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GET A FAST START WITH
NRI'S ABSORBING, NEW
ACHIEVEMENT KIT

Delivered to your door—
everything you need to
make a significant start in
the Electronics field of
your choicei This new
starter kit is an outstand-
ing, logical way to intro-
duce you to NRI. What's
in it? Your first group of
lesson texts; a rich vinyl
desk folder to hold your
study material; the indus-
try’'s most complete
Radio-TV Electronics Dic-
tionary; valuable refer-
ence texts; lesson answer
sheets; pre-addressed en-
velopes; pencils; pen;
engineer’s ruler, and even
postage. No other school
has anything like it.

ELECTRONICS COMES
ALIVE WITH CUSTOM
TRAINING KITS

You get your hands on ac-
tual parts and use them to
build, experiment, explore,
discover. NRI pioneered
and perfected the ‘“home
lab'’ technique of learning
at home in spare time.
Nothing is as effective as
learning by doing. That's
why NRI puts emphasis on
equipment, and why it in-
vites comparison with
equipment offered by any
other school. Begin now
this exciting program of
practical learning created
by NRI's Research and De-
velopment Laboratories.
It's the best way to under-
stand fully the skills of the
finest technicians—and
make their techniques
your own,

“BITE-SIZE' LESSON
TEXTS PROGRAM YOUR
TRAINING AT HOME

Certainly, lesson texts are
necessary. NRI’'s pro-
grammed texts are as
simple, direct and well il-
lustrated as 50 years of
teaching experience can
make them. They are care-
fully programmed with NRI
training kits to make the
things you read about
come alive. You'll experi-
ence all the excitement of
original discovery.

HOBBY? CAREER?
PART-TIME EARNINGS?
MAIL CCUPON TO NRI

Whatever your reason for
wanting to increase your
knowledge of Electronics
. . . whatever your educa-
tion . . . there's an NRI
instruction plan to fit your
needs. Choose from three
major training programs
in Radio-TV Servicing, In-
dustrial Electronics and
Communications or select
one of seven specialized
courses. Mail coupon for
NRI catalog now.

DISCOVER THE EXCITEMENT OF
NRI ELECTRONICS TRAINING

Founded 50 years ago—in the days of wireless—NRI pioneered the ‘‘learn-by-
doing’” method of home-study. Today, NRI is the oldest, largest home-study
Electronics School, offering the kind of instruction that makes learning exciting,
fast. You build, test, experiment, explore. Whatever your interest, your need,

your education, investigate the wide variety of NRI training plans . . .

7ind out

about the NRI Achievement Kit. Cut out and mail the postage-free card now.

No salesman will

call.

Washington, D.C. 20016.

50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

www.americanradiohistorv.com

NATIONAL RADIO

INSTITUTE, Electronics Division,
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If you can find one resistor
that’s best for all precision applications

...buy it

We don't think you will.
That's why we make all these different types...can recommend without bias.

i bt

T il

MOLDED DEPQSITED CARBON
Low cost, most popular
MIL-R-10509

e

COATED DEPOSITED CARBON
Industry’s first precision
film, MIL-R-10509

-

MOLDED METAL FiLM
Best MIL-R-10509
performance, hi-rel option

COATED METAL FILM
Smallest size resistor for
MIL-R-10509

ULTRA RELIABILITY METAL FILM
MIL-R-38101, Minuteman
.00019%/1000 hr.

HIGH RELIABILITY METAL FILM
MIL-R-55182, 4 sizes,
glass-hermetic

LOW COST METAL FiLMm

100 ppm T.C.
Molded or coated types

S

MINIATURE METAL FiLM
Saves space, 1/20 watt,
1% tolerance

PRECISION POWER WIREWOUND
Miniature, % to 15 watts,
25 ppm T.C.

ENCAPSULATED WIREWOUND
MIL-R-93, humidity and
shock resistant

|

i
AN

4

»

UNENCAPSULATED WIREWOUND
Instrument grade, iow cost
Wirewound stability

MATCHED METAL FiLMm
Matched to 3 ppm T.C.
and/or .029% tolerance

Write for Precision Resistor Selection Chart . . . complete data 1n handy 11" x 17" size.

INTERNATIONAL RESISTANCE COMPANY

PHILADELPHIA, PA. 19108

www americanradiohistorv com
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www.americanradiohistory.com

CREATED BY THE HAND OF EXPERIENCE

BROAD-AREA CADMIUM-SULFIDE PHOTOCELLS

Power Dissip.

Max. Voltage Watt Resistance at
DC or Peak Continuous 2 footcandles
Type AC Volits Service Ohms

1”-Diameter Glass-Metal Types

4451 600 0.75 150,000
4450 600 0.75 30,000
$02503 600 0.75 18,000
7163 600 0.75 10,000
4448 600 0.75 8,000
4404 600 0.75 5,500
$02502 600 0.75 5,500
4453 600 0.75 ’ 4,000
4403 250 0.75 2,000

1”-Diameter Plastic-Filled Glass-Metal Types

502533 600 . 150,000
SQ2533v1 600 ’ 30,000
5Q2533V2 600 : 18,000
SQ2533V3 600 : 10,000
SQ2533v4 600 | . 8,000
5Q2533V5 600 5,500

$02533v6 600 4,000
SQ2533v7 250 2,000
,"-Diameter Glass-Metal Types '

502525 250 : 150,000
502521 250 . 8,000
502526 110 . 3,900
$Q2527 110 2,000

$02520 110 02 700

-Diameter All-Glass Types

502500 250 | 150,000
4423 %0 | 02 8,000
$Q2523 ‘ 110 02 3,900

$Q2524 110 02 2,000
4425 110 700

e

YOUR GHOICE— En 8% |
rea pHoToconpucTive ceLs AR I

12", Ya" glass types 17, 15", 14" glass/metal types SQ2529 ‘/4”'[]:(:;“”Glass‘Me(;a(;_smes 800,000

FROM YOUR RCA INDUSTRIAL DISTRIBUTOR 502508 200 0.05 60.000

RCA has a complete line of photocells—in all price ranges—to suit your SQ2519 300 0.05 10,000

particular light-opersated control application. Va”-Diameter All-Glass Types
Have an application where temperature and humidity are a problem?

|
You'll find RCA’'s hermetically sealed units will give outstanding service SQ2528 300 I 0.05 800,000
in such hostile environments. Have an application where low cost is 7412 200 0.05 60,000
important? Setect one of RCA’s high-quality plastic-filled types. Whether 4413 110 0.05 20,000
you're replacing a light-dependent resistor in a present application or 300 0.05 10@
developing a new p-oduct take a look at the RCA photoconductive cell 1/, ”-Diameter Plastic-Filled Glass-Metal Types
line. All are cadmum-sulfide, head-on types with S:15 spectral re- —
sponse. Three sizes are available—1", '/,", 1" diameters—as listed in S02531 | 0.05 800,000
the chart at right. Detailed information is available, specify RCA Photo- SQ2531v1 0.05 150,000
cells Booklet CSS-800. $Q2531v2 0.05 60,000
SQ2531v3 0.05 20,000
RCA ELECTRONIC COMPONENTS AND DEVICES. HARRISON, N.J. SQ2531v4 0.05 10,000

SQ2531V5 | 0.05 3,900
SQ2531V6 0.05 2,000

The Most Trusted Name in Electronics
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lectronies World

25  The Electronics Industry

A special EW report on the status of the industry—its products,
people, and prospects. Included is a section on the employment
situation on the East Coast for scientists, engineers, and technicians.

[- 29 New Industrial Radio Band  ieo G Sands
r
30 Recent Developments in Electronics
»
" 32 Marine Radiotelephone Antenna Eibert Robberson
34 New Line-Cord-Operated Transistors
SPECIAL FIXED-RESISTOR SECTION
37 The Fixed Resistor Industry (Guest Editorial) & w. Butler
38 Carbon Composition Resistors 0 H Bieck & C. O, Van Hecke
41 Common Problems in Specifying Resistors Donald O. Ward
42 Resistor Noise Graphs  robert Jones
44 Thin-Film Resistors Wendell Moyers
45 Some Resistor Precautions
46 Precision Wirewound Resistors
47 Wirewound Power Resistors H.rbort Levy
51 Standard EIA Resistor Values
51 Applicable MIL-Specs for Fixed Resistors
52 Directory of Fixed Resistor Sources
54 Unusual Resistors
56 Military Specifications for Fixed Resistors
57 Thick-Film Resistors s J Rollin, Jay Utken & J. Bucklin
61 Designing the Hi-Fi Loudspeaker  Abraham B. Cohen
Lngineering quality into a speaker design requires time, effort, knoiw-
how. Included are the ten rules of good design that must be followed.
80 1965 National Electronics Week Set for N.Y.
22 EW Lab Tested
Sherwood S-9000 Amplifier
Weathers “Townsend” Turniuble/Arm
>~
=) 68 Computer Analysis of Heart Sounds  John Frye

72 Test Equipment Product Report

Jerrold Model 890 Sweep Generator
a RCA WV .-384 Volt-Ohm-Milliammeter
Instrumark “Megit” Megohmmeter

MONTHLY FEATURES

Coming Next Month. ... .. .. .. .. 4 Letters from Our Readers. . . .. ..
New Products & Literature. . . .. .. 89
Reader Service Pages. ., .....17 & 88
Copyright © 1965 by Zift-Davis Publishing Company. All rights reserved.
April, 1965
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THIS MONTH'S COVER in-
cludes a belt of fixed resis-
tors for use by an automatic
processing machine. In this
configuration, the resistor
lead wire can be cut to
any desired length, bent to
any desired shape, and then
automatically inserted and
soldered into a printed-cir-
cuit board. The top insert is
an interior view of an Allen-
Bradley carbon resistor. The
center insert shows the in-
side arrangement of a typi-
cal Ohmite wirewound type,
while the lower insert shows
the manner of film slitting
used by IRC to increase the
resistance values of their
film resistors ... (Photo: Jay
Seymour, Burns Bros., N.Y.)
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Here’s a sampling of seven types. Most
arc stocked by both the factory and
distributors. Commercial and MIL types.
Write for Stock Catalog 30 and resistor
literature.

(® MOLDED, VITREOUS ENAMELED —Ex-
clusive, rugged, insulated resistor.
Power and precision types. Axial leads,
wirewound, 1.5 to 11 watts (Series 99).
MOLDED SILICONE-CERAMIC — Insu-
lated, precision and power types. All
low TC. Wirewound, axial leads, 1 to 11
watts (Series 88).

© VITREOUS ENAMELED — Lug, BROWN
pEVIL® wire lead and other terminals;
wirewound, 3 to 1500 watts.

® Low TC—High stability, wirewound
with lug or wire lead terminals; 6.5 to
1,000 watts (Series 400).

® COMPOSITION LITTLE DEVILS®—Avail-
able from distributors only; 0.1 to 2 watts.
® METAL FILM PRECISION—Lowest MIL-
specified TC; Y to 1 watt (Serics 66).

OHMITE

3645 Howard Street, Skokle, llllnols 60076
Phone: (312) ORchard 5-2600

RHEOSTATS » POWER RESISTORS » PRECISION RESISTORS I

VARIABLE TRANSFORMERS s TANTALUM CAPACITORS «TAP

SWITCHESeRELAYSeR.F.CHOKESsSEMICONDUCTOR DIODES |
CIRCLE NO. 402 ON READER SERVICE PAGE

a

| American Union countries $.50; P 0]
postage paid at Chicago, Illinois and at additional mailing offices. 3
| Post Office Department. Ottawa, Canada and for payment of postage in cash.

COMING
NEXT
MONTH

FIBER OPTICS IN ELECTRONICS

Fritz O. Kahl, Senior Product Specialist
at Corning Glass Works, surveys the
present state-of-the-art in this compre-
hensive article. Not only does he cover
operating principles and characleristics,
but he discusses in detail such applica-
tions of fiber optics in inspection lools,
special CR tubes, image intensifiers, and
vidicons.

SOLID-STATE DIMMERS &
POWER CONTROLS

This is the first of two articles covering
new types of power controls. This part
deals with the new dimmers and power-
control circuits now avatlable, their
capabilities and limitations. Basic oper-
ating principles and the types of loads
they are capable of handling are also
covered.

TUNING FORK AS

AN ELECTRONIC COMPONENT

Most people associate tuning forks with
choral groups. but because of its inherent
high-‘Q” and long-term stability, it s
finding wide application in the electron-

! Electronics

ics field. Some of the most important of
such applications are included along
with [uture possible uses [or such de-
vices.

RELIABILITY OF ELECTRONIC

COMPONENTS

This article explains how reliability is
estimated and how equipment can be
designed for reliability improvement. A
chart of tvpical failure rates for various
tvpes of electronic components is a valu-
able addilion to the text.

SPECTRUM ANALYZERS

Operating principles and important ap-
plications of instruments that produce
CRT display of input signal strength vs
[requency. Uses [or such analyzers in-
clude communications-band monitoring,
checkout of radar and other pulse-modu-
lated equipment, and general transmit-
ter testing.

SSB COMES TO MARINE RADIO

As marine frequencies move toward
v.h.f., more and more marine operalors
are shifting to SSB. Here are the delails.

All these and many more inieresting and inforinative articles will be yours

in the MAY issue of ELECTRONICS WORLD

on sale April 2.
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ELECTRONICS WORLD
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PLUS fom your Sptoania Clstictiton

o ¢ /)'”a;w//-/( S

GEORGS antt CAODESD arngets, VARCOUVER 0. 0T .y

“Go Places” with your Sylvania Distributor

An invitation to one of America’s most famous resorts end holidays between now and May 31. So now is the

is waiting for you at your participating Sylvania Dis- best time tc stock up for a busy spring and summer

tributor’s. Complete with excellent accommodations, with the quality, fast-moving line of tubes. It may take

professional entertainment, boating, dancing and you to your vacat.on paradise. Ask your participating

other fun and sum teatures. Be our guest and show Sylvania Distributor for details.

the Mrs. the time of her life. Electronic Tube Division, Sylvania Elecironic Com-
Your Sylvania Distributor will be awarding week- ponents Group.

SYLVANI/

SUBSIDIAAY DOF
GENERAL TELEPHONE & ELECTRONICS VI&E

NEW CAPABILITIES IN: ELECTRONIC TUBES » SEMiCONDUCTORS « MICROWAVE DEVICES » SPECIAL COMPONENTS « DISPLAY DEYICES

April, 1965

www.americanradiohistorv.com
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13 Heathkit Values... See the other

KR EX)

sl
RIGHE I ™~ nme

Deluxe All-Transistor
AM/FM/FM Sterco Tuner, AJ-43C

'129%

Up to the minute AM, beautifully quiet FM, thrilling, natural FM
stereo . . . all reproduced in the exciting new dimension of “tran-
sistor sound.” Features 25 transistor, 9-diode circuitry, automatic
switching to stereo, AFC, filtered outputs for direct, beat-free
stereo recording, and new walnut cabinet styling. 19 Ibs.

Deluxe 21” All-Channel I1i-Fi Color TV, GR-533A ... $399.00

Compares 10 sets costing up to $200 more! Only color TV you can build
yourself, only color TV you can adjust & maintain yourself with exclu-
sive “built-in service center,” only color TV you can install 3 ways . ..
wall, custom cabinet, or either of Heath factory-built cabinets. Tunes
all channels, 2 thru 83, to bring you 21" of true-to-life color and black
& white pictures, plus /ii-fi sound. Features 24,000 volt regulated picture
power; deluxe Standard-Kollsman VHF tuner with push-to-tune fine
tuning & new transistor UHF tuner; 26 tube, 8-diode circuit. All critical
assemblies prebuilt & aligned . . . goes from parts to picture in just 25
hours. GR-53 A, chassis, tubes, VHF & UHF tuners, mount. kit, speaker,
127 Ibs. ..$399.00 GRA-53-7, deluxe walnut cabinet, 85 Ibs...$115.00
GRA-53-6, economy walnut-finished cabinet, 52 lbs..........

New! Deluxe Heathkit/Thomas
“Coronado” All-Transistor Organ, GD-983. ..$849.00

No extras to buy! Easy to build & play! Saves up to $400! Every organ
feature you've ever dreamed of...17 true organ voices; 28-notes of
chimes; built-in Leslie, plus 2-unit main speaker systems; 13-note heel
& toe pedalboard, C thru C; two full-size 44-note keyboards; attack,
sustain & repeat percussion—the only organ with all 3; stereo chorus
control for exciting “stereo” effects; reverb; 5-year warranty on tran-
sistor tone generators; 75-watt EIA peak music power amplifier; and
hand-crafted, hand-rubbed, full-bodied walnut-finished cabinet & match-
ing bench. Hear it yourself!'—Send 50c for demonstration record GDA-
983-2, 77, 3314 rpm. 242 lbs.

New! Heathkit
4-Band Shortwave Listener’s Radio, GR-64 . . . $39.95

All-Transistor AM/FM/FM
Stereo Receiver, AR-13A

$]95l]l]

Just add 2 speakers for a complete stereo system! 46 transistor, 17
diode circuit for cool, instant operation, plus the quick, uncom-
promising beauty of “transistor sound.” Compact, yet houses two
20-watt power amplifiers (33 watts each, IHF music power), two
preamplifiers, and wide-band AM/FM/FM Stereo. Afttractive
new “low-silhouette” walnut cabinet styling. 34 1bs.

Matching Deluxe All-Transistor
70-Watt Stereo Amplifier, AA-21C

'149%

Enjoy the quick, unmodified response of each instrument with
its characteristic sound realistically reproduced. No compro-
mising! Enjoy 100 watts IHF music power at = 1 db from 13 10
25,000 cps. Enjoy cool, instant operation from its 26 transistor,
10 diode circuitry. Unusual value. 29 1bs.

GR-53A

399"

(less cabinet)

Kit GR-24

$2 995

Covers 550 kc to 30 mc in 4 bands to bring you international,
ham, weather, marine, Voice of America, and AM broadcasts.
Features built-in 5” speaker; lighted bandspread tuning dial, rela-
tive signal strength indicator, and 7” slide-rule dial; 4-tube super-
het circuit plus 2 rectifiers; simple circuit board construction;
“low-boy” cabinet. 13 lbs.

NEW! Deluxe All-Transistor AM Portable, GR-24 ... $29.95
6 transistor, 2-diode circuit gives 8 transistor performance. Uses
6 standard flashlight batteries . . . cuts operating cost o one-
tenth of pocket-size portables. RF stage & double-tuned L.F. stage
for greater sensitivity & selectivity. Built-in ¥2” dia. rod antenna,

4”x6" speaker, vernier tuning, slide-rule dial, & black simulated
leather case. 6 lbs.

ELECTRONICS WORLD

www americanradiohistorv. com
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237 in your FREE Heathkit Catalog!

|
1945

GD-973

$]750

1

an-wa\\_

EATHIIT |

vy,
RIS & Ve
Y

.+ » Buy Now—Use This Order Blank ...
HEATH COMPANY, Dept.15-4, Benton Harbor, Michigan 49023

In Canada: Daystrom, Lid., Cooksville, Ontario

(O Please send FREE 1965 Heathkit Catalog.

World's Largest Selling Vacuum Tube Voltmeter, IM-11. . ...$24.95

A versatile performer anywhere in elecfronics! Boasts single AC/Ohms/
DC probe; 7 AC, 7 DC, & 7 Ohms ranges; casy-to-read 412" 200 UA
meter; 1% precision resistors for high accuracy; and an extended low
frequency response of =1 db from 25 cps to I mc. Functions include
AC volts (RMS), AC volts (peak-to-peak), DC volts, resistance & db
measurements. Simple circuit board assembly. § lbs.

Assembled IMW-11........ $39.95

Deluxe “Service Bench” Vacuum Tube Voltmeter, IM-13.....%$32.95
Mecasures AC volts (RMS), DC volts, resistance & db. Separate 1.5 & 5
volt AC scales for high accuracy; “gimbal” mounting bracket for easy
bench, shelf or wall mounting; meter tilts to any angle for best viewing;
smoother vernier action zero & ohms adjust controls: large, easy-to-read
6" 200 UA mcter; and single AC/Ohms/DC test probe. 7 Ibs.
Assembled IMW-13...... .. $49.95

New! ITeathkit FM Stereo Generator, IG-112 . . . $99.00

Produces all signals required for trouble-shooting & alignment of multi-
plex adapters. FM tuners & receivers. Generates mono FM or composite
stereo FM signals. Switch selection of 400 cps, 1000 cps, 5000 cps, 19 kc,
38 ke, plus 65 kc or 67 kc SCA test signals for complete alignment
capability. Simple to assemble & use. 10 1bs.

New! Heathkit/NELI Transistor Ignition Kit, GDP-134 . .. Only $34.95

Save $35! Features 4-transistor, zener-diode protected circuitry; built-in
conversion plug for switching to conventional ignition. Operates on 6 or
12 v. DC pos. or neg. ground system—installs easily on all cars, foreign
& domestic. Completely sealed against moisture, corrosion, etc. Simple
to assemble & install . . . all parts included. 7 Ibs.

New! Motor Speed Control, GD-973 . . . $17.50

Reduces power tool spced without loss of operating efficiency. Ideal
for use with drills, saws, mixers . . . any power tool with a universal
AC-DC motor rating of 10 amperes or less. Prolongs life of drill bits,
blades and other attachments. Features Silicon Controlled Rectifier with
feedback circuit that slows motor, yet maintains high torque power!
Adjustable speed control lets you dial desired motor speed. 3 Ibs.

Low Cost 4-Transistor “Walkie-Talkie,”
GW-31... $19.95 ea.

Only $35 a pair! Operates ¥4 mile and more;
crystal-controlled transmitter; superregenera-
tive receiver; 75 hour life on 9-volt battery (not
included). No license, forms, tests or age
limit. Crystals for 1 channel (specify). 2 lbs.

Model Description Weight Price I

SHIP VIA: Free i
[ Parcel Post [ X X J I
[0 Express Collect 108 colorful pages packed with over |

| O Freight — 250 Heathkits! Over 250 ways to have |
} O 209% tncluded, C.O.D. } MName. — B - fun & save up to 50% by doing the I
[ [ Best Way {Please Print) easy assembly yourself! Use coupon |
i Address. o - opposite & send for your free 1965 |
i ) Heathkit catalog nowl! 1
I City__ —— _ _State__ Zip___ - l
I All prices & specifications subject to change without notice. Ct-203 |
N e VR SN e —— e —

April, 1965
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There's no
sure way (o

success 1n
electronics-

but I'll put my money

on the man who

makes himself

a specialist

in one of these

key areas’’

CRET

Take the advice of men who have worked their way
up to the top in the electronics industry. Make yourself
a specialist in one of the key areas of electronics.
Then stop worrying how cutbacks, layaffs and contract
terminations will affect you and your family. If you have
up-to-date, specialized knowledge, you can look for-
ward to security and excellent earnings while men with
ordinary qualifications are made obsolete—and unem-
ployed—by advances in technology or by automation.

But, to become a specialist, you must supplement
your experience in electronics with more technical
education. Going back to school isn't easy for a man

ELECTRONICS WORLD
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who holds a full time job and has family obligations.
Andfew residence schools offer educational programs
directly related to current employment requirements
in the electronics industry

CREI Home Study Programs offer you a practical way
to get the additional education you need withcut going
back to school. You study at home, at your own pace,
on your own schedule. And, because CRE| Programs
are developed and kept up-to-date with the help of
engineers and scientists from every part of the elec-
tronics industry, you study with the assurance that
what you learn can be applied to the job immediately.

Because CREl Programs cover all the areas of elec-
tronics that are important now and will be even more
important in the future, ycu're sure to find a program
that fits your particularambitions and career objectives.

You're eligible for a CREI Program if you work in elec-

tronics and have a high school education. Qur FREE

book gives complete informa-

. tion. For your copy of this book,

mail postpaid airmail card today

¥ or write: CRE!, Department

1104-C, 3224 Sixteenth St., N.W.,
Washington, D.C. 20010.

Founded 1927
e e =
—— .
FIT3 Y)Y
7% N

Accradited Member of
The National Hame Study C. ¢

ELECTRONIC ENGINEERING  TECHNOLOGY
COMMUN\CATIONS —RADRR ¢ SeRVO

JERVOMECHRANISMS
SPACE DATA SYSTEMS -

SPRECRAFT TRACKING

& COMPUTERS

NUCLERR INSTRUMENTATION

AERONRUTICAL § NAVIGRTIONRL
TELEVISION
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Most Versatile
Breadhoarding
Kit Available
.- Today!!

Buckéye
Breadboard
Circuit Kit

® Saves time — and components
® Plug-in connectors

® No Solder Required

® Sturdy Perforated Chassis

® Optional DC Power Supply

Designed for rapid economical devel-
opment of transistor circuits! The
BUCKEYE Breadboard Kit utilizes ver-
satile connectors which can be plugged
into any position on the perforated chas-
sis. All size component leads snap firmly
into the unique spring-clip connectors.
No soldering required. Solder lugs are
provided for final circuit connections.
Included in the BB-1 kit are 40 elec-
trically connected T-3 connectors and
10 electrically isolated 1%3S connectors,
along with the 11”7 x 5” x 2" chassis.
Extra connectors available.

BB-1 Breadboard Kit only ... .$8.95

Package (50) T-3 connectors .. 6.00
Package (25) T-3S connectors. . 3.00

Optional with the BB-1 kit is the
Buckeye Model PS-100 dual voltage
(15V) D. C. power supply. This transistor-
regulated unit was engineered specif-
ically for transistor circuit designers and
experimenters, [t features high stability,
low cost and individual controls. Up to
300 ma can be drawn from the two out-
puts simultaneously.

PS-100 Power Supply only ..$49.95

BB-1P Kit (includes PS-100).. 58.90
ORDER TODAY or write for further specifications

THE BUCKEYE
STAMPING CO.

555 MARION RD.
COLUMBUS, OHIO 43207
PHONE (614) 443-9458

“Quality Products Since 19027
CIRCLE NO. 148 ON READER SERVICE PAGE
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SCA MUSIC MULTIPLEXER

To the Editors:

In reference to a recent article on the
construction of an SCA background-
music multiplexer, here is some infor-
mation which may prove of value to
would-be users of the service.

Several vears ago, I was emploved by
a local radio station whose main source
of income was derived by supplying
background music. From time to time,
the station would hire extra personnel
to canvass the area in search of “boot-
leggers,” those business concerns using
the service without paving for it.

i Briefly, the action was as follows: It
the emplovee located a bootlegger, the
station would play three musical selec-
tions on which it held the copyright. The

| emplovee would log the time of day and

\the name of each selection. The boot-
legger was then sued for violation of
copvright. T was told, at the time, that

| the station had never lost a case and
that the fine was $250 per selection.

Epwarp C. Youxc

Alhambra, Calif.

&

‘ TRANSISTORS AND NOISE
‘To the Editors:

Reference Mr. W. A. Rheinfelder’s
| article “Noise Performance of Transistors
[in Audio Circuits” appearing in your

January, 1963 issue:

The 2N2958, 2N2538, and 2N2218
are all silicon planar epitaxial (not mesa)
devices optimized for high-current serv-
ice, with device parameters targeted for

| heta peaking in the region of 150 ma.,
and with gain roll-off maintained all the
way out to % ampere and bevond. In
addition, the 2N2538 is gold-doped to
| provide for high-speed switching in the
area of 150-ma. collector currents. The
| 2N834 is likewise a silicon planar epitax-
|ial unit, but of small geometrical con-
struction and specifically intended for
| use as u saturated computer switch. It is
designed to provide very fast turn-on
and turn-off times in the 10-ma. region
| and represents a poor choice for low-
level, linear-amplifier circuitry. The
2N720 is simply a package and gain vari-
| ation of the old 2N699, an outmoded
large-area mesa transistor once used for
slow-speed switching in the 10-milliamp
i region and/or where high values of re-

www americanradiohistorv com
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verse voltages may be encountered.

From the preceding device descrip-
tions, it can be appreciated that all of
these particular silicon transistors are
inappropriate for low-noise audio-input
applications where the operating point
is in the region of 300 to 600 ma.. as in
Mr. Rheintelder’s tests. In order to pro-
vide proper performance in such stages,
a silicon transistor should be selected
with full regard for its gain character-
istics at these tvpically low collector
currents. As with any component, a sili-
con transistor performs poorly if mis-
used. After all, one would hardly choose
a GL6 for the input stage of a tube
amplifier.

Germanium-alloy “signal” (dissipa-
tion capabilities less than one watt) tran-
sistors are now essentially obsolete, hav-
ing been totally dropped by seven of
the major U.S. manufacturers and vastly
de-emphasized by the four remaining
large sources of original U.S. supply.
Germanium-alloy transistor prices have
consequently risen, as is tvpicallv the
case when a product approaches the
technologicul end-of-life phase.

Under such circumstances, it is indeed
fortunate that silicon transistors are now
available that match and vastly exceed
the low-noise performance of germa-
ninm-alloy units. Such transistors as the
2N930, 2N930A, 2N2484, 2N2511, etc.
will deliver this performance. These sili-
con units are wide-band premium tvpes,
but such lower cost epoxy-cased counter-
parts as the 2N2925 will vield similar
results. (Epoxy-cased units may require
individual shielding.) From the equip-
ment-manufacturer's standpoint, it is
now entirelv feasible to obtain silicon
planar transistors for ultra low-noise,
low-level input applications in hermeti-
cally sealed TO-5 and TO-18 metal cases
at prices from 30¢ to 80¢ per unit (5000
pieces and up).

Bryax GEYER
Hermosa Beach, Calif.

Following are some comments from
Author Rheinfelder in reply to the above
letter—Editors.

To the Editors:
The information presented in my arti-
cle was obtained by careful measure-

ELECTRONICS WORLD
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Are volume control “‘twidgeters’ upsetting the careful
balance of your hi-fi rig? After you spend an hour or better
setting “levels”, “contour”, “bass”, and ‘‘treble” does
your dear wife come along and goof the whole deal up
because everything is too LOUD?

Why not maintain your balance, your temper, and your
domestic tranquility by installing a simple on-off switch
and an audio attenuator. In this way the dear girl can
simply turn the music on at one place and control the
sound with one knob. The drawing to the left shows a
Mallory PPS1 push-pull switch and an LL pad controlling
the whole works. It works great and looks fine. If you
want to add a ““Hands Off”” sign on your amplifier, that’s
up to you.

Balance Control. We have a brand new control you’ll be
interested in (BAL8 and BALI16). It’s a true stereo bal-
ance control. Consists of two L pads connected back to
back so that when one level goes up the other goes down.
Dead center loss is a tiny 5 db which you’ll never miss.
Saves a lot of time and gives marvelous flexibility to
your stereo sound system.

Remote Speaker Control. Why not install a set of stereo
speakers in your family room or other remote location?
Use an LL dual pad to control the level here, too. You ean
install the LL in one speaker enclosure and eliminate all
those extra steps back to the main controls. Or you might
want to check out the RR50 control (a dual rheostat)
which is the perfect low-cost way to control inexpensive
speakers in the basement or on the porch.

Your Mallory Distributor can help vou select an audio
attenuator exactly right for the job. Choose from the new
miniature MRL, MRT and MRLL pads . . . rugged
Mallory RL, RT and RR . . . the 15-watt T, L, L1, and
BAL pads, or the powerful 50-watt MGL and MGT series.
You name it, he has it.

In case you’d like a complete list of Mallory audio controls
and other precision electronic components, drop us a line.
We'll send you the new 1965 Mallory Catalog. Write to
MALLORY DISTRIBUTOR PRODUCTS COMPANY, a division
of P. R. Mallory & Co. Ine., P.O. Box 1558, Indianapolis,
Indiana 46206.

CIRCLENGC. 129 ON READER SERVICE PAGE
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Instant Lettering Pews

SPECIAL ELECTRONICS INDUSTRY EDITION

DATAK CORP. ANNOUNCES NEW
METHOD FOR MAKING ELECTRONIC
SCHEMATICS USING DRY TRANSFERS

Electronics Industry Excited By New Method

GUTTENBERG, N.J.—Barry Brown, Chief Engi-
neer of The Datak Corporation and an electronics
engineer himself, has just introduced a new method
of making electronic schematics and drawings.
Using the “Instant Lettering” dry transfer system
the draftsman can produce better, more readable
drawings in less time. The finished result is so sharp
and clear that it looks as though it were printed on
the page.

ING SET

These transfers are now available in
a set called the “Instant Lettering” Elec-
troniec Symbol Drafting Set. It contains
40 5” x 7” sheets of electronic symbols
and numerals and letters for labeling .
components. These symbols are printed -
on a special transparent plastic carrier
sheet. Rubbing over a symbol with a ball-
point pen releases it from the carrier
sheet and adheres it to your working
surface. '

Line widths and symbol sizes have
been designed to complement standard
industrial and military drawing proce-
dures. The 20 mil line widths blend easily
with lines drawn with a technical pen e ="
(Rapidograph No. 2) or an “H” drawing
pencil, The symbols are uniform and cor-
rect in every detail according to MIL-
STD-15 -1A and A.S.A, STD-Y32.2.
They are easily erased yet will not come
off in diazo machines.

Also included in the set is a 16-page
booklet on drawing with dry transfer
symbols. The price for the complete set
of 40 sheets of dry transfer symbols, let-
ters and numerals plus instruction book-
let is $15.95.

e
2 ?

T >
U

SEND FOR YOUR SET TODAY

T T T T T T T T T T i
| THE DATAK CORPORATION |
| 63 Ti1st St. * Dept. 614 * Guttenberg, N.J. I
| [0 Enclosed is my check for $15.95. Please send me a complete “Instant |
| Lettering” dry transfer Electronic Symbol Drafting Set. |
| O Please send free sample and complete information. :
i

| NAME < |
I i
1 COMPANY_ |
: ADDRESS :
I ciry STATE_. Z1p CODE :
S Ve —|

CIRCLE NO. 122 ON READER SERVICE PAGE
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| aents on several hundred transistors of
{ various types, using the best laboratory
equipment available todayv. Needless to
| sav, the so-called low-noise types of the
various transistor manufacturers, inchud-
| ing the tvpes mentioned by Mr. Gever,
were tested, as well as some of the high-
power types, because it is well known for
silicon transistors that some of the high-
power transistors operate at a very low
noise level at low currents. This has been
explained by the larger geometry in
higher power transistors which results in
a reduced current density. Also, silicon
transistors as a rule show a good Detu
Lold-up at low currents. High-power
units should therefore be included in a
complete study, as well as switching
types which, in many cases, make good
amplifiers. Of necessity, the article
[ showed only a few types of the niore in-
| teresting categories.
I did not state anyvwhere that germa-
[ niwm transistors are better than silicon.
I do not think that a general statement of
this tvpe can be made. Rather, my arti-
cle went iato detail to explain the differ-
|ent tvpes of noise, as well as statistical
evaluation. I thought it was made quite
|clem' that a low-noise silicon unit could
be picked. However, chances of obtain-
ing one off the shelf would be slim as
compared lo germanium-alloy units. The
average builder of equipment is in no
position to buy a large lot of transistors
| to obtain a low-noise unit by selection.
As a concluding remark, T can assure
| the readers from my close relationship
1with transistor manufacturers that ger-
manium-alloy transistors are by no means
obsolete and will remain available for
the applications where they show supe-
‘ rior performance.

WiLLiazxt A, RHEINFELDER
Phoenix, Arizona
- =

&

PHOTOCELL COLOR ORGAN
To the Editors:

When Fred Blechman’s version of a
photocell color organ appeared in the
July, 1964 issue of ELECTRONICS WWORLD,
I decided to try out his design. The re-
sults were most gratifying.
l I thought you would be interested in
seeing a picture of the novel display
| Tamp I used in connection with this de-
vice. 1 used a burned-out G-E CG5948
transmitter tube with an inverted alumi-
num baking pan as a base. After enlarg-
ing the original hole in the bottom of
the tube from about %4” to 1116” with
the aid of a set of dentist carborundum
tools and a few prayers, I finallv suc-
ceeded in inserting nine 7Y% -watt bulbs,
red, blue, and green, evenly distributed
around the upper section of the tube.
If you have had the experience of putting
a small ship model in a bhottle, vou will
get the idea of my feeling that at any
moment a connection might separate.
Fraxk J. ROBINSON, SR.
Harvey, La. A

ELECTRONICS WORLD
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LOOK!

A New Electronics Slide Rule
with Instruction Course
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Here’s the first truly professional slide rule designed especially
for electronic engineers, technicians and students. No longer
must you struggle along with a general purpose slide rule . . .
this new CIE Electronics Slide Rule* will enable you to solve
electronic problems quickly . . . accurately. It’s an all-metal 10”
measuring instrument that can be used for conventional com-
putation, too.

This patented Electronics Slide Rule is made to our rigid speci-
fications by Pickett Inc. . . . has special scales for solving
reactance and resonance problems . . . locates decimal points
. . . has widely used electronics formulas and conversion factors
on the back of the rule for instant reference.

A four lesson AUTO-PROGRAMMED Instruction Course comes
with each rule . . . includes clear diagrams and step-by-step
explanations to make learning fast, easy. Several hundred prac-
tice problems deal with widely occurring situations in electronics
... teaches many short cuts . . . lists the best settings for solving
complex problems. Slide rule, instruction course and handsome
top-grain leather carrying case . . . all yours for just $14.95.
Cleveland Institute of Electronics, Dept. EW-107, 1776 E. 17th
St., Cleveland, Ohio 44114.

of Electronics

SATISFACTION Warranty

clectronics

CLEVELAND INSTITUTE OF ELECTHONICS | CLEVELAND. OMIO

SEND COUPON TODAY

to: Cleveland Institute

The Electronics Slide Rule with Instruction
Course is available only from Cleveland Institute

of Electronics, and is covered by CIE’s exclusive
“Satisfaction Warranty.” Order it now ... use it
for ten full days. Then, if you're not completely
satisfied, CIE will refund full payment. *U.S. Patent
Number 3,120,342,

April, 1965 CIRCLE NO.

I
|
I
1776 East 17th St., Dept. EW-107 « Cleveland, Ohio 44114 }
[J Please send me your Electronics Slide Rule with Instruc- ]
tion Course and top-grain leather carrying case. I am en- |
closing $14.95. |
[J Plcase send descriptive brochure only...without obligation. |
I

|

!

|

]

|

Name

(Please Print)

Address County

City State Zip

A leader in electronies training . . . since 1934

E s e - .

263 ON READER SERVICE PAGE 15
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HOBSON'S CHOICE?
NEVER AGAIN!

THE CARTRIDGE

-/If, in 1631, you went to rent a horse from Thomas Hobson at Cambridge, England, you took\n
the horse that stood next to the door. And no other. Period. Hence, Hobson’s Choice
means No Choice.

And, as recently as 1961, if you went to-buy a true high fidelity stereo phono cartridge, you
bought the Shure M3D Stereo Dynetic. Just as the critics and musicians did. It was ac-
knowledged as the ONLY choice for the critical listener.

Since then, Shure has developed several models of their Stereo Dynetic cartridges—each
designed for optimum performance in specific kinds of systems, each designed for a specific
kind of porte-monnaie.

