerance, so it is not difficult to obtain
silicon resistors with identical characteristics.

Silicon resistors do not exhibit as pronounced resistance
changes with temperature as ordinary thermistors. This is
an advantage for measuring a wide range of temperatures,
since it places a smaller demand on the measuring instru-
ment. A typical silicon resistor has a temperature coefficient
of resistance of +0.7%/°C which is nearly constant from
—60°C to +150°C. Typical thermal time constants range
from 9 seconds for small glass bead elements to 64 seconds
for larger types enclosed in a metal can.

An important application of silicon resistors is tempera-
ture compensation in silicon transistor circuits. Silicon tran-
sistors have a useful range from —65°C to +200°C, but
transistor parameters are sensitive to temperature changes
and some form of compensation is usually required to in-
sure proper performance over a broad range.

Temperature rise in a transistor may be due either to
environment or self-heating. In either case, a temperature
change causes a change in the transistor’s operating point
and its characteristics. If the shift is appreciable, a cumu-
lative effect which can cause thermal runawayv may occur,
permanently damaging the transistor. The condition may be
compensated for by the inclusion of a silicon resistor alone,
or sometimes by a shaping network made up of a silicon
resistor and one or more carbon resistors. The method of
connection varies with circuit design. A typical arrangement
is shown in Fig. 3, where the silicon resistor is connected
in the emitter circuit. As temperature increases, the resist-
ance of the silicon resistor also increases, causing the base
current of the transistor to decline. As a result, the collector
current remains practically stable over a range from —50°C
to +150°C. This is a familiar circuit to set designers.

Platinum Sensors

Pure, annealed, strain-free platinum has many things to
recommend it for temperature measurement. Its resistance-
temperature relationship is precisely defined by a mathe-
matical formula, does not change with time, and is known
to a number of decimal places. A platinum sensor with re-
sistance of 100 ohms at 0°C, for example, will have resistance
of 0.14353 ohm at —260°C and 381.19474 ohms at 800°C.
Ivsteresis is negligible, so resistance is the same at any given
point whether the temperature is increasing or decreasing.
Tts useful range is extremely broad, extending from about
—260°C to 1000°C.

Platinum sensors incorporate a platinum resistor made
from fully annealed, high-purity platinum wire coiled in-
side ceramic tubes. This type of construction supports the
wire without strain, makes it resistant to vibration, and leaves
it free to expand in its supporting tubes. The ceramic tubes
are coated with gold to improve thermal conductivity, and
the entire unit is enclosed in a hermetically sealed, stainless-
steel case. The configuration of the sensor is governed by
the intended end use.

Immersion-tvpe temperature sensors are used for various
fluid temperature measurements in pipes, ducts, and tanks
on missiles, rockets, and aircraft. In liquid, these may have
a thermal time constant as short as 0.5 second. Other platinum
sensors include types for measuring the temperature of skins,
walls, pipes, and electronic components. So-called “total
temperature” sensors measure the combination of ambient
temperature and the Mach number of high-velocity gases
in pipes and ducts or outside of jet aircraft.
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HOW CAPAC
CHA

By H. Q. DUGUID

1V,
READINGS

Changing characteristics of the input capacitors of

your v.t.v.m. can produce reading errors. Here is an
explanation of why it happens and what you can do.

OES your v.t.v.m. return to zero immediately after
measuring a high d.c. voltage, or does the meter
pointer hover a division or two up-scale for some

minutes before returning to zero? The rapid up-scale meter
travel can be particularly annoying if you have to switch to
the lowest range for another measurement without waiting.
Do the measured values of a.c. voltage taken on the higher
ranges seem to be low while the readings taken on the lower
ranges seem about right? If the answer to either question
is ves, then input capacitors of your v.t.v.m. may require
replacement.

Fig. 1 shows the input section of a typical peak-to-peak
v.tv.m. This input circuit consists of a half-wave voltage-
doubling rectifier and switched voltage dividers—one for
a.c. and the other for d.c. Capacitors C1, C2, and C3 range
in value from .02 to .1 pf. with the differeat values encoun-
tered representing compromises used in an attempt to re-
duce problems that will be discussed in this article.

The delay in the meter pointer’s return to zero after a
high-level d.c. voltage has been mcasured, is due to a phe-
nomenon called “dielectric absorption” that prolongs the dis-
charge of capacitor Cl beyond the time theoretically
required. For the period of time that it takes for C1 to dis-
charge through the voltage divider consisting of R5 through
R11 (the v.t.v.m. is in one of the d.c. positions), the meter
pointer cannot return to zero. Momentarily shorting the input
terminals does not help as the pointer will move up-scale
again after the short is removed. We can be sure we are not
having trouble due to a gassy vacuum tube in the bridge cir-
cuit if the meter pointer does return to zero after several
minutes. This phenomenon is also active when capacitor C1
is charging as when making a reading—this is why the meter
pointer seems to take a long time to make the last bit of
movement to full deflection.

Fig. 2 shows an equivalent circuit for a capacitor which
can explain the mechanism of dielectric absorption. The over-
all capacitor acts as though a portion of its capacitance is
connected to the terminals through a very high resistance.
This will explain why some capacitors seem to regain a
charge after being momentarily short-circuited. What hap-
pens in the case of the momentary short-circuit of a charged
capacitor, is that the charge stored in the portion of the
capacitor shown as C;; is not readily discharged and leaks
into C, via R. The time delay is occasioned by the large
effective value of R. In charging, the capacitor takes a little
extra time to fully charge as the portion shown as C, must
charge through R. Conventional wax-filled, bypass capacitors
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will show quite a bit of dielectric absorption. Fortunately,
other types show much less.

The solution to the problem is to replace C1 of Fig. 1
with a capacitor which does not exhibit this characteristic,
or at least has only minimum dielectric absorption. Because
msulation resistance is also important, the best replacement
would be a hermetically sealed (glass- or ceramic-to-metal)
capacitor.

On the a.c. ranges, capacitors C2 and C3 of Fig. 1 are
used in a half-wave, voltage-doubling rectifier circuit. The
right side of V1, together with C2, bias the left side of V1
so that C3 charges to a voltage very nearly equal to the
input peak-to-peak a.c. voltage. The voltage doubler is fed
throngh C1 whose function is to block any input d.c., and
slight leakage in C2 or C3 due to low insulation resistance
will only cause a small error in the reading. The greatest
effect is to lower the (Continued on page 82)
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Fig. 1. Although C1 is not in the d.c. circuit of this typi-
cal v.t.v.m. input, it influences d.c. readings. Other capac-
itors play important role in inaccurate a.c. measurements.

Fig. 2. Capacitor equivalent circuit. When ends are shorted,
Ca discharges, Cn partially discharges then charges Ca to
some low level through R, illustrating dielectric absorption.
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CITIZENS BAND
CIRCUITS

By LEN BUCKWALTER

A transceiver that employs electronic
switching, a unit with provision
for “bull-horn” operation, and a
selective-caller with transistor gating.

LTHOUGH the three devices to be described differ
markedly in what they achieve, there is a recognizable
common denominator. Somewhere in each of the cir-

cuits, changes in operating bias provide a key function. In
RCA’s new “Mark Nine” transceiver, for example, a huge
swing in grid bias underlies a disarmingly simple system of
electronic switching. General Radiotelephone’s MC-6 trans-
ceiver partly depends on bias in the performance of its “hull-
horn™ provision. Finally, the recent Cadre selective-calling
system contains a transistor gate whose action is triggered by
bias changes. These varied applications for bias not only sug-
gest increased sophistication in CB equipment, but a move

Fig. 1. The RCA ““Mark Nine'’ employs electronic switching.
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from the mechanical to the electronic, especiully in the very
important switching functions.
RCA “Mark Nine”

Newest in the RCA? series of CB transceivers is the “Mark
Nine” (A). A 9-channel unit, it includes a complement of
useful operating featurcs: squelch, noise limiter, metering,
manual receiver tuning, and spotting sw itLh One feature is
notable by its absence—a “transmit-receive” relay. This elec-
tromechanical component, which tends to require frequent
cleaning or contact bumishing, is replaced in the “Mark Nine”
by a simple, straightforward technique of electronic switch-
ing.

The partial schematic of the “Mark Nine” in Fig. 1 shows
the trunsmitter stages: crvstal oscillator V1A and power amp-
lifier V1B. Also shown is the receiver’s r.f. amplifier, V2. Near
the top of the schematic, a single tank circuit for both receiver
and transmitter is formed by .1, C1, and trimmer C2. (Choke
L2 shorts static discharges to ground; C3 and L3 suppress
transmitter harmonics.) A significant aspect of the circuit is
that an external antenna is permanently connected to both
transmitter output and receiver input. Electronic switching,
based on bias changes, effects the necessary changeover.

Assuming the unit is on receive, we see that the grids
of both transmitter stages, VIA and V1B are impressed with
negative bins in excess of —75 volts d.c, Although these
tubes are connected to their “B+" source, they are held in-

Transceiver
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active by cut-off bias. (Bias voltage is tapped from the
power supply.) When the operator presses his push-to-talk
button, the high bias is shorted to ground and the tubes com-
mence to conduct, producing r.f. output to the antenna.
Notice, too, that the transmitter signal is also applied to
the grid of the receiver r.f, amplifier. This causes the re-
ceiver to develop inordinately high a.g.c. voltage at its de-
tector. Fed back along the a.g.c. line, about —30 volts d.c.
cuts off the receiver. At this time too, the push-to-talk
switch disconnects the loudspeaker and receiver muting is
complete. Thus, what could be a troublesome multi-contact
relav (often with four different changeover functions) is
considerably improved upon and, what is more, considerably
simplified with a bias source and mike switch.

General Radiotelephone MC-6

Included in the new MC-6 transceiver (B) by General
Radiotelephone® is a circuit feature which shonld be wel-
comed by the sea-going CB’er, and operators enguged in
search and rescue, crowd control, or outdoor events. It is a
“bull-horn” provision. The transceiver can double as a mobile
public-address system. An exira speaker, the bull-homn. is
required to fulfill the function. General's approach differs
significantly from other, earlier solutions to the problem of
utilizing the CB set’s existing audio amplifier. It is not simply
an extra speaker jack. Rather, it provides refined circuitry
so that the operator may switch smoothly from normal CB
to p.a. operation. An incoming message in the receiver, for
example, can be quickly relayed to people several blocks
away or up to a half-mile over water.

The circuits concerned with bull-horn operation are shown
in Fig. 2, a partial schematic of the MC-6 transceiver. Sev-
eral major switching and control functions occur here, pri-
marily dealing with connections to the audio amplifier and
transmitter, We'll consider the audio amplifier in a normal
mode—reproducing sound in the set’s internal loudspeaker.
Audio modulator V1 feeds signal through output (and mod-
ulator) transformer T1. Audio passes through a selector
switch marked “R.-B.H.” (radio-bull-horn) and finally to the
set's loudspeaker. Incoming signuals are heard.

A second set of “R.-B.H.” contacts, positioned to the left,
control the transmitter. {These contacts play a role in bull-
horn operation, as will be shown in a moment.) During nor-
mal reception, the transmitter is held inactive by a high
negative grid bias (—100 volts d.c.) applied by the power
supply. When the operator wishes to transmit, the hold-off
bias is shorted by the push-to-talk mike button and trans-
mitter stages are released for activity. The shorting action
may be traced through the radio-bull-horn switch to pin 2 of
the mike connector and mike assembly..

Now assume that the operator wants bull-horn operation.
The “Radio-Bull-Horn” switch is flipped to “Bull Horn” to
establish two circuit reconnections, Note that the “R.-B.H.”
switch pole moves off the —100 volts d.c. bias source. This
action produces the desired result: when the mike button is
pressed, it cannot short out the negative bias and the trans-
mitter is held inactive. The second reconnection is at the
andio transformer secondary; audio is applied to the bull-
horn jack. Also, the internal speaker is disconnected to pre-
vent acoustic feedback via the nearby mike.

Thus, the CB’er uses the same mike for CB transmission
over the air as for local bull-horn operation. Approximately
six watts of audio power are available for the public-address
function. Since the set’s regular volume control does not
regulate audio power applied to the bull horn, the manufac-
turer suggests an optional 20-ohm wirewound potentiometer
in the horn line for level control, especially if conditions
are favorable to feedback.

Cadre Model 524 Selective Call
Calling systems for CB, which selectively open a receiver
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to an incoming signal, tend to divide ‘e ¢ 6 2y pes. The sim-
pler is the l-tone syvstem. It performs satistuctorily, but is
subject to occasional lalse operation when heterodyvues simu-
late the desired tone during crowded-band conditions. In-
creased resistance to falsing is possible with the second major
svstem: the 2-tone code in which audio signals are sent
simultaneously. Latest in the series is a 3-tone design re-
cently anmounced by Cadre® for the new Model 5324 unit (C).
Not only does it add a third tone for more eluborate coding
(and many more tone combinations) but tones are sent in
sequence. This is in contrast to the earlier simultaneous or
tone-burst method, To meet FCC specifications, the time
period for the entire 3-tone cycle occurs within the required
3-second limit.

As shown in photo (C), a selector dial on the front panel
provides a choice of up to 24 different tone codes. (Addi-
tional 24-group codes are also available.) Once the desired
code number is selected by the operator, the “Code Call”
switch is finmly depressed. This action is roughly equivalent
to the operation of a 3-minute egg timer, onlv here. the
lever takes about 3 seconds to return, automatically, to the
rest position. The delay provides the necessory circuit action
which strings out the three tones in sequence. The tones are
processed for transmit and receive by a resonant-reed relay,
as in some other call svstems, but with several novel differ-
ences. Let’s consider, first, what occurs during the encoding
function to establish the desired tone code. The resulting
audio energy will be applied to the transceiver modulator
for transmission over the air. { The system works with nearly
any transceiver and a 12-v. d.c. source.)

The schematic of Fig. 3 is the complete device. After the
operator depresses the “Code Call” switch (at top left), the
three wipers of S1 proceed to move across their associated
fixed contacts. The first tone is generated as wiper 7 touches
contact 3, an action which impresses 12 volts d.c. on contact
5. This potential is then fed through the “Code Selector
Switch.” $2. and ultimately reaches one of the fowr electro-
magnetic coils at the right side (Continued on page 90)

Fig. 2. The General Radiotelephone bull-horn circuitry,
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LTHOUGH the crystal oscillator was discovered more
than 40 vears ago. and the combination of crvstal
oscillator and multivibrator las been in widespread

use for more than 30 vears, the very real problem of identi-
fving signals from the calibration oscillator remains with us.
Inmany arcas, where a large number of ummnodulated carriers
are on the air. such identification hecomes quite difficult.

To eliminate this diflicultv. @ number of neon-oscillator-
modulated calibration oscillators have been tried. These
pulse-modulated calibration oscillators give an identifiable
signal and work fairlv well in a rough wav, Unfortunately,
the saw-tooth modulation produced by the neon tube oscil-
lator is hard to control. so that overmodulation, splatter, and
spurious signals are usually produced. particularly in the
very low-frequency bands which are now becoming impor-
tant for the transmission of standard time and frequency
signals.

Curing these troubles is theoretically ¢uite simple. 1 the
calibration oscillator is sinusoidally modulated at anvthing
less than 100 percent, splatter and its attendant evils will
be absent. Additionally, il the modulation frequency is a
low-frequency audio tone. the calibration signals will not only
be aurally identifiable but will not “spread all over the dial™.

The functional diagram of a 10-ke. calibration oscillator
with sinusoidal modulation is shown in Fig. 1. IHere, the
standard signal is produced by a 100-ke. ervstal oscillator,

Fig. 1. When the square-wave output of the multivibrator is
modulated by a sine wave, a very clean output signal results.
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TONE-MODULATED
FREQUENCY
CALIBRATOR

By RONALD L. IVES

Locating [thd 10-ké. dutguts from this crystal-controlled oscillator is easy once the tone modulation is turned on.
|
I

which can be adjusted to zero beat with WAVV o any other
desired standard. This oscillator drives a 10-ke. multivibrator,
prodicing a square-wave output whose acenracy is a direct
function of the accuracy of the 100-ke. ervstal oscillator,

The 10-Ke. square-wave signal is fed to a mixer, where it
is combined with an audio signal produced by the andio
oscillutor. Audio output amplitude is adjustable, so that
modulation percentage can be set at an optimum value. Mixer
ontput is the calibration signal. consisting of the 10-ke.
square-wave signal modulated by the sinnsoidal andio signal.
Switching is provided so that the modulation can be nsed or
omitted. as desired.

The completed calibration oscillator. minus power supply
and switches, can be constructed with conventional com-
porients in and on a 257 by 2147 by 3”7 ntility box (LMB 108)
without encountering “packing-factor”™ trouble.

Power is obtained from an external source through the
4-pin power plug. The two power switches ("Main™ and
“Tone™) are located remote from the calibration oscillator,
preferably on the receiver using the device.

Circuit

The cirenit of the calibration oscillator is shown in Fig. 2.
Note that all circnits are entirely conventional. With the
exception of the crystal and the multivibrator components.
no resistor or capacitor value is critical, so that “off-the-shell”™
components can be used without difficulty. A wide variety
ol circuit modifications can be used without impairing per-
formance, and tube substitutions are practicable.

Construction

Building a calibration oscillator of this tyvpe is not dif-
ficult. hut careful plunning of work sequence is desirable to
avoid problems of parts installation and placement. Lavout
as shown in Figs. 3 and 4 seems very close to ideal.

IFirst mount the tube sockets, with filament pins forward.
Then mount the cryvstal socket, the trimmer (C1), and the
andio inductor (L1). Be sure that the adjusting screw of
this inductor is accessible when the calibrator is mounted
in the equipment. It should be oriented to the rear. Follow
this Iy mounting the power phig, the andio volume control

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

(R21), and the signal output fitting, which here is made from
a small right-angle “Weatherhead” fitting and a Switcherafe
type 5501 MP miniature male microphone plug. Another
tvpe of connector may be used here, but the oscillator output
should be shielded to prevent local radio interference on a
number of frequencies.

At this stage, wire the filament circuits, the direct plate con-
nections, and make as many grounds as possible, using small

Ri3
R4
6AKS
Vi
xTaL L
wzmm
ay
™~ 3
7 c2 3
¢ > : >
= 150V. [
+ —\_o/"
T St P4 p. 12AU7
' TONE RI93 v5
l/' W L 1\ cia cIs
/l — T
MAIN 1
SWITCH R2t o, -
0A2/VR-I50 2AUDIO  ——
vé4 o
R223

ol 4 -4
3 3 3 3
6.3vac. >VI >V2 >V3 %VS
P2 4 4 4 5

C3--.003 uf. disc ceramic

C4, C9—10 pi. tubular ceramic
C3—560 pf. tubular ceramic
C6—510 pf. tubular ceramic

R1—.47 meg., V7 w. res.
R2—3300 ohm, 1 w. carbon res.
R3—130.000 ohm, 12 w. carbon res.
R4, R11, R16, R18—100,000 ohm, 1,
w. carbon res. C7—220 pf. tubular ceramic
R3, R10—39,000 ohm, 2 w. carbon C8, C10, C13, Cl4—.1 uf., 600 +.
res. ceramic capacitor
R6, R7, R8, R9—47,000 ohm, 1, w. C11, C12—.02 uf. disc ceramic
carbon res. C15—.1 uf. tubular metallized paper
R12—270 ohm. 1 w. carbon res. capacitor
R13—10,000 ohm, 2 w. carbon res. L1—3.4 hy. adj. inductor, adjustable
R14—6800 ohm, 2 w. carbon res. ~4574-835¢, at 7 ma. d.c. (UTC
R15—4700 ohm, 2 w. carbon res. VIC-14)
R17—1000 ohm, 20 w. wirewonund res. S1, $2—S.p.s.t. switch
R19—15,000 ohm. 2 w. carbon res. Xtal.—100 kec. crystal (Bliley Type
R20--1000 ohm, 1 w. carbon res. KV3)
R21—10,000 ohm pot P1-P4—4-pin power plug
R22—470 ohm, 1 w. carbon res. VI1-—-6AK6 tube
C1-—3.9-50 pf. APC var. capacitor V2, V3—6J6A tube
C2—130 pf. tubular ceramic V4—012/VR-150 tube
V5—12AU7 tube
Fig. 2. Power for the calibration oscillator comes from an
external source. Both power switches are also external and
can be mounted at the receiver using the test calibrator.

Fig. 3. Interior view of the high-frequency side of the unit.
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CENTERBOARD OUTPUT CONF\IiECTOR
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soldering lugs held under the socket mounting screws. When
this is completed, wire the crystal oscillator complete except
for the output capacitor (C4); the grid and cathode circuits
of the mixer; and the audio oscillator except for the .1-uf.
ceramic plate capacitors (C13 and C14). Mount all com-
ponents parallel to the chassis, as shown in Figs. 3 and 4.

Resistor R19 of the audio oscillator is directly behind the
crystal socket and is not visible in the photographs. At this
point, more than half of the construction is completed.

To mount the remaining mixer components and niost of the
multivibrator components, make a centerboard for the chassis
box using a sheet of perforated fiberglass epoxy board, such
as Veetor T28, and mount the remaining resistors and capac-
itors. As arranged here, most of them are mounted on the
high-frequency side (Fig. 3), only the second plate capacitor
of the multivibrator (C5), the first plate capacitor (C6). and
the mixer output capacitor (C9) being on the low-frequency
side (Fig. 4). Most of the interconnections are made on the
low-frequency side, using # 22 bare tinned copper wire, in-
sulated with Teflon sleeving where necessary.

Mounting and interconnection of the components can be
done before the centerboard is mounted in the chassis box.
Final connections to the tube sockets are made after the
centerboard is firmly mounted in place. The coupling capac-
itor {rom the multivibrator to the mixer (C7) is supported
by its leads between the plate end of R7 and pin 5 of the V3
socket.

Connections on the low-frequency side of the centerboard
(Fig. 4) are best made in the following order. Run a short
length of insulated wire from the center of the output con-
nector to the output end of the output isolating capacitor
(C9). Install C14 as close to the centerboard and as far
toward the input plug as practicable. Install C8 from the
high end of RI5 to ground, keeping it close to the center-
board and as far toward the output connector as possible.

Next, install the power resistor R17 by means of a through
bolt on the front panel of the box close to the input plug.
Because it will run warm, fiber washers should be used at
both ends of the resistor to compensate for expansion and to
augment the insulation. A 20-watt resistor is used as it has
a large radiating surface and hence runs cool in this partic-
ular circuit.

Lastly, install €13 from the audio volume control (R21,
high end) to pin 1 of the V5 socket, using a small tie point
held by one of the L1 mounting screws for the outer support.
Connect C10 from pin 1 to V5 socket to ground, which is
made at a soldering lug held by the forward crystal socket
mounting screw (next to C1).

This completes the wiring, (Continucd on page 96)

Fig. 4. Interior view of the low-frequency side of the device.
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“SONIC BOOM”

¥ e

An F-104, with Oklahoma City in background, is employed to simulate a supersonic transport of the future.

Using electronic instrumentation, FAA technicians have measured
effects of jet aircraft shock waves upon residential structures.

By JIM KYLE

LECTRONIC instrumentation is being applied in fields
ranging from missile testing to medical diagnosis. One
interesting application of electronic instrumentation,

which at the same time illustrates clearly the particular
problems and techniques involved, was in connection with
the carly flight-test stages of the Supersonic Transport Re-
search Project of the Federal Aviation Agency.

The specific test program was designed to gather as much
data as possible as a basis for setting up FAA rules gov-
erning operation of supersonic transports when the plane be-
comes available, To gather this data, the IFAA selected a
typical midwestern city (Oklahoma City) with an aggregate
population of nearly a million, and scheduled eight super-
sonic flights daily over this area for a six-month period.

The object was to determine the effects of the supersonic
flights—mainly the accompanving “sonic boom”—on both the
populace and the structures. Only time can tell the effects
upon the people involved, but electronics is providing the
answer to the structural effects.

The way in which this test was instrumented provides a
good illustration of how electronic instrumentation is used
by industry to solve non-electronic problems.

Factors to be Measured

The first step in applving electronic instrumentation of
any sort must be to determine exactly what physical quanti-
ties are to be measured. This requirement, in turn, means
that the instrumentation engineer must be briefed on the
phenomenon expected during any test. In this case, the phe-
nomenon of interest is the “sonic boom” produced by an air-
craft in supersonic flight.

While the boom sounds to the ear almost exactly like the
detonation of a large quantitv of explosive at a consider-
able distance, the uctual creation and propagation of the
hoom is a completely diflerent process. An oversimplified
analogy likens the sonic boom produced by a supersonic aiy-
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craft to the visible wake produced on the surface of a still
lake by a speedboat.

In both cases, the moving object is traveling at high speed
through a fluid medium which is, for all practical purposes,
not compressible. (Air loses its compressibility at approxi-
mately the pressure produced by an object moving through
it at the speed of sound.) Since the fluid can’t be compressed,
it must be shoved out of the wayv by brute force. This force
represents a transfer of energy from the moving object to
the medium, and the energy must be dissipated by the
medium.

In the lake, the energy creates a wave which radiates
svmmetrically about the moving object. In the air, a similar
shock wave is created.

Both these waves are difficult to detect in the medium
itself. The water wave makes itself known as a turbulence at
the shore, and the shock wave in the air makes itself known
as a pressure wave (after some of its energy has been dissi-
pated) very similar to a single-impulse sound wave. Fig. 1
illustrates the similarities between the two types of waves,
while Fig. 2A shows the waveform to be expected from a
sonic boom.

In Fig. 2A, two distinct impulses are obvious. The first
represents the beginning of the boom or “bow wave,” while
the second represents the last effect or “tail wave.” The hori-
zontal line, which resembles the baseline of an oscilloscope
display, represents normal atmospheric pressure level. When
the shock wave arrives it creates a near-instantaneous “over-
pressure” (first vertical line) which decays linearly until the
“tail wave” arrives (second vertical line), at which time
pressure level returns to normal almost instantly.

The “tail wave” referred to is the return of air to the space
left empty just behind the aircraft; occasionally, both im-
pulse waves may be heard by the human car, but more fre-
quently only a single impnlse is audible.

The strength of the boom is measured in pounds-pei-
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sanare-Toot of “overpressure.” and the maximum overpressure
of interest during these tests was 2 Ibs./ft.? A practical super-
sonic transport is not expected to produce an overpressure
of this magnitude at ground level.

Since. for the purposes of the test, each boom produced
was planned to be as nearly identical to everv other boom
as was possible, one of the primary questions electronics was
called upon to answer was "How much overpressure was
produced by each pass®”

However. the effects of the overpressure upon typical com-
mercial and residential structures were also of great interest.
An overpressure of 2 Ibs./ft.? represents only an increase of
about 0.1% above normal atmospheric pressure of 13 Ibs./in.2
But this pressure change takes place in a matter of milli-
seconds and on the roof of a 25 by 40 foot building this
represents an impact of approximately one ton. So the second
question put to the instrumentation engineers was “How does
a typical structure respond to this impact?”

Since the structure’s response divides into two broad areas.
the amount of movement and the speed with which it occurs,
this question subdivides into two specific questions: “How
much does the structure move?” and “How rapidly does it
do this?”

At this point, and not before, electronics enters the pic-
ture. The three quantities to be meuasured are air pressure,
structural movement, and speed of structural response. The
measurements must be made accurately, continuously during
the test period, and the results must he preserved in some
sort of permanent form for future analysis.

Actual Instrumentation

Actual instrumentation of the test involved little new cir-
cuitry, according to the NASA specialists who supervised
the work. Virtually all was accomplished with “off-the-shelf”
equipment of the commercially available sort. But in several
cases, the equipment was modified somewhat to meet the
needs of the job at hand. And the real secret to this, and all
other instrumentation projects, was in the planning and sys-
tem approach.

Test engineers consider the pressure measurements on
each run to be the most important instrumentation result, as
they provided a control and stundardization for all other test
results, so this area will be examined first.

Looking again at Fig. 2A, the theoretical waveform of a
sonic boom, it can be seen that this is a complex wave in-
deed. The distance from horizontal line to the first vertical
peak represents the absolute increase, but the decay rate
and the negative peak are also important quantities.

A standard pressure transducer is a calibrated capacitor
microphone, such as the W.E. 640-AA. Microphones of this

Shown here is a portion of the instrumentation installed in

BOAT SPEEDING DOWN CANAL, LEAVING WAKE

A

SHOCK WAVE FROM SUPERSONIC AIRCRAFT

S

Fig. 1. Speeding boat and plane both produce wakes, one in
water the other in air. At supersonic speeds, a jet air-
craft is able to produce a severe shock wave as illustrated.

type have a frequency response rated at 5 ¢ps to 10 ke., but
this response is not sufficient to reproduce the pressure wave
from a sonic boom accurately. The top waveform in Fig.
2B shows the trace resulting when a normal capacitor micro-
phone is employed; the decay rate information is missing,
although the peaks are reproduced.

Those familiar with analog-computer techniques will
recognize that this output is a differentiated version of the
waveform. The differentiation is a result of the inherent
capacitance of the microphone, yet no other type of trans-
ducer provides acceptable performance.

A new type of electronic unit has recently been put on
the market and is designed to provide frequency response
down to d.c. in this application. It employs an r.f. oscillator
and detector circuit with the microphone connected in such
a manner that pressure changes cause an interaction on the

the test houses. At extreme right are two recording oscil-

lographs which provide readout for structural-response measurements, Next to the oscillographs is bank of automatic bridge

equipment for strain gages. light-colored case with 16 knobs on front is calibration box for

accelerometers, On table,

center, is thermocouple readout and current amplifier assembly. Cables lead to inverter which provides power from 28-v. batteries.

i
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circuit, resulting in output voltage variations. Even though
the frequency response of the electronic unit is flat to d.c.,
system response is still limited to 1 cps by microphone de-
sign—and that is still not sufficient to reproduce the sonic
booms. The center waveform of Fig. 2B shows the result.

To muake the low-frequency response extend far enough
down to reproduce the decay portion of the waveform accu-
rately, NASA technicians purticipating in the test program
resorted to modification of the microphones. Standard micro-
phones are “vented,” that is, the enclosed air behind the
diapliragm is allowed to escape through specially designed
vents. This preserves high-frequency response, and climinates
undesired peaks and vallevs in the total response curve.

By changing the Jength of the vents, technicians were
able to extend the low-frequency response to the extreme of
onlv 3 db at 0.1 ¢ps (see lower waveform in Fig. 2B). The
limit wus reached when thermal expunsion of trapped air
with minute changes in temperature produced more dia-
phragm movement than did changes in external pressure.

To tune the vents, ordinary surgical tubing was used and
trimmed to length by a trial-and-error process. The com-
pleted cquipment was then calibrated at NASA’s Langlev
Field laboratories, prior to being shipped to Oklahoma City
for the tests.

The complete pressure-measuring unit consists of the
modified microphone, its associated electronic unit, a cur-
rent amplifier, and a recording oscillograph. Two such units
are installed at each of three test sites, although only one
oscillograph is used at each site. Fig, 3 is a block diagram
of this portion of the system. One of the pressure units is
installed outdoors, at ground level, in the center of a 4-foot-
square phrwood board, and the other is installed inside the
structure. The bourd is used to establish a standardized re-
flecting surface surrounding the microphone so that all ex-
terior measurements can be directly intercompared.

Structural Respouse

The structure response measurement is done with two
types of instruments. The amount of movement is detected
by semiconductor strain gages, which are affixed to key
points such as rafters and joists of the buildings. Sensitivity
of these gages is extremely high; movements us little as one

Fig. 2. (A) Waveform showing pressure changes during sonic
boom. (B} Microphone output signal matches the pressure
waveform only after the low-frequency response is extended.
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Fig. 3. Block diagram of the pressure-measuring unit,

microinch are detectable, Each was installed by a NASA
specialist, and average time for each installation was 6% hours.

The strain gages are used in a Wheatstone-bridge circuit.
Euch gage’s resistance changes according to the change in
its length and the resistance change is measured Dy record-
ing the resulting change in bridge output voltage. This volt-
age is extremely small und is amplified by a carrier amplifier,
which is another off-the-shelf item,

Fifteen of these strain gages are spotted at kev points
throughout one of the three test structures (each of which

IS-CHANNEL
—] RECORDING
-— CAng(R)QTION OSCILLOGRAPH
STRAIN GAGE |
AT | 15-CHANNEL
STRAIN ]  AUTOMATIC RECORDING
GAGE 2 == BRIDGE 0SCILLOGRAPH
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THERMOCOUPLE CURRENT
g AMPLIFIER .
BATTERIES
—— RECORDING FOR
—— OSCILLOGRAPH POWER
THERMOCOUPLE| CURRENT | (2870
30 AMPLIFIER

Fig. 4. Block diagram of the response-measurement system.

is an actual residence, rented by the FAA especially for the
tests; average age is about 5 yeuars). The other two test sites
are used for pressure measurements only. The output of
the 15 strain-gage channels terminates at one CEC record-
ing oscillograph.

Motion of the structure is measured by accelerometers,
which are used in pairs. One of each pair measures east-west
acceleration, while the other measures the north-south com-
ponents,

The particular accelerometers chosen for this application
are of the servo type in which a feedback signal is developed
and amplified to maintain the reference mass virtually sta-
tionary with respect to the accelerometer case. This “error
signal” is taken as the accelerometer output. By proper choice
of amplifier gain (accomplished by a plug-in resistive shunt
network in the feedbuck loop), the range mav be chosen as
anvwhere from 0.1 gravity acceleration “full scale” to as
high as 60 G’s. In this test, maximum range is in the region
of 0.25 G.

The accelerometers are calibrated by use of “angle blocks”
which, in turn, use the earth’s gravitational pull as a refer-
ence standard. The accelerometer is simply placed on one
of the angle surfaces of the block and its ontput noted, then
compared with the standard acceleration force computed
as corresponding to that angle,

Fifteen channels of accelerometer readout are used for
structural response; three additional instruments are buried
underground at the fully instrumented test site to detect
the seismic effects of the (Continued on page 88)
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(Left) Some typical four-layer diodes. From left to right, a 5-amp. stud-mount,
a 1-amp. top-hat, and a 250-ma. glass-encapsulated unit. Normal voltage range
from 20 to 200 volts for these. (Below) Typical five-layer diodes. From left to
right, 30-v. trigger diode, 5-amp. power-control diode, 7-amp., and 20-amp.
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switching diodes. Equivalent 110-volt power-control capabilities of
three of these particular units are: 600, 800, and 2200 watts,

By DONALD E. LANCASTER

IGH-powered andio amplifiers using nothing but di-
odes, d.c. transformers that can step high voltage
down, and 5-kw. light dimmiers with only five low-

cost parts wre just a few of the more noteworthy functions
that the four- and five-laver semiconductor diodes can per-
form. These currently availuble, ecorromical devices can also
be used in a wide runge of other applications. snch as in
nemories, multivibrators, connters, oscillators, frequency di-
viders, function generators, switches and triggers, and radar
modulators—to name just a scant {ew,

Basic Operation

These diodes are avalanche-mode semiconductor switches,
identical to a gateless silicon controlled rectifier. In the “off”
state, the diode impedance is very high. into the tens of
megohms. Pulsing the diode while in the “off” state will canse
avalanche-mode turn-on, usually in times much less than
a microsecond. The “on™ state is the very low impedance ot
a forward-biased diode. so Tow that the load current must be
linlited to a sufe value, lest the diode destroy itself. The

October, 1964

tirn-on method is basically different from the conventional
SCR gate turn-on and has the advantage of heing many times
faster. This fast turn-on allows four- and five-laver diodes
to operate into the hundreds of kilocveles as power-control
devices. This is well in excess of conventional SCR capability.

The four-laver diode is unilateral and will only operate
in one current direction. The five-laver diode is bilateral
and operates equally well in either current direction. These
diodes have ratings varving from milliwatt to kilowatt pow cr-
control capability, currents from a few milliamperes to tens
ol amps., and breakdown (trigger) voltages varving from 20
to 400 volts. Higher ratings are cntirely practical. Cost is
about the same as an equivalent power SCR.

There are many manufacturers of these diodes. Clecite of-
fers a complete line of four-layver devices, while Transitron
offers a broad line of five-layer devices, Other manufacturers
are Texas Instruments, Hunt Electronics, General Electric,
and Western Electric, to name onlv a few, Specific device
information is available from each manufacturer in the form
of data sheets and application notes.
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CONFIGURATION CIRCUIT CIRCUIT
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Fig. 1. Four-layer diode structure and equivalent circuits.
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~4-LAYER DIODE VI CMARACTERISTIC 5-LAYER DIODE VI CHARACTERISTIC
(a) (8)

Fig. 2. Both diode types remain “off'’ until V is exceeded,

[T

then they rapidly switch "‘on.'" Diodes remain *‘on’" as long as
current exceeds In. If current falis below this value or re-
verses, then the diode will quickly switch to the ‘*off’' state.

In avalanche-mode turn-on, most of the turn-on energy is
provided by the load itself and not by the triggering signal.
This trigger merely initiates the turn-on activity, Perhaps
this is somewhat like removing a bottom can of a grocery
store display. Very little energy is needed to knock one can
loose, compared to the total energy produced during this
“avalanche” breakdown. Because of this trigger sensitivity,
the four-layver diode is inherently a high-gain device. Trigger
signals work into what is virtually an open circuit while
directly controlling low-impedance, high-power loads.

Turn-oft is usually accomplished by letting the main load
cwrrent drop to a very low or negative value. This is usually
relatively easy to do. When discharging a capacitor, the
diodes simply stop conducting when the capacitor is dis-
charged. The a.c. line zeros may be used for resctting. A
commutating or “speed-up” (a misnomer) capacitor can turn
a second diode off as a first one turns on. Many circuits
require the inherent locking quality of the turn-on. Here
turn-off is accomplished by mechanically or electrically inter-
rupting the load current.

Fig. 1A shows graphically the structure of a four-laver
diode. This is seen to consist of four alternate lavers of
n- and p-type semiconductor material, normally silicon. An
equivalent transistor configuration, shown in Fig. 1B, is
useful in understanding the turn-on mechanism. Here an
n-p-nand p-n-p transistor form a locked-pair configuration.
If the current gain of each transistor was much less than
unity, any current passing through the pair would be rapidly
“de-amplified” and the pair would then assume an open
circuit, or “off” state. Suppose the current gain were greater
than unity. This is possible due to actual device internal feed-
back. Now, any current flowing through the device will be
amplified, and the locked pair will assume a saturated or
“on” state. Current is then load-limited only,

By suitably controlling parameters during diode fabrica-
tion, the current gain of the four-laver diode is made highly
dependent upon the current itself. At low (leakage) currents,
the current gain is much less than unity, and the diode stays
off. As long as the forward bias on the diode is below the
reverse breakdown rating of the middle n-p junction, the
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OPERATING CONDITIONS

v >V, +V,
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SIMPLE SWITCHING CIRCUIT
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. e o,
GROUP
RESET
v a
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SET PULSES
¢

SELF-INDICATING MEMORY OR ALARM CIRCUIT

(B)

Fig. 3. Diode may be switched “on' by pulsing it in such a
way that Vi is exceeded. Diode remains on after pulse ends.
Turn-off occurs when the load current is interrupted briefly.

current gain stavs low and the diode stavs off. 1 the re-
verse breakdown is exceeded, quite a large current will flow.
This large current causes a large current gain, and the diode
rapidly saturates and assumes the “on” state. This results
in the “off” equivalent circuit of Fig. 1C and the “on” equiva-
lent circuit of Fig. 1D,

To turn an “off” diode on, it must be pulsed in the forward
voltage direction with a voltage high enough to avalanche
the structure. To turn an “on” diode off, the load curvent
must be reduced to a low or negative value.

The turn-on and turn-off mechanisms result in the volt-
ampere (V) characteristics shown in Fig. 2. The forward-
avalanche (turn-on) voltage is indicated by V;, the maximum
permissible current by [,..., and the minimum holding cur-
rent by I,. A four-layer diode is never operated in the reverse
current direction and care must be taken to observe diode
polarity and to limit any circuit reverse voltage to a value
that is small compared to V;. A five-laver diode may be
thought of as two four-layer diodes in inverse parallel, and
thus operates equally well in either current direction.

Generally, the steady-state 1,,,.. will be much lower than
the pulse /... rating for a low duty cycle. This current rating
is based on thermal considerations. For very low duty cycles,
pulses that are in the order of a hundred amperes and higher
peak currents may be readily handled.