We trust this brief recitation of the significant features covering the various members of the J
R Shure cartridge family will help guide you to the best choice for you. /

ITS FUNCTION, ITS FEATURES...

The ultimate! 15° tracking and Bi-Radial Ellip-
tical stylus reduces Tracing (pinch effect), IM
and Harmonic Distortion to unprecedented
lows. Scratch-proof. Extraordinary quality con-
trol throughout. Literally handmade and in-
dividually tested. In a class by itself for repro-
ducing music from mono as well as stereo
discs.

IS YOUR BEST SELECTION

If your tone arm tracks at 1'/2 grams or less
(either with manual or automatic turntable)—
and if you want the very best, regardiess of
price, this is without question your cartridge.
It is designed for the purist . . . the perfection-
ist whose entire system must be composed of
the finest equipment in every category. Shure’s
finest cartridge. $62.50.

Designed to give professional performance!
Elliptical diamond stylus and new 15° vertical
tracking angle provide freedom from distor-
tion. Low Mass. Scratch-proof. Similar to V-15,
except that it is made under standard quality
control conditions.

If you seek outstanding performance and your
tonearm will track at forces of ¥/ to 1'/2 grams,
the M55E will satisfy—beautifully. Will actually
improve the sound from your high fidelity
system! (Unless you’re using the V-15, Shure’s
finest cartridge.) A special value at $35.50.

M44

A premium quality cartridge at a modest price.
15° tracking angle conforms to the 15° RIAA
and EIA proposed standard cutting angle re-
cently adopted by most recording companies.
IM and Harmonic distortion are remarkably
low . . . cross-talk between channels is ne-
gated in critical low and mid-frequency ranges.

If you track between ¥4 and 1Yz grams, the
M44-5 with .0005” stylus represents a best-buy
investment. If you track between 172 and 3
grams, the M44-7 is for you . . . particularly if
you have a great number of older records.
Both have “scratch-proof” retractile stylus.
Either model under $25.00.

A top-rated cartridge featuring the highly
compliant N21D tubular stylus. Noted for its
sweet, “‘singing’”’ quality throughout the audi-
ble spectrum and especially its singular re-
creation of clean mid-range sounds (where
most of the music really “happens”.) Budget-
priced, too.

For 2 to 2'/2 gram tracking. Especially fine if
your present set-up sounds “muddy.” At less
than $20.00, it is truly an outstanding buy.
(Also, if you own regular M7D, you can up-
grade it for higher compliance and lighter
tracking by installing an N21D stylus.)

A unique Stereo-Dynetic cartridge head shell
assembly for Garrard and Miracord automatic
turntable owners. The cartridge ‘“floats’” on
counterbalancing springs . .. makes the stylus
scratch-proof . . . ends tone arm “bounce.”

1f floor vibration is a problem. Saves your
records. Models for Garrard Laboratory Type
YA, AT-6, AT-60 and Model 50 automatic
turntables and Miracord Mode! 10 or 10H
turntables. Under $25.00 including head shell,
.0007” diamond stylus.

A best-seller with extremely musical and trans-
parent sound at rock-bottom price. Tracks at
pressures as high as 6 grams, as low as 3 grams.
The original famous Shure Dynelic Cartridge.

If cost is the dominant factor. Lowest price of
any Shure Stereo Dynetic cariridge (about
$16.00) . . . with almost universal application.
Can be used with any changer. Very rugged.

Storee QL yuctic

HIGH FIDELITY PHONO CARTRIDGES ... WORLD STANDARD WHEREVER SOUND QUALITY IS PARAMOUNT
Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois

CIRCLE NO. 217 ON READER SERVICE PAGE ELECTRONICS WORLD
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As a convenience to our readers, we have included two separate reply coupons
in this issue which should simplify the process of requesting information on
products and services appearing in this issue.

Unfortunately, many companies will not furnish additional information to a
home address. Therefore, to assure a reply, make certain that the proper coupon
IS used.

To get more information, promptly, about products and services mentioned in
this issue, simply circle the number corresponding to the ad or editorial mention
and send the proper coupon to us. Your request will be sent to the manufacturer
immediately.

FOR GENERAL USE: In requesting information on products and services listed
in the coupon below, you may use your home address.

FOR PROFESSIONAL USE: In requesting information on products and services
listed in the coupon on page 88 it is necessary to fill out the coupon COM-
PLETELY, stating your company, address, and your function or title. If the cou-
pon is incomplete it cannot be processed.

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

See Page 88 for “PROFESSIONAL USE” Coupon
Mail to: ELECTRONICS WORLD P. 0. BOX 7842, PHILADELPHIA 1, PA.

LeSEaEaasaEESENESENNEESATIN AN RAGEERaRENE LL L R e L T T L P P L P LY P TR L LT IL] sesavase wawa;
»

GENERAL USE ONLY Total Number L_—]

of Requests

NAME (PRINT CLEARLY) %

ADDRESS__ . ——

CITY __STATE i i ZONE

Please send me additional information on advertised products | have circled.

(Key numbers for advertised products also appear in Advertisers Index.)
122 128 129 140 141 143 144 145 148 149 150
152 155 161 170 172 177 181 183 184 185 187 189 191
194 195 199 200 201 206 213 217 219 221 224 225 229
231 232 233 237 238 243 246 248 259 263 401 402 403

NEW PRODUCTS & LITERATURE

L6 9 11 15 16 17 2 2 23 2 2
29 31 32 33 34 35 36 37 38 39 40 4l 42
43 44 45 46 47 48 49 51 53 55 56 57 59
ELECTRONICS WORLD
P.0. BOX 7842, PHILADELPHIA 1, PA. FAHS) (A= L7 S, TelEs]) ¥

April, 1965
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ready for
your next
promotion?

THOUSANDS SAY “YES™-THANKS TO RCA ADVANCED HOME TRAINING

18

Every day, important new developments are taking place in the world of electronics—develop-
ments that can affect your job and your chances of getting ahead. Are you keeping pace with
these changes and the new trends in your field? Would you be ready to move up the ladder when
the next promotion comes along? Now is the time to take advantage of RCA Institutes Advanced
Home Training Courses. They can mean job protection today, and a sure hope for a successful
future. Read how you can put these up to the minute courses to work for you today.

ELECTRONICS WORLD
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Today’s best way

to increased earning power

and job security

RCA ADVANCED HOME TRAINING COURSES

If you are working in an electronics
field right now, or if you have had
electronics training in the past, you
may apply for Advanced Standing
in any of RCA Institutes’ Home
Training Courses. These courses
are complete, up to the minute,
step-by-step, easy to understand
units, especially designed for the
man who must budget his time. No
interference with job or social ac-
tivities. Yet, each of these courses
gives you the latest skills and train-
ing to help you hecome a leader in
your field! Choose from a wide vari-
ety of specialized subjects to meet
the needs of your career:

W Automation Electronics

W Automatic Controls

B ndustrial Applications

® Nuclear Instrumentation

W Digital Techniques

W Computer Programming

W Transistors

m Communications Electronics
m FCC License Preparation
W Mobile Communication

m Monochrome and Color TV
B Drafting

Without any cost or obligation to
you, you can find out which of
these courses is right for you at
this time. Just send the attached
postcard, and indicate the
course(s) you're interested in.
RCA Institutes will send you free
valuable career information im-
mediately.

April, 1965

LIBERAL TUITION PLAN — BEST

RCA Institutes Liberal Tuition Plan
affords you one of the most economical
possible methods of home training. You
pay for lessons only as you order them. If
for any reason you should wish to inter-
rupt your training, you may do so and

IN THE BUSINESS!

you will not owe one cent until you
resume the course. No long term obli.
gations. No hidden charges.

Get the full details in the free, illustrated
book —yours to keep without cost or
obligation! Send post card today!

RCA Home Training Courses for Beginners

If you're considering a future in elec-
tronics, now is the time to ‘‘go RCA".
The RCA “AUTOTEXT” Instruction Meth-
od, developed and introduced by RCA
will help you master the fundamentals
of electronics almost automatically, and
with so little effort, you won't believe it
possible! Programmed instruction has
been proved with thousands of students
—even those who have had trouble with
ordinary home training courses in the
past! And this new, exclusive method of

learning is yours only with RCA Insti.
tutes Home Training.

Top Quality Equipment is yours to keep!
The parts and equipment furnished to
you in all the kits you get is top quality
and all the precision instruments you
build are yours to keep and use on the
job! You never have to take apart one
piece to build another as you are re-
quired to do in some home training
courses. Another big difference when
you train with RCA Institutes.

Classroom Training Available Day and Night

RCA Institutes Resident School, con-
veniently located in the heart of New
York City is one of the largest, fully
staffed schools of its kind in the world.
Modern laboratory and classroom train-
ing is available to you in day or eve-

ning sessions to prepare you for work in
rewarding research and production posi-
tions in many fields of electronics. No
previous technical training required for
admission. You are eligible even if you
haven’'t completed high school.

FREE PLACEMENT SERVICE SCORES 9 OUT OF 10!

RCA Institutes Resident School Free
Placement Service recently has been
able to place 9 out of every 10 gradu-
ates in electronics jobs with top com-
panies throughout the country. That
means that over 90% of RCA Institutes
graduates had their jobs waiting for

SEND POSTAGE PAID CARD FOR FREE ILLUS-
TRATED BOOK. NO COST OR OBLIGATION!

@

®
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Proof
is in

them the day they graduated!
that the RCA Institutes man
demand!

Coeducational Day and Evening Classes
start four times a year. Get complete
details by sending the attached card
today, and check ‘‘classroom”.

RCA INSTITUTES,INC.pept.ew-45

A Service of the Radio Corporation of America,
350 West 4th St., New York, N, Y. 10014

The Most Trusted Name In Electronics
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| LAB TESTED

REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

Sherwood S-9000 Amplifier
Weathers ‘“Townsend’’ Turntable/Arm

Sherwood S-9000 Amplifier

For copy of manufacturer’s brochure, circle No. 56 on coupon (page 17).

HE new Sherwood S-9000 is a com-

pact, 100-watt (continuous power
rating) solid-state integrated stereo am-
plifier. Unlike most transistorized high-
fidelity amplifiers, it uses no germanium
devices. Its semiconductor complement
includes 22 silicon transistors and 4 sil-
icon rectifier diodes. The ability of sil-
icon semiconductors to withstand high
ambient temperatures helps to assure
long life for the $-9000 in almost any
type of installation.

Each pair of output transistors, indi-
vidually mounted on large, finned black
anodized heat sinks, is driven by a com-
plementary pair of n-p-n and p-n-p tran-
sistors, through a special three-winding
transformer. The speakers, which may
be from 4- to 16-ohms impedance, are
isolated from the output transistors by
3000-uf. capacitors.

The low-level amplifier stages make
liberal use of negative feedback for gain
equalization, tone-control action, and
stabilization. Over-all negative feedback
is applied from the speaker outputs over
three stages for low distortion. The tone
controls are of the so-called Baxandall
type, having a sliding inflection point
instead of the more common “hinged”
characteristic. This allows the response
at the upper and lower limits of the
audio spectrum to be adjusted with little
or no effect on the mid-range response.

The amplifier has two high-level and
two low-level inputs (for magnetic
phono cartridge and tape head). In ad-
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dition, there are tape output and tape
monitor input jacks, with a front-panel
switch to select tape-monitor operation.
A function switch provides for normal
or reversed-channel stereo operation,
either input through Dboth outputs, or
both inputs mixed for mono use. Both
channel tone controls are ganged for
single-knob operation. The loudness con-
trol has switchable Fletcher-Munson
compensation which boosts the low-
frequency response at low levels. A bal-
ance control is capable of cutting off
either channel completely without sig-
nificantly affecting the level of the other
channel.

A row of slide switches under the
control knobs operate the high- and
low-cut filters, tape-monitor function,
loudness compensation, speaker phase
reversal, and speaker cut-off for head-
phone listening via a front-panel phone
jack. There is a small knob on the front
panel which adjusts the phone level to
match that of the high-level input.

The amplifier is rated for a total of
150 watts music power output or 100
watts continuous power output. We
measured the output as 53 watts per
channel (110 watts total) at 2% distor-
tion, with both channels driven. At 20

CONTINUOUS SINE-WAVE POWER PER CHANNEL, BOTH CHANNELS DRIVEN
T

and 20,000 cps, this fell to 40 watts. At
0.5% distortion, the mid-range power
was 42 watts, reducing to 24 watts at
20 cps and 30 watts at 20,000 cps. All
measurements were made with 8-ohm
resistive loads and a 117-volt a.c. line.
The amplifier was not damaged in anv
wav by sustained full-power operation,
and remained cool after hours of use.

The frequency response was flat with-
in 0.5 db from 20 to 20,000 cps. RIAA
equalization was within 1 db of the ideal
characteristic from 30 to 15,000 ¢ps. The
NAB tape playback equalization was
within 2.5 db of the required character-
istic from 90 to 15,000 cps, but fell off
to —10 db at 30 cps. The filters had 12
db/octave slopes, with sharp knees,
commencing at 100 cps and 5000 cps.
They were very effective in removing
unwanted noise with practically no effect
on the program content.

The intermodulation distortion of the
amplifier, unlike that of most transistor
amplifiers, remained very low at low
power levels. It was under 0.25% up to
2 watts output, rising to 1% at 25 watts
and 2% at 44 watts, with both channels
driven. The hum level was ~70 db on
high-level inputs, and better than —60
db on phono input, referred to 10 watts
output. Crosstalk between channels was
—47 db on high-level inputs, and —33

(Continued on page 86)
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Shielded Power Supply
Cables—Rubber or Viny!
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Plastic Microphone Cables

Shielded Interconnecting
Cables

Low Impedance Lines
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Strain Gauge Cables
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Broadcast Audio Cables
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Camera Cable

Belden has it...

Every electronic and electrical wire you need —from the
finest drawn magnet wire to the most complex multi-
conductor cables.

There is a Belden wire or cable in every insulation and
shielding to meet your application and design needs. Here
is just part of this complete line. Available from stock.
Ask your Belden electronics distributor for complete line
information or write for catalog. Request also a copy of
A Buyers’ Guide to Specifying Electrical Wire and Cable.

3 REASONS WHY Belden is the most specified line

1. Basic Manufacturer—Belden draws its own wire—compounds its own
insulations for complete quality control.

2. Research and Testing—All Belden wire and cable are laboratory tested to
guarantee insulation and conductor efficiency. Lab test data available.
3. Design and Engineering Service—Belden has a completely staffed design
and engineering department to help customers meet unusual wire appli-

cation or design requirements.
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assembly
with Crescent

Now you can get the pliers and cutters you need
for whatever work you have to do.

Need to snap-cut fine or tough wire? Specify Crescent
precision made pliers with electronically induction
hardened and hand honed cutting edges. Need to handle
delicate wiring ? Specify Crescent long and chain
nosed pliers with beveled edges to protect even the finest
wire. Need a boost in output? Specify any Crescent
plier or cutter with cushion-grips and/or coil spring heads
that help the worker do a better job.

These and more are standard features available with the full
line of Crescent pliers and cutters for the electronic
and industrial user.

Special designs available too ... whatever you need
to speed assembly. Call your Crescent Distributor, Sales
Representative, or call the Crescent Tool Company,
Jamestown, New York. All inquiries welcome.

=666 — 6" p-sc

Visit the Crescent booth #4514 at the IEEE Show, in New York's Coliseum.

CRESCENT

CRESCENT TOOL COMPANY/DIVISION OF CRESCENT NIAGARA CORPORATION / JAMESTOWN, NEW YORK
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—.n—~  INDUSTRY:

An over-all view of the entire industry, which last year
reached record-hreaking sales of over $16 hillion. Growth
continues although at a somewhat reduced rate. Included is
a special section on the employment situation and prospects
for scientists, engineers, and technicians on the East Coast.

Products, People, and Prospects

scientists and engineers, around 300,000 to 400,000

technicians, plus about 800,000 production workers
in some 6000 plants, in addition to a large number of small
and privately owned businesses in the United States. These
owners and employvees used their heads and hands to trans-
form electron tubes, solid-state devices, and passive com-
ponents into $16.3 billions worth of electronics products and
svstems in 1964. Such electronics gear, ranging from radios
to radar, and television to computers, explores outer space
and also protects, informs, educates, and entertains us.

Yet some of these products were made by companies that
transformed the crystal radio and radio communications
business from $1 million in sales in 1914 to 4 booming $3
million radio industry in 1922, By 1947 this industry made
$810 million worth of consumer electronic products, chiefly
in the form ol radio receivers and TV sets.

r I VHE clectronics industry adds up to about 200,000

Military Electronices

The biggest change was wrought by electronics companies
during World War IL In 1935 about $20 million worth of
defense products, mostly radios and communications gear,
was sold to the U.S. Government. This sum zoomed to $680
million by 1947 with armaments for World War II. But that
figure dropped to $655 million by 1930 as our armed forces
continued to be demobilized.

The start of the Korean conflict in 1950 drove defense
clectronics sales up to $1.2 hillions by 1951. By 1957, defense
clectronics sales to the U.S. Government had passed $4 hil-
lions—more than twice as much as the $1.5 billion worth of
radio-TV and other consumer products made that year. In
1964 the electronics industrv sold some $8 billion worth of
military products to the Department of Defense (DOD)
plus another $1 billion to the airplane and aerospace agen-
cies. Those $9.4 billion in sales outstripped the industry’s
$2.9 billion of consumer products, $3.4 billion of com-
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mercial-industrial products, and $620 million of replacement
components.

The Korean conflict pointed up the strong dependence of
the U.S. Government on electronics companies, and vice
versa. The U.S. Government then began rebuilding its
hastily dismantled World War 11 arms and defenses in the
face of continuing Russian opposition. Uneasy East-West
tensions led the Department of Defense to realize it could no
longer quicklv muster an “arms industry” in war time, then
let it collapse when war ended. Instead of this “feast or
famine” defense industrv of aircraft, ordnance, and automo-
tive suppliers, there evolved a “permanent peacetime private
defense industry.” Included here were privately owned, gov-
ernment-supported, engineering-oriented companies, such as
the new breed of electronic firms.

The original radio-TV manufacturers had small groups ot
engineers, backed by heavv production facilities that turned
out volumes of predictably similar units. The newer types
of eleclronic-engineering companies sprang up, often run
by engineers and technicians-turned-managers.

These electronic-engineering companies had never made
radios or TV sets. They had far greater numbers of engineers
and technicians and far fewer production workers than
radio-TV makers. Some of these companies were actually
airframe manufacturers who bought or burrowed into the
electronics industry. These compuanies, mainly on the West
Coast, needed electronics capabilities to survive in a business
which was rapidlv becoming an airborne electronics system
housed in a tuselage. They also required electronics capa-
bilities, in the late 19507, in order to stav alive in the missile
and aerospace fields.

Now, three I'ederal agencies—Department of Delense,
National Acronautics and Space Administration, and the
Federal Aviation Agency—buy about 60% or more of thie
entire electronics output. Some electronic defense-aerospace
companies sell virtvally all their goods and services to the

25
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SUPPORT BY FEDERAL FUNDS

About 75% of scientists and engineers working in elec-
tronics companies are supported by Federal funds, based
on a survey by Electronic Industries Association (EIA) and
the Department of Defense (DOD). Some 200,000 engineers
and scientists counted here held various jobs in electronics
companies.

Approximately 128,000 or 83% worked on industry de-
fense-aerospace contracts, while 8% worked directly for the
Federal Government. Another 5% did research in univer-
sities and non-profit organizations, mainly for the Federal
Government. The rest included consultants, engineers, and
scientists between jobs, and some unidentifiables.

About 74,000 scientists and engineers, including elec-
tronics specialists, worked on NASA programs in January
1964. NASA estimated that by January of 1965 about 82,000
scientists and engineers would be working for it. Of these,
only 12,000-15,000 worked directly for NASA, while the
others were working under grants or contracts with indus-
trial companies.

U.S. Government. Others sell varying percentages of their
output to the Government. In effect, such firms have taken
the place of the old government “arsenals” which made and
stored the shot and shooters for our national defense, Business
and industry purchase about 20%.

Consumers now buy only 17% of the electronics industry’s
output, although once they were the backbone of the radio
industry. Actually, consumers pay for defense-aerospace
electronics—indirectly, as taxpayers. The remaining 3% of the
electronics market represents replacement parts to help main-
tain the other 97 percent of the gear.

Research & Development

Electronics companies broadened their lines, increased
their technical manpower payrolls, and stepped up their
research and development (R&D) activities. Government
funds for R&D have triggered shock waves of new products
and new technologies. General R&D funds, for various gov-
ernment agencies, have tripled from about $5 billion in 1953
to about $15 billion in 1964, and may double to about $30
billion by 1970. Some 50% of NASA’s budget goes for test
programs: R&D, test, and evaluation. NASA spends 45% of
launch vehicle costs, 70% of spacecraft costs, and 90% of track-
ing and data acquisition cost—on electronics.

The first step towards any production starts with winning
basic study or R&D contracts. Such contracts put and keep
companies with big laboratories and top-notch scientists,
engineers, and technicians into the forefront of fast-moving
technologies. Electronics parts or systems today start with un-
derstanding basic materials in the quest to build reliable
equipment and systems. The need for reliability runs high
to keep up with the increased cost of such systems.

Since Congress controls Federal spending, Government
contracts now blend politics and economics with technology.
Congressmen are alert to the needs of their constituents—

TECHNICIAN-TO-ENGINEER RATIOS

An average of 38 technicians was employed for every
100 scientists and engineers in various categories in 1963,
reported the Engineering Manpower Commission of the En-
gineers Joint Council. In government, the 82:100 ratio for
state governments contrasts with the 29:100 ratio in Fed-
eral Government.

In industry, communications had the highest ratio of
237:100, followed by R&D with 54:100, and utilities with
44:100. Consulting services had the lowest average of 14
technicians per 100 scientists and engineers.
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because contracts mean jobs in defense plants, in Federal
installations, and in laboratories.

Commercial civil war now rages across the United States.
The struggle often starts in ivy-covered college and univer-
sity laboratories, or in public and private R&D laboratories
that are the wellsprings of brains and new technologies.
These institutions compete directly for R&D contracts. Their
teaching stuffs often serve as consultants. Next, many towns,
cities, and states are in a tug-of-war with other areas to
attract electronics plants and laboratories. And, once built,
these plants and laboratories compete for contructs.

Every one of the top 10 prime defense-aerospace govern-
ment contractors who received an award of $10,000 or more
for experimental, developmental test and research (EDTR)
work in Fiscal Year 1964 (ended June 30, 1964) had one or
more plants in California. For example, companies with head-
quarters in New York City (General Dynamics, General
Llectric, Radio Corporation of America, Sylvania, and many
others) also have divisions in California and other parts of
the country. This is partly a geographical diversification to
attract contracts, to engage technical manpower, to be near
educational institutions, and/or to be in labor surplus areas
that are given some consideration in Federal contract awards.

California received 21.2% of all prime award dollars in the
first quarter of Fiscal 1965. Next came Texas with 9.6%, New
York with 6.7%, Massachusetts with 6.1%, and Georgia with
5.8%.

Politics inevitably conflicts with proficiency in evaluating
geographic distribution of Federal R&D funds. For Fiscal
Year 1963, California received $3.8 billion or 38.4% of all
research contracts awarded chiefly by DOD, NASA, and the
National Science Foundation.

However, New York State’s Congressional delegation ob-
jects to having received only $917 million, or 9.2% of all such
contracts and Massachusetts’ solons raise similar objections
to having received only $452 million, or 4.6% of the total.

Geographical Areas

Geographically, the cradle of the original radio (and TV)
industry was in the Chicago-Midwest area, home of AMo-
torola, Zenith, Admiral, and many other manufacturers and
component suppliers, and in the ecastern Philadelphia
(Philco)-Camden (RCA) area.

Even now, the Chicago/East North Central area (Ohio,
Michigan, Wisconsin, Illinois, and Indiana) is slowly out-
growing its origins while trying to hold on to the graduates
of its colleges and universities who fled (or were lured) to
the East and West coasts. This area now has about 15% of
the industry’s engineers and produces 23% of the U.S. elec-
tronics output, with some 1220 plants representing 20.38%
of the U.S. total. Paradoxically, while many defense-aero-
space electronics firms now smart under thinning government
business, the conservative Chicago-Midwest area prospers
in consumer electronics, chiefly color-TV. In 1964, about
$418 million worth of color-TV sets was sold, compared with
about $968 million worth of monochrome sets. By 1970,
color-TV may earn more dollars than black-and-white TV.

The birth of the aerospace age helped the rebirth of part
of the South. NASA has built up a complex of facilities in
the “Golden Crescent” of the Gulf of Mexico: the Manned
Spacecraft Center at Houston, Texas; the big spacecraft
plant at Michoud, Louisiana; the Mississippi Test Facility;
the George C. Marshall Space Flight Center at Huntsville,
Alabama; and John F. Kennedy Space Center, NASA, Cocoa
Beach, Florida, which collaborates with elements of DOD
including the Atlantic Missile Range in civilian-military
operations. In recent years Florida has become an electronics
manufacturing-R&D area, as a kind of California for New
England and Middle Atlantic electronics companies and their
divisions that migrated southward.

The South Atlantic States (Maryland, Delaware, Virginia,

ELECTRONICS WORLD
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Data courtesy of
“’Electronic industries’

1
REGION NEW
ENGLAND ATLANTIC ATLANTIC CENTRAL

NO. ELECTRONIC PLANTS 875 1949 307 1220
% of PLANTS 1464 3257 513 20.38
% of ELECTRONIC 10.70 24.20 10.10 14.43

ENGINEERS
% of ELECTRONIC 10.60 36.50 5.30 23.00

PRODUCTION
% DISTRIBUTION of 6.0 16.0 14.0 7.0

FEDERAL R&0 FUNDS™

2 3 4 =) 6 7 8 9
MIDDLE  SOUTH EAST NORTH EAST SOUTH WEST NORTH MOUNTAIN PACIFIC' WEST SOUTH TOTALS

CENTRAL CENTRAL CENTRAL
56 189 109 1179 100 5984
:93 3.16 1.82 1970 1.67 100
41 4.99 262 27.43 512 100
.50 2.60 250 16.70 2.30 100
4.0 3.0 9.0 36.0 5.0 100

9 Distribution of Federal R&D Obligations for all performers (intramural and extramural) by geographic divisions and states by selected agencies
($12.3 billion) for Fiscal Year 1963 (ended June 30, 1963). 'Included with Pacific States are Alaska and Hawaii.

West Virginia, District of Columbia, North Carolina, South
Carolina, Georgia, and Florida) have about 307 plants, or
5.13% of the industry total. These produce some 5.3% of
industry output, with 10.10% of U.S. electronics engineers,
indicating a high engineering-to-production ratio.

Chief contenders for all electronics markets are West
Coast companies, leading with their brains and daring. In
1963, Western electronics companies made about $3.9 bil-
lion worth of goods (at factorv prices) which represented
nearly 25% of all U.S. electronics output. Companies in the
sprawling Los Angeles area alone accounted for 59% of that
production, and San Francisco firms accounted for 20.7%.
Arizona, San Diego, and the rest of the West produced the
remaining 20%.

Los Angeles companies, including a number of airframe-
aerospace-electronics firms, as well as San Francisco com-
panies were hard hit by recent slashes in government
business. Companies in the San Francisco-Palo Alto areu,
for example, sulfered reverses from reduced spending for
microwave systems as the DOD changed from the world’s
biggest builder of such facilities to become the world’s big-
gest user of microwave.

Out west, the fastest growing area is Arizona, with $230
millions in sales in 1963, representing 3.9% of western elec-
tronics output. Some industry observers suggest higher cost
ol labor discourages turther expansion in California. Several
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California firms have expanded facilities outside the state.

The backbone of the electronics industry continues to be
the heavily populated, industrialized, urbanized nine North-
eastern states. These are New York, New Jersey, and Penn-
svlvania, plus the six New England states. The “six” com-
prising New England are Maine, New Hampshire, Vermont,
Massachusetts, Rhode Island, and Connecticut. They have
873 plants, representing 14.6% of the U.S. total and account
for 10.60% of U.S. electronics output. The area has about
10.70% of the nation’s electronics engineers with engineering
on a par with production.

New England’s skilled craftsmen and educational institu-
tions were “naturals” in creating a thriving electronics busi-
ness. For its role in World War II, Raytheon, then largest
single employer in Massachusetts, was synonymous with
“radar.” During the 1950’s electronics companies clustered
around Greater Boston, the “Hub” of New England. Many
of these {irms moved to “Route 128—The Electronic High-
wav” that rings Boston.

Electronics activities in the Boston area (including Cam-
bridge) are strengthened by such institutions as Harvard
and the Massachusetts Institute of Technology (MIT) with
its famed Lincoln Laboratories, plus consultants such as
Arthur D. Little, Inc. The educational institutions, in turn
derived electronics fame from their stafls, which boasted such
men as Draper, Edgerton, Zacharias, and Wiesner.
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After World War 11, three developments modified the
electronics field. First, the consumer radio-TV business be-
came secondary to the complex electronics industries which
make sophisticated defense-aerospace equipment and sys-
tems. Second, the U.S. Government became the biggest
buyer and strongest influence on electronics. Third, elec-
tronics became much more of a political-economic-technical
business, with sharp competition for government contracts

and technical manpower on a state and regional basis.

West Coast firms, chiefly in California, now lead in R&D
contracts, but western electronics business suffers because
of decreasing airplane and missile production. The Midwest
thrives on consumer electronics, despite foreign competition,
but complains of its low share of government business. Mean-
while, East Coast electronics companies still hold a big share
of the electronics business.

EAST COAST EMPLOYMENT SITUATION

As recently as 1963, all sectors of the electronics industry
were doing well, except for a slight decline in electronic
part replacements. From 1960 through 1963, there had heen
a high demand for technical manpower, too. This period
included a sharp rise in military spending by the Kennedy
Administration. Yet this was counterbalanced by cancellation
of the Skybolt air-to-ground missile in December, 1962 and
the U.S., Soviet, British limited nuclear test ban treaty in
mid-1963.

Some of the steam and growth began to go out o! the
defense business starting in January 1964 when a $2 billion
cut was ordered in government spending—trom airplanes
and missiles to shoelaces. The re-appraisal of our defense
posture resulted in reducing or leveling defense-aerospace
budgets, a sharper trend from production of weapons sys-
tems into more R&D, and a decrease in technical manpower.
Paradoxically, while Government electronices business had
flattened out on a high level, the civilian-industrial electronics
business was thriving with much of the rest of the economy
in a boom that had started in February 1961 and was con-
tinuing in 1965.

Under these changing conditions, sales and employment
of electronics companies in 1964 and early 1965 paralleled
Charles Dickens” description of Europe in 1775, In “A Tale
of Two Cities,” he wrote, “It was the best of times, it was
the worst of times.” Such mixed conditions were evident
among East Coast electronics companies, the six New Eng-
land states through the three Middle Atlantic states, to the
cight South Atlantic states.

These 17 states, plus Washington, D.C., represent 52.34%

Estimates of factory sales for various electronic products.

PRODUCTS YEARS

(in millions of doliars)
CONSUMER ELECTRONICS 1962 1963 1964 1965 1966
Television: Black & White $ 926 $ 926 $ 968 $ 840 § 750
Television: Color 170 283 418 700 850
Television: TOTALS "$ 1,096 $ 1,209 $ 1,38 $ 1,540 $ 1,600
Radio: Table, Clock, Portable $ 227 $ 197 §$ 166 $ 166 §$ 166
Radio: Automobile 181 206 200 200 200
Radio: TOTALS $ 408 $ 403 $ 366 $ 366 § 366
*Other Consumer Products  $ 1,111 § 1,168 §$ 1,169 §$ 1,250 § 1,320
CONSUMER: TOTALS $ 2,615 $ 2,780 $ 2,921 $ 3,156 $ 3,286

INDUSTRIAL & COMMERCIAL § 2,710 § 3,060 § 3,800 § 3,600 § 3,900

GOVERNMENT ELECTRONICS

Defense Department $ 7,360 $ 7,670 $ 7,924 $ 7,980 $ 8,000
NASA 560 950 1,310 1,500 1,650
Federal Aviation Agency 160 150 125 135 145

GOVERNMENT: TOTALS $ 808 $8770 § 5359 $ 9615 § 9,795

REPLACEMENT PARTS

$ 620 3 590 $ 620 $ 630 $ 650

GRAND TOTALS $14,025 $15,200 $16,300 $17,001 $17,631

*Includes: phonographs, tape recorders, records and magnetic tape, high-fidelity
components, electronic organs, pleasure boating equipment, home training kits,
electronic ovens, toys, etc.

Sources: Electronic industries Association, U.S. Government, electronics companies.
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of all electronics plants, which create 52.40% of electronics
output, with 45% of all electronics engineers. Profits of these
companies and jobs of their emplovees depend heavily upon
DOD, NASA, Atomic Energy Commission, and Federal
Aviation Agency which spend about 60 cents out of every
$1 earned by such electronics companies.

Massachusetts & Connecticut

In Massachusetts, the biggest electronics-producing state
in New England, the heart and hub centers around Greater
Boston. Research-based and electronics industries account
for about 25% of all manufacturing jobs in Greater Boston.
The area has about 32,000 scientists and engineers, backed
by about five times as many technicians. There are many
universities and colleges in the area which attract the teach-
ers and students who, in turn, attract government contracts.
Eighteen technical schools geared to science and engineering
include Franklin Institute, Wentworth Institute, and Lincoln
Institute, which annually graduate about 10% of all techni-
cians in the U.S.

Three of Massachusetts’ biggest emplovers are Raytheon,
Sylvania, and General Electric. Among the most representa-
tive is Raytheon, which has better than two-thirds of its
operations in Massachusetts. In 1963, its combined electron-
ics scientific-engineering and technical support manpower
there numbered 3700. However, as government business
declined, the net technical manpower employed in 1964
had cased to 3100. Raytheon officials estimate they may em-
ploy about the same number of technical employees during
1965.

Another diversified, vet representative, East Coast elec-
tronics company is Sylvania Electric Products, a subsidiary
of General Telephone & LElectronics. Unlike many East Coust
electronics firms, Sylvania’s operations in Massachusetts, New
York, and Pennsylvania have required increased employment
of electronics scientists, engincers, and technicians. Such
techinical manpower totaled about 1800 in 1963, edged up
to about 1875 in 1964, and may further increase to about
1900 to 1925 in 1965.

Behind these unusual constant increases is Sylvania’s thriv-
ing East Coast electronics activities. These include steadilv
rising sales of color-TV sets and improved color cathode-ray
tubes. Work in electronics svstems expanded, chieflv on an
improved ground electronic control system for Minuteman
missiles. A Sylvania Multi-Phased Arrav Radar (MAR I,
which operates and steers electronically), is being tested as
part of the high-prioritv Nike-X anti-missile-missile system.

Microelectronics and integrated circuits operations are
being broadened. Sylvania’s Bayside, N.Y. research labora-
tories specialize in commercial-industrial electronics. And a
newlv created Commercial Electronics Division, near Boston,
concentrates on closed-circuit TV, and plans to expand into
communmications and information systems.

In the Stamford, Conn. area, new research facilities were
recently opened by CBS Laboratorics. The company doubled
its space and increased its personnel from 60 to 450 in five
years. To encourage just this particular kind of growth, the
Connecticut Research Advisory Committee has been estab-
lished “to explore (Continued on page 81)
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NEW INDUSTRIAL RADIO BAND

By LEO G. SANDS

A block of 30 channels in the 72-76 mc. band has been opened
for remote-control applications in Manufacturers Radio Service.

possible to operate vital industrial communications and

remote-control! systems on interference-free channels,
a segment of the 72-76 mc. v.h.f. band has been made avail-
able to the Manufacturers Radio Service.

Heretofore, remote control systems for cranes, bulldozers,
and other heavy equipment had to be operated on class C CB
channels or on an unlicensed basis, using Part 15 tyvpe trans-
mitters, within the Citizens Band. Some industries obtained
authority to use land mobile channels on a temporary, de-
velopmental, secondary basis. While frequencies have been
available for several vears in the 952-960 mc. band for remote
control purposes, the equipment cost has been considered
prohibitive.

Alkin-all, the available frequencies were unsatisfactory.
The possible interference in the Citizens Band could not be
tolerated. And, users were reluctant to buy equipment which
could only he licensed on a developmental basis.

The National Association of Manufacturers and other in-
terested parties petitioned the FCC to allocate a Dlock of
channels in the 72-76 mc. band which was in use ounlv in
arcas not served by television channel 4 or 5. Thev sought
channels restricted to low-power applications so that the same
channels could be used by more than one manufacturer in
the same general area. Their efforts paid off.

A Dlock of 30 channels has been allocated to the Manu-
facturers Radio Service within the 72-76 mc. band. This band
had heretofore been reserved for point-to-point communica-
tions use and only in areas not served by TV stations operating
on channel 4 or 5. (Table 1.)

These new low-power channels mayv be used anywhere,
even in areas where TV chunnel 4 or 5 is in use. TV receivers
are protected from interference if they are within 100 feet
of a transmitter operating on one of the new channels. If TVI
occurs, it is the responsibility of the licensee to install filters
on TV sets, within 100 feet of a low-power transmitter, but
only on those sets not owned by the licensee. If the owner of
the TV set does not allow the installation of filters on his set,
the licensee is relieved of further responsibility in regard to
TVI. On the other hand, if the TVI cannot be cleared up, the
licensee must cease transmission.

Transmitter power is limited to one-watt input. The trans-
mitting antenna must be vertically polarized and have no

r I YO relieve some of the channel loading and to make it

Table 1. Listing of low-power Manufacturers Radio Service channels.

72.02 (72.22 72.44
72.04 ‘ 72.24 72.48
72.06 | | 72.26 72.52
72.08 ' Shared 72.28 72.56
72.10 with 72.30 72.60
72.12 fixed 172.32 75.44
72.14 | stations 72.34 75.48
72.16 72.36 75.52
72.18 l 72.38 75.56
72.20 | L 72.40 75.60
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more gain than a half-wave dipole. It must be mounted di-
rectly on the transmitter. However, when the transmitter is
installed in a vehicle, the antenna may be separated from the
transmitter and may be installed at any convenient location.

Transmission bandwidth is limited to 20 ke. which means
that either narrow-band FM (= 5-ke. deviation) or AM will
ordinarily be employed. Either voice or tone modulation may
be used.

All transmitters are licensed as mobile units but may be
operated as fixed base or mobile stations. All communications
must be carried on within plants, factories, shipvards, or mills
operated by the licensce.

Of the 30 available channels, 20 are shared with fixed sta-
tions, but this presents no problem to users in areas served
by TV channels 4 or 5 since there are no fixed stations oper-
ating in this band in such areas.

The problem of making equipment available for use on
these channels is not serious. I'M walkie-talkies for the 20-50
me. and 150-174 me. mobile bands can be readily redesigned
for use in the 72-76 me. band, (See Table 2.)