Switching Circuit

A simple switching circuit is shown in Fig, 3A. The diode
is chosen to have a V; higher than the supply voltage V.,
and thus will not turn on of its own accord. If a negative
turn-on pulse is applied to the load side of the diode, the
diode voltage will be equal to the sum of V., and the nega-
tive trigger voltage V,,,,. If this voltage exceeds V;, the diode
will turn on. Load current will then flow through R,. If the
load current exceeds I, the diode holding current, the diode
will stay on. The diode may be turned off by interrupting
the load current. This basic circuit may be used as a memory
circuit to “remember” the passing of a trigger pulse.

The input impedance of this circuit is R;, when the diode
is off and zero when the diode is on. Two modifications allow

ELECTRONICS WORLD
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the input impedance to hecome very higl in either state. By
adding a conventional diode in series with the load such
that the turn-on trigger will back-bias it, the off impedance
becomes very high. As soon as the four-layer diode starts
to turn on, the conventional diode becomes forward-biased
and does not interfere with load turn-on. Since the turn-on
input impedance is now virtually an open circuit, an arbi-
trarily large resistance may be placed in the trigger line
without effect. This allows a high input impedance should
a trigger pulse arrive after a diode has already turned on
due to a previous pulse.

This results in the more practical circuit of Fig. 3B, a
circuit which serves as an annunciator or paging device, or
as a self-indicating computer memory. Electrical outputs at
«, I’ and ¢ are zero when the diodes are off and V. when
the diodes are on. An electronic gate may replace the group
reset button that is shown in the diagram, and individual
resets could be provided in each diode line.

Sawtooth Oscillator

The sawtooth oscillator of Fig. 4A uses a four-layer diode.
The circuit is identical to the conventional neon-lamp or
glow-tube relaxation oscillator, with the exception of the
load resistor R, which must be used to limit the capacitor
discharge current to a safe value (usually 10 amperes or more
peak current).

The performance is markedly different. The ratio of scan
time to retrace time is much higher than a gas tube can
provide. Output is referenced to ground instead of the usual
50-volt dropout level of neons. The circuit is temperature-,
radiation-, and light-stable. Considerable oscillator power
can be produced by such a circuit. For oscillation, V; must
be lower than V.. For a good sawtooth waveform (a linear
ramp instead of an exponential charging curve), V. should be

OPERATING CONDITIONS:
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FOR LINEAR SWEEP V, >>V; OUTPUT = V¢

° AN e
b
[
) V
R E' b
L:> SYNC
-F QUTPUT
FREQUENCY

= (@)

BASIC SAWTOOTH OSCILLATOR SYNCHRONIZATION
(a) (B}

WWWWW-
AAAAAAA

l

il
LI..
~"
=
o

AAAAAAA—-

'_rw"u"

AMAA

\AAAAAS

AAAAAAA
VWAV

SYNC SYNC
INPUT OUTPUT

/

MWW
WAWW
WAV

LOCKED-OSCILLATOR FREQUENCY DIVIDER
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Fig. 4. Four-layer diode sawtooth generators, frequency dividers.
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much higher than V;. The higher V,, the better the circuit
linearity.

The circuit operation is based upon R charging C until
the voltage across C equals V,. At this point, the diode turns
on, discharging C, and turns off. The cycle then repeats.
R must be chosen large enough that the charging current
will be less than the holding current of the diode. Otherwise,
the diode will lock on after one cycle and remain on until
V. is removed. When operated in this mode, the circuit be-
comes a time-delay generator instead of an oscillator,

The sawtooth oscillator may be synchronized to any fre-
quency higher than its free-running frequency by supplving
negative trigger pulses to the four-layer diode (Fig. 4B).
The diode will now turn on at the instant the sync pulse
and the capacitor voltage, when added together, exceed V;.
By controlling sync pulse amplitude, the oscillator may be
made to lock on any submultiple of the input frequency,
giving frequency division by two, three, four, or five, Divi-
sion higher than five requires exact control of circuit voltages,
sync amplitude, and pulse jitter, but is entirely reasonable.
Placing the load resistor in the diode leg of the circuit will
produce positive output pulses, while placing the load resistor
in the capacitor leg will produce negative output pulses,
These pulses may be used to sync additional stages.

The locked-oscillator frequency divider of Fig. 4C is an
application of the sawtooth oscillator as a tone generator
for an electronic organ. The input oscillator is synchronized
to the input pulses at frequency Fy. Each oscillator is syn-
chronized at one-half the previous oscillator frequency,
producing lower and lower notes, each spaced exactly one
octave apart. The waveform produced is rich in harmonics
and readily distorted to produce the various voices of the
organ stops. Twelve such chains are needed to produce all
the notes. Tuning is by trimming each R and C to vield a

FOR OSCILLATION:
V.= Vy Ve —Vroe

Ve > Vi R > In Vioz> Ve > Vi 5 > Thoe
+ Tvc
o 7J ; —a TV TR
H s LT LT ° #
RIS R23 a
2 c 2
5 i 1
o—o—-{ p——-{(—— r—o bo 3
DI b2 S oI
{ TRIGGER

BASIC ASTABLE BASIC MONOSTABLE

(A} (B)
+ 0V,
vy >V,
VeVt -
R >Ih 2 3
2R ZR
b3 b3
RESET

COUNT

BASIC BISTABLE
()

Fig. 5. "P-n-p-n"" multivibrators. The astable circuit (A) leads
to a family of square- and rectangular-wave generators, pulse
generators, and oscillators, The monostable circuit (B) ex-
tends into time-delay circuits, ramp generators, delay networks,
gated oscillators, sweeps, and pulse shapers. The bistable cir-
cuit (C) yields counters, frequency dividers, computer logic,
gates, power inverters, shift registers, and memory circuits.
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free-running frequency a bit below half the sync frequency-.
By alternately dividing by five and then two, the same

circuit can provide decade division with only two stages per

decade. This is useful for clock and counting chains.

Multivibrators

Where the ultimate in speed is not a requirement, four-
layer diodes make excellent astable, monostable, or bistable
multivibrators. The present upper switching speed is around
two megacycles. These circuits are all based upon the use of
a commutating capacitor, The capacitor assumes a charge
during one state of the multivibrator, and then uses this
charge to turn off one diode as the other one is pulsed on.

Fig. 5 shows some multibrator possibilities. Fig. 5A is
an astable (free-running) circuit. Assume the left diode (D1)
has just turned on. This clamps the left end of commutating

2° OUTPUT 02’
5 /1 2 ——
[ [
i {
= — = ;_ T0
- = = NEXT
o— | STAGE
INPUT T (A) -

i 2 OUuTPUTS 3

%

—O»

+
O——www

i
gl

1|
A

(8)
Fig. 6. (A} Binary and (B) ring counter cricuits using diodes.

AI -0+
D.C. QUTPUT

-Q -~

+0—
D.C. INPUT

TIMING-PULSE
INPUT o

Fig. 7. Unlike circuits with transistors, this circuit can step
voltages down as well as up. A 600-v. input could yield a 12-v,
d.c. output. Power capability to over 1 kw. may be achieved.
Circuit is essentially o power bistable. Transformer senses
a.c. primary current and induces secondary voltage of desired
step-up or step-down ratio. Rectifiers and filter convert this
voltage to d.c. Circuit may be made self-oscillating by deriv-
ing trigger pulses from transformer itself. By omitting the
rectifiers, circuit becomes o d.c. to a.c. inverter arrangement.
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capacitor C at ground. C now starts charging toward V,
through R2. When the right end of C exceeds V, of the right
diode (D2), the right diode turns on. The charge on C can-
not change in the brief turn-on time of the right diode, so the
left end of C must swing negative by an amount equal to v,
as the right diode turns on.

This turns off the left diode. The circuit has just changed
state, and now the cycle repeats in the opposite direction.
An additional diode, a conventional one, may be used to
clamp an output to ground to give a true square-wave output.

Various forms of monostable operation are possible, and
generally make use of two diodes with different breakdown
voltages, or of a circuit in which one side is provided holding
current and the other is not. These circuits are useful for
sweep generation, one-shot time delays, and pulse-delay net-
works. Fig. 5B shows one possible form of such a circuit.

B+{2-3kV) SIMPLIFIED SCHEMATIC OMITS FLYBACK
PROTECTION AND RAPID CHARGING

NORMALLY USED.

PULSE FORMING NETWORK

40KV,
(TYPICAL)

10 4 SEC.

PULSE
TRANSFORMER

8+
T < Imin

H.V. PULSE
OUTPUT TO
MAGNETRON, ETC,

TRIGGER
INPUT B < Vg +Vpp 4o Vg

<
<
<
<
<
J—.

Aulet.

Fig. 8. Radar pulse or using string of 4-layer diodes.
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v
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' J
vy *30V. TYP.
= — R = 250K — 5
T = -T~¢ ol
| € = ipt.
SCR = MCR1304-4, ETC.
—TL Di=TI-43, ETC.

(A) (B)

Fig. 9. (A) Addition of 4-layer diode to SCR results in ac-
curate and stable trigger source. Low-power input signal will
trigger SCR into conduction if trigger voltage exceeds Vi. As
a voltage-level detector or threshold indicator, a very low-
power signal can directly control kilowatts of power. An in-
tegrator is built by adding C, which is charged by the energy
of the input signal. If V.. reaches Vi, the SCR is turned on.
(B) A.c. power control used as a light dimmer or motor speed
control. At the beginning of on a.c. half-cycle, the charge
on C is zero. C then starts to charge through R. When V¢
reaches Vi, the SCR turns on, discharges C, and remains on
for the remainder of the half-cycle. The SCR then effectively
completes the load circuit through the bridge rectifier, pro-
viding power for the load. The smaller R is, the faster C
will charge, and the earlier the SCR will turn on in each half-
cycle. This results in increasing power reaching the load.
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THE “FREE-WHEELER”
DIVIDEND PACKAGE...

“550" transistorized C-B radio ....179.50
Universal mounting bracket ...... N/C

Webster Model A-66 base-loaded
mobile antenna with universal
cowl mounting bracket and complete

with 15" RG-58/U and fitting ...... 28.35
84 page Road Atlas and Travel

Guide with protective cover ...... 2.95
Clip Board with magnetic hold-on.

Clings to any iron or steel surface .. 1.50
Owners operating manual ......... N/C

Station log card w/10-code on rear .35
Auto Compass w/visi-dome dial,

clear markings, aircraft-type
compensators, universal mounting

bracket ......... ... .. ... ... ..., 595
Model 6200 Noise Suppression System 24.90
Total value ......... 243.50
Your cost .......... 189.50

THE “CLOVERLEAF" PACKAGE...

Same as above except that
Model 6200 Noise Suppression System
is omitted .. .Total value ......... 218.60

Your cost .......... 184.50
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“23(0
FREE
HEELER™

To bring the “550", finest, feature-filled transistorized radio to the
discerning C-B user in true, clear focus, WEBSTER offers an incen-
tive in the form of an exceptional dividend, “the value wheel” com-
prised of such essential (and high quality) accessories as antenna
and noise suppression kit in addition to other functional items—
car compass, magnetic clip board, 84 page road atlas, 10-code card.
(All illustrated above). Anyone wheo purchases a “550" radio can have
these items, (valued at 64.00) for an additional 10.00—a 54.00 saving!

THE “550”...A BRIEF SKETCH...

Handsomely styled, book-size C-B radio with 1l-crystal controlled channels,
replaces vacuum tubes entirely with transistors and diodes. WEBSTER has applied
advanced solid-state circuit concepts to achieve performance that is wholly
outstanding in every respect. There are no compromises. “550's” transmitter is
full-powered to the 5 watts allowable by F.C.C. It incorporates special high-
level modulation techniques (pat. appd. for) that give 100% capability. Speech
response is “‘shaped” for exceptional crispness and clarity.

The all-solid-state superhet receiver is highly sensitive, is particularly well
suited for weak signal reception with 10 db signal-plus-noisesnoise ratio at
one-half microvolt! And it provides 60 db rejection to adjacent channel signals!

Here are just a few of the dozens of functional features: Speaker on front panel
... plenty of reserve audio power. Quiet, no-carrier operation is offered by an
adjustable “squelch” . . . and there is a highly effective series-gate noise limiter
with OFF switch. 550" uses no vibrators, operates direct from 12V car battery.
Fixed station service is possible using separately available 117V AC supply.
All “550's” are pre-wired to accept tone signaling units. Universal, cradle-type
mounting bracket is standard equipment.

e,

Please rush full information on 550" and ‘Free-wheeler” dividend deal.

i

NAME
[EETH

NUMBER STREET
317 ROEBLING ROAD,

cITY ZONE  STATE SOUTH SAN FRANCISCO, CALIF,

CIRCLE NO. 251 ON READER SERVICE PAGE
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The bistable circuit of Fig. 5C cousists of two {our-layer
diodes. Both are supplied sufficient holding current. Both
have breakdown voltages in excess of V,. The circuit is stable.
The commutating capacitor (C) turns off the “on” diode
whenever the “oft” diode is pulsed on by a trigger pulse. In
the diagram, “set” pulses will turn the left diode on, while
“reset” pulses will turn the right diode on. By pulsing the
diodes simultancously with a short pulse, the bistable will
count, alternating states for every successive input pulse. The
circuit is self-steering, as long as the trigger pulses are short
compared to the RC tinie constant of the commutating circuit
that is emploved.

It is possible to cascade binarics to count or divide by 2, 4,
8, 16, etc. or, by the addition of feedback, a binary chain may
count to any whole number and then resct. Fig. 6A is such
a circuit. The ring counter of Fig. 6B uses a different prin-

LOAD
(MOTOR, LAMP, ETC.)

D2

o

DI

i

17 va.c,

T
c I
Fig. 10, A light dimmer and power-tool control using 5-layer
diodes. No bridge rectifiers or special switching arrangements
are needed for single-turn full-wave control. D1, R, and C
produce a firing pulse, just as in the SCR circuit. This pulse
is stepped up by the pulse transformer to trigger the main
5-layer diode D2. Average load power is determined by how

early in each half-cycle D2 turns on. Power control up to
around 5 kw. may be achieved using currently available diodes,

A

ciple for operation; a commutating capacitor routes diode
turn-on always to the next sequential stage. Only the capacitor
to the right of the “on” stage can charge .

To advance the circuit, the trigger capacitor on the input
is momentarily shorted. This removes V, from all the diodes,
and all diodes turn off. The trigger capacitor then starts charg-
ing toward V., bringing the diodes up with it. The voltage
on the diode immediately to the right of the one that was on
has a “head start” toward firing due to the charge on the
commutating capacitor. This diode then turns on, and the
circuit has advanced one stage. Modifications of this tech-
nique allow add-subtract counting. Shift-register circuitry is
somewhat similar to this arrangement.

Other Applications

Use of a power binary allows a d.c.-to-d.c. transformer cir-
cuit. Operation is identical to conventional transistor power
converters, except that very high input voltages may be easily
accommodated, unlike the 50-60 volt limitation of most tran-
sistorized converters. The diode can operate at a high fre-
quency (100 ke.), minimizing the requirements for trans-
former iron and secondary filtering. Fig. 7 is a circuit of this
type. Modifications allow the circuit to become self-oscillat-
ing, self-starting, and short-circuit proof. A kilowatt power
handling ability may be realized, at efficiencies upwards of
90 percent.

Fig. 8 illustrates the use of four-laver diodes in a radar
modulator circuit. This circuit provides the short, high-voltage
pulses required by a magnetron or other microwave power
tube. The small diodes here replace the less efficient thyratron
or pulse tube normally used. Additional circuitry can provide
short duty cycles and give flyback protection to the basic
design.

An important application of small 30-volt four-laver diodes
is as trigger devices for silicon controlled rectifiers in voltage-
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Fig. 11. A transistorless, tubeless audio amplifier which
is capable of high gain and power outputs to about 1 kw.

level sensing, integrating, and phase-control applications. Fig.
9 details some of these circuit possibilities.

The SCR light dimmer/power-tool control shown in Fig.
9B requires the use of a bridge rectifier, two SCR’s, or a fancy
switching arrangement to allow full-range a.c. control. This
is due to the unilateral control capability of the SCR. The
circuit of Fig. 10 uses a five-laver bilateral diode to trigger a
five-layer bilateral power diode. This circuit accomplishes the
same function as the circuit of Fig, 9B using onlv five low
cost parts. Dimmers and power-tool controls to 5 kw. of power
may make use of this simple circuit.

It is possible to use four-luver diodes as extremely high
powered audio amplifiers. Power capability up to 1 kw. of
audio at very low distortion may be achieved. This is done by
operating a power binary at an ultrasouic frequency, perhaps
as high as 60 kc. Input audio is used to symmetry-modulate
a 60-kc. oscillator which provides trigger pulses {or the power
bistable circuit. An output transformer senses the unbalanced
current flow in the power bistable due to the asvmmetry
caused by the input audio. This eurrent unbalance is directly
proportional to the input audio, amplified many times.

Since all the diodes operate switching mode, very little heat
is generated in any of the semiconductors and the circuit
operates very much cooler than any linear amplifier would.
A wide-band output transformer is required for this circuit.
By direct coupling the input, a frequency response of d.c. to
15 ke. can be achieved using currently available diodes. This
circuit is diagrammed in Fig. 11,

In this article we have discussed some of the fairly re-
cent types of four- and five-laver semiconductor diodes.
Some of the most important applications of these diodes have
been described Driefly. As time goes on and as more design-
ers become aware of the uses of these diodes, we can expect
to see their use increase considerably in a wide range of
electronics equipment. A
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Here’s the first truly professional slide
rule designed especially for electronic
engineers and technicians. No longer
must you struggle along with a
general purpose slide rule . . . this
new CIE Electronics Slide Rule meets
the exacting requirements of the elec-
tronics industry with easy-to-read
scales chosen for the needs of all
electronics personnel. It’s a special
purpose 10" measuring instrument
that can be used for conventional
computation, too. O This patented
Electronics Slide Rule is made to
our rigid specifications by Pickett
& Eckel . . . has special scales for
solvingreactance and resonance prob-
lems . . . accurately and quickly
locates decimal points in commonly
occurring electronics problems . . .
has widely used electronics formulas
and conversion factors on the back
of the rule for instant reference.

O An illustrated self-training course
comes with each rule . . . includes
clear diagrams and step-by-step ex-
planations to make learning fast,i
easy. Several hundred practice prob-
lems deal with widely occurring situa- -
tions in electronics . . . teaches many
short cuts . . . lists the best settings
for solving complex problems. Slide
rule, instruction course with free §
consultation service and top grain §
leather carrying case . . . all yours
for just $14.95. (Quantity discounts,
in lots of one dozen or more, are
available on request). THIS SPE-
CIAL ELECTRONICS SLIDE §
RULE IS AVAILABLE ONLY
FROM CLEVELAND INSTI-
TUTE AND IS GUARANTEED
AGAINST DEFECTS IN MATE-
RIAL AND WORKMANSHIP,
ORDER YOURS TODAY.

electronics

ELEVELAND INBTITUTE 0F nnuou:u/ CLEVELAND, oHi0

SEND COUPON TODAY

| to: Cleveland Institute |

| h |

| of Electronics !

| 1776 East 17th St., Dept. EW-102 Cleveland, Ohio 44114 |

| O Please send me your Electronics Slide Rule, I am enclosing |

| $14.95. (If not fully satisfied after 10 day trial, CIE will |

| refund payment.) |
O Please send additional descriptive literature.

| |

I Name I

| (Please Print) :

| Address

| |
City State Zip

|

| A leader in electronics training.. . . since 1934 |

e e ————— _I
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There is a right way and a wrong way to recharge
nickel cadmium batteries — as experience shows.

RECHARGING CADMIUM CELLS

nights and crisp, sunny days was most welcome. The

exhilarating weather put added spring into Barney’s
step as he whistled his way into the back room of Mac’s Serv-
ice Shop this jewel-like morning of late September. He found
Mac, his emplover, alternately studying some printed sheets
and poking around with a stubby finger in the broken frag-
ments of what looked like the remains of a beat-up flashlight
battery.

“Top of the morning to you, Boss!” Barney said gaily, slip-
ping into his shop coat. “What are you doing, trving to read
the future of electronics in the B-leaves? Get it? Tea leaves
and ‘B’ (for battery) ‘leaves” or remains!”

“I get it, but I wish I didi’t,” Mac retorted, grimacing pain-
fully at the terrible pun. “A thing like that so early in the
morning could ruin a man’s whole day. If vou must know,
I'm studying cause and effect. The broken pieces of this bat-
tery are the effect; these letters and spec sheets from the bat-
terv manufacturer outline the probable cause.”

“Okay, okay! You can talk plainer than that. Give with the
story.”

“Well, these fragments are all that remain of one of two
G-volt rechargeable nickel cadmium batteries a friend of mine
was using to power a transistorized transceiver. The batteries
were self-contained in the strong high-impact-type plastic
case of the transceiver, and connections from the two batteries
hooked in scries were brought to contacts on the outside of
the case. When the batteries ran down, case and all could be
placed in a charger overnight for recharging.

“A few weeks back the transceiver was lent to an acquaint-
ance, who used the instrument until the batteries were so low
it would no longer operate. Then the transceiver was re-
turned, and the owner placed it in the charger atop a desk
where hic usually works and closed up his shop for the night.

“When he opened up the next morning, he was astonished
to find that some time during the night one of the nickel cad-
mium batteries had exploded with terrific force. The explo-
sion had blown the case and the printed circuit of the trans-
ceiver to bits. The charging unit was damaged, and small
pieces of the case and battery were strewn all over the room.
My friend thanked his lucky stars he had not been sitting at
the desk when this happened, for very likely he would have
been seriously injured. Luckily the transceiver was still in
warranty and was replaced with a new one from the manu-
facturer. This satisfied my friend, who concluded the exnlo-
sion was some sort of fluke that never would be repeated.

“I, however, wasn’t satisfied. I kept wondering why the bat-
tery exploded and if the explosion could have been prevented.
Finally I wrote the battery manufacturer and asked him for
specification sheets on his batteries to see if I could get a clue
as to why the battery exploded.

“Going through the literature I received, I found that two
basic types of nickel cadmium cells were produced. Batteries
intended to replace ordinary ‘D’ size dry cells had a nominal
voltage of 1.25 volts and came in a wide current-capacity
range from 600 milliampere/Liours to 5.6 ampere/hours. It

!-FTER a long, hot, humid summer, the advent of cool
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was stressed all batteries should be charged at a constant enr-
rent rate, and each current-capacity cell had its own maxi-
mum and minimum charging current specifications. The max-
imum current rate could be safely applied to the batteries up
to 48 hours continuously. Maximum charging currents varied
from 70 to 560 ma., with the higher currents being used on
the higher current-capacity cells.

“The restrictions on chargiug current were intended to keep
gassing of the cells to a minimum, but each of the cells in this
group was further provided with an automatic resealable
pressure relief vent. This ‘pop-off valve” opened automatically
when pressure inside the cell became excessive and then
closed when the pressure was relieved.

“The other basic ‘button-type’ of cell is much smaller so
that these cells could be stacked to produce batteries of var-
ious voltages. Each cell had a nominal voltage of 1.2 volts.
and they are manufactured in current ranges from 80 to 1750
ma./hours and are combined to produce batteries with volt-
ages from 2 to 10 volts. Unlike their big brothers, these but-
ton cells are not equipped with pressure relief vents. The
cells are termed mon-gassing,” but 1 suspect this is a relative
term. Quite likely it means that under normal usage not
enough gas is liberated inside the small volume of the button
cell to require venting, especially since maximum charging
current for the largest cell of this type is only 150 ma,

“The maximum recommended charging current for the cell
that exploded was 40 ma., and 1 wondered if possibly some-
thing might not have gone wrong with my friend’s charger
causing it to put out too much current. To double-check on
this, I measured the current put ont by the repaired charger
into the new batteries. It was 37 ma.; so I scratched one per-
fectly good theory.

“Next my eve caught a short note in the technical literature.
It said: “To prevent possible cell reversals, the battery should
not be discharged below .9 volt per cell.” Here was a lead! I
wondered how low the voltage of the exploded battery had
been when it was put on charge. I remembered that the bat-
tery voltage was low enough that the receiver portion of the
transceiver would no longer operate; so I borrowed the re-
placement transceiver and put it on a variable voltage power
supplyv. I had to drop the voltage to 7 volts to make the re-
ceiver stop operating. Since each one of the two batteries had
6 button cells in it, that meant the average cell voltage must
have been below .6 volt when the transceiver was returned to
the owner and placed on charge.

“Armed with this information, I wrote again to the battery
manufacturer and gave him all the facts. 1 asked if he thought
it possible one or more of the cells of the exploded battery
might have suffered a polarity reversal because of being ex-
cessively discharged and that when an attempt was made to
charge this reversed cell, a great deal of gas had been liber-
ated inside the hermetically sealed cell, resulting in the ex-
plosion.

“He wrote back that it was not only possible; it was prob-
able. He said replacement for ‘D’ tvpe flashlight cells are
expected to undergo considerable abuse, and that is one rea-

ELECTRONICS WORLD
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son such cells are equipped with auto-
matic relief vents to tuke care of exces-
sive gassing likely to oceur when these
large-volume cells are overcharged or
discharged at too rapid a rate. The tiny
button cells, on the other hand, do not
provide room for installing a reliable
pressure relief vent. Furthermore, Dbe-
cause of their limited volime and current
ratings and because thev are ordinarily
used in services where their charging
and discharging can be closely super-
vised. such vents are not deemed neces-
sarv. In most cases the build up of gas
would not have been so catastrophic, All
that would have happened would have
been that the gas pressure would have
broken the seal and permitted some of
the potassinm hydroxide electrolvte to
leak ont. In this instance, though, no re-
lieving fissure occnrred, and the pressure
continued to build up until it let go with
a bang. T've seen the same dangerous
tvpe of explosion happen when a mer-
cury battery is foolishly tossed into a fire.

“Cell reversal can und does happen,
Lowever. It is much more likely to take
place when the cell is rapidly - dis-
charged. For example, discharging a
scaled 500 milliampere/hour battery at
2 amperes to 0 volts is more likely to
cause a reversal problem than discharg-
ing the same battery at (030 ampere to
the same voltage. Furthermore, repeated
overdischarge should be avoided. While
a cell reversal is unlikely to take place
the first or second time the battervy is
overdischarged. repeated abuses of this
nature are almost certain to damage the
cells.”

“What does the manufacturer suggest
vou do to avoid this trouble?”

“He savs complete discharge of a
nickel cadminm Datterv should be
avoided. It's better to recharge the bat-
tery more frequenthy for shorter periods
of time than it is to allow it to become
completely discharged and then have to
charge it for several hours. Shullow dis-
charges will result in a much greater
number of eveles over the uselul life of
of the battery, Even after shallow cyveling
it is sale to recharge the battery over-
night at the maximum cwrrent rate.”

Mac lapsed into silence with a faraway
look on his face.

“What arc vou thinking, Boss®” Bar-
ney finallv asked.

“I was just thinking the recent resur-
venee of hatteries in our work leaves me
a little cold. T had it with batteries a
long time ago. When T got into this
came, all radios were batterv-powered.
The ‘A" batterv usuully  consisted  of
standard dry cells to warm the filaments
of the WD-11 tubes. The standard 45-
volt 'B” battery for supplving plate volt-
age was abont the size of a ‘giant size’
hox of soup flakes and a heck of a lot
heavier. A console receiver used two and
sometimes three of these. On top of all
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that, we had to use a little tapped C
battery to supply bias voltages for the
tubes.

“We got away from dryv cells by going
to storage batteries. A six-volt car bat-
terv and trickle charger took over the
filament supply for the O1As and TIA’s.
For a short while we cven tried wet "B’
batteries. believe it or not. Such a battery
consisted of a whole rack of test-tube
sized cells. If vou think a modern house
wife gets mad when vou seratch her TV
set, vou should have seen how one re-
acted to having battery acid spilled on
her living room rug!

“With the advent of the two-volt-
filament tvpe 30 tubes, along came a
battery with matching voltage called an
dr-cell.” T never did know too mnch
about that one. And then Zenith pro-
vided a roof-mounted ‘wind-charger’ to
keep up a storage battery in rural homes.
Lots of us got our first taste of roof-
climbing—useful later in TV" work—in-
stalling and  servicing  that miniature
windmill. Believe me. T was very happy
when all-a.c. models began coming on
the market and we got awav from the
danged batteries. Now a service tech-
nician has to start Tewrning abont bat-
teries all over again. Things certainly do
go in cveles in this game. Earlv radios
used batteries, crystal detectors, and
loop antennas. Modern radios use bat-
teries. crvstal detectors, and loop an-
tenmas.”

“That kind of reminds me of a joke
I read.” Barneyv interrupted. grinning.
“A reporter was urging an old man to
admit he had seen a lot of progress in
his lifetime. "Oh 1T dunno.” the old fellow
said: "when T was born there weren't anv
interurbans. and thev aren’t any todav.
Is that progress? Do yvou suppose the
interurbans will come buck. too. Mac?”

“I'd not he a bit surprised!” Mac ad-
mitted with a chuckle. “"That  story
makes up a little for the horrible pun
vou perpetrated earlier. Now let’s get

to work.” A
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““But if | use a 10k resistor in the pi
network filter, then [I'll have to wuse
a .02-uf. capacitor to keep the time

constant the same."”
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Keep™PEP and"POWER
under your hood. ..

ur

not bla
7] !

Your car isn’t turbine-
powered . . . yet up
to 50% of your gaso-
line dollars jet away
intothin air! The crime
is incomplete combus-
tion—and the criminal
is standard ignition.
The only answer is
TRANSISTOR IGNI-
TION-the AEC-77A!

. ANNOUNCING
THE NEW AEC-77A 50,000-VOLT
TRANSISTOR IGNITION SYSTEM

The NEW AEC-77A 50,000-volt transistor ignition sys-
tem guarantees nearly twice the output of any
standard or magneto ignition system in existence,
regardless of price. The AEC-77A is a complete, in-
tegrated system designed to replace outmoded stand-
ard or magneto systems so that fire-power at the
spark plugs can cause complete combustion, release
full engine power under all conditions at all speeds.

AEC-77A’s constant high-voltage output increases gas
mileage by 15%, keeps spark plugs and breaker
points clean beyond 50,000 miles, fires fouled plugs,
makes engine run far smoother, increases top speeds
up to 10%, eliminates 4 out of 5 “tune-ups'. For
the thousands of miles you will drive your car, you
will always have that luxurious ‘‘brand-new” feeling.

LOOK AT THESE FEATURES
AEC-77A delivers 50,000 wvolts on
open voltage tests . . . puarantesd

te produce 30,000 volts output at 15
millliamperes at full engine load.

AEC-77A delivers 28,000 volts at

cranking speed . . . guarantees in-
stant starting in any weather.

AEC-77A continues to deliver full

voltage beyond 7.500 RFM while
other ignitions fail to produce at all.

The AEC-77A you order for your car with the coupon
below is completely waterproof and shockproof. It
has been tested under actual operational load with 4
fouled and 4 operating spark plugs. Features tran-
sistor types 2N1358A, 2N2493A, 2N1100A, 2N2210A,
manufactured by General Motors Delco division on
the same production line which produces transistors
for the U.S. Minuteman Missile Program. Other
quality components are supplied by Motorola, Mailory,
Westinghouse and others.

The AEC-77A installs in about 20 minutes without
special tools. The regular price is $49.95 postpaid;
introductory price, only $39.95. Use the coupon
below, or see your local dealer.

i AUTOMOTIVE ELECTRONICS CO.
i 387 PARK AVE. SO., NEW YORK, N.Y. 10016

I NAME...
Il ADDRESS .

| [ o R, ZONE........ STATE
| [ AEC+77A For Negative ground 6/12 v
] [] AEC-77AP For Positive ground 6/12 v .
[ Kit $32.95 [] 400:1 Coil $11.95 [] Ballast $1.95
{] FREE BROCHURE ON AEC-77A SYSTEMS. EW-10

i

L—-—-----——_---_—_
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LAFAYETTE HI-FI COMPONENTS
LAFAYETTE 70-WATT

Just Add Speakers and Enjoy FM, FM Stereo “ CUMPI_ETE AM'FM
and H:gh Quahty AM Reception
\ OO
AR STEREQ RECEIVER

99-0005WX

Model LR-800

e A powerful 70-Watt Amplifier plus Complete Pre-
amplifier Control Facilities plus a Standard AM
Tuner plus a sensitive FM Tuner plus an FM Stereo
Tuner—alf on One Compact chassis
o Amazing FM “Stereo Search” Circuit Signals

Presence of Stereo Broadcasts
o Tuned Nuvistor “Front End” provides Great-

er Sensitivity, Lower Noise, Less Heat
e Bar-Type Tuming Indicator for AM and FM
o Variable AFC Control e [mported

Features New Audible Tone Steree Search System. Two 3-6ang Tuning Cond2n-
sers With added Tuned RF Stage For Superd Sensitivity and Selectivty.

99-0001WX

e 20-TUBE PERFORMANCE—12 TUBES PLUS
TUNING EYE AND RECTIFIER AND 9 DIODES
e MPX SEPARATION 38 DB @ 400 CPS
o LESS AN 1% DISTORTION
e DUAL TUNED CASCADE LIMITERS AND
WIDE BAND RATIO DETECTOR
e GROURDED GRID RF FRONT END FOR LOW
NOISE
o VARIABLE AFC CONTROL
o FLYWHEEL TUNING
e STEREQ NOISE FILTER SWITCH
e 'UTOMATIC STEREO MODE INDICATOR

NEW LAFAYETE 7E-WATT STERED ANPUIFER

99-0007WX

Model LA-350

Tape Monitor Switch

Stereo Headphone Jack on Front
e Panel

Six Pairs of Stereo puts For All Sources ©® Separate Channel Tone, Controls
Handsome Extruded Aluminum Front Panel e Style-matched to LT-325 Tuner
e DC On Preamp Filar encs For Minimum Hum e Imported
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LAFAYETTE

RADIO ELECTRONICS
1965 Catalog No. 650

Over 500 Pages—Featuring
Everything in Electronics for
HOME e INDUSTRY o LABORATORY

from the
""World’s Hi-Fi & Electronics Center”

e Stereo Hi-Fi—all famous brands plus Lafayette's own
top-rated components

o Citizens Band—transceivers, Walkie-Talkies and

accessories

Tape Recorders

Test Equipment

Radios, TV's, and Accessories

e Ham Gear

P.A. Equipment; Intercoms
Cameras; Optical Goods

Marine Equipment; Auto Accessories
Musical Instruments; Tools; Books
and MUCH MORE

BUY ON TIME—Use Lafayette’s famous Easy-Pay Credit plan
. up to 24 Months to Pay

See the Largest Selection in

Ouwr 44-Y ear History

MAIL THE ATTACHED CARD OR THE COUPON BELOW FOR YOUR FREE 1965 CATALOG

LAFAYETTE 12-TRANSISTOR NEW! LAFAYETTE ALL-TRANSISTOR
C.B. WALKIE-TALKIE Model HE-100 C.B. “WALKIE-TALKIE” Model HA-10

995

2-for- 78.88

e Variable Squelch
Reduces Back-
ground Noise

e Separate Micro-
phone and
Speaker for

£

10 5y

-

2-for- 21.00"

e Great Fun for Kids
too! At a Price Every- ||]
one Can Afford

Better Modulation

and Increased Range | o |deal for Plckmckmg,
o Optional Piug-in 117 Fishing, Hunting, Camp-
Volt AC Power Pack ing, etc.

e Complete with Tele-
scoping Antenna, Trans-
?lt Crystal, Battery,

Crystals for Channel . lastic Carrying Case

10 o Imported 99-3022 ¢ Imported

r------------------

LAFAYETTE RADIO ELECTRONICS

o With Leather Case,
Earphone, Telescopmg
Antenna, Batteries,

99-3011
LAFAYETTE RADIO ELECTRONICS

NEW! LAFAYETTE 6-TRANSISTOR
C.B. WALKIE- TALKIE Model HA-85

95 S

2-for-38.75 }

Transmits and
Receives up to
Mile
Crystal-Controlled
Transmit and
Receive [
6 Transistors plus 2
Diodes
Complete with Leather
Carrying Case,
Earphone, Telescopmg
Antenna, Batteries, Pair
of Crystals e Imported

99-3013

1 Degt, RIM-1,P.0. Box 10 : Mail Order and L. I. Sales Center
I Syosset, LI, N.Y. 11791 111 Jericho Turnpike, Syosset, L.I., New York
i 1 P 4
New York, N. Y, Newark, N, J.

0 O Send me the FREE 1965 Lafayette Catalog 650 1 133 g L A OLRE
1 ) enclosed; send me . . ... 1 Jamaica, N. V. Paramus, N. J.

- (Prices do not include shipping charges). 165-08 Liberty Ave. 182 Route 17
l ' Brookiyn, N. Y. Plainfield, N. J,
lName ................................................................................. -1 2265 Bedford Ave. 139 W, 2 St

Bro ronx, N, Y. Boston, Mass.
BAdAress ... | 54z B Fordnam Rd. 582 Commenveaith Ave.
| 1 Scarsdale, N. Y. Natick, Mass.
Cuty .. State Zip 691 Central (Park) Ave. 1400 Worcester St.
- - s TS - - Gl NI I Ol NN GID EE e A - - .
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NEW! LAFAYETTE 23-CHANNEL CRYSTAL- CONTROLLED

DUAL CONVERSION 5-WATT CB TRANSCEIVER

WITH ADVANCED "RANGE-BOOST"” CIRCUIT

17-Tube Performance with 13 Tubes
Low Noise Nuvistor ““Front End”’

5 Double-Tuned If Transformers

Meets All FCC Requirements

® T1Iy

Frequency Synthesized Circuit Provides 23 Crystal-Con-
trolled Transmit & Receive Channels—No Extra Crystals
fo Buy!

Continuous One-Control Channel Tuning

Full 5-watt Input

Push-To-Talk Microphone & Electronic Switching

Dual Conversion Receiver With 3/10 pv Sensitivity

Delta Tuning Offers “Fine Tuning’’ of *=2.5Kc on Receive
IHluminated “S” and RF Output Meter

Variable Squelch, Variable Noise Limiter, AGC

Built-in 117V AC & 12V DC Power Supply

“Vari-Tilt"” Mounting Bracket for Easy Mobile Installation
Plug-in Facilities For Lafayette Selective Call Unit

ITIZENS BAND TRANSCEIVER

99-3001WX

Efficient, dependable 2-way communications in any fixed or
mobile application is assured with this rugged, new 5-watt
CB transceiver. A military-type frequency synthesizing circuit
makes it possible to transmit and receive over the full range
of 23 channels with crystal-controlled accuracy—no extra
crystals to buy and install! ]
Efficient circuit with 13 tubes and 8 diodes offers maximum
transmitter power output . . . high receiver sensitivity—plus
every feature CB users want!

Operates in a fixed or mobile location with equal ease . . .
has built-in power supply for either 117V AC or 12V DC.
Specially designed “Vari-Tilt” mounting bracket simplifies
mobile installation—permits fast removal of the transceiver
too! And, there's nothing else to buy—you get all crystals,
push-to-talk ceramic mike, and a built-in vibrator for 12V
DC, plus 2 power cables. Measures a compact 12Wx5Hx10"D.

ADVANCED "RANGE-BOOST" CIRCUIT

Increases Your Effective Range—Lets You Get Through When Others Fail!

Want to effectively increase your range? CONVENTIONAL

You can—with Range-Boost! A simple
turn of a switch on the HB-400 in-
creases the average percentage of mod-
ulation and lets your voice cut through
QRM and noise to reach further . . .
gives you more “talk-power” when you
need it—without overmodulating!

Average Percent. |
age of Modulation
Is Lower |

74

WITH RANGE-BOOST

Average Percent-
age of Moduilation
is  Higher—Side- |
band Power is In- |\
creased

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

Headquarters For Citizens Band Equipment
NEW! LAFAYETTE ALL-TRANSISTOR DUAL

CONVERSION 5 WATT CB TRANSCEIVER

FEATURING AUTHENTIC MECHANICAL FILTER

4

i
transisyor .
Nt Cgiver }

,

J

i

s

3

|

i

RUGGED. HEAT RESISTANT TRAN-
SISTORS USED IN ALL CRITICAL

AREAS
» 100% Solid-State . . . Full 5-Watt Performancel EPITAXIAL S“-IC,ON’ ME_SA TRANS_ISTORS
» Small, Compact—Only 11-7/16Wx6-11/16Dx3H u§ed in Transmitter Oscillator, Driver and
» Low Battery Drain—Less Than 350 ma Final Stages.
on Receive, 850 ma on Transmit! SILICON MESA TRANSISTORS used in Re-
. ceiver Oscillator, RF and IF Stages.
W 12 Crystal Transmit plus 12 Crystal Receive Positions
B 23 Channel Tunable Receiver with Vernier Tuning
B Dual Conversion Receiver with 5/10 nV Sensitivity If you're looking for a high-performance CB transceiver in a
B 15 Transistors, 3 Diodes. 2 Zener Diode plus 1 Thermistor ~ small, compact size, you'll want the HB-500! Using advanced
B Zener Diode Voltage Regulated Receive Oscillater for solid-state circuitry, this transceiver is small enough to fit
Superior Frequency Stability conveniently into the most compact car. And, battery drain
B Dependable Sealed Reloy Switching is really low! The transceiver draws no more than .35 amps
B Avutomatic Noise Limiter on receive, .85 amps on transmit—an important advantage
B Variable Squelch in mobile applications! This rugged transceiver offers in-
B For 12 Volt DC Mobile Operation (Negative or Positive stantaneous, cool-running operation and features printed
Ground) or for 117V AC Operation when used with circuit, all-transistor design. Equipped with mobile mounting
Matching Solid State AC Fower Supply (Optional) bracket, push-to-talk dynamic microphone, crystals for opera-
B Meets All FCC Regulations tion on channel 12,
HIGHLY SELECTIVE MECHANICAL FILTER Model HB-501 Solid State AC Power Supply
With CB channels only 10 Kc apart,
selectivity is important! In the HB- Matching solid state AC power
500, ultra-sharp selectivity is achiev- supply for HB-500 for fixed
ed by means of a true mechanical station operation (at home,

bandpass filter in the 455 Kc IF sec- i i i
tion. At 10 Kc on either side of the business, office). Transceiver

center frequency, the filter provides rests O.n ppwer squ'y t_O fo_rm
60 db of attenuation—an extremely attractive integrated unit. Size
high rejection ratio that assures 11%(x6"x3"%,”.

complete adjacent channel rejection! 99-3028 ... ... . . Net 16.95
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N PENNTUBE*
Tubing of Teflq

nt

s T

Shrink PENNTUBE Tubing of Teflon over your sol-
dered joints, parts and components and they can
be used where they've never been used before!
Your products will have the protection that only
Teflon offers: a thin, tough, transparent film that’s
chemically inert, has exceptional electrical and me-
chanical properties and is moderate in cost.

Write, wire or call. PENNTUBE Tubing of Teflon is
available in FEP that shrinks at 300°F and has a
continuous service temperature of 400°F or tubing
of TFE that shrinks at 625°F and has a continuous
service temperature of 500°F. Prompt delivery of sizes
to meet your needs.

PENNSYLVANIA FLUOROCARBON CO., INC.

Holley Street & Madison Avenue,  Clifton Heights, Pa. 19018
Phone: MAdison 2-2300 TWX: 215-623-1577

West Coast: 13328 Hatteras St., Van Nuys, Cal. Phone 781-4481

*Pennsylvania Fluorocarbon Co., Inc. Reg. T.M. DuPont Reg. T.M.

P &
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...SAME CABINET $151.

All you need is a screwdriver to house your equipment
in fine cabinetry at superb savings. Furn-a-Kit know-how
gives you the custom built look in hi-fi cabinets, break-
fronts, bedroom and dining room pieces, wall furniture,
many others . . . even if you've never done anything more
ambitious than hang a picture. Dozens of styles to choose
from. Results are guaranteed or money back. For a com-
plete catalog of Contemporary, Traditional and Period
designs send 25¢.

FURN-2'KIT’

Dept. .10 151 East 53rd Street, N. Y. 10022
1308 Edwara L. Grant Highway, Bronx, N. Y. 10452
CIRCLE NO. 247 ON READER SERVICE PAGE

[RANSIENTS QUIZ

By DUN LANCASTER

SUDDEN changes in an electrical or electronic circuit can
be either useful or destructive. These electrical transients
may be used for useful waveform generation, or may be the
very ones that damage costly circuit components. In each of
the circuits below. the switch is changed from the position
shown to the other position at time T. Test vour transients
knowledge. Sec if vou can match the circuit with the right
output voltage transient waveform in the ten circuits below.
Assume that the circuit has not been distirbed for a long
time before time T (Answers on page 118)

ouTPUT
VOLTS
v P
E——O 0—1r—()
s P.
(a) —v R 3 o
© ! TIME
+ el
ey c
{B} — v R (2)
- /—\
T ° 1
T
J:“"—”“P‘S?—O N
(cy — v R (3)
T i . |
T
4'__0/(._‘{ v VERY HIGH
— c -
(D) —— v SMALL R (4)
T 3
&—o0

T

I/.—JMW,-—O v
+ IC L )
(£) —v LARGE RE_ / (5)
T s |
T
v —
/ (6)
1‘,
ol
—\ (7)
]
T
:
\ (8)
!
o
_E_\ —0 /\
— C
{1y —v R (9)
T A
0
{0 —v o (10)
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1958...the RCA Radio-Phone Series
1959...the RCA Mark Vil
1963...the RCA Mark Vil

and now 1964...

THE NEW RCA MARK NINE

(he latest and greatest RCA CB radio of them all

Qgroiraiy,

Look at some of the new features...

RCA, a pioneer in the development of citizens’ band

radio, has been providing quality equipment since the !
inception of the Class D Citizens’ Radio Service in {,
1958. Now, these years of experience culminate in 1
the great new RCA Mark Nine. (

® 9 fixed crystal-controlled TRANSMIT/RECEIVE channels, separately controlled
= All-channel continuously tunable receiver

B |lluminated meter and working channe! indicator ONLY § 75 *
B Pysh-to-talk ceramic mike with coiled cord 134

*Optional User Price

|

[

|

I

|
AC UNIT :
:
The Most Trusted Name in Electronics |
|

1964
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NEW! Combination “S” Meter |
and Relative RF Output Meter

“§"” Meter indicates the relative
strength of incoming signal in “S"
units. RF Output Meter (EQ) indi-
cates relative strength of the sig-
nal being transmitted.

NEW! Spotting Switch ]
Permits precise manual tuning of l

receiver without use of receiver
crystals. Receiver can be tuned \
(or “spotted”) quickly to any in-
coming channel.This means, when !
you buy crystals for extra chan-
nels, you can (if you wish) omit
the RECEIVE crystals and buy only
TRANSMIT crystals.

|
— P O
NEW! External Speaker Jack ?
Letsyou connectan external speak- \

er to the set, so incoming calls can
be heard in remote locations.

i

Get all the Facts Before You Bliy.
Mail Coupon Today. Paste on 4¢ Post-Card

RCA ELECTRONIC COMPONENTS AND DEVICES
Commercial Engineering Dept. J-41-R
415 South Fifth Street, Harrison, N, J.

Please send more information on the RCA Mark
Nine CB Radiophone

Address

City_ I _ Zone ___State

77
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ATTACH
LABEL
HERE

‘ve recenily changed your aoddress or

plen toin the near future, be sure ta natify

us at ance. Ploce mogazine address

here @nd print your new oddres

NEW ADDRESS:

NAME
PLEASE PRINT
ADDRESS
CITY —— ZONE__STATE
MAIL COPIES TO NEW ADDRESS STARTING
WITH __  ISSUE.

If you have any questions about
your subscription be sure to include
your magazine address label when
writing us.

Mail to; ELECTRONICS WORLD, 434 50.

Wabosh Avenue, Chicaga 5, Hllinois

Wherever you use a screwdriver

QUICK-WEDGE

) SCREW-{!U[DING SCREWDRIVER.
does the job faster and easier!

BECAUSE . Quick-Wedge® Screw-Holding
Screwdriver holds, starts and drives the screw
.. .straight, every screwdriving job is easier. ..
goes faster. No longer will you waste time fumb-
ling with the screw . Thus if your screw-
driving job is overhead, below ground £
level, or even in hard-to-get-at places ==
e

you simply affix the screw
place it in the desired spot .
driveitin ... release the screw-
driver and the job is done! |
Prove it yvourself! Use a
Quick-Wedge™ once
and vou'll never be
without one. They're uncondt
tionally guaranteed! Ash your
dealer or wnite for owr catalog today!

T

KEDMAN COMPANY
233 So. 5th West, P. 0. Box 267, SALT LAKE CITY, UTAH 84110
CIRCLE NO. 192 ON READER SERVICE PAGE
78
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CITIZENS RADIO
RULES TIGHTENED

Hobby-type operation of class D stations is expected
to be curtailed by stricter interpretation of rules.

FFECTIVE November 1, the FCC

has tightened up the rules govern-

ing class D Citizens Band operation.

Certain changes have been made to clar-

ify the permissible and prohibited com-

munications and uses of Citizens Radio
stations.

The Commission has re-emphasized
the fact that CB must not be used for
hobby-type operation, Operating the ra-
dio station as an activity in and of itself
is definitely prohibited. The Commission
noted that there has been so much
hobby-type operation on the band as to
seriously impair the original purpose for
which the service was set up. There has
been a warning that if there is continued
misuse of operating privileges, there is
a chance that the service will be discon-
tinued altogether.

Significant Provisions

Some of the significant provisions of
the amended rules are:

1. The primary purpose of the class
D Citizens authorization as a means of
communication between units of a single
licensee is emphasized.

2. Communication between units of
different class D stations (interstation)
is permitted only under certain stated
conditions and is restricted to seven des-
ignated frequencies (channels 9, 10, 11,
12,13, 14, and 23).

3. All interstation communications
are limited to no more than 5 consecu-
tive minutes with a silent period of at
least 5 minutes before another transmis-
sion is permitted.

4. Call-sign identification shall be
made on each frequency used and it
shall include the station being called.

5. All users of Citizens Radio equip-
ment are required to obtain their own
licenses and operate under their own call
signs.

6. Communications for such organ-
izations as civil defense agencies, volun-
teer fire departments, and auxiliary po-
lice should be conducted under a single
station license issued to the organization
rather than under licenses issued to in-
dividual members of such organizations.

7. The practice of licensees “loaning”
their call signs to other persons in order
that the latter may operate equipment
while awaiting action on their own li-
cense applications is prohibited.

8. A new section has been adopted in
the rules which spells out various pro-
hibited uses. Some of them are:

(a) Activities in violation of law.

www americanradiohistorv com

(b) Carrying communications for
hire.

(¢) Communications containing ob-
scene, indecent or profane words, lan-
guage, or meaning.

(d) Communications in the nature of
a broadcast or those not directed to spe-
cific persons.

(e) Malicious interference,

(f) Transmission of music, whistling,
sound effects, etc.

(g) Communications to stations of
other licensees relating to technical per-
formance, capabilities, testing of any
transmitter, including transmission con-
cerning signal strength or frequency sta-
bility of transmitters.

(h) Communications advertising or
soliciting the sale of goods or services.

(i) Communications to another sta-
tion over a distance of more than 150
miles. (This new limit is far bevond the
ground-wave communications range
under normal conditions. Normally the
ground-wave range would not exceed 25
miles. )

(/) Persons engaged in selling Citi-
zens Radio apparatus shall not allow cus-
tomers to operate under the seller’s sta-
tion license.

9. An individual whose own radio
station license has been revoked or can-
celled is prohibited from operating an-
other licensee’s station of the same class
until he is again issued a license of that
class by the Commission.

Availability of Rules

Because there are now approximately
700,000 Citizens Radio stations, the
FCC is not able to furnish copies of the
revised rules to meet requests of indi-
vidual licensees, However, all Citizens
licensees are now being required to
maintain a current copy of Part 95
(formerly Part 19) of the rules covering
this service. Hence, the subscription
method afforded by the Government
Printing Office entitles subscribers to re-
ceive a copy of these and subsequent
Citizens Radio rules changes as soon as
they are issued.

Meanwhile, the text of the new rules
will be published in an early issue of
the Federal Register, which may be pur-
chased from the Government Printing
Office, Washington, D. C. 20402. The
Commission will supply a copy of the
text to organizations representing Citi-
zens licensees, and reference copies may
be consulted at the Commission’s Wash-
ington offices. A
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It's a cardioid. It's dynamic.
It's shock-mounted. It offers
variable impedance and uni-
form wide-range response. t's
designed and made by LTV/
University and it's less than
$50.00. Less than any other car-
dioid! It's only $29.95. And it's
sold with the world’s only five-year
microphone warranty!

The new University 8000 is a “first’
and ““only.” For those who like to be ex-
clusive, that’'s one reason for buying it.
The important reasons may be found in
the following microphone buyers’ guide!

There Are Cardioids...and Cardioids. All
cardioids are essentially ‘‘deaf’’ to sounds
originating from the rear. They're invalu-
able for eliminating background sounds,
for use in noisy and reverberant areas, for
reducing feedback and for permitting a
higher level of sound reinforcement be-
fore feedback would normally occur. BUT
—not every cardioid uses rugged dynamic
generating elements. There are crystal
cardioids which offer high sensitivity and
output. But their response is limifed;
deterioration is rapid due to heat, humid-

October, 1964

ity, rough handling. The University 8000
—a cardioid dynamic—is virtually in-
destructible.
Tape Recording. Cardioid mikes are
essential for quality recordings. They
pick up only the performer over a
wide frontal area. They prevent the
output of speakers from affecting
the mike, thus eliminating feed-
back squeal, and permit recordists
to work from far or near. For stereo,
only cardioids can assure proper
balance, if both are matched. Uni-
versity quality control makes any
two 8000’s absolutely identical “twins"
to assure full stereo effect.

Public Address. Cardioids make micro-
phone placement far less critical; permit
greater amplifier output—without feed-
back—than possible with omnis; assure
superior intelligence indoors and out. For
public address use, however, they must
be extremely rugged. The 8000 can be
handled without care. !t can take extreme
heat and humidity. The user can hit it,
shout into it—even shoot a gun near it!
It's also corrosion-proof.

CIRCLE NO. 231 ON READER SERVICE PAGE
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Why the new 8000
is the most demanded
micr ophone (of its kindl)

R ., University 8000: $29.95.

With slide switch (the 8100):$31.50.
Model DS-10 Desk Stand: $6.95.

Realism. Wide-range response is impors
tant. Uniform response is even more im-
portant. The new 8000 offers wide-band
response, extremely uniform to eliminate
sibilants (hissing S's), bass boom and
tinny treble. Its reproduction quality is
virtually indistinguishable from the live
performance.
Cables, Long and Short. The 8000 has
variable impedance—30/50 to 20,000
ohms. With high impedance mikes, a 10-
foot cable is maximum to avoid response
loss and hum pickup. The 8000, sold with
a 15-foot cable, can also be used with
longer cables to record without recorder
noise; to monitor recordings through
speakers instead of headphones, and
make recordings with recorder out of
sight.

For complete specifications on the fab-
ulous 8000 series, ask your dealer for
literature or write Desk. SM-10.

LTV
UNIVERSITY

A DIVISION OF LING-TEMCO-VOUGHT, INC.

9500 West Reno, Oklahoma City, Okla.
79
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send for NEW FREE

CRYSTAL CATALOG
with NEW TRANSISTOR
OSCILLATOR CIRCUITS

M
Citizen Band
Class "D" Crystals

3rd overtone — 005% tolerance — to
meet all FCC requirements. Hermetically H
sealed HC6/U holders. 2" pin spacing.
-050 pins. (Add 15¢ per crystal for .093

52 95

€ACH

TEXAS
HEBN

pins).
All 23 megacycle frequencles in stock: 26.9685, 26.97S5,
28,985, 27.003, 27.015, 27.025, 27.03 27.055. 27.085,
27.075, 27.085, 27.105, 27.115, 2 e 27.135. 27.1585,

12 .
27.163, 27.175, 27.185, 27.205, 27.215. 27.225, 27.255.

Matched crystal sets for ALL CB units (Specify equipment
make and model numbers) . --$5.90 per set

RADIO CONTROL CRYSTALS

In HC6/U HOLDERS—SIX FREQUENCIES
I stock for delivery
cycles); tolerance .005%. 14" pin spacing.
(.093 pins avallsble. add 15¢ per crystal,) Speclfy frequency,
6,998, 27.048, 27.093, 27.148, $
279, 27288000, TR S
{add S¢ per crystal for postage and bandling)

HERMETICALLY SEALED PRECISION GROUND

CUSTOM MADE NON-OVEN CRYSTALS
1000KC to 1600KC (Fund. Freq.)
Prices on Request

2000KC (Fund. Freq.) ..$5.00 ea.
2500KC (Fund. Freq.) .. ea.
5000KC (Fund. Freq.) .. ca.
7000KC (Fund. Freq.) .. ea.

Itated in mega:
.030 pin dlameter,

1601 KC to
2001KC to
2501KC to
5001KC to

7001KC to 10,000KC (Fund. Freq.) .... 3.25 ea.
10.001KC to 15.000KC (Fund. Freq.) 3.75 ea.
15MC to 20MC (Fund. Freq.) .o, 5.00 ea.

ORDER FROM CLOSER PLANT
& TEXAS CRYSTALS

DEPT.R-104

1000 Crystal Drive
FORT MYERS, FLORDA
Phone 813 WE 6-2109

AND
4117 W, Jefferson Blvd.
LOS ANGELES, CALIF.
Phone 213-731-2258

Division of

CIRCLE NO. 229 ON READER SERVICE PAGE
LOW-COST BUS
FOR RADIO-TV SERVICE

Order books, invoice forms, job ticket
books, service call books, cash books and
statement books for use with your rub-
ber stamp. Customer file systems, book-
keeping systems, many others. Write for

FREE 32 PAGE CATALOG now. d

OELRICH PUBLICATIONS :

6556 Higgins Rd., Chicago, Ill. 60656

L st i — —— —— —— — —

PROFESSIONAL APPLIANCE
SERVICING MEANS EXTRA
INCOME FOR RADIO-TV
REPAIRMEN. It's Fast —
It's Easy to Learn

Appliance servicing is a natural side-line for Radio-
TV Repairmen. There are probably hundreds of
broken appliances in your neighborhood that can
mean cextra profits for you.

pr NRI offers a new, fast, easy course in
Pro(esanl\ul Appliance Servicing at a surprisingly
low tuition rate. It includes appliance test equip-
ment and covers—
¢ Small and Large Home Appliances
« Farm and Commercial Equipment
e Small Gasoline Engines

here’s a special course arrangement to prepare

you for air conditioning and refrigeration,
Send for FREE book describing
opportunitics and details of
training—plus a sample
lesson. No obligation and no
salesman will call.

If you are in business for yourself,
course costs can be tax deductible.

Appliance Division, Dept. 502-104
National Radio Institute, Washington, D.C. 20016

] Please send Free Book on Professional Appliance
Servicing and Sample Lesson.

Name
Address
I ciy_

1 Accredited Member National Home Study Council
I---_---------_---

Zone State.

o
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TV NEWS

T just about any time vou desire,
vou can walk into a telegraph of-
fice and order a telegram by number,
For example: number 6 may represent a
10- to 20-word singing-birthday tele-
gram. The clerk has this number, to-
gether with the address of the recipient,
transmitted to the telegraph office near-
est the recipient. At the remote end,
the clerk converts the nnmber back into
words. In this wav it is possible to trans-
mit a considerable number of words,
interconnected in different messages,
using only a few simple numbers.

This method of coding messages is
now being used by ITT in their latest
militarv  digital  encoder/decoder  in
which 100 different messages are stored,
each with a simple numerical identifi-
cation. A soldier using the device will
simply push the appropriate button for
the message he desires, and another but-
ton for identification. At the remote sta-
tion, the message will be written out and
delivered.

The device also provides a degree of
security since only another digital de-
coder and a code book can be used to
receive and decode messages.

It is hoped that this system will come
in handy when military commanders
using different Tanguages wish to com-
municate, as messages can be read in
or out in anv desired tongue.

Tiny Rescue Beacon

An  emergency, continent-spanning
radio transmitter that uses body heat for
frequency control was recently demon-
strated by RCA.

This tiny shirt-pocket unit weighs 10
ounces including battery, and uses an
antenna that tips the scales at one ounce.
The crystal-controlled unit has an out-
put of 100 mw. at any frequency be-
tween 2 and 30 mc., although it is
capable of operating at multiple fre-
quencies simultaneously.,

Success of this long-range, low-power
transmission concept is based on the fact
that if receiver bandwidth is reduced
to one-half on a given transmission path,
the required transmitter power can be
halved and consequently a much lower
powered transmitter can be used. In op-
eration, the system uses the stable high-

www americanradiohistorv com
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frequency skywave medium and a spe-
cial modulation technique to transmit
three bits of information per minute.
Combinations of the three-bit code is
used to build up messages.

To maintain the tight frequency con-
trol that permits the use of a very nar-
row bandwidth receiver, the user places
a miniature metal container containing
frequency determining clements (and
linked to the transmitter) under his
upper arm where a high degree of tem-
perature stability exists.

Really Low Light Level Camera

During the past several vears, there
has been a trend in TV camera design
to make cameras that will operate at
very low light levels. Among other
things. it will make it easier to televise
foothall games during the gradually
darkening late afternoon hours of fall. as
well as greatly reducing the amount of
light required in TV studios.

The sensitivity of such cameras has
been improving steadily with the vears.
Recently, RCA’s Astro-Llectronic Dic.
came up with a camera for use in space
research that will be used to detect
gaseous clouds having a Tuminosity of
only .0000005 footeandle—less than one
millionth of the brightness of a normally
lighted room.

For possible compatibility with the
Tiros ground stations, the svstem uses
500 scauning lines with a frame rate of
2 seconds, and has a video bandwidth
of 65 kc.

This camera will also be used in an
attempt to observe the zodiacal light
which is assumed to have the same mag-
nitude of luminosity believed to be
found in the faint gaseous regions.

Lightweight Cable

Engineers at ITT have come up with
a lightweight voice communication
cable for use in rugged terrain and
eroding climates that weighs in at less
than 25 pounds per mile. When rolled
out, the cable will be relativelv immune
to the adverse conditions usually affect-
ing electronic materials in high humid-
ity, temperature. and excessive rainfall
of mountainous and jungle environ-
ments. A
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SILVEFE}\CR@N £

The Value Of a name Dealers have long found that SILVER SCREEN® 85 picture

tubes move off the shelves fast. Why? One big reason is the tube's precision-engineered
features. Another is that through the years these same features have created the guaranteed
acceptance of a name —SILVER SCREEN 85. m In picture tubes no brand name approaches the
assured recognition of SILVER SCREEN 85 tubes. To your customers, the name means built-in
quality and long life dependability. To you, SILVER SCREEN 85 picture tubes mean sales, profits,
fewer callbacks, better satisfied customers. m Sylvania values that acceptance and safeguards
it by applying every new research and development technique for product improvement. That’s
why the newest SILVER SCREEN 85 picture tubes have longer life and greater product uniformity.
= Stay with the guality name in TV picture tubes—SILVER SCREEN 85. See your Sylvania Distributor.

SiLVER SCREEN 85 picture tubes are 7

made only from new parts and

materials except for the envelopes

which, prior to reuse, are J

inspected and tested to the same
SUBSIDIARY OF E
GENERALTELEPHONE & ELECTRONICS G l&

standards as new envelopes.
NEW CAPABILITIES IN: ELECTRONIC TUBES * SEMICONDUCTORS * MICROWAVE DEVICES - SPECIAL COMPONENTS + DISPLAY DEVICES

October, 1964 81
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do-it-yourselfer’s

newest
catalog

Here's your new catalog of quality elec-
tronic kits and assembled equipment
... your shopping guide for TV set kits,
transistor radios, voltmeters, scopes,
tube testers, ham gear, PA systems,
and a host of other carefully engineered
products. Every item in the Conar cata-
log is backed by a no-loopholes, money-
back guarantee. It's not the biggest
catalog, but once you shop its pages
you'll agree it's among the best. For
years of pleasurable performance, for
fun and pride in assembly, mail the
coupon, Discover why Conar, a division
of National Radio Institute, is just
about the fastest growing name in
the kit and

25 CONAR
business,

I BN EEA VAIL NOW !H N B

. CONAR KB4C
3939 Wisconsin Avenue, Washington, D.C. 20016 l
Piease send me your new catalog. l

I Name

I Address .
B i
Z-Code

CIRCLE NO. 245 ON READER SERVICE PAGE
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V.T.V.M. Readings

(Continued from page 53)

input impedance of the v.t.v.n. slightly.
The voltage dividers provide a discharge
path for the capacitors. When voltages
above 150 are to be measured the volt-
age divider made up of R1, R2, and R3
is used. Capacitor C3 effectively paral-
lels this voltage divider. If this capacitor
becomes “leaky,” the voltage divider
ratio is changed and a smaller signal is
sent to the second voltage divider and
to the bridge. The result is a low read-
ing. Although C2 is not as critical as C3,
it is probably best to replace both capac-
itors. Although insulation resistance is
of primary importance, there is merit in
using replacement capacitors that have
low dielectric absorption as well. In this
case, the time to reach full reading and
the time to return to zero will both be
reduced—the same reasons apply as in
the case of C1. Again, the capacitor to
use is a hermetically scaled (glass- or
ceramic-to-metal) type.

Dielectric absorption is a measurable
phenomenon and is often stated as the
percentage voltage recovery measured
with an electrometer after a charged ca-
pacitor has been short-circuited for a
specified time. Since test techniques
vary, the results obtained by one method
cannot be exactly compared with those
obtained by another. Some procedures
call for charging to rated voltage, and
others to a lower voltage such as 100
volts. Short-circuit time may vary from
5 to 10 seconds and a small resistor may
be specified when short-circuiting from a
high voltage—or for a large capacitor.

Actual tests have shown that appar-
ently good oil-impregnated, wax-sealed,
paper-tubular capacitors may have a
dielectric absorption as large as 15%
which easily explains why the v.t.vun.
would not return to zero when such units
are used for C1 of Fig. 1. In contrast,
a random selection of hermetically
sealed (glass- or ceramic-to-metal) ca-
pacitors showed dielectric absorption
less than 1%, Generally speaking, the
oilfilled types showed lower dielectric
absorption than the wax-filled tvpes.
Plastic-case capacitors can only be ex-
pected to be marginally better than the
wax-sealed, paper-tube units as the
plastic case only delayvs absorption of
water—and does not entirely prevent the
absorption. It appears that the absorp-
tion of small amounts of water in the
dielectric can cause a large increase in
dielectric absorption. It is interesting to
note that such absorption of water in
the dielectric may not scriously affect
the insulation resistance. This is prob-
ably true only when the diclectric is
absolutely free of metallic salts.

Capacitor manufacturers generally do
not rate capacitors on dielectric absorp-
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tion; in any event such ratings would
be meaningless for all except truly her-
metically sealed units. The best capac-
itor from the standpoint of dielectric
absorption is one with polystyrene die-
lectric. These capacitors, which are often
used as the zero reference for dielectric
absorption, may have a measured factor
as low as .02%.

Capacitors can be divided into three
groups. Those having the lowest diclec-
tric absorption (in the range of .02% to
.1%) have polystyrene, Mvlar, Teflon, or
polystyrene-Mylar composite diclectric
films without impregnant. A second
group ranging between about .3% and 1%
would be those having a solid dielectric
of paper or Mvlar or combinations
thereof and a filling or impregnation
of a natural or svnthetic oil. Again, gen-
erally speaking, those having solid im-
pregnants would constitute a third group
with dielectric absorption ranging from
a low of about .8% upwards to several
percent.

Measuring Absorption

For those who wish to measure die-
lectric absorption, a v.t.v.m. may be
used as an electrometer. The procedure
is to charge the capacitor with a small
known voltage, then short circuit it
for a moment. The remaining voltage
an be measured with an ohmmeter after
removing the internal battery. The ohm-
meter input is then used as the posi-
tive input. This eliminates the voltage
divider and the input is directly to the
grid of the tube. The time constant of
the v.t.vam. as an electrometer will de-
pend on the grid current drawn by the
tube and the total capacitance in the
circuit. The writer's v.t.v.m. (an RCA
WV-9T7A), has an input capacitance of
about 3300 pf., and a grid current of
about 10-'* ampere. The meter takes
about one minute to drift to full scale
when the leads are open-circnited. With-
ont further modification of the v.tv.m,,
the range is limited to the lowest range
of the unit (in the writer’s case this is
1.5 volts) which can be adjusted exactly
with the “Olhms Adjust” knob. In usc,
the test leads must be kept shorted ex-
cept when making a reading, and read-
ings must be made on a momentary
contact to avoid charging the capacitor
with grid current. In making tests of
dielectric absorption with an electrom-
cter having a limited range, it will be
necessary to limit initial capacitor charg-
ing voltage so that the residual or re-
covery voltage does not exceed the elec-
trometer range.

The capacitor applications discussed
above call for much better capacitors
than are required for most bypass or
filter tasks. In fact, the insulation resist-
ance required for capacitors C2 and C3
is higher than that required for many
grid coupling capacitors. A
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Get your own co

hen your 1965 STEREO/HI-FI DIRECTORY
arrives, and you see how valuable it is—even
your best friend won't be able to wrest it away!

In 180 all-inclusive pages, you have authoritative
prices and performance data—plus actual photos—of
over 2,000 hi-fi components, from 170 different man-
ufacturers!

The most comprehensive Buyer’s Guide to date, this
all-new Directory gives you all the vital statistics on
speakers, tuners, receivers, changers, turntables, ecr-
tridges, tape recorders—on every hi-fi component
manufactured today! Use this handy shop-at-home
directory to compare similar items, dollar-for-dollar,
feature-for-feature before you buy, and avoid exces-
sive prices, disappointment, costly mistakes!

‘Would you like to have an up-to-the-minute lisiing
of every hi-fi dealer in the country? And a complete
rundown of all the FM stereo multiplex stations op-
erating in the U.S. and Canada! You get both in the
1965 STEREO/HI-FI DIRECTORY!

But most important—if you want to get top value on
1964

py! It’s only*®1...

every hi-fi component you buy during the next twelve
months, then. .

SEND JUST $1 NOW FOR YOUR COPY OF
THE 1965 STEREO/HI-FI DIRECTORY
...and we’ll rush this indispenszable *‘Buyer’s Guide”
to your home—at once! (Tip! If you want to keep
your copy. find a good hiding place, or learn these
magic words: “Get your own copy!*‘It’s only $1.. )

r===--FILL IN AND MAIL THIS COUPGN RIGHT NOW!-----
Ziff-Davis Service Division, Dept. SD
589 Broadway, New York, N.Y. 10012

Please send me a copy of the 1955 STEREQ/ HI-FI
DIRECTORY. My dollar, plus 15¢ for shippirg and
handling, (25¢ outside U.S.) is enclosed.

name please prirt

address

city state zip code
EW1D4

www.americanradiohistorv.com
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HI-FI SPEAKERS

FOR ONLY PENNIES MORE

AT McGEE
NORELCO 12~

full
Rated 20 to 30 watis peak,
98,000 Maxwells. Match 4 to 6 ohm output. Ticonal
7 Magnet. The Twin cones both oparaie from same
voice coil. Response 35 thru 18,000 CPS. An extra

Model
fidelity speakers.

AD-1277M. Norelco 127 range high-

fine speaker at a reasonable piice.

McGEE
sae price S 495 "n® $2850

Model AD-4201M/77, Norelco 12” full range high-
fidelity speaker. Response from 40 thru 15,000
cps. Features the famous Noreico Twin cone de-
sign, 8 ohm voice coil. Norelco Ferroduxure ce-
ramic magnet gives a total flux of 42,000 Max-
wells. A Tremendous speaker for Hi-Fi at a Terrific
low price.

McGEE
SALE PRICE 3888 MAPTAC;ED $|750

WRITE FOR McGEE'S MID-YEAR BARGAIN CATALOG
Thousands of items ot barguin prices

McGEE RADIO CO.

1901 McGEE St., Kansas City 8, Missouri
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RESTORES
LINE “L0SS”
. FOR

&> GREATER

SWITCHCRAFT

“‘MIX-AMP”

MINIATURE TRANSISTORIZED
LINE AMPLIFIER

Tied to short mike cables? Losing
high frequencies? Insufficient sig-
nal when using a resistance-type
mixer? Forget ‘em , . ., substitute
gain for loss with a cigarette-pack
size MIX-AMP, Up to 30 db gain
with a 600 ohm mike—compen-
sates for cable runs of 30 feet!
Often used in place of line trans-
formers. Overcomes usual "losses”
from resistance mixers and pro-
vides 3 db output gain. 9V battery
powers it. 20-20,000 cps. Virtually
zero hum and noise.

See your dealer, or

write tfor Catalog A-401

£
5577 Elston Ave., Chicago, Illinois 60630
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Optical Scanners
(Continued from page 37)

Other machines hold the document still
and supply the vertical movement with
a rotating or oscillating mirror. Some
devices eliminate the mechanical ar-
rangement altogether and substitute o
Hying-spot scanner in which the raster
is produced clectronically (Fig. 10),

In o recently wmmounced RCA s. stem,
the image is projected onto the face of a
vidicon tube and transformed into a
video signal by standard TV technicnes,
In practical machines, the choices are
usually deterined by desired  speed,
economy, patent position, and other
factors.

One of the most interesting variations
of recognition logic is found iu a Syl-
vania machine. During scanning, cach
character, regardless of size, is electron-
ically expanded to fit preciselyv with a
320-element matrix. This  eliminates
character size and misalignment prob-
lems. The machine has sulficient recog-
nition  logic to identify some 2000
different churacters—enough for about
20 complete upper and lower case alpha-
bets and symbols.

An experimental IBAM machine dem-
onstrated in 1962 contained two unusual
features. First, it used a coarse scan to
determine line position and character
size, then a fine scan for actual reading.
And second, its logic circuits are pro-
grammed to learn to identify new type
faces automatically. When a type face
the machine has not seen before is fed
in, along with an identification of cach
character, the device automatically ana-
lyzes the characters to determine which
characteristics of cach are important in
identification, and which important in
avoiding  confusion  between similar
characters. Then, having “tanght™ itselt
a new type face and stor d the recogni-
tion criteria in its memory it can start to
work at once reading the new tyvpe.

All current operational reading ma-
chines read printed and  typewritien
characters. But many experiments de-
signed to lay the gronndwork for hand-
writing reading are underwav. Leon
Harmon of Bell Telephone Laboratories
has studied several possible approaches,
both by building working prototyvpes
and by computer simulation. One of his
approaches, for example, iimolves the
use of a captive stylus. As an operator
writes on a sheet of paper. two ars
attached to the stvlus sense its move-
ments. The movements are fod to a logic
circuit which analvzes them ond at-
tempts to tell, by noting the noumber and
sequence of loops, points, dots. crossings,
and other features. the characters that
have been written. While a device re-
quiring the use of a captive sty Ins would
have limited usefnlness. it would be
applicable in certain situaiions. such as

telephone operators noting records of
loug-distance calls.

A more gencral approach has been
demonstrated with a working prototype
machine at Rabinow Engineering.
Signals developed by sweeping o
bandwritten number across a row of
photocells are computer-analvzed to de-
termine the number’s characteristics. 11,
{or example, the logic cirenits detect the
beainnings of three lines. one above the
other, then a split in which the middle
line becomes two lines, then these two
lines joining the top and bottom lines,
the character is identified as a three. Sini-
ilar characteristics are identified for cach
of the other numubers. The machine can
accurately identifv carefully written nu-
merals. Its tolerance for writing varia-
tions is fairlv large, but it has not vet
been determined what percentage of
non-specially prepared documents it
might be able to read.

Another interesting experimental
handwriting reader has been demon-
strated by IBM. A flving-spot scanner
makes use of an unusual moving circular
pattern to follow the edees of characters
to be recognized. A computer analvzes
the characteristies of the numbers and
determines their identity,

Although many enginecring problems
remaiii, one large-scale test seemed to
prove the feusibilitv of the approach. In
September, 1962, 1C0 stndents at Tufts
College were given 30 minutes of in-
structions, then put to work writing
numbers. Of more than 56.000 nun-
bers written and fed to the machine,
it misread or rejected only 120—abont
one out of 300,

Reading numerals, of coumrse, is far
simpler than reading letters. Not only
are there fewer numbers, but each one is
separate. Letters run together in words,
The problem is further complicated by
the fact that some people print—and
thus separate all letters —while others
connect some, put breaks hetween oth-
ers within the saume word,

While machines capuble of reading
handwriting are still some distance in
the luture, those able to read printed
and typewritten documents are already
at work in many places, and will soon
be in operation in hundreds of others.

Savs Jacob Rabinow, president of
Rabinow Enginecring: “Fyvery input to
computers is eventually going to be on
paper. Not puncheards, not tape. Tyvped
paper. Paper is cheap, eusy to correct.
Evervbody has and uses typewriters.
Throughout business, we start with in-
formation written on picces of paper so
that people can read it. Then we punch
it on cards or perform some other extra
step so the computer can read it, too.
Why not skip the extra step? Fast, accu-
rate, relatively inexpensive optical read-
ers will soon break the last bottleneck
and wmake possible truly automated
paper work.” A
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L
CARL

VALUE-PACKED ELECTRONICS CATALOG
FROM THE WORLD'S LARGEST SUPPLIER

490
VALUE- including the

PACKED . - COMPLETE
PAGES knight-kit®
CATALOG
send today for your money-saving

ALLIED 1965 CATALOG

BIGGEST SELECTION « BIGGEST SAVINGS ON:

¢ Famous Build-Your-Own Knight-Kits®
PLUS e Qur Own Knight® Stereo Hi-Fi
e Other Famous-Make Stereo Components
i & Complete Systems
SPECIAL PRODUCTS ® Tape Recorders and Tape

e Phonographs and Accessories

AND EXCLUSIVE e FM-AM and AM Radios
VALUES AVAILABLE e CB Transceiver Values
e PA Systems & Intercoms
ONLY FROM e Ham Station Equipment

e Test and Lab Instruments

Alll[” e Automotive Electronics Equipment

e TV Tubes, Antennas, Accessories

EXTRA! BARGAIN PARTS SECTION! ° Parts, Tubes, Transistors

e Tools and Hardware  Books
satisfaction guaranteed or your money back
EASY TERMS: Use the Convenient Allied Credit Fund Plan

For your FREE 1965 ALLIED SEND
Catalog, fill in card, detach and
mail now. (Please give other CARD

card to an interested friend.) TODAY
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et R

ALLIED

ELECTRONICS
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FREE
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ALLIED

ELECTRONICS

FREE

send for your money-saving

ALLIED....

1965 ELECTRONICS CATALOG

WORLD'S LARGEST ¢« BIGGEST SELECTION
WITH THE BIGGEST SAVINGS IN ALLIED'S HISTORY!

‘0l
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commrTe

86€EY xo08g O ‘d
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1965 knight-kits —save more than ever

08909 SIONITI ‘ODVIIHD

NEW

Electronic
Exposure Meter—
ultra-sensitive,
professional

NEW

Electronic Auto
Analyzer for
troubleshooting
ignition systems

performance

NEW &

King-size 6" VTIVM—
tops in accuracy at
the lowest price

NEW

KG-834 Solid-State
54-Watt Stereo Hi-Fi
Amplifier—at
amazing low cost

w 9 - - - i i
z 4 T NEW See many other outstanding do-it-
g E % O D O T C-560 Deluxe yourself kits: Hi-Fi, Hobby, Citizens
m 3 m CB Transceiver Band, Amateur, Intercom, Mst In-

with transistorized
power supply

strument—wonderfully easy to
build—savings up to 50%.

NEW STEREO HI-Fl—most for your money

NEW

Knight KN-990A De-
luxe Hi-Fi Record
Changer at tremen-
dous savings

NEW

Knight KN-2350
Speaker System—
acoustic suspension
type at lowest cost

NEW

Knight KN-330 Ster-
eo Hi-Fi Receiver—
top performance at a
new low price

el R

CITIZENS BAND TRANSCEIVERS —top values in CB

86€EY X089 'O°'d

oliava a3aimv

NEW
Knight KN-2580 8-Channel CB
Transceiver, with transistorized
power supply

NEW

Knight KN-2565 23 Channel
CB Transceiver—a deluxe per-
former at big savings

PLUS: Tape Recorders and Tape ¢ Phonographs & Accessories o
FM-AM and AM Radios ¢« Ham Station Equipment « Test and Lab
Instruments ¢ Automotive Electronics Equipment « PA Systems and
Intercoms ¢ Top Values in Power Tools, Soldering Guns, Hardware
¢ Biggest Selection of TV Tubes, Antennas, Parts, Tubes, Tran-
sistors, Books. .. everything in Electronics for everyone.