Receivers for use at fixed stations and in mobile applica-
tions are already available. Receivers designed for use in
point-to-point communications systems can be easilv modi-
fied from wide-band FM (=15 kc. deviation) to narrow-band
FM (=5 kc. deviation) even in the field. Even a.c.-operated
receivers can be used in mobile applications by providing a
d.c.-to-a.c. inverter for operation from a battery.

While transmitter antennas are restricted to unity gain
{(with respect to a half-wave dipole), gain-type omnidirec-
tional and directional antennas mav be used at receivers,
when greater range is required, and mayv be at any distance
from the receiver.

The allocation of these new channels makes it possible to
provide interference-free commumications in dangerous and
vital operations where interference cannot be tolerated. Fur-
thermore, these channels can be used with safety for remote
control of cranes, hot-slag bulldozers, TV antenna tower ele-
vators, and other machines.

These new channels are restricted to those eligible for
license in the Manufacturers Radio Service. Many manulac-
turers, including radio equipment makers, operate mobile
radio systems under licenses in the Business Radio Secrvice,
probably unaware of their eligibility for license in the Man-
ufacturers Radio Service whose channels are not nearly so
congested. However, transmitters licensed in the Manufac-
turers Radio Service may not be used in counection with re-
tail sales activities. A

Table 2. Some manufacturers of 72-76 mc. low-power equipment.
Barrett Electronics Corporation Motorola, Inc.
630 Dundee Road 4501 W. Augusta Blvd.
Northbrook, Illinois Chicago, IIl. 60651

Femco, Inc.
Irwin, Pennsylvania

Union Switch and Signal Division
Westinghouse Air Brake Company
Swissvale, Pennsylvania
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Laser Anemometer. (Right) A cutaway view
of an experimental laser anemometer that
can measure the flow rate of gases and
liquids with extremely high accuracy is
shown here. In lab tests, the unit, which
is less than 2 feet in diameter and 1 foot
in height, has measured the flow rate of
air slower than a half-mile an hour and
the flow rate of water as slow as a thou-
sandths of a mile per hour. The Sperry-
Rand device uses two laser beams rotating
in opposite directions around two perpen-
dicular square-ring paths. A portion of
beam paths is exposed to the gas or liquid
whose flow is to be measured. With no
flow, the frequencies of the two laser
beams are identical and the photomulti-
plier detects no difference frequency. If
the gas or liquid begins to move, then
the light beam moving closer to this di-
rection speeds up while the other beam
slows down. A difference frequency is then
produced which is sensed by the photocell
and converted into a precise measure of
flow rate. The change of light velocity
In a moving, transparent medium was theo-
rized by Fresnel, about 150 years ago.

CCTV for Psychiatry. (Right) Closed-circuit
TV and tape recording are being used by
psychiatrists at the State University of
New York's Psychiatric Treatment Re-
search Center (Brooklyn) to view reactions
and to analyze interviewing techniques.
The 20-bed center televises and video
records interviews between patients and
psychiatrists on an Ampex portable video
recorder. In addition, an audio recorder is
used to duplicate the sound along with an
instrumentation recorder for such data as
patient respiration, galvanic skin response,
and heart rate. Once the interview is over,
the psychiatrists attempt to find meaning
in the behavior of patients (and them-
selves) by observing the TV tape playback.
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In ELECTRONICS

Miniature Laser Gyro. (Left) The smallest laser integrating gyro
is shown here being tested at Honeywell's research lab, where
a program is underway to develop a practical unit for inertial-
guidance systems. Using the principle of internal reflection to
form a small, low-loss triangular cavity, the gyro uses three
prisms instead of the more conventional front-surface, dielec-
tric-coated mirrors. The device operates on a 1.15-micron wave-
length (infrared) from a helium-neon discharge provided by
either r.f. or d.c. pumping of two gas tubes 4 inches long. The
gyro is about a half foot in diameter and weighs under 8 Ibs.
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Yugeslav Microwave System. (Left) A $1 million contract to
supply and install microwave transmission equipment for three
television systems in Yugoslavia was announced by General
Telephone & Etfectronics International. Four links covering 600
miles total will be constructed as part of an over-all network
which eventually will extend for the length of the country. The
microwave links will be built in Serbia, Macedonia, and Slovenia,
and will be employed to bring television programming to some
sections of the country where it presently does not exist,

Semiconductor Microwave Generator. (Right) Continuous and
coherent microwave oscillations of substantial power have
been generated for the first time in a semiconductor—gallium
arsenide. In recent studies at Bell Telephone Laboratories,
scientists produced c.w. oscillations at 4350 mc. with power
output of 15.5 milliwatts, The material is placed in a microwave
cavity and a high-amplitude electrestatic field is applied to it.

i —

Projection Oscilloscape. (Left) The unusual looking instrument shown here
is a new projection oscilloscope that can display waveforms, computer data
{ readout, or any symbol that can be generated on a standard scope. The in-
strument projects on a screen images from 28 inches to 12 feet wide. Sepa-
rate X, Y, and Z axis inputs are used for voltages from .1 to 100 v. at 100,000
ohms input impedance. Brightness on a 12-foot standard beaded screen
is 4 footlamberts. The instrument is being marketed by Dalto Electronics.

B i _ N o
F s ————RADAR ANTENNAE (2) ‘

GYRO ROOM
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Project Mohale Drill Platform. (Right) The elec-

tronically positioned platform shown nere will be ’ CJ%; N2
used in a program to penetrate the earth’s crust |

to the Mohorovicic Discontinuity. Subsurface | l

sonar and surface radars provide ranging signals.

1
= , !
L MAIN

These signals, processed by computers aboard the FWD/ !
platform, are used by six electric engines to drive “ PROPULSION
UNITS (2)

propellers under pontoons (three per pontoon).
The propellers push the platform in any direction
desired, despite 30-knot winds and heavy ocean |
currents. Manufacture of the system by Honeywell

\

PHASE COMPARISON

POSITIONING UNITS (6)

has started under a $1%2 million contract. Delivery ¢ =gl HY(T?OPHONES

is expected in early 1966. After 3 years and !
15,000 feet of underwater drilling rear the Ha- H L DA ELITIE SOmA SRS EEE I
waiian Islands, the crust bottom will be reached. - o = —— ASELINE SONAR “u |
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MARINE RADIOTELEPHONE ANTENNA

By ELBERT ROBBERSON

A simple, grounded shunt-fed antenna for runabouts that is hoth electrically safe and highly efficient for the
2- to 3-mc. band. Antenna is not affected by rain or salt-spray and may be touched while transmitter is on.

diotelephones todav. New equipment is sufficiently

compact and economical of batterv power for such
installations to be entirely practicable. But the antenna sys-
tems, scaled down [rom those used on larger craft, have
shortcomings that are often serious enough to render the
radiotelephone ineflective when it may be needed most.

Fig. 1A represents a conventional boat antenna. The gen-
erator is the output of the r.f. amplifier tube, L1 is an amount
of antenna loading coil located in the radiotelephone, and
L2 is loading inductance situated in the antenna itselt. The
latter coil is ordinarily at the center of the antenna although
it mav be near the base, the top, or distributed in the form
of a long helix.

Certain unfavorable conditions are inescapable in such
antennas. These are well known and, in summary, are: (1)
short length requires loading coil to achieve antenna circuit
resonance; (2) radiation resistance is low, being a function
of antenna height; and (3) loss resistance due to loading
coils, ground connection to water, insulator leakage, and
shunt capacitance of base insulators and lead-in is large in
proportion to radiation resistance, and can easily rise high
enough to disable the transmitter.

On a large vessel these troubles can be tolerated. The
antenna is usually up out of the zone normally hit by sprayv,
antenna-mounting and lead-in insulators are [lairly well pro-
tected, and the antenma is far enough away from the boat’s
personnel not to be affected by their presence or movements.
So, although the installation does not operate at a high order
of efficiency, it is at least consistent enough to provide nec-
essary communications in almost all weather.

However, in the small boat, the base of the antenna is low,
sprav is the order of the day, and a damp coating of salt or
dirt is bound to form on insulators and antenna wiring, low-
ering their resistance to ground. Proximity of the antenna
to gronnd and other objects causes high shunt capacitance;
and personnel and other lossy objects are often right up
against the “hot” antenna and its lead-in. In addition, the
antenna mounting insulators are often under high mechani-
cal stress due to the limited base on which they must be
mounted, and breakage is a constant danger.

Thus, the “normal” troubles are aggravated in the small
boat. This is largely attributable to the fact that the con-
ventional short antenna carries a high voltage at its base,
and its bottom is of sufficiently high impedance to be ex-
tremely sensitive to shunt capacitance and resistance, and
any changes therein.

The situation is represented by the equivalent circuit of

BOATS as small as 16-footers often carrv 2-3-mc. ra-

Fig. 1. Conventional boat antenna and equivalent circuit.

XMTR
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(A) (B)
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Ilig. 1B. The generator is the output of the r.f. amplifier, L
is the loading inductance, R is the total circuit resistance,
and C is the antenna capacitance.

With the unloaded antenna (a straight metallic “whip” or
wire), the voltage impressed on it would be E = (¢ x X))/
R. Assuming some reasonable figures, at the mid-point fre-
quency ol 2.5 mc., a ten-watt radiotelephone might inject an
r.t. voltage, e, of 10 volts. With an antenna having a capaci-
tance of 30 pl., a loading coil with a reactance of approxi-
mately 1270 ohms is required. With a circuit resistance ol 20
ohmis, antenna voltage would be (10 x 1270)/20 or 635 v.

With a loaded antenna, the voltage at its base depends
upon the ratio of the antenna loading inductance that is in
the radiotelephone to that which is built into the antenna.
However, the base voltage can always be expected to be suffi-
cientlv high to cause serious losses under less-than-perfect
conditions. The fact that the base of the antenna is a relativelv
high impedance point also means that movement of objects
near the antenna can cause detuming ol the circuit. This
lowers radiation efficiency. Contact with the antenna mav
throw it completely out of operation and, in the case of
higher powers, possibly give the “contactee” an r.f. burn,

Grounded, Shunt-fed Antenna

These disadvantages are eliminated by a grounded, shunt-
fed antenma. The antenna to be described does 1ot require
mounting insulators, utilizes coaxial-line feed that mav be
of any length and routed anywhere, and is impervious to the
effects of rain or salt sprav. The antenna base is grounded,
so that although it cairies r.f. current, it is not affected if
other objects touch it, or even if the operator holds onto it
while transmitting.

The design of the antenna is shown in Fig. 2A. The coaxial
base section is rigid metal tubing that is directly grounded
and which supports the rest of the antenna structure. The
shunt feed line is tapped onto the resonating coil at a match-
point for the generator output impedance. None of the radio-
telephone loading inductance is used, so the feed to the
antenna is low impedance. The function of the capacitor is
to resonate the antenna for different frequency channels. A
variable inductor would serve the same purpose, but would
make the antenna more complicated.

The practical antenna circuit is illustrated in Fig. 2B.
A length of flexible coaxial cable is used for the connection
to the radiotelephone, and is fed down to the grouud point
through the supporting tubing. The only insulation in the
circuit is that joining the base section and the top whip, and
it is sufficientlv elevated to be up out of the spray. The only
portion of the system carrving high voltage and having a
high impedance is the upper part of the coil and whip, out
of reach of the influence or touch of people or things in
the boat. The shield of the coaxial cable assumes the potential
of the antenna base, and is effectively at ground potential
for its entire external length.

Mechanical Details

Mechanically, the antenna is made up of a six-foot bottom
section of one-inch diameter, and a top six-foot length of
half-inch diameter aluminum tubing. For lightness, strength,
and corrosion resistance, 6061 alloy tubing is used. The cen-
ter insulator is one-inch diameter Bakelite rod, 10 inches
long. It is bored two inches at the top to receive the whip,

ELECTRONICS WORLD
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and turned down for two inches at the bottom to press inside
the base section. The loading coil is connected betwceen the
upper and lower tubing sections, secured to the screws that
fasten the insulator to the tubings. The coaxial cable goes
through a hole in the bottom of the Bakelite rod into the
supporting aluminum tubing.

One of the photos shows the assembly of the resonating
and coupling circuit. The tuning capacitor connected across
the loading coil is mounted inside the bottom of the coil,
secured to an L-bracket at the lower joint. A 4-inch hole
through the bottom of the Bukelite insulator passes the co-
axial cable from inside the base section. The outer braid
connects to the base section, and the central conductor to a
coil clip secured three tirns from the bottom of the loading
coil. The tuning elements and the insulator are protected
by a housing made from an inverted quart-size plastic juice
container with a %-inch hole in the bottom. A %-inch hole
is cut in the cover to pass the tuning capacitor shaft, and the
pouring-hole stopper is removed. When assembled, as shown
in the photo, the cover is pressed tightly in place and the
top %-inch tubing opening sealed with G-I silicone rubber
“Marine Seal.”

The antenna base is secured directlv to the boat by screws
or metal clamps, preferably close to the ground plate. The
ground plate is connected by means of a heavy cable to the
bottomi of the one-inch aluminum base tubing.

Connecting and Tuning

At the radiotelephone, the shield of the coax is connected
to the ground terminal, and the center conductor to the
antenna terminal. The entire loading coil and any other an-
tenna tuning coils (such as fine-tuning inductors) are short
circuited, or taken out of the circuit. The antenna is resonated
lor transmitting by adjusting its tuning capacitor for maxi-
mum voltage on the top section, shown by a neon bulb, or
by one of the simple diode comparative field-strength meters.
On the Distress and Intership frequencies, it can also be
tuned by listening for maximum receiver output. Once found,
the capacitor settings should be marked on the plastic cover
for ease in resetting to the channels used. The transmitter
coupling must then be adjusted to give proper plate current.
With the antenna resonant, receiver tuning should be touched
up on all channels.

Antenna resonating assembly. Coil is mounted between termi-
nal screw in top tubing and L-bracket secured to base tubing.
The tuning capacitor is shaft-mounted on the L-bracket and
projects into the center of the coil. Coaxial cable feed is
led from inside base tubing through hole in the Bakelite
rod insulator; outer braid connects to the base tubing, and
center conductor to third turn of the coil by Johnson «dlip.
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‘<7 ?7 ALUMINUM WHIP

TUBING
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Fig. 2. (A) Grounded-base antenna. (B) Practical grounded an-
tenna made of tubing. L is 48 turns of Airdux 24067, 3-inch
diameter, 6 turns/inch. C is Hammarlund MC-100-SX, a 100-pf.
double-spaced air variable capacitor. A sufficient length of
RG8A/U or RG58A/U should be employed to reach radiotelephone.

Unlike conventional boat antennas, the lead-in of this
antenna can be run anywhere (even through the bhilge)
without loss or engine-noise pickup. It can be touched or
immersed in water. Because the coax line length is non-
critical, the telephone may be installed in one part of the
boat and the antenna in another without electrical complica-
tions. And because the base section of the antenna is “cold”
as far as r.f. voltage is concerned, chance contact with other
objects lias no eflect. The installation affords excellent light-
ning protection,

In short, this is an antenna that can be “lived with” in a
small boat, instead of having to be pampered. A

Tuning assembly is protected by plastic juice container. The
whip projects through a half-inch hole cut in the container
bottom, base tubing through pouring hole in the lid. A hole
is also cut in the lid for the tuning capacitor shaft, and a
knob is secured to the shaft on the bottom after assembly.
Cover is marked for capacitor settings for different frequen-
cies. Synthetic rubber seals the openings after assembly.
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NEW
LINE-CORD-OPERATED
TRANSISTORS

High-voltage power transistors permitting line-cord instant-play

all-transistor a.c.-d.c. sets may revolutionize receiver industry.

Other uses include TV deflection circuits, high-voltage regulators.

HE availability of high-voltage (collector-emitter vol-

tage ratings of 300-400 volts) transistors has recently

been announced by RCA and Delco. These devices

may well revolutionize rveceiver design, with all-transistor

a.c.-d.c. sets becoming a common household item. Power

transformers as well as voltage-dropping resistors for the

power transistors are eliminated. These factors add up to

savings in cost and weight and minimization of heat dissipa-

tion. Because the power supply operates ut line vollage, the
filtering section of the receiver is also simplified. )

Besides their use in home receivers and amplifiers, the

high-voltage transistors have other significant applications.

Table 1. Characteristics of RCA 40264 and Delco DT5-413,423.

40264 DTS-413 DTS-423
Operating temperature (max. C 65 to 150 | —65 to 150| —65 to 150
Coliector-to-base voltage, Vceo (max. l
volts) 300 400 400
Collector-to-emitter voltage, Vceo |
(max. volts) 300 | 400 ’ 400
Emitter-to-base voltage, Veso (max. |
volts) 3 5 | 5
Collector current, Ic (max. amps) 0.1 I 1 | 2.5
Static forwarg current gain, hee (min.) \ 30 20 30
@Vce=10 v. |@Vce—=5 V.| @Vce=5 v.
Gain-bandwidth product, fy (typical, lc=>50 ma. lc=0.5 a.‘ le=1 a.
me.}
Cutoff frequency, f/5 (typical kc.) 25 | b ¥
Collector-to-emitter saturation voltage * 115 } 110
Vce(saT) (typical, volts) L ‘\ 03 ’ 0.3
Cost, 1 to 99 units | *x $9.75 $10.75
100 to 999 units e $7.23 | $ 796

*Values not specified on manufacturer’s data sheets.
**Prices not available at the time the article was prepared.

Fig. 1. (A) The collector characteristics and (B) power-derating curve for the RCA 40264 high-voltage transistor.
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Among these are in TV dellection circuits and high-voltage
regulators and converters.

The RCA 40264 is designed for use as an audio power
amplifier; the Deleo DTS-413 and 423 units appear ideally
suited for switching applications. Table 1 summarizes some
of their important characteristies. Although prices at this
time wre on the hich side, it is felt that these devices will be-
come competitive with vacuum tubes in similar applications.

Description and Characieristics

The line-operated transistors are n-p-n silicon units of
triple-dilfused mesa construction. Triple diffusion provides
good Irequency response for the device. High resistivity sil-
icon is used to achieve the high-voltage rating. In addition,
the processing ol the transistor is done under ultra-clean
conditions and the resulting device is finelv coated with
silicone resin to minimize leakuge curent.

Tvpical collector characteristics and power derating curves
for the RCA 40264 are given in Fio. 1. Maximum collector
current and voltage ratings are 0.1 ampere and 300 volts,
respectivelv. A maximum collector dissipation of 4 watts is
permitied for temperatures up to 70°C provided the transistor
is properly mounted. The collector is connected to the case
in both the RCA and Deleo units. Under no conditions should
the mounting Hlange be soldered to the heat sink or chassis.
The heat of the soldering operation may permanently damage
the transistor if this is done.

A.C.-D.C. Receiver & Amplifier

The receiver circuit shown in Fig. 2 was designed to match
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TUNING

I.F. TRANS.

I.F. TRANS,

- 1

40263 40264

18K

Fig. 2. Four-transistor a.c.-d.c. receiver.

the performance of the popular five-tube (including recti-
fier) a.c.-d.c. receiver. The 40264 is used as the audio power
amplifier. Note there is no dropping resistor in the collector
circuit. The transistor obtains its collector voltage directly
(through the primary winding of the output transloviner)
from the output of the half-wave rectifier. A large bypassed
330-chm emitter resistor allows the circuit to maintain a
constant emitter current in the output stage for wide varia-
tion in heta without sacrificing a.c. gain.

The purpose of the component marked VDR across the
output transformer will now be considered. The letters VDR
stand for “voltage-dependent resistor.” It is also referred to
as a varistor. Being made of semiconductive material, the
resistor exhibits a nonlinear relationship between its resist-
ance and applied voltage. The unit recommended by RCA is
the Ferroxcube No. E299DD-P340 or equivalent. The voltage
of this device varies from approximately 38 volts to 110 volts
for a current range of 10 pa. to 7 ma.; dissipation rating
is 0.8 watt.

Using this resistor in line-operated equipment protects
the output circuit against the harmful effects of transient
voltages. These transients can occur as a result of intense
radiation such as that which exists during electrical storms
or the radiation emitted by fluorescent lighting. Such spur-
ious emission causes transient pulses to appear at the detector
circuits. When amplified, these pulses result in voltages
across the output transformer and transistor as much as five
times the magnitude of the supply voltage. The use of a
VDR minimizes these harmful effects and does not degrade
over-all performance of the equipment.

The audio driver transistor 40263 is a germanium p-n-p
alloy device with high gain and good linearity characteristics.
The a.g.c. voltage is obtained from the second detector diode
as shown.

The converter stage, using a 40261 drift-field transistor,
is of conventional design. A voltage divider maintains con-
stant base bias. Injection voltage is about 120 mv. and remains
relatively constant over the band. Oscillator injection and
stability are adequate at both high and low line voltages.
A reverse-biased clamping diode is shunted across the pri-
mary winding of the first i.f. transformer to provide r.f.
overload protection.

The if. amplifier consists of a single 40262 drift-field
transistor. The circuit is neutralized and designed for max-
imum variable gain consistent with good stability. For ease
of production, the unloaded “Q’s” and the tuning capacitors
of the primary and secondury windings of the double-tuned
transformers are equal.

A half-wave rectifier with a capacitor input filter makes up
the power supply. The 250-ohm series resistor serves to limit
surge current as well as filtering ripple, which is less than 2%.
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Fig. 3. Circuit diagram of the phonograph amplifier discussed.
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Fig. 4. Horizontal deflection amplifier using the new transistor.

Fig. 5. Vertical deflection amplifier using the new transistor.
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Fig. 6. High-voltage d.c. regulator circuit diagram.

An a.c.-d.c. phonograph amplifier that will deliver a max-
imum power output of 2.2 watts or 1 watt at the clipping
level is shown in Fig. 3. Power gain for the basic amplifier
is 68 db at l-kc. input signal. For a constant input voltage
of 580 mv., the output power is essentially 600 mv. over a
temperature range from 25° to 70°C. Total harmonic distor-
tion is less than 2% at 500-mw. output.

At a line voltage of 117 volts, the output transistor idles
at a dissipation of 2.5 watts; idling dissipation may approach
4 watts at high line voltage. The 40264 should be connected
to a suitable heat sink so that the junction temperature will
not exceed 150°C under “worst-case” conditions.

TV Deilection Circuits

The Delco DTS-423 transistor is well suited as a horizontal
amplifier in magneticallv deflected television receivers. Full-
size line-operated models are practical with “B+" ranging
up to 60 volts. Current gain at 2.5 amperes is a minimum
of 10. In some cases, deflection systems have been built re-
quiring peak currents of up to 4.5 amperes with equivalent
current gains of from 5 to 8.

The circuit of Fig. 4 is a typical layvout for a 60-volt sys-
tem. The speed-up RC combination in the base circuit results
in a fall time of less than 1 microsecond.

The DTS-413 mayv be used in vertical-dellection circuitry,
as shown in Fig. 5. The class-A, transformer-coupled circuit
is biased at a collector current of 200-300 ma. Vertical am-
plitude and linearity are maintained with adjustment for a
normal percentage over-sweep at cold turn-on conditions.

High-Voltage Regulator

Fig. 6 illustrates the application of the DTS-413 unit in
a voltage regulator with an output current of 0-500 ma. from
290 to 250 volts, adjustable. To eliminate the need for a 200-
volt, 10-watt zener diode in the emitter of the error-sensing

.

ING391('S

s

\

0T5-423

40
250w.

395
4
DT5-423
Fig. 7. High-voltage converter
that is operated from 150 v,
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amplifier, a 1-watt zener diode is inserted between the base
lead and arm of the voltage-divider pot. The effect is essen-
tially the same in that the base current to the error amplifier
is proportional to the pot setting as long as 200 volts are
present across the zener diode. The 1-watt zener represents
a considerable saving in cost over the 10-watt tvpe.

Power Converter

The converter of Fig. 7 uses two DTS-423 transistors in
a conventional circuit except that it is operated from a 150-
volt d.c. source. For doubling the “B--,” the 325 volt sus-
taining limit (discussed below under testing) provides u
25-volt safety margin. The oscillator was designed to operate
at 1100 cps and an efficiency of over 80% was realized over
a temperature range from —65° to +100°C. Converter out-
put is a low voltage at high current.

The drive circuit is unique in that one transformer wind-

TEST CONDITIONS
T =250MA.
Ip:=20MA.
Vee=50V.

HIGH VOLTAGE PULSE
LASTS FOR APPROX.

L=50mhy

MERCURY R.¥2000

40ysec. RELAY-30~
Vagg =6V Vee =50V
com
(A}
< |
z ) |
5 . S et
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e I A
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g l I S
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COLLECTOR TO EMITTER VOLTAGE -VOLTS
B)

Fig. 8. Test circuit and characteristic curves for determin-
ing sustaining voltage. A unit is acceptable when the trace
falls to the right of point A. For example, curves (2) and
(3) are for acceptable transistors; curve (1) is of reject.

ing is used to serve both transistors with the aid of two
diodes. These diodes alternately act as steering and clamp-
ing devices. A diode, while acting as a clamp ror the emitter
of an “off” transistor, is also performing a steering function
for the drive current to the “on” transistor.

Testing Circuit

To insure safe operation with inductive loads, (e.g., de-
flection circuits and converters) a sustaining voltage rating,
Voo, 15 applied to the DTS-413 and 423 transistors. The
minimum such rating for these devices s 325 volts. The sus-
taining voltage capability can be examined by forward bias
pulse operation with either a resistive or inductive load. Use
of a load inductance allows a smaller power supply voltage
to be used than with a resistive load.

A test circuit recommended by Delco and the resultant
V-1, oscilloscope plots are shown in Fig. 8. A 10:1 attenu-
ator is required for the voltage input to the scope. The peak
voltage in the circuit is a function of L{Ai/Ar) value or the
Joad which is sufficient to reach the sustaining voltage of
the transistor. The base bias circuit is arranged to apply an
open base condition during the sustaining interval. Duration
of the peak-power pulse is approximately 40 microseconds.
The mercury rvelay is driven from an audio generator at a
{requency of 30 cps. A
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The Fixed

Resistor Industry

Vice-President, Marketing, Speer Carban Compairy,
the author has been connected with the radio and
electronics industry sinee graduating in enginees-
ing from Stanford Umiversity inn 1924. He is a di-
rectar of EIA, vice-chairman o} its Parts Divisiov,
and chairman of the Resistor Subdivision. He is
also vice-chairman of the Carbon Section of NEMA.
He is a member of [EEE, Americanr Society for
Engineering Education, and Americarr Institute of
Metallirgical Engineers, He has bee:r associared
with RCA, P. R. Mallory, Svlvania, and Federal.

diforial

Guest

N order te appreciate the importance of any industry,
I it might be instructive to coasider what would happen
if it were wiped out. it a major disaster wzre to strike
Milwaukee, Bradford (Pa.), Kaane (Pa.), and Philadelphia,
facilities of the four resistor manutacturers headquartered
in these cities would be destroyedi and the source of all the
fixed composition resistors (about 85% of all fixed re-
sistors) made in the U.S. would be wiped out.

Even if other types of resistors could be substituted,
plant capacities would be inadequate to meet the six-fold
increase in denand. In addition, the higher prices of film
and wirewound types would place a serious burden an
electronic cquipment producers.

All this points up the importance of a strong resistor in-
dustry in our mulitary preparedness and national economy.
In a fiercely competitive field, four major composition-
resistor comparies have survived because of technical im-
provements int their products, fair prices. and realistic de-
livery schedwling. Similar attrition is taking place among
producers of other types of resistors and, like those in the
fixed-composition field, the ones that survive will be those
whose research arnd development efforts produce an im-
proved product at reasonable cost.

The total U. S. usage of all types of fixed resistors in all
applications amounted to aboat 2,800.000.000 units in
1963 (the last full year on which data is available). Of
these. about 2.400.000,000 were of the fixed campositicn
type while about 275.000,000 were of various film types.
and the balance wirewound.

About 2.15(,000.000 of these fixed composition units
were used in consumer goods and industrial equipment and
about 240,000.000 in military apparatus during 1963.

Although usage of fixed composition and metal films
continucs to rise, the volume of carbon film and precision
wirewounds shows a decline. Their volume is being pre-
empted by nicial, metal-oxide, and “thick™ inorganic film
components. These conclusions are confirmed by compar-
ing the figures for 1962 and 1963 which show over-all unit
sales of compcsition units in 1963 up 109.000.900. meial
film up 44.000.000, deposited carbon down 14,000,0G0,
and precision wirewound down 3.000.000.

The explosive growth of color-TV has given a substan-
tial boost to the demand for resistors, especially those of
the fixed comiposition tvpe. A color set takes approximately
180 resistors compared to 60 to 70 for a black-and-white
recciver. This means that an increase of 500.000 color sets
creates an additional market for 90.000.000 composition
resistors, assuming that black-and-white production is not
reduced.

In lonking ahead it is interesting to note that indusiry
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growth projection estimates are 1,400,000.000 circuits per
year by 19735 (each transistor of tube represents an active
circuit) . This compares with 640,000,000 circuits for 1963.

Economic and technical factors will determine what per-
centage will use discrete components or integrated circuits
There are circuit applications where extremely small size
and very light weight are worth a substantial price pre-
m.um, and there are also others in which the circuitry is
repetitive, where the volume is large, and production
stable. In such equipment. various forms of integrated cir-
cuitry may be advantageous if unit cost. including cost o
design and tooling. is economically sound.

But, by and large. the vast bulk of the circuits do not
have to be very small or very light and here discrete com-
penents offer the advantages of quick availability, great de-
sign and praduction flexibility, conservation of design time,
long established reliability. and low cost.

Take a nor-military TV design. for example. At the fac-
tory level. discrete components for a typical circuit stage
cost about 33 cents. This is broken down into 35 cents for
a tube, 3 cents for 4 diode. 7 cents for four resistors. and
about 8 censs for three capacitors. From this it appears that
the dollar value of active components ir the average circuit
15 several timies that of the required passive componcnts.
Thus, any reduction 1n the price of discrete active compo-
nents favors the use of discrete passive components.

Looking ahead five yecars or so, let’s assume that eco-
nomic and technical factors will determine the choice of
integrated or discretz components. Since forecasters cs
timate that 175.000.000 integrated circuits will be used in
1970 and 375,000.000 in 1973, at an average individual
price of $3 by 1970 and from $1 to $2 by 1975, obviously
a diffcrence of 100% would be of major importance in
swaying the equipment designer’s choice. Now. if we as-
sume that {.400.000.000 circuits will be used in 1975 and
that of these 375.000.000 will be integrated circuits. the
remainder of about 1.000.000.000 will be made up of dis-
ctete compoenents. If each uses the present average of 4-plus
resistors, we can expect a 1975 market for these pas-
sive discrete components of about 4.000.000.000 resistors.

How this potential 4.000.000.000-resistor market will
be broken down armong carbon composition, various film
iypes, and wirewounds is anybody's guess at this stage.
Improvements in carbon composition types may close the
nerformance gap between them and metal and other inor-
ganic film types. On the other hand, metal and other
morganic film types may become more competitive cosi-
wise because of improvements in productian techniques.

No mattcr how this market is to be shared. the industry
as a whole would seem to have a bright future before it. A
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Carbon-Composition Resistors

By OSCAR H. BIECK and CHARLES O. VAN HECKE
Allen-Bradley Company

Combining high dependability, reasonable stability, universal
usefulness at low cost, composition resistors accoiunt for more
than five out of every six resistors that are employed today.

Editor’'s Note: Carbon-composition resistors are
made by several different processes. Allen-Bradley’s
hot-molding process combines resistor marerials, in-
sulation, and leads into an integrally molded struc-
ture, known basically as slug-type construction.
Others, including Speer Carbon Company and Stack-
pole Carbon Company, also use the slug-type con-
struction, but materials are different, and molding
is done at a lower teinperature. IRC resistors consist

of carbon-composition material applied as a coating
to the outside surface of a hollow glass tube. Leads
are inserted into the tube and an insulating jacket is
molded around the assembly. Due 10 different manu-
facturing materials and techniques, each type exhib-
its its own characteristics. It should be understood
that the characteristics and curves shown in this ar-
| ticle apply primarily 1o the hor-molded, slug-type
I resistors made by Allen-Bradley.

HE standard carbon-comyposition fixed resistor is

considered by many to be the backbone of the elec-

tronics industry. This remarkable little device is

requently the designer’s first choice for a discrete and de-

pendable small package of electric resistance, and has such

an outstanding reputation lor usefuiness that it has become
he most popular ol all electronic components.

The degree of popularity that the composition resistor
enjoys is well known among circuit designers. In 1963, for
example, of the several billion resistors that were pur-
chased, more than 5 out of cvery 6 were standard com-
position fixed resistors. In the broadest range of applica-
vons, from undersea cables to TV sets, hearing aids and
complex computers, to orbiting satellites, the composition
resistor has proven itself to be the work horse of the elec-
tronics world. Its broad usage attests its true value.

Composition resistors are available in a4 wide range of
resistance values and in power ratings from 4o to 5 watts.
While all composition resistors arc similar in that they use
carbon as the conducting material, the resemblance ends
there. Since each manufacturer uses his own mixture of
carbon and binders and a different process of manufacture,
the resulting resistors are different in many respects. For
example, our hot-molded resistors are produced by fully
automatic production machinery, which practically elimi-
nates the human element. This exclusive process, using
high temperature and pressure, molds the insulation, resist-
ance material, and headed lead wires together into a single
dense structure. This produces precise uniformity from one
resistor to the next and results in high over-all reliability.

No matter how reliable and time-proven any component
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may be, none exists which can be applied blindly and with-
out consideration for its peculiar characteristics. The car-
bon-composition resistor is no exception. While this device
probably comes closest of all to being “foolprool™ in its ap-
plication, a briet discussion of its characteristics should
help the circuit designer use it to best advantage.

In the selection of a resistor by the designer, four major
factors must be considered. They are;

i. Resistance value and permissible tolerance, dictated
by Ohm’s law and available values, in addition to the cir-
cuit tolerance to resistance deviation from the nominal
value.

2. Wattage rating, also dictated by Ohm’s law, but de-
termined by life-test procedures, as explained later.

3. Voltage characteristics, the first of the “built-in”
charuacteristics of resistors that the designer may consider.

4. External influences, such as temperature and mois-
ture, having an influence on afl components. They must
be considered on the basis of their capacity for producing
unwanted or undesirable effects.

Resistance-Value Selection

Many composition resistor specifications indicate that re-
sistors arc available in nominal values from 10 chms to 22
megohms. However, hot-molded resistor types arc avail-
able from 1 ohm to 100 megohms. Nominal values have
been standardized by the Electronic Industrics Association
(EIA) and military agencies. Values are arranged so that,
in the 10% tolerance group, for example, in adjacent nom-
inal values, such as 100 ohms and 120 ohms, the low-tol-
crance limit for the higher value will approximately (to
the nearest two-digit number) coincide with the high toler-
ance limit of the lower value. In this case, the high limit
(+10%) for 100 ohms would be 110 ohms, and the low
limit ( —10% ) for 120 ohms would be 108 ohms. Refer-
ring to the table at the top of page 51, you can sce that ad-
jacent value selection is the basis for the standard values in
all available tolerance categories: 5%, 10%, and. 20%.

Wattage-Rating Selection

Composition resistors are available in wattage ratings
from % to 5 watts, based on a 70°C (158°F) ambient
temperature. The need for a certain wattage depends on
the voltage and current in the circuit. However, many fac-
tors determine the wattage rating of the resistor to be se-
lected. The “correct” resistor is not necessarily that with
the lowest wattage rating capable of handling the load. As
will be pointed out shortly, the life of a resistor is largely
determined by the resistor operating temperature which is
a result of both the amount of power dissipated and ex-
ternal heat encountered.

As you might expect, the chemistry of a composition re-
sistor is quite complex and there are considerable differ-
ences among the products of various manufacturers. All
composition resistors will undergo change due to prolonged
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Fig. 1. Critical resistance of Y4 w., 350 v. resistor is 245,000 ohms. R critical for other composition resistors is
close to this value. For 1/10 w., 150 v. resistor, R critical is 225,000 ohms; for V4 w., 250 v. resistors, it is
250,000 ohms; and for the 1-watt, 500-volt composition resistor, the ¢ritical value of resistance is 250,000 ohms.
exposure to elevated temperature. In the casc of hot- the maximum specified change for hot-molded resistors is
molded resistors, this change will be a decrease in resist- 8% (10% for other composition types), and the average of
ance, and it is predictable. The rate of change will depend changes over many samples must be less than 6%. But
on several things. such as the power the resistor is dissipat- there are other interesting factors which come into play.
ing and the temperature at which it is operating. For example, higher nominal resistance values are more
The power or wattage rating ol a resistor is determined sensitive to heat than lower nominal values. This is not
by an industry standard test known as “load lite.” This only true for load life, where the continued heating of
test consists of 1000 hours operation at an ambient tem- higher resistance materials has a greater permanent effect,
perature of 70°C (158°F) during which the resistors are but it is also true for transient resistance changes due to
operated at full rated wattage for cycles of 1% hour *“on,” tempcrature, as we will explain shortly. In higher nominal
Y2 hour “off.” At the end of this 1000-hour test, during resistance values, the maximum voltage rating becomes a
which the resistor has been exposed 1o considerable heat, factor, and at a resistance defined as critical value, the re-

sistor operates at maximum voltage and maximum power

. . . . at the same time.
Helpful Hints for Using Composition Resistors ! - .
P for g P At values above the critical resistance value, the power

1. Resistance changes due to humidity are tem- is less than maximum because the voltage is at its speci-
porary and in hot-molded resistors are reversible. fied limit. Below the critical value, the voltage will be less

2. Resistance increases with increasing moisture because the power has reached its limit. Fig. 1 shows this
content and decreases with decreasing moisture con- . . . .. . y
relationship. In practice, the critical resistance value is

te3n't'Res;stance change due to humidity in low-value ordinarily defined as the ncarest stzmdar_d value belpw the

resistors is less than in high-value resistors. point at which maximum wattage is dissipated with the
4. Change of resistance which has occurred due to maximum rated voltage.

humidity may be essentially eliminated by condition- It can be seen that the load-life test is obviously severe,

ing the resistor at 100°C for 48 hours. but it is a regular test imposed by military and industrial
5. Operating resistors with as little as 11, rated qualification requirements. But of more interest is the fact

wattage tends to minimize the effects of humidity. that the vast majority of applications never demand as

6. Hermetically sealed resistors do not exhibit re-
sistance change because of humidity.
7. Resistance change due to load life is permanent

much of any resistor as this test. In fact, if the surface tem-
perature of a hot-molded resistor is kept below 100°C,

and ultimately negative. which corresponds roughly to operating at one-half rated
8. Resistance change due to load life can be mini- power in a 70°C (158°F) ambient atmosphere, a typical

mized to a few percent in many thousands of hours resistance change of only 275% would be observed after

by limiting the maximum operating surface tempera- more than 10,000 hours of actual operation.

ture of the resistor under load to 100°C, typically A very important factor in the power rating or life of

achieved by operating at 70°C ambient air with 50% composition resistors is the heat sink to which they are

derating. connected. As a rule of thumb, approximately 3 of the

9. Resistance change due to heat of soldering is
positive and may be permanent if the resistor has
moisture present in its body. It can be greatly min-
imized if resistors are dry at the time of soldering.

dissipated heat goes out through the lead wires, and natur-
ally it must have some place to go. In the standard load-
life test, the specifications call for “lightweight” terminals

10. The heat sink to which a resistor is connected about an inch from the resistor body. Obviously, then, if
affects its rating. Resistors operated in series or par- in an actual application, the resistor is connected to a heat
allel should be derated unless an adequate heat sink sink with greater thermal capacity, the performance would
is provided. be expected to be better than when lightweight terminals
11. The temperature characteristic of hot-molded are used.

resistors is essentially zero between 0°C and 85°C. By the same reasoning, the life of the resistor would

12. The voltage characteristic is negative and is less

; be shortened it it were connected to the pins on the socket
at elevated operating temperatures than at room

I of a hot. ttnbfz,_ which wou]d mz.lke it difficult for the resistor
13. The voltage characteristic is less in low-value to get rid of its heat. In fact, in thc; latter case, thg resistor
resistors than in high-value units. might actually be absorbing heat from what was intended
to be a heat sink. For this reason, it becomes apparent that
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Nominal Recommended
gmina Test Voltages
Resistance -
Range For all above For 18 watt
I watt and below
10 to 91 ohms 0.75 = 0.25 volt | 0.4 = 0.1 volt
100 to 910 ohms 2.75 = 0.25 volt | 1.0 = 0.5 volt
1t0 9.1 k ohms 9.0 = 1.0 volt 3.0 = 1.5 volt
10 to 91 k ohms 27 = 3 volts 10 = 5 volts
0.1 meg. and higher 90 = 10volts | 30= 15 volts
Table 1. The following test voltages take heating into account.
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TEMPERATURE OF RESISTOR~
Fig. 2. Typical temperature characteristics of resistors.

a 4-watt resistor cannot be made from two 2-watt resistors
by simply connecting them in series or parallel without
taking adequate precautions for removing their heat.

Some applications have recently come about in which
small composition resistors have been required to carry
kilowatts for short periods, hence are worthy of men-
tion. Such pulse applications have, on occasion, stressed
composition resistors far beyond their ratings with no ap-
parent damaging effects.

In our laboratories, for example, we have repcatedly
discharged several kilovolts from a capacitor through a
standard hot-molded Y-watt resistor and it has remained
unchanged. A possible key to survival, we believe, is the
basic ruggedness of the construction and the exceptional
momentary overload capacity of such resistors.

Generally, we have found that when the integrated pulse
cnergy dissipated in the resistor is less than the integrated
energy would be for steady-state full wattage, the resistor
will very likely survive. There is, however, much to be
learned about pulse operation of resistors before simple
and dependably valid solutions will evolve.

Effects of Voltage

Another factor the designer may want to consider in
the use of composition resistors is the voltage character-
istic. The voltage characteristic is the measure of the volt-
age dcpendence of a resistor and reflects the change in re-
sistance per volt, or voltage versus current non-linearity due
to changes in voltage. This characteristic is instantaneous
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Fig. 3. The temperature effects for two values of resistance.
Table 2. Recommended drying time for composition resistors.
Composition Recommended
Resistor V\éztttiange Conditioning
Types & Time @ 100°C
HB 2 watts 120 hours
GB 1 watt 120 hours
EB Y5 watt 72 hours
CB Ya watt 48 hours
BB Y8 watt 16 hours
40

and should not be associated with the resistance change due
to the heat produced by power dissipated when a voltagc is
applied. In terms of magnitude, its maximum value is only
0.05% per volt, and this is lower in the lower resistance
values, where, for example, it will be 0.005% per volt
maximum for 1000-ohm resistors.

Of course, when you are measuring resistance precisely,
a momentary voltage application should be used so that
heating will not affect the value measured. Recommended
test voltages are shown in Table 1.

Temperature Characteristics

Somewhat related to the subject of the aging effects of
heat, but transient in nature, is the temperature character-
istic. This is the temporary change in resistance due to the
actual temperature of the resistance material.

Note in Fig. 2 that metal resistors (wirewound or film)
have a linear characteristic with respect to temperature.
Composition resistors, as can be scen, exhibit a non-lin-
car temperature characteristic, resembling a saucer. How-
ever, it is centered roughly between 10° and 50°C. Thus, in
a range of approximately 0° to 85°C, the curve for these
resistors is nearly flat, corresponding to an unusually low
temperature coefficient.

Temperature coefficient is probably best defined as the
slope of the temperature characteristic. If the slope is a
straight line, the use of a single temperature coecfficient
number is appropriate. However, in composition resistors,
this is not the case.

You can see that any single number would poorly de-
scribe the parabolic characteristics since it would have to
indicate a curve that goes from a negative slope, through
zero, and on into a positive slope. The true picture can best
be shown with curves or a table indicating a resistance de-
viation range at certain temperatures and for specific re-
sistance values. The nominal value of a resistor is an im-
portant factor in temperature characteristic. Temperature
stability is better in low value resistors than in those of
higher value, as can be seen in Fig. 3.

Effects of Moisture

Every component somehow responds to an excessively
humid atmosphere. In composition resistors, an extended
period of exposure to such moisture results in temporary
incrcase in resistance. Sensitivity to moisture is somewhat
proportional to the nominal value of the resistors, the lower
values being less sensitive, and the higher values more so.
In addition, the length of time of moisture penctration is
dependent on the physical size of the resistor. Smaller re-
sistors will respond more quickly than the larger resistors
to changes in humidity.

Absorbed moisture is in no way harmful to hot-molded
resistors and is easily removed by drying the resistors in dry
100°C air. As explained previously, the size of the resistor
determines the speed of the response to changes in mois-
ture, and thus a table of recommended drying times can be
made (sece Table 2).

It should be understood that this is only a rule-of-thumb
guide, since the true necessary drying time depends some-
what on the amount of moisture in the resistors. A “dry-
ing out” such as this can restore the original properties of
fresh, dry resistors.

It has been explained, now, that the changes due to an
increase in moisture are positive and are reversible. How-
ever, sudden heating of resistors, as might be caused by
the high external heat of soldering, could cause a per-
manent resistance change if the resistors have been stored
in a humid location and no drying precautions were taken.

Resistors, originally fresh and dry, or conditioned as
suggested, and operating in equipment with as little as %o
their rated power in an ambient temperature of approxi-
matelv 70°C, remain virtually unaffected by humidity. &
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Common Problems in
Specitying Resistors

By DONALD O. WARD / Applications Engineer, Victoreen Instrument Co.

Comments on resistor rating, temperature effects,

and the use of resistors in high-voltage circuits.

ESISTORS are rated according to maximum watt-
age, maximum voltage, and resistancc range.
Consider for a moment the common insulated

composition fixed resistor covered by MIL-R-11. It pro-
vides for power ratings of Yo, V4, Y2, 1, and 2 watts and a
maximum continuous working voltage of 500 volts for
I-watt resistors, yet it covers resistances as high as 22
megohms. According to the Power Law, E= VPR, 4700
volts would have to be applied to a 22-megohm resistor
to dissipate 1 watt. But the resistor is limited by a MIL-
spec to the application of 500 volts. Quite obviously. then,
this same 22-megohm resistor is not a [-watt resistor.

Since R=E?/P, it is apparent that the “critical-resist-
ance” vahie is 250,000 ohms. It is the only resistance
‘alue at which both maximum voltage and maximum
wattage can be tolerated. Values above 250,000 (the criti-
cal resistance) are limited in wattage (wattage limited)
by the maximum voltage (500), and we find that the
22-megohm resistor is only capable ol slightly more than
.Ol-watt dissipation.

Fundamentally, the maximum ratings indicate those
values above which the resistor can be damaged. It is
apparent then that the dissipation of heat (waltage rating)
is one important factor in the rating.

Using High-Voltage Resistors

Some engineers have obtained unexpected results when
using a high-voltage resistor. They may have intended
it as a series filter resistor in an RC network to be inserted
in the positive leg of a high-voltage supply having a ncga-
tive ground. Full precautions were taken so that neither
the power rating nor the applied voltage drop was exces-
sive, yet the resistor failed in an alarmingly short period
of time. The cause of this failure was the lateral electric
ficld from the resistive clement to the nearest grounded
object wherein the voltage was in excess of 10 kv. Usually
the carbon ol the resistive element pulls from the rod at
the positive end of the resistor, causing an open circuit.

The Burcau of Standards has, for many years, recog-
nized the detrimental effect of lateral fields. It has found
that excessive lateral eclectric fields will so seriously dis-
turb the resistance of such stable components as precision
wirewound resistors that it destroys their accuracy when
used at high voltage. For this reason, high-voltage precision
standards, made up of precision wirewound spool resistors,
are assembled in clectrostatic shiclds with the shield hav-
ing the samc potential as one cnd of the resistor. The shields
are then stacked to form a string with no more than 100
volts across cach individually shielded section.

Temperature Derating

The power rating for resistors, particularly those whosc
values lic below the “critical resistance™ for the series, is
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based on the maximum “hot-spot” temperature which
may be tolerated. It follows, then, that the resistor may
dissipatc more power under conditions of reduced ambient
temperature than it can at elevated temperaturcs. This,
in turn, gives rise to the well-known temperature derating
charts.

Assumc that a particular resistor has a 75°C tempera-
ture rise for full wattage rating and that this resistor is
limited to maximum “hot-spot” tempcrature of 100°C.
If the ambient room temperaturc were 25°C, then full
dissipation would produce a ‘“‘hot-spot” temperaturc of
100°. Obviously, if the ambient temperature were in-
creased, then full power dissipation would produce a tem-
perature exceeding the maximum allowable temperature
for the resistor. If the operating ambient were 60°C, then
the power must be limited to that amount which will pro-
duce only an additional 40° rise. Reference to a derating
chart may show that the resistor can handle only 40 per-
cent of rated power under these conditions. Theretore,
this resistor must be derated to 40 percent of its listed
power for operation in ambient temperatures of 60°.

If provision is made to carry away the heat at a faster
rate than normal radiation, conduction, and convection
will permit, then the derating chart may be exceeded by
whatever this additional cooling will permit.

Temperature Coefficient of Resistance

It is well known that the change of resistance with
temperature (temperature coeflicient of resistance) is neg-
ative in the case of carbon and positive for almost all other
conductive elements. Hence, when carbon is used as the
resistance material, its resistance valuc falls as the tem-
perature rises. Therefore, a resistor has an exact resistance
value at only one temperature.

This consideration is frequently overiooked in the design
of a temperature-compensated precision voltage-divider
string. The designer generally considers that if such a
string can be made up of resistors having identical tem-
perature coeflicients of resistance he will have a string
which will give a precise voltage division under all am-
bient temperatures.

11 all elements of the string were of identical resistance
values, they would dissipate equal amounts of power and
would be subject to unitorm temperature risc. But this
condition is possible only when the steps in the voltage
divider are uniform. If one step in the divider string re-
quires ten times the voltage drop as another step, it will
have ten times the power dissipation and ten times the
temperature rise. No longer do the elements have the same
temperature and even though they have the same temper-
ature coeflicients of resistance, no longer will the one step
be exactly ten times the resistance value of the other and
the precision of this string is destroyed. A
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Resistor Noise Graphs

By ROBERT JONES

Calculation and measurement of amount of thermal and

current noises generated bv resistors in a.f., r.f., ori.f. circuits.

ESISTOR noise becomes important in any amplifier
that has high gain and wide bandwidth. This ap-
plies equally well to audio, intermediate-frequency,

and radio-tfrequency amplifiers. This noise is created by
virtue of the molecular action of the material that makes
up the resistor. This molecular action takes place in any
solid and becomes more and more violent as the tempera-
ture increases. As the collisions between molecules takes
place randomly, the frequencies generated by thesc same
collisions are also of a random nature. This random fre-
quency is generally called “white noise” since there is no
single frequency predominant and all frequencies are pres-
ent at the same time.

This molecular action follows the same general motion
that the molecules of a gas would follow in an enclosure.
The ratio of the mean total cnergy of a gas molecule to its
absolute temperature is given by a constant called “Boltz-
mann’s constant.” Considering the free electrons in a con-
ductor as a confined gas allows us to apply Boltzmann’s
constant to find the value of energy available across the
ends of this gas containcr. In this case, of course, the con-

tainer is the resistor and the ends refer to the ends of the
resistive clement not the ends of the leads.
Application of these conditions to a practical resistor

resulted in the practical formula: e= V4KTAFR, where
K is the Boltzmann’s constant of 1.38 % 10-23, T is the ab-
solute temperature in degrees Kelvin, AF is the bandwidth
in cycles per second, and R is the resistance in ohms. The
value e is the r.m.s. value of the gencrated noisc voltage.
The graph of Fig. 1 simplifies the application of this form-
ula.

When a resistor is required to carry current, a second
type of noisc becomes apparent. Fig. 2 shows the extent of
this noise and represents the formula uv./v.=log,, R. This
noise voltage is commonly called current noise and varies
with the type of resistor. As this voltage increascs linearly
with the applied voltage, the current noise voltage of the
graph must be multiplied by the voltage across the resis-
tor. Wirewound resistors and high-stability deposited-car-
bon resistors do not show this effect of current noise.
Molded composition resistors and metalized carbon resis-
tors are covered by Fig. 2.

Fig. 1. Noise voltage vs resistance for various amounts of bandwidth, at a temperature of 80 degrees Fahrenheit, for all resistors.
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To find the total noise generated by a composition resis-
tor requires that the noise voltage from both Figs. I and 2
be added in the following manner: ep= Ve >+ (e.v)* The
value of e, is from Fig. | and e. is from Fig. 2. These noise
voltages are the maximum value for resistors that are not
defective. Resistor defects contributing to noise are loose
connections between the resistance element and its leads,
touching turns in wirewound resistors, and cracks in the
carbon of both deposited carbon and molded carbon re-
sistors. Defects are often brought about or aggravated by
the temperature cycling of the resistor, when the equipment
using this component is turned on and off.

When equipment is found to be noisy, tubes arc usually
the first component to be tested. However, if this fails to
remedy the noise problem, then resistors fall suspect. Re-
sistors which come under suspicion are the input grid leak
of the first stage of amplification. Second in line is the
cathode resistor. In both cases replacement is the only an-
swer. Testing for faulty resistors boils down to two meth-
ods. One is to replace the suspected part. The second is to
bypass the component with a capacitor, thus allowing the
stage to operate without disturbing the d.c. operating con-
ditions. Both methods ultimately reduce the noise.

Choosing a resistor for lowest noise depends upon the re-
sistance value required. Wirewound resistors usually have
the lowest value of noise, but they often are limited to the
lower values of resistance. When high resistance values arc
required, then the deposited carbon type becomes the
choice. If cost is the problem, a selected molded carbon
can be used, but if used where it must dissipate heat, the
resistor wattage should be as high as possible. Metal film
and oxide resistors are also good possibilities.

Total Noise Magnitude

Some idea of the magnitude of the noise can be obtained
by measuring the gain from input to output and measuring
the r.m.s. value of the output noise. This noise output di-
vided by the gain, will provide some mcasure of the noise
voltage at the input of the first stage. As a general rule. the
noise voltage will be about 2 or 3 times the value indicated
by this method and Figs. | and 2. Some of this noise will be
contributed by other sources, such as shot noise in the plate
of the input tube. When the equivalent resistance of this
first tube is known, then the calculation can become more
meaningful. The equivalent noise resistance of the tube can
be put in terms of input voltage noise by using Fig. 1T and
the total noise then becomes: ey — Ve +en”+ (eev)*+E-
where ¢, is total notse voltage, e is grid resistor noise
voltage, ¢, is the cathode resistor noise voltage, e is cur-
rent noise voltage (cathode), v is the voltage across cath-
ode resistor, and E is the noisc voltage produced from the
equivalent resistance ot the input tube.

Using a 6SI7 pentode for the first stage with a grid re-
sistor of 500,000 ohms and a bypassed cathode, provides
us with a working example. Let us say the completed am-
plificr has a bandwidth ot 20 kc. The equivalent noise re-
sistance of this tube is 6100 ohms in a tvpical pentode
amplifier circuit. Applying Fig. | to both the grid resistors
and the tube equivalent resistance provides us with a noise
voltage of about 13.0 pv. and 1.4 uv. The total noisc is
then 13.1 uv.

I we desired a signal-to-noise ratio of, say 50 db, and
the ahove 6SJ7 circuit were the input of the amplifier, then
the input would require a minimum signal of 316 (50
db=2316 times) times 13.1 microvolts, or about 4140 mi-
crovolts. This is, of course, assuming that this amount of
signal does not produce overloading in another stage of
the amplifier.

Total resistor noisc (usually measured in molded com-
position resistors), is measured in practice by the circuit
shown in Fig. 3. Battery voltage is adjusted as high as pos-
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Fig. 3. Setup for measuring the total resistor noise.

sible without causing cxcessive dissipation in cither the
standard resistor and the test resistor. The standard resis-
tor is selected to match the resistance value of the test re-
sistor and is usually a wirewound unit. Capacitor C is usu-
ally 50 uf. or so in value. The total noise is read on the
meter and is divided by the gain of the amplifier. Because
current noisc is not uniformly distributed and decreases in
amplitude gradually from about 40 cps upwards. an ampli-
fier bundwidth of 100 ke. is usually considered adequate
for these measurements. Total noise measured is compared
to the root of the sum of the squares of the two noisc
voltages obtained from Figs. 1 and 2. This is, of course,
the same as e— Ve,”+e,” where e, is from Fig. | and e,
is from Fig. 2. A
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Thin-Film

By WENDELL MOYERS / Director of Engineering, Burlington Div., International Resistance Company

These devices are ideally suited wherever precision,
stability, reliability, low-noise, or good high-

frequency characteristics are prime considerations.

HIN-FILM fixed resistors are defined by the

electronics industry as those fixed resistors whose

resistance clement is in the form of a film having
a thickness on the order of .000001 (one-millionth) of an
inch. Because of the highly sophisticated manufacturing
technigues used for these types of resistors, their electrical
parameters can he closely controlled. This makes for high-
precision, close-tolerance components.

The need for precision resistors has increased many fold
in recent years . .. and film resistors have satisfied a large
part of this need. Compared to other precision resistors,
mainly wirewound, film devices have the advantages of
small size and low cost. There are two basic types of re-
sistive films now being used: pyrolytic carbon films and
metal films.

Carbon film was the first to appear. Practically cvery
resistor in German military equipment used in World War
[T was of the pyrolytic carbon-film type. These had initial
tolerances from = [% to = 20%. During this same pe-
riod, carbon films were used in the U.S. for semi-precision
(= 1% ) applications only. During World War Il, Western
Eleciric was the only U.S. carbon-film manufacturer; later,
they licensed their process and techniques to other Ameri-
can firms.

IRC introduced metal film in 1958. For the first time, a
truly precision resistor was available in the film type.
Tolerances of +0.05% with temperature coefficients of
resistance of 25 PPM/°C became available in metal films,

Manufacture of Film Resistors

There are seven basic steps in film-resistor manufacture,
regardless of type: application of film, termination, rough
sorting, spiraling (adjusting to final range), application of
protective media, marking, and testing. Most film resistors
usc a cylindrical ceramic substrate.

Application of Film

Carbon film is deposited by cracking carbon-bearing
gases at extremely high temperatures. First, ceramic sub-

Fig. 1. Derating curve comparison of molded deposited carbon
and evaporated metal film resistors as manufactured by IRC.

200 TS wATT ~ T k]

175 \

150 >
125 \

| |
o 2WATTS T~

=

J
|

e

75

50 — —

PERCENT RATED LOAD
BASED ON MIL-R-10509C

 DEPOSITED 4=
sl | | “cameon |

b alt

I
20 40 60 80 100 120/

160
125 165170
AMBIENT TEMPERATURE -°C

44

strates are heated to approximately 2000°F in an incrt at-
mosphere or in a rough vacuum: then carhon-bearing gases
are introduced necar the hot substrates and the gas is
cracked. The carbon is deposited on the ceramics. Some-
times, other elements are co-deposited with the carbon
to give u harder, higher-resistance, carbon-alloy film.

The deposition time and the amount of carbon available
in the gases determine the film thickness and the blank
(substrate with film apphied) resistance.

Metal film is obtained by condensing metal on a ceramic
substrate in a very high vacuum. The substrates are
mounted in a vacuum chamber where the metal, initially
in wire or powdered form, is heated to cvaporation tem-
perature. The substrates are rotated for uniform exposure
to the metal-vapor strcam boiling off the heated metal
source. The tvpe of metal evaporated, usually nickel, chro-
mium and/or aluminum, and the condensed film thickness
determine the blank resistance of the basic device.

Spiraling

After film application, the blanks are limited in maxi-
mum range to a few thousand ohms. To make resistors
having a higher resistance range, the blank resistance must
be increased.

A spiral cut through the film to the non-conducting sub-
strate, down the length of the blank, mukes the resistive
path long and narrow. The result is a resistance increase
of up to several thousand times.

The spiraling equipment has associated bridge circuitry
that monitors the resistance value as the cut is being made.
When the resistance reaches the desired value, the cut is
stopped and the resistor is ejected from the machine. At the
completion of the spiraling operations, the resistor is elec-
trically complete.

Before spiraling, the blanks are sorted into groups of
approximately #5% initial tolerance. This makes it pos-
sible to set the pitch at a constant value for each group
and thus achieve maximum utilization of the resistive film
length. Each group is worked on in turn.

Enclosing the Resistor

Therc are two basic types of enclosures used for envi-
ronmental protection of the film resistor: the hermetic
scal enclosure and the organic enclosure. The former en-
closure 1s made of glass or & combination of ceramic and
metal. The organic enclosurc i1s applied by painting, mold-
ing, or dipping. Typical materials used are silicones, epox-
tes, alkvds, phenolics, or diallyl phthalates. The organically
housed varicty of film resistors arc the most commonly
used types at the present time.

Resistor Comparison

Table [ summarizes the essential characteristics of both
deposited-carbon and metal-film resistors. Fig. 1 shows
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Fig. 2. Surface temperature rise vs load for IRC molded de-
posited carbon and molded evaporate metal film resistors.

typical derating curves as applied to Y2-watt and 2-watt
versions of both metal-film and deposited-carbon types.
Fig. 2 illustrates the surface temperature rise as a function
of the load for both Y2-watt and 2-watt deposited-carbon
and metal-film precision thin-film resistors.

The principal advantages ol deposited carbon are preci-
sion, stability, cost, and resistance ranges available. Metal
film is the most stable of any ol the film types. These re-
sistors are used as resistance standards where, under light
loading and moderate temperatures, they exhibit resistance
changes of less than 0.02% over a period of several years.

The prices of metal-film resistors are now coming into
line with previously less-expensive carbon films. New tvpes
of metal films are also making the high-resistance ranges
possible. As this occurs, carbon-film resistors will gradu-
ally be replaced by metal-film resistors.

Film resistors are commonly used in computers and mili-
tary equipment. Precision voltage dividers and meter mul-
tipliers are also typical applications. The metal films are
used in large numbers in the major missile programs such
as the Minuteman and Polaris.

Some circuit designers have found that by specifying a
precision film resistor in place of a composition resistor,
a lesser degree of precision is required for the semicon-
ductors used in the circuit. The result is an over-all savings,
cven though the film resistor may cost a few pennies more
than the composition typec.

In general, wherever precision, stability, reliability, low
noise, or good high-frequency characteristics are of prinie
consideration, film resistors fill the requirement.

The unusually high short-term overload characteristics of a
hard-glass encapsulated, hermetic sealed carbon-film resistor
is shown by Texas Instruments. The non-hermetically sealed
unit withstood up to forty times rated voltage before failure.

Temp. Power Noise

Res. Coeff. Res. Load  Rating  Llevel

Range (PPM/°C) Tol.  Change (watts) (uv./v)

p 1 Qto 150 to S5 to 1710 approx.
Deposited | 509 meg. —500 2%  25% to5 2
: 19to 3to 01t .15% 1720 less

Metal Film | 4o'meg. 150 19 to5 than .1

Table 1. Possible characteristic ranges available from vorious
manufacturers. Thin-film resistors fall under MIL-R-10509
{and others) and figures shown surpass all MIL requirements.
In many cases figures are superior, depending on manufacturer.

Because ol the relatively low resistivity ol metal films,
they have, in the past, been limited to lower resistance
ranges, especially in the higher wattage sizes. New proc-
esses using simultaneous evaporation of metals and dielec-
tric materials have now resulted in films with metal-films
characteristics hut with ten or more times the resistivity
ol pure-metal films. Resistors using these new films are
now becoming available.

Besides these individual film resistors in discrete pack-
ages, networks of resistors using films applied to very small
flat substrates arc also being made. The degree of preci-
sion obtainable from the small integrated networks s
somewhat less than would be possible in networks made
up of individual resistors. A

Maximum Operating Voltage
It is recommended that resistors be selected so that the
peak voltage impressed across them will never exceed
700 v. d.c., or 495 volts r.m.s. per linear inch of core length.
The relation V watts x ohms/core length in inches so as
never to exceed the above figures shouid be maintained.

Enclosing

For resistors in non-ventilated enclosures, use one watt
per square inch of inner enclosure surface as a guide to
the total wattage to be allowed. The resistor wattage should
be derated 100% if the enclosure area is total; and ap-
proximately 15% if the enclosure is of mesh construction.
Multiply calculated ratings by 1.15 to 2.0 to get rating.

Air Cooling

_ The required wattage rating may be reduced if cooling air
is constantly circulated over the resistor. The expression
for the volume of cooling air required to cool a given en-
closed load so that the temperature rise will be limited to
a determined amount is given by V=(3170/AT) KW where V
is the volume of air in cubic feet per minute, AT is the

SOME RESISTOR PRECAUTIONS

allowable tempefature rise in degrees F, and KW is the

power dissipated within the enclosure in kilowatts. For ex-

ample, if the issuing air one inch above an enclosure is to be

restricted to 350 F, what volume of forced air would be

needed for a 1 kw. load ina 100 F ambient? Answer: (3170/

%gO)l.—_IZ.H-ZS% safety factor for pockets of hot air, or
c.f.m.

Soldering Precautions

Since composition resistors are sensitive to thermal ex-
tremes, caution must be followed during soldering or weld-
ing. Experimental results show that time-temperature prod-
uct is important. On dip solder tests, a 2% permanent re-
sistance change can be noted at either a 3-second dip in
650 F solder, or a 21-second dip in 475 solder. Interme-
diate temperatures show proportional factors.

Changes due to soldering are more severe on resistors
that have been exposed to humidity for long periods of time
than for normal dry units. Operation under d.c. voltage may
cause more sevare changes on such resistors than on normal
dry ones. These changes are permanent and not simply due
to reversal of the moisture absorption effects. A
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Precision Wirewound Resistors

Precision wirewound resistors have been the mainstav of resistance

standards. The introduction of new metal allovs and new winding

techniques have removed some of the past electrical drawbacks,

such as inlierent reactance that has limited their pulse risetime.

PRECISION wirewound resistor is an accurately

determined length of metal-alloy wire, wrapped

around a core, and scaled to protect it from me-
chanical or environmental hazards. These resistors are
being made to ever-improving standards with some pres-
ent-day limits being resistance range from 001 ohm to 60
megohms, wattage from .04 to as high as 230 watts in some
cases, tolerance recaching 001 %, and temperature cocefli-
cient approaching .5 PPM/°C. Because of manufacturing
precautions taken for this tvpe ol resistor, MTBF’s cun
reach 10 million hours.

These resistors come in a varicty of packages ranging
from very small tor printed-circuit use to relatively large
encased units that are used as accurate resistance standards.

In order to meet the exacting demands of modern elec-
tronic design, many manufacturers have spent consider-
able time and energy investigating and creating diflerent

Fig. 1. Resistor response curves: (A} 20 nsec. risetime
resistor; (B) units having high inductive reactance; (C)
unit having high capacitive reactance; and (D) a resistor
having both high inductive and capacitive reactance show-
ing how these zan produce ringing in the characteristic.
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types of metal alloys and winding technigues. Manganin,
used as a resistance element for many years, is being re-
placed with the so-called 800-ohm alloys (800 ohms re-
sistance per circular-mil-foot). These newer alloys exhibit
superior clectrical characteristics to the previously used
metal-alloy wires.

Even the method of winding the metal-alloy wire on the
supporting form has undergone a number of modifications.
The new winding technigues produce virtually strain-tree
windings 1o climinate superimposed temperature coefii-
cients caused by winding, while at the same time high-
frequency response is improved.

Precision wirewound resistors arce usually made by loose
winding a length of wire greater than required (the re-
sistance is determined by alloy materiul, cross section, and
length of wire), then “peeling” back until direct measure-
ment of the resistance shows that the desired value has
been reached. To avoid inaccuracies due to electrical heat-
ing, low voltages arc used in these measurements. In fact,
one resistance bridge (General Radio Model 6003) meas-
ures in the microvolt region.

Wirewound resistors have always sutfered from the fact
that they are electrically similar o a coil and have some
of the coil’s characteristics, such as inductive and capaci-
tive reactance and inherent phase shitt. These factors limit
the high-frequency use of wirewound resistors. which is
why metal-film and carbon-film resistors have dominated
this field. Now, however, new winding techniques, coupled
with other manufacturing approaches, have produced wire-
wound resistors with a risctime on the order of 10 to 20
nanoseconds.

The reactances of these new wirewounds is usually less
than 10 pf. distributed capacitance for values above 2000
ohms, and less than 10 «hy. inductance for values below
2000 ohms, with one manufacturer claiming less than |
#hy. inductance for a 300-ohm resistor and less than .8
pl. for a one-megohm resistor, and another claiming shunt
capacitance of .2 pf. at ambicent temperature of —33 to
+ 145°C.

Fig. | shows the response curve (A) for one of these
new wirewound resistors in which it attains 90% of its
value within 20 nanoseconds. Curve B shows the risetime
needed for a resistor having a high inductive reactance.
The effect of high capacitive reactance is shown in curve
C, with the ellect of both high inductive and high capaci-
tive reactance producing the curve shown in D.

The ability of these devices to perform over the mega-
cycle pulse frequency range while maintaining excellent
tolerance over an extended temperature range makes them
usetul for high-speed computers or other high-speed de-
vices. A
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Wirewound Power Resistors

By HERBERT LEVY /Chief Product Design Engineer, Ohmite Manufacturing Company

Available in a wide range of resistance and power ratings,

and made in many shapes and sizes, these resistors are

often considered to be the workhorses of the resistor world.

sistor can be made to provide resistances ranging

from the very low to the very high, to carry small
currents or large currents, to dissipate many watts of
power, to be made in many shapes and sizes, and to meet
a great variety of special requirements, has long ago estab-
lished it as the “workhorse” of the resistor world. Almost
all resistor applications requiring the dissipation of more
than one or two watts of power, either d.c. or commercial-
frequency a.c., and going up through the audio frequency
range, are well handled by wirewounds.

Wirewound power resistors used in electronic circuitry
vary from tiny one-watt units approximately %¢” long by
18”7 diameter to 1500-watt sizes 20” long by 2%” diameter.
Resistances vary from less than an ohm to hundreds of
thousands of ohms or even megohms. Wirewound resistors
may be classified in many ways, as by shape, type of coat-
ing, operating temperature, type of termination, fixed or
adjustable, method of mounting, environmental capabili-
ties, inductive or non-inductive winding, and many more
classes or sub-classes which cut across each other.

An examination of industry practices reveals that wire-
wound resistors are generally catalogued as shown in Table
1, with most types available in three different kinds of

THE unique facility with which the wirewound re-

coating, namely, the generally accepted industry standard
vitreous enamel, the more recently developed silicone cov-
erings, and an old but limited-application group of ce-
ments. Fig. 1 shows many examples of these various types.

Fig. 2 is a cutaway cross section of a typical tab (or lug)
type resistor. A ceramic tube, generally stcatite but also
supplied in other vitrcous and refractory bodies, is
equipped with two metal bands. These bands are typically
made of a nickel-iron, low-expansion alloy chosen so that
once the ends are drawn tight and welded, the band will
remain solidly located during heating and cooling cycles.

The resistance alloy wire is space wound at a prede-
termined pitch and has its ends welded or brazed to the
terminals. An immense range of resistance values is ob-
tained by selection of the resistance alloy, the wire size,
and the number of turns. The most important wire alloys
are listed in Table 2. The pitch, or distance from center-to-
center of adjacent turns, can be a distance slightly more
than the wire diameter up to not more than five times the
wire diameter in order to achieve the desired total ohms.

A protective coating embeds and completely covers the
turns of wire to: (1) mechanically protect the wire; (2)
keep the turns fixed in position to avoid shorting; (3) in-
sulate the turns against voltage breakdown across the coil;

Table 1. A wide variety of wirewound power resistors is available, with ratings and windings to suit virtually every circuit requirement.

Wattage Resistance Winding Other
Type Range Range (ohms) Possibilities Features
Axia} Lead 1to 14 1-200k h}ggt:ﬁgxit?\lre Fixed
o
I e e o
L3 et g o
S 10 to 215 fodintie or
v Brcte
e e 0102 vt ey, Gelend
Mtal Gl 5 to 250 e ML Lol
E e D 220 to 1200 e
*Tab styles provide for soldering, bolted connections, and quick-c onnect sh;pes for push-on connectors, and also wire-wrap types.
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Fig. 1. Wirewound power resistors are available in many sizes.
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Fig. 2. Cutaway of vitreous enameled lug-type fixed resistor.

(4) prevent oxidation of the wire; (5) protect against cor-
rosion from humidity or salt water; and (6) help carry
away and distribute the heat from the wire.

Axial-lead resistors, which now constitute the major
portion of the volume of wirewound resistors produced an-
nually, differ from the lug- or tab-type primarily in sub-
stituting caps over the ends of the core, replacing the
bands. Wire leads, which have been welded to the caps,
serve to connect and to support the resistor.

Importance of the Wire

The series ol metals listed in Table 2, and a few others,

are the special alloys which are made and drawn in wire
form to produce carefully controlled resistance per unit
length, temperature coefficient of resistance, tensile
strength, specified ductility, and ability to operate for long
periods at elevated temperatures. The resistor designer
must sclect from these alloys to obtain the combination of
properties required for a given application. The perfection,
in recent years, of alloys combining high specific resistance
with very low TC (temperature cocfficient of resistance),
has made possible the small precision-power resistors re-
quired by electronic computers. Some of the 800-ohm/c.-
m.f. (circular mil foot), low TC alloys are limited to a
maximum temperature of 275°C if they are to have mini-
mum change of resistance after full-load use. TC is now
generally specified as the change in resistance in “parts
per million” per degree centigrade,” abbreviated as PPM/
4@,

The actual TC of the finished resistor depends on more
than the wire and is influenced by such things as the core
diameter, winding tension, thermal treatment after wind-
ing, and nature of the core and coating.

For maximum reliability, many government and other
specifications place limitations on the use of very fine wire
(sizes as small as .0005” diameter are in usc). Military
Specification “Resistors, Fixed, Wirewound,” MIL-R-26C,
limits the wire size to nominal .00175” diameter. Some
specifications for small (axial-lead) resistors permit wire
ol .001” or even .0008”. Another limitation (for reliability)
by specification requires lower operating temperatures.

Importance of the Coatings

Proved and improved over more than a half-century of
use, vitrcous enamel is the standard high-temperature coat-
ing. This completely inorganic material is a complex mix-
ture of minerals which is generally applied as an agucous
suspension of fine powder, dried, and then fired at temper-
atures around 1400°F to fusc into a smooth glassy cover-
ing, well bonded to the core. There are variations in com-
position among the vitrcous enamels used by different
manufacturers which affect the firing temperature, match
of coetlicient of cxpansion with the core, capability of
standing thermal cycling without cracking, maximum op-

Tahle 2. A representative group of resistance alloys that are generally used in the manufacture of resistors and rheostats.

; Av. Range of
Mean Temp. Coeff. Resistance Range :
Alloy Trade Names per[”};'“hj” PPM/°C for Temp. for which c';?"ﬁf“'to'ggs-
Range ASTM B267-60T used 300°C Rise
Nickel-Chromium- Evanohm 800 65° to +250 Very High, Medium +1to +2%
Aluminum, etc. Karma 0, = 20 and up for Low
800 Alloy Temp. Coeff.
Nickel-Chromium- Nichrome 675 65° to +200 High and Medium t5to +8%
iron (60%-16%-24%) gn;c;méel c +140, = 30
Alloy C
Nikrothal 6
Tophet C
Nickel-Chromium Nichrome V 650 -65" to + 250 High and Medium —4 to +6%
(80%-20%) (A:n;?/mfl A +80, = 20
Alloy A
Nikrothal 8
Tophet A
Copper-Nickel Advance 294 -65° to + 150 Low and Low to +1to +2%
(55%-45%) Cupron 0, = 20 or Medium for Low
Excelsior 0, = 40 Temp. Coeff.
Copper-Nickel #180 Alloy 180 _?_5" 80 =+ 1556) Very Low 5to +8%
Midohm 180, =
Copper-Nickel #gg A“oy 30 —65 Ct)o + 15500 Very Low t5 to +10%
#3935 Alloy —450, =
*Kanthal DR (Fe,Cr,Al,Co) available at 812 ohms/c.m.f. and Nikrothal L (Ni,Cr,Si,Mn) available at 800 ohms/c.m.f.

48

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

erating temperature, insulation resistance, and other char-
acteristics.

The art and techniques of vitreous enameling of wire-
wound resistors are ditficult ones. Specialized methods. de-
veloped over many years, are needed to produce satisfac-
tory resistors, especially when very high resistance, very
low temperature coeflicient. and very low resistance toler-
ances are involved. Vitreous enamel coatings are custom-
arily fairly thin and conformal but a recent manufactur-
ing innovation produces molded axial lead resistors with
a thick, uniform, cylindrical coating, resulting in high
insulation value and other improved characteristics.

The availability of silicone resins in commercial quanti-
ties after World War II resulted in the creation of new
types of power-resistor coatings. Capabiiity of withstand-
ing temperatures required in some power resistors, excel-
lent hunudity resistance, and processing at moderate
temperatures, are properties which have led to widespread
use for small axial-lead resistors. particularly where very
high resistance. close tolerance. and low TC are nceded.

Low processing temperaturcs (baking at temperatures
around 300°C) greatly simplify manufacturing problems.

Silicone coatings most generally consist of mixtures of
silicone resins with fine inorganic powders (such as silica)
which produce opacity, body, increased hardness, con-
trolled thermal expansion. and improved heat resistance.

These coatings are gencrally conformal but molded
stlicone-ceramic coatings on axial lead resistors are also
produced.

Various kinds of cements have been used on power re-
sistors from the carliest days of the electrical industry. Sili-
cates, phosphates, and Portland cements have been used
as the binder but as all such cement-coated resistors suller
from poor resistance to humidity and wire corrosion pro-
duced by polarizing voltages and other causes. Cement
coatings arc now rarely used for general-purpose resistors.