FREE

SEND CARD TODAY FOR
YOUR 1965 ALLIED CATA-
LOG, and give one card to
an interested friend.

08909 SIONITT ‘O9VIOIHD

satisfaction guaranteed
or your money back

EASY TERMS: Use the con-
venient Allied Credit Fund Plan to
make your purchases.

ALLIED RADIO

100 N. Western Ave., Chicago, lllinois 60680
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aovid
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ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY

(Answer on page 118)

The Criterion

sets the pace
for CB Roof Top

Antennas
™ 3 O

ACROSS 39. That property of a color TV
system which permits typical.
1. The voltage, many times higher unaltered monochrome sets (o
than the impressed voltage reccive substantially normal
produced by the collapsing field monochrome from the trans-
in a coil when the current mitted signal.
through it is abruptly cut oft.
9. Be.
10. Wiclder of the blue pencil (col- pownN
loq.).
11. A radar navigation system of - Hla\:h?g the 'S'?!mf} numli)er Oii
two ground stalions which g}(‘(lltons outside the nucleus o
measure the distance to an air- OOl
borne transponder beacon and 2. A two-terminal device which
relay this information to the will conduct electricity more
aircraflt. easily in one direction than in
12. Conductor connecting antenna | fhefoiey
to the receiver or transmitter. 3. Employ.
m R 4. The progressive rotation of the
e {S‘l])gé;h)c band modulation cross-section of a wave guide
‘ i about the longitudinal axis.
15. Ceremonial act. 5. Rate of motion in a given di-
16. The polvgraph. rection.
18. compensation: a control de- 8- Dutch commune.
vice that compensates for volt- 7. " wave,” also called a
age drop due to current flow. sky wave.
19. Myself. 8. Ener;.}y \\'hjph a s_ystem.pos-
sesses by virtue of its motion.
20. Recurrent. 13. Plcasant odor.
22. Type of current (abbr.). 14. The connection of components
= . end to end in a circuit, to pro-
23, Malt beverage. vide a single path for the cur-
24. Organ of sight. Zenlts
. i 17. Aromatic seeds used to flavor
26. Junction of component leads. pickles.
28. Hot line color. 21. A metallic element widely used
. for plating chassis to improve
29. Celestial body. its appearance and for soldera-
31. In like manner. bility and to prevent corrosion.
23, Switeh position Also used in photocells.
o . i ’ 24. Printer's measure.
34. Amplification factor. 25. Direction.
35. Solid non-metallic mineral. 27. An electrically charged atom. :
37. A combination ot electrical 30. Not worthy. The new Style 240 — handsome white fiber-
components which prevent ex- 32. Tough iron alloy
traneov ign: B Yassit ' ik ¥ .
i;goeggst,f;.%;éﬁ from Dassii€ 36 Either. glass with chrome plated hardware — sets
circuit. 38. Research building. R .
the standard for judging excellence in all CB
| 2 |3 4 5 |e 7 8 roof top antennas.
|
9 10 | T . . .
Keen and flexible, this whip has the superior
i 2 e qualities of Columbia Products exclusive fila-
14 15 ment oriented fiberglass construction: greater
6 17 resistance to precipitation static than conven-
T8 m tional metal construction; less hazardous
under live wires; will not take a set, springs
20 21 22 « SRring
back to its original position after repeated
23 24 25 26 (27
impact; is non-corrosive. Easily installed. 45"
28 29 |30 31 32 33 | . s
| height above vehicle top.
34 35 36
| For free literature, see your CB Dealer or write
37 38
l Subsidiary of Shakespeare Co.
39 } Route 3, Columbia, South Carolina
|
CIRCLE NO. 158 ON READER SERVICE PAGE
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MODEL 55724

NEW SOLID STATE
Crown RECORDER
- THAT’S PRICED
AT ONLY $895

COMPARE PERFORMANCE

Quarter-Track Record/Play Data

ips db cps s/n
7V2 +2 50 — 25,000 54db
334 +2 50 — 15,000 45db
1% +3 30— 10,000 45db

COMPARE VERSATILITY

Incorporates the Crown use-tested
solid state control center, featuring
plug-in circuitry modules for quick
adaptation to a variety of specific
uses in home, commercial and labo-
ratory recording. Audio circuitry, TV
db from 10-100,000 cps. Third head
permits playback while recording.
Complete pushbutton control. And,
many other features.

THE HALLMARK

INVEST OF CROWN —
IN CROWN SUPERLATIVE
CRAFTSMANSHIP
QUALITY THROUGHOUT!

INDIVIDUAL PERFORMANCE
RECORD SUPPLIED
WITH EACH CROWN

WRITE DEPT. EW-10

%

E‘Lﬂlﬂb

INTERMNATIONAL
1718 Mishowaka Rd. = Elkhart, Ind.
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Measuring “Sonic Boom”
{Continued from page 60)

overpressure. Fig. 4 shows in block dia-
gram form the hookup for response meas-
urements.

Synchronization

All data recorded is synchronized on
the recorder as each of the recording
oscillographs contains an “interrupter”
circuit which establishes a timing track
on the photosensitive paper record.
These are not necessarily synchronized
to each other, however, so the timing
tracks in themselves do not supply the
answer.

But at test control headquarters,
Room 305 of the FAA’s Aecronautical
Center administration building south-
west of Oklahoma City, a telephone
line provides round-the-clock hookup
between each of the three test sites and
the test supervisors. Just prior to each
flight pass, an ordinary microphone cali-
brator (taped to the mouthpiece of an
extension phone) is turned on briefly, Its
400-cps tone is recorded on the timing
track, and the first half-cvele of this tone
provides a synchronized time reference
for all recorders. Stability of the internal
interrupters is adequate to maintain
synchronism throughout the pass.

In addition to the test sites already
described, a mobile unit is used for pres-
sure tests only. It operates from a differ-
ent location at each pass and its equip-
ment is just for such pressure tests. The
mobile unit is tied into the communica-
tions network Dy two-way radio, and the
influence of CB radio makes itself felt
in a label affixed to the microphone of
the mobile twa-way radio in test control
headquarters: “10-4 is the word.”

At cach test site, all equipment is
interlocked in such a manner that press-
ing a single button starts evervthing
rolling. This rednces the need for tech-
nicians to move about during a test—
and in the early stages at least, human
movement in the house caused more
structural response than did the booms.
As indications of system sensitivity, the
instrumentation engineers report that
they are able to tell whether a slight
breeze exists—and if there is a breeze,
they know from what direction is it
blowing — all from their instruments.
Similarly, if a technician walks through
the house, his location can be pin-
pointed at any instant. During a flight
pass, the technicians must hold their
breaths.

Checking the Calibration
Described thus far has been the com-
plete instrumentation system. However,
an almost equally elaborate system is
used to double-check the calibration.
Thermocouples are spotted near each
of the instrumentation transducers and

www americanradiohistorv com

their outputs go to separate recorders:
this is to allow correction of the record
for temperature effects. Each instru-
ment is calibrated every morning. This
means that the technician’s day begins
at 5:30 a.m. although the first flight pass
does not occur until 7:00 a.m.

The calibration boxes are virtually
the only items of custom equipment in
the entire installation. They provide
standard sources of voltage, current, re-
sistance, and pressure lor cach of the
transducers, as well as switchable termi-
nations for both transducers and other
instruments. Each such box was built at
Langley Field and individually cali-
brated to its matching transduicers and
oscillographs prior to the test.

Output of all this equipment is a
photopaper truce representing the vari-
ables being measured. These reels of
oscillograph records are then reduced to
meaningtul data by FAA engineers.

The recording oscillograph, which
produces the readout record, is similar
to a galvanometer or zero-center micro-
ammeter, except that a tiny mirror re-
places the needle. Input signal is applied
to the coil of the movement. A beam of
light is focused on the mirror, from
which it reflects to the photopaper; us
the coil swings the mirror, the light
beam moves on the paper. The paper
itself is in motion at a constant rate of
speed, similar to that in a direct-writing
pen recorder, and the result is a photo-
graphic record of the signals applied
to the coil.

In these tests, two tvpes of galvanom-
eters are used. In the pressure-meas-
uring instrument chain, frequencies up
through 2 kc. must be preserved to ac-
curately reproduce the steep wavefront.
For this, a {luid-damped-movement in-
strument is necessary. For other meus-
urements, frequencies higher than 500
¢ps are unnecessary, so the simpler,
electrically damped instruments are ade-
quate.

In either case, the output of the re-
cording oscillograph is a roll of exposed
photopaper which is then developed
into a permanent record. For study pur-
poses, photocopies ure made from these
primary records. A

SIMPLE RADIO
SING a miinimum of parts, the three
transistor radio shown in the dia-
eram has been suggested by G-E 10 pro-
vide the maximum results for a mini-

mum of parts. Using 3 volis and a
3000-ohm earpicce, the radio can bhe
built into a very small package. A

FERRITE CORE
ANT -232phy

365

2NI70 2NI07

i
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INTERNATIONAL
EXECUTIVE
150-HB2

1y

¥

i

s

INTERNATIONAL
EXECUTIVE
750-HM2

October, 1964

24-position switch,
located on trans-
mitter/receiver unit, is
used for checking var-
jous circuits during

Remote Console tune-up or servicing,

It's totally new . .. a Citizens Band transceiver with built-in test
circuits. Now at the “turn” of a switch, located on the transmitter/
receiver unit, you can instantly check the operating performance
of various circuits within the set. Makes tune-up and servicing
easy. Checks filament, plate and input voltages, transmitter for-
ward and reflected power, modulation, etc.

This “years ahead"” built-in test feature has been incorporated into
International’s two new transceivers. The 750-HB2 with its func-
tionally designed remote console* for desk-top installation, and the
750-HM2 for mobile communication. Both transceivers have 23 crys-
tal controlled channels, and operate on 115 vac, 12 vdc, and 6 vdc.

Remote Console and Speaker
. Two units may be circuits during tune-up or
“stacked" or instalied separately. servicing.

NEW Built-in test circuits. NEW Delayed/Expanded
AVC. NEW Simplified cablmg. NEW Built-in S/Meter
and Transmit/Meter as standard equipment. NEW

Mlcrophone with lmproved charactenstlcs for better ‘close

talk’” quality. NEW Speech Cllpper/F|Iter Amplifier.

*Base station remote console available separately. Ask for RM0-24 HB2

See the 750-HB2 and
750-HM2 at your inter-
national dealer today!
Ask him about his
trade-in/trade-up plan.

» 24-position switch, located
on transmitter/receiver unit,
is used for checking various

CIRCLE NO. 189 ON READER SERVICE PAGE
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Bargain Packed Catalog — Unheard of
LOW, LOW, DISCOUNT PRICES on Brand
Name Speakers, Changers, I'ubes, Tools,
Stereo Amps, Tuners, CB, ‘s, and
thousands of other Electronic Bargains.
Credit plan available.

NAME
ADDRESS _
CITY.

IONE____STATE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS, INC.

302 S. Forge Street Akron, Ohio 44308

_CIRCLE NO. 203 ON READER SERVICE PAGE

~ ELECTRONICS

V.T.I. training leads to success
as technicians. field engineers.
specialists in communications,
guided missiles. computers.

l radar and automation. Basic &
advanced courses in theory &
] laboratory. Electronic Engi-

neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. approved. Graduates in ali
branches of electronics with
major companies. Start Feb-
ruary, September. Dorms,
canipus. ligh school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
o ==

SUB CARRIER ADAPTERS

for the reception of
background music programs {continuous music with.
out commercials) now being transmitted as hidden
programs on the FM broadcast band from coast to
coast. Use with any FM tuner. Adapter plugs into
existing multiplex output of funer or easily wired
into discriminator,
text with schematics $3.00, kits $45.00
self powered adapters $75.00

MUSIC ASSOCIATED
Sound Systems since 1950
65 Glenwood Road,
Upper Montclair, New Jersey
phone 744-3387, area :ode 201

EA RN Eaginnering D EGR EE
Engineering
You ean ecmn o an AN ee at honie. Colle

evel HOMT =TUDY ¢
tontinue
idelectronies industry. )
mplete
mployed.
Catipus—

NE md them,
thee b
utomation,

¢lhiool our
1ot Mnl for fll eatalog

American Institute of Engineering & Technology
1141 West Fullerton Parkway, Chicago 14. Il
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New CB Circuits

(Continued from page 33)

of the schematic (L1 through L4).
These coils are interesting i let they
excite the reeds into motion with a
method significantly different from con-
ventional designs. (In the usual reed
relay, audio or a transient is fed to the
reed relay’s own coil.) The Cadre sys-
tem uses unique reed-exciting coils to
pull the reeds down slightly from their
rest position. Among other advantages,
no separate audio oscillator circuitry is
needed to generate accurate tones. In-

stead, the reeds are magnetically
“plucked” to attuin their implicit fre-

quency precision.

In our examiple, coil L4 is driven at
this moment by “B+” from encoding
switch S1. The coil pulls down its cor-
responding reed (4), near the center
of the schematic. Coil energy, however,
is of short duration: derived from a
stored charge on capacitor C1. The ef-
fect is to momentarily pull, then release,
the reed which is then free to vibrate
in tuning-fork fashion at the desired
audio rate. Two other selected reeds are
set into motion, in turn, as the S1 wiper
sweeps across other contacts of the en-
coding switch. Recd vibrations set up
corresponding sine-wave energv in the
reed-relay coil, RL2, and the tones cou-
ple into the CB transceiver via matching
transformer T1. Tone modulation of the
transmitter occnrs.

Upon receipt of the tone signal, a

similarly equipped CB transceiver proc-
esses the three tones for decoding.
Tapped from the loudspeaker, audio en-
ergy is applied to the reed-relay coil
(reed-exciting coils are not used on re-
ceive), RL2. If the frequencies are cor-
rect, three reeds commence to vibrate, in
sequence. As the reeds open and close
their contacts, R-C circuits (near bot-
tom center of the schematic) are acti-
vated, ¢.g., C2-R1, C3-R2, and C4-R3.
The net result is controlling the forward
bias of transistors Q1 and Q2. Wired
as an “and” gate, the transistors conduct
current only when both are properly
biased, a condition which occurs only
for the correct code. (A more detailed
circuit analysis would reveal that the
time-constant circuits are charged and
discharged by the reeds in rather com-
plex fashion. The result is that onlv the
correct tone frequencies and sequence
add np to the desired effect, i.c., forward
biasing of both transistors at the same
time.) The time-constant circuits are
also designed to bleed off incorrect audio
frequencics.

Conduction of the transistors ener-
gizes holding relav RL1 and the CB
receiver opens to the the incoming call.
The loudspeaker is connected and a
lamp illuminates to warn that a desired

call has been received. A
REFERENCES
1. RCA, Commercial Engineering Dept., 415 S.
Fifth St., Harrison,
2. General Radiotelephone Co., 3501 W. Burbank

Blvd.. Burbank, Calif,

3. Cadre Indusiries Corp., Endicou, N.UY,

Fig. 3. Complete schematic diagram of the Cadre Model 525 selective-call unit.
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HOW LINEAR
IS YOUR SWEEP?

HE fastest way to align o TV or

I"M set is to use a sweep generator
to cover the frequency of interest and
then adjust the various tuned circuits
for proper responses as suggested by
the manufucturer.

However, a question conld arise—in
the case of a distorted waveform, what
portion of the distortion is dne to the
cirenits being checked and what portion
is due to inaccuracies within the sweep
gencrator?

To assure correct frequency response
measurements, the ontput of the sweep
generator  should be flut over the
range of interest and the output im-
pedance of the generator should match
the generator cable termination. These

N2
LI
e 3R 180pt 50KZ ccope
3 3 ERT,
SWEEP INPUT
GEN.
o L] I )
SYNC T 3R 1800t 350k
IN21 k3
ha \_[
SCOPE GND
| SCOPt o2
MARKER
GEN.
SCOPE_SYNC
SWEEP GEN. VALUE
OUTPUT IMPEDANCE oF R
s3n 27n
T2n 390
3000 1son

OMIT R IF GENERATOR OUTPUT LEAD IS

TERMINATED
(a)

72-0HM GEN. (20

CABLE E: 10 3000
> 6801 RECEIVER
2 INPUT
jon

(B)

requirements are necessary and i either
one is not satisfied, it could result in a

poor response from a properhy aligned |

tuner or L. strip.

The flatness of the swecep generator
can be cheched with a test circuit sug-
vgested by Sylvania and shown in (A).
Set the generator to sweep the Ire-
quency of interest and any deviations it
venerator output over the swept [re-
queney will show up on the trace. The
marker generutor can be used to spot
frequencies of interest,

To match the impedance between the
commonly used 72-ohm sweep generator
output nupedance and a typical 300-
ohm TV set input impedance, the circuit
shown i (B) should be used. A
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wv-38A8

NOW BETTER THAN EVER!

The famous RCA WV-38A Volt-0hm-Milliammeter

NEW FEATURES...

COLOR-CODED FRONT PANEL MARK-
ING simplifies operation, reduces
chance of error.

METER MOVEMENT PROTECTED
AGAINST BURNOUT. Special silicon
diodes guard meter against overfoad.

PLUS...

POLARITY REVERSAL SWITCH. Re-
verses polarity of test leads without
need for re-connecting. Handy for check-
ing front-to-back resistance ratio of
electrolytic capacitors and many types
of semiconductor devices.

39 DIFFERENT MEASUREMENT
RANGES.

MEASURES CURRENT from 50 micro-
amps full scale to 10 amps full scale.

SPECIAL 0.25 volt and 1.0 volt (full
scale) DC ranges . .. useful in check-
ing transistor circuits.

... and many additional features that
have made this instrument the best
V-O-M buy on the market today. Only
$47.95%, Kit version, WV-38A(K), only
$29.95*.

See it at your Authorized RCA Electronic
Instrument Distributor.

*Optional distributor resale price. Prices subject to change without notice. Prices may be higher in Alaska, Hawaii and the west.

RCA ELECTRON!C COMPONENTS AND DEVICES, HARRISON, N.J.

@} The Most Trusted Name in Electronics
@ o}
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TEST
EQUIPMENT

PRODULCT REPORT

Western Reserve Electronics Model 300 Digital V.0.M.

For

HE Model 300 is a unique tvpe of
portable v.o.m. that is referred to as
a “Digital Passive Scaler” by its manu-
facturer. Across its entire measurement
range, values accurate to within 1% of
indicated are presented for direct read-

ing from three in-line thumb-wheel
knobs. Ranges for the passively meas-
ured values are 10 pa. to 10 amps d.c.,
100 mv. to 1000 volts a.c. and d.c., and
one ohm to one meg resistance.

There are two safety features—one for
the instrument, the other for the meas-
ured circuit. First, the entire instrument
is overload-protected by a “fail-safe” re-
settable system which derives its activa-
tion power from the overload. A sensed
overload, either a.c. or d.c. voltage or
current, internally disconnects the instru-
ment on all functions and ranges until
the overload has been removed. Second,
the safety of sensitive and semiconductor
devices in circuits is assured by virtue
of a safe, power-limited shunt chmmeter.
In addition to being safe for all semi-
conductor circuits, this ohmmeter has an
extra feature when applied to resistance
measurements in silicon semiconductor
circuits. Measurements are the same as

92

copy of manufacturer’s brochure, circle No. 65 on coupon (page 13).

3
those made if the semiconductor devices
had been removed from the circuit.
The Model 300 has two operating
modes. In its “Search” (analog) mode,
the instrument can be used as a conven-

tional v.o.m., but with extended ranges
and the additional advantages of the two
safety features. In its “Digital” mode,
the instrument can be used for precision
measurements wherein the accuracy of
the indicated value is to within 1%, and
the value indicated is easily interpreted
by any operator. The extended ranges
and two safety features pertain to the
“Digital” mode as well.

The 1% accuracy is achieved by an
unusual circuit technique. This tech-
nique utilizes a precision conversion net-
work which reduces varving values to
be measured to a precise value on an
accurately calibrated indicator. The indi-
cator is a fixed point on a temperature-
compensated, taut-band mecter and is
nsed directly for d.c. measurements and
in conjunction with a bridge circuit for
a.c. measurements. The amount of con-
version needed to cause the meter’s
pointer to reach the fixed point is read
directly as the measured value from the
set of three in-line thumb-wheel knobs
which control the conversion network.
The decimal point and measurement
units change with function and range
selection and are indicated by a unique
mechanical arrangement.

The digital-mode resistance measuring
circuitry is basically that of a Wheat-
stone bridge. The proper bridge ratio
arms are selected automatically with
range selection. Since the readout in-
cludes an automatically positioned deci-
mal point and automatically displaved
measurement units, the Wheatstone
bridge is direct reading.

The characteristics of the power-
limited shunt ohmmeter make it useful
for locating shorted or opened silicon
diodes in circuit. The equivalent .05-volt
source of the ohmmeter is so low that it
causes no noticeable conduction of sili-
con p-n junction; hence, a good diode
appears like the resistance across it on
the X1 through X1k ranges. A check to

[ iooov. FUNCTION/RANGE SWITCH
2 F—————————7\\\
@ Ve
D.C. p 100V. Ve o
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MULTIPLIERS & /
* e ~
E {ov. //
3 VS ST ] ;”' 1
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2 v, e / MODE |
3 e s/ SWITCH ] |
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24 BIG FULL-

COLOR PAGES!

e 1965

PHOTOGRAPHY ANNUAL

1_2_5

FICE $1.08 LS. A, snd Cansda

PHOTO_GRAPHY

eormphs el g

PARTIAI. CONTENTS include these Portfol:os...
Y War Pictures by the late renowned photographer, Robert Capa.

Enjoy the 1965 PHOTOGRAPHY ANNUAL —a Y Preview of a new glamor book by Sam Haskins,

superb showcase of color and black-and-white photos author of Five Girls.

by outstanding photographers the world over! Y Abstract Color by Wynn Bullock.

Enjoy, too, the convenience of having this year’s % Dali—the surrealist as Philippe Halsman sees him.
edition delivered to your home immediately! But Y Unusual Nudes by Masaya Nakamura.

you'll have to send for your copy right now—the Y The Wonderful World of Children by Michael Pierce.

supply is going fast!

PLUS...a group of pictures of the late President Kennedy and

So, don’t miss out on this seil-out issue. Fill in and Jacqueline Bouvier, taken by Hy Peskin shortly before they were
mail the special order form below—TODAY! (Note: married...an extensive International Portfolio, full notes on the

Payment must be enclosed at. this low price.)

GET THE
EXQUISITE
LEATHERFLEX-BOUND
EDITION
for just $2.50—prepaid!

If you treasure superb photographic art,
you will certainly want to add the per-
manent, Leatherflex-Bound edition of the
1965 Photography Annual to your photo
library. This deluxe, gold-embossed edi-

pictures...24 color pages (8 more than last year)...and more!

FILL IN, DETACH & MAIL THIS ORDER FORM TODAY!

ZIFF-DAVIS SERVICE DIVISION « Dept. PA
589 Broadway * New York, N.Y. 10012

Please send my copy of the 1965 PHOTOGRAPHY ANNUAL as I've in-

dicated below:

[0 Send me the regular edition. My $1.25, plus 15¢ for shipping and
handling, (25¢ outside U.S.} is enclosed.

i

|

|

|

[0 Send me the Deluxe Leatherflex-Bound edition, postpaid. My $2.50 I

is enclosed. (Orders outside U.S. add 50¢ to part|ally defray postage |

and handling costs.) Allow two weeks additional for binding and |
mailing.

i

|

|

|

|

l

NAME

please print EW-104

ADDRESS

tion will be mailed to your tome, post- e s i
. : TATE CODE
paid, for just $2.50, when you check the P i
appropriate box on the form. —(_a_y-m.e_n t_r_nuit lfeicm:eiwih:n_ifri _____ _|

October, 1964
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sec that the diode is not open-circuited
can be made by selecting the X10k or
X100k range and noting an appreciable
change in resistunce, This technique is
not possible with typical conventional
ohmmeters. Such meters usually use a
1.3-volt source and are required to sup-

ply too much current on their low ohius
ranges. Such high current may result in
excessive power dissipation in sensitive
semiconductor devices. Also, although
the current and power are low on the
X100k range of the tvpical ohmmeter,
the voltage is high—frequently in excess

of many published transistor V.., abso-
lute maximum ratings.

The Model 300 is compactly enclosed
in a rugged fiberglass case which is about
the size of a small lunch box and weighs
six pounds. Price for the instrument is

3350. A

Sencore PS127 Oscilloscope

For copy of manufacturer’'s brochure,
circle No. 66 on coupon (page 13).

FAIRLY recent addition to the Sen-
core line of service-tvpe test equip-
ment is the Model PS127 wide-band
5-inch-CRT oscilloscope. The company
has had a 3-inch-CRT model in its line
for some time for technicians who re-
quire portability for in-home TV servic-
ing. For those who want a larger tube
scope for the service bench, the PS127
should fill the bill. The scope should also
mect the requiremnents of many labs and
production lines as well as the needs of
the technician working on color-TV sets.
The vertical amplifier has a calibrated
vertical input attenuator so that rapid
direct reading of peak-to-pcak input
voltages can be made. This amplifier has
a response that is within 3 db from 10
cps to 4.7 mc. with a maximum sensitiv-
ity of 17 mv. r.m.s, per inch on direct in-
put. An unusual double-ended probe is
used with the scope. A connection made

to one end of this probe provides direct
input, while a connection made to the
other end provides low-capacity input.
Using the low-C input, peak-to-peak vol-
tages of up to 5000 volts can be ob-
served. This permits the scope to be used
in fairly high-voltage circuits.

The horizontal section uses a phan-
tastron circuit as the time-base genera-
tor. This produces a linear sweep from
5 ¢ps to 500 ke.

The circuit emploved in the scope is
quite conventional, It uses a total of
nine tubes, including the 5UP1 cathode-
ray tube, and two rectifiers. The vertical
signal is applied to an input cathode
follower, then to a pentode amplifier.
The ontput of this stage is applied to
a push-pull driver and push-pull output
tube to the vertical-deflection plates of
the CRT. Horizontal input from the
sweep oscillator or from an external
source is applied to a cathode follower,
then to a triode phase splitter, to a push-
pull horizontal output stage, and then
to the horizontal-deflection plates of the
CRT. A sync-pulse clipper and blank-

ing-pulse clipper are also used in the
horizontal section, A half-wave high-vol-
tage rectifier and a full-wave low-voltage
rectifier, both using RC filtering, com-
plete the circuit.

The Model PS127 is available from the
manufacturer’s dealers at a price of

$169.50. A

N instrument that combines two

functions in one is the Model 801
resistance-capacitance  bridge and  in-
circuit capacitor checker, made by Elcc-
tronic Mcasurement Corp. The in-circuit
capacitor checker has become invaluable
in providing rapid indication as to
whether suspected capacitors are open,
leaking, or shorted without disconnect-
ing the components for the test and
reconnecting them afterwards, However,
a suspected capacitor may exhibit none
of these faults hut cause trouble because
it is off value. To determine this, the
tronbleshooter has had to disconnect his
in-cirenit checker, get it off the beuch,
and set up an entirely different instru-
nent, the R-C bridge, if hie has one.
Again, valuable time is lost. With the
Model 801, he can conduct the com-
preliensive range of tests provided by
both instruments through the same set
of test leads. A switch connects one
instrument in place of the other.

For the in-circuit shorts test, an a.c.
bias voltage applied to the grid of the
self-rectifving tuning-indicator tube
causes the eve to close. The component
under test is shunted across the grid
cirenit. A complete short or substantial
leakage (an independent leakage test is
also provided) will kill the bias, causing
the eve to open. The test for open ca-
puacitors is provided by an oscillator
tuned to about 20 me. but prevented

94

EMC Model 801 R-C Bridge and Capacitor Checker

For copy of manufacturer’'s brochure, circle No. 67 on coupor (puge 13).
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from oscillating by an overcoupled sec-
ondary winding on the oscillator coil.
This is the condition with no capacitor
(or an open one) shunted across the sec-
ondary, via the test leads. A good or
shorted capacitor loads the secondary,

www.americanradiohistorv.com

permitting oscillation. Since the oscilla-
tor tube is the triode section of the
magic eve, bias developed on its grid
during oscillation causes the cve to close.

The R-C bridge permits precise mcus-
urcments of capacitance, in 4 ranges,

ELECTRONICS WORLD
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NOW! get this BIG BONUS with your purchase

this deluxe new
Four-Drawer
FILE CABINET

(with full-drawer suspension)
worth $55.00 — available only
with your purchase ol a
PHOTOFACT LIBRARY

consisting of 200 SETS
plus valuable Free extras!

deluxe
full-

' suspension §

feature;
drawers
open all

the way

Offer for Limited Time Only —Act Now!

October, 1964

of a PHoTOFACT 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:

s Only $10 down e 30 months to pay

e No interest or carrying charges e« Prepaid transportation

+ 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 LiIBRARY

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
a Standing Order Subscription to current
PHaororact and Specialized Service Series—
FREE File Cabinet also available!

GET THE

DETAILS
NOW

HOWARD W. SAMS & CO., INC.

Howard W. Sams & Co., Inc. Dept. EWF-10

| 4300 W. 62nd St., Indianapolis, Ind. 46206 Q I
I [J Send full information on Easy-Buy Plan ® :
1 My Distributor is: |
: Shop Name :
Attn
| |
| Address 1l
| City State Zip I

L----------------J

CIRCLE NO. 212 ON RCARCR SERVICE PAGE
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send today for your
sample copy of

PF REPORTER

e \\\ the leading
‘( magazine of
Il the TV-Radio

see how a subscription

HELPS YOU EARN MORE
MONTH AFTER MONTH

servicing
field!

= FREE ——
1 PF REPORTER, Dept. EWR-10
Box 68003, Indianapolis, Ind. 46268

0O Send me a FREE sample copy
of PF REPORTER,

Address

|
|
|
| Name
|
|
|

|
State Zip

CIRCLE NO. 250 ON READER SERVICE PAGE

AUTOMATIC

TRANSISTORIZED

BATTERY CHARGER

o CHARGES 6, 8 or 12 V. BATTERIES
e FULL 6 AMP RATE
o HEAVY GUAGE ALUMINUM CASE
o BUILT-IN AUTOMATIC RESET
CIRCUIT BREAKER
g,

Dlr.Net

Guaranteed for 5 Years

Ask your electronic or automotive distributor for

H mopeL No. BC2

MANUFACTURED BY

WORKMAN g*,-wm
SARALOTA FLGRIDA PROOUCTE, iWE

CIRCLE NO. 238 ON READER SERVICE PAGE
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from 10 pf. to 3000 jf., and resistance,
in 4 ranges, from .5 ohm to 500
megohms. Values of inductors—or resist-
ance and capacitance bevond the al-
ready comprehensive ranges provided
internally—can be determined through a
calibrated ratio scale by comparing the
unknown component against an easily
connected resistor, capacitor, or inductor
of known value. Since the range of ratio
measurements extends from 1:1 to
400:1, very few known standards would
be required for comprehensive coverage.
A power-factor test and d.c. leakage test
are also provided.

This instrument will solve the prob-
lem for many teclmicians who ask them-
selves which type of capacitor-testing
equipment they ought to have. Aside

from the great convenience obtained by
combining these functionally related
tests, it has been possible to keep the
cost down. There is only one power sup-
ply, of course. Since the various test
functions are never used simultaneously,
it is possible to get double duty out of
some elements with a well-devised
switching arrangement that also makes
the instrument easier to use. The tuning-
indicator tube, for example, is a common
null indicator in bridges of this type. It
is also the type of indicator used in
separate in-circuit testers, and the same
tube serves as combined oscillator-indi-
cator for the open test.

Model 801 is available in kit form at
$24.95. The factory-wired version sells

for $38.95. A

Frequency Calibrator
(Continued from page 57)

which should be checked most carefully
against the diagram before power is ap-
plied to the circuit. With this compact
construction, errors are very easy to
make and quite hard to correct once
made.

Adjustment

When the wiring is checked and found
OK, arrange a temporary power sup-
ply, with switching as shown in Fig. 2,
and connect it to the calibration oscilla-
tor. With the crystal and tubes V1 and
V4 in their sockets and the primary
power on, close the “Main Switch” and
let the device warm up for some minutes.
Tune in a convenient standard-fre-
quency signal (such as WWYV or
WWVH) on the receiver. Attach a short
length of wire temporarily to the junc-
tion of R6 and RS and adjust the trim-
mer C1 until a harmonic of the calibra-
tion oscillator crystal zero beats with the
standard.

Next, insert V2 and V3 in their sock-
ets, remove the temporary antenna from
the junction of RS and R6, and attach it
to the output connector. Turn on the
receiver b.f.o. and tune across any band.
Calibration signals should now appear
at every 10 kc. If an oscilloscope is
available, check the output for sym-
metry. The positive and negative square
waves of the calibration output should
be of exactly equal lengths. If this is not
the case, adjust either C5 or C6 until
both halves of the square-wave cycle are
of equal length.

Finally, insert V5 in its socket, set the
“Audio” control (R21) to about mid-
range, and check performance again,
with the “Tone” switch closed. A clean
musical tone should now be heard every
10 kc. across any band. If the tone is
ragged and splatters across the dial, back
off on the audio volume until a clean
tone appears. If an oscilloscope is avail-
able, adjust the modulation until it is

www.americanradiohistorv.com

just a bit under 100 percent. Adjust the
audio tone frequency by means of the
screw on the back of L1. Lowest fre-
quency obtainable with the constants
shown is about 580 cycles; highest fre-
quency is slightly above 1200 cycles.

Installation

When the performance of this calibra-
tion oscillator is satisfactory, it is ready
either for installation in the receiver or
as an outboard item. There are no special
problems in this installation except that
the coupling between the oscillator out-
put and the receiver input must be very
loose. With the oscillator described, a
%7 length of unshielded coaxial cable
1”7 from the antenna coil gave an
“S”-meter reading of 3, which is about
right for the purpose. Too close a cou-
pling will result in overloading of the
receiver input and, in some instances,
“blast through,” so that the calibration
signal can be heard at all points on the
dial. The lead from the oscillator output
to the coupling point should be shielded
to prevent interference with other serv-
ices. This shielding is very important
when the receiver i.f. is an even multiple
of 10 ke.

Performance

Several calibration oscillators on this
general design have been built and put
into service. Once installed, they work
and keep on working and have needed
no maintenance of any sort to date. Esti-
mated and recommended maintenance
procedure includes checking calibration
against a standard (such as WWV or
WWVH) every six months, and replace-
ment of all tubes about every 5000
hours.

If the calibration oscillator is used sev-
eral times each hour, wiring should be
such that the filaments are on all the
time that the receiver is in operation. If,
however, the calibration oscillator is used
only a couple of times a month, it will
be economical to wire it so that the fila-
ments are turned off when the oscillator
is not in use, A
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Can you recognize these three great stars?

The first two are obvious to movie goers: Rock Hudson
and Doris Day starring in Universal’s new comedy,
"Send Me No Flowers.” The third is ours and it’s on
the table. It's the Incomparable Caoncertone 800. This
unique stereo tape recarder plays a vital role in this
hilarious new movie. When the script called for a tape
recorder, Un.versal Pictures wanted the finest, most
modern machine availeble. That's why they selected
the Concertone 800 to appear. It's as moderr and
sophisticated as the live stars of the movie. O The

Concertone 800 is the only stereo tape recorder with
double Reverse-o-matic® and six heads—ailowing you
to record and play cont nuously without reel turnover.
The 800 (portable or tape deck) is priced realistically
and provides an exclusive combination ot features. It
starts as low as $379.95. Send for a free Concertone
800 brochure and the name of your nearest dealer.
Write to Concertone, Box 3866, South Ef Monte, Calif.

CONCERTONE .
; > N E N

ROCK HUDSON and DORIS DAY star in “SEND ME NO FLOWERS”

Cctober, 1964
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RCA TRAINING

can be the smartestinvestment you ever made!

Start building a profitable career in electronics now!
New RCA "AUTOTEXT” will help you learn faster and easier!

If you’re considering a future in
electronics, now is the time to
start! A great new teaching aid—
“AUTOTEXT” developed by RCA,
and introduced by RCA Institutes,
Inc., will help you master the funda-
mentals of electronics almost auto-
matically! “AUTOTEXT” is a sys-
tem of programmed instruction,
proved with thousands of students.
Even people who have had trouble
with conventional home training

98

methods in the past are finding it
easier and more fun to learn this
new way. All you need is an interest
or inclination in electronics, RCA
“AUTOTEXT” will help you do the
rest! And the future is unlimited;
the jobs are available! The impor-
tant thing is to get started now!

Founded in 1909, RCA Institutes is
one of the largest technical schools
in the United States devoted exclu-
sively to electronics. The very name

www americanradiohistorv com

“RCA” means dependability, integ-
rity, and scientific advance. RCA
Institutes offers the finest facilities
of home training. A Service of the
Radio Corporation of America, RCA
Institutes, Inc. gives you the tech-
nical instruction you need to plan,
build, and realize the career you
want in today’s fastest growing field.

Investigate your future now at RCA
Institutes. It can be the smartest
investment you ever made.

ELECTRONICS WORLD
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HOME TRAINING COURSES

In addition to the new “Introduction to Electronics” RCA Institutes
offers this complete selection of Home Training Courses:

Electronic Fundamentals
Electronic Fundamentals
(in Spanish)

TV Servicing

Color TV Servicing
Transistors

Liberal Tuition Plan. All RCA
Institutes Home Study courses are
available under a Liberal Tuition
Plan. This plan affords you the most
economical possible method of home
study training. You pay for lessons
only as vou order them. If, for any
reason, vou should wish to interrupt
your training, vou can do so and you
will not owe a cent until you resume
the course. No other obligations! No
installment payments required.

RCA Personal Instruction. With
RCA Home Study training you set
yvour own pace in keeping with your
own ability, finances and time. RCA
Institutes allows you ample time to
complete the course. Your lesson
assignments are individually graded
by technically trained personnel, and
helpful comments are added where
required. You get theory, experi-
ment, and service practice beginning
with the very first lesson. All lessons
are profusely illustrated. You get a
complete training package through-
out the entire course.

T T

8 Communications Electronics
FCC License Preparation
Mobile Communications

]
]
® Automation Electronics
8 Automatic Controls

You Get Prime Quality Equipment.
All kits furnished with the course
are complete in every respect, and
the equipment is top grade. You keep
all the equipment furnished to you
for actual use on the job...and you
never have to take apart one piece
to build another.

CLASSROOM
TRAINING

in New York City and Cherry Hill,

N. J. (near Camden)—You can

study electronics in the city of

your choice.

No previous technical training re-
quired for admission. You are eli-
gible even if you haven’t completed
high school. RCA Institutes Resi-
dent Schools in New York City and
RCA Technical Institute in Cherry
Hill, N. J. offer training that will
prepare you to work in rewarding
positions on research and production
projects in fields such as automation,
transistors, communications, tech-
nical writing, television, computers,
and other industrial and advanced
electronics applications. If you did
not complete high school, RCA will
prepare you for such training with
courses specially designed to provide
the basic math and physics required
for a career in electronics.

Industrial Applications
Nuclear Instrumentation
Digital Techniques
Computer Programming
Drafting

Free Placement Service. RCA Insti-
tutes graduates are now employed in
important jobs at military installa-
tions with important conipanies such
as IBM, Bell Telephone Labs, General
Electric, RCA, and in radio and TV
stations all over the country. Many
other graduates have opened their
own businesses. A recent New York
Resident School class had 93% of
the graduates who used the FREE
Placement Service accepted by im-
portant electronics companies...and
had their jobs waiting for them on
the day they graduated!

Coeducational Day and Evening
Courses. Day and Evening Courses
are available at Resident Schools in
New York City and Cherry Hill, N.J.
You can prepare for a career in
electronics while continuing your
normal full-time or part-time em-
ployment. Regular classes start four
times each year.

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY!
SPECIFY HOME STUDY OR NEW YORK OR CHERRY HILL, N. J. RESIDENT SCHOOL.