Metal-Clad & Other Heat-Sink Types

Resistors insulated in various ways and scaled in cast
metal housings designed to transfer heat efficiently to a
metal structure, are available in several sizes, 5 to 250
watts. The heat-sink qualitics of the mounting are depended
upon to keep the resistance winding and insulation tem-
peratures within established limits. Strip or thin resistors,

Fig. 3. Selecting your resistor: To find the size required as influenced by application conditions:
{1) For each condition focate the relevant value on the scales below and record the
corresponding factor (F) to F;). Note: The Standard Free Air Condition Factor is always
1. (2) Multiply the Factors together. {3) Multiply Watts by the product of (2).

A APF A 0 OND 0 .
Bl
i Pl é P fo p— {Physical size)
| M
i o . U i
o s == i
IR < :
).
; Ll‘ \t\l\ ®
Op
'C Fy % F, No. F, FEET | F, % Fs C F,
300 70 100 2.0 ” 100 t000 10 1500 |.27 40
ur akr —1-13.
L 60 2 e 1400 50130 To
150 G 21413 - 28 4.10.0 Step 3
: 901+ 1.9 z4 90—<| 900—+ | '
o | ﬂ ! 1300 4--60 Select neorest
0 s .29 1 £ larger standard
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Step 1 I 8018 y ao_Jl aoo._{ 1200 54 ;oo—rs'o
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as set by your I N o 700— 21000 :—40
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1 30413 30— < Coefficient
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& R 20070 T2
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installation approximately to uniformly to altitudes for pulseoper. approxima: temperatures
includes room for average spaced bonks shown. No ation must first tions only may be desired
temperature sheet metal af paratle! derating is be determined Effectiveness because of
plus boxes of resistars with required for of cooling adjacent
temperature dimensions spacing oltitudes to varies with apporatus,
rise due to such that watts as shawn. 5000 f1. abave installation. increased
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Fig. 4. Hot-spot temperature rise of various power resistors.

which have a metal strap, generally of aluminum, fastened
in the core, also depend on the transfer of heat by conduc-
tion to the mounting surface for their full rating.

Small tubular resistors, when mounted on aluminum
studs, can more than double their ratings. Some axial-lead
resistors {with molded vitreous enamel, molded silicone-
ceramic, or with metal sleeves) when mounted with special
clips, can also greatly increase their ratings.

Three more types of small resistors frequently used in
TV sets and similar consumer-type equipment are gener-
ally wound on fiberglass cores. One type (%%, 1, and 2
watts) is molded in plastic similar to composition resistors.
Another type (5 and 10 watts) is embedded in a rectangu-
lar cross-section ceramic case. Still another type (3, 5, and
10 watts) is cnclosed in a cylindrical ceramic shell.

Principles of Resistor Rating

While it is well understood that the passage of electricity
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through a resistor gencrates heat proportional to IR, the
step from this to the temperature attained by the resistor
and how this is related to the resistor wattage rating is gen-
erally known only to a resistor specialist.

Empirical factors related to the materials of construc-
tion, the size and shape, and also the environmental con-
ditions, make the temperature rise of a resistor something
best determined by measurement. Once a curve of temper-
ature versus watts for standard conditions has been de-
termined, allowances for other conditions can be estab-
lished. Sce Fig. 4. Resistors are rated on the basis of stand-
ard conditions, something referred to as “free-air watt
rating,” as the resistor is suspended horizontally, for tesf
purposes, in free still air remote from any confining sur-
faces. A thermocouple and potentiometer are used to
mecasure the hot spot of the resistor. The temperature of
very small resistors is more accurately measured by special
infrared pyrometers. The wattage rating is the power in
watts which the resistor can dissipate continuously in a
stated ambient and with the hot spot not exceeding a stated
maximum temperature.

The hot spot of a horizontal resistor occurs at the mid-
dle, on the top side. For tubular resistors, 10 watts and
larger, the temperature rise at the ends is approximately
60% of the hot-spot rise. Axial-lead types and other very
small resistors will show less differences along the length.

The temperature of a resistor operated at a constant
wattage stabilizes when the sum of the heat loss rates (by
radiation, convection, and conduction), equals the heat
input rate (proportional to watts). The greater the resistor
arca per watt to be dissipated, the greater the heat loss
rate, and, therefore, the lower the temperature rise. Watts-
per-square inch of radiating surface for a 300°C rise varies
from 6.3 on a 160-watt core to 9 on a 10-watt core and
even more on smaller axial-lead units.

Commercial vitreous enameled power resistors for many
years have been rated per existing specifications of NEMA,
EIA, and Underwriterss Laboratories for a 300°C
(540°F) rise above a 40°C (104°F) ambient, resulting in
a maximum hot-spot temperature of 340°C (644°F). Cur-
rently, there exists among resistor manufacturers a tend-
ency to base the commercial rating on the same conditions
as required by the standard military specification MIL-R-
26, Characteristic V, which allows a maximum hot spot of
350°C (662°F) resulting from a 325°C (585°F) rise
above a 25°C (77°F) ambient.

A different and relatively new concept of wattage rating,
first applied in several military specifications for “pre-
cision-power” resistors is embodiced in pending revision
“D” of MIL-R-26 which covers “power resistors” and
new classes of “precision-power” resistors. The concept,
in brief, makes the wattage rating that amount of power
which the resistor can dissipate on a specified load-life test
(and in other tests) without the ohmic value changing by
more than a specified percent from the original value. For
+ 59% tolerance power resistors in the new MIL specifica-
tion, the AR (resistance change) is 3% . A maximum am-
bient temperature oven test is also provided for.

A certain amount of re-rating of some long established
physical sizes is now going on in the industry so that some
resistors are catalogued with dual ratings as 10/12 watts,
160/175 watts, etc.

Axial-lcad resistor sizes have also been affected by the
cffort to make them fit in with miniaturization by abandon-
ing traditional 1-, 5-, and 10-watt sizes, and making avail-
able 1- to 12-watt sizes at almost every watt (and some
closer) intervals,

Watt rating of power-type resistors coated with siliconc-
based materials is sometimes given the same as for vitreous
enameled units. At other times, especially where excep-
tional load-life stability (maximum AR=1%) is a prime
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requirement, a maximum hot-spot temperature of 275°C
(527°F) is [reauently used as the basis of rating.

Watt Rating Affected by Use

Enclosure, higher ambient temperatures, presence of
nearby materials or components of lower temperature rat-
ing, and other factors affect the wattage which a resistor
should be required to dissipate in a particular application.
To allow for such considerations, it is general engineering
practice to operate resistors at '2, s, or 14 or other fraction
of nominal rating. On the other hand, resistors can safely
handle pulses of power much higher than their rating, de-
pending on the time-duration of the pulse and amount of
olf-time.

The chart of Fig. 3 shows various important application
conditions and the factors to be used to keep the resistor
maximum temperature rise within desired limits. The ac-
tual watts multiplied by the product of the factors, gives
the free-air watt size required. A brief discussion of cach
of the conditions follows.

Ambient Temperaiure: Ambients higher than standard
restrict the permissible temperature rise for a given hot-
spot temperature and therefore reduce the permissible
wattage. Fig. 5 shows the usual straight-line derating from
the 100% rating.

Enclosure: Enclosure limits the flow of heat from the
resistor. Accurale estimation is almost impossible except
by comparison with similar known measured conditions.
Calculation results in only approximate accuracy unless
many factors are preciselv known.

Grouping: The general derating efiect due to the close
proximity of other sources of heat is obvious.

Aliitude: The reduced cooling ability of rarefied air is
readily realized.

Pulse Operation: The temperature rise is dependent on
the average power. the thermal capacity of the resistor,
and other physicul properties. Fig. 6 shows pulse ratings for
typical large tubulur vitreous enameled resistors. Pulse
cycles of less than a second are calculated differently and
are based largely on the heat capacity of the resistance wire
alone.

Cooling Air: Forced circulation of air (or fluids) in-
creases rating by removing heat more rapidly.

Limited Temperature Rise: Temperature rise less than
maximum may be desired to protect adjacent components,
reduce change in resistance with load, or increase reliabil-
ity.

Other Application Considerations: Very high resist-
ances, high voltages, radio-frequency or high-freguency
pulse applications. generally require special consideration.

Resistor Specifications & Reliability

Many industrial specifications have been written by
large users of resistors which. in gencral, have been mod-
cled after various military specifications. Modifications
include such things as different physical sizes, closer toler-
ances and temperature coeflicients. load-life tests, different
humidity test cycles, and reliability definitions.

Reliability, not in a general sense, but as “established
reliability,” expressed as “mean time between failures” or
as “maximum failure rate in % per 1000 hours.” is a con-
cept still largely confined to certain military and acrospace
applications. The enormous expenses and extended times
required, as well as the lack of knowledge of the correla-
tion between diflerent circumstances and the test set-up,
constitute formidable obstacles to wider use of such re-
quirements.

The selection of resistors for given applications, when
done with full knowledge and with proper allowances for
anticipated conditions can result in long, dependable serv-
ice life, satisfying industry requirements. A
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STANDARD EIA RESISTOR VALUES

20% 10% 5% | 20% 10% 5% | 20% 10% 5%
10 10 10 | 100 100 100 | 1.0k 1.0k 1.0k
11 110 1.1k

12 12 120 120 1.2k 1.2k

13 130 1.3k

15 15 15| 150 150 150 | 1.5k 1.5k 1.5k
16 160 1.6k

18 18 180 180 1.8k 1.8k

20 200 2.0k

22 22 22 | 220 220 220 |22k 22k 2.2k
24 240 2.4k

27 27 270 270 27k 2.7k

30 300 3.0k

33 33 33 |330 330 330 | 33k 3.3k 3.3k
36 360 3.6k

39 39 390 390 3.9k 3.9k

43 430 4.3k

47 47 47 | 470 470 470 | 4.7k 4.7k 4.7k
51 510 5.1k

56 56 560 560 5.6k 5.6k

62 620 6.2k

68 68 68 | 680 680 680 | 6.8k 6.8k 6.8k
75 750 7.5k

82 82 820 820 8.2k 8.2k

91 910 9.1k

For higher values, add zeros to the basic numbers up to
22 megohms, the maximum value.

APPLICABLE MIL SPECS FOR FIXED RESISTORS

MIL-R-11  —Resistors, Fixed, Composition (Insulated)

MIL-R-26  —Resistors, Fixed, Wirewound

MIL-R-29  —Resistors, Fixed, Meter Multiplier, External (High-
Voltage, Ferrule Terminal Type)

MIL-R-93  —Resistors, Fixed Wirewound (Accurate)

MIL-R-10509—Resistors, Fixed, Film (High-Stability)

MIL-R-10683—Resistors, Fixed (Composition Film, Very High Fre-
quency)

MIL-R-11804—Resistors, Fixed, Film (Power Type), General Speci-
fications For

MIL-R-14293—Resistors, Fixed, High Megohm, (Hermetically
Sealed)

MIL-R-18546—Resistors, Fixed, Wirewound (Power Type, Chassis-
Mounted)

MIL-R-22684—Resistors, Fixed, Film, Insulated

MIL-R-23379—Resistors, Fixed, Wirewound, Precision, Power Type,
Wire Lead Terminal

MIL-R-27232—Resistors, Fixed Wirewound (Power Type)

MIL-R-38101—Resistors, Fixed, Established Reliability

/1 —V Watt, ©1.0%

/2 —Power, Wirewound, Miniature, 2 Watt, ~1%

/3 to [12—Precision, Wirewound, Various Powers and Toler-
ances

/13 to /18—Power, Wirewound, Various Power, +1%
/19 and /20—Metal Film, .1 Watt and .05 Watt Respectively,

1%
121 to [23—Film, Y Watt, %3 Watt, and 1 Watt Respectively,
20/0
MIL-R-39005—Resistors, Fixed, Wirewound (Accurate), Established
Reliability

MIL-R-39007—Resistors, Fixed, Wirewound (Power Type), Estab-
lished Reliability

MIL-R-39008—Resistors, Fixed, Composition (Insulated), Estab-
lished Reliability

MIL-R-39009—Resistors, Fixed, Wirewound (Power Type, Chassis-
Mounted), Established Reliability

MIL-R-39017—Resistors, Fixed, Film (Insulated), Established Reli-
ability (established reliability version of MIL-R-
22684)

MIL-R-55182—Resistors, Fixed, Film, Established Reliability

MIL-R-55188—Resistors, Fixed, Film, High-Stability (Microelement)
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Directory of

Ace Coil and Electronics Co., 912 Lincoln Highway, Metuchen, N.J.
Aerovox Corp., Hi-Q Div., Olean, N.Y.

Allen-Bradley Co., 136 W. Greenfield, Ave., Milwaukee, Wisc.?

Alpha Microelectronics Inc., 2416 Reedie Dr., Wheaton, Md.

American Components Inc., 8th at Harry, Conshohocken, Pa.

American Elite Inc., 48-50 34th St., Long Island City 1, N.Y.

Amperex Electronics Corp., 230 Duffy Ave., Hicksville, N.Y.
Angstrohm Precision Inc., 7341 Greenbush Ave., North Hollywood, Calif.
Atlas Coil Inc., 63 Main St., Ansonia, Conn.

. Bond Electronics Corp., 60 Springfield Ave., Springfield, N.J.

Bradford Components inc., 65 South Ave., Salamanca, N.Y.

Brys Instrument Co., 7026 Sixth Ave., Brookiyn 9, N.Y.

Calbest Electronics Co., 4801 Exposition Blvd., Los Angeles 46, Calif.
Calibration Standards Corp., 1031 Westminster Ave., Alhambra, Calif.
California Resistor Corp., 1631 Colorado Ave., Santa Monica, Calif.
Campbell Industries, Dover, N.H.

Carborundum Co., Buffalo Ave., Niagara Falls, N.Y.

C-F Electronics, 14709 Keswick St.. Van Nuys, Calif.

| Clarostat Mfg. Co., Inc., Dover, N.H.
| Cohu Electronics Inc., Kin-Tel Div., Box 623, San Diego 12, Caiif.
| Connolly and Co. Inc., 914 Rengstorff Ave., Mountain View, Calif.

Consolidated Ohmic Devices Inc., 900 Third Ave., New Hyde Park, N.Y.
Consolidated Resistance Co. of America, Inc., 44 Prospect St., Yonkers, N.Y.
Continental-Wirt Electronics Corp., 26 W. Queen Line, Philadelphia 44, Pa.

| Corning Glass Works, Corning, New Yorké
| CTS Corp., 1142 W. Beardsley Ave., Elkhart, Ind.8

Dale Electronics Inc., Box 609, Columbus, Neb.”

| Daven Div., General Mills Inc., Rt. 10, Livingston, N.J.

Electra Mfg., Co., 800 N. 21st. St., Independence, Kansas
Electro-Scientific Ind. Inc., 13900 N.W. Science Park Dr., Portland 29, Ore.
EMC Technology Inc., 1133 Arch St., Philadelphia, Pa.

EMP Electronics Research Labs, 3131 N. 29th Ave., Phoenix, Ariz.
Film Components Co., 80 Kings Road, Madison, N.J.7

Filmohm Corp., 48 W. 25th St., New York 10, N.Y.

Gam Electronics Inc., 138 Lincoln St., Manchester, N.H.

Gambie Industries, Reeder and Monroe, Riverside, N.J.

General Electric Company, 1 River Rd., Schenectady 5, N.Y.
General Instrument Corp., 96 Mill St., Woonsocket, R.I.

General Radio Co., 22 Baker Ave., West Concord, Mass.

General Resistance Inc., 430 Southern Blvd., New York 55, N.Y.
Genistron Inc., 6320 W. Arizona Cir., Los Angeles 45, Calif.

Halex Inc., 139 Maryland St., El Segundo, Calif.

Hamilton-Hall Resistor Corp., 227 N. Water St., Milwaukee 2, Wis.
Hardwick-Hindle Corp., Div. of Memcor, 41 E. Park Dr., Huntington, Ind.
Instrument Resistors Co., 503 Adamston Rd., Bricktown N.J.
Intellux Inc., 30 S. Salsipuedes St., Santa Barbara, Calif.
International Resistance Co., 401 N. Broad St., Philadelphia 8, Pa.
lonetics Corp., 27 William St., New York, N.Y.

Jordan Electric Co., 14709 Keswick St., Van Nuys, Calif.

Julie Research Labs Inc., 211 W. 61st St., New York 23, N.Y.
Kelvin Electric Co., 5907 Noble Ave., Van Nuys, Calif.

Key Resistor Corp., 321 W. Redondo Beach Blvd., Gardena, Calif.
K-F Development Co., 2606 Sgring St., Redwood City, Calif.

Kidco Inc., Rt. 541, Lumberton, N.J.

Lectrohm Inc., 5560 N. Northwest Hwy., Chicago 30, flI.

1. Up to 2 watts, 5%, 10%, 20% tolerance.
2. Up to 2 watts, 2% to 5% tolerance.

3. Up to 2 watts, 1% or better tolerance. Sn c.-—direct

4. Over 2 watts.

a.—parts distributor

b.—industrial distributor d.—custom made only
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Fixed

Resistor
Sources

Leeds & Northrup Co., 4970 Stenton Ave., Philadelphia 44, Pa.
Logan Electronics Corp., 44 Breed St., East Boston 28, Mass.
Mallory, P.R. & Co. Inc., 80 S. Gray St., Indianapolis, Ind.
Marstan Electronics Corp.,, 204 Babylon Turnpike, Roosevelt, N.Y.
Memcor, 41 E. Park Dr., Huntington, Ind.

Mepco, Inc., 35-37 Abbett Ave., Morristown, N.J.

Metavac, Inc., 45-68 162nd St., Flushing 58, N.Y.

Micro-0hm Corp., 1031 S. San Gabriel Blvd., San Gabriel, Calif.

Miller Electro-Research Labs, 5529 S. Fifth St., Milwaukee 7, Wisc.
Milwaukee Resistor Co., 700 W. Virginia St., Milwaukee 4, Wisc.
Molded National Resister Co., 3133 E. 12th St., Los Angeles 23, Calif.
Muter Co., 1255 S. Michigan Ave., Chicago 5, Ill.

Nucleenic Products Co. Inc., 3133 E. 12th St., Los Angeles 23, Calif.
Nytronics Inc., 550 Springfield Ave., Berkeley Hgts., N.J.

Ohio Carbon Co., 12508 Berea Rd., Cleveland 11, Ohio

Ohmite Mfg. Co., 3601 Howard St., Skokie, I1I.

Omtronics Mfg. Inc., 2406 Leavenworth St., Omaha 5, Nebraska
Oneida Electronic Mfg. Co., 843 N. Cottage St., Meadville, Pa.
Pacific Resistor Co., 2320 Pontius Ave., West Los Angeles 64, Calif.
Penn Resistor Corp., 526 N. Broad St., Lansdale, Pa.

Precision Inc., 4748 France Ave., Minneapolis, Minn.

Precision Resistor Co., 109 U.S. Hwy. 22, Hillside 5, N.J.

Pyrofilm Resistor Co. Inc., 3 Saddle Rd., Cedar Knolls, N.J.

RCL Electronics, 1 Hixon Pl., Maplewood, N.J.

Regan Engineering Corp., 1000 S. 24th St., Phoenix, Ariz.

Reon Resistor Corp., 155 Saw Mill River Rd., Yonkers, N.Y.

Resistance Products Co., 914 S. 13th St., Harrisburg, Pa.

Rex Rheostat Co., 149 Babylon Turnpike, Roosevelt, N.Y.

Rho Engineering Co., 2234 Colby Ave., Los Angeles 64, Calif.

Riedon Div., 11728 Vose St.. North Hollywood, Calif.

Robinson Electronic Components, Inc., 409 McGroarty St., San Gabriel, Calif.
R-Tronics Inc., 134-20 Jamaica Ave., Richmond Hill, N.Y.

Ruckelhaus Labs Inc., Madison, N.J.

Sage Electronics Corp., Box. 3926, Rochester 10, N.Y.

Shallcross Mfg. Co., Preston St., Selma, N.C.

Speer Resistor, Div. Speer Carbon Co., Bradford, Pa.

Spicer Electronics Inc., 409 McGroarty St., San Gabriel, Calif.
Sprague Electric Co., 125 Marshall St., North Adams, Mass.
Stackpole Carbon Co., 201 Stackpole St., St. Marys, Pa.

States Co., 19 New Park Ave., Hartford 6, Conn.

Superex Electronics Corp., 4-6 Radford Place, Yonkers, N.Y.

TIC of California, 850 Lawrence Dr., Newbury Park, Calif.

Tech-Ohm Electronics Inc., 36-11 33rd St., Long Island City 6, N.Y.
Tel-Labs Inc., 1050 Second St., Manchester, N.H.

Tepro Electric Corp., 5 St. Paul St., Rochester, N.Y.

Tepro of Floerida Inc., 375 Patricia Ave., Dunedin, Fla.

Texas Instruments, Inc., Box 5012, Dailas 22, Texas

Ultronix Inc., 461 N. 22 St., Grand Junction, Colorado

United Mineral & Chemical Corp., 16 Hudson St, New York 13, N.Y.
Vac-Ohm Electronics Co., Box 444, Haddonfield, N.J.

Victoreen Instrument Co., 5806 Hough Ave., Cleveland 3, Ohio’

Ward Leonard Electric Co., 115 MacQuesten Pkway. S, Mt. Vernon, N.Y.
Wells Inc., 90 Nepperhan Ave., Yonkers, N.Y.

Welwyn International Inc., 811 Sharon Dr., Westlake, Ohio

White Dental Mfg. Co., 10 E. 40th St., New York 16, N.Y.

6. Also makes precision thick metal film. 8. Also makes Cermet types.

7. Also makes power thin film. 9. Also 2% to 5 watt types.

April, 1965
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Unusual Resistors

In this sampling of some new ideas in resistors, unconventional

types are featured. These range from 4-foot long, 150-kw. types

to multi thin-film resistor networks on tiny substrates. Microwave

applications are covered as well as resistor strips whose final

design is limited only by the imagination of the design engineer.

HERE are many special applications in electronics
that require the use of a resistor whose electrical or
mechanical characteristics may not fall under any of

the more common categorics. Some of these unusual types
may be needed because of the high voltages encountered
in the circuit, some because certain electrical responses
must be met at higher (microwave) frequencies, while
others may arise because of the need for a resistor whose
electrical parameters or mechanical arrangement cannot
be fulfilled by the “conventional” types. It is in this latter
category that many manufacturers have been making
steady headway and have come up with some unusual ex-
amples of new developments in the resistor art.

High-Power Resistors

A new type of high-power, glass-substrate resistor, man-
ufactured by Corning Gluss tor special applications, is
about four fect long and five inches in diameter (Fig. 1).
These resistors were specifically designed for use as dummy
antenna loads since thev have a low and almost uniform
reactance between 2 and 28 mec.

The resistors were designed to dissipate 3 to 6 kw. each.
However, with forced-air cooling they will dissipate about

Fig. 1. This high-power, tin-oxide resistor is used as a
dummy load for high-power, high-frequency radio transmitters.

5%

9 kw., and with water cooling they will dissipate up to
150 kw. The resistors are combined for both balianced
and unbalanced loads, using 140- and 300-ohm values
to obtain the needed 70- and 300-ohm termination.

The resistor consists of a tin-oxide film fused onto a
Pyrex glass cylinder with a silicone coating for protection.
The resistive element is spiraled to obtain the specific ohmic
value and to produce uniform heat dissipation as well as
minimum series inductance and shunt capacitance.

Gas-Filled Resistors

To extend the wattage and voltage limitations of small-
sized resistors and to improve their long-term stability,
while reducing the detrimental effects of temperature cy-
cling and moisture absorption, a line of glass-sealed, glass-
filled, deposited-carbon resistors is available from Vicroreen
Instrument Co. (sce Fig. 2).

The carbon resistive element is not coated with a paint
or an cpoxy, as the coetlicient of expansion of the paint
and the carbon clement do not exactly match. When filled
with a gas of high dielectric constant, a two-watt, deposited-
carbon element normally limited to 750 volts may well
tolerate the application of as much as 10,000 volts or three
watts. The critical resistance for this series is 33 megohms
{which compares to 250,000 chms for carbon-composition
resistors) .

The high value of critical resistance of gas-filled resistors
enables them to be used in high-voltage power supplies,
since a single resistor can then be used in lieu of a series
of lower voltage resistors. Resistance values as high as 200
megohms are available at tolerances as close as 1%.

They are also suited for use as high-voltage multipliers
for precision voltmeters and vacuum-tube voltmeters as
well as precision high-voltage dividers. In such applica-
tions, they usually dissipate but a small fraction of their
rated wattage and their drift will be but a small fraction
of one percent in ten years. When filled with a gas having
excellent 7hiermal conductivity, the two-watt element now
becomes a 10-watt resistor capable of withstanding 2000
volts. The critical resistance for this series is 400,000 ohms,
and it is available in values of two megohms.

Housed Power Film Resistors

In many cases, circuit designers desiring to use the high-
stability, low-reactance properties of metal-film resistors
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have been hampered by the low power ranges that were
available. In other cases, designers using housed power
wirewounds have been handicapped by their relatively
narrow resistance range and low working voltage as con-
trasted with the metal-film types. To bridge this gap, Dale
Electronics Inc. has developed the housed metal-film re-
sistor, Fig. 3. The resistance element is molded into an
aluminum housing that screws on the chassis for maximum
heat transter. The resistor is rated at four watts in the
resistance range 50 ohms to one megohm, with an upper
limit of 2 megohms available.

Strips and Discs

On some occasions, applications might include termi-
nating resistors that can fit within a coaxial connector, spe-
cial-shaped resistive cards to be used within a waveguide,
or a specially shaped resistor for a unique mechanical
packaging.

IRC fabricates a line of disc resistors whose external
dimensions range from 2” to 14”, internal dimensions
from %,” to 1%, having a resistance range between 5 and
100,000 ohms at 10% tolerance, and capable of dissipating
up to 1.3 watts. Maximum rated voltage is 500 volts per
inch of current path.

These resistors arc die-stamped from resistance strips
and have inner and outer rings of colloidal silver to pro-
vide contact with coaxial line fixtures. Mechanical pres-
sure is used to contact these rings.

This same company also manufactures a line of resist-
ance strips 0.027 inch thick whose resistive path is 12
inches tong and whose width ranges from %" to 2%”. The
colloidal-silver contact strip can run along either pair of
opposite edges. Resistance range is between 19 ohms-per-
square to one megohm-per-square at tolerances between
10% and 20%.

Resistance strips are specified in ohms-per-square rather
than in ochms-per-square-cm. or ehms-per-square inch. Fig.
4 will help explain this scemingly confusing lack of defi-
nition.

Assumc any size square of resistive material, R, and
construct on this square another square using three squares
of the same resistive material R. This produces a series-
parallel arrangement of resistors from any edge of the
new square, of two series elements of 2R cach in parallel
with cach other to the opposite edge. This produces an
equivalent resistance of (2R 2R)/4R or R, the same
value as the original small square, which shows that any
squarc of the same resistance material has the same re-
sistance between opposite edges, regardless of its dimen-
sions. The terminology ohms-per-square is then used as
the basis for specifying requirements.

The basic formula for calcutating ohms-per-square is
(R X W)L, where R, is the total resistance required, W
is the width of the active area, and L is the length between
terminations. For example, R+ required is 100,000 ohms,
L is one inch, and W is 0.25 inch. From the formula, cal-
culate (100,000 x 0.25) /1, the result is 25,000 ohms-per-
square.

The desired shapes can be cut from the basic resistance
strip by a high-speed diamond wheel, punches, or dies;
sawed with a jeweler’s saw; ar cut to the desired dimen-
sions with any very sharp instrument.

Resistors for Microwave Equipment

One way of producing resistors that can operate at mi-
crowave {requencies is to use thin-film techniques. Usually,
this is done by deposition of a thin metal film on a high-
resistivity substrate, with this metal film having a final
thickness as fine as 50 to 500 angstroms (0.2 to 2 pin.).
This makes the film thin compared to the skin depth (cur-
rent penetration at microwave trequencies). The thin film

April, 1965

Fig. 2. Glass-sealed, gas-filled
deposited carbon type resistor.

Fig. 3. This housed power-film
resistor is finned so it can be
mounted on a metal chassis for
the purpose of dissipating heat.

eliminates the skin effect. or drop off in resistance, except
at the higher frequencies (approaching 10,000 mc.). Often,
carbon-film, pyrolytically deposited on alumina substrates,
is used for pulse applications. Techniques have been de-
veloped for depositing a thin protective quartz coating lo
scal out moisture and provide some mechanical protection
for the resistor.

Filmolun Corp. makes a line of microwave resistance
cards (up to 300,000 mc. use) that are used as microwave
attenuators, terminations for directional couplers, isola-
tion and impedance matching, protection of crystals, and
mode suppressors. The resistance material is a film of pure
metal approximately 50 millionths of an inch thick depos-
ited on the surface. A protective coating is used. Resistivi-
ties from 25 to 800 ohms-per-square are produced at 2%
to 10% resistance tolcrances. Resistance cards are made
of various materials and range from 5 by 12 to 8 by 22
inches with thicknesses ranging from 0.00025 to 0.25 inch.
Dissipation is up to 8 watts and some devices can operate
at 350°C maximum surface temperature.

Another form of special microwave resistor made by the
same company is the evaporated metal-film rod and disc
resistor used for r.f. pads, broadband attenuators, dummy
loads, and precision coaxial terminations, among other
microwave uses. These devices are made by simultaneous
deposition and fusion of a low-temperature-coceflicient,
pure-metal alloy to a special ceramic base. The metal film
is permanently fused to the substrate and then protected
with a sealed-on micro-thin layer of quartz. Noise level
is very low, and the resistor can be operated at 200°C.
Resistance range is 0.010 to 400 ohms at tolerances of
2% and 5%. The discs can dissipate up to 8 watts and
the rods up to 15 watts.

When it becomes necessary to check crystal-diode
mounts, the crystal mixer, or other components of a mi-
crowave system for eclectrical mismatch, the possibility
always exists that a crystal diode can be damaged by ex-
cessive voltage or current applied to it. As some of these
diodes can cost in excess of $100, a reasonably priced
substitute should be used. By depositing a pure-metal re-

Fig. 4. Development of the ohms-per-square calculation.
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sistance film on a standard crystal-diode body, a stable
and reliable resistor that can be plugged in in place of the
crystal diode can be made. Measurements that are inde-
pendent of crystal impedance (which can vary from crys-
tal to crystal) can then be made without damaging an
expensive diode. Such crystal resistors (made by Filinohm)
range from 25 to 400 ohms at 2% and 5% tolerance.
Rated power dissipation, based on 100°C ambient, is up
to one watt. Other applications include matched termina-
tions and calibrated mismatches.

Dual Resistors

Precision film resistors offer marked advantages in
weight, inductance, load life, and other environmental
stress characteristics over wirewound, but their advance
came to a halt on the low value of temperature coellicient
and stability of their temperature-coeflicient character-
istics over wide temperature Spans.

By creating a dual-metal film resistor, Angsirohm Pre-
cision Inc. claims to have a precision resistor with a tem-
perature coeflicient of S PPM/°C over the range of — 535
to +175°C. Resistance range is between 10 ochms and 25
megohms, wattages are from "o to 2 watts, and resistance

tolerance ranges from a low of .01% to a high of about
S%.

The dual-metal film resistors are connected in parallel
and their metal-film materials are matched to provide
maximum mutual compensation of resistance variation due
to temperature coeflicient, load life, moisture, and total
excursion due to combination cfiects.

Flexible Flat Resistors

Recently introduced by EMC Techinology Inc. is a line
of flexible flat resistors with substrate dimensions of 1.25
by 0.1 by .005 inch and actual resistance element size of
.250 by 0.1 by .003 inch.

These vacuum-coated metal-film resistors were designed
for circuits where packaging densities of up to 107 resistors
per cubic oot arc desired. Resistance range is between
5000 and 25,000 ohms, tolerance is to 1%, and frec-air
dissipation is 0.1 watt at 25°C.

Four-Terminal Resistors

Designed to nullity the effect of lead and contact resist-
ance, R-Tronics, Inc. has developed a line of four-terminal
resistors between .01 and 10 ohms with .01% accuracy.
Thermal e.m.t. is 3 pv./°C maximum. A

called) came into existence to insure that devices being

purchased for use by various government agencies would
be of the highest quality, and that each similar item would have
the same characteristics and be capable of fulfilling its applicable
acceptance standards regardless of who the manufacturer was or
where he was located.

There are 21 MIL Specs covering fixed resistors and these are
shown on page 51. These spell out, in detail, the acceptance stand-
ards required before government purchase of one of these com-
ponents. Most MIL Specs have a letter suffix indicating that they
have either been updated to reflect the need for an improved re-
sistor, that improved manufacturing techniques have been devel-
oped which enable a better type of resistor to be produced, or that
a need exists for a closer tolerance or higher reliability component.
Special MIL Specs have been issued that reflect these ever-tighten-
ing resistor reliability standards.

In many cases, resistor manufacturers come up with a new
approach to resistive material or resistor construction that is
not covered by an applicable MIL Spec. In this case, the manu-
facturer cannot use or advertise it as a MIL item. However, he
usually states which MIL Spec he claims his item is superior to.
For example, in the area of thick-film resistors, only the metal-oxide
types are directly covered by MIL Specs (one spec for the power
types and another spec for the semi-precision types). Some manu-
facturers have developed other forms of thick films that they feel
are better than metal oxide and advertise them as exceeding the
requirements laid down by either MIL-R-11804D (Resistors, Fixed,
Film, Power Types) for the metal-oxide power resistors, or MIL-
R-22684B (Resistors, Fixed, Film, Insulated) for the metal-oxide
semi-precision types.

A circuit designer can only use a non-spec resistor if no ap-
proved type can be found to fill a particular need. In that case,
depending on the provisions of the contract, a waiver must be
requested from the contracting agency. Usually such waivers are
granted for engineering and prototype models. When the equipment
is produced in quantity and approved for field service, the non-spec
resistor can be submitted for approval and inclusion in the appro-
priate MIL Spec. After extensive tests, a new MIL Spec may be
assigned or an existing spec may be amended to cover the new
resistor type. This, by the way, is the usual method by which non-
spec components get MIL Spec classification.

As an example of the type of information spelled out in a typical
MIL Spec, let us examine MIL-R-11—the specification that covers
fixed composition resistors, a popular type whose use ranges from
consumer products to space hardware.

This particular spec is divided into four major areas: electrical
and mechanical characteristics, quality assurance, and delivery.

MILITARY specifications (MIL Specs as they are commonly

MILITARY SPECIFICATIONS FOR FIXED RESISTORS

Electrical Characteristics

Among the electrical qualifications detailed in this section are:
1. Maximum ambient temperature allowed for full-load operation.
2. Maximum allowable change in resistance with temperature.
3. Allowable tolerance for various resistance values.
4. Power rating of a resistor based on full-load operation and
including any derating operation at various ambient temperatures.
5. Maximum continuous working voltage (d.c. or r.m.s) allowed.
6. Maximum allowable resistance change with temperature.
7. Effect of vibration on the device.
8. How much voltage the dielectric should withstand.
9. Ohmic value of the insulation resistance.
10. How the resistors should operate at low temperatures.
11. How the resistance value changes after temperature cycling.
12. Change of resistance value with moisture.
13. Change in characteristic with a short-term overload.
14. How resistance changes during resistor life.

Mechanical Characteristics

Among the mechanical qualifications detailed in this section are:

1. Type of material to be used in manufacture of the resistor.

2. Physical dimensions and tolerances for the various classes.

3. How the terminals should react to bending and twisting.

4. The device’s mechanical resistance to soldering heat.

5. A quality check of the insulation seal.

6. The device’s response to mechanical shock in the three major
planes.

7. Effect of vibration on the device.

8. Determination of terminal solderability.

9. Method of marking the resistor and how this method is applied.
10. General mechanical workmanship.

Quality

The qualification areas covered in this section include descrip-
tions of the various inspection procedures to be foliowed: details
of a sampling procedure to be used to insure that all units are
mechanically and electrically sound; and details of the method of
examination to be used for these inspections.

Delivery

Here, four basic areas cover the methods to be used for cleaning
the components, drying them, preserving them during shipment, and
packaging and shipping them.

Once a resistor has passed through the above-mentioned series
of electrical, mechanical, and quality tests, it will then have a
high degree of reliability, and resistors made by different manu-
facturers will be extremely similar. A
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Thick-Film Resistors

By STEPHAN H. ROLLIN / president, EMC Technology, Inc.

JAY UTKEN &
J. BUCKLIN

Chief Engineer & Development Engineer, Film Resistors
Mailory Controls Co., Div. of P.R. Mallory & Co., inc.

Certain combinations of metals and insulating materials in a matrix, or

certain metal oxides, display controllable resistance characteristics.

Because these components are used in film form on a substrate, and the
thickness is over .000001 inch, they are called thick-film resistors.

HICK-FILM fixed resistors are defined by the elec-
tronics industry as those resistors whose resistance
clement is in the form of a film having a thickness

greater than .000001”, or thick enough to be seen.

Thick-film resistors are manufactured as precision and
semi-precision relatively low-power types (up to two watts
dissipation with tolerances of 1%, 2%, and 5%), and as
relatively high-power types having as power dissipation
greater than two watts and a tolerance in excess of 5%.

The three major types of thick-film resistors presently
being manufactured are metal-oxide, metal-glaze (includ-
ing “Cermet”’), and bulk-property types.

Metal-Oxide Type

Metal-oxide film resistors are a relatively new develop-
ment, having come into common use only within the last
eight years. Many basic materials have been tried and
tested but tin oxide, used as the film material, seems to be
the most suitable for these devices. The Mullory metal-
oxide resistor employs a film that is .000040” thick; hence,
it is considered to be a thick-film resistor according to the
above definition.

It is a tough film that will withstand considerable han-
dling without damage; is inert to common acids, alkalies,
and solvents; can withstand high temperatures; and has a
good temperature coefficient of resistance; a low noise
value; and a low voltage coefficient. It is also low in cost,
resulting in resistors whose price is in the area of carbon-
composition types.

The oxide film is usually applied to the tubular ceramic
substrate at a high temperature by reacting a spray or vapor
of tin-chloride solution on the surface of the heated sub-
strate. This process results in a film so tightly bonded to
the substrate that it cannot be removed without destroying
the film. Additives are introduced to modify the electrical
properties of the resistive film.

Final adjustment is made by cutting or grinding a spiral
groove around the surface of the substrate, which will per-
mit resistance-value increases up to three thousand times
the basic value. The process is electronically controlled to
produce any desired value.

The tin-oxide film can be used with low design tolerances
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because expected load-life changes, as well as environmen-
tal changes, are invariably smaller than the ones common
with carbon-composition resistors. Corning, for instance,
supports its claim tor low design tolerances with the follow-
ing facts:

1. Corning metal-oxide load-life curve is essentially flat.

2. No wear-out was evidenced at 30,000 hours, even at
140% of rated power.

3. Temperature coefficient will cause increases of less
than 1% at full loading and 70°C. Mean change is less
than 0.2%.

4. The design tolerances of 3% for precision and 10%
for gencral-purpose resistors apply with no derating neces-
sary.

5. Corning tin-oxide resistors have demonstrated failure
rates of less than 0.000083 per 1000 hours.

The most drastic demonstration of ruggedness of this
type of product is shown in Corning’s 30,000-hour load-
life chart of Fig. 1.

Metal-oxide film resistors meet MIL-R-22684 Specs,
which is not as stringent as MIL-R-10509 (metal fitms) but
considerably tighter than MIL-R-11D. They are thereby
filling a technological gap.Although this type of resistor is
relatively new, one manufacturer has already achicved
MIL-R-10509 performance.

Metal-Glaze Type

No sooner had the first oxide film appeared on the mar-
ket than an entirely new technology came to life. In Au-
gust, 1960, duPont introduced its resistive compositions for
application of resistor films on ceramic substrates by firing.

This class of resistor is composed of powdered glass and
extremely fine metal particles (typically 56% palladium
and 44% silver) in an organic handling vehicle deposited
on a ceramic substrate. The 56:44 ratio of palladium to sil-
ver derives from the fact that this proportion of metals in
the alloy produces the lowest temperature coeflicient of re-
sistance (TC) of about 20 PPM/°C. However, the TC of a
finished metal-glaze resistor can vary from about 50 PPM
at the lower resistance values to almost 200 PPM at the
higher values.

Resistor development groups all over the country began
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to apply and modify these compositions (“Cermet,” for ex-
ample) by dip, brush, spray, or screcn in order to develop

a “better” resistor. The basic process is simple.

The powdered glass/metal particle combination is de-
posited on a substrate and subjected to a programmed tem-
perature gradient, peaking at about 800°C. During this
process, the organic handling vehicle burns off and the
glass melts, leaving the metal particles in a fixed relation-

ship and permanently fused to the substrate.

By cutting the metal-glaze film in a spiral pattern, simi-
lar to the process used in metal-oxide resistors, various

values of resistance can be created.

The result is a resistor of great stability that is extremely
hard and almost impervious to environmental extremes
such as moisture, temperature variations, shock, vibration,
and chemical attack. Nor is it easily damaged by high
overloads. Power density is almost twice as high as com-

parable carbon-composition units.

10,000

Resistors made by this process have proven to be good
MIL-R-22684 performance-equivalents to metal-oxide
films. This is likely to become a reality shortly, but the mili-
tary specifications do not tell the full story. These products
have inherent advantages over metal films in terms of their
power-load ability, packaging density, and application
which are likely to lead to an exceptional growth rate.

“Cermet”

A variation of the metal-glaze type, the “Cermet” re-
sistor, is composed of precious metals and insulating ma-
terials applied to a ceramic substrate and fired at high tem-
peratures. Like metal glaze, “Cermet” is not seriously af-
fected by abrasion, heat-shock, humidity, oxidizing atmos-
pheres, and other environmental extremes. Unlike metal
glaze, “Cermet” is usually applied by a screening process.
This means that scveral of thesc resistors can be fabricated
on a very small sized substrate.

Bulk-Property Metal-Film Type

Of even more recent vintage are bulk-property film re-
sistors which use only metal to conduct the current. They
are the first to challenge precision wirewound resistors. Tol-
crances of .01 % combined with a 50 PPM-per-year sta-
bility and a TC of =5 PPM ecnable the user to operate in
the 0.1% design-tolerance area.

Generally, performance of precision wirewound resis-
tors are matched in terms of precision and stability, while
the inherent capabilities of film resistors, such as high-fre-
quency behavior and fast response, are maintained.

In these new devices, special alloys produce a low tem-
perature coetlicient of resistance. Control of crystal struc-
ture, strain, substrate characteristics, deposition techniques,
and stabilizing treatments minimize resistance changes.

A flat film construction keeps inductance and capaci-
tance low and processing resistors in large groups and
applying uniform treatments insures good tracking charac-
teristics. The basic unit is essentially non-inductive. It does
have an equivalent parallel capacitance of 0.22 pf. for a
5000-ohm resistor at 100 mc. Distributed capacitance cf-
fects are so small as to permit resistor rise time of | nano-
second.

Table 1. Operating characteristics of metal-oxide, metal-glaze, Cermet, and bulk-property thick-film resistors.

Metal Oxide Metal Glaze (
- 7 Cermet | Bulk Property
Power Semi-Prec. Power Semi-Prec.
- I
Rating i f
(watts) 2l Ya-2 2-10 Va-2 to 10 ‘ 3-75
Res. Range 10 ot}ms- 10 ohms- 10 ohn;-—lo— ohms- 10 ohms- 30 ohms-
4.2 meg. 1.5 meg. 1.5 meg. 1.5 meg. 10 meg. 100,000 ohms
?g""gg?‘fé’e 5%, 10% 2%, 5% | 2,5,10% 2%,5% 1% 01%-1%
| -
Temp. Coeff.
(PPM/°C) +250 +200 +200 250 +50 *5
| S =l
Noise Level Function of
(av./V.) 5 | el Not measured T tance Very low
Volt. Coeff. .001%/v. .001%/v. l Not measured .005%/v. —
Load Life o o 30/ o 9 9 °
(Stability) 5% 2%, 3% for 2 w. 1% 3% 1% .02%
Meets MIL ;
Spec (MIL-R-) 11804D | 226848 — 226848
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Special photo-etch patterns have been used to imvrove
these properties and to make flat (0.002-inch thick) un-
encapsulated strip-line resistors for use in the microwave
region up to 2000 mc. Fine control of temperature coeifi-
cient is by means of mechanical compensation of inherent
resistivity change in the alloy. As specific resistivity oi the
alloy changes with temperature, the dimensions of the rel-
atively massive substrate used vary by thermal expansion.
The superimposed resistance element is constrained to fol-
low the deformation of the substrate. These two tempera-
ture-sensitive effects occur simultancously. By proper
matching, a TC of 0 =1 PPM/°C between 0° and 60°C
1s obtainable.

Another advantage of these units is their small size which
allows the production of small resistor networks.

Duc to the fact that this resistor is based on a thick film,
it is difficult to produce high ranges. The present 100.000
ohms is the maximum. Another present limitation of this
particular product is the lack of long-term performance
data due to its fairly recent development.

Resistor Comparisons

Table 1 summarizes some important electrical charac-
teristics of thick-film fixed resistors. It will be noted in
Table 1 that only the metal-oxide type is directly covered
by MIL Speecs.

Power-type metal-oxide film resistors are availablc in
ratings between 2 and 115 watts. Below 10 watts, this
type. is being very widely emplayed in the entertainment
market because of its low cost and high reliability. Oxide-
film resistors are also used in high-frequency applications
where the reactive cffects of wire-wound types would be
objectionable. Standard tolerance is 10% although other,
closer tolerances are available. Resistance change after
about 1000 hours of load-life testing is 5% maximum, al-
though in most cases it averages 3% and lower. Fig. 2
shows a load-life curve for a tvpical metal-oxide film re-
sistor made by Mallory, while Fig. 3 is the derating curve
for several power ratings of this type ol resistor.

Metal-oxide semi-precision resistors are used in appli-
cations where a high-quality, close-tolerance resistor is re-
quired and the power-dissipation requirement is two watts
or less. Standard tolerance here is 2% with resistance
change after 1000 hours of load-life testing about 2% max-
imum for resistors below two watts and 3% for the two-
watt size. Fig. 4 is the derating curve for the Mallory semi-
precision type.

In addition to the two types of metal-oxide film resistors
just discussed, special very-high-power types, rated in many
kilowatts, are available for use as transmitter dummy
loads. Also, precision oxide-film resistors are available in
tolerances of 1% with temperature coetlicients of 100
PPM/°C.

Metal Glaze

Mectal-glaze resistors may be considered semi-precision
types, somewhat superior to carbon-composition units.
Their most attractive applications fall between conven-
tional carbon-composition and precision deposited-carbon
and metal thin-film types. When deposited thin-film quality
is desired but 2% tolerance is enough, metal-glaze resis-
tors may be used at a slight savings in price. According to
IRC, in certain quantities a Y4 -watt deposited-carbon re-
sistor costing 10 cents may be replaced with a 2%, V2 -watt
metal glaze costing about 8 cents. Also, it is possible to
replace a one-watt carbon-composition (= 5% or higher)
resistor costing 5.7 cents with a 2% metal-glaze resistor
costing 6 cents.

At present, metal-glaze resistors are made in semi-pre-
cision types between V4 - and 2-watt units while power types
are available in 2- to 10-watt units. The derating curve
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for semi-precision metal-glaze resistors is very similar to
that for metal-oxide film resistors shown in Fig. 4, while
Fig. 5 shows how the temperature coellicient varies with
resistance value for the Y- and Y2-watt semi-precision
metal-glaze units.

According to Vishay Instruments, a manufacturer of
bulk-property film resistors, noise generated within these
resistors is unmecasurable on present-day instruments, as
is the inherent inductance. Overload is up to six times the
rated wattage for five seconds, the capacitance of the re-
sistor is less than 0.3 pf. at 100 mc., and the risctime is
approximately onc nanosecond, muaking this resistor ideal
for high-speed computer use.

Bulk-property film resistor spccifications (they have
no MIL Spec) better the stringent requirements of MIL-
R-10509E (Resistors, Fixed, High-Stability), the tightest
specification for high-stability film resistors. Fig. 6 is the
temperature-resistance curve for this particular type of
resistor.

Because of the low wattages of these devices (0.3 to
.75 watt), they can be packaged in small-dimension cases

or simply with a scaling epoxy coating. A
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Fig. 5. Temperature coefficient of semi-precision metal gloze
resistors (IRC) increases as the resistance value goes up.

Fig. 6. Temperature-resistance of Vishay bulk-property types.
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EXTRA: A3
PROGRAM OF MUSIC RECORDED DIRECTLY ON THE MASTER WITH NO INTERVENING TAPE PROCESS

Available 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/STEREQ 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 “STEREOQ 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-bass to high treble.

Stereo Spread
Speaker Phasing

Channel Identification

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 technigue. A demonstration that will
amaze and entertain you and your friends.
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NOW...GET THE FINEST
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UNIQUE FEATURES OF HiFi/STEREO REVIEW'S
MODEL 211 STEREO TEST RECORD

» Warble 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 con measure
the frequency response of a system without an anechoic chamber. The frequency
Jimits of each warble are within 5% accuracy.

« White-noise signals to allow the stereo channels to be 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.

All Tests Can Be Made By Ear

HiFi/STEREQ REVIEW’s Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one 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 1o very close
tolerances—affording accurate numerical evaluation when used with test instruments.

The Model 211 Stereo 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 promptly upon receipt. At the low price of $4.98, this
is a value you won't want to miss. Make sure you fill in and mail the coupon together
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.)

Name ,
(Piease Print)
Address
City Zone State___

SORRY—No charges or C.0.D. orders! EW-45
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DESIGNING THE

I-FT LOUDSPEAKER

By ABRAHAM B. COHEN

Manager of Engineering
LTV University

Engineering quality into a loudspeaker design requires time,
effort, and know-how. Here are tem important characteristics
and features and how they are handlad by the speaker engineer.

Editor’s Note: Designing a good loudspeaker system is
not a simple task. It requires the talents of a knowledge-
able and experienced designer wha must take a good
many factors, many of them conflicting, into account.
Most speakers or speaker systems that are sold under a
known and respecied brand name ave backed with this
kind of enginecring knowledge. In tle case of unbranded
or unknown-branded products, however, the user must
be prepared to take the risk that the low-priced speaker
system he is considering may not hace had the benefir of
such know-how and good design.

is today faced with a serious dilemma concerning

“brand-name” vs “brand-X” products and systems.
Whether or not one should rely solelv an brand-name designs
or take a chance with the unknown or the newcomer to the
field, is a problem most audiophiles must face.

It is possible to gel good loudspeaker systems from rela-
tivelv unknown manufacturers providing their engineers
adhere to the design principles and techniques which brand-
name manufacturers have adopted. In some cases, brand-
name manufacturers may even supplv components and
engineering precepts to the smaller company for use in sys-
tems lo be marketed under “private labels.”

The purpose of this article is not to enter into a marketing
controversy but rather to outline those principles of design in-
volved in good loudspeaker practice, whether they are
incorporated in well-known “brand-name” units or “private-
label” systems. The ten salient points which the author has
selected might be called “Ten Commandments of Speaker
Design.” We will consider each item in turm.

THE loudspeaker segment of the high-fidelity industry

1. Frequencv Response

Perhaps the most familiar speaker =pecification is its fre-
quency response. The speaker designer often faces a serious
problem in obtaining wide frequency range if he is limited
to the use of a single speaker, but it can be done. It is pos-
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sible to obtain reasonably good reproduction from a single
speaker if the choice of design parameters is carefully made.
In general, like in musical instruments, low frequencies are
more easily produced by a large unit than by a small one.
In Fig. 1 there are two curves, A and B, the lower fre-
quency performance of curve A being more easily obtained
from the large speaker of (A) than from the smaller speaker
(B). The graphical interpretation (Fig. 1C) of the acoustic
output of a piston of diameter, d, in relation to wavelength,
A, of a sound being reproduced indicates that the larger the
ratio of diameter to wavelength, the larger the radiation re-
sistance seen by the piston and the greater the acoustic out-
put. A large-diameter piston will have a higher radiation
resistance, R, for a given low-frequency wavelength than
will a small diameter piston. Since radiation resistance de-
termines the acoustic power output, the larger diameter piston
will provide better sound output for a given low-frequency
wavelength. Because this is true, the design engineer usually
picks a larger structure lo provide lower frequencics.

2. Resonance

Very often it isn’t just a matter of picking a bigger speaker.
The design engineer has to deal with the matter of actual
resonance of the speuaker, which again determines its low-
frequency response. Fig. 2 shows the two impedance curves
of two different tvpes of structures: (1) a low-resonance sys-
tem (curves A and D) with good lows, and (2) a higher reso-
nance system (curves B and C) with poorer low-frequency
response. This difference can be equalized if the smaller pis-
ton is loosely suspended and allowed to vibrate more freelv
than the larger piston. Figs. 2C and 2D illustrate a larger
piston suspended by a relatively stiffl—or low-compliance—
edge, difficult to flex, while the smaller piston is shown
supported by a high-compliance edge, this latter being
easilv flexed.

By careful selection of the compliance by which the piston
is supported, it is possible to achieve as low a resonance from
a small structure as is obtainable from a large structure, with
resultant equalization of low-frequencyv power between the
two. This generality is summarized in Figs. 2E and 2F, where
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2F is a large piston vibrating over a small distance (indicated
by the bracketed excursion limit, “s”).

The total sound pressure measured at point P is the sum
of the pressures produced by each small area of the piston.
This same pressure may be obtained at point P from a smaller
diaphragm, as indicated in Fig. 2F, where there are fewer
units of area to be summed.

Each area is now producing a sound pressure “t” which is
far greater than in the previous case because of its freer
motion. Thus, sound pressure at point P in each case may be
the same even though one diaphragm is smaller than the other
but is moved axially to greater distances.

Thus, the designer can choose to reproduce low frequen-
cies from a large piston or a small one, providing he chooses
the right resonance for each and the proper compliance.

3. Dual-Diaphragm Siructures

Let us now consider the treble range. It is at this point
that the design engineer must begin to compromise since it
is not possible to create a system which will be uniformly
efficient over the entire range. If the design engineer is
limited to a single speaker to cover the entire range, he is
faced with the problem of modifving that single-speaker
structure in order to obtain the required wider frequency
response.

Toward this end there have been several devices developed
for mechanicallv converting the single over-all piston into
two sections. This, in effect, produces two diaphragms in one,
with low- and high-frequency response as illustrated in Figs.
3A and 3B, respectively. In order to obtain this mechanically
separated low- and high-frequency action, a little spring,
“s” in the diagram, is built into the paper construction of
the cone.

At low frequencies, the voice coil driven by the electrical
signal drives the apex of the cone and the vibrations of the
apex, being driven at a low frequency are, in turn, trans-
mitted, through the “spring” of the uncoupling section “s,”
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directly to the major part of the cone. Thus, for all practical
purposes, the whole cone vibrates as a single piston, giving
the low-frequency response shown in curve A of Fig. 3.
However, as the audio frequency of the input signal increases,
the vibratory rate of the apex section of the cone increases.

At this increased rate of vibration, the spring between
the apex and the cone and the major part of the cone now
begin to act as a shock absorber and tend to isolate the
major part of the cone from the driving section. The high-
frequency vibration does not get lost in the major part of
the cone, but is restricted to the smaller apex section. This
small apex vibrates as an independent small diaphragm. In
this manner, the engineer may thus design a dual-diaphragm
structure although it may appear to be one single piece.
This over-all diaphragm structure will reproduce the low
frequencies while the uncoupled apex section will reproduce
the high frequencies.

By careful selection of such uncoupling sections, it is
possible to extend the upper-end frequency response of a
large piston which is primarily designed for low frequencies.
This is done by means of the mechanical crossover device
(the built-in spring, mentioned previously) which creates a
small high-frequency radiator within the large low-frequency
radiator.

In some cases, after this decoupling agent is installed,
the apex area is hardened with lacquers, as in Fig. 3B, to
make it stiff so it may act as an even more widely separated
high-frequency auxiliary radiator.

Another and more efficient method of using a single-
speaker driving system for wide range is to attach to the main
radiating diaphragm a separate, smaller high-frequency
piston, as shown in Fig. 3C. Usually these auxiliary radiators,
known as “whizzers” or “Diffusicones,” are independent of the
main radiator although they are driven by the same voice coil.
The main radiating diaphragm is so designed that it will re-
produce the low frequencies, but is of a soft nature down
near the apex so that when the high frequencies are applied
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Fig. 6. Speaker efficiency. Fig. 7. Use of tweeters. Fig, 8. Crossover network. Fig. 9. Transient response. Fig. 10. Enclosure.

to the voice coil, the larger coil remains virtually at a stand-
still while only the smaller cone attached at its apex takes
over and reproduces the higher frequencies.

4. Smoothness of Diaphragm Response

Smoothness of response is an important consideration in
loudspeaker design., Even though irsegularities in response
mav not necessarily be heard, they may exist and lead to
other types of distortion, such as tansient distortion. An
extreme irregularity, shown in Fig. 4. is a common fault in
speakers but is seldom given sufficient attention.

If, however, upon examination a speaker appears to have
its edge treated with a sticky or tacky compound, it is evi
dence of the fact that the design engineer has taken steps to
remove irregularities in the mid-frequency response caused
by edge resonance. From Fig. 4 it will be noted that the
actual diaphragim of the speaker is made up of two sections:
the body of the cone itself and the edyge suspension (a rather
large area compared to the diaphragm itself) which holds
the body of the cone to the bhasket. In the mid-frequency
range these two sections of the cone may vibrate out-of-phase
and the over-all sound pressure produced by the outer rim
of the cone will cancel out part of the radiation of the major
piston, introducing the severe anti-resonant point, as shown
in Fig. 4.

In order to overcome this condition, the viscous damping
is applied to the edge section as shawn. This viscous damp-
ing acts as a means of limiting the {ree excursion of the edge
of the speaker cone and smooths out this undesirable mid-
range anti-resonance effect.

-

5. Harmonic Disiortion

One of the most common types of distortion encountered
in loudspeakers is harmonic distortion. The extent of the
distortion will be determined by the excursion of the voice
coil in and ont of the linear portions of the magnetic field
in which it vibrates and by the excursions of the diaphragm
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edge suspension being driven into areas of non-linearity.

Fig. 5 gives some indication of how the harmonic distortion
varies witl the power fed to the loudspeaker. The diaphragin
moves most at high power and low [requencies; so a com-
bination of these two conditions will produce the highest
harmonic distortion.

Fig. 5A indicates that where the motion of the cone is
very small, the coil rides in a unilorm gap flux and, therefore,
there is no excursion into arcas of magnetic non-linearity.
Where the voice coil rides in and out of the gap into fields
of non-uniform Hux (Fig. 53B), there will be “llat-topping” or
distortion. Physical examination of speakers in which this
type of distortion has been reduced to a practical mmimum
will show that when the loudspeaker is not moving there is
actually some portion of the voice coil visible outside of
the magnetic gap so that when the coil moves over its ex-
pected excursions there will he a constant number of turns
of the voice coil within the effective linear portion of the
magnetic field. Another alternative is the use of a longer gap
and a shorter voice coil so that the coil remains in the uniform
flux feld produced by the speaker magnet at all times.

6. Efficiency

The foregoing discussion leads to consideration of matters
of efficiency, for it a good part of the voice coil is outside of
the gap, then it is relatively inefficient.

Fig. 6 indicates the general efficiency curve of direct-
radiator loudspeakers. The high-efliciency speaker is one
wherein there is near-perfect coupling between the voice
coil and the gap energy, with the voice coil almost exactly
the dimensions of the gap itself, so that as it moves in and
out of the gap only a small bit of coil leaves the gap. But
in view of the fact that the near fringing effects of the flux
are almost as dense as the direct flux immediately at the gap,
no appreciable amount of non-linearity is introduced.

If this voice coil were to be overdriven, however, part of
the coil would be out of the gap and “flat-topping” would
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ensue. Coils have been designed to considerably overlap con-
stant flux area, under which conditions the same proportion
of the coil will alwuays remain within the gap so that there
will be a uniform push or pull on the coil for its normal
excursion. However, one of the side effects is that since the
power is put into the ends of the coil as well as the middle,
but the ends never really see any flux field to which they
may react, motion is not produced. This is wasted energy
and gives rise to the designation “low efliciency.”

It should not be inferred, however, that a low-efficiency
speaker is a poor one. On the contrary, low-efficiency speakers
can provide excellent low-frequency reproduction, but at a
lower level than high-efficiency units for given power input.
While low-efficiency drivers may be used as woofer compon-
ents, high-efficiency structures are universally used where
high frequencies are to be reproduced and where the motion
of the diaphragm is imperceptible. In such a case, any attempt
to provide other than optimum coupling between the coil
and the gap would result in a serious loss of high frequencies.
Therefore, in the case of the single “wide-range” speaker,
the design engineer must strike a balance between the low-
frequency area in which the speaker is to be used (and which
determines the degree of coil overlap) and the high-frequency
area which requires optimum coupling between coil and gap.

An overhanging coil, such as that found in low-frequency
speakers, does not make a good wide-range single speaker for
wide-range systems, and the design engineer is faced with
the problem of compromising in terms of efficiency and
smoothness of response over the entire range.

7. Multi-Component Systems

By dividing reproducing equipment into at least two com-
ponent parts, the bass woofer and the treble tweeter section,
the design engineer finds it possible to put into practice the
desirable features of specialized low- and high-frequency
designs without compromising the performance of either.

I'ig. 7 shows the response curve that might be expected
from such a two-way system. It is not possible to indiscrimin-
ately choose a tweeter and then a woofer, put them together,

and hope for the best. For smoothness of the over-all curve

they must be balanced in terms of efficiency and response at
the crossover point. If the efficiency of the tweeter and
woofer were not matched, then there would be an imbalance
in the character of the sound produced by the speaker; on
the one hand sounding dull and muddy and lacking brilliance,
on the other hand sounding strident and harsh without good
solid bottom bass.

There are several different types of tweeters from which
the design engineer may choose. One is the very popular
cone-type tweeter which is, in all aspects, a small cone
speaker, very much like any other paper type of reproducer
except that it has been designed specifically for high
frequencies.

There are other types of tweeters, such as the phenolic-
dome tweeters. These can be recognized by the fact that the
acoustic reproducing area is not the usual black paper dia-
phragm but is, characteristically, of amber colored phenolic
material. In some instances the phenolic dome is entirely
a free radiating surface; in others, it has a frequency extend-
ing device near its face. Tweeters of this nature have rela-
tively high efficiency and extremely wide-angle response. The
comparatively small high-frequency dome or diaphragm acts
as a pinpoint source and produces broader spatial radiation.

In woofer-tweeter designs, the loudspeaker engineer can
now equalize high-frequency and low-frequency reproduc-
tion without sacrificing any response at either end. He can
also improve the wide-angle response of the system by proper
choice of the tweeter size.

Another type of tweeter which can be used is the
compression-driver horn-loaded tweeter, as shown in Fig. 7C.
In this case, a compression driver (with a phenolic dia-
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phragm) which is put into a compression chamber and front-
horn-loaded, provides extremely high efficiency compared to
direct radiators. This technique is used primarily with speak-
ers or systems of exceptionally high efficiency. Furthermore,
with these horn-loaded speakers, the design engineer finds
it possible to contour the sound dispersion by shaping the
niouth of the horn. By using either wide-angle horns or
diffractive-type horns, it is possible to spread high-frequency
sounds out over a broad area, thus eliminating spatial faults
in the distribution of sound.

Such a dual-speaker system may be able to eliminate a
great deal of the distortion that would otherwise be produced
in a single-speaker system. By divorcing the high-frequency
diaphragm from the motions of the low-frequency diaphragm,
it is possible to completely eliminate intermodulation distor-
tion between the woofer and the tweeter.

By means of a dual-, or even three-way, system, the design
engineer may gain several important benefits: 1. a more ex-
tended frequency range; 2. cleaner response within the fre-
quency range; and 3. better frequency distribution into the
listening space in which the speaker is to be used.

8. Crossover Networks

Multi-speaker systems require “frequency-policing” de-
vices, usually known as crossover networks, whose internal
circuitry is indicated in Fig. 8. The two reactive elements,
the choke and the capacitor, serve very important purposes.
The choke prevents high-frequency power from being wasted
in the woofer, and the capacitor keeps low-frequency power
from being transmitted to the tweeter—with perhaps dis-
astrous results.

Iig. 8B shows how program power is distributed over the
audible frequency spectrum; with most of the power in the
low frequencies. This is one of the important reasons for
making the tweeter as eflicient as possible and also for keep-
ing the highs from being lost in the woofer through the use
of a series choke. However, we cannot use any choke or
capacitor indiscriminately in a crossover network. The roll-off
characteristics, i.e., the rate at which the high frequencies
are rolled off by the choke and the low frequencies by the
capacitor, must be such that thev cross over in approximately
that area where the curves are 3-db down from their flat, or
half-power points. The design engineer must be very accurate
in coordinating the rate of roll-off of the speaker and its
roll-off characteristics at the desired crossover point in order
to give a smooth curve resulting from the combining of the
woofer and tweeter characteristics.

9. Transient Response & Elecirical Damping

Fig. 9 shows another important characteristic of loud-
speaker design, namely transient response—the ability of a
speaker to faithfully respond to suddenlv applied signals and
to cleanly and quickly come to a stop when the signal stops.
The curves of Fig. 9 show a typical sharp signal tone burst,
with the accompanying response of the loudspeaker in which
the transient characteristic is not of the best. There is an
overswing on the start of the tone and a trailing decay towards
the end. This lack of good transient response causes muddi-
ness of tone, especially for percussive tones, and a blurring
of notes in rapid passages.

Good transient response of a loudspeaker can be a function
of its magnet weight or, more precisely, the flux in the gap.
When a speaker cone and voice coil have been put into motion
bv means of a signal, it is, for all practical purposes, an
electric motor. In fact, the moving system of a speaker is
often referred to as a “loudspeaker motor.” As in all electri-
cally energized components where there is moving copper in
a magnetic field, there is a back e.m.f. which tends to oppose
the force causing the initial action.

In the case of the loudspeaker, if a signal impulse starts
the system moving, it will continue to move forward of its
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Get in
on the
ground floor

of the

second-story

business

Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. It provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-
fected by rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

In addition, the RADAR SEN-
TRY ALARM'’s protection can be
extended to other areas with the
use of the following optional ac-
cessories:

* remote detectors for extending
coverage to over 10,000 sq. ft.

« rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)

» hold-up alarm

+ central station or police station
transmitter and receiver (used
with a leased telephone line)

- relay unit for activating house
lights

* battery operated horn or bell
which sounds in the event of:
powerline failure; equipment
malfunction or tampering
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At that rate, it's a multi-miltion
dollar a year business...for bur-
glars.

And an even better business op-
portunity for you.

Why? Because burglary can be
stopped...with an effective alarm
system.

In fact, police and insurance
officials have proved that an alarm
systemraduces, and in many cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

Only a small percentage of the
more than 100 million buildings—
stores, offices, factories, schools,
churches and homes are protected
by an effective alarm system

That means virtually every
home, every business is a prospect.

You can sell them!

And you don’t have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demeonstrate it...it sells itself.

A glance at the technical infor-
mation shows why.

RADAR SENTRY ALARM

@33 4L3112312 0000000008

City
CIRCLE NO. 144 ON READER SERVICE PAGE
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Name

It's the most unigue and effec-
tive alarm system ever invented.

And here’s the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—scld by men like
yourself on a parttime and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches,
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession. Put your tachnical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don't wait!

Get in on the ground floor of this
new money-making business.

Become a distributor.

Write now for free details.

Mail to: RADAR DEVICES MANUFACTURING CORP,
22003 Harper Ave., St. Clair Shares, Michigan 48080

Please tell me how | can have a business
of my own distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Address

State & Code
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At last! All the confusion and ‘‘wait’’ gone. Fail-Safe
quality. Packages factory sealed, precisely labeled
by name, type, mating part, price. Guaranteed.

Send for Complete Catalog:

SWITCHCRAFT, INCORPORATED
5563 No. Elston Ave., Chicago, Illinois 60630
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APPLICATIONS
INCLUDE:

o Bowling Alley |
o Vending Machines

o Slot Machines
3 o 1BM Compu

o Industrial

Where there's

a contact...
ora 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 Spotters
Auto o Pinball Machines

o Telephone Switchboards
ters and other data

equipment '
fquipment using
welding machines, etc.

processing relays, such as

I

Get Your First Class Commercial

F.C.C. LICENSE

QUICKLY!

Career opportunities in communi-
cations electronics 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. Qur 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 “Catalog 56.”

Grantham School of Electronics

1505 N. Western Av., Los Angeles, Cal. 50027
(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)
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own f{ree will unless it is subjected to
some braking force. This braking force is
the degree of back e.m.f. generated. If
the magnet structure is weak, the reac-
tion will be weak and the diaphragm will
continue forward in an unrestrained
overshoot condition (except for the re-
straint of its limiting compliance). If the
magnetic strength is great, there will be
a strong reaction to the driving signal
and it will surge forward only to the ex-
tent that the signal tells it to, without
any override due to ils own free, un-
damped motion. A well-damped speaker
will thus give good transient response
(for both attack and decav times) and
good damping may be obtained by
heavy magnet structures and dense flux
fields in the voice-coil gap.

It is usually possible to see the magnet
size in most loudspeakers. However,
many excellent speakers have protective
covers hiding their magnet structures.
On the other hand, some verv inexpen-
sive speakers have rather large covers
in order to make them appear as though
{ heavy magnets have been included in
their designs.

10. The Enclosure

With the exception of one or two
specialized types of speakers, all such
units need to be enclosed in some sort
of baffle or cabinet. This is especially
true of the woofer and, in this context,
| a ballle is not just a decorative box for
the mounting of the loudspeakers. It
is a device that performs two distinct
technical functions: it is a frequency-
controlling device and it is an acoustic-
damping device.

Fig. 10 illustrates this dual-control
action of bass-reflex types of enclosures.
The damping characteristic may be read-
ily seen. The large resonant peak of the
speaker disappears (or is damped out)
when the speaker is put into an en-
closwre designed for it. In place of this
one resonant peak two much smaller
peaks are produced. With each peak
displaced approximately an octave on
either side of the initial resonance peak,
the low-frequency response of the system
is extended.

We must emphasize the system be-
cause the enclosure is truly an acoustic
network which must be designed to
match the driver energizing it. The in-
discriminate mounting of a speaker in
a Dbox is not necessarily a matched
system; more often it is merely a “boom
in a box.”

The loudspeaker design engineer,
having gone to great pains to build into
his speaker the properties outlined here,
seriously takes to heart the necessity of
topping off his project properly. His
enclosure will not be a “box,” but will
be as truly an acoustic component as
the speaker itself—and will be the last
step in the design of a quality hi-fi

system. A
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THE INCOMPARABLE
CONCERTONE 800

Every listening moment is more enjoyable, more
memorable, with the incomparable Concertone.
Only the Concertone provides an exclusive combina-
tion of features which makes up a sound system
beyond compare. Reverse-o-matic®— an industry
first by Concertcne—allows you to play or record
in both directions automatically, continuously, with-
out having to change reels. Behind the distinctive

s o

FOR LISTENING TO.YOUR LIKING i
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performance of the Concertone 800 are more than
fifteen years of experience in the engineering and
production of quality professional and home tape re-
corders. When you’re ready to buy your tape recorder,
consider Concertone for greater listening pleasure,
greater versatility, and a price that is to your liking.
For our free brochure, write teday to Concertone,
Box 3866, Scuth El Monte, California. CONCERTONE

IN CANADA: HARTONE ELECTRONICS, 298 BRIDGELAND, TORONTO, ONTARIO, CANADA » OVERSEAS: APO/FPO PERSONNEL WRITE BOX 3864, SO. EL MONTE, CALIF.
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COMPUTER ANALYSIS OF HEART SOUNDS

girl, in the reception portion of Mac’s Service Shop

when the shop owner called from the service de-
partment at the rear: “Hey, Bamn, you wanta hear the most
interesting sound in the world?”

“Tll bet vou've rigged up a satellite receiver!” Barney
guessed.

“Charles Lamb said the most interesting sound in all
the world was a knock at the door,” Matilda offered, tagging
along behind Barney into the service area.

“You're both wrong,” Mac said. “Here, Red, unbutton
your shirt and place the front of this special contact micro-
phone against your chest a little left of center.”

As Barney obeyed, handling the sensitive microphone
produced a great rustling and thumping from the bass-
reflex speaker cabinet resting on the bench beside the hi-fi
amplifier to which the half-dollar-sized microphone was
connected; but this ceased when the mike was in place, and
a muflled, rhythmic “lubb-dup, lubb-dub, lubb-dup” sound
filled the room.

“That’s the orviginal This Is Your Life program we're hear-
ing,” Mac said, “for when the sound of your beating heart
finally stops, the remainder of vour life is measured in
seconds. Recognition of the importance of this sound was
given last November when Western Union chose the heart-
beats of a mother and her nnborn child to be among the
first sounds transmitted over its new $80,000,000 transcon-
tinental microwave system from Los Angeles to New York.
You agree that sound were hearing is important—to you at
least?”

“Man, vou know it!” Barney exclaimed, listening in fascin-
ation. “How does the heart make that noise?”

“Actually the heart is a double hydraulic pump operating
on the principle of that gasoline-siphoning device known
jokingly as a ‘hillbilly credit card.” The gadget consists sim-
ply of a rubber bulb connected to both an input and output

REDHEADED Barney was pestering Matilda, the office

TO BODY

TO.LUNGS
ol

DAY

FROM BODY

TRICUSPID VALVE

RIGHT HALF ’ LEFT HALF

SEPTUM
PULMONARY
VALVE

TO BODY

68

More rapid and accurate diagnosis of heart sounds is now
possible with the use of a number of electronic devices.

hose with a pressure-operated valve in each hose. When
the squeezed bulb is released, the resulting vacuum opens
the valve in the input hose and sucks gasoline from the
tank. Squeezing the bulb produces pressure that closes the
input hose valve and opens the valve in the output hose
through which gasoline is expelled.

“Think of veins as input hoses and arteries as output hoses,
and remember the heart has built-in muscles to do its own
squeezing as we follow the flow of blood through this draw-
ing of a human heart,” Mac suggested, pointing to a drawing
on the bench. “The heart is a little larger than vour fist, and
the septum partitions it into two separate parts. The right
portion of the pump circulates blood through the lungs; the
left portion, through the remainder of the body. Notice each
pump-half is double-chambered. Blood from the great vein
returning from the body enters the right ‘receiving chamber,’
or auricle, and passes through the tricuspid valve into the
expanding right ‘pumping chamber,” or ventricle. When the
walls of this ventricle contract, pressure exerted on the en-
closed blood closes the flapper-type tricuspid valve and
forces open the pulmonary valve so blood can flow into the
pulmonary artery and thence to the lungs.

“Oxygenated blood returning from the hungs flows into
the left auricle and thence through the mitral valve into the
left ventricle. The same muscular contraction that forces
blood into the pulmonary arteries pushes the mitral valve
shut and opens the aortic valve so the left ventricle can
pump blood into the aorta and thence to the body. As pres-
sure inside the ventricles starts to fall at the end of the pulse,
back-pressure from the distended arteries snaps shut the
pulmonary and aortic valves. When ventricular pressure falls
still lower, the tricuspid and mitral valves open, and the
cvcle is ready to start again.

“The first Tublb’ sound results from the contraction of the
ventricles, tension of the auriculo-ventricular valves, and
the impact of the heart against the chest wall. This prolonged,
dull sound coincides with the carotid or neck-artery pulse.
After this first sound there is a short pause, and then the
second sound, the short, high-pitched ‘dup,” is heard. It re-
sults from the closure of the aortic and pulmonary valves. In
a twenty-four hour period the heart of a normal man will
repeat this operation 100,000 times, and the left ventricle
will expel more than 80 barrels of blood against a pressure
of 120 mm. of mercury. In an athlete, violent exercise can
triple this rate of pumping.