RCA INSTITUTES,INC. Dept. EW-04 A SERVICE OF RADIO CORPORATION OF AMERICA, 350 WEST 4TH ST., NEW YORK,N.Y.10014
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In these times . . . ENLARGER -
PHOTOTIMER

every man needs the tremendous coverage, S

o i Y I CR timing circuit permits
eng.mee:red pl'El:]Sl{}-ll, and incomparable Tl e s A
reliability of a hallicrafters. of a second and one minute.

HE solid-state, time-delay relay

shown in the sketeh can be used to
replace clock-operated, or other electro-
mechanical devices used in photo dark-
rooms. Time delays ranging from a
fraction of a second to nearly one niinute
are attainable with the values of R1 and
C1 shown. Repeatability is Detter than
2 percent.

The SCR functions as a very sensitive
relay to supply sufficient current to ener-
gize the output relay coil. The SCR can
be triggered on by a few microamperes
of current available from the high-in-
pedance timing circuit consisting of R1
and C1. With the switch in the “Reset”

What you can hear: English-language news throughout the position, C1 charges to the peak negative
world « Hundreds of foreign stations ¢ Radio amateurs o value of the supply voltage (about 163
Marine and aviation communications e Local broadcast and v.) through diode D1 and resistor R2. In

this position, the lamp load is off. WWhen
the switch is placed in the “Time” posi-
tion, the lamp comes on and capacitor

Conclrad « Citizens band « Military channels » Voice of America
 Foreign languages « WWYV international time reports o

Continuous aviation weather ¢ Civil and emergency frequencies C1 starts to discharge towards the posi-

tive peak supply voltage value throngh
Features for best reception: Electrical bandspread for ultra-fine D2, R1, and R3 at a rate dctermined by
tuning « BFO for code reception ¢« Automatic Noise Limiter o the sctting of R1. Since the time constant

Slide-rule dial with logging scale s headphone jack e tuner associated with this network (C1-R1) is
‘ numerically long, and current flows for

output jack for use with existing audio system ¢ Socket B I p—
for emergency or portable use on DC. = many complete cyeles of the supply volt-
age. In practice, the voltage across C1
never attains its ultimate value since
ﬁ //‘ / once it becomes positive enough (about
a /C'fa féfs 2 v.) to trigger the SCR, the SCR ener-
5th & Kostner Aves., Chicago 24, Ill. | gizes the rclay which extinguishes the

+ + - where the new ideas in communications are born. | lamp and terminates the cycle.

The “Time Adj.” control R1 can be
calibrated by means of an accurate clock
with the resultant time marks scribed on
¥ calibrated for amateur bands. :%raetﬁr. b[;‘r?éscal-'br?\t:t%nfr?; L pI:lStiC dial for “S.e b-V RCRTLCI
Superior stability and sensi- trimmer, “‘S” meter o Crys7< I tached to the rotor of R1.

tivity. Antenna trimmer. 4 fal filter, BFO, ANL o . . R
Three steps of selectivity. ...’ tubes plus rectifier. The wattage of the enlarger lamp is a

CIRCLE NO. 186 ON READER SERVICE PAGE function of the current-carrving capacity

| For 64-pg. miniature
book o Guide to Short
Wave Listening”' plus
color brochure, send
35¢c to Dept. 14-J

% New SX-122 general cover-
< age receiver, $295.00. Dual
# conversion on all bands. Con-
tinuous coverage, AM thru 34
Mc. Electrical bandspread,

SX-110 Communications Re-
ceiver $169.95 » Four bands:
AM plus 1.6 - 34 Mc. short
wave e Electrical band-

of the relayv contacts.
This information was supplicd by
‘ General Electric.

Back Issues Available | Z1FF-DAVIS SERVICE DIVISION

I
Dept. BCEW, 589 Broadway |
New York 12, New York |
I
|

Use this coupon to order
back issues of
ELECTRONICS WORLD

We have a limited supply of back is-
sues that can be ordered on a first-
come, first-served basis. Just fill in the
coupon bhelow, enclose your remittance
in the amount of 65¢ each and mail.

Please send the following back issues of

ELECTRONICS WORLD. | am enclosing
S to cover the cost of the

magazine, shipping and handling.

Month Year l
Month Year I

Name TIME  RESET

Address e [}

City__

No charge or C.0.D. orders please.

(Issues prior to 1963
not availahle.)

__ 2Zone______ State _ )
EW

I
I
I
I
I
I
= Month Year l
I
I
I
I
I
|
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Slereo Review [ MoDEL 2n

STEREO TEST RECORD

D LABORATORY USE

ENTRA: &3 & CERORETEATION OF THE $S0MEST POSSESLE FIDELITY. TS REDOST WOLLAES &
PECKIRAR DF WIS RECOSTHID DHRECTLY Cird THE MchTER WIS HCH INTEITVERING TR PROCESS

Why We Make the Model 211
Availahle Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this. HiFi STEREQO REVIEW decided to produce
a record that allows you to check your stereo rig. ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the HiFi STEREO REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Frequency response—a direct check of eighteen
'/ sections of the frequency spectrum, from 20 to

20,000 cps.

Pickup tracking — the most sensitive tests ever
’/ available on disc for checking cartridge, stylus,

and tone arm.

Hum and rumble—foolproof tests that help you
/ evaluate the actual audible levels of rumble and

hum in your system.
/ Flutter—a test to check whether your turntable’s

flutter is low, moderate, or high.

Channel balance — two white-noise signals that
/ allow you to match your system’s stereo channels

for level and tonal characteristics.

Separation—an ingenious means of checking the
/ stereo separation at seven different parts of the
musical spectrum—from mid-hass to high treble.

Stereo Spread

ALSO:

Speaker Phasing
Channel Identification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

October, 1964

NOW...GET THE FINEST

STEREOD TEST
R ECUR D ever produced

for juste o .$4. 98

Featuring Tests Never Before Availahle
Outside Of The Laboratory

UNIQUE FEATURES OF HiFi/STERED REVIEW'S
MOOEL 211 STEREO TEST RECORO

« Warhle tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones used are recorded to the same level within == 1 db from 40 to
20,000 cps, and within = 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency

limits of each warble are within 5% accuracy.

» White-noise signals to allow the stereo channels to he matched in
level and in tonal characteristics.
* Four specially designed tests to check distortion in stereo cartridges.

« Open-air recording of moving snare drums to minimize reverberation
when checking stereo spread.

AllTests Can Be Made By Ear

HiFi/STEREQ REVIEW's Model 211 Sterec Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most camplete test
record of its kind—contains the widest range of check-points ever included on ane test
disc! And you need no expensive test equipment. All checks can be made by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances—affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT—ORDER NOW

The Model 211 Sterec Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be
filled by ELECTRONICS WORLD on a first come. first served basis. At the low price of
$4.98, this is a vaiue you won't want to miss. Make sure you fill in and mail the coupon
togetier with your check ($4.98 per record) today.

FILL IN AND MAIL TODAY!

Stereo Test Record
Electronics World—Dept. SD
One Park Ave., New York 16, N.Y.

]

]

]

]

]

]

]
Please send me ____ test records at $4.98 each. My check (or money "
order) for § — is enclosed. | understand that you will pay the postage. :
(Orders from outside the U.S.A. add 50c to partially defray postage and handling :
costs.) 1
1

]

]

]

H

]

]

]

1

]

L

1

Name .
(Please Print)
Address
City Zone State
SORRY—No charges or C.0.D. orders! EW-104
103
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FOR “DOCTORS
OF SERVICING” &

- ANd pRey, s I

For handy guidebook to better servicing,
write Channel Master Corp., Ellenville, N.Y.

I APPLICATIONS \
INCLUDE:

o Bowling Alley Auto
o Vending Machines
e Slot Machines @
o IBM Computers an

Where there’s

a contact...
or a relay...

Service with Contact Shield! Pro-
tective! Corrective! It not only
cleans and safeguards contacts bet-
ter on TV, radio, and hi-fi sets; on
all relay-operated electrical equip-
ment, regular protective mainte-
nance with this versatile cleaner
prevents sticky relays—while cor-
rective servicing unsticks them. ..
in seconds. Promotes greater con-
ductivity, keeps relays working
smoother, longer. Contact Shield—
the professional service man’s
cleaner.

matic Pin Spotter§

e Pinball Machines
Telephone gwitchboards
d other data

cessing equipment . .
‘l)rr\(c)iustria\ Equipment using relays, such &

welding machines, etc.

s

NEED A

110 VOLT
A.C. OUTLET?
In CAR, BOAT or TRUCK,
YOU HAVE IT WITH A

POWER

INVERTER

Actually gives you 110 volt, 60
cycle A.C. from your 6 to 12 volt
D.C. battery! Plug inverter into
cigarette lighter, and operate
lights, electric shavers, record
players, electric tools, portable TV,
radios, testing equipment, etc.

Frequency stable within one cycle.

Models from 15 to 600 $‘|295
LIST

watts, priced as low as

See Your Electronic Parts Dealer or Jchber, or Write:

CORPORATION

1058 Raymond Ave.
St. Paul 8, Minn.

a, Bilas Radio Corp. L14. \
NO. 228 ON READER SERVICE PAGE

“Useit

with any
12 volt CB

transceiver’

New Cadre Selective Call encoder-decoder

Put an end to meaningless chatter at
the home base and in the mobile units.
Contact only the stations you want to
talk to. 3-tone, fool-proof selective call
system provides up to 24 different tone
codes. Code can be changed in field
easily with no special relay needed.
Ilasy connection to any of the famous
Cadre 5-watt CB transceivers—works
with all 12 volt transceivers, regardless
of make. Get the Cadre 524 today.
Only $69.95.

.o D F=R E INDUSTRIES CORP.

Commercial Products Div.,Endicott, N.Y.
CIRCLE NO. 164 ON R:ADER SERVICE PAGE
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ADDING VU METER
10 TAPE RECORDER

By JOHN W. HOGAN

Chief Eng., Nortronics Co.

OST home tape recorders currently
l in operation do not have meter-
type record-level indicators. It is sim-
ple to add a vu meter to these machines
by using the single transistor emitter-
follower circuit shown below. The n-p-n
transistor requires a positive d.c. supply
which is obtained from the “B-plus” of
the amplifier in the tape recorder.

The input to the transistor should be
coupled to a point on the existing am-
plifier at or near the plate of the second
stage of the microphone preamp. Be cer-
tain to choose a point before the high-
frequency recording equalization is in-
corporated. The signal level required
across the 250.000-ohm calibration con-
trol is approximately 1 v, r.m.s. when
the recording head is being driven to a
level of O vu or “zero level.”

The pot shiould be adjusted so that the
meter reads 0 vu while a 400-cps tone
is recorded on the tape at 12 db below
saturation. This will be about 2% har-
monic distortion on plavback. If an oscil-
lator and a voltmeter are available, con-
neet the voltmeter to the loudspeaker
voice coil and the audio oscillator, set
at 400 cps, to the high-level input of
the recorder. Turn up the record-level
control to a full setting and make a
saturation recording on the tape. Then,
reduce the record level and make a
series of 100-cps tone recordings at vari-
ous level settings without changing the
oscillator output control. Use the micro-
phone to identify the settings for the
various recorded levels.

\When playving back the above record-
ings, first set the playback control to give
a convenient reading on the voltmeter
for the saturated signal—one volt is suffi-
cient. The normal recording which then
gives a reading of % volt, or 12 db less,
is the one vou want. Return the record-
level control to the setting which gives
this record level, and then adjust the
calibration control of the vu meter to
read 0 vu in the record position with the
same 400-cps input.

A vu meter will insure that recordings
are made at the maximum undistorted

level. A

100 % +100
T

]
1w, +250
V.

]

ELECTRONICS WORLD
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EW Lab Tested
(Continued from page 30)

stylus on its new V-135 cartridge and pre-
sumably  has developed techniques
which assure the precise positioning
and dimensional tolerances which are
essentiul to the successful use of this
tvpe of stvlus.

The frontal radius of the stylus is
0.9 mil, while its edge radius is only
0.2 mil. A shadowgraph mecasurement
of the stvlus of our test cartridge on
an optical comparator confirmed these
dimensions. We tested the cartridge in
a Shure SNE-3012 arm. Tt tracked the
Cook Series 60 test record, with its ex-
tremely large low-frequency amplitudes,
and the 30 ¢m./sec., 1000-cps bands of
the Fairchild 101 record, at only % gram
tracking force. Its intermodulation dis-
tortion, measured with the RCA 12-5-39
record, reached 3% at 23 cm./sec. with
a I-gram tracking force. Increasing this
to 1.5 grams reduced the IM to 3% at
27.9 ¢m./sec., which is the highest re-
corded level on this record. Few car-
tridges will even approach this low
distortion level, even at much higher
tracking force. Increusing the force to 2
grams prodnced no significant improve-
ment at lower levels. A force of 1 gram
was used for our other tests.

The frequency response, with CBS
Labs STR-100 test record, was within
=2 db from 20 ¢ps to 16,000 ¢ps. Chan-
nel separation averaged 23 db or better
up to 10,000 cps, and better than 10 db
up to 20.000 cps. The output was 6.1
mv, per channel at 3.54 cm./sec. veloc-
ity (equivalent to 5 em./sec. lateral ve-
locity'). The measured vertical styvlus an-
¢le, using the CBS STR-160 record, was
20 degrees. ITum shielding was very ef-
fective. The 1000-cps square-wave re-
sponse, with the CBS STR-110 record,
was very good, showing only moderate
ringing.

In  listening tests, the cartridge
sounded as good as it meuasured. On
stereo records, it gave a clean, well-
defined sound, with no noticeable color-
ation. The advantages of the elliptical
stylus, which are quite subtle on most
records, were clearly audible when play-
ing mono LP records. They had a sparkle
and definition which we had never be-
fore heard from them, with no trace
of the rattling distortion which is pro-
duced by plaving a mono disc with a
conical stylus of very small radius.

The V-15 is a deluxe cartridge, selling
for $62.50. It ranks with the very best
of today’s stereo cartridges with respect
to tracking ability and low distortion,
and does a superior job of playving mono
LP’s of any vintage as well as stereo
discs. Although it is physically quite
bulky. and heavier than most cirrent
cartridges, it will fit into practically any
standard arm. A

October, 1964
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NEW 1965 GIANT CATALOG

satisfaction
GUARANTEED
or your
money
back!

T
==""" FOR 38 YEARS THE
OUTSTANDING

i iy o¥ita J MONEY

100’s of pages
packed with

savmgs
mm wuih RS SN G T G G T G 0 S s

I BURSYEIN- APPLEBEE CO. Dept. 49,
1012-14 McGee 5t.,, Kansas City 6, Mo.

I [] Rush me the FREE 1965 B-A Catalog.

CHARGE ACCOUI T

ﬁWN@

BUYING GUIDE FOR:

e Stereo & Hi-Fi Sysiems and Compo-
nents ® Tape Recorders ® Electronic
Parts, Tubes, Books ® Phonos & Rec-
ords ® Ham Gear ® Test Instruments

I NAME _ and Kits ® Cameras and Film ® Public

I Address ® Citizens Band @ Transistor
ADORESS & FM-AM Radios.

I RUSH COUPON TODAY

__-------—-—I-—

CIRCLE NO. 163 ON REAI ER SERVICE PAGE

162

IF YOU'RE A REGULAR SUBSCRIBER TO THIS
MAGAZINE, BE SURE TO I.LET US KNOW YOUR
NEW ADDRESS AS SOON A5 POS SIBLE.
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NEW PRODUCTS
& LITERATURE

Additional information on the items
covered in this section is available
from the manufactureis. Each item
is wdentified by a code number. To
obtain further details, simply fill in
the coupon appearing on page 13.

COMPONENTS ® TOOLS @ TEST EQUIPMENT  HI-Fl ® AUDIO ® CB » HAM © COMMUNICATIONS

HIGH-RELIABILITY CONNECTORS
Amphenol has announced a new tine ol high-

reliability connectors, in which not onlyv every
part and all the materials going into the con-
struction but complete details on production
procedures are coded to insure unformity and
perfonmance.
With the new quality control program. ac-
cording 1o the company it will be possible 10

locate connectors manuiactured under the same
conditions, at the same time, and with the same
parts and materials on the same production line
as those that went into a specific application.
Tests can then be run that will confinm potential
dificulties—if this is actnally the case.

The new procedure is expected to be extended
to the firm’s entire connector line including com-
mercial units for communication and electronic
data processing  applications.

ELECTRONIC SLIDE-RULE
Cleveland Institute of FElectronics is now

marketing a new slide-rule which has been
developed  exclusively  for  clectronic  enginceers
and  technicians.

Its special design features ave said to facilitate
reading the various scales. Scales for sohving re-
frequency

actance  and  resonant problems are

provided. In addition. the slide-rule acanately
locates decimal points and provides widely used
[ormulas and conversion {actors not found on
other scales.

The instrument comes complete with a 123-
page instruction manual.

FLUX-CORED WIRE SOLDER
Scemi-Alloys, Inc. has recently developed a new
flux-cored wire solder specifically designed

for soldering steel assemblies. The solder can be
supplied in several alloy compositions and in
wire diameters from 0057 to .250”. The wire can
be used in all of the common soldering tech-
niques.

HIGH-GAIN U.H.F. ANTENNA
Winegard Company has announced a new

alt-channel uh.f. antenna which has been
named the “Tracker.” The antenna uses the “'in-
cident wave” principle with a tangent paraboloid
reflector system.

The company daims uniform frequency re-
pouse across all nlf. channels 14-83 with a
measured gain of 413 db. The impedance match
into 300 ohms is 1.5:1 or better at all u.h.f.
Irequencies.

Four feet high, the unit is constructed of

106

anodized aluminum. Snap-Tock hardware holds
the element securely in place and makes installa-
tion cusy and quick,

H.F. AMPLIFIER TRANSISTORS
Motorola Scmiconductor Prodncts Inc. has

5 recently introduced a line ot high-lrequency,
small-signal amplifier transistors specifically de-
signed to meet TV and FM applications requir-
ing high-gain, low-noise devices.

I'he new line includes both “n-p-n” and
Cp-np”oaypes. The "n-pn” silicon types arve
numbered  2N3201 through 2N3291 while the
“p-n-p”t o germanium units have been designated
2N3283 through 2N3286. Both series of devices
have guaranteed a.g.c.  characteristics
which is an important consideration for r.f. or
i.f. amplifier applications.

Typical characteristies lor the germanium sc-
ries include a 2000-mc. maximum frequency of
oscillation, power gain of 20 db at 200 mc., and
b noise figure at 200 mc. For the silicon se-
. the noise figure is 7 db at 200 mc., all other
ratings being the same.

forward

PROTOTYPE PRINTED CIRCUITS

Vero Electronics, Inc. is now olfering a
“universal” wiring board tor prototype cir-
cuit design and assembly. Known as “Vero-
board,” it combines the advantages of  the

printed-circuit technique without the cost or de-
favs of custom printed circuits,

I'he board ftself is manufactured from svn-
thetic resin honded laminate, to which are bonded
a mumber of strips of copper 1unning the full
length of the board. The board is picrced with a
regular matrix of holes at 0.27, 0.156”, or 17,
Spacing of the copper conductors and the hole
matrix enable a large varicty ol printed dircuit
and normal wire-ended components to be used to
achieve a compact unit.

The board is rcusable and comes complete
with assembly aids and accessories.

DUAL-CONTACT TEST SOCKETS
Automech Associates, Inc. is oflering custom

test sockets which permit quick and reliable
plug-in testing of relays and measurement of
contact resistance. Dual-contact test sockets pro-
vide double contacts for cach terminal through

www americanradiohistorv com

wiping action of gold-plated phosphor bronze
socket pins, The test sockets ave naude to ovder
to mate with relav headers and  will aceept
straight pin, hook, flattened. picerced, and turret
terminals leads,

Fest temperatnres  can
4400 degrees T

vange from — 100 to

WIRE BUNDLE MOUNTING PLATE

The Thomas & Betts Co. has recently in-
troduced a new adhesive-backed metal mount-
ing plate for holding wire bundles and harnesses.
Developed for applications where telephone or
communications cables must be supported with-
out drilling, the plates provide excellent holding
strength after setting 15 minutes. Pull-olt force

after 43 hours is 12 pounds.
The plate will accommodate “I'v-Raps™ ties up
to 316" wide. Wire bundles up to 47 in diameter
may be motnted with this new clamping device.

NEW SCOPE CAMERA
Beattic-Colemant, Inc. has introduced a new
camera, the MIL-S63 ~Oscillotron,” which

permits the recording of oscilloscope traces in

the nanosccond range.

The camera has an ultra-fast 86 mm., £/1.2
lens and utilizes Polaroid 10,000 speed film.
Object-to-image  ratio is  1:1. Interchangeable
backs accept Polaroid film packs and -1 x5 sheet
lilms. It has a ssnchronous electric shatter, Data
vecording on the film cdge is an optional ac-
cessory,

SOL!D-STATE VIBRATOR
Forest Electvic Company is now offering the
][] VE-100, a solidstate vibrator eliminator
which replaces most non-synchronons vibrators,
climinating “hash™ and “sticking™ [requently en-
countered.

Lhe unit is designed to afford direct replace-
ment in 12-volt svstems. is hermetically sealed in
cpoxy resing weighs V2 ounces, and measures
112”7 dia. x 2%/1” high. The mounting is a 5-pin
header.

SILICON RECTIFIER DIODES
‘I‘] Westinghouse  Saniconductor Division has

added a new line of medinm-power silicon
rectifier diodes

Type 402, JEDEC series INTIR3A, are designed
for severe industrial service involving cyclic load-
ing and widely varving operating  conditions,
Principal applications are in d.c. power supplies,
inverters, welding  controls, converters, motor
controls, and frequency changers.

The new diodes are rated 40 amperes with low
reverse-leakage current, but can be used at cur-
rents up to 70 amps with proper cooling. Maxi-
mum one-cyvcle surge current under load is 1000
amps peak: maximum reverse-voltage ratings are
up to 1000 volts peak.

‘They are hermetically sealed and fused. They
have all-welded  cases to  withstand  thermal
stresses, climinate leakage or moisture penetra-
tion.

TRANSISTOR HEAT DISSIPATOR

International Electronic Rescarch Corp. has
]2 developed a  “staggered-ffinger”  transistor
heat dissipator which the company claims is
more cfficient than other units ol up to two-

thirds more mass and one-third more volume.
Standard configurations arce available in six
transistor case hole patterns with other hole pat-

ELECTRONICS WORLD
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terns asailable on spedial order, Theat dissipa-
tion of a single unit holding a 2N1899 transisto
mounted on an ('l!()\\ I)();Il'([ \h“\\'\ [(’IIII)L’I'I]IHI‘(’\’
held at 69 C oat abour 10 wats, 100 C at about
20 watts, and 130 C at 30 watts,

I'he dissipators are dubricated ol aluminum
and are wvailable with two finishes: black ano-
dized per MIL-A-R625 or Insulube 448 for posi-
tive insulation to 500 volts,

SOLID TANTALUM CAPACITOR
Kemcet Dept., Linde Division of Union Car-
] bide Corporation has developed what is said
to be the smadlest polar solid tantalum capacitor
cver marde, the "Kemet P-series™ unit,

Measuring 02007 square and 0.00537 thick, the
new W ocase sive isoin addition to the finn's
line of P-series rectangular capacitors for printed-
circait applications.

The new unie is available in values from 038
to 10 af. tn 5. 10, and 20 percent tolerances, with
voltage ratings of 6,10, 15, 25,35, and 50. Oper-
ating temperatine vange is —53 to 83 de-
grees Coat full rated voltage.

SOLDER CREAM
‘I Alpha Metals, Inc. has developed a new

screenable solder cream which has been es-
pecially formmlated for micromodule work, in-
cluding component and substrate soldeving, A
combination of prealioved solder and rosin flux,
it can be applied thvough «ilk screens, etched
masks, and other simitar devices in thicknesses
up to 0257,

After sereening. the cream is easily cured to
form a dry. non-tacky, non-flaking coat, ready
for use any time after curing. The new cream
is being oflered in 7 and 11 ounce glass fus and in
larger quantitics in special  plastic-lined  steel
contamners,

PHOTOCONDUCTIVE CELL KIT
Clairex Corporation is marketing a special
] kit for design engineers which contains a
selection ol photoconductive cells plus technical
data. Vive diflerent tvpes, in bath cadminm sul-
phide and cadmium sclenide, ae included in
the Kit.

The CLH05, CL603A, CL7041.. CL707, and
CL902 comprise the selection. which varies suf-
ficientlv in sensitivity, spectial avesponse, speed.
and size to suit most applications.

VISE FOR ELECTRONICS
Wilton Corporation has introduced a new
]B specialized  vise for electronies work. It s
designed  for  delicate small  assemblies  and
printed-cireunit boards.

The unit combines the strength of heavy gauge
steel construction. the rigidity of double slide
bars. and the gentle vet sme grip of rubber-
wrapped jaws. ‘T'he jaw opening adjusts with a
crank handle to accommodate work picces up to
612”7, The rubber jaw faces are 27 wide.

CUSTOM TRANSFER SHEETS
‘I Chart-Pak, Inc. has announced the avail-

ability of “Deca-Dry”" custom transfer sheets
made from original artwork for lognlypcs, sym-
bols, designs, headings, captions, trademarks,
drawings, original lettering styles, labels, codcs,

October, 1964

your tape recording
fun (buy Tarzian Tape three reels at a time!)

There are some sounds that you plan to preserve. You know in advance—
“Here is something I will want to keep, permanently, on tape.”” You're ready
for them.

There are other sounds, though. that you can’t predict or schedule. They
just come along. never to come again. Do you have an extra reel of tape on
hand? Are you ready for the moment that cannot otherwise recur?

Why not take this good advice? When you buy tape, buy at least three reels.
And buy brand name tape, so you can be confident of its quality and certain
it won't harm your recorder.

Of course. we hope you’ll choose Tarzian Tape. We thoroughly test other
brands along with our own—and the impartial equipment in our labs assures
us that you can’t do better.

FREE: Our 32-page booklet tells you how 1o get more out of your tape recordings.
Write for your copy.

SARKES TARZIAN, Inc.

World's Leading Manufacturers of TV and FM Tuners » Closed Circuit TV Systems « Broadcast
Equipment « Air Trimmers » FM Radios « Mag R g Tape « Semi Devices

MAGNETIC TAPE OIVISION * BLOOMINGTON, INODIANA
Export: Ad Auriema, Inc., N.Y. » Conoda: E. 1. Piggott Enterprises Lid., Toronto, Ont.
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DO YOU SAVE YCUR COPIES OF

Electronics World

Make sure they're kept neat and always
handy for instant reference—with a hand-
some file that's designed to hold a full
year's copies!

e washable Kivar cover has a leather-
like appearance

e available in maroon bhacking with black
sides or black with maroon

® 24-karat solid gold leaf embossed letter-
ing for magazine’s name

e attractively priced at only $2.95 each, 3
for $8.00, 6 for $15.00

o files are shipped to you prepaid and are
fully guaranteed

NOTE: these special-quantity prices apply for
any combination of titles, so you can have them
for all your favorite magazines.

Order several today—for all the Ziff-Davis mag-
azines: Popular Photography, Modern Bride, HiFi/
Stereo Review, Electronics World, Popular Elec-
tronics, Flying, Car and Driver, Popular Boating,
Amazing, and Fantastic, and for your other favor-
ite publications, as well. (Ziff-Davis magazine files
available in colors of your choice as noted in cou-
pon. Those for other publications will be shipped
in standard colors available.)

Jesse Jones Box Corp., Dept. EW Box 5120

Philadelphia 41, Pa.

Please send me: (Fill in title, quantity and
check appropriate column for color desired)

BLACK  MAROON
BACKING/ BACKING/
MAGAZINE MAROON  BLACK
TITLE QUANTITY SIDES SIDES
Electronics
World

$2.95 each, 3 for $8.00 or 6 for $15.00 —
shipped prepaid — fully guaranteed

Total amount enclosed

Name

Address

e e e e e - —— —————— —— A —————————— ]
SV Uy S——

City Zone___State

and any other frequently nsed printed matter.

Images on the custom sheets transfer simply
by lightly rubbing with a medium pencil, bur-
nishing tool, or ball point. A rigid plastic base
material prevents image distortion due to heavy
pressure or sharp points.

A heat-resistant adhesive and cohesive ink keep
transferved images firmly in place. The sheets
measure 1347 x 1602”7 with a 12027 x 153" print-
ing arca and are available in black, red, bhue, and
white. Artwork may be supplied by the customer
or prepared by the manufacturer for a nominal
charge.

INDICATING LIGHT LINE
General Electric Company is now marketing
] a new line of indicating fights for nse on
clectronic  equipment, machines, ma-
terials handling svstems, and commercial and in-
dustrial machinery,

The lights, designated CR10S, Type H, have
been designed Tor quick, easy monnting and in-
stallation and oller the vser a variety of lens
shapes and colors. They can be used wherever
oil-tightness is not required.

Types HA and HD require a hole for
mounting: Type 1B require only a M4” mount-
ing hole, while the compact Type HC takes a

%" mounting hole.

RCA Electronic Components and Devices has
]9 announced  two  new transistors,
cach containing four types.

The silicon “n-p-n’" high-voltage wtansistors
have been designated 10256, 2N 3440, 2N3 411, and
2N3 M2, They are designed for use in power sup-
plics, stable deflection civenits, and high-voltage
operational and differential amplifiers.

The sccond series contains four new silicon
“n-p-n” planar transistors, Types 40231, 40232,
10233, and 40231, ‘T hev have been specifically de-
signed for audio amplifier applications in radios,
television sets, phonographs, tape recorders, and
other consumer-tvpe audio equipment.

Ratings and characteristics on both sevies are

avatlable from the manulacturer,
Rite Autotronics Corp. is offering a tunc-up
instrument kit which lets a per-
form all ignition tests on his Five high-

business

17

NEW TRANSISTORS

series  of

IGNITION TUNE-UP

motorist
car.

accuracy instruments are included in the kit an

idle tach, a caw dwell tester, coil tester, alternator
diode and ignition cable tester. and a regulator-
generator  tester. All of  the  instruments  are
housed in an unbreakable fitted carvying case.

HIGH-POWER TRANSISTORS

Dcleo Radio Division is now offering two
2 new series ol advanced process, germaninm
high-power transistors. the DTG 1000 and 2000
series, The new devices have current ratings of
15 and 25 amperes with sustaining voltage Ve
capabilities vanging as high as 325 volts in se-
lected units. The basic series of five (DTG 2000)
devices are characterized by 23-ampere collector
current ratings and sustaining voltages from 30
to 120 volts,

www americanradiohistorv com

The DTG 1000 series are I5-ampere high-
voltage devices especially characterized by eleetri-
cal parameters needed for auto ignition and
video horizontal and vertical deflection civeuits.
Package configuration is the diamond-base TO-3
design,

2

TRANSISTORIZED TV
Emerson Radio and Phonograph Corporation
has recently introduced an t-inch television

veceiver which incorporates 22 germanium and
silicon diodes and

silicon transistors, 13 recti-

fiers, as well as one silicon gate-controlled switch
developed specifically by Texas Instriments tor
TV applications.

DUAL MESSAGE INDICATORS

Leecraft Manufacturing Co., Inc. is now of-

2 fering a new line of compact redangular

indicator lights which contain two lamps for the

purpose of activating two legends, separately o
simultancously,

A wide variety of lamps is available in a (all

range of voltages. The units are designed (o

suit the applied circuit voltage and to insure
the required lamp life. Anv applicable legend
or tademark can be hotstamped on high-heat
plastic lenses which can be furnished in a variety
of colors. Housing is nvlon and the bezel can be
furnished in diflevent finishes.

The units snap into a L2301 x 395 hole with
no additional hardwarve. Ferminations

cither V4”7 male tab or wire leads.

North American Electronics Division has in-
24 troduced a 1 walt
diodes using the polymerized silicon encapsulat-
ing technique.

The new series, registered as JEDEC Type
IN 1323 through INH338, is rated | watt at 75
degrees C in the DO-T size package. The series
is available in sener voltages from 6.8 volts to
200 volts with 5, 10, and 20 percent tolerances
available. The standard device is supplicd with
silver leads,

can be

1-WATT AVALANCHE DIODES

new series of avalanche

SOLID-STATE COMPONENTS
2 LE.IH. Manutacturing Company, Inc. is now

marketing a new line ol replacement tran-
sistors and silicon rectificrs which the company
claims will cover approximately 95% of all re-
placements. The new line consists of 9 transistors,
12 silicon rectifiers, + silicon diodes, and 3 dual
diodes. Also included are epoxy molded silicon
rectifiers in standard or miniature sizes. Al units
in the line are skin-packed.

REPLACEMENT TIPS
Orvx Company is now oflering four new
28 replacement tips for its miniature precision
soldering irons. A new gold-alloy tip material
and a special iron-plating close the gap between
the company’s regular copper-alloy tips and its
solid nickel tips.

The T and U™ tips arc made of a solid
gold-alloy and have a diameter of only 10/100th
inch. They are intended for the finest microcircnit
applications where the joint heat load is neg-
ligible. "I hey are designed for use on the firm’s

ELECTRONICS WORLD
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model 5 oor model 67 saldering instrmments,
Lhe tvpes "V and "W have diamceters of

and a0 plated end, The "V otip is a long-life,

iron-coated tip while the "W ivpe is unplated.

”

D.C. TUBULAR CAPACITOR
Cornell-Dubitier Electronies has announced
2 i new doe. tehbular capacitor with polysiviene
diclectiic film wrap.

The Type WRP s recommended or precision-
timing circnits, high Q7 ned dienits, long
time constant cirenits, and similay applicuions in
quality indastrial equipment.

Linporcant properties ol the new aapacitor are:
extremely low capaditmee change with tempera
ture, low dicleatric absorption. and sery high
insnliation resistance.

TRANSISTORIZED INDICATOR
Transitron LClectonic Corporation is now
2 marketing o tansistorized neon indicator
light which has been tadenamed  Phe 1 ransin-
dicator,”
1 he anic ofters the opevnional advaniages of
a single hermetically sealed package containing
all the neeessary direnit componcnts for positive
and negative tno-on and noo-odl Teis available
in various mechanical configiations induding
clip-moumnted  types for printed-cireuit boads,
tront and tear panel mount adapter tvpes, and
complete standard or special printed-civarit boad
issemblies.
1 he indicitor cam be monnted on 3457 centers

The ontpur curient s rated at 10 amps ol
oo € oandd 18 aoups at 500 C L he anit s rated
with veverse curvent egnal o (0 ma max at
vated voltage and 100 C and 1 ovoly leg forwand
voltage drop. Smige carrent is 100 amps and the
maxinmn junction tempeatare is 150 C

HIGH-CAPACITY CAPACITORS

Acvovox  Corporation’s Hi-Q) Division can
3 supply ceramic capacitors lor transistor cir-
cnits with capacity requirements from 10 ploap
to 160000 pi. Phe new Types MO S MO 500,
MC 61, and MC 607 ave of “Ceralmm ™ constinge
tion. 1 hey ofter Hlexible designs with o wider
than usual selection of valnes and golerances.
Units are lidegested at mwice aated soltage and
may be manubactoed 1o highaeliability stand-
auds on aequest,

HI-F1 — AUDIO PRODUCTS

FM STEREO ANTENNA
JFD Elccironics Corporation is now oflering
3 the LPL-FM 10-cell Tog-periodic antenna for
ENsterco applications, Fhis new unit provides
up to L1 db more gain than a 10-clement EM
vagi, according o the company,

I he antenna operates on the il waselength
fog-periodic mode. The array of L7 shaped log-
periodic dipoles is o backdive, froncded tvpe that
provides front-to-back vatios up 1o 26 db. A\ the
mnpedince march s seey high, the L7 dipoles
cmplov tmsmission Jine tgostonmers and 180

impedance. Nanow bemnwidihs and minor lobe
levels (dess than 216 db) help veject distorntion-
producing vetlected signals,

I he antenna comes factory presassembled. the
dipoles are constracted of A% ahuininmm mmbing.
Pwelve-indlt inserts and Jouv-inch insers reintosee
cach dipole to provide extia stiength agiinst ice
and wind loading. The entre antenna is gold
alodized 1or corrosion protection,

Other models in the LPL line are available
with &, 0, and 1 el

MATCHED STEREO MODULES

32 RCA Siles Corporation has eniered the high-

fidelity component fickd with a line of Liboia-
torv-halanced stereo sonmd modides. 1 he new line
consists of a0 UStudiomatic” recond  changer,
solidstate tnncramplifier. thiee sets of speaker
sustems, and e comsole tmeramplificr-chonger
cmemble.

AT of the compopents are spedifically desigued
to be compatible aad capable of being asscubled
into a complete ssstem withonr techmical know.
how. The components are housed in a cabinet of
walnut venecrs and selected hardwoods,

TRANSISTORIZED CONVERTER
3 Flite-Tronics Co. Inc. is now olfering a 1ran-

sistorizad comverter which is desigoned 10 op-
crie 12400t sterco tape cquipment in aneralt
and boats with 20volt clecrricl ssstems,
toput of the converter is 270 volts at 1.3 amps
and output is 155 volts at 2 amps, Weighing one

with maxinonm height above the divanit cnd of
03007 which is compatible with conventional
» e 9 -

PG board spacing.

INTEGRATED BRIDGE RECTIFIER

Varo Inc.’s Special Products Division has ve- 7 =t
cently intvodnced  the IN4137  integrared S
bridge vectificr, a silicon avalanche vectifier single. &

phase bridge in an cleavicatly insnhied case, It
is rated with a minimmm avabkimche voltage of
150 vobrs d e manimmm of 700 volis,

phased fecder hunes to insme precise 300-ohm

Iy @

)

ARE YOU CASHING-IN \'
ON THE PROFITABLE
2-WAY RADIO SERVICE BUSINESS ?

% Motorola will train you for this rewarding, elite profession

% Send for our FREE EVALUATION EXAM. Prove to yourself that
you are ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited.
B Just one of the hundreds of successful Motorola Service
Stations writes, ‘'we would be pleased to interview any graduate
of your school that has received some training in 2-way radio
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com-
petent technicians.” B Get all the facts today. There is no
obligation and no salesman will call.

)«A. MOTOROLA TRAINING INSTITUTE

k 4545 West Augusta Bivd. « Chicago 51, lllinois « Dept. AEF431

[] Send me FREE entrance exam.
E] Send full details on Home Study Course on FM 2-way Radio

Servicing
E] Send me details on how you can help me prepare for an FCC
License.
) Name. Occupation
Address. _ _ — - ——
City__ I Zone. State._

CIRCLE NO. 201 ON READER SERVICE PAGE
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ponncd. the PCA2 has no moving pares ad meas-
ures 207 wide x 2% high x 1V4” long,

BATTERY-OPERATED AMPLIFIER
3 Perma-Power Company has just inttoduced 2

7 B portable amplifier that works on tashtight

- 7o batteries wnd has a0 frequeney pesponse of
LN 5 N SU-15 000 Cps.

7y t he Ampli-Vox™ Ntodet S 7000 featres alble

& trinsistor design for instant perloymance, It ol

- fevs one-knob operation. A single control tovns it

Newest! Most Versatile! Most Power Qut!
The |l channel “"Messenger 1117 will change every idea you ever
had about what a Citizens Band unit should offer! Tiny, all
transistor, it's really quict, really hot! Interchangeable for base
or mobile—use it as a full S-watt battery powered portable pack
set or a 3-watt PA system. The "Messenger 1117, with an acro-
space transistor developed for the “Relay™ communications

satellite, delivers more power output with maximum legal
input! Double conversion receiver with high Ist 1LF,
provides excellent spurious and image rejection. Set-
and-forget “Volume™ and “"Squelch™ controls make
it possible for the first time to work ““close-in™" or
ateatended range with initial settings. Furnished
with dynamic microphone—tull line of acces-
sories avatlable for selective calling, portable

ficld pack, or public address use!

Cat No. 242-150........$189.95 Net

‘Hl

| E.F. JOHNSON COMPANY

® 1110 Tenth Ave. S.W, » waseca, Minnesota
Please send full details on the “"Messenger’* CB line,

WRITE TODAY
for details on the NAME
*“‘Messenger’* CB8
line—or see yout ADDRES:E
distnibutor!