“Doctors call eavesdropping on internal organs ‘ausculta-
tion,” and in the beginning this was done by placing the ear
directly against the body. In 1819, however, auscultation
became a scientific method with the invention of the stetho-
scope by a French physician named Rene Laennec. I've
heard or read three different versions, all interesting, of his
discovery:

“The first story goes that he was making a house call
when he saw some children plaving beside a wooden beam.
All but one placed their ears alongside one end of the beam
while the remaining child scratched a pin across the other
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LIVE BETTER ELECTRONICALLY with LAFAYETTE RADIO ELECTRONICS
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NEW! LAFAYETTE 70-WATT COMPLETE
AM-FM STEREO RECEIVER

Just Add Speakers and Enjoy FM, FM Stereo
and High-Quality AM Reception

m A powerful 70-Watt Amplifier. plus Complete Preampli-
fier Control Facilities plus a Standard AM Tuner plus. a
sensitive FM Tuner plus an FM Stereo Tuner—all on One
Compact chassis ® Amazing FM “Stereo Search” Circuit
Signals Presence of Stereo Broadcasts ® Tuned Nuvistor
“Front End” provides Greater Sensitivity, Lower Noise
® Bar-Type Tuning Indicator for AM and FM ® Variable
AFC Control = Imported

TAKES REELS

I adaptable to " DYNAMIC
stereo playback MICROPHONE

THE WIDELY ACCLAIMED LAFAYETTE
RK-137A TAPE RECORDER

FEATURING — TRACK STEREO PLAYBACK:
— TRACK MONAURAL RECORD PLAYBACK

With Electronic Track Selector
Switch, VU Recording Level
Meter and Pause Switch For Instant Editing

Includes Lightweight carrying case, dynamic mic-
rophone, output cable, 7 inch empty tape reel.

e Two Speeds—3% & 7% ips e Pause Lever Provides
Instant Stop for Editing e Record—Erase Safety Switch
o Fast, Rugged Shift Lever Control e Extension Speaker
Jack e High Impedance Monitoring Jack e VU Meter
Recording Level Indicator e FElectronic Track Selector
Switch e Specially Designed Heavy-Duty 6x4” PM
Speaker e Separate Erase and Record Heads e Imported

Small . Quiet . . . Powerfu

 NEW! LAFAYETTE SOLID STATE
DUAL CONVERSION 5-WATT
CB TRANSCEIVER

With Authentic Mechanical Filter
v~ Only 3” high—fits easily in any car
+~ Special multi-stage noise limiting circuit ends problem
of mobile noise
v~ The same output as the most powerful tube unit yet
uses only 1/50th of the battery power
The Perfect Unit For Mobile!
e 12 Crystal Transmit and Receive Positions e 23 Chan-
nel Tunable Receiver With Spotting Switch e 3-Stage
Transmitter Rated For Full Legal Power e Dual Conver-
sion Receiver with 5/10 uV Sensitivity e Multi-Stage
Automatic Noise Limiting Circuit e Rugged Silicon Mesa
Transistors e Compact—3”Hx11%,"Wx6'%s"D e 12V DC
Mobile Operation (Negative or Positive ground) e 117V
AC operation when used with Matching Solid-State AC
Power Supply (Optional at $16.95)

O A S D I T S iy /

NEW! LAFAYETTE 23-CHANNEL
9-WATT CB TRANSCEIVER

Double Side Band Full Carri
e " T'With Advanced

»# 17-Tuhe Performance with 13 Tubes |« f "
»~ Low Noise Nuvistor “Front End” Ra'::g.e B.OOSt
+ 5 Oouhle-Tuned If Transformers ircuit

4~ Meets All FCC Requirements

e Frequency Synthesized Circuit Provides 23 Crystal-Con-
trolled Transmit & Receive Channels—No Extra Crystals
to Buy e Continuous One-Control Channel Tuning e Full
5-Watt Input e Push-To-Talk Microphone & Electronic
Switching e Dual Conversion Receiver With 3/10 uv
Sensitivity e Delta Tuning Offers “Fine Tuning” of
+2.5Kc on Receive e llluminated *“S” and RF Output
Meter e Variable Squelch, Variable Noise Limiter, AGC
e Built-in 117V AC & 12V DC Power Supply e *“Vari-
Tilt” Mounting Bracket for Easy Mobile Installation e
Plug-in Facilities For Lafayette Selective Call Unit
-----------'

] =] 'bﬁsf%grsspnomlo ELECTRONICS
FREEILAFAYETTE S

O Send me the FREE 1965 Lafayette Catalog 650 |

1965 CATALOG NO. 650 516 PAGES! : L Sbricas s ot imeluds sh oming chargesi " |

See The Largest Selection in Our 44-Year History 1
e Stereo Hi-Fi — Famous Brands plus e Radio’s, TV's and Accessories lName ...........................................................................................
Lafayettes own Top-Rated Components e P.A. Equipment; Intercoms P P ——
o Citizens Band Equipment e Test Equipment e Optical Goods .
o Tape Recorders o Ham Gear e Auto Accessories e Musical Instruments o1\ TS TR State
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REVOLUTION

The Unique New Modelf M-119
Electronic SectorPhased
Omni-beam jantenna

needed

Export Oiv.:

V.T.I. tralning leads to success
as technicians. ficld engineers
specialists in communications.
guided missiles. computers.

lL radar and automation. Basic & |
advaneed courses in theory &

[} laboratory. Electronic Engl

A neering Technology and Elec-

tronic Technology curricula
both available. Assoc. degree in
29 mos. B.S. also obtainable.
G.1. approved. Graduates in all
branches of electronics with
major companies. Start Sept..
February. Dorms. campus. High
school graduate or equivalent.

Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, ValEaraiso, Indiana
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THE
<

e Electronic focus and beam rotation for
maximum distance—No mechanical rotator

e Change signal direction instantly
e Full-circte scan coverage—No blind spots

e Compact—17Y2 ft. vertical elements
arranged on 3 ft. radius circle

o Resists over 100 mph winds
e Easy one-man installation

e 1.75 db directional gain

e 23 db front to hack ratio

o Priced 30% below old fashioned heam

64-14 Woodside Ave. Waodside 77, N.Y.
CIRCLE NO. 155 ON READER SERVICE PAGE

. ELECTRONICS

IN CB BASE ANTENNAS

SCANNEP

PAT. PENDING

Scan Control Unit, with in-
dicator lights, instantly
changes signal direction —

just flip the switch.

Write for complete data,

Stripes of Quality

including radiation patterns.

FREE BATTERY TESTER

With Purchase of Shell Model 102 :l
Tube & Vibrator Yester Panel
FEATURES

« Single Knob Control
« 7" Meter
« Pin Straighteners
- |1.02 Sochebts o
PRy + Latest Tube Lhar
!?_' ®\ . Size 18" w. x 16" D.
Reconditioned $14.95 with FREE $10.00
value Eveready Battery Tester.

Battery Tester Only $4.95 Postpaid
Quantity Buyers! 10 Panels for $98.00 (Less
Battery Tester)

TERMS: FOB Indpls. Cash with order. Money
Back Guarantee. Shipping wt. Approx. 15 Ib.

DELMAR ENGINEERING CO.

3606 Delmar Rd., Indianapolis. Indiana 46220
Phone 317-251-7063

-~
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end. Each time he scratched the surface
of the timber his companions shouted
to prove they heard the faint sound. Ar-
riving at his patient’s bedside, Laennec
rolled a piece of paper into a tube and
placed one end against the patient’s
chest while he listened at the other end.
He was delighted to discover he could
hear the beating of the heart clearly.

“The second version is that the doctor
was a bashful man who was distressed at
having to place his head against the
bosom of a female patient to listen to
her heart, and he invented the stetho-
scope to relieve his embarrassment. The
third story says the doctor was working
in a Paris hospital receiving many in-
digent patients who were dirty and in-
fested with vermin. He disliked having
to listen to the chests of these patients
for fear of acquiring some of their tellow
travellers by the contact; so he invented
his ear-extension and solved his problem.
Believe whichever story you like accord-
ing to whether your credulity inclines
more to the practical, the romantic, or
the pediculous!”

“Well, I still have to see my first bash-
ful doctor,” Matilda observed; “and
please shut off that sound. It makes me
nervous. It’s a little 100 vital, if you know
what 1 mean. What does a doctor listen
for, anyway?”

“He listens for any sound indicating
mechanical defects in the pump. Heart
‘murmurs’ are one of the most signifi-
cant and may indicate defective valves
or lesions in various septa between the
right and left chambers. Hissing or
gurgling sounds indicate valves aren't
opening sufficiently, called sienosis, or
closing properly, called insufficiency. Al
s0, a hole in the septum will produce an
audible shunting path for blood flow.
Most murmurs occur between the first
and second heart sounds when ventricu-
lar pressure is highest and are called
‘svstolic’; but they can occur after the
second heart sound and then are termed
‘diastolic.” These heart murmur sounds
are relatively high-pitched compared to
the low-frequency ‘lubb-dup’ sound and
are not heard in the operation of a nor-
mal heart.”

“Tell me, Doc: where did you dig
up all this?” Barney asked curiously;
“and whyv?”

“] became interested about five
years ago when I ran across a paper
written by [. J. Hofler and Dr. D. S.
Gerbarg of the IBA Engineering Labo-
ratory at Kingston, N. Y. describing a
new technique thev termed ‘quantitative
analvsis of heart sound.” First they re-
corded heart sounds on a Cambridge
phono-cardiographic disc record. This
recording was transferred to tape, and a
selected portion was normalized and fed
into an analog-to-digital converter where
the sound amplitude at each of 8000
sample points per second was translated
to a 6-bit binary number in the range

ELECTRONICS WORLD
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000 000 to 111 111. This digital infor-
mation could then be ted into a high-
speed IBM 704 computer whose memory
hiad been stored with information from
normal heart sounds and from a tape
library of sounds from proven heart-
disease patients collected by a Dr.
Butterworth. In the computer, data from
the hewrt sound being investigated
would be compared with data in the
memory bank, and pattern-recognition
would indicate any abnormality and—
hopefully—diagnose the heart defect.

“I became busy with other things and
forgot about this until quite recently
when I learned that a new two-pronged
attack on the same basic problem had
been launched at the Bio-Medical En-
gineering Center on the campus of
Northwestern University under the di-
rection of Dr. John E. Jacobs. There,
two projects underway are aimed at a
common goal: computerizing the diag-
nosing of heart ailments.

“In the first project, a graduate stu-
dent working for his Master’s degree
has already designed a small computer
for distinguishing between normal and
abnormal heart sounds, and this instru-
ment is being prepared for field testing.
In designing the computer, the fact was
recognized that in a normal heart, for
the most part, very little if any sound
exists in the interval between the first
and second heart sound, and then from
the second back to the first. The com-
puter is designed to sample the time in-
terval between the first and second heart
sounds and to discover if there is any
sound in this region. If so, it attempts to
classify the tvpe of heart defect based
on the number of zero crosses per unit
time within the interval.”

“What are ‘zero crosses’®” Barney
asked.

“A zero-cross detector is a form of
Schmitt trigger that registers the num-
ber of times a signal passes through a
reference voltage level. Since a normal
heart has no high-frequency components
in its sound, the number of zero cross-
ings will be small. Abnormal hearts,
though, are rich in high frequency and
produce a significantly large number of
zero crossings. While this technique
sounds simple, it works because the
cardiovascular sound-analysis problem is
a rather specialized one that lends itself
well to such an approach.”

“What’s the other project? You said
there were two,” Barney remarked

“Dr. Jacobs believes heart defects
have characteristic sound spectra, and
that if these spectra can be positivelv
identified, computers can be pro
grammed to automate diagnosis. Along
this line, a Northwestern student at the
Ph.D. level in hydraulics is investigating
sounds generated at the orifices of the
heart, a field not previously investigated
extensively. If he is successful in separ-
ating and tagging various heart defect
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sounds, results from the two projects
may be combined in a truly automatic
heart-diagnosing instrument. At the pres-
en! time, all methods of heart diagnosis
still depend, in part, on the physician’s
visual or audio diagnosis.”

“That certainly would be wonderful,”
Matilda mused. “It would probably be
much faster and more accurate than
present methods.”

‘Possibly  the most important use
would be in what is called the ‘mass-
survey technique’ used now in making
chest x-rays for tuberculosis and lung-
cancer detection. In a recent survey ap-
proximately 30,000 heart sounds of
children were recorded on tape and
plaved back for doctors to analyze. A
doctor required 75 minutes to analyze
140 hearts. If 26,000 of the hearts were
murmur-free, time spent listening  to
them would bhe wasted. A portable de-
tector that could rapidly sort out the
questionable or borderline cases would
save a great deal of time. Even if it
couldn’t analyze heart sounds rigorously
for exactness and degree of murmur,
these cases could then be referred to a
phyvsician.”

“Well,” Barnev remarked as he press-
ed the microphone against his chest
again and started the rhythmic “lubb-
dup, lubb-dup” sound in the speaker,
“it makes me feel sort of good to know
I'm in a field, although pretty far down
the ladder, that mayv soon be spotting
heart defects in little kids in time to
correct the defects and let the children
lead normal lives.” A

MICROELECTRONICS LECTURES

EEE is sponsoring four outstanding

lectures on “Microelectronies” which

the Chicago Section will host at Chicago’s
Lane Technical High School.

The four lectures on four successive
Monday nights in April will start at 7:30
p.m. Price for the entire series is $6.00.
Tickets are available from IEEE Micro-
electronics, Box 25, Ovland Park, Illinois. |

The April 5th lecture will be “An In-
troduction to Modern Microelectronic |
Cirenits” presented by Dr. Richard E.
Lce, President of Siliconix, Inc.

On April 12, Mr. C. Harry Knowles,
General Manager, Molecular Eleetronie
Division, Westinghouse, will talk on “The |
Manufacture of Integrated Circuits.”

“Choosing Beiween Conventional and |
Microelectronic Circuits” will be the topic
on April 19th, presented by Dr. Arthur
Lessor, Manager of Thin Film Electron-
ics, International Business Machines,

The final lecture, on April 26th, will be
presented by Mr. Stephen Levy, Product
Manager tor Integrated Circuits, Molor-
ola Inc. His topic will be “Procedures for
Converting Circnits to Microelectronics.”

The committee in charge of this lec-
ture series anticipates a turn oul of more
than 1000 engineers. For this reason, the
earliest possible reservations should be
made to insure a scal at what promises to
be an impressive survey of the entire field
of microelectronics. Al
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gound MAGIC comes from

A real

Big console sounds from a book-
shelf size speaker system? Sounds
tmpossible? No, il sounds great!
But, UTAH magic doesn’t stop
there with the all new PRO, Like
the chameleon, the PRO also
changes colors to match any
changing room decor. The front of
this beautiful walaut cabinet has
a snap out grille, which can be
changed in seconds. A wide selec-
tion of decorator color fabrics are
available, and the grilles can be
changed to accent any room color
scheme. PRO IS TRULY COMPACT,
it's dimensions of 12” x 12" x 24"
pack the finest acoustical engi-
neering found anywhere. This 3-
speaker high-compliance system
attests to the real magic of UTAH
electronic sound ergineering.

creates big sounds from a small package

Model PRO 39950 pet

Exciting PRO fzatures:
Boskshelf size, conscle
sound
Snap-out accent grille
Acoustic suspension,
high-compliance wooter
in a sealed cablnet
Hand-rubhed 342~ walnut
vereer cabinet
Advanced acoustic
engineering
Components—3 Utah
Speakers, a 19” woofer,
8" midrange, 3v," tweeter
(adjustable level)
Sealed enclosure—heavily
damped with fiherglass
Pawer rating—40 watts
Impedance—3 ohms
Freguency Response—
50/18,500 cps

HUNTINGTON, INDIANA
EREP—
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—/AEC 77A

TRangisTo?

THE NEW

TRANSISTOR
IGNITION SYSTEM

[P Features new Gen-

eral Motors Delco
transistors with pat-
ented ''surface passi-
vated ambientcontro!®’

[V Gives higher volt-

age ratios to 180
volts, allowing higher
zener voltage — 50,000
volt output from coil.

U.S. Pat. 3089067

on every transis-
tor proves beyond any
doubt that each one is
new and exclusive.

74 Improved circuitry

uses reverse bias-
ing rectifiers, allows
operation beyond 230°
— solves heat problem.

Improved circuitry
v provides faster
transistor turn-off —
means less heat build-
up inside transistors.

[P High-voltage spark
~ has up to 15 mil-
liamperes output —
nearly twice that of
electronic magnetoes.

|

TEST

8](8]

EQUIPMENT

PRODUCT REPORT

Jerrold Model 890 Sweep Generator

For copy of manufacturer’s hrochure, circle No. 38 on coupon (page 88).

wowss 20

Frequeney gemer

Swes?

oo -

e

The NEW AEC 77A 50,080-volt transistor ignition sys-
tem guarantees twice the output of any electronic mag-
neto, at half the cost. Guaranteed to outperform all
other ignition systems in existence, regardless of
price. The new performance carries with it greater
power, new reliahility, new dependability, a new FIVE-
YEAR GUARANTEE.

AEC 77A’s constant high-voltage output guarantees
more complete combustion . . . releases full engine
power, increases gas mileage by 15%, keeps plugs
and points clean beyond 50,000 miles, fires fouled
plugs, makes engine run smoother, increases top
speeds, eliminates 4 out of 5 tune-ups, gives you that
‘tuned-up” performance for thousands upon thousands
of miles usage.

Every AEC 77A delivers 50,000 voits at 2,000 rpm as
against 18,000 volts of other ignitions. AEC 77A con-
tinues to deliver 50,000 volts heyond 7,500 rpm, while
othar ignitions fail to deliver any voltage. At crank-
ing speed, AEC 77A delivers 28,000 voits as against
8,000 volts of other ignitions, guarantees instant start-
ing in any type weather.

Campletely waterproof and shockproof—every system
tested under actual operational load with 4 fouled
and 4 operating spark plugs. Quality companents in
every AEC 774, are supplied by General Motors
(Deico transistors type 2N1358A), Motorala (zener
dicdes type 1N28368), 0il filled (400:1 type ignition
coil), Mallery, Sprague, IRC and others.

INSTALLS EASILY IN ONLY 20 MINUTES BY ANYONE,

COMPLETE FACTORY WIRED SYSTEMS
AEC 77A with 400:1 coil, 6/12 volt $39.95
AEC 77A for Positive ground British
cars, 6/12 volte $39.95
AEC 77A 400:1 Coil only, 6/12 volt $11.95
Ballast resistor,

var. .3 to .9-250 watt $ 195
AEC-K5 Complete do-it-yourself Kit,
Negative ground only $32.95

1 AUTOMOTIVE ELECTRONICS CO.
i 387 PARK AVE. S0., NEW YORK, N.Y. 10016 i

I VAME ey 1
B ADDRESS oo |
T e~ L ZONE.......STATE...coonon.... 1

J O AEC 77A For Negative ground 6/12 v..
[J AEC 77AP For Positive ground 6/12 v........ $39.95 |
[] Kit $32.95 [ 400:1 Coil $11.95 [] Ballast $1.95
[] FREE BROCHURE ON AEC 77A SYSTEMS. EW-4

|
I
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HE new Jerrold Model 890 is a wide-
band sweep generator designed for
production-line and laboratory use. Op-
erating in the h.f, vht, and ul.t.
1 ranges, it supplies a sweep signal with its
center at any frequency from 500 kc. to
1000 me. Sweep widths may be as nar-
row as 100 ke. or as wide as 200 me.

Using the 890, the entire response of
anyv electronic unit, circuit, or compon-
ent can be observed on an oscilloscope.
| Portions of response as narrow as 300 ke.
can be isolated for detailed examination.
With the 890 and an r.f. switcher in a
measurement-bv-comparison set-up,
measurements of gain, loss, and v.s.w.r.
can be made quickly and accurately (see
scope-trace photo).

A sweep oscillator using a type 3675
pencil triode is the heart of the iastru-
ment. The center frequency on uwh.f. is
varied by moving a short-circuiting
plunger, which varies the length and
therefore the inductance of an air-di-
electric coaxial line.

Matched crvstal diodes feeding a two-
stage push-pull automatic-level-control
amplifier maintain output flat =0.5 db
up to 800 me. and =1.5 db from SO0
me. to 1200 me., at maximum sweep
width.

To provide the v.h.f. range, the unit
uses a fixed 600-mc. oscillator emploving
another 5675 pencil triode. A crystal di-
ode mixer combines the 600-mc. signal

www.americanradiohistorv.com

alor

with the u.h.f. oscillator output. The
difference frequency can varv between
500 ke. and 450 mc. This signal is care-
fullv filtered and sent to the v.h.f. out-
put connector.

Wobbulator drive is achieved by ca-
pacitor plates connected to the coax in-
ductor and mounted on a voice-coil-
driven loudspeaker mechanism. When
the 60-cps voice-coil drive voltage is var-
ied, the amplitude of plate motion varies,
providing oscillator frequencies over a
verv wide range—more than 1000 to 1.

Either the forward or the return trace
can be eliminated by a blanking pulse.
The horizontal deflection voltage (60-
cps sine wave) is applied through an

Scope trace showing response of a u.h.f.
amplifier using the sweep generator and
an r.f. switcher. The production-line
tester poasses units if their 806- to 890-
mc. response falls within the two preset
reference traces; others are rejected.

10-MC. MARKERS

ELECTRONICS WORLD
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isolating RC network to a cathode-cou-
pled driven multivibrator to provide this
pulse. The constants of the multivibrator
are chosen to produce a 60-cps square
wave, For those applications requiring
a continuous sweep r.f. output, the
blanking pulse can be disabled.

Inputs for marker signals from one or
two marker generators are provided on
the front panel of the instrument. This
facilitates frequency calibration of the
response curves obtained.

The instrument is quite ruggedly con-
structed. All parts of the sweep oscillator
are machined from silver-plated brass
stock, and the slider moves in a rhodium-
plated tube. Shock mounts prevent trans-
mission of external shock to the sweep
mechanism, as well as mechanical hum
from the generator onto the test bench.
Removed from the cabinet, the unit can
easily be mounted on a 19-inch standard

rack. The generator sells for $845. A

RCA WV-38A
Volt-Ohm-Milliammeter

For copy of manufacturer’s brochure,

circle No. 59 on coupon (page 17).
OLT-ohm-milliammeters are avuil-
able today in bewildering varieties
of types and prices, and the factors im-
portant in selecting a v.o.m. are too nu-
merous for discussion here. But the
intended applications for the v.o.m.
should narrow the purchaser’s field of
choice considerably and enable him to

select the best instrument for his needs.

Desigu of the RCA WV-38A v.om. is
oriented toward general electronics serv-
icing, including troubleshooting in tran-
sistorized and electron-tube radios, TV
receivers, and industrial equipment. Fur-
nished with a large 5-inch meter, the
WV-38A can be used to measure resist-
ance, a.c. and d.c. voltage, direct current,
and audio signals in decibel units.

Two features should be of special in-
terest to those who service transistorized
equipment: low, full-scale, d.c.-voltage
ranges of 0.25 and 1 volt, and a {ront-
panel switch for reversing polarity of the
test leads on both d.c.-voltage and resist-
ance measurements. This latter feature
is convenient when resistance measure-
ments are made in semiconductor
circuits, which can have different resist-
ances in different directions. The two
low-voltage ranges are likewise helpful
in these circuits, which often operate
well below 1 volt.

Such low-voltage readings are made
possible by use of a high-sensitivity me-
ter requiring only 50 microamperes for
full-scale deflection. With the WV-38A,
direct current as low as 1 microampere
(lowest scale division) can be measured.

The WV-38A has three resistance
ranges and can measure as high as 20
megohms (highest scale division). Eight
d.c.-voltage ranges are provided, with
full-scale values from 0.25 volt to 5 kilo-
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Who says a
professional-grade,
ribbon-type mike
has to cost a
small fortune?

Most audio engineers agree that
microphones with ribbon-type gen-
erating elements give the best
acoustic performance obtainable...
the smoothest, most distortion-free
response over the broadest fre-
quency range.

Most ribbon-type mikes are
therefore quite expensive...up in
the hundreds of dollars.

But not the RCA SK-46. It gives
you a frequency-response of 40 to
15,000 cps

k
. .and it costs only $49 -50

What’s so special about
ribbon-type mikes?

There are 7 basic types of micro-
phone generating elements: rib-
bon, condenser, magnetic, dynamic,
ceramic, crystal and carbon. RCA
sells all 7, so we can be relatively
impartial about the advantages of
the ribbon type.

A typical ribbon element (spe-
cial aluminum alloy foil 0.0001”
thick) weighs only about 0.25 mil-
ligram—hundreds of times lighter
than generating elements in, say,
dynamic and condenser mikes. The
ribbon, in fact, is as light as the
air mass that moves it, which ac-
counts for its exceptional sensi-
tivity.

In fact, of all 7 types of generat-
ing elements, the ribbon-type ele-
ment is superior in:

% Smoothness of response
% Breadth of frequency range
% Immunity to shock and vibration

% Adaptability to various imped-
ances

% Low hum pickup
% Immunity to temperature and
humidity variations

That’s why most of them cost so
much.

But now you can get the re-
markable RCA SK-46 bi-direc-
tional ribbon-type mike at Y our
Local Authorized RCA Micro-
phone Distributor — For Only
$49.50%,

For full technical information—
or the name and address of your
nearest distributor—write: RCA
Electronic Components and De-
vices, Dept. 451, 415 So. 5th St.,
Harrison, New Jersey.

*Optional Distributor Resale Price

RCA Electronic Components and Devices, Harrison, N. J.

The Most Trusted Name in Electronics

®
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University
reduces
everything

but sound

and coverage!

REVOLUTIONARY
NEW UNIVERSITY
DUAL HORN &
ID-75 DRIVER
—150-WATT SYSTEM,
ONLY 17" DEEP!

The new Model DH is
another unique technical ad-
vance from University. The
most efficient ultra-compact
dual short-horn made—engi-
neered to ‘‘punch’’ through
the noisiest environments—
provides absolute and uni-
form intelligibility over a wide
area—and it's only 1353"
deep!

Use the High ‘A’ Model DH
with any University driver—
you’ll enjoy maximum power
conversion with any amplifier.
(It can actually reduce your
amplifier requirements by
several, money-saving watts!)
Use it with a pair of ID-75
drivers —you'll have a 150- d
watt package taking up less
space than any other ex-
treme-power combination
available today!

Rugged, too. Use it any-
where—on land, sea or in the
air. University's exclusive
five-year warranty is your
guarantee of unexcelled per-
formance and reliability.

Write for complete details.
Desk S-4A, 9500 W. Reno,
Oklahoma City, Oklahoma.

[&‘i?v
UNIVERSITY:

A DIVISION OF LING.TEMCO-VOUGHT. INC.

9500 West Reno, Oklahoma City, Okla.
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volts. With a basic resistance of 20,000
ohms per volt, the WV-38A has a d.c. in-
put resistance of 20 megohms on its
1000-volt range and 5 megohms on its
250-volt range.

A.c. voltages from 2.5 to 5000 volts
(full-scale values) can be measured in
six ranges. Six direct-current ranges pro-
vide for measurements from 50 micro-
| amperes to 10 amperes (full scale). Au-
dio signals from 2.5 to 250 volts and
decibel levels from —20 to +50 db can
also be measured.

Accuracy is more than adequate for
general service and industrial mainte-
nance. The WV-38A has a full-scale ac-
I curacy of *=3% on d.c. volts and direct
current and *=5% on a.c. volts. Resistors
of 1% tolerance are used in all critical
measurement circuits.

The meter circuit for a.c. volts, d.c.
volts, and direct current consists of cali-

brating potentiometer R22 connected in
series with the meter. The eight ranges
of the d.c.-volts circuit are obtained by
adding successively higher values of re-  bridge) circuit and convert the a.c. input
sistors in series with the meter circuit. signal into pulsating d.c. voltage. Resis-
Diodes D1 and D2, along with R20  tors R10 through R14, plus resistor
and R21, form a full-wave rectifier (half-  R28, comprise the a.c. voltage-divider
S1 {SHOWN IN POSITION 1)
| [ BT ﬂ ’
SWITCH
; or -\ & o POSITION | RANGE
. Y 1000 V.
@/ 2 250 v
| 3 50 V.(50 pA)
— = ———— \ © a 10V,
— = o SES | 5 25V
| o © \ 13 500 MA.
% | 100 MA.
T | 8 10 MA (AMPS) |
S - =— =——29 9 I MA.
—_— 0 R x|
= | " Rx100
+.25 V. RS R4 R3 ‘ ‘
R27 ISM  4aM 800K | 2 RX10000 |
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41w R 9 82 SR .00
— \> SISO K S45K [ BTo A b
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( —t ! ' L : ] oRs2 B ; |
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network. R24 is a calibrating potentiom-
eter for the low a.c. ranges. R23 is
used for calibration on the higher ranges.
Direct-current ranges are obtained by
switching the appropriate shunt across
the meter circuit.

On resistance measurements, the ohms
control, R25, is connected in series with
the meter and is used for calibrating or
“zeroing” each range. On the RX1 and
R>(10 ranges, one 1.5-volt D cell is
connected in the circuit. On the R 10.
000 range, the four 1.5-volt penlight
cells are added, resulting in a test volt-
age of 7.5 volts.

V.o.m.’s have been with us since the
earliest days of radio, and innovations
have been few. One of the most recent,
however, has been the use of a silicon
diode across the meter terminals to elimi-
nate overload burnout. When excessive
voltage appears across the meter, the
diode conducts and acts as a short cir-
cuit, The WV-38A is equipped with two
silicon diodes to provide protection from
overloads of either polaritv. The ohms
circuit is separately fused to protect the
precision resistors from excessive over-
load.

Severul minor features of this v.o.m.
should prove helpful to the user. Color
coding of the front panel and the meter
scales simplifies operation; all jacks are
recessed to reduce shock hazard, two
handle clips provide for test-lead stor-
age, and a keyhole slot is provided in
the rear of the case for hanging the in-
strument on the bench or wall.

Internal layout is neat and efficient.
Nearly all parts are mounted on a single
printed-wiring board. Symbol numbers
are printed adjacent to their correspond-
ing parts, a convenient feature for kit-
builder or troubleshooter.

The instrument is available in kit form
at $29.45 or factory-wired at $43.95. A

Instrumark “Megit” Megohmmeter
For copy of manufacturer’s brochure,
circle No. 60 on coupon (page 88).

HE need for a portable, accurate

means of testing electronic and
electrical equipment for insulation re-
sistance has been with us for some time.
For many vears, manual and motor-
driven, generator-type, high-voltage in-
sulation testers have been available.
These rather bulky instruments, as well
as their less bulky but heavier batterv-
operated counterparts, are convenient
for use on easily accessible equipment.
They are inconvenient to use in the field,
especiallv for remotely located equip-
ment.

The compact, lightweight megohm-
meter shown here was designed to fill the
gap between the frequently used stand-
ard v.o.m. ohmmeter and the high-volt-
age megohmmeter previoush available.
This instrument, known as the “Megit”
and marketed by Instrumark, Inc., has a
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3-inch direct-reading meter graduated |
to 1500 megohms with an applied poten-
tial of 500 volts.

The high-impact, non-conducting
phenolic case houses an all-transistor-
ized circuit. This includes an oscillator,
powered by a 30-volt and a 1%-volt pen-
light battery, feeding a d.c.-voltage trip-
ler circuit through a miniature trans-
former, the primaryv of which is a part
of the tuned oscillator circuit. The 500-
volt output from the tripler is applied to |
the unit under test through a one-meg-
ohim resistor. The resistor prevents
shocks to personnel. The meter circuit
that is emploved in the instrument is a
tvpical v.t.v.m. circuit.

[t is generally desirable to keep graphs
on various pieces of equipment, charting
their insulation resistance over a period
of time. Normallv, as insulation ages
there is a gradual decrease in insulation
resistance over a period of vears. A sud-
den, large decrease in resistance is a
warning that insulation is about to fail.

In using the unit to check insulation
resistance of a motor, for example, the
test leads are connected between a motor
lead and ground, the operate button is
pressed, and the insulation resistance is
read directlv from the meter scale. For
equipment designed to operate at 440
volts or lower, a reading of 200 megohs |
or higher would be expected although
on 110-volt motors a 100-megohm read-
Ing is not a cause for alarm. Transform-
ers should be tested by connecting the
megohmmeter leads between each wind-
ing and every other winding, as well as
from each winding to ground. Of course,
these measurements should alwavs be
made with the power off.

The “Megit” weighs less than 2 lbs..
measures about 6”x2”x4”, and is priced
just under $90. A
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"University/
- reduces

everything
but the

sound!

REVOLUTIONARY -
NEW UNIVERSITY
SHORT HORN &

ID-75 DRIVER 5|
—75-WATT SYSTEM,
ONLY 10" DEEP!

It's happened to you. Half-
way through a new installa-
tion, you're in trouble. Client
wants plenty of power, but
space is tight. Here's the so-
lution—the ultra-compact, su-
per-efficient, Model SH Short
Horn. Use it with the new ID-

75 driver—or with any Uni-
versity driver. It will provide
maximum power conversion

.+ and clean, intelligible, High
‘A’ (high audibility) sound,
comparable only to costlier
and larger systems! And, with
the 1D-75 driver you’'ll over-
come the toughest ambient
noise problem! So efficient,
it makes any amplifier more
powerful.

So rugged, you can use it
anywhere—in P.A. installa-
tions and special applications
such as fire and police vehi-
cles or ship-board use as a
fog horn. Whatever the need,
look to University to fill it.
And remember, University's
exclusive five-year warranty is
-+ your guarantee of unexcelled

performance and reliability!

oo
UNIVERSITY,

A DIVISION OF LING.TEMCO.VOUGHT. INC.

Desk S-4B, 9500 W. Reno, Ok'a. City, Okla.
CIRCLE NO. 231 ON READER SERVICE PAGE
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This important job (and its big salary)
is reserved for a qualified
electronics technician. It can be you!

It’s a fact. There are thousands of jobs like this avail-
able right now for skilled electronics technicians. What’s
more, these men are going to be in even greater demand
in the years ahead. But how about you? Where do you
fit into the picture? Your opportunity will never be
greater . . . so act now to take advantage of it. The first
step? Learn electronic fundamentals . . . develop a
practical understanding of transistors, troubleshooting
techniques, pulse circuitry, micro-electronics, computers
and manv oiher exciting new developments. Prepare
yourself now for a job with a bright future... unlimited

76

opportunity . . . lasting security . . . and a steadily-
increasing salary.

Over 15,500 ambitious men are using Cleveland
Institute Electronics Training Programs as a stepping
stone to the good jobs in electronics. Why not join them?
You will learn at home, in your spare time, and cuition
is remarkably low. Read the important information on
the facing page. Then fill out the postage-free reply
card and drop it in the mail today. Without obligation
we’ll send you all the details. But act now . . . and get

your high-paying job just that much sooner.
ELECTRONICS WORLD
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How You Can Succeed In Electronics
. . . Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, bub five different
and up-to-date Flectronics Home Study Programs.
TLook them over. Pick the one that is *Tright” for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete details . ..
without obligation.

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class FCC License.

2. First Class
FCC License

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to main-
tain and service all types of
transmitting equipment.

3. Broadcast
Engineering
Here’'s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all

about Program Transmission
—and Broadcast Transmitiers,

4. Electronic
Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
tion are just a few of the
topics covered in this “‘com-
pact’” program . . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics
& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
Welding,Industrial Controls,
Servomechanisms, and Solid
State Devices,

Cleveland

April, 1965

An FCC License . .. or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:

The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund all tuition payments. You
get an FCC License . . . or your money back!

CIE's “AUTO-PROGRAMMED" method helps you
learn faster and better

Cleveland Institute uses the new programmed learning
approach. This “Auto-Programmed” method presents
facts and concepts in small, easy-to-understand bits . . .
reinforces them with clear explanations and examples.
Students learn more thoroughly and faster through this
modern, simplified method. You too will absorb . . .
retain . . . advance at your own pace.

Free nationwide job placement service . .. for
life, for every CIE graduate

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone and Telegraph, General
Electric, General Telephone and Electronics, 1BM,
Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.

Electronics is a fast moving, dynamic industry

... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s bi-monthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

Full accreditation . .. your assurance of
~ competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.
Mail Reply Card Today.

Institute of Electronics

Dept. EW-11776 E. 17th St., Cleveland 14, Ohio
79
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new SAMS BOOKSQ

Servicing With Dip Meters

by John D. Lenk. The dip meter is one of the most
valuable of test instruments, with virtually unlim-
ited applications in electronics testing. This handy
reference guidebook tells how to use dip meters to
measure the resonant frequency of an LC circuit
without direct connection to the circuit under test,
and with or without current applied. All of the cdunt-
less applications for dip meters are explained (and
illustrated where necessary). The easy-to-follow text
tells how dip meters will help align receivers; meas-
ure capacitors, inductors, and resonant circuit com-
binations; check matching of antenna systems;
measure impedance and electrical length of trans-
mission lines; check crystal and filter circuits; make
measurements of capacitors and coils; and serve as
a field-strength meter and SWR meter. This com-
prehensive book about practical dip meter applica-
tions is invaluable to technicians, experimenters,
and hobbyists. 128 pages; 5145 x 815”. 5295
Order DML-1, 0nly. ... ... ... ... ... .......

Solid-State Power Supplies & Converters

by Allan Lytel. The advantages of long life and
greatly reduced size offered by solid-state devices
in power supply design is creating widespread in-
terest. This book is a complete guide to building
advanced solid-state power supplies. Describes more
than 50 circuits for power supplies, voltage regu-
lators, converters, and inverters. Details the use of
power transistors, heat sinks, and silicon rectifiers
in circuits for both single- and 3-phase power sup-
plies. Includes full information and parts lists for
building each circuit. 112 pages, 5% x 814", 525[]
Orderd RSE-Y, Onlyaam gt a-k -5 % oS8 . 27 4

ABC'’s of Telemetry

by Alan Andrews. Provides a basic understanding of
the fascinating field of telemetry—the use of instru-
ments to measure a condition, transmit the results
to a remote station, and there indicate and record
the measurement. While telemetry is best-known
for its use in space research, it also plays an impor-
tant role in medicine, oil processing, weather fore-
casting, oceanography, nuclear research, and indus-
try. Describes both wired and radio-frequency basic
systems; covers transducers, various methods of
multiplexing the measured information, and the
recepiion and demodulation of the data. Clearly
explains processes and terminology—a solid intro-
duction to the subject. 96 pages; 514 x 814”. 3155
Order ATA-T, OR{YLAL P i ik Ao awsd Aid Bd -

DC Instrumentation Amplifiers

by L. George Lawrence. DC amplifiers are the most
important link in an instrument control system.
Their function is to boost weak low-frequency or
DC signals from a data-sensing device to a level
permitting their registration by the final recording
or control apparatus. Details the basic operating
principles, the capabilities, and the limitations of
various types of DC amplifiers. Describes typical
high-quality circuits to illustrate equipment now in
commercial use. Provides a basic introduction to the
“heart” of an instrument control system.

128 pages, 5% x 8%4”. Order 1AL-1, only.. ...

W = @ SAMS BOOKLIST

Your valuable guide to over
300 authoritative books cov-
ering every area of electron-
ics and allied subjects.
Check coupon below.

AUDEL BOOKLIST

Describes over 60 titles on auto- L,
motive, building trades, elec- _ l orL |
tronics/electricity, do-it-your- ¥

self and related subjects.Check M—
coupon below.

HOWARD W. SAMS & CO., INC.

Order from your Sams Distributor today, or mail

8 to Howard W, Soms & Co., Inc., Dept. EW-45 :
1 4300 W. 62nd Street, Indianapalis, Ind. 46206 8
B Send me the following books: a
SOoMe1  Opsil OATAl DAL 3
§ O Send FREE Sams Booklist. § endosed=
g Name :
a a
: Address. :
a a
8 City. State. Zip, ]
= a
g My Distributor is =

s mm i IN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 1mm el
CIRCLE NO. 213 ON READER SERVICE PAGE
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1965 NATIONAL
ELECTRONICS WEEK
SET FOR N. Y.

March 31-April 4 conclave
replaces Parts Show formerly
held in Chicago during May.

N order to provide the largest possible
audience for its forums and exhibits,
the Electronic Industry Show Corpora-
tion is, this year, running the 1965 Na-
tionul Electronics Week (March 29-
April 4), replacing the Parts Show
which has traditionally been held in Chi-
cago during the month of May.

By broadening the scope of the show
and increasing eligibility, the Show
Corporation hopes to make this “the
major marketing event in electronics” of
the year.