CITY. STATE

CIRCLE NO. 191 ON READER SERVICE PAGE
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8 SELLING THAT
* RECORDER?
BUYING A
RECEIVER?

L----.-- ’.

4

ELECTRONICS WORLD runs a Hot
Line into the 201,000 electronics
professionals who buy the magazine
each month. And, for only 35¢ a
word, a personal classified ad will
help you make your connection.

ELECTRONICS WORLD has the
largest audience of its kind in the
world, and this creates an ideal
market place for you. Actually, when
you get together with your co-pro-
fessionals, you may find that many
are near neighbors. Yet your mutual
needs may be met only through the
medium of our classified columns.

Take advantage of our special per.
sonal rate of 35¢ a word (including
name and address)

NO MINIMUM REQUIRED

a saving of 25¢ a word
from our commercial
rate of 60¢.

A smali investment can bring quick
results, and complete data is
printed in the Classified Advertis-
ing Section. Write your ad and mail
it today, with your payment to:

MARTIN LINCOLN

Classified Advertising Manager
ELECTRONICS WORLD

One Park Ave., N. Y., N. Y. 10016
. DECEMBER ISSUE CLOSES OCT. 5th .

---I.‘

110

o or ofl and adjusts volume. It 15 rated at 25
watts (ELA music power), 40 watts pcak. The ten
Mashlight batteries will provide 200 hours of op-
cration.

The amplifier imeasures 838” wide x 3%4” high x
834" deep and weighs only 7 pounds with bat-
teries installed. It can be adapted o a.c. operation
by means of a plug-in power adapter which is

available separately.

Eastman Kodak Company has announced a
35 new amusic-quality, triple-play audio  tape.
Type 105,

The tape uses a high-output oxide applied with
advanced coating techniques 1o give a signal-to-
noise ratio that is as much as 6 db greater than
conventional triple-play tapes, according to the
company.

It comes on a0 77 reel carrving 3600 feet of tape
to provide more than 1V hours of uninterrupted
music at a recorder speed of 7V4 ips. Where ex-
tended play s important. the 77 1eel will give a
total of 6 four-track stereo or 12 hours
four-track mono per reel at 334 ips.

T'he tape is also available on 5”7, 1800-loot reels

and a 3147, 600-foot reel.
Sherwood  Electronic  Laboratories, Inc. is
36 now marketing “'I'he 1 anglewood,” a four-
way speaker system that features six speakers.
Over-all response is 29-17.500 ¢ps + 2V8 db. A
12 db/octave crossover isolates the four speaker

TRIPLE-PLAY AUDIO TAPE

hours

FOUR-WAY SPEAKER SYSTEM

response rvanges at 200, 600, and 3500 cps. The
system handles 75 watts ol program matevial.

The two 10”7 woofers have staggered resonances
of 17V2 and I8V2 ¢ps and there is an 8”7 mid-
wooter. an 8”7 midrange. and two 3V2” ring-radia-
tor tweeters. All speakers are individually
chambered  and  rigidly mounted to 17 thick,
cross-braced flakeboard baffles.

The enclosure is of 1”7 thick solid-core walnut
veneer with a hand-rubbed finish. The cabinet

measures 317 high x 24”7 wide x 13”7 deep.
Fasco Industries Incorporated is now offering
a transistorized radio/intercom for houschold
installation. "I'he system consists of a master con-

trol unit which offers complete intercom facilities
with gain independent of the vadio volume con-

RADIO/INTERCOM UNIT

www.americanradiohistorv.com

trol. Power output is 112 warts and power input
is 16 volts a.c. 12 watts (a class 2 POWCT Lrans-
former is induded). T he radio section covers the
standard broadcast band 510-1600 ke, and the FM
band. Module construction is used in the receiy er.
A high-impedance phono jack is included. The
receiver uses 10 transistors and 7 diodes. A 57 PM
speaker, 13 ohms impedance, is used,

The complete svstem includes T master control
unit. 1 door station, and $ remote-control umnits

plus a complete installation package.

38 LTV University has added the “Classic
French Provincial” J-way speaker system o

its line.

Housed in a French Provincial cabinet measur-
ing 56” x 29” x 16" deep, the speakers are a heavy-
duty, high-compliance 157 woofer; an 8”7 deluxe
divect-radiator mid-range; and a “Sphericon™
super tweeter. The system provides vintually uni-
form response from below 20 €ps to 10,000 cps.

3-WAY SPEAKER SYSTEM

COMPACT STEREO PHONO SYSTEM
3 Shure Brothers, Inc. has entered the pre-

mium-quality, packaged-component market
with its “MI00 Maximum Perlormance Phono
Svstem,” which will be oftered initially in two
models. One unit is & portable unit completely
sell-contained in Samsonite luggagestyle cases.
The second is the “Library Model” which is
housed in solid walhiat cabinetry,
Both units leature solid-state preamp amplifier
and two ultra-compact speaker systems. Each unit

is ecquipped with the company’s V-15 “Sterco
Dynetic” cartridge with Bi-Radial elliptical sty-
lus. The svstems™ automatic turntable is the Dual/
Auto Professional Model 1000, Inputs are pro-
vided lor other program sources such as AM, FN-
sterco tuner, and tape recorder.

Operating controls indude stereo 'mono switch,
sepavate treble and bass controls, speaker balance
control, on-off-volume switch, and phono-aux.
microphone (p.) switch,

BATTERY RECORDER
Superscope Incorporated has recently intro-
4 duced the Sony Model 9035 " Voice Command”
battery recorder. a 2-in-1 tape 1ecorder featuring
a voicc-activated mechanism with transistorized
compruter-type electronic switching and automatic
gain control,

The complete Model 905 consists ol two units,
The upper part is the actual recording instrument
and, when detached from the matching a.c.-pow-
cred amplifier/speaker base. seives as an inde-
pendent batterv-operated portable recorder.
When placed on the base, the recovder will play
back on the hi-fi amplifier/speaker in the basc.
The base also contains a charger and while the
amplificr/speaker is in operation, the batterics
are automaticatly recharged.

Tape speeds are 3%4 and 17% ips. Frequency
response is 90-9500 cps. It will handle reel sices
up to 3W”7. It cones complete with leather case
and litetime  nickel-cadium  rechargeable  bat-
terices.

4]

[E—

SOLID-STATE STEREO PREAMP
McIntosh Laboratory Inc. has added the C24

solid-state sterco preamp to its line of audio

components,
The new wnit has frequency response of
20-20,000 cps +0, —0.5 db; distortion is less

than 1% at 2.5 volts and less than 3% at 10

ELECTRONICS WORLD
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volts, The input selector has «ix positions: ax.,
tape. tuner. phono 1o phone 20 and ape head
Tuput sepsitivity on ans, ape, rner, and tape

wonitor is 20 volts on phoneo Foand phono 2,2
uinand on tape head 2 oy Phere s acome
pensator switelt which provides RIAN or LD

phono cqualization,

18 silicon-pkim
preamp. Power requitrements are 1051205 volts, 60
cevdles, 8 owatts, The hont panel s 167 wide x
3277167 high while the chiassis is 17”7 wide x 57
high ~ 117 deep inchuding connectors, Clearance
in front of the mounting pancl, inchuling knobs,
is 2 inches,

tansistors are used in the

MINIATURE TAPE RECORDER
Craig-Panorama. Inc. is now olleving  the
42 1 R-190 “Flectronic Notebook.,”™ a completely

self«contained miniatnve tape recorder which may

be opevated by one e,

Ihe apedal "M Zone” design
built-in mictophone and vir meter lor monitoring
recording level and battery life, with push-button
counol for starting and stopping the unit.

I he reconder feannes i stap-in tape pack lor
teconding up to 30 minutes and is cquipped to
rechinge the nickel crlimium bateries withon
I here is a separrate

combines A

temoving thenr o the unit
panse switch on the mic, plus singleaction fever
control for plin. recond, 1ewind, stop.

.

Lhe instnmment is 617 tong. x 3507 high, x
Piw” wide. Tt comes with a feather Girrving Gise

HI-FI SPEAKER SYSTEMS
Hartley Products Company has added the
43 Mark T and Mak 1IN

Concertnaster’”
speaker systenis ooty line of hi-h components.
Both svatems ave identical in size, measuing 387
igh ~ 297 wide x 167 deep. Phe Mak 1M s
honsed in o wodern oiled-walnnt endlosie white
the Ak IV s in a aaditional inbbed ailed-
wilunt honsing.

Both sasteins use the 2ISNS 187 wooler with
respotse down e 6o cpss Niddle and high fie
(uencies are landled by the new 22008 speaker.

Both speakers cimploy nagnetic suspension and a
patented  tii-polvmer plastic cone constiudtion.
Fhe crossover netwaork, which provides a droop
ol 12 db per odave. has been set at 2530 ¢ps to
insne optimum blend of bass and midiange.

STEREO TURNTABLE

Weathers Industries has added the " Town-
44 send” sterco nnnable to ds line. v 12-pole
ssnchionons hystcresis motor drives the alumi-
num platter with only 037 wow and flutter. ‘the
platter and toncarm e suspeded onoa delta
wing suspension svstem that produces =50 b
nmmble. The wahnn wonenm will accept any
standard Gntridge and is adjustable to stvius pres-

sites recommended for each cartridge,
Speed s 3515 rpnr Lhe timntable comes com-

(Continued on page 116)
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ROHN

The mocet Famoue Mame in

TOWERS of ALL KINOS!

Here are the advantages you get

when you insist on ROHN TOWERS

LARGEST FULL RANGE OF TOWERS—you can get any-
thing from home TV and amateur radio towers to
heavy-duty communication and micro-wave towers.
Included are 500 foot self-supporting towers, 1,000
foot guyed towers, *'fold-over” and crank-up towers.
Regardless of your needs, ROHN can supply it.

UNQUESTIONED LEADERSHIP IN DESIGN AND MANU-
FACTURE—you get the latest in advanced tower engi.
neering. All communication towers are engineered
to EIA specifications, and are proved by thousands
of installations. No other manufacturer can surpass
the quality and fine reputation of ROHN.

QUALITY MATERIALS AND WORKMANSHIP—Only high-
est guality steel is used which fully meets the speci-
fications for the job. ROHN towers are hot-dipped
galvanized after fabrication—a feature ROHN pio-
neered!

SERVICE WHEREVER YOU WANT IT—ROHN represent-
atives are world-wide. Complete erection service for
communication systems, broadcasting, micro-wave,
and other needs is available; also competent engi-
neering service to help you.

SO"II‘ for the BEST in TOWERS —ROHN —today the
world’s largest, exclusive manufacturer of towers of
all kinds!

Also available: Rohn Lighting Kits, Microwave Pas-
sive Reflectors, Tower Installation Service and En-
gineering Assistance. Representatives World- Wide
to Serve You.

For vour needs, contact vour local ROHN salesman,
distributor or dealer; or write direct for information.

BOX 2000

SEND THE HANDY COU- Send me complete 1i on the following ;N_-‘_ —————— —I

PON INDICATING YOUR .D. Homa TV Towers | Amateur Towers l
Communication Towers +FM Broodcosting Tower:

NEEDS ] Micro-Wove Towers a e:‘-e:v:emd ot * i

ROHN [ |

Firm I

Manvufacturing I :

Co. City R B State ]

|

{

“World's Largest EXCLUSIVE Manufacturer of Towers; designers,
engineers, and installers of complete communication tower systems.”

PEORIA, ILLINOIS
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SCIENCE/

Educationally-strong college courses in the fastest
growing professional fields of Physics, Mathe-
matics, Engineering (Nuclear, Electronic, Electri-
cal); including Engineering Technology (Nuclear,
Electronic). Optional four.quarter, all-year sched-
ule permits completion of regular 4-year B.S.
degree courses in three years; and, A.S. degree
courses in two years. Electronic Engineering in-
cludes computer and space communication systems;
and, laser [infrared engineering. Fall Quarter en-
rollments limited. Write now to Director of Ad-
| missions, for Catalog W-11.

NORTHRIDGE COLLEGE of
SCIENCE & ENGINEERING

““In The San Fernandoe Valley™
| NORTHRIDGE, CALIFORNIA 91325

Your Postmaster Suggests:

Always Include

Your (ZIP CODE) Number

in your

Return Address

www americanradiohistorv com
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SAVE UP TO $449...

Kit GD-983

949"

(Includes Bench)

On This NEW Heathkit’ Version Of The
Thomas "Coronado” All-Transistor Organ!

A Professional Organist’s Dream With A Be-
ginner’s Simplicity!

That's the new Heathkit/Thomas “Coronado”
All-Transistor Organ with every deluxe organ
feature you've ever dreamed of for complete
versatility! And it’s all wrapped up in a luxurious
piece of walnut furniture that will be the show-
picce of any home. It's all yours to ¢njoy at a
savings that can’t be found anywhere else. ..
up to $449! It's like getting Ys off!

Simple To Build, Simple To Play!

You don't have to be an clectronics wizard to
build it, nor a professional organist to play it.
Famous Heath “Engi-nuity” has reduced as-
sembly of this magnificient instrument to simple-
to-perform steps that require no special talents,
knowledge or tools. Makes a fascinating, ¢n-
joyable project for the entire family! And the
famous Thomas “Musical Fun Book™ is in-
cluded to start you easily playing many favorite
tunes immediately. A special, recorded, 48-lesson
coursc is also available at a $30 savings to pro-
vide you with a firm and lasting knowledge of
music . . . lets you learn at your leisure! Before
you know it, you'll be creating the sounds of an
entire orchestra!

Each and cvery component in the GD-983 is a
genuine Thomas factory-fabricated part. And
its advanced all-transistor circuitry means less
heat, better tone, longer life, and virtually
trouble-free performance,

Save $150 On The
Heathkit/ Thomas
“Largo” Organ!

You even tune the organ yourself with the aid of
a prealigned tone generator and a special count-
ing method . . . requires no special “musical ear™!
What’s It Like To Own This Beautiful Organ?
Playing this luxurious Heathkit/ Thomas “Coro-
nado” is truly a rewarding activity that becomes
more exciting, more fascinating each day! Just
think of its many advantages!
1. A Hobby For The Whole Family . . . every
one from Mom to Junior can share the fun and
ecase of building and playing it. Provides a
creative common family interest.
2. Develops Musical Interest & Expression . . .
less complicated than other instruments, the
organ is ideal for teaching children as well as
grown-ups a priceless knowledge and appre-
ciation of music.
3. Parties Come Alive... you're a onc-man band
when friends gather for an evening of fun. And
teens love the rhythm and bounce of its wealth
of musical effects.
4. Provides A Wholesome Creative Outlet . . . i
helps you unwind, forget your problems, and 1 .
ease tensions. @
Check the features, then send for the demon-
stration record and hear it for yourself. You'll
agree that there’s not a better organ buy on the
market today than the Heathkit/Thomas
“Coronado”!
Kit GD-983, Organ & matching walnut bench,
290 Ibs. $849.00

Compare These Features With Organs Costing
Twice As Much!

® 17 true organ voices ® Two full-size 44-note
keyboards e Built-in  2-speed  Leslic  speaker
plus 2-unit Main speaker system e 28 notes of
melodious chimes for hundreds of chime var-
iations ® 13-note heel & toc pedal board,
range C thru C e New sterco chorus for excit-
ing “sterco™ cftects @ Color-tone Attack, Re-
peat & Sustain Percussion . . . the only organ
to give you all 3 e Treble accent @ Reverb @
Manual Balance @ Pedal Volume Control e
Expression Pedal @ Headset outlet for private
playing e 5-ycar warranty on transistor tonc
generators @ 75-watt peak power transistor am-
plifier ® Hand-crafted, full-bodied, walnut-
finished cabinet, completely assembled e
Matching bench included.

HEAR IT YOURSELF! I

Convince yourself by sending for a 77,
33Y3 demonstration record! Order

No. GDA-983-2 for Deluxe GD-983 I

organ, GDA-232.5 for low-cost GD-

232A organ. Each record 50¢. Do it
i now!

HEATH COMPANY, Dept. 15-10-2
Benton Harbor, Michigan 49023
O Please reserve GD-983

Organ for Nov, delivery.
O Enclosed is $_
Please send model 3
O Please send Free 1965 Heothkit Catolog.

I

|

|

® 10 true organ voices ® Variable Repeat I
Percussion for additional effects @ Two I
37-note keyboards e 13-note hect & toe |
bass pedals ® 20-watt pcak power ampli- |
fier ® Walnut cabinet ® Transistorized |
|

|

|

|

8 Name
plug-in tone generators . . . warranted for {Piease Print)
five full years ® Expression pedal. Address
Kit GD-232A4, organ ounly, 158 Ibs. City State Zip
............................. $349.95 L Frices specifications subject 10 change without notice. CL-192

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

Regardless Of What You Pay For

Other Color TV

And Yet A Heathkit Set Costs Ag Little As $399!

Exclusive Heath Features For Unequalled Per-
formance! That's right. No matter how many
of your hard-carned dollars you pay for
another brand of color TV. none can cqual
the performance ol the Heathkit All-Channel.
High Fidelity 217 Color TV Why ! Al color
sets require minor periodic adjustments to
maintain peak  picture  performance. The
Heathkit GR-33A is the only set with a
“bhuilt-in service center™ that provides the
Facilities for  perfect  picture  adjustments.
Heath's simple-to-tollow instructions & de-
tatled color photos show you exactly what to
look for and how to achieve it . . . quickly.
casily ! You become the expert! Result? Beau-
tiful, truec-to-life color pictures day in and
day out ... and no costly color TV scrvice
calls for simple picture alignment!

And since sou service & maintain the set
yourselt, a costly service contract isn't re-
quired! Heath warrants the picture tube for
I year. all other parts for 90 days.

No Trade-In Required!

Keep your present set as a handy “second™
set tor the den, bedroom., children’s room. elc.
Quick & LEasy To Assemble!

No special skills or knowledge required. All
critical assemblics are Tactory -built and test-
cd. Simple step-by -step instructions take you
from parts 1o picture in just 235 hours!
Convenient Time-Pay Pian!

Only 10°, down, and the rest in casy monthly
instathments. Get free catatog Tor full details.
Finest Components, Most-Adyanced Circuitry
With the Heathkit GR-53A vou're assured of
the finest parts and most advanced color TV

October, 1964

circuitry that moncey can buy . .. at up to
S200 savings. You enjoy rock-steady pictures
with no overlap or color Iringing.

But Don’t Take Our Word For It!

See the special articles on the Heathkit GR-
S3A in the May issue of Popular Electronics,
Junc issue of Radio-TV Experimenter. Febru-
ary issuc of Popular Mechanics, April issue
ol Science & Mechanics. and the August issue
ol Rudio-Electronics!

Now Compare The VFeatures . . . . . And The
Price!
In addition to the ones already mentioned.
there's the high definition 70+ 217 color tube
with anti-glare bonded safety glass: 24.000
volt regulated picture power: 27 tube, 8 diode
circuit; deluse  Standard-Kollsman  VHE
tuner with push-to-tunce fine tuning for indi-
vidual channels  and  transistorized  UHF
tuner for all-channel (2-83) reception: auto-
matic color control and gated AGC Jor peak
performance: line thermistor for longer tube
life: two hi-li outputs plus tone control : trans-
former operation: chassis & tube mounting
on sturdy one-piece mietal support for easy
sel-up and servicing; plus a low price of only
$399.
Use The Coupon & Order Yours Now!
And be sure to check the appropriate box to
get your Free new 1965 Heathkit Catalog
with complete descriptions & specitications
of the GR-53A as well as over 250 casy-to-
build kits!
Kit GR-53A. chussis, tubes, mash. UHF &
VHFE tuners. moumiing kit, and  special
6" X 9" speaker, 127 1hs. . ... ... ... $399.00

CIRCLE NO. 187 ON READER SERVICE PAGE
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The Only Color TV You
Can Install 3 Ways!
1. In New Heathkit Deluxe Walnut Cabinet (illust.
above), model GRA-53-7 851bs...... . .$115.00
2. In Heathkit walnut-finished hardboard cabinet
(1llust. below), model GRA-53-6, 52 Ibs..
3. In a wall, bookshelf, or custom cabinet!

$49.00

e~ FT A TEIFCT T
r——- -———
]

[}
t HEATH COMPANY, Dept. 15-10-3 \
{ Benton Harbor, Michigan 49023 :
1 O Enclosed is $ _ , plus shipping. ]
: Please send Model(s) _ . :
: (2 Please send FREE 1965 Heothkit Catalag. :
] ]
:Nume I :

{Please Print)

[} i
¥ Address 1
1 l
1 ]
1City____ _ _ State ___ Zip_ ]
1 CL-193

Vprices & specifications subject to change without notice.
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DOES

YOUR

BUSINESS SLUMP
AS TEMPERATURES SOAR

DIVERSIEY witH Z-WAY
MOBILE-RADIO MAINTENANCE !

Hundreds of progressive radio servicemen are
filling the summer slump in entertainment ra-
dio—by adding mobile-radioc maintenance!
Actually, mobile-radio service is business 12
months out of the year—often on contract basis
—paid for by going organizations. So rise above
competition—and end that summer slump—
send coupon below for “How to Make Money in
Mobhile-Radio Maintenance''. It's free!

LAMPKIN 105-8B
FREGUENCY METER
RANGE 0.1 TO 175 MC AND UP

THIS BOOKLET IS BASED UPON A CAREFUL
SURVEY OF THE ACTUAL OPERATING PRAC.
TICES OF SUCCESSFUL MOBILE.RADIO EN-

GINEERS. IT SHOWS TYPICAL CONTRACT

PROVISIONS . . . MONTHLY FEES . . . IN-

STALLATION CHARGES . . LABOR RATES
. ETC.

Lampkin instruments are the most popular
mobile-maintenance meters.

MAIL COUPON TODAY mp |

LAMPKIN LABORATORIES, inc.

BRADENTOMN, FLA.

PRICE $260.00 NET

LAMPKIN 205-A

FM MODULATION METER
RANGE 25 70 500 MC
PRICE $270.00 NEY

R
LAMPKIN LABORATORIES, INC.
MFM Division, Bradenton, Florida
At no obligation to me, please send

[J Free boaklet [J Data on Lampkin
meters

Name
Address
City

State

CIRCLE NO. 128 ON READER SERVICE PAGE

Get Your First Class Commercial

F.C. C. LICENSE

QUICKLY!

Career opportunities in communi-
cations e¢lectronics are almost
unlimited. Prepare now. Let
Grantham train you — by corre-
spondence, or by classroom and
laboratory instruction. Get your
first class commercial F.C.C. license
in as little as 3 months, or at a
slower pace if you prefer. Then,
continue in more-advanced elec-
tronics training if you wish. Di-
ploma awarded. Our catalog gives
full details.

Learn how our training can pre-
pare you for your F.C.C. license;
write or telephone the School at any
one of the teaching divisions listed
below, and ask for “Cataloy 46.’

Grantham School of Electronics

1505 N. Western Av., Los Angeles, Cal. 30027
(Phone: HO 9-7878)

408 Marion Street, Seattle, wash. 98104
(Phone: MA 2-7227)

3123 Gillham Road, Kansas City, Mo. 64109
(Phone: JE 1-6320)

818-18th St., NW, Washington, D.C. 20006
(Phone: 298-7460)

|
|

BUILD {his new gortable

MOOG HiFi =
Ampliier -
speaker

o NEW MOLDED ENCLOSURE!
Enhances any decor. Rugged enough to meet
critical field requirements. Lightweight... only
20 Ibs.

o NEW OPTIONAL RE-CHARGEABLE BATTERY!
Long-life 10-volt re-chargeable battery mounted
inside for economical, portable operation. A.C.
supply and connectors for external 12-volt
battery provided as standard equipment.

o NEW TRANSISTOR CIRCUITRY!

15-watt solid state amplifier with two inde-
pendent low noise inputs for true ‘‘transistor
sound’.

e JAMES B. LANSING SPEAKER!

e

e

Kit Model PMS-15 $129.95 less battery
Kit Model PMS-15B $174.95 with battery

R. A. MOOG CO.
DEPT. 1001, TRUMANSBURG, N.Y.

p—
|
|
| [0 Send further information

| [J Send Kit(s) without battery @ $129.95
| O Send Kit(s) with battery @ $174.95
|

|

|

|

|

|

|

please. Prices F.0.B. Trumansburg, N.Y.

NAME

|
|
|
|
|
Enclosed is [] check [] money order. No C.0.D.s |
|
|
|
STREET :

CITY STATE ZIP

b e e —— — —— —— —
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plete with toncarvm and wainnt base and measures
17127 wide x 1427 deep x 5047 high, incnding
tonearn.

CB-HAM-COMMUNICATIONS

GENERAL-COVERAGE RECEIVER

Hammarlund  Manufaciuring Company s
45 currently introducing a new general-coverage
receiver. the HO-66.

The unit is a ten-tnbe superhet with electrical
bandspread tuning and direct dial calibration.
Coverage s 310 ke 1o 30 e, .\ remperatire-

compensated

high-trequency
excellent stability .
An exclusive “antoresponse” dranit penmits a

oscillator povides

complete vange of awdio output—hromn the shinp
response requited in short-wave reception (o the
broad response necessary dor high-fidetity broad-
cist reception. his function s entively anto-
matic.

NEW FM TWO-WAY RADIO LINE
General Electric Company  has lannched a
4 new gencration of tansistorized FM two-way
radio products which has been tradenamed
SMASTR Progress Line.”

The line makes oxtensive use ol silicon nan-
sistors. The series includes transistorized mobile
units and  transistorized  base stations for all
major bins in the mobile vadio spectrum. vl f.

as low-band. mid-band, and
high-band v.hi.t. It indudes whi. mobile units

frequencies as wedl
with r.f. power up to 60 watts. In vl the
mobiles are available up to 100 waits. Base sta-
tions vange up to 330 watts, depending on the
Irequency selected.

Details on the complete line. with information
on apedial Teatures, will be supplicd by the com-

pany.
MARINE ELECTRICAL GROUND )
4] Heath Company is introducing a corrosion-
prool marine electrical gronnd svstem that
provides 158 square feet ol grvounding surtace—
which exceeds the 12 [oot figure required by the
‘ FCC.

The new system. Maodel MD-14L s designed to
be used on both single- and dual-engine cralt
with a minimum keel Tength of nine feet. The
wstem consists of two heavs-gauge topper tnbes.
% feet long and 1¥47 in diameter. which are
| strapped 1o cach side of the boats keel with
| brass mounting strips and bolts. Only seven holes

ELECTRONICS WORLD
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are required for permanent mounting, with just
one hole through the hull,

Because of its design and location. the MD-14
will not catch on rocks, logs. cte. or
with normal boat maintenance. Since the weight

is distributed equally, it will not affeat the bal-

ance, steering, or ananciverability of any water
craft.

““CONVERTIBLE" CB TRANSCEIVER

E. F. Johnson Company has just introduced
4 the “Messenger TIL” o multi-pirpose CB
transceiver which can be adapted for use in four

different tvpes ol two-wav 1adio applications.
The all-tramsistor unit which measures  less
than 2¥47 high. less than 6V4" wide, and 3%4”
deep. can be converted lor nse as a mobile, under-

dash unit. as a base station. as a sclf-contained
p-a.amplifier, or as a full 5-watt batterv-powered
portable  pack set. Powered by rechargeable
nickel-cadmium  batteries. in portable use the
unit is slid into a high-impact plastic carrying
case. the battery and antenna connections are
mated, and the unit is readv tor field use. As a
portable the unit weighs 10 pounds and mcas-
ures 92”7 wide x 9%4” high x 434" deep and is
cquipped with carrving handle and adjustable
shoulder stiap.

The transceiver will cover any 11 channels in
the 28-channel band and  permits the instant
sclection of any one channel by rotating the
channel-selector switch on the front pancel. The
unit comes complete with crystals for one chan-
nel and dynamic microphone with coiled cord.

MANUFACTURERS’ LITERATURE

WIRE & CABLE CATALOGUE
Belden Manufacturing Company has just re-
49 leased a new clectronic wire and ¢able cata-
logue, No. 861,

Lhirtv-five new numbers arve introduced in the
publication including control cables. FEP ‘1 eflon
cables, paired cables, quads, and miniature pre-
cision video cables. The rest of the fum's line is
also pictured and deseribed in the Gitalogue,

International Resistance Company is oftering
5[] i "Condensed Glossmy of Electronies Termi-
nology™ as a service to the industry,

I'he pocketssized publication lists a total of 133
terms. Words that in lav langnage mean other
things arce induded. along with definitions of

computer types and various solid-state and other
devices,

CONDENSED GLOSSARY

MICROCIRCUIT KIT DATA
5 Corning Glass Works’ Electronic Products Di-

vision has issued a four-page technical bulle-
tin which describes a kit of inicrocircuits specifi-
cally designed for evaluation testing.

The Kit allows a designer to determine the
exact behavior of the company’s thin-film tin
oxide resistors under his particular conditions of
use, Illustrations in the bulletin include photos

October, 1964

intertere

make it easy on yourself

See the direct answer—on only the
range-scale you want—automatically

Model 360
V O Matic

BURN-OUT PROOF
METER MOYEMENT

Sensitivity 20,000 ohms per volt DC; 5000
ohms pervolt AC. Accuracy +3% DC; +5%
AC; (full scale). DC Volts in 6 ranges
0-6000. AC Volts in 6 ranges 0-6000. AF
(Output) in 4 ranges 0-300 volts. DC Cur-
rentin 5 ranges 0-10 amps. Resistance in
4 ranges 0-100 megohms. Supplemental
ranges also provided on external overlay
meter scales. Meter movement protected
against extreme overload and burn-out.
Polarity reversing switch. Automatic ohms-
adjust control. Fuse-protected shunts. Mir-
rored scale. Complete with 1Y%-volt and
9-volt batteries, test leads, and easy-view-
ing stand. Batteries freshly packed
separately.

It’s automatic! See only the full scale you want -‘.
and read the exact answer—directly. No multi-

plying. Eliminates errors.

See Your BEK

Cristribudnr [
ar Write for *”
Catalog
AP21.N

No Reading Errors!
No Multiplying!

Just set the range switch, and only
the scale you want in the exact range
you want appears automatically. In-
dividual full-size wide-view scale for
each range—and only one range-scale
is visible at any one time. Reading is
Net, $5995

clear, easy—and direct.

DYNAMATIC
375 VTVM

Net, $8995

Bak MANUFACTURING CO.
Oivision oF DYNASCAN CORPORATION
1801 W, BELLE PLAINE AYVE. - CHICAGO 13, ILL.

Canads: Atlas Radia Corp., 50 Wingoid, Taronto §5, Ont.
Exporl: Empre Cxporders, 253 Broadway, Mew Yok 7, L5 AL
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SAY YOU SAW IT IN
Electronics World

PARGAIN TV

SERVICEMEN!
Wrile for SENSATIONAL CATALOG
HENSHAW RADIO SUPPLY

19 TROGST EAMSAS CITT, MO,

.."1{,
e W
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B.S. Degree in 36 months

Small professionally-oricnted college, Four-quarter
year permits completion of B.S. Degree in three
years. Sununer attendance optional. Engincering:
Electrical (electronics or power option), Mechan-
ieal, Civil, Chemical, Aeronautical. Busincss Ad-
ministration: General Business, Accounting, Motor
Transport Administration. One-yvear Drafting-
Design  Certiticate program. Graduate placement
outstanding, Founded 1884, Rich heritage. Ex-
cellent faculty. Small classes. 200-acre campus.
Well equipped labs, New library. Residence halls.
Modest costs, Enter Jan., March, June, Sept, For
Catalog and View Book, write Director of Admis-
sions today.

16104 College Avenve * Angola, Indiana
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Blonder-
Tongue
UHF
converters
are
erformance-
proved

in 3 million
homes

Blonder-Tongue Labs. Inc.
9 Alling Street, Newark, N.J,
CIRCLE NO. 162 ON READER SERVICE PAGE

Tuner covers 26-54 ond 88-174 MC
in eight overlapping bonds with
goad sensitivity. Ideal for use with
amplifier or Hi-Fi to listen to Air-
croft, CB, Fire, Police ond other
signals in the VHF bands.

i
T it
ra

355A AM/FM TUNER ‘$49%

Order todoy or sena for free catalog on full line
of converters ana receivers for every application.

KUHN ELECTRONICS

CINCINNATI 17, OHIO

when it's time to think of college
you should read this

FREE CAREER BOOKLET
about electronics at

MSOE

City, State

1 f [}
I MILWAUKEE ms-220 \ . N
} SCHOOL OF ENGINEERING H
1 Dept. EW-1064, 1025 N. Milwaukee Street
¥ Milwaukee, Wisconsin 53201 [}
: Tell me about an engineering career through .
g residence study in: :
1 Electrical fields 1 Mechanical fields g
]

P Name. ... .. .Age. :
]

§} Address :
] 1
] ]
[

L TIPS |
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and the schematic of the microcireuits in the Kit.
Also shown arc a general parameter listing as
well as performance charts of typical thin-film
resistors.,

CONTROL CATALOGUE

5 Centralab is offering an 8-page cataloguc cov-
ering its “Fastach 117 control svstem. Listed
are all controls and accessories necessary for the
assembly of exact veplacements for single, dual,
triple, and quad singleshaft controls, dual con-

centric controls, and units with switches,
Approximately 98% of all exact-replacement
control applications are covered by the items

listed.
Waber Electronies Inc. has issued an eight-

53 page brochure which lists its complete line of
pre-wired master power contro! outlet boxes. Al
of the power outlet boxes described in the bro-
chure are vated at 15 amperes. 130 volts and cus-
tom units e also available to meet spedific re-
quirements,

More than 100 units are described and illus-
rated in brochure gH64.

POWER OUTLET BOXES

MICROWAVE DEVICES
Sylvania Electric Products Inc. is now offer-
5 ing a free booklet containing technical data
on all microwave devices produced by the firm’s
Microwave Device Division,

The catalogne contains information on trav-
cling wave tubes, backward wave oscillators, mi-
crowave phototubes, gas lasers, Klystrons, magne-
trons, microwave diodes, rocket planar triodes,
waterloads, and waveguide windows.

A rapid relerencing system is used to enable a
reader to locate any device veadily.

INDUSTRIAL EQUIPMENT LINE
F. W. Bell, Inc. has issued a short-form,
55 f-page catalogue covering charvacieristics of
its line of six gaussmeters, three spccizll pmbcs,
six models ol magnetic testing systems. a full line
of miniaturized Hall effect devices, plus Hall ef-
fect multipticrs and wattmeter transducers.
Complete technical details are supplied on the
above product categories.

ab

dio paging svstem for use in oflices, stores. plants,
schools, construction sites wnd other similar appli-
cations.

‘The four-page publication pictures and  de-
scribes 1he system in operation and lists advan-
tages of the system.

MINIATURIZED PAGING SYSTEM
Round IHill Associates has issued a pocket-
size brochure describing its miniaturized ra-

PRECISION TRIMMERS/INDUCTORS
LRC Electronics, Inc. has issued i new cata-
5 logue illustrating a complete line of precision
trimmer capacitors and inductors. Electvical and
mechanical specifications along with dimensional
diagrams of cach unit are included in this 16-page

publication.

General Electric Company has issued a 40-
58 page cattlogue which gives applications and
characteristic ratings on the firm’s line of more
than 1410 semicondictors.

Highlights include new silicon cconomy tran-
sistors, double heatsink diodes. silicon controlled
switches and reference amplifiers, active. disarete
tunctional devices. and a complete line of SCRs.

Catalogue 610,10 includes inlormation on inte-
grated circuits and military specifications.

Motorola Semiconductor Products Inc. has
59 announced the availability of several serics
ol siticon switching transistors characterized lor
“worst-case” desdgn conditions.

‘L he Designers’” Data Sheet permits the design
engineer to design circuits from  information
presented on the data sheet. In order to do this.
=[hC usual nvpical curves, which provide some

—_—

SEMICONDUCTOR CATALOGUE

DESIGNERS’ DATA SHEETS
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guidance 1o the engineer. have been supple-
mented by limit curves which are direatdy ap-
plicable to “worst-case”™ switching drcuit design.
New annudar silicon devices which are ¢harac-
tervized with designers” data include "n-p-n’ 1ypes
ANI3252, 2N3253 and Up-n-p”otvpes 2N324 1 and
2N3245—all high-cuwrrent, high-speed  switching
devices; and n-p-n”otvpes 2N 2369, ON3297 and
Cpop”onvpes 2NI248 and 2N3249 which me
high-speed, low-current switching units.
Argos Products Company has issued two new
B[] catalogues: the first covers a line of high-fi-
delity speaker systems while the sccond. available
to dealers and distributors, covers sound-system
equipment. This 12-page catalogue gives com-
prehensive information on portable. tiansistor
battery-powered sound-column p.i systems: music
and voice-range sound cohumns; as well as baflles
with spcakers.

AUDIO CATALOGUES

TWO-WAY RADIO PRODUCTS
Decibel Products, Inc. is now oflering copies
B of its c
ucts, The listing includes ommi-directional. bi-
directional, and uni-directional  antennas in
frequency bands from 27 10 470 mc. as well as
duplexers, cavity filters, coaxial cable assemblices,
and mounting  hardware.,

alogue covering two-way radio prod-

The catalogue has been designated No. 12,
CONNECTOR CAPABILITIES
ITT Cannon Elcctric Ine. has issued a 12-
52 page brochure detailing its capabilities in the
production ol microminiature connectors,

Fhe publication illustrates the firm's standad
microminiature connectors as well as manv special
confignrations that incorporate the company’s
“Micropin™/Microsocket™ combination. ‘

rrHOTO CREDIT

Page Credit
34 (top left), 35 {top left} ... ... ... IBM
34 {top right)............. .Philco Carpoiation
34 (bofttom), 54 {top}. . cuvenn i RCA
35 (top right)......... ..Rabinow Engineering
36 ..., . .Farrington Mfg. Co.
42, 44, 46 Westinghouse Electric Corp.
47, 48 Ampex Corporotion
51 ..., . .Rosemaunt Engineering Co.
54 [center).......... General Radiotelephone Co.
54 (bottom)............... Cadre Industries Corp.
58,59 . ... Official Photo, FAA

Answers to Transients Quiz

(Appearing on page 76)
(A} 10 (F) 5
(B} 8 1G) 1
(C) -] (H) 4
(D) 9 (1 7
(E) 2 (#)] 3

Answer to Electronics
Crosswords
{Appearing on page 87)

ELECTRONICS WORLD
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 60¢ per word (including name and address). Minimum order $6.00. Payment

must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months;
READER RATE: For individuals with a personal item to buy or sell.

10% for 12 months paid in advance.

35¢ per word (including name and address). No Minimum! Payment must accompany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word. All copy subject

to publisher’'s approval.

ELECTRONICS WORLD, One Park Avenue. New York, New York 10016

Closing Date: 5th of the 2nd preceding month (for example, March issue closes January 5th). Send order and remittance to: Martin Lincoln,

FOR SALE

TRANSISTOR Ignition coils, components, kits. Advice
Free. Anderson Engineering. Wrentham 5, Mass.

JUST starting in TV service? Write for free 32 page
catalog of service order books, invoices, job tickets,
phone message books, statements and file systems.
Oelrich Publications, 6556 W. Higgins Rd, Chicago,
111. 60656.

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10¢.
Meshna, Nahant, Mass.

TRANSISTORIZED Products importers catalog. $1.00.
Intercontinental. CPO 1717, Tokyo, Japan.

DIAGRAMS for repai?ing }adios $1.00.~Te|evision $2.50.
Give make model. Diagram Service, Box 1151 E, Man-
chester, Connecticut 06042.

INVESTIGATORS, free brochure,
electronic surveillance equipment.
11500-) NW 7th Ave., Miami 50. Fla.

CANADIANS-—Giant Surplus Bargain Packed Catalogs.
Electronics. Hi-Fi, Shortwave, Amateur, Citizens Radio.
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill,

latest subminiature
Ace Electronics,

NEW transistor buried treasure, coin detectors. Kits,
assembled models. $19.95 up. Free catalog. Relco,
A-22, Box 10563, Houston 18, Texas.

WEBBER Labs. Transistorized converter kit $5.00. Two
models using car radio 30-50Mc or 100-200Mc, one
Mc spread. Easily constructed. Webber, 40 Morris,
Lynn, Mass.

COPYRIGHTED theory gravitation caused by pushing
radiation from stars. Important spaceage implica-
tions. $1.00 refundable. Carnahan, 4407 Ave. H,
Austin, Texas.

RESISTORS precision carbon-deposit. Guaranteed 1%
accuracy. Y2 watt 8¢. 1 watt 12¢ 2 watt 15¢. Rock
Distributing Co., 902 Corwin Road, Rochester 10, N.Y.

TRANSISTORS, SCR's, diodes, Nickel Cadmium batteries,
meters, crystals, Components. Quality Guaranteed.
Send 10¢ for catalog. Electronic Components Co.,
P.0. Box 2902, Baton Rouge, lLa. 70821.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. lllustrated plans, $2.0Q. Relco,
Box 10563, Houston 18, Texas.

COMPLETE KNIFE catalog 25¢. Hunting, Pocket, Util-
ity. Heartstone, Dept. ZD, Seneca Falls, New York.

TV CAMERAS,
factory prices.

transmitters, converters, etc. Lowest
Catalog 10¢. Vanguard, 190-48 99th

TAPE RECORDER & TELEVISION SALE. Latest models,
$10.00 above cost. Arkay Sales, 22-02 Riverside Ave.,
Medford, Mass. 02155,

DIAGRAMS, service material, Radio, Television, $1.00.
Supreme Publjcations. 1760 Balsam, Highland Park,
111. 60035.

LIGHT control. Dim, bright. Plugs in lamps, outlet;
Uses house bulbs. $1.90 - 10¢. Walt. Weiler, Hunt-
ingdon, Penna.

HP 205AG audio generator 375 VTVM 256B Dumont
scope LCR bridge meters ARC xmitters. WE regulated
power supplies GE CFIAC rccorder Weston 432 Watt-
meter, sonar gear. Sell, trade, want hi-fi equipment.
Harry Johnson, 200 Woodmont, Johnstown, Pennsyl-
vania.

RESISTORS, NEWEST TYPE METAL OXIDE FILM, Y, Va,
Y2, 1 watt $.07-$.12 each, 18-470,000 ohms RESISTOR
KITS, COPPER CIRCUIT BOARD, CAPACITORS, BATTERY
MOTORS, HIGH BARRIER, TERMINAL BLOCKS, etc.
Write: FARNSWORTH ELECTRONIC COMPONENTS, 88
Berkeley St., Rochester 7, New York.

SALVAGE CIRCUIT BOARDS packed with dozens of tran-
sistors, diodes, miniature transformers, capacitors,
etc. Assortment “'A" $5.00, “B" $4.00, “C" $3.00, all
different, postpaid. ENGINEERING ASSOCIATES, 434
Paterson Road, Dayton, Ohio 45419

METERS—Surplus, new, used, panel and portable. Send

Montreal, Canada. Ave., Hollis, N.Y. 11423, for list. Hanchett, Box 1898, Riverside, California.
-PRICE WAR-
SILICON COMPANION
CONT. RECT. RECTIFIERS
Il C R O  sINCE 1957 | C
7 25 | 115 2 25
PRV Amp Amp | Amp Amp Amp
70 .90 1.90 | — —  1.00
140 130 2.25 | .35 .40 1.20
200 1.50 2.40 | ‘3 .45 1.30
250 1.90 2.60 | — —_ —
[ 300 2.15 2.85 ] .45 .50 2.00
A 330 240 3110 | < = -
C 300 2.75 @ — .50 .55 2.15
- — —_— —_
& B = |2 oo LARGE, SELECT STOCK! DEPENDABLE, FAST SERVICE!
et 600 4.85 — .65 7 =
700 bl —_ .75 .85 —_ ® Every tube lesled in our own laboratory for mutual canductan SPECIAL PURPOSE
SCRs 800  — - .85 85  — and fite test |
900 — — |16 110 = i * we FREE repl for one year of any tubc purchased and INDUSTRIAL
1000 — - 1.20 1.25 —_ o trom us which fails to function efficicntly under any or all operating TUBES
: conditions. Prompt refunds on any defective mercha
ad ® Advertised tuhes not necessarily new, hut may be olncmcmy per- AT SPECIAL SAVINGS!
VARIACS e fect tactory sccands or used tubes——each clearly se marked
2 AMP. . 110V 7.50 | 712 AMP. . 110V . .14.95 [TE 3 GHT & - 128Y7 Type Price ; Type Pric:
3 AMP. 110V 895 | 10°AMP. .i10V .. 18.95 — iae: Chi E v AERCAS) 872A $6.95 | 0A2 § .
4 AMP. .230V 15.94 | 20 AMP. . 110V .. 29.95 - LaTGT  |GAF3 GLT LEE THT 1205 i 5
o iRI6T  |cAGSH ahT XA el }ill_‘-g 884 .80 | OA3 L
METERS e, |EE, Ao [BRM | 387 | s 75| 0ar
SQUARE 0-200 MA DC..$4.25 ca o i H T 154 20 | 0OB2 R
113 0:200 MMA™ . 34195 ea ER hE.. |eAns 12357 ; k
0-1mMA ... 5 $2.95 ea. | 0-100 MMA .. .55.25 ea raaeT  |ears Jan Surniss Tubge 125K7 153 30 | OB3 Rt
gfan;\ PERRERE: ss;.gg ea osx MA (Arhnra% o =0 .= eann an Jurpies Tubgg 1zsnzeT 957 30 | oc3 Lall
. - ea cale 5 o & 1 7
...%$2.95 ea ! e = 155 h::: ¢ d 12V6GT 2050 90 | 0D3 An
0-100 MMA | .83.95 ea s B Gall Raweer 205/ 90 | 2D21
37 1 GADTGT : G
ag_volts o: 31 5 10: | 0-150 vac 3 = GnRs 1387 5643 Z3Y | v2E 2 ft
25; or 50.%2.75 ea Rd. ... .. 4.95 ea. = . e 1287 5654 75 AXI150A
DEMA 0-550. 10 -Lhna (arvitrary — = caTh 1486 New  18.am
or 100 .$4.95 ea. D Boona 3.95 ea — ALAGT 14qQ7 5686 [
0c Valts 300 35,98 ca. | 0-150 VDC Weston = HEULGT S 5687 23 | ARIGY Ly
AC MA 0-150  $3.00 ea (dual scale) .$4.95 ea = HELG PER e i U elIwaA T
D& Vons 0-2s, 0-150 VDC 3.75 ea GAlA 159e "% Lin | #
00.300 or 500 $4.95 ea. | 0-20 MA DC . £3.95 co b EouscT HUMDRED 1578 | 28 B
= S5A_AC (marked 34 il -
0-30 vbe $5.25 ea 0.150) " 83.75 ea Rad er ASSTD iiAvs an | SUATL b0
0.3 °ma b %S %% | o7svoe L1l $3.95 ea m 124 HEETOT 25BQ6 | 4168 (EX0
= B e FonNe n | 5124
45LT5  |GRae aLoL
i a1y = R e jivanT a7zt 320
0:200 vaC .. .53.49 ca. | 0,50 vDC (4 scales_hasic = S Hoey SaFR 75 | o7 1 0b
*S*' meter ca. -1 MADC) 4.50 ea. K HER GCLE & i
ea 2 P BELE BEeT |Taz 12408 | 3Eas 90 | BIIA New 3.u5
MONTHLY SPECIALS £ W P EaRy 73 12atl 3R 195 | 815 250
Solenoid Guardian No. 16aC 115 o\énc—z Ib. pull = I :;H: :'532 EERT e 12507 ASLEGT 6146 245 | 8298
ea. o AU & ¥ THT x &
Spectrum_Analyzer Vectron SA-20 w/s Band Plug-In gy 5 12av7 RS 6159 275 | 832
Model 220.8 .. L oo $225.00 EA e Y 120%38T Mgt 6201 1.00 | 8324
umont =3 Scope dual heam DC AC coupled
excellent condition with manual . . . 365.00 1367 330 6900 1.95 | 866A
SCR 70PRV-7 Amps. tested........ .. [ . '$75 /100 12845 43
Switch DPST Rust proof 6A-125V new .. . 12 for $4.50 128A7 ot} EXTRA SPECIALS:
Germanium Diodes. . ... ... Camputer (ype—ss /100 |1zaEs ZNA S :
Micra Switches V3.1 SPDY ............ $2.19 12BF6 Gtk 612 volt VIB 89¢
Micro Switches ISMI SPDT . R B R 12BH7 | Z8CEeT | 612 volt New VIB $1.49
Transformer 110V PRI 1100 VCT—400 MA . .. .3.95 }ggg? X6 50 watt 25K Sprague Resistors 30¢
ASSORTED RELAYS—QUANTITIES n z
WRITE FOR PRICES. P.0. Box 55 Pork Sta. WRITE DEPT.ARUSFOR OUR FREE
All Shipments FOB NYC ELECTRON TUBE CO. Paterson3, N.J). [LOMPLETE LIST OF TUBES &
ADVANC i SPECIAL PURPOSE TUBES
E ELECTRONICS Mot Gomnected With AWy | siL TUBES SENT POSTAGE PRID. Please send 35¢ handling for orders under $5. Sand
79 Cortlandt St.. New York 7, N.Y. RE 2.0270 Other Mail Order Tube Co. | 25% dep. on C.0.0. erders, 5end approd. postage om Canadian and ferciga orders.

CIRCLE NO. 152 ON READER SERVICE PAGE
October, 1964

CIRCLE NO. 198 ON READER SERVICE PAGE
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RCA BTA-Il. 1KW Broadcast Transmitter $650. l

mitter 2-20MC AM 3350

TUBE and vibrator tester. Shell model 102, self-service,
one knob control, 8 inch meter, 102 sockets. Tester
panel only with chart. $14.95. Used, very good condi-
tion. f.0.b. Indianapolis. John Kirby, 3606 Delmar Road,
Indianapolis, Indiana 46220.

SLECIAL Tb 323/UR Frea.
03 % Acc

I BIKAND NEW RCA LT- |0 Communications Tra&; I

PRINTED CIRCUIT BOARDS. High Quality, Fast Delivery,
Free Catalog and Sample. Lehighton Electronics, Box
281, Lehighton, Pa. 18235.

COLLINS 231D-20 3KW Auto-Tune Transmitter
2-2¢6 MC. with combplete sets of spares $LOW

HI’ GO8R Sig. Gen. 10MC.-400Mc, like new.$ 595.00

$100.00 WEEKLY Spare Time selling Banshee TS-30
Transistor lgnition Systems and Coils. Big Demand.
Free money making Brochure. Slep Electronics, Draw-
er, 178ZD-EW Ellenton, Fla. 33532.

G.1k. Unit Oscill’s 12118 5 to 50mc. New | 210.00
HI* 650 \]{{ Sig 10cy to 300.00
lixcellent -
HP 475B Tuneable Blolmete v 99.00 ELECTRONlcs ENGlNEER|NG
HI' 2121 Pulse Generator, Excellent 325.00 AND INSTRUCTION
HP 205 AG Audio Generator, Excellent ... 295.00
TS 118/U 8ig. Gen. 100me to 100me. Like 495.00 -

TGNV b i) 5 o e e B el L Iy A5 b ) . )
Measurements Corp. 341 Intermodulation FCC LICENSE n six weelgs. Fnrst.class radio telephone.
B “Im”ém ' ”- TEN DU Sy 150.00 Results guaranteed. Elkins Radio School, 2603C, In-

mpire evices T and 1) er tyvpe

Cal- 1070, 1120me (o 1700mc. Excellent  90.00 wood, Dallas, Texas.  —
w id.
BRENTSC. New. $30.00. HP S370C. New  62.50 USED Correspondence Courses and Books sold and
Closvrr;utNmO ft of RG-11A/U. PL-259 cach o rented. Money back guarantee. Catalog free. (Courses
end. L S I ) - - N
SPECIAL I'RD 1100A 3db. Attenuater . 22.50 Bought). Lee Mountain, Pisgah, Alabama.
PRD 390 Adaptor, NEW ... .. ........ 22.50 " =
IRD 1308 6db. Attenualor .. ...... 25.00 ELECTRONICS! A_ssomate degree—2_9 monthsA_ Techni-
1. P. 4554 Probe T. Connector .. .. 20.00 cians, field engineers, specialists in communications,
R e ke S et el 2 2ebio0 missiles, computers, radar, automation. Start February,
AN/URM 25 Sig. Gen 10Ke-30Me. . ... Q September. Valparaiso Technical Institute, Dept. N,
NP 68:3C 2 to 4+ KMC Sweep Osciilator 1800.00 Valparaiso, Indiana.
T8-47A/APR Sif Generator . ......... 75.00 —— —_—
TS-147/1) x Band Test Set ... ...... 675.00 HIGHLY-EFFECTIVE home study review for FCC com-
BC-1032B adaptor 5.25 me IF . 125.00 i i ! !
G TTE (I Sy oo s L 55Y00 mercial phone exams. Free Literature! Cook’s School
lewlett Packard 430B Power Mtr 120.00 of Electronics, Box 10682, Pittsburgh, Pa. 15235 (Es-
TS-917 Analyzer for TTD . 175.00 tablished 1945, Jackson, Miss.)
Duwinent 1 Scopes . ... 245.00 S n = = 3
SP.6GO JX-510 Ke-54me/s 450.00 REI First Class Radio Telephone License in (5) weeks
Tektronix S514AD ........ 375.00 Guaranteed. Tuition $295.00, Job placement free.
HeC0p VIV ot 2 o Radio Engineering Institute, 1336 Main Street, Sara-
HE 5001 171eq MU © oot ee e e 150.00 sota, Florida. i
TS erer B atilime T 2100 BN AN 225.00 | | DRAFTING, Blueprint reading, schematics. Send $2.00
HP 200D Audio Gen. .. ... 95.00 first lesson. Complete home course $25.00. Prior tnc.,
Rird 63A \"HI-‘ Wattmeter . . 150.00 23-09 169 st_' Whitestone 57' N. Y.
HP 415A SWI1 ... ... iy 130.00

WANTED: BUY_ OR _TRADE: I'RC:
APIL 007G, 2, 18/ARN: ARM-S
HC-610. R-188. etc

SPACE
ELECTRONICS

ARC 27,
5: T-368: R- l‘.)

4178 Park Ave.
Bronx, N. Y.
{212) CY 9-0300

Faetory

“TAB”, SILICON 750MA* DIODES  ractory
*NEWEST TYPE! LOW LEAKAGE Gta.

Piv/Rms Piv/Rms Piv/Rms Piv/Rms
50435 100/910 200,140 3001/210

- Plv/Rms - V/Rms | Piv/Rms
400,280 500/350 600/420 700/450
“Piv/Rms | P.v/nms /n " “Piv /Rms
800/260 900/830 100%{)100 1108/770

ALL TESTS AC & DC & FWD & LOAD.’

D.C. Power Supply: Output 330&165VDC @ 15U
M. Inpt 115v/60 to 80 cys. Cased! Special $5

SILICON POWER DIODES STUDS & P.F.*

DcC 50Piv 100Piv 150Piv 200Piv
AMPS 35Rms 70Rms 105Rms 140Rms
3 .12 .18 .22 .

12 .40 .60 .70 .85
18% 25 .45 .60 .85
35 .85 1.10 1.40 1.60
100 1.75 2.15 2.50 3.10

_24& _4.50 - _5.70_ __6.90 8.40
D. 00Piv 400Piv SO0Piv 600Piv
AMPS 210Rms 280RmMS 350Rms 420Rms

3 .40 -45 o .60

12 1.00 1.25 1.40 1.55
18% 1.00 1.30 Query Query
35 2.25 2.50 2.85 3.40
100 3.75 4.60 5.65 8.00
240 16.50 24.50 Query Query
Sil. Pressfit 18A upto 100 Piv . ....... 4 for $1
Micro or MuSwitch €CSD 3SAmp/AC-DC . . 3 for $1

“TAB" % SCR's % TRANSISTORS % DIODES!!

Full Leads Factory Tested & Gtd! U.S.A. Mfg.
PNP sOwatt/15Amp HiPower T036 Pckg!
42, 27$71. 278, DSS01 up to

PNP 'smn'al uD to 350M'w TOS,

Power Heat Sink Finned 80 5¢ $1.25
3Amp,/T03/Pwr Trapsistors Untested!
Stabistor Diodes up to one watt
Siticon Diodes 3SAmp Studs Untested .
Silicon Diodes epoxy/750Ma Untested .

lu-u) 2/%1, 1041 %1
2f

“BRTe
" -

2N1038 4/81, 1039 3/%1,
2N5:38, 539, 540/3 Amp .

Zener 50/60V Auto Igmtmn RS
100V Auto Ignition Transistor ... yuy-53
Kit Zeners 100 Mw to 10W Asstd 3 for $1

‘*SCR'" SILICON CONTROLLED RECTIFIERS!
25

or $1
51

PRV TA 16A PRV 7A 16A 25A
25 .50 .85 1.20 250 2,40 2.75 3.20
S0 .85 1.20 1.40 | 300 2.70 3.20 3.60

100 1.35 1.80 2.20 | 400 3.25 3.60 4.25

150 1.65 2.20 2.70 | 500 4.00 4.45 4.90

200 1.85 2.50 3.00 | 600 4.50 5.15 5.65

TERMS: Money Back Guarantoe'
(X3 ¥y our lBth year in. order
F.0.B .C. Add shng charges
or lor c 0 D. 259, Dep. Prices
shown subjcct to change.
111-WO, Liberty St., N. Y. 6, N.Y.
Send 25¢ Ppnone: REctor 2-6245 for Catalog

CIRCLE NO. 225 ON READER SERVICE PAGE
120

CIRCLE NO. 221 ON READER SERVICE PAGE

TAPE AND RECORDERS

RENT Stereo Tapes—over 2,500 Different—all major
labels-—free brochure. Stereo-Parti, 1616—E. W. Ter-
race Way, Santa Rosa, California.

SAVE 30-60% Stereo music on tape. Free bargain cat-
alog/blank tape/recorders/Norelco speakers. Saxitone,
1776 Columbia Road, Washington, D.C.

RENT 4-TRACK STEREO TAPES—When you narrow it
down it has to be TRIMOR-—Goodbye to partial satis-
faction—Service and Dependability our keynote—ALL
LABELS and TITLES—No Deposit—Postpaid both ways.
Write for FREE BROCHURE and TAPE CATALOG. TRIMOR
Company, Dept. TR, P.0. Box 748, Flushing, New York
11352,

TAPEMATES MAKES AVAILABLE TO YCU—ALL 4-TRACK
STEREO TAPES-—ALL LABELS-—POSTPAID TO YOUR DOOR
—AT 40% COMBINED SAVINGS. FOR FREE BROCHURE
WRITE TAPEMATES CLUB, 5280-E W. PICO BLVD., LOS
ANGELES, CALIF. 90019.

WINDSOR Tape Club members HEAR BEFORE THEY BUY.
Free “‘samplers’” of new releases. Save on tape pur-
chases.—All major labels. Free brochure. Windsor Tape
Club, Dept. E, Windsor, Calif.

BEFORE renting Stereo Tapes try us. Postpaid both
ways—no deposit—immediate delivery. Quality—De-
pendability — Service — Satisfaction— prevail here. If
you've been dissatisfied in the past, your initial order
will prove this is no idle boast. Free Catalog. Gold
Coast Tape Library, Box 2262, Palm Village Station,
Hialeah, Fla. 33012.

SOUND effects. Montages portray harbor-foghorn,
street scenes, camping, many others. Stereo tape,
$5.00. Specify tracks. Sountage, Box 176, Levittown,
New York 11756.

SCOTCH recording tape at big discounts. Brookline
Electronics, 2831 West 23rd St., Brooklyn, New York
11224

MYLAR, Sarkes Tarzian Galaxie 1800’/1.69. Free com-
ponents, tape catalog. Pofe, 1716-E Northfield,
Muncie, Indiana.

PLANS AND KITS

BUILD your own inexpensive microfilm system. Plans
$2.00. Microfilm, Box 23, Oakcreek, Wisc. 53154.

RECORDS

DISCOUNT Records, Al Labeis—Free Defails. Write

Cliff House, Box 42E, Utica, N.Y.

www.americanradiohistorv.com

potty
HANDY
SPOTLIGHT
FOR AUTOS
TRUCKS and
BOATS

Universal Plug

Fits both 6 volt and
12 volt cigarette
lighter sockets—
bulb interchangeable

N

?4

(Y=

MOTOR REPAIRS

\\\é//i

ROAD LIGHT

® Spotty throws a wide,
medium and direct beam.
Back of light has red glow.
® Cord reel is built in to
store cord when not in use.
\\L L] Universal plug fits spugly
% into handle when not in use.
| —*f- ® Adjustable stand for setting
up on highway.
® Spotty is always ready to
SIGNAL LIGHT use . . . no batteries to
- run down or wear out . . .
just plug into cigarette
= lighter.

-l e Comes complete with wire
to reach all parts of car.
SPOT LIGHT

® Consumes minimum ctrrent.

CONSUMER SERVICE COMPANY
160 Mercer St., New York, N. Y. 10012

Enclosed is $ for Spottys
at $3.50 ea. plus 25 cents ea. for postage and
handling. (N. Y. C. residents please add 4% sales
tax.) Foreign orders $1.00 additional.

Name I T——
(PLEASE PRINY)

Address

City. State... Zip Code

Sorry—No charges or C.0.D. orders. EW-104

ELECTRONICS WORLD
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SCR-625 MINE DETECTOR
Complete portable outfit in origi- 33250

nal packing, with all accessories.
Brand New

VICTOREEN RADIATION DETECTOR

$225 Mode]l 506 BRAND NEW, actual value
$49.50 SPECIAL. WHILE THEY LAST

Heterodyne. 125 KC

Crystal calibrated modulated.
to 20,000 Ke. with Calibrati

Camplete, like new

LM Fregquency Meter < abhove. comp

out, with tuhes and ervstal, less calibr,

tion Look. Exc. Used, clean . ............ g

LM FREQUENCY METER

BC-221 FREQUENCY METER

Equipped with original calibration charts. 125 Kc to
20,000 Kc with crystal check polnts in all ranges.

d with original cahhranon Book. Crystal.
and anl tahlls. CHECKE

Unmodulated )loduldled «...P.U.R.
BC 221 1000 Kc Crystal nrnnd Newl. = digy. $895

€221 FREQ. ASE, aluminum. with volt,
leE SUppPlv. "Ihn(k mmm(ml BRAND N\ ... $2.95

BC-906 FREQ. METER SPECIAL
Cavity type 145 to 233 Mc. Complete with antenna.
Manual and original calibration charts ins $13 88
cluded. BRAND NEW, OUR LOW PRICE. -

LORAN APN-4
FINE QUALITY
NAVIGATIONAL EQUIPMENT
Determine exact geographic position of your boat
or plane. Indicator and receiver complete with all

tubes and crystal.

INDICATOR 1D-6B/APN-4, and RECEIVER R-9B/
APN-4, complete with tubes. Exc. Used. $6B
NEW! APN-4A Receiver-Indicator as above, changed
to operate same as APN4.B for |mproved perform-
ANCE . e = ma g sgn o o loe FE A e e W $88.50
Shock Mount for above .. ................ $2.95
INVERTER POWER SUPPLY for above APN-4. INPUT:
24 V DC. QUTPUT: 115 V AC, 800 cycles. Like
NEW. v o gom oo S B g s e % S e g s $22.50
12-Voit inverter Power Supply for above APN?

Like Now.
we carry a complete line of replacement parts and

accersories fnr above.

IMPORTERS — EXPORTERS

of ELECTRONIC EQUIPMENT

We specialize in the export
of military surplus electronic
equipment:

® All at LOWEST PREVAILING PRICES.

@® In addition to items shown on this page,
we have in stock or can obtain for export
and d ic ili y electronic
equipment made for World War Il, Korean
War, and later. We maintain one of the
largest stocks of Government Electronic
Surplus Equipment in Americal

IF YOU DON'T SEE WHAT YOU WANT
HERE, WRITE US YOUR NEEDS. WE'LL
QUOTE ON ANY GOV'T SURPLUS EQUIP-
MENT YOU SEE ADVERTISED ANYWHERE.
Write or call today for our low LOW
PRICE, and SPEEDY DELIVERY FROM
STOCK!

All packing and shipping is made directly
from our own warehouse in NYC to give
you substantial savings in handling costs!

WE BUY FOR CASH

your surplus Military Electronic Equipment

WRITE—WIRE—PHONE

AN/ARN-7 RECEIVER

Frequency range 100 Kc to 1750 Kc in 4 bands. Air-
craft navigational instrument comprising Superhet
receiver and additional circuits. Complete $29 50
with tubes. exc. cond. . ... ... ... ... .
Accessorics for above, available.

LORAN R-65/APN-9 RECEIVER
& INDICATOR

Used in ships and aircraft. Deter-
mines position by radio signals from
known xmitters. Accurate to within
1% of distance. Complete with
tubes and crystal. IN LIKE NEW Con-
dition .
Used, with all parts, less tubes, crystal $29 50
and visor .............. . Spec

INVERTER POWER SUPPLY for above APN 9. INPUT:
24V DC. OUTPUT: 115 V AC. 800 cy. Like New $22.50
72-V. Power Supply for APN.9, like New P.U.R.
Shock Mount for above . ........ ......... $2.95
Circuit diagram and connecting plugs available.
We carry a complete line of replacement parts and
acce<sories for above.

APN-12 3-INCH SCOPE

Has vertical and horizontal sweep
with focus and intensity controls,
coaxial antenna changeover motor.
Cemplete with 11 tuhes and 3JP1
CR Tube. For 115 V. 400 cycle AC
and 24 V DC. Circuit dls- $]
gram inciuded. LIKE

B

TS100AP C. userd. like new
with all tubes. X< and CR tube
As above, A ZV

===
™\

BC-929 3-Inch Scope, with all tubes,
BRAND NEW, ' 3dvoar i »e ;g molie - pf #9532 $14.95
Conversion instructions, with diagram, for logs\g

AC operation fegc.s: . swmias & 5o imBIdc=o.
TS-16,/APN TEST SET

For aligning  and tibration  of
radin altime e used to
check calibration unt or ciy
cuits and modulator sweep freg
and  pandwidiho of tran<mitter
Audio-oscillator mnu 340 1o
725t velos. 24 ‘pc” input.

ete with tubes, uumm 1ing cables

]
(m,m-?.‘.-u;m Sinmary. “BRAND NEW 51995

Vi

j DY
Type Input

EE-8 FIELD PHONES

Checked out, perfect working or-
der. Comé;]ete with all parts. Excel-
lent Condition.

LIKE NEW! Each . ..... $]450

TG-34A CODE KEYER

Sclf-contained automatic unit.
reproduces code practice signals
recorded on paper tape. By usc
of built-in  speaker, provides
code-practice signals to one or
more pnrsons at speeds from

AN/APR-4Y FM & AM RADIO RECEIVER
High precision fab instrument, suitable for
monitoring and measuring frequency and relative
signal strength of signals from 38 to 4000 Mc.,

in 5 tuning urHt ranges. For 110 V 60 cycle AC
operation, built-in power supply.

LIKE NEW, SPECIA $79.50

TN-166, TN-17. TN-18, TN-19 and T
Tuning Unlits for above in stock. .P.U. R

SCR-522 2-METER TRANSMITTER-RECEIVER

Territic buy! VHF Transmitter-Receiver. 100-156 Me,

41 channel~. tal-controlled.  Ampiitude  modulated
voice. Complmc with i1 18 tubes, top rack and
metal cas: IKE NEV

sp LCI\LL I’RICLD .
SCRS522 as ahove, exe. used . ... .. ... $3250

AN/ART-13 100- WATT XMTR

11 CHANNELS
200-1500 Kc
_2t018.1 Mc Mc

5795

USED

complete with Tubes

Famous Collins Autotune Aireraft Transmitter. AN
CW. MCW. Quiek change to any of ten npreset chan
n s or manual tuning. ':Deech nmplmer clipper uses
on m magnetic mike. 2hty table, n oaly ac.
¢ VFO. RBuilt in \hll contro saliby 3
l’l“ll 1s modulate 813 in final up to class .
A Real **HOT™ 1am bhuy at our Jow price!
AN/ART-13 XMTR, as ahove. In LIKE NEW $89 50
condition, with all tubes and crystal. . P 0

0-16 Low Freq. OSc. Coil for ART-13 .
24V Dynamotor for ART-13 - . 11 95
We carry a complete fine of spare parts for above.

TOR VALUE xcellent BRAND
Output Used NEW
DM-32A 28V 1.1A 250V_.05A 2.45 3.45
DM-33A 28V SA §75V .16A
. 28v 7A 540V _.25A 4.45 7.50
DM-34D 12V 2A 220V .080A 4.15 5.50
DM-35 12V 625V .225A —  19.50
DM-36 28V 1.3A 220V .080A 1.95 2.95

DM-42 28V 23A 515/1030/2/8
MA 215/260 — 12.50
DM-43 28V 23A 925V .220A

460V .185A —_— 7.95
DM-S3A 28V 1.4A 220v .080A 3.75 5.45
PE- 730 28V 20A 1000V .350A 8.95 14.95
PE 86 28V 1,25A 250V .050A 2.75 3.85

DM-37 DYNAMOYOR, Input 25.5 V DC @ 9.2 A. Out-
pur 625 225 Ma. HR’\\I\ NEW Fach $3.25

FAMOUS BC-645 TRANSCEIVER
15 Tubes 435 to 500 MC

Can be maoditied for 2-way
communication. veolce or
code. on ham band 120-130

me. citizens radio 1850-4%70
me. fixed and mobile 450-
460 me. television experi-
mental  470-300 mce. 15

{tubes worth

B7. 2—7E6. 2—
135 and  I——WE-
316 ow covers 60 10 NEW

190" me. Brand new BC-1id5 with tubes. less power
supply in factory carton.
Shipping weight 25 1bs. SPECIAL!. .. ..

PE-101C Dynamotor. 12 24V input. ..
UHF Antenna Assembly, .. ng
Complete Set of 10 Plug

Control Box

- SPECIAL “PACKAGE" OFFER:
BC-645 Transceiver. Dypamoior amd all accessories
above, COMPLETE, HRA\U NEW, 29 0
While Stocks Last il o e GoEe b i e $ 5

BC-344 RECEIVER. 150-1500 Kc.,
continuous tuning. 4-band. for 115 V
60 Cycle AC. Excellent used. perfect $79 50
working order. complete with tubes. *
SC] 342I‘§ECEIIVER 1. DI to 18 Mc. AC
nly ike Ncw. complete with all
tubes Ll 57950
BC-348 SUPERHET RECEIVER 200 to 500 Kc
and 1.5 to 1800 Mc. Voice Tone. CW. Self-con-
tained dynamotor for 24 V DC. Exec. Used.
Checked out.

e —— | Y
s,
BC-683 FM RECEIVER, 27 to 389 Mc.. Com-
plete with all tubes. exc. used. Checked

out. in working order $4950

BC-603 FM RECEIVER,

30 Me. Cun\p]me with all
am . $49.50

tubes. checked out. Like PV

Origrinal Teeh. Manual for above, D o1l ...

AC Power Supply for above, wired ....$12.95
12-Voit Mobile Dvnamotor

Power Supply. NEW . ...... o L B $ 5.50

BC1206-C BEACON RECEIVER

195 to 420 Kc. made by

Setchel - Carlson. Works on

24-28 volts DC. 135 Kc. IF.

C?mph’a,te W,I"h 5 tubes. Size

4" x 4” x 6”7, Wt. 4

Ibs. LIKE NEW 8 $|0 95
USED, less tul)es $4.95

234-258 MC RECEIVER AN/ARR-2
BRAND XNEW 11-tube Ul Tunahle Receiver with
schematic. Only a few at this lm\ nrice! $ 88
Complete with tubes. ¥Fxe 1 $5.95 .

ARB CRV 46151 NAVY AIRCRAFT RADIO RECEIVER

190 to 9050 KC in 4 bands: 190-550. 350- 1500
3 NMe. 6.9.030 Me. G-lube super with lovcal anul
remote (uning. hand change. Complete 9
with tubes and dynamotor. like new . ... .
$59.50

As Above, hmnd new . ....
tower Supply. 110 V AC wired

ARC-3 RECEIVER!
$21.50

Crystﬂl comrolled 17 tube suporhet tunes from 100
10 156 MC., AM n any 8 preselected channels.
28. volt 0C power input. Tuhes: 1-9002, 6-6AKS.
1-125H7, 3-125G7. 1-9001. 1-12H6. 2-125N7.
1-125L7. 1-12A6.

110 V A.C. Power Supply Kit for above 15 00
Factory Wired and Tested . . . . . ... . . . 9.95

ARC-3 TRANSMITTER

Comnnnion unit for above tuncs 100 to 156 MC on
ny 8 pre-selected channels. 9 tubes, crystal con-

lrolled provides tone and voice moduiation. 28V
DC Powcer input. Compl(’to with all

Tubes: 3-6V6, 2-832A, 1. 125H7 1-6J5

Complete w-th AII (ubos Exc. Usnd. 3086

2-6L6. Exc. Used . . lIIy
Like new condition 0L $28.50
ARC-3 PUSHBUTTON CONTROL 80X $5.9S

SCR-274 COMMAND EQUIPMENT

AI.L COMPLETE WITH TUBES Like
e Description Used NEW

BC 453 Receiver 190- 550 MC...... 514 95 Slﬂ 95

BC-454 Receiver 3-6 mMC. ... ... ... 15.95

BC-455 Receiver 6-9 mMC. ... 13le5 19 50

BC946 Receiver 550- 15()() l\c Complete with all
tubes. Brand New. in original packing. .. ... $44.95
1.5 to 3 MC. Recciver Brand New

110 Voit AC Power Supply Kit for all 174-N and
ARC-5 Receivers. Complete with metal
CANC. INtruCtions . ..o vi e
Factory wired. tested, ready to operate .%12.50

SPLINED TUNING KNOB for 274.N and ARC-3
4 4

RECLIVERS, Flh nC 4573, BC-154 an
others, Oaly ... ... . ... ..

irand New

3 \1c \c}f}\r\;xplele s] U 75
... %$7.95
mp]mo with

2.1 103 Me Tmnqmucr
BC-457 TRANSMITTER
with all tubes anrl crvs

all tubes and erystal ]2
RRAND \l‘\\ R . .

l.ike New $7.9
BC-696 TRANSMITTER 3.4 \k‘ Com;)lcm with $]1 95
All Tuhes & Cl\ﬂ(ﬂl Like N E o
BC-4536 Modul EW 5.95
ALL ACC L\SURIE\ AN \lL '\BI E TUR ABOVE

SCHEMATIC DIAGRAMS onlthie oas eeaEn 551,

Please include 25% Deposit with order—Balance

C.0.D., or Remittance in Full. 50¢ Handting Charges

on all orders under $5.00. All shipments F.0.B. Our
Warehouse, N.Y.C. All Merchandise subject to Prior
Sale and Price Change.

Set of 13 Reels. Army t ode

Practice Lessons, BRAND NEW,

original pheking P.U.R.
.

“lpe e [52050]

G & G RADIO SUPPLY CO.
Telephone: CO 7-4605
77 leonard St. New York 13, N. Y.

MICROPHONES Checked Out, Perfect

T-17 Carbaon lldl\(l Mike
l-A c, Used $4.45. . . .. .. .. . ..., Brand New $7.95
Navy l'\ p(‘ C: \hon ll’lnd \ch

8
E‘{r U=sed $3.95 .. ...
HEADPNONES Checked Out, Perlect

.Like New $5.75

Description XC. BR:ND

N
HS-23. Hiph Impedance $4.95
HS-33—Low Lmpedance . 1 5.45
Hs . Low Imp. (feather 9 65

. t). . .
16 .High Imp. (2 units) 3.7 7.95
YELEPHONlCS—GOO ohm Low Impedance HEAD-
SETS. BRAND NEW. PER PA 3.95
CD-307A Cords, with PLSS olu: ﬂnd JK26 Jack .99
Earnhone Cushinns for above—na .50

October, 1964
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QUANTITY TUBE BUYERS

WHY PAY MORE?

Rad-Tel's Quality BRAND NEW

o5

RE f 4

Your Choice
*Mfrs. Sug. list price

1B3-1G3

HIGH FIDELITY

LOW, LOW quotes: all compaonents and recorders. Hi-Fi,
Roslyn 9, Penna.

HI-FI Components, Tape Recorders, at guaranteed
“We Will Not Be Undersold” prices. 15-day money-back
guarantee. Two-year warranty. No Catalog. Quotations
Free. Hi-Fidelity Center, 1797 (L) 1st Avenue, N.Y.,
N.Y. 10028

HI-FI components, tape recorders, sleep learn equip-
ment, tapes. Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnpike, New Hyde Park 10, N.Y.

FREE! Send for money saving stereo catalog #E10W
and lowest quotations on your individual component,
tape recorder or system requirements. Electronic
Values, Inc. 200 West 20th Street, N.Y., N,Y. 10011.

FREE—$1.00 Value “Miracle”” Record cleaning cloth
with every quotation on HIF1 EQUIPMENT. Our “‘ROCK
BOTTOM" prices on NAME BRAND amplifiers—tuners—
taperecorders—speakers—FRANCHISED—59 YEARS IN
BUSINESS. Write for this month’s specials—NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St
New York, New York 10019.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.
JW Electronics. Box 51B. Bloomington, Indiana.

RCA Test Equipment, Authorized Repair & Calibration
Center, Nationwide. Edwin Bohr/Electronics, Box 4457,
Chattanooga, Tennessee 37415.

1 year GUARANTEE
] K3_l J3 Tubes branded — boxed
Rad-Tel

with the Type Price | Type Price | Type Price
purchase of 023 .79 |6BES 55 |12a17 76
every 183 .79 | 6BG6 170 [12AL7 .61
IR 77 | 6BQ6 112 [ 12Av6 4l
10 TUBES X2 82 | 6BQ7 100 | 12AXd 67
acB6 .56 [ 6CB6 55 | 12AX7 .63
SEND FOR . 63| 6CG7 61 [12BA6 .50
TUBE CIRCULAR 60 | 6006 110 [ 12BE6 53
: g4 |66 71 |12BH7 .77
WITH GOD TYPES BAEEERECEEECE LTI
1.01 684 52 [12BY7 77
47 | 6SN7 65 [258Q61 17
z 6AM8 .78 | 618 .85 [2516 57
TERMS: 25% depositon all ;595 53 [eus 83 |35C5 .51
orders. balance CO0. Orders  gays 85 | 6V6 54 |35wa 32
under $5 add $1 handling 6AUG .52 [6wW3 .61 [3525 60
charge plus postage. Orders  gavp .“ 6X8 ‘30 50C5 _53

over $5 plus postage TAUT 5016

TELEVISION Tuners—Rebuilt, Air Tested $9.00 Plus
Shipping. Guaranteed. Texas Tuners, Box 222, Robert
Lee, Texas 76945.

MAGAZINES

FOR sale; 168 Radio Electronics Magazines from Janu-
ary 1949 to December 1963, a!l for $45.00; A. Lago, 92

Andrew Street, Bayonne, N.J.
CLASSIFIED ADVERTISING ORDER FORM
Please refer to heading on first page of this section for complete data concerning
terms, frequency discounts, closing dates, etc.
! 1 T2 3 4 5
- s 71 - 8 9 10
1 12 13 14 15
16 17 18 19 20
! 21 22 23 24 25
1
% 26 27 28 29 T30
| a1 32 33 o T34 35
Words { @ .35 Reader Rate ! $
| @ .60 Commercial Rate |
Insert time(s) Total Enclosed $
NAME.
| ADDRESS - —
CITY ZONE__ _STATE_
SIGNATURE____ et P
WORD COUNT: Inciude name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. E?A)I'rrllgol[‘s

such as 35mm, COD, PO, AC, etc,, count as one word. Hyphenated words count as two words.
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GREGORY ELECTRONICS
Reconditioned FM

2-Way Radio Savings

WRITE FOR NEW FALL '64
E-X-P-A-N-D-E-D CATALOG

LINK 2210
150-170me

Wide band transceiver. Complete with all acces-
sories, less crystals and antenna. 12 voit. .$39
Add $15 for crystals and tuning of the receiver
only. Makes an ideal monitor receiver. Same unit
without accessories. 12 volt. . ........... $2s

MOTOROLA 450-470m¢

T44A1. 12 volts. complete with all accessories
less crystals and antenna . ............. $98
Same unit less accessories . ............. $68
T44A6, 6/12 volts. complete with all accessor-
ies, less crystals and antenna .......... $108
Same unit less accessories ..., .......... $78
T44A6A, 6/12 volts, complete with all acces-
sories. less crystals and antenna $128
Same unit less accessories

30-50me
MOBILES

GE 2-Piece Unit—6 volt or 12 voit
4ER6—4ET5 30w 30-40mc 40-530mc ...$ 88
4ER6—4ET6 60w 30-40mc 40-50mc ...$108
Complete with ail accessories except antenna
and crystals.