To assure proper atmosphere for con-
ducting business, attendance is limited
to qualified electronics industry person-
nel and buyers of electronic products.
Radge categories include: Exhibitor,
Distributor, Commercial Sound, Audio/
Hi-Fi Specialist, Sales Representative,
Advertising Agency, Export Agency, In-
dustrial Account, and Government Per-
sonnel.

Admission will be free to eligible per-
sonnel who register in advance for
badges. This year, all persons obtaining
their badges in advance will have access
to all exhibit areas at all times the ex-
hibits are open.

There will be two locations for the
meeting: The “Sound Theatre” at the
Americana Hotel in New York City will
feature exhibits of products in the audio,
high-fidelity, commercial sound, and
analogous categories; and the “Elec-
tronic Showcase” in the New York Hilton
Hotel, for electronic parts, components
and equipment not requiring audible
demonstration.

This vear the Institute of High Fidel-
ity is cooperating with the sponsors of
the Show Corporation in planning edu-
cational programs of interest to the
audio/hi-fi trade during the “New Busi-
ness Forum.”

The first two days of the show, March
31 and April 1, are allocated for these
forums, as well as conventions and meet-

11ings.

The last three davs, from Friday, April
2nd through Sunday, April 4, will be de-
voted to the exhibits.

Those intercsted in attending the Na-
tional Electronics Week programs and
exhibits can secure information on ob-
taining the proper credentials and details
on registration by writing direct to the
Electronic Industry Show Corporation,
100 S. Wacker Drive, Chicago, Illinois
60606. A
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GREENLEE CHASSIS PUNCHES

Make accurate, finished holes in 114
minutes or less in metal, hard rubber
and plastics. No tedious sawing or
filing— a few turns of the wrench
does the job. All standard sizes . . .
round. square, key, or ‘D’ shapes for
sockets, switches, meters. etc. At your
electronic parts dealer. Literature on
request..

GREENLEE
GREENLEE TOOL CO.
2027 Columbia Ave., Rockford, lllinois

_CIRCLENO. 184 ON READER SERVICE PAGE

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!

—> SUB CARRIER DETECTOR <«—

Adds programs of commercial-
free music thru your FM tuner
when plugged into multiplex
output of tuner or wired into
discriminator. Detector, self-
powered, permits reception of
fomous background music pro-
grams now transmitted as hid-
den programs on the FM broodcast band from coost
to coast.

WIRED UNIT $75.00. KIT, with pretuned coils, no
alignment necessary $49.50. Crystal-controlled re-
ceivers available.

MUSIC ASSOCIATED

65 Glenwood Road
Upper Montclair, New Jersey
phone 744-3387 area code 201

ELECTRONICS WORLD
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The Electronics Industry
(Continued from page 28)

and recommend lo the Governor new
and promising areas of technological re-
search and to maintain continuous liai-
son with industrial and university re-
search activities.” The Committee has
made manv recommendations to aug-
ment the state’s research and techno-
logical resources.

Despite generallv leveling or lower
sales of manv defense-aerospace elec-
tronics companies in 1964, the U.S.
Gross National Product in 1964 rose to
a record $624 billion. One ol the elec-
tronics companies that generally profited
despite declining government business
and benefited from rising national econ-
omy is International Business Machines.
Ilowever, IBM is modest about reveal-
ing technical manpower statistics.

Although IBM’s technical manpower
emplovment was “high” i 1963, in
1964 the companyv savs it emploved
greater numbers of electronics engi-
neers, scientists, and technicians “than
in any previous year.” Still no statistics
available, vet a “high level of recruiting
is expected to be continued in 1965.”

While [ BA’s interests reach trom ISast
to West Coasts and around the world,
a good part of its American activities
centers in New York City
Westchester County, and upstate New
York communities, such as Poughkeep-
sie and Endicott. Other IBM East Coast
facilities are in Vermont and Marvland.
IBM lolds about 70% of the profitable
electronic computer business, which is
steadily being nibbled at by East Coast
competitors ranging from Honeywell's
computer operations in Massachusetts
to RCA’s computer opevations in I'lor-
ida.

Computer success has brought com-
petitors and profits to IBM which grad-
uallv has been diversifving into other

suburban |

electronic operations ranging from dic- |
tation machines to electronics equipment |

and components. Cuwrrently, the com-
pany’s major commercial product, in-
troduced in 1964 and to be availuble

in 1965, is the Svstem/360 computer |

using integrated circuits. IBA[ now
mainly seeks specialists in semiconduc-
tor, process, integrated circuit, memory
and electrical test equipment engineer-
ing. The companv’s other broad techni-
cal manpower needs include design
automation engineers and computer
programmers as well as aerospace sys-
tems specialists in radar, lasers, satel-
lites, avionics, and missile guidance.

New York Area

However, government business was
depressed among many contractors in
New York—particularly those who were
not sufficiently diversified in consumer |
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Thousands of Magnecords are delivered . . . never
to be seen by our service department. This is
marvelous testimony to Magnecord reliability
and long life. But even we don’t know just how
long a Magnecord keeps performing. That's why
Magnecord. America’s first magnetic tape re-
corder manufacturer. is offering a reward for the
oldest operating PT6. We're giving a new
Magnecord just to satisty our curiosity!

= REWARD =

In exchange for the oldest operating Model PT6,
Magnecord will give a choice of any new model
in the magnificent 1000 series.

MAGNECORD ANNOUNCES NEW ONE YEAR WARRANTY

In the belief that users of qualily
tape equipmen! buy performance
rather than paper promises,
Magnecord has always issued a
90 day warranty. While others
concentrated on promises we
concentrated on performance.

Magnecord acceptance has

proven the wisdom of this policy.
But from now on, each Magne-
cord gets a one year warranty.
However. you can expect the
same reliabilily and lasting qual-
ity that has kept Magnecord
first choice of discriminating

tape equipment users.

Get contest rules and entry blank at your Magnecord dealer or write:

272 agnecord  Sales Oiv.
. MIDWESTERN INSTRUMENTS

Subsidiary of the TELEX Corporation
P. O. Box 7509 / Tuisa, Oklahoma 74105

CIRCLE NO. 195 ON READER SERVICE PAGE
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In any CB application ...
you'll outperform ‘em all with a

MESSENGER,

Your own 2-way radio for
Business or Personal use!

! ¢ “PERSONAL MESSENGERS”—Com-
‘ pact, hand-held 100 milliwatt or 115
watt units! Rugged and reliable—11
transistors, 4 diodes. Twice the sensi-
tivity and 409, more range than similar
units with conventional circuitry—more
output than similar units with same
rated inputs!

Cat. No. 242-101. .100 Milliwatts. .. .$109.50 Net
Cat. No. 242-102. .1}, Watts:...... $129.50 Net

“MESSENGER’; “MESSENGER TWO"
For mobile, base station. High
efficiency makes full use of maxi-
mum allowable legal power. Excel-
lent receiver sensitivity and selec-
tivity. Automatic “‘squelch’ control.
5 crystal controlled channels on
the “Messenger’”’ and 10 crystal
controlled channels plus tunable
receiver on the ‘““Messenger Two”’,

“MESSENGER’’ — $114.95 Net

Cat. No. 242-127........ 115 VAC/6 VDC
Cat. No. 242-128..... ... 115 VAC/12 vDC
““MESSENGER TWO'’~—$169.95 Net
Cat. No. 242-162........ .115 VAC/6 VDC
Cat. No. 242-163....... 115 VAC/12 VDC

““MESSENGER III”"—Everything
you want in a CB transceiver—a
v husky signal, extreme sensitivity,
razor-sharp selectivity—and com-
plete flexibility for base station,
mobile, public address, or battery
powered portable use! Double con-
version receiver—set-and-forget
“Volume’ and *‘Squelch’ controls
—11 channel coverage—'"Tone
Alert”’ Selective Calling System
available as accessory.
Cat. No. 242-150
12 Volts DC Messenger 111, ... $189.95 Net
Cat. No. 250-823
117 Volt AC Power Supply....$ 29.95 Net

The nation’s most
popular Citizens Radio
equipment line!

Rated BEST by
Distributor
Salesmen in
National Survey!

WRITE TODAY for full color brochure, or see your
Dealer/Distributor and ask for a demonstration!

E.F. JOHNSON COMPANY

® 1106 TENTH AVE. S.W. - WASECA, MINNESOTA
C!RCLE NO. 191 O} READER SERVICE PAGE

or industrial markets. Defense cuts slashed deepest out on
Long Island, where Republic Aviation had recovered from
its 1957 defense contract setback, only to be hit again in
1962 through to the present. Professor R. P. Loomba of the
Electrical Engineering Department of San Jose State Col-
lege, California, publicly chastised Republic for not giving
advance notice to its employees, although it knew a vear
previously that its F-105D jet fighter-bomber orders would
be curtailed. He estimated that “nationallv some 20,000
engineers and scientists” were laid off by defense-aerospace
contract cuts and cancellations—especially in California. Pro-
tessor Loomba did not specily types of technical personnel
nor source of his statistics, but electronics specialists were
hard hit.

Government business also declined for other Long Island
firms, ranging from American Bosch Arma’s Arma Division
to Sperry Guroscope. However, Long Island technical man-
power found an oasis in Grumman Aircraft Enginecering.
That company has, for a long time, thrived on Navy aircraft
contracts, plus NASA’s Orbiting Astronomical Observatory:
OAO 11, and the Lunar Excursion Module (LEM) to land
Apollo astronauts on the moon. Grumman hired numbers of
Anina and Sperry engineers and technicians, among others,
but now seeks specidlists in areas including electromagnetic
compatibility (formerly called “radio-frequency interfer-
ence”), reliability, and systems analvsis.

A study by Columbia University showed defense-related
manufacturing to be 30.1% of all manulacturing employment
on Long Island, but only 3.5% in New York City, 4.1% in
Westchester County, and about 2% in Rockland County. All
of these areas are suburbs ol Metropolitun New York whose
nain attraction is its great numbers of scientists, engineers,
and technicians. However, the main drawback is the reluc-
tance of such personnel to leave the area to work elsewhere
on the East Coast or in the U.S.

Upstate New York is also an electronics stronghold, par-
ticularly with General Electric’s electrical-electronics inter-
ests in Schenectady, Utica, and Syracuse. In Greater
Syracuse, {or example, General Electric is the leading em-
ployer with some 15,000 persons, 2000 of whom are gradu-
ate engineers in the electrical-electronics fields. Of electronics
interest is the Rome Air Development Center at Griffiss Air
FForce Base, Rome, New York, near Utica.

Operations in New York and New Jersey, as well as Cal-
ifornia, involved some 4500 scientists, engineers, and tech-
nical support personnel working for General Precision Equip-
ment Corp. By 1964 this figure had dropped to about 3500,
reflecting reduced defense busines. [n 1965 GPIT mav keep
about the same number of technical people on its payrolls.
Emplovinent of scientists and eugineers is being stabilized
by transferring them from production work into GPE’s in-
creasing aerospace R&D activities.

The Greater New York-Northern New Jersev area has
about 100,000 scientists and engineers, including about
25,000 electrical enginecrs. To encourage a technological
atmosphere that attracts science-bused business, New York
State recently created the Science and Teclinology FFounda-
tion. It promotes scientific research activities and encourages
leading scientific and technological edicators to join facili-
ties of state-supported schools, colleges, and universities.

Simmonds Precision Products of New York and Vermont,
one of the smaller electronics firms, considered itself “fortu-
nate to be so deeply involved in the space and defense
business.” From 1962 to 1964 its total engineering depart-
ment grew from 100 to 175 persons. While Simmonds pros-
pered in government defense-aerospace business, other firms
did well in government oceanography and anti-submarine-
warfare business. Edo Corp. of College Point, N.Y., lor ex-
ample, anticipates the highest sales in its 40-year history
and increased earnings for the fourth straight vear, mainly
from anti-submarine-wartare work. Alpine Geophysical As-
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sociates of Norwood, N.J. also did well, chiefly in the impor-
tant and growing field of oceanography.

Pennsylvania & New Jersey

Decreased government spending and contract cuts caused
RCA to lay off about 800 scientists and engineers in the
Camden-Moorestown, N.J. area (near Philadelphia) around
1962-1964 and rehire some of these men at its plants else-
where. However for 1964 RCA earned about $80 million
on about $1.8 billion in sales, highest in its 45-vear history.
“Profit rise stemmed from increased commercial sales, which
more than offset the continued industrv-wide decline in
government sales,” said RCA’s Chairman David Sarnoff.

In 1965 RCA expects its sales to rise along with an an-
ticipated 15% industry rise in computer sales and rentals,
and industry sales of more than 2 million color-TV sets. RCA
continues big in defense-aerospace, although its government
business declined to 25% of total sales and contributed less
than 10% of profits after taxes. Government backlog declined,
then leveled off. In nearby Philadelphia, Leeds and Northup
which specializes in instruments and automatic industrial
controls, reported record highs for new orders, shipments,
and earnings from capital expansion by mid-1964.

The Philadelphia-Northern New Jersey area is another
technical manpower center, with schools and universities
including Moore School of the University of Pennsylvania
in Philadelphia, Princeton University, and the nearby scien-
tific-industry research complex. There are more than 30,000
scientists and engineers in the Philadelphia area, many of
them electrical engineers, putting the area on a par with
Boston and San Francisco in technological importance.
Philadelphia’s military operations inchide the Navy’s Air De-
velopment Center, Army Signal Corps procurement oper-
ations, and the IFederal Aviation Agency’s National Aviation

HIRING OF ENGINEERS & TECHNICIANS

Hiring of all types of experienced engineers dropped 11%
in 1963, and recruiting totals for 1964 decreased another
11%. In effect, older technical professionals, such as those
trained mainly in vacuum-tube and related electronics tech-
nology, were among those in lesser demand. Some of these
engineers, whose skills became narrowly overspecialized,
were being phased-out with certain electronics products
and systems.

New graduate hiring dropped only 6%, while 1964 re-
cruiting goals for graduate engineers remained virtually
unchanged. Electrical-electronics graduates were apparently
more desirable because they had been more broadly edu-
cated in the solid-state technologies, among other disci-
plines.

Largest reductions in demand for engineers were reported
by government and industry groups involved in defense-aero-
space activities. These included eiectrical-electronics, in-
struments, and aerospace companies.

Job opportunities for 1964 engineering graduates were
quite bright, despite employment difficulties for experi-
enced engineers including electrical-electronics specialists.

By mid-June, 88% of new graduates had definite com-
mitments to employment, graduate studies, military service,
or other plans. Another 10% was considering employment
and 2% had neither offers nor plans.

Combined, 21.7% will pursue graduate studies: 5% of
these planned to take post-graduate training while employed.

In January 1965, EMC (Engineering Manpower Commis-
sion) reported that the “typical engineer’s salary rose from
$10,375 to $11,325" during 1963 and 1964. The survey cov-
ered more than 231,000 degree-holding engineers in all types
of business and government.

In 1962 a Federal Government engineer's median salary
was $10,700 for 15 years of experience, compared with
$12,300 in industry. By 1964, the Government and industry
both paid $13,000. Supervisory and managerial engineers
generally received higher pay rates than on-line engineers.
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america’s most popular
tube tester

. « . because it
finds the
“tough dogs’’
others miss!

THE NEW SENCORE TC130
MIGHTY MITE 111 TUBE TESTER

New in looks and compactness, updated with many exclu-
sive features. The MIGHTY MITE tester, long America’s
most popular tube checker because it has the versatility
and reliability professional servicemen demand! The
MIGHTY MITE Il checks them all — more than 2,500 tubes
plus picture tubes, including the new frame grid tubes
(has four extra sockets for latest tubes). It's fast and
thorough, checks for control grid leakage, then, with the
flick of a switch, tests for interelement shorts and cathode
emission at full operating levels. Uses costly moving coil
meter for high sensitivity {100 megohms) to find those
“tough dog” tubes other low-sensitivity

testers miss. In versatility, reliability, porta-

bility and operating simplicity, the TC130 is $7450

your best buy in tube checkers at

COMPARE THESE MIGHTY MITE 11l FEATURES:

Lower voltage for Nuvistors and all frame grid tubes ® Unique
circvit tests. for inter-element shorts, each and every element ® Checks
cathode emission at full operating levels ® Checks control grid leakage
at 100 megohms sensitivity, like “‘eye tube’ testers.

Speed-indexed set-up cards greatly reduce look-up time @ Simplitied
panel layout speeds checks, prevents errors @ Burn-out proof, stick-
proof meter @ Sturdy, allsteel case, rubber fzet ® Styled for
modern, professional look

professional quality — that's the difference!

SENCORE

426 SOUTH WESTGATE DRIVE e ADDISON, ILLINOIS
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MODULAR SOLID STATE

3 -
ss e [ENELLEE ]850
» Features: %" tape,
$ 6 F"" 10%" reels, two in-
8 Two Channel puts per channel, Electro Dynamic
Performance Braking.
1PS RESPONSE wo S
WRITE ... AR
’ 15 + 2db 30-30,000 cps | 0.06 57
for complete catalogue }
and specifications 744 | + 2db 30-20,000 cps | 0.09 56
33%{ | + 3db 30-10,000 cps | 0.18¢, | 50 db

CROWN INTERNATIONAL, Box 1000, Elkhart, Ind., U.S.A,
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STEREQ CENTER CHANNEL

QUTPUT MATCHING TRANSFORMER
FOR MONAURAL EXTENSION SPEAKERS

Designed for the Audiophile
who wishes to convert aStereo
system to Monaural or wishes
to modify or enlarge hisStereo
system. Permits ‘“‘hole-in-the-
middie” fill in with 3rd chan-
nel speaker. Matches imped-:
. ance, polarity and power level.

30 watts. Response 40 to

20,000 cps.
User net $6.35

‘HUM-BUCKING TELEPHONE PICK-UP COIL

. Hum free transcription, no con-
nection to phone. Perfect for
high impedance tape recorders
and dictating machines. Rugged
constructed of high impact

[PIESIE: User net $6.95

"TAPE HEAD DEMAGNETIZER Model HD-40M

Removes permanent magnetism, protects tape from
erasure, minimizes noise and distortion, reduces
hum of tape head. Extended pole piece
designed for easy access.

User net $6.1 5/—____,

@ M
"

DEMAGHETILER
I MICROTRAN
P

MAGNETIC TAPE ERASER Model HD-1&

A compact bulk tape demagne-

tizer. Erases recorded signals S
and noise instantly, when passed |
over tapes of sound film without
rewinding. Removes background
noise below level of new tapes
or film. Universal unit for any
size reel. Ya” to ¥2" range-8, 16,

32mm fiim range. User net $11.95

MICROTRAN / 145E. Mineola Ave.,

« company, inc./ ValleyStream, N.¥
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RADIOTELEPHONE
LICENSE
MANUAL
$5.75

(foreign $6.25)
Book 7030

— helps you prepare for all U.S.A.
commercial operator's license exams
Here are complete study-guide questions and answers in a

single volume. Helps you understand every subject needed
to obtain an operator’s license.

= 1

RADIO HANDBOOK — largest comprehensive reference
source on radio ever published. More '‘How-to-build’’ data
than any book in the field. Gives simplified theory . . .
latest design data. Book =166.....$9.50 (foreign, $10.50)

The leading book on Transistor Communications
Equipment.

TRANSISTOR RADIO HANDBOOK by: Donald L. Stoner,
WETNS, and Lester A. Earnshaw, ZL1AAX. Simplified
circuit theory, plus practical construction projects.
Book =044...

(foreign, $5.50)

SURPLUS RADIO CONVERSION MANUALS —- practical con-
versions of popular surplus equipment. Send stamped
envelope for full data.

ORDER FROM YOUR FAVORITE ELECTRONIC PARTS DISTRIBUTOR.

T2 If be cannos supply, send us bis name and
", 3 remittance, and we will supply.

FGc/ll EDITORS and ENGINEERS, Lid.

New Augusta, Indiana

Dealers: Electronic distributors, order from us. Bookstores,
libraries, newsdealers, order from Baker & Taylor Co.,
Killside, N.J. or Momence, |Il. Export (except Canada), order
from H. M. Snyder Co., 440 Park Ave. South, New York 10016,
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Facilities Experimental Center contract

[ branch at nearby Atlantic City, N.J.
Some miles to the north is the Army’s
vital Electronics Command with the Sig-
| nal R&D Laboratory and procurement
and production interests at Fort Mon-
mouth, N.J. New Jersey is also the home
| of the Bell Telephone Laboratories.

South Atlantic States

| Electronics companies, divisions, sub-
sidiaries, or representatives are located
[in Maryland, Virginia, and Delaware
close to Washington’s legislative and
technical research-administrative agen-
| cies.
| In Baltimore there are big plants of
| Westinghouse and the Martin Co..
among others. Martin, for example, pi-
oneered in airplanes, then missiles, then
broadened its corporate base by joining
with the Marietta Corp. which has in-
terests in the construction materials busi-
ness. Martin Marietta’s Aerospace East
Coast activities are in Baltimore and
Orlando, Florida. At the end of 1963,
its heavily electronics-oriented techni-
cal personnel numbered about §700. In
1964, government billings declined and
technical emplovment fell to about 7300
by year’s end. Government business has
stabilized and employment of technical
manpower may remain fairlv constant
| at Martin Aerospace during 1965. Also,
Baltimore’s science-based industry has
| been enhanced by activities of the Johns
| Hopkins Applied Physics Laboratory.
A growing “research triangle” is at-
tracting technical manpower and con-
tracts to the Universitv of North
Carolina, Duke University, and North
Carolina State College. Both North and
South Carolina are priming the pump
' of Southern industrial development with
their technical-training programs. Rich-
[land Technical Education Center, at
Columbia, S.C., like similar southern
schools, trains students without charge
in electronics technology, data process-
ing, and other technical disciplines, to
serve local electronics and other factories
and laboratories.
In 1964 and 1965 there has been an
|increase in research and development,
test and evaluation facilities in the fast-
| developing “Golden Crescent” around
the Gulf of Mexico, from Texas east to
| Florida. Along the East Coast, Florida
alone is represented as part of this com-
plex. Here, NASA’s John F. Kennedy
| Space Center at Cocoa Beach, Florida
can be added to other installations such
as the Air Force Missile Test Center at
Patrick Air Force Base, Cocoa Beuch,
Florida, and the Air Proving Ground
| Center at Eglin Air Force Base, Fla.
Some businessmen were attracted to
the South by favorable power costs,
Ilower taxes, mild weather requiring
| lower construction and heating costs, the
| political appeal of “labor surplus areas”

ELECTRONICS WORLD
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that helps attract defense-aerospace con-
tracts, and the clustering and mush-
rooming effect that caused countless
orange groves in Florida, for example,
to be transformed into electronics and
laboratory centers.

The latest lure of the South is its
build-up as the nation’s “Spaceport,” in
the Cape Kennedy-Cocoz Beach com-
plex.

The Future

In the future, defense-aerospace elec-
tronics will experience a shifting, de-
clining, and stabilizing government
market. By 1970, profitable defense
production may drop about 30%. Funds
for R&D, test and evaluation may drop
about 15%. NASA’s potential 10% aero-
space budget increase will fall short of
offsetting the difference. These esti-
mates, based on Government statistics,
are made by Arthur D. Little, Inc.

One government move to ease this
situation is the U.S. Arms Control and
Disarmament Agency’s contract with
New York State’s Labor Department
Emplovment Division, among others, to
study the “impact on the Long Island
labor force of defense contract phase-
outs.” More optimistically, NASA’s Elec-
tronics Research Center will be built in
the Boston, Mass. area for about $50 mil-
lion and may ultimately employ about
2000 scientists, engineers, and techni-
cians.

Electronics companies are exploring
new markets in: automated electron-
ically controlled highways, commercial
nuclear energy instruments and controls,
water desalinization instruments, ednca-
tion and re-training, urban renewal in-
cluding high-speed electronic railway
controls, improved health and medical
care using bio-medical apparatus, air
and water pollution control, crime con-
trol, computers for process control and
general business and scientific applica-
tions, including documentation and in-
formation retrieval.

Consumer electronics products would
benefit from anticipated cuts in Federal
excise taxes. And East Coast firms are
already dipping deeper into oceanog-
raphy instrumentation. Atlantic seacoast
activities involve Woods Hole Ocean-
ographic Institution in Massachusetts,
Columbia and New York Universities in
New York, Duke in North Carolina, and
the University of Miami in Florida.

Electronics technical personnel, di
rected by corporate management, must
meet the needs of expanding populations
and declining Federal budgets. Some
companies have achieved “instant
growth” by merger or acquisition of
other companies. Other firms strive to
convert defense-aerospace technology
into commercial products. A few firms
already have succeeded. The challenges
equal the opportunities. A

April, 1965

“On the same plane as Scott
factory-wired units... Excellent”

(AMERICAN RECORD GUIDE) *

Those who build them and those who review them agree .

.. Scott kits deliver

the finest possible performance and value. Scott kits fully meet the same stand-
ards of perfection as Scott factory-wired units.

The LT-110B FM stereo tuner features Sonic Stereo Monitor and factory-
wired “front end” and Time-Switching multiplex sections. 2.0 uv IHFM

sensitivity. $139.95.

FREE TWENTY-PAGE BOOKLET
Rush me Scott’s FREE 20-page Custom Stereo Guide:

160-04

Name__.
LK-72B 80-watt Stereo Ampli-

Address
fier Kit...a perfect match for

State Zip

the LT-1108 tuner, in looks, City
value, and performance.
9.95.

* . i
il SCOT T RE R

H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. Export: Scott International Maynard, Mass. Cable HIF|
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HERE IT IS FROM ENGLAND!

As Beulah Electronics, Ltd.
Promised In Our Previous Advertisements . . .

The Revolutionary

WESGROVE VIDEO
TAPE RECORDER

Using only V4" Recording Tape

TRANSISTORIZED $45000

KIT FORM
WIRED BY SPECIAL ORDER ONLY $650.00

“BEUKIT” TRANSISTORIZED
TV CAMERA KIT

$226.75

All Prices Above F.0.B. Bayonne, N.J.

Complete with Vidicon
(less lens)

For full
Information
write to

P. A. F..ENTERPRISES
! 32 EAST 22nd STREET,

BAYONNE, N.J. 07002

Distributors for Beulah
Electronics, England
Compiete line ot Video
Cameras and Lenses.

=)
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when it’s time to think of college

you should read this

FREE CAREER BOOKLET

MSOE
abouLt electronics at

MSOE

MS.23S

MILWAUKEE

SCHOOL OF ENGINEERING
Dept. EW-465, 1025 N. Milwaukee Street
Milwaukee, Wisconsin 53201

Tell me about an engineering career through
residence study in:

[]] Electrica!l fields [] Mechanical fields

AdAresS. e

City, State

T T T T T T T T Ty |
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. with New
TRANSISTOR
OSCILLATOR
CIRCUITS

send for New FREE

CRYSTAL
CATALOG

1

Citizen Band
Class "D” Crystals

006%
meet all FCC requirements. Hermetically |

TEXAS
HEEAY

$2 EACH

3rd overtone -—— tolerance — to '

sealed HCG6/U holders. '2”

pin spacing.

.050 pins. (Add 15c¢ per erystal for .093

rins).
All 23 megacycle frequencies in stock: 26.96 26.9175
26.985, 27.005, 27.015, 27.025, 27.035, 27.055, 27. 065,’
27.07S, 27.085, 27.105, 27.115, 27.125, 27.135. 27.155,
27.163, 27.175, 27.185, 27.205, 27.215. 27.225, 27.255,

Matched crystal sets for ALL CB units (Speclf\ equipment
make and model numbers) — ...$5.90 per set

RADIO CONTROL CRYSTALS
In HCé/U HOLDERS—SIX FREQUENCIES

in ilsted In me
.050 pin dismeter.

stock eliv
Cycles): mleunce . O l/:
(093 nln- - -u-blo -dd 15¢

27.048, 27,098, 27.145
300e; dr.aes 0N AT, '2"
(add 8¢ per cryetal for poatage and u-ndllng)

HERMETICALLY SEALED PRECISION GROUND
CUSTOM MADE NON-OVEN CRYSTALS |

nln -n-clnfz B

ACH

1000KC to 1600KC (Fund. Freqy.) ...

Prices on Reqnesl
1601KC to 2000KC (Fund. Freq.) 5.00 ea.
2001KC 1o 2500KC (Fund. Freq.) ea.
2501KC to 5000KC (Fund. Freq.)} . ca.
5001KC to 7000KC (Fund. Freq.) ea.
7001KC to 10,000KC (Fund. Freq.) & ca.
10.001KC 1o 15.000KC (Fund. Freq.) ea.
1o0MC to 20MC (Fund. Freq.) ... 5.00 ea.

ORDER FROM CLOSER PLANT .

TEXAS CRYSTALS

DEPT. R-45

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
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A JOB or a POSITION ?

The difference is ELECTRONIC MATHEMATICS

NOW! A NEW WAY TO LEARN—I1, H. S. L.
WAY. A compleie home study course in elec-
tronic math to help you get the position vou
wantl—MORE MONEY—MORE RESPECT.
COURSE PREPARED BY
COLLEGE PROFESSORS
whio have lectured to thousands of men on math
and engincering. You learn at home quickly,
casily—AS FAST as you wani.
YOU SIGN NO CONTRACTS
Pay only if satisfied—vou owe it to yourself to
examine the INDIANA HOME STUDY INSTI-
TUTE COQURSE IN ELECTRONIC MATH.
FREE BONUS—if you join now, a refresher
course in basic arithmetic.
Write for Brochure—No Obligation
INDIANA HOME STUDY IN1$81€')ITUTE

EW-4, P.O. Box
Panama City, Fia. 32402

Tuner covers 26-54 and 88-174 MC ._,-g;_w
in eight overlapning bands with §o F5
good sensitivity. Ideal for vse with | o

amplifier or Hi-Fi to listen to Air-
craft, CB, Fire, Police and other
signals in the VHF bands,

W
355A AM/FM TUNER 49%

Order taday or sena for free catalog on full line
of converters ana receivers for every application.

KUHN ELECTRONICS

CINCINNATI 17, OHIO
Electronics

EA RN Engineering D EG R EE

You can earn an A.S.E.E. degree at home. College
leve! HHOME STUDY courses taught so vou can under-
stand themn. Continue your educalion. earn more in
the highly piid electronics industry. Missiles. com-
transisiors. automation. c¢omplete electronics
27.000 graduates now emploved. Resident
«chool avallable at our Chicago campus—IFounded
1934, Send for free catalog.

American Institute of Engineering & Technaology
1141 West Fullerton Parkway, Chicago 14, 1.

puters.
Over

86

pecify frequency. |

EW Lab Tested

(Continued from page 22)

db on low-level inputs, at 1000 cps.

| Crosstalk from high-level (tuner) inputs

to low-level inputs was unmeasurable.
The amplifier performed well, de-

livering clean, effortless power with

sufficient reserve for the least efficient

| speaker svstems. Switching inputs with

the volume set fairly high produced
thumps from switching transients, so the
gain should be kept low when such
switching is done. The amplifier tested
was an early production model and we
have learned that later production mod-
els do not have this problem. In all other
respects, the operation of the amplifier
was faultless.

The price of the Sherwood S-9000 is
$299.50. A

Weathers “Townsend” Turntable/Arm

For copy of manufacturer’s brochur

e, circle No. 57 on coupon (page 17).

ANY new record plavers are being

offered in integrated packages, con-
taiing an arm and turntable mounted
on a base. At most, they require the ad-
dition of a cartridge and are then ready
to use. The Weathers “Townsend” is a
low-cost integrated record player with
excellent performance, at a price com-
petitive with many low-priced record
changers.

The plaver follows the design of earlier
Weatlers turntables, using a very light
aluminum platter driven by a small 600-
rpm synchronous motor. The motor re-

sembles an electric clock motor in size

WEATHERS

1T FREQUENCY RESPONSE
T B S -

and power, but is adequate to drive the
low-mass turntable with the fairly low
tracking forces required by modern
stereo cartridges.

The drive is through a soft rubber
wheel on the motor shaft which contacts
the inside of the turntable rim. It oper-
ates onlv at 33% rpm. The “on-oft” switch
mechanically disengages the rubber
wheel from the turntable to prevent the
formation of “flats.”

The turntable and arm are on a rigid
plate, suspended from the motorboard
on three compliant springs. The resonant
frequency of the svstem is about 5 cps,

T
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making it relatively immune to the ef-
fects of jarring and vibration. This
makes this plaver especially suited to use
in installations where acoustic feedback
is a problem. The arm is the familiar
wooden design used bv the manufac-
turer for some time and is made of wal-
nut. It will mount any standard cartridge
and has an adjustable counterweight for
setting tracking force. The arm handles
well and has a well-placed finger lift. The
entire player comes on an attractive ral-
nut base. It is available with or without
a factory installed Weathers LDM ce-
ramic cartridge.

The lateral rumble (unweighted) of
the plaver was —25.5 db, and its vertical
rumble was — 18.5 db. These were meas-
ured in accordance with the NAB stand-
ard which does not allow for the fact that
the busic rumble frequency is too low to
be audible. The 600-rpm motor has a
basic frequency of 10 cps so that, in
practice, the rumble is quite inaudible.

Wow and flutter were each 0.05%,
whicl is very low. The svnchronous mo-
tor drives the turntable at exact speed,
which is unaffected by stylus drag or by
line voltage variations from 70 to 135
volts. Even with the turntable placed di-
rectly in front of the speaker, no acoustic
feedback could be induced.

The arm design results in low tracking
error, less than 0.4 degree per inch of
record radius, Any cartridge can be ad-

justed in the arm for correct overhang,
with consequent minimum tracking er-
ror. t

The unit tested was equipped with an
LDM ceramic cartridge. This has a very
flat, smooth response, within =3 db
from 30 to 20,000 cps. On the test sam- |
ple, one channel fell off slightlyv above
12,000 cps, but not to an audible extent.
The stereo separation was about 30 db
below 5000 cps, and never less than 17
db up to 18,000 cps. This cartridge, in
spite of its low cost, is a very clean,
smooth unit which can stand comparison
with many cartridges costing several |
times as much. |

The output of the cartridge is about 7 |
millivolts. Being ceramic, it is not subject |
to magnetic hum induction, but system |
grounding is very important if hum from
ground loops is to be avoided. A separate
ground wire with a clip is part of the sys-
tem and, when properly used, hum is in- |
audible. The cartridge tracked well at
3 grams, which is the factory setting.

The turntable has a foam plastic rec-
ord pad, which tends to lift off the turn-
table when a record is removed. It should
be a simple matter to cement it down and
eliminate this minor annoyvance.

The Weathers “Townsend” sells for
$59.95 without a cartridge, and $69.95
with the factory-installed LDM. It is an
excellent value and is compatible with |
any good high-fidelity system. A |

A

Distribution
Amplifiers @

- _”pproved
~

«£

Model A-215

to run 2 sets, 200 or MORE!

o Designed for color and FM stereo—have

flat frequency response, no phase dis-

tortion, full gain to top of FM band.
o Lowest Noise—use All high transconduc-
tance. low noise triodes—no pentodes.
Easiest to Service—All jacks, controls,
switches, and connections accessible
from top of chassis.
Extended Band Pass—Allows cascading
without clipping the end channels.
Fully Ventilated Top and Sides—dis-
sipate heat for longer life.
For complete information contact your
distributor or write Winegard today.

LIST PRICES:
Model A-845 (8 tube, 45 db gain,
drives up to 100 sets) $159.95
Model A-430 (4 tube, 30 db gain,
drives up to 52 sets) $84.95
Model A-215 (2 tube, 15 db gain,
drives up to 10 sets) $44.95

Winegard Comparny

3003-E Kirkwood * Burlington, lowa )
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great profits
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that’s about the size of it

April,

1965

Microminiaturization has come to cartridge design
in the new Sonotone Micro-Ceramic® Cartridge -—a
king-sized profit-maker in a tiny case. This remark-
able new careridge updates to 1965 performance al-
most any phonograph using a ceramic cartridge
produced within the past 20 years.

The Sonotone Micro-Ceramic Cartridge em-
bpdies all the advantages of miniaturization and
light weight. Designed for low mass, lightweight
tonearms — it weighs less than 1 gram (without
bracket). Superb sterco performance is assured by
— high compliance; ability to track at the low forces
required by today’s modern record changers; excel-

SONOTO NCEN

iliqlo products

lent separation and a smooth, clean response over
the full audio range. To top it off, all Micro-Ceramic
cartridges are equipped with the vircually indestruct-
ible Sono-Flex® stylus. For ease of installation, three
different standard mounts are available.

Four Micro-Ceramic cartridges cover all of your
replacement needs; the "27T,” a high capacitance
model for transistorized phonographs; the high com-
pliance “257T" for deluxe stereo units; the “26T” and
“28T" for replacement in a wide range of popularly
priced phonographs.

For comprehensive Cartridge Replacement
Guide, write:

- Sonotone Corp., Electronic Applications Div.,Etmsford, N, Y,
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As a convenience to our readers, we have included two separate reply coupons
in this issue which should simplify the process of requesting information on
products and services appearing in this issue.

Unfortunately, many companies will not furnish additional information to a
home address. Therefore, to assure a reply, make certain that the proper coupon
is used.

To get more information, promptly, about products and services mentioned in
this issue, simply circle the number corresponding to the ad or editorial mention
and send the proper coupon to us. Your request will be sent to the manufacturer
immediately.

FOR PROFESSIONAL USE: In requesting information on products and services
listed in the coupon below 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 the coupon on page 17, you may use your home address.

You can use both coupons, since each contains specific items, if each coupon
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NEW PRODUCTS
& LITERATURE

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pons appearing on pages 17 and 88.

COMPONENTS e TOOLS e TEST EQUIPMENT e HI-FI @ AUDIO ® CB ® HAM e COMMUNICATIONS

COLOR-TV RESISTOR KIT
‘] Workman Electronic Products, Inc. is now

offering a kit of two resistors, a thermistor
and a varistor, designed for use in the degaussing
circuits of color-TV sets.
These resistors are used in RCA, Zenith, War-
wick, Magnavox, General Electric, Wells Gardner,
and many othev color-TV sets.

RECTIFIER & TRANSISTOR HEAT SINKS
Dacdalus Company is now offering the “700”

series of heat sinks for press-fit rectifiers
which fcature: dimensions suitable for typical
circuit-hoard spacing, medinm- to high-power
levels, tandem units for common-case circuit ap-

) 4'1\\

plications such as rectifier bridge assemblies, plus
casy removal and replaccinent of the rectifier
without damaging the heat sink.

The company is also marketing the 600" series
of heat sinks for power transistovs. These are be-
ing offered in a variety of hole patterns and fin-
ishes.

Both types of heat sinks are covered in appli-
cation notes available from the manufacturer.

W

LABORATORY POWER SOURCE
3 Mid-Eastern Elcctronics, Inc. is now offering

the Model 632 universal laboratory power
source which combines adjusiable high-power
outputs, precision d.c. and a.¢c. metering, with
military quality and low price.

Input is 110-130 volis a.c., 50-100 cps, single-
phase. Ontputs are 0-14 volts at 0-10 amps a.c. or
d.c.; 0-34 volts at 0-5 amps