Equipment can be crystalled and tuned to any
frequency in the 30-50mc band

GE 2-Piece Unit—=6 volt or 12 volt
4ER6—4ETS5 30w 30-50mc
4ER6—4ET6 60w 30-50mc
Complete with all accessories including antenna
and crystals. Fully narrow banded 1Tx & Rx!
and tuned to your frequency with in the 30-
30mece range.

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
CORPORATION

249 Rt. 46 * Phone 773-7550
Saddle Brook, N.J. * Area Code 201

> GREGORY =,

—

ELECTRONICS isen

_CIRCLE NO. 185 ON READER SERVICE PAGE

PHOTOGRAPHS

PHOTOGRAPHS and Transparencies wanted—To $500.00
each. Valuable information—Free, Write Intraphoto-
EW, Box 74607, Hollywood 90004.

AIRCRAFT RADIO

WANTED Aircraft Radio Sets—Collins: 51R3-51X—51Y
—-51V—51Z, Bendix: T-21; R21; DFA-70; RA-18C; MK-7;
GSA-1, Test Sets: ARC—Boonton—Collins—Hewlett-
Packard. Highest prices paid. J. Lee, Box 105, New
Haven, Conn.

PRINTING

1000 BUSINESS Cards $3.90. Samples. MTL Printing,
Box 947, Chicago 90

ELECTRONICS WORLD
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LIFETIME
NO BATTERIES
TOBURN OUT OR
RECHARGE EVER

Always Ready for
Instant Use

e ]
=D
[
e

For 6 or 12 volt
use. Bulbs are
interchangeable.

THE ONLY
FLASHLIGHT
DESIGNED
EXCLUSIVELY
FOR THE
AUTOMOBILE

® Plugs into cigarette
lighter socket.

Powerful beam—
more light than a
5-cell flashlight

® Body glows red
for safety.

® Heavy duty
permanent
magnet.

® 10 ft. cord reaches
all parts of car.

T
RUNK LIGHT USE TH)s

COUPON

TO ORDER

CONSUMER SERVICE COMPANY
160 Mercer St., New York, N. Y. 10012
Auto Flashlight

Enclosed is $ for

at $2 98 ea. plus 25¢ ea. for postage and handling
(N. Y. C. residents please add 4% sales tax.)
Foreign orders $1.00 additional.
Name

{rLease PRINT)
Address
City State Zip Code

Sorry—No charges or C.0.D. orders. EW-104

October, 1964
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TUBES

TUBES—TV, Radio. Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed, 1st Qual-
ity. Top Name Brands Only. Write For Free Catalog
or Call WAlker 5-7000, Barry Electronics, 512 Broad-
way. New York N.Y. 10012.

RADIO & TV Tubes—33¢ each. Send for free list.
Cornell. 4215-W University. San Diego. Calif. 92105.
BRAND New Tubes, World's lowest prices con Radio,
TV-industrial-special purpose tubes. Write for free
parts catalog. United Radio. Newark, N.J.

BEFORE you buy receiving tubes, test equipment, Hi-fi
compenents, kits. parts, etc....send for your giant
free Zalytron current catalog, featuring Standard brand
tubes; RCA, GE. etc.—all brand new premium quality
individually boxed. One year guarantee——all at biggest
discounts 1n America! We serve professional service-
men. hobbyists. experimenters. engineers. technicians.
Why pay more? Zalytron Tube Corp., 469-W lJericho
Turnpike. Mineofa. N. Y.

77 TV test tube—$6.99. Tubes—6146—$2.95; 6211
(12AU7 equiv.) 39¢, 3 for $1.00. Germanium dicdes.
tested, equiv. 1N34. IN60 etc.. 30 for $1.00. Tophat
silicon rectifiers, 750 MA—1000 piv 75¢. Transistors,
tubes, resistors, condensers etc.. bargain priced. Free
catalog. Arcturus Electronics, Dept. ZD, 502-22nd St.,
Union City, N.J. 07087.

ELECTRONIC TUBES—Top Brands SOLD at substantial
savings! (Minimum Order $15.00) Authorized GE Dis-
tributor. Send for FREE Buyers’ Guide for all your
Tube Requirements. TOP CASH PAID for your excess
inventory (New ONLY—Commercial Quantities). Metro-
politan Supply Corp., 443 Park Avenue South, New
York, N.Y. 10016. 212-MU 6-2834.

T.V. radio tubes new top brands, 75% off list. Vincent

LoPresti, 316 South 20 Street, Birmingham, Alabama
35233.
GUARANTEED Eleciron tubes 4CX1000A—$89.95@

4CX250R—$34.95 ea. 4CX300A—$34.95@ 4-65A—
$8.95@ 4-125A—3818.95@ 4-250—$24.95@ 4-400—
$34.95@ 416B—¥12 50@ 832A—$8.95@ 829B—
$9.95@ 2C39A—$9.95@ 3CX100A5—$9.95@ (TWT-
EM778—%$295.00 HA-9B—8$250.00 HA-20GE—$195.00
HA-20M—$195.00) (KLYSTRONS-SAL 39-—$295.00 SAL
89-—$1495.00 2K48—%49.95 BL 6310-—$99.95) Mid-
West, 54 Mia Avenue, Dayton 27 Ohio.

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass.

CASH Paid! Sell your surpius electronic tubes. Want
unused. Clean radio and TV receiving, transmitting
special purpose. Magnetrons, Klystrons, broadcast
types. Want military and commercial lab test equip-
ment. Want commercial Ham Receivers and Trans-
mitters. For a Fair Deal write: Barry Electronics, 512
Broadway, New York, New York 10012 (Watker 5-7000}.

MUSICAL INSTRUMENTS

ACCORDIONS, GUITARS, BAND INSTRUMENTS! Save V2.
Famous makes, free home trial. Easy terms. Trades.
Free Discount catalogs. Mentian instrument. Interna-
tional Music Mart, Dept. EW, 5535 Belmont, Chicago,
41.

MusiIcC

SUB CARRIER ADAPTERS for reception of background
music programs (continuous music without commer-
cials) now being transm tted as hidden programs on
the FM broadcast band. Use with any FM tuner. Stand-
ard parts. Text. schematics $3.00. Kits $45.00. Self-
powered adapters $75.00. Music Associated, 65 Glen-
wood Road, Upper Montclair, New Jersey. Telephone
744-3387 area code 201.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

GET IT from GOODHEART!

ALL BAND SSB RCVR BARGAIN:

”I”lllllltl\ "3
43 Voice
2 I "

me continu
s nuul

s:
1 a5 ke \ll

2 110 ma de, 6.3
¥ lndhook other data,

Same w /()l) ¢y pwr sply, ready to use. ... . 1 9 50
tAld R20 tor S2B Praduct Hetector installed.)
TIME PAY PLAN: Anhy purchise tutaling 100/

ST60.00 or more. down pavment only. °

r IB.330 ke w, X3 ke IF's, Use

as A converter for above or other resis, Cheehed
electrieally, w ' lots of teeh. data, w/~pline

Kol 1hs fob Lo Ans 14.95

chEd R for exta-ctean selected unitly

NAVY'S PRIDE. RBS RECEIVER =24 mc 1 b-lube
cupcrhet, checked & ready W /1m.

~ply. tech data, fob Ch LS 6950

AN APR-4 NECElVlNG SET Tuxu SR to 1000 me Il\
clhdes TN- 1R Il o ane

RO et et 179 50

aunnlaptis
/O Panachapter w /537 CRLO 30 ome 3 e

LM FREQ METER 123 ke to 20 me is comton,

Meter & signal ~onrce. CWoor AM,
xtl cali Clean, checked, 1000

copluz. datas 16 1hs fob L e 57'50

for LA ~ply w/pl . data, or CR10 for EAO.

omerts for 1A w parts, inelmilenl,

TS$-323 UR, TSSO FAL-) .
Crystal, ent e ing
nnnu [
w/

heter,
aveuraes

20400 e
Q0T W hay
oy heck
approach  or
nstrers pwr sply
1007 id, fob Los

tFR-G U Theter.
100-300 me, has ¢
a

points &
1 a

('ln:\l!(
clhioekaed,

LAVGIE LA-6
souree

i 19950

PN ~ienat
i~ anted

SO0l s thruout. Ruilt-d 5
i e b Los A 375.00
BERKELEY COUNTER 1 e (b2 ne tren.
meter plus extender to 12 100 oK
rid, w o book. fob Los Anceles, anty 795 00
LP SIGNAL GENERATOR ¢1: ke 1o 30 mc,
1o ealih. Vo ta 1.0 v Complele, cortified 25000
TS-413 U SlGNAL GEN. 7310 e, 177,
<thoealibo. Vo calib. to 1.0 v, Certif. 279 50
GEN. RADIO ‘805 € MICROVOLTER 106 lic to 50 e
2 v ointo 3T1. obms. ike new, oo
wrtd. w hn(\l\. IK\"\H ar $2250. anly 750 00

BOONTON =152A CITIZEN'S BAND MICROVOLTER

1-3 me for I¥F, 20.28 me for RF, AM & FAM, w/5

mod. treq. Up te THL 000 nyv, l(rmun(ul 225 00

card, bwr sply. hook, grtd. L L.
BOONTON =202-F MICROVOLTER 17

b 1o .2 v CWUANUFAL new, with s 275,00
MEAS. CORP. =BO SIGNAL GEN. 2-.100 mec.

Tyt Ve calib, to THOL000 uy. Cortified. : 375.00

ROLLINS =30A (T=.60% U) MICROVOLTER 10.7 fo
400 me up to 10 v into 30 ohms, g tao
W egutar K ha0 i ih 1 1285.00

T watis CW
129.50

NAVY LAE-2 MICROVOLTER
new. seoall eharts, cords,

S320-1300 me.
buoalc,

C-BAND MICROVOLTER AN 'URM-3

3.8 Wane.
100 to O dbm, w all pulse mod, il
itics, Tnrernal 100 ey pwe sply. ..., .. 285.00
X-BAND MICROVOLTER TS5-7398B UPM-10, 395 00
R.5-0. 6 kme CW /RN I, -85 to 4130 dhm
WESTON INDUSTRIAL TYPE TUBE ANALYZER ‘ol
GRG OB has 6 meters. 12 conirols. {70 §()
W hnuh exe. cond.. regular R1100, onfy.
TEST SCOPE TS-34 AP 10 ex—3 e -~ 1 dh.
Lens cimulates 57 sereen. Remly to nse 39'50
DUMONT =304A LATE-MODEL TEST SCOPE ]49 50
DC 1o 230 kel Hand wired. Cortified .
TEKTRONIX SCOPES ¢ OK & vorgeous, w haoke:
A DO o Ul me: consit, O omvZem:
SRGT E aeedon < 385.00
Z31VIAD is ~amne plus Video De'ay Lane. . . 450.00
=503 HV oo tor pulses, 20 e ha-g. .. 495.00
215D 37 ope sads veny slow swoeeps. . 395.00
=512 57 seopte adids very ~iow sweeps. ... 450.00
HEWLETT-PACKARD GOODIES rtd OK & C bonke
Z100D Secondary Low Freg, Standard . .295.00
=202A fow Freg. Functiont Generstor. 295.00
Z410A all-purpose YTVAL up to 700 me 150.00

=520A Deecade Scaler chanses 10 me t oo
ke I Selmidt Trigger added, how nice!. . 295,00
= 100D ¢ vtvm plus hudd, Contr, =200\ de: e con-
verter enables ae & de VTV 1 down to as
Tow as 1 H|\ Full ~eale, A 265.00

SOLA SN0 VL Constan oltag -

125 Vi GO ey o Ill.'.\ T | cr former 4950
SOLA Siante as above exeept -1 KVA out. ... 79.50
RAYTHEON <ame as ahove 0O-1 KVA out. . ... 79.50
SOLA ) a5 : HI R NI (:13]

o |r:“l‘[| .')' ]\l' s = l"}l 0.3 l\'\'A; ! ”" . 149 50
SOLA 191-250 Vi 1 ph to 230 Vo 2 K .89.50
SORENSEN Llceironic Line Valta 1 T

H5-130 Vi 60 ¢ o adijustable a

(17N AN l\I;I\ )\1“‘.:\ li:l “.(url\]\.“”..“o. 99 50
. .179.50

NONS s above exeept 0-1 KVA L
500 Npec. stmi @

identival

y v o 1oph
ek 1"

Lopack O-BKVAL L L 279.50

00 far Cabmet.)

is Klectro \n.nmu il Line Regu-

17, ZFERO g ‘:n())l\‘u\\\ 99.50

llnl’u Vo.

almost

B Toas eaniiet

\d s

SUP. ELECT. ""EM"*
Laioe, Holds (o

63050 Vi 4365 evs

SUP. ELEC. ‘“‘EM’* < ahoye hut -6 KV, .279.50
PWRI SPLIY’ F;OR ART-13 & OTHER XMYRS 79 50
5% A0 80 e in both HV'S our. New
LEEDS & NORTHRUP Kelvin-Va Divider
e Y : 49.50

cand Lo

MEDICAL f'LM—-Adults only—‘‘Childbirth’’ one reel,
8mm $7.50; 16mm $14.95. International W, Greenvale,
Long Island, New York.

SCIENCE Bargains—Request Free Giant Catalog ““CJ"
—148 pages—Astronomical Telescopes, Microscopes,

Lenses, Binoculars, Kits. Parts. War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

www.americanradiohistorv.com

Also L&AN 4-Dial & S-Djal Bridges, pointer and Lamp-
and.Scate Galvos, Gertsch Ratiotrans. etc

PLENTY MORE WONDERFUL MATERIAL! Ask for
your needs! We ALSO BUY your excess mdse.

R. E. GOODHEART CO. INC.
Box 1220-A, Baverly Hills, Callf. 90213

Phomos: Area 213, sffice 272.5707, messagos 2755342
CIRCLE NO. 243 ON READER SERVICE PAGE
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BRAND NEW

UNITED'S FIRST QUALITY

TUBES oiscounts up 1o

Tube Price| Tube Price|Tube Price
e ...68

12L6 71} 22DE4 67
12L8 50| 224G6 1.06
12Q7GY 25A7 3.00

12Q7M 2 50 25AK4 .66
.75| 25AV5 1.DO

125A7GY 25AX4 ..68
. 2588 .1.73

128ATM 25BK5 ..89
2.50] 25BQ6 1.12

128C7 ..78]25Cs5 ...51
12SF5GT 25CA5 1t G
.98 ] 25CD6 1.50

125F5M 250K 1035
1.75 | 25DN6 1.50
12SF7GT 25EH5 .53
.65 | 25F5 . ..56

12SF7M 25L6 . ..55

1.7 Cae
125G7 95| 2525 .1.10
125G7M .

.10
17SHY 1 39
128J7GT
12847M

1.
12SK7GT
128K7-M

2.00
12sL7 ..78] 35
2SN7 ..65]|35W4 40
125Q7GT 35Y4 .1.63

.89 35z3 .1.20
12SR7 98| 3525 58
1207 60| s0as .1.a9

e e

NaNm-
NNOR A NUNON R UNESWODNINNNNRO

Mo 1IN INOG 3 HOWN L WtdW

DORNNN RN D00 DL DY
RO WAAWNO

‘l2.9s

WHY PAY MORE—6 FT. CHEATER CORDS 22¢ EA.

TERMS: Minimum order $5.00 exclusive of postage. Remit full price plus postage NO ABOVE PRICES
C.0.D. The above list does not reflect our entire stock as we haove one of the largest SUBJECT TO CHANGE
selections of SPECIAL PURPOSE, BROADCAST & TV TUBES in the U.S. Write for quotation. WITHOUT NOTICE

"ITED RADI ESTABLISHED 1920 SEND FOR COMPLETE
@BOX 1000R, NEWARK, N.J. PARTS CATALOG

HYPNOTISM

FREE Hypnotisin. Self-Hypnosis. Sleep Learning Cat-
alog! Drawer H400. Ruidoso, New Mexico 88345.

BOOKS

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE booklet *“ZD,” Vantage,
120 West 31 St., New York 1.

PUBLISH your bock! Join our successtul authors:
publicity advertising promotion, beautiful books. All
subjects invited. Send for free appraisal and detailed
bookiet. Carlton Press, Dept. ZDJ, 84 Fifth Avenue,
N.Y.C. 11.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Steep-Learning Association, Box 24-ZD, Olympia,
Washingten.

LEARN while asleep. Remarkable, scientific. 92% ef-
fective. Details free. ASR Foundation, Box 721, Dept.
e.g.. Lexington, Kentucky.

NOW Amateur Radio license correspondence classes!
Free details, write Valley Schools Dept. K12, Box 608,
Aurora, 111, 60507.

PATENTS

INVENTIONS: Ideas developed for Cash Royalty sales.
Raymond Lee, 2104G Bush Buiiding, New York City 36.

COINS

TWENTY page #27 Retail price list of USA and
Canadian coins 10¢. Our retail selling prices on
thousands of coins and coin collectors supplies. Bry-
son Incorporated, 612-Z White, Toledo 5, Ohio.

CIRCLE NO. 233 ON READER SERVICE PAGE
124
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FREE Catalog

OF THE WORLD'S FIMEST
GOV'YT. SURPLUS
ELECTROMIC BARGAINS

TS-147B/UP MICROWAVE
SIGNAL GENERATOR

... Portable unit designed
&£s. for testing and adjust-
ing Radar, Beacon, and
mﬂ- -l ¢ # & 5% Communication systems
g operating in the fre-
0 g @ quency range of 8500 to
9600 MC. Provides

- " either F-M or CW test
=1 signals of known power

A level & frequency. This

umt contains a direct-reading freq. meter and a
power-level meter which measures power referenced
to one Milliwatt (DBM). Used to measure both the
freq. and power fevel of the input and output signals.
Spectrum width, frequency change, recovery time, and
standing wave ratio. Also can be modulated externally
Operates from 115 V. 50-1600 cy.; less cables, plugs,
adapter, pick up horn. Size: 111/4 X 18% x 124”7,
TS—147B/UP Test Unit, as Photo — Used: $99.50
TS—147A/UP (Similar to TS-147B) — Used: $75.00

RT-82/APX-6 RADAR IDENTIFICATION SET —

Recexvor Transmitter covering frca. range of 950-1150
MC. t.F. Freq. 59.5 1.5 MC. (Can be converted to 1296

and 1220 Bands.) With Yub(‘s (30) 6/6J6,

1/5687. 1 /3E29, 3/6AL5. 1/5Y3. 2/3824. 3/6ALS,
2 '12AU7, 7 6AKS, 1/2C42, 1/2C46, 18 .0, 1/1

1 1N-25. Digit Counters. Tuners for Trans.- Frc-q

Frey. and LO Freq. Operates from 24 olts
115 Volts 400/800 cycle. Shpg. Wt.: 45 Ihs.

Price — Used
BC-348 RECEIVER
BC-348R RECEIVER — AM 6 Bands 200-500 KC and
1.5 to 18 MC. Crystal phasing, antenna align., beat
oscillator & audiogain controls, vernier and speed
tuning, output jacks for phones and speaker. With
Tubes: 3/6K7, 1/6J7, 1/6C5, 1/6K6, 1/6B8, & 1/6F7.
Voltage required: 24 Volts 2 A. & 220 VOC 70 MA.
Size: 18 x 10%2 x 912”. Wt.: 38 Ibs. Used ....$89.50
AC POWER SUPPLY — In cabinet with speaker when
purchased with Receiver ................... $20.00
DM.28 DYNAMOTOR — 24 VDC for Rec. Used G 95
FT-154 Shockmounting for Rec. Used .. 2.75
PL-103 Piug — for Receiver. Used 1.50
Address Dept. EW e Prices F.0.B., Lima, O, ¢
25% Deposit on C.0.D.’s *+ Minimum Order $5.00
SEND FOR BIG FREE CATALOG!

FAIR BADIO SALES

21373 ELIDA RD. - Box 1105 - LIMA, OHIO
CIRCLE NO. 181 ON READER SERVICE PAGE

ELECTRONICS WORLD
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INVENTIONS WANTED

INVENTORS. We will develop, help sell your idea or
invention, patented or unpatented. Our national manu-
tacturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance avail-
able. 10 years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Brokerage,
79 Wall Street. New York 5. N.Y.

PERSONALS

BORROW $1.233 Airmail! Repay $54 for twenty-nine
months. State licensed. Postal Finance, Dept. 15-R.
Kansas City 1. Kansas.

ONLY $35.92 Monthly repays $800.00 (thirty payments).
Borrow $100-$1,000 entirely by armail. Write today.
Bankers Investment Company. 92-A, Hutchinson,
Kansas 67501.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1.000 monthty.
Men wurgently needed. Car furnished. Business ex-
penses paid. No selling. No college education nec-
essary. Pick own job location. Investigate full time.
Or earn $6.44 hour spare time. Write for Free Litera-
ture. No obligation. Universal, CZ-10, 6801 Hillcrest,
Dallas 5, Texas.

| Made $40,000.00 Year by Mail Order! Hetped others
make money! Start with $10.00-Free Proof. Torrey.
Box 3566-N. Oklahoma City 6, Oklahoma.

AMAZING Mail Order Profits using proven methods.
Research. 3207-H Southern Hills. Springfield. Mo.
HOW And Where to Raise Capital. Details Free. Finan-
cial, Box 785-H. Springfield. Mo. 65801.

HIGHLY WEEKLY EARNINGS! Address-mail letters fea-
turing real merchandise. Get $10 with every order—
keep $8 profit. Supplies furnished. Free paiticulars.
Modern Merchandising, Box 357, Oceanside, N.Y.

FREE REPORT: “609 Unusual, Successfui Businesses.”
Box 122-ZDA, Wheeling. 1.

FREE BoW'%Oisiuccessful Little- KnomTBusinessési
Work home! Plymouth-717M, Brooklyn 4, New York

ORDER direct from |mport house Transistor Radios.
Distributors Wanted: Samples: 8 transistor $10.00.
Kidd Company, 24 Hedgewood Drive, Birmingham.
Alabama

SILICON RECTIFIER SALE

IMMEDIATE

FULLY GUAR'NT'D
AMERICAN MADE

DELIVERY
NEWEST TYPE
FULLY TESTED

750 MA-SILICON "TOP-HAT' DIODES

LOW LEAKAGE FULL LEAD LENGTH

PIV Ikms PIV_RMS PIV RMS PtV RMS
50 35 100 70 200 140 300 210
.05 c¢a .09 ca 212 eca 216 ta

Ply RMS Piv RMS PIV RMS PIV RMS

400’280 500 350 600 ‘420 700 490
.20 ca .24 ca .32 ea .40 ca

PIV RMS PIV RMS PIV RMS Plv rRMS

BOO S60 900 630 lOOO, 700 1100 770
.48 ca 55 ¢ca .75 ea

ALL TESTS AC & DC & FWD & LOAD
SILICON POWER DIODE STUDS

D.C. 50 PiVv 100 PIV 150 PiIv 200 pPIv
AMPS 35 RMS 70 RMS 105 RMS 130 H#MS
3 .12 18 22 30
12 .45 65 .75 90
5 .90 1.15 1.50 1.70
20 1.60 1 90 2.30 2.80
(KN 1.78 2.15 2.55 3.15
D.C. 300 Ptv 100 PIV 500 PlV 600 PIV
AMPS 210 RMS 280 RMS 350 RMS 450 RMS
3 40 .45 .55 65
12 1.10 1.35 1.50 1.70
35 2,35 2.55 3.00 3.50
htll 3.50 4.20 5.25 7.00
T 3.75 4.60 5.65 8.00

SCRT SILICON CONTROLLED RECTIFIERS *'SCR”

PRV AMP AMP AMP PRV AMP AMP amp

1.20 f 250 2.30 2.65 3.10
1.40 @ 300 2,60 3.00 3.40
2.20 100 3.00 3.40 4.15
2.€5 @ 500 3.75 4.25 4.75
2.90 § 00 4.00 5.00 5.25

Money Back guarantee. $2.00 min. order. Orders
F.0.B. NYC. Include check or money order. Shpg.
charges plus. C.0.D. orders 25% down.

Warren Electronic Components
230 MERCER ST. N.Y. 10012 N.Y. 0R-3-2620

October, 1964

WORTH OF
$ * Tronsistors % Diodes
* Rectifiers * fols
Bonus # Resistors # Precisions
# Condensers Etc

Add 25¢ for handiing

mmam

DOUBI.E BONUS SALE

BOTH BONUS #1 AND %2 FREE WITH ANY $10.00 ORDER

3-TRANSISTOR 495 | :
) AMPLIFIER DOUBLE T, ZENERS
" o o iok POWER TP ¢ 449

3 e 2" x Y subminioture ¥ a8y

® Printed o W/Transistars Features! Ef w8y EA
Lircult Millions Bot—No chance to Test! r :'; oy

: 1av loay WRITE FoOR
ELECTROSTATIC - SO0M- BONMIER SV

T0356 Transistors

P $4 00 B:_‘l“i‘ CHOOSE ANY

L O FHEE $1.00 ITEM
u POLY PAK LISTED BELOW
5 FREE

10 WATT

VOLYAGES

25 TOP HAT RECYIFIERS

%149 |

MADE BY LORENZ
FOR GRUNDIG—4 - ;

& 2N112 TYPE 1F, 0SC TRANSISTORS, T022, untested $!
1 2N706 SOOMW NPN PLANAR TO18 JOOM( ......... $1
3 TEXAS 20W TRANS'RS, 2N1038 w/heatsink, TOS...S)

4 G.E. 2N43 OUTPUT TRANSISTORS, TOS case. . ]
3 IN1264 UHF TRANSISTORS, 300 mc TO5 case. .81
10 PNP SWITCHING TRANSISTORS, TOS case..... .9
2 IN964 EPITAXIAL MESA S00 MC, PNP, TO18 .9
6 ZENER DIODES, upright styles, asst......... .8
2 TRANSITRON 1N429 ZENER REFERENCES.... .9
SILICON PLANARS: ] 2N497, ] 2N498, each....$)
4 SUBMINIATURE 2N131 TRANSTRS, rf-if, pnp.......S1

4 (K721 TRANSTRS, in new aluminum case, pnp..
10 NPN SWITCHING transistors 2N440 equals. ..
3 (85 35W TRANSTRS, ZN1434, pnp, stud....
10 FAMOUS (K722 TRANSTRS, pnp..........
15 PNP TRANSISTORS, asstd. types and cases
15 NPN TRANSISTORS, asstd. types and coses. .
2-2N341 NPN SILICON TRANSISTORS, 1 wott...
7] 3 €85 20 WATT TRANSISTORS, pnp stud 2N1320

) 3N35 TETRODE, 150 mc transistor, silicon. ... .
S SUN BATTERIES TO 11/,” sizes lightsensitive...... $1

{ " 6-AMP 1000V SILICON STLD RECT'S 2 for 1,49

3 2N255 PWR TRANSISTORS, or equal, TO3 case......
25 SEMI-KON-DUCTORS, transistors, diodes, rect......
S GENERAL ELECTRIC 2N107 type pnp tronsistors
HOFFMAN SATELITE SILICON SUN CELL, 34x1"..
1 15 UPRIGHT SILICON DIODES, worth $40........
2 "MESA’ 4-WATT TRANSISTORS, npn, silicon TOS
& TRANSISTOR RADIO SET, osc-ifs-driver, p-p.
2-25 AMP SILICON STUD RECTIFIERS.........
| 20 WATT NPN SILICON MESA, 2N1648 transirs.
2-500MC PNP MESA TRANSISTORS, TO18 case.. ..
6 TOP HAT RECTIFIERS, 750 mil, 400 votts..........
1-SILICON NPN "*PLANAR' 2N718, TO18 case, 100MC.$1
10 SYLVANIA MICROWAVE MIXER SILICON DIODES...$)
10 PHILCO MAT HI-FREQ. TRANSISTORS, untested....$]
] 5 SYLVANIA ONE AMP 700V RECTIFIERS, epoxy....$1

T03 POWER 0 25 r_'pox;v nscrlnzus
caal,

TWEETER W Tr” "“Gold'" 3 For $1 ‘f’éuruAusns'rons $1

Transistors
10 For $1

Testoddl

25 GERMANIUM mooss
INSL, INIR untested

25 “‘GLAss'' TINY siui. PER

o

sq. illustration re. o
semhles tweeters injgp. 4 ] CON diodes,  avial u PAK
stock. tosted,
WORLD'S
ey SEMI-KON-DUCTORS  wof*i25.. $1 PARTS PAK
3 1-WATT ZENER DIODES, axial leods, 6V........... $ [J 3-UTC SUBOUNCER TRANSISTOR TR'FORMER, nsst. ..S1
4 SYLVANIA 2N3S NPN, transistars, TO22............ $1 10 ELE(TROLYTI(S, FP & Tuhulars, to SO0 ml .......

30 'TEXAS' PRECISION RES[SWORS to 2W, 19,
60 Ceramic Condensers, discs, npo’s to OSml
4 TRANSISTOR TRANSFORMERS, osst, worth 525
40 WORLD'S SMALLEST RESIST. §%, too, 1/10W
40 SUBMINIATURE COND., to .05mf cerafil toa.....,..
3 TINY V CONTROLS, w/sw, 2K, .S meg., 1 meg. .
4 TRANSISTOR TRANSFORMERS asst., worth $25.. ...
1-INFRA-RED PHOTO DETECTOR TRANSDU(ER ........

50 ONE WATTERS, resistors, asstd. values, 5% too. ...
60 TUBULAR CONOENSERS, to .Smf to 1KV.......
60 TUBE SOCKETS, receptacies, audio plugs, etc..
10 PANEL SWITCHES, rotary-micra-slide-power

~ TEXAS 750 mil 400V H
Epoxy Rectifiers......... -m- ..... 6 for ‘

. 30 POWER RESISTORS, ta 50W, to 24 Kohms......... 31
50 MICA CAPACITORS, to .01mf, silvers too.. . 51
10 VOLUME (ONTROLS, to 1 meg., switch taa. .
50 RADIO & TV KNOBS, asstd, (olors, styles. ... A1l

10 TRANSISTOR ELECTROLYTICS, 10 ta 100 mf.

$25 RADIO-n-TV SURPRISE, wide variety. ... %
50 COILS & CHOKES, rf-if, osc peaking, ete. .S
"1 35 ALLEN BRADLEY & IRC TWO WATTERS. .St
100 ASST. HALF WATT RESISTORS, 59, 'ao ..... .8

60 H1-Q RESISTORS, 1/;, 1, 2W to 1 meg. 5% too .81
10 TANTALUM ELECTROLYTICS, worth $15.. ...

10 PHONO PLUG-n-JACK SETS, tuners-omps.
30 MOLDED COND, hlack heauty, mylar, vit-

TRANSITRON rov 7
SCR'S  °ReW o
SILICON '

E| CONTROLLED
El RECTIFIERS

N .E. 70 TYPE TRANSISTORS, npn, rf.... ...... $1
ST b SILICON POWER DIODE STUDS
i H Amps Volts Sale Amps volts Sﬂl(‘ Amps volts Sale
]0(, FOR OUR XMAS BARGAIN CATALOG ON . I AR L s LR AL 2-9(5
Semiconductors Poly Poks arts O 6 3100 59¢ R00 1.75 SO0 3,78
1§ By 69¢ l()(i 1.95 14 U 1.50
neck. order, HoowH) 89¢ 2.50 lun no 1.80
oLY ey RNLTIT Lt HH B
l is"’ Wated. net 30 days. CODs 12 100 69¢ 1050 1240 160 5.80
= e 12 24H0 88¢ 1.75 230 150 6.75
K s P.O. BOX 942W 12 300 1.;9 5.95 1230 200 8.25
12 1 1.37 .55 2 3 .
A 50. LYNNFIELD, MASS. R o R Y
“PAK-KING' of the world 2% 100 1.29 ~ 30 50 1.95
CIRCLE NO. 206 ON READER SERVICE PAGE
EQUIPMENT
APN-4B LORAN tNDICATORS ID-6B/APN-4— Wil
cryvstal, all 253 tubes. and Sweep Sneed rotary
switehes In good condition. Lab checked $39 95
HEAR Aircraft. Tower Emergencies. weather. Portable o ",‘J‘ KELWN'\)A;’:L&% ERECISTo NIV oINS CENo ™
9 Transistor AM-FM-VHF Aircraft receiver. Beautiful M “, ER B I;:l'x)‘:‘]:m”ll'“ L
> B ; B . -
Black with Gold Trim. $26.50. Free Details. Transco, Box tronies World X L Lan ehecked

13482, North County Station. St. Louis 38. Mo.

TRANSISTORIZED Television Translators, Rebroadcast
25 miles, F.C.C. approved, Battery Powered. Anderson
Company, Piedmont, S. Dak.

ELECTRONIC equipment designed. modified or built I
to your specifications. Pacific Electro Mechanical Ind.,
Route 2, Box 390, Lincoln, California 95648

FREE electronics catalog. Tremendous bargains. Efec-
trotabs, Department C-107E, Hewlett, New York 11557.

www.americanradiohistorv.com

L. Good (nmh(mll L
RA-42B POWER SU

puL 2o, »,nm:

duﬁ“ ail e ||H(I(0x

G .

RA.42A POWER SUPPLY

e as above bar with

Colt & anidllia In\)) meters.  Also >he-
matic. Gond., $ 045
R.237B 'VR MOBILE FM RECEE\’ER — i e
Vibrator pewer suppl conyeried

to 12vDC with ~(h|n1|[H_ Used
(b $26.95

Send money order or chock wnh order—Pleasc in-
clude postage—Excess promptly rcefunded, Minimum
€COD Order $10.00 with 25% Devposit.

Write for Bulletin =40 — LOADS OF BARGAINS

R. W. ELECTRONICS, INC.

2430 So. Michizan Ave. Dept. 1073
Chicaro, [linois 60616 Ptionc CAlumet 5.1291
125
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MISCELLANEOUS

SPANKEE! New Fashioned Shingle! With Old Fashion
Results! $1.00 Postpaid. Spankee! Box 466. Salem,
Mass.

SAVE 3200 to $2.000 on European automobiles deliv-
ered at lew. low factory tax-free prices by using our
direct shipment plan. Defivery guaranteed, references
available. Tourist and Military deliveries available in
Europe. Information on all models and makes Eurauto,
Postbus 333. Rotterdam. Holland.

Men Only!'—Surprise Package $1.00. Enterprises,
Box 265-ZD, Spring Valley, N.Y. 10977.

JOHN F. KENNEDY '*HALF DOLLAR" key chains. $2.98
postpaid. R. Coleman, P.0. Box 1625, Richmond. Cali-
fornia 94802.

JUST released! 50.000 words of inspiration and truth
projected upon a backdrop of Universal Laws and
Principles. Fourteen issues of Lemurian Viewpoint in
binder. $2.50 postpaid Lemurtan Viewpoint, Dept. 5,
Ramona, California 92065.

GOLD, treasure, coin locator, $2.00 complete. Guaran-
teed. Treasures-14, Ashland. Oregon.

EMPLOYMENT INFORMATION

FOREIGN Employment. Construction. other work proj-
ects. Good paying overseas jobs with extras. travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach, Florida.

EMPLOYMENT Res.mes. Get a better job & earn
more! Send onty $2.00 for expert. complete Resume
writing Instructions. J. Ross, 80-34 Kent St., Jamaica
32, N.Y., Dept. EW.

FOREIGN—U.S.A. Hot list.ngs. All-year jobs now hir-
ing. Transportation. Family relocation. Stamped re-
turnable envelope. Global, Box 286-w, Oroville, Calif.

$7,2007 $10,0007 $20,000? INDUSTRY needs your
skills! Name, address, postcard. Box 3667, Fullerton,
Calif., Empl. Division.

GOVERNMENT SURPLUS

JEEPS $64.50, boats $6.18. typewriters $4.15, air-
planes. electronics equipment. thousands more, in
your area, typically at up to 98° savings. Complete
directory plus sample Surplus Market-letter $1.00.
Surptus Service. Box 820-K. Holland, Michigan.

HELP WANTED

EARN Extra money selling advertising book matches.
Free Samples furnished. Matchcorp, Dept. MD-104,
Chicago 32, I\

NIMS
NATIONWIDE IMPROVED

MAIL SERVICE—
)

A PROGRAM
FOR REDUCING POSTAL COSTS
AND IMPROVING SERVICE
MAIL EARLY IN THE DAY

IT’S THE BETTER WAY!
.

LETTERS READY? — MAIL THEM EARLY!

ELECTRONICS WORLD OCTOBER 1964
ADVERTISERS INDEX

READER
SERVICE NO. ADVERTISER PAGE NO.
152 Advance Electronics . ............ 119
154 AlliedRadio ................ 85, 86
249 Allied Radio .. ....ooovut ee.. 29
American Institute of
Engineering & Technology . .... 90
248 Amperex Electronic
Corporation . ...... THIRD COVER
161 Avutomotive Electronies Co. ... .. .. 69
121 B & K manufacturing Co. . ....... 117
162 Blonder-Tongue Llabs. Inc. ....... 118
163 Burstein-Applabee Cc. .......... 105
164 Cadre Industries Corp. .......... 104
Capitol Radio Engineering
Institute, The ........ 9,10, 11, 12
Channel Master Corp. ........... 104
Cleveland Institute ot
Electronics ...20, 21,22, 23,67
168 Columbia Products Co. .......... 87
245 Conar ... e 82
170 Concertone ... ... oo, 97
171  Concord Electronics Corporation .. 30
174 Crown International ... ......... 88
123 Deleco Radio ......... ... ... ... 1
178 EICO Electronic Instrument Co.,
Ine. cee i 32
180 Electro-Voice, Inc. .. ... uun.. 28
181 Fair Radio Sales ............... 124
246 Finney Company, The .......... 6,7
247 Furn-a-Kit oo 76
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How to repla

Most of the quality TV sets you are presently servicing were designed around
special Frame Grid tubes originated by Amperex. More and more tube types
originated by Amperex are going into the sets you'll be hardling in the future.
Amperex Frame Grid tubes provide 55% higner gain-bandwidth, simplify TV
circuitry and speed up your servicing because their extraordinary uniformity
virtually eliminates need for realignment when you replace tubes.

Amperex Frame Grid Tubes currently used by the major TV set maksrs include:
2ERE  2GK5 2HAS  3EH7 3GKS 2HAS  4EH7  4EJ7 4ES8  4GKS  4HAS  5GJ7
BEH? 6EJ7 6ERS 6ES8  6FY5 6GJ7 B6GKE 6HAS  6HG8 7HGS  8GJT

If your distributor does not yet have all the Ampearex types you need, please

be patient—in some areas the demand keeps gaining on the supply.
Amperex Electronic Carporation, Hicksville, Long Island, New York 11802.
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WHERE THE SILVERAMA® SCREEN BEGINS

TV picture quality depends on precise control of phosphors

Television picture quality depends on the quality of the phosphor
screen inside the faceplate. That’s why every RCA Silverama re-
placement picture tube is completely rescreened—in the same pains-
taking manner and with the same precision—as RCA picture
tubes produced for use in original equipment. Before receiving
their new Silverama screens, reused glass envelopes are scrukbed
completely clean and giver a series of chemical baths internally to
restore them to the pesak of their optical capabilities.

RCA produces and develops its own sereen phosphors. These are

Drying ovens remove
moisture from phosphor

Phosphors are blended
for best screen quality

formed by reacting solutions of zine sulfate and zinc and cadmium
sulfates with hydrogen-sulfide gas in this complex precipitator,
(above). The resulting zinc sulfide and zinc-cadmium sulfide are
then activated, fluxed, fired, washed, dried, and screened to form
phosphors which emit blue and yellow light, respectively. These
are carefully Elended to produce phosphors that possess the pleas-
ing “white”, high light output, and uniform smoothness, which
characterize RCA Silverama picture tube screens.

Make RCA Silverama your first choice in picture tubes.

Base materials are fired
to form the phosphors

RCA ELECTRONIC CCMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics
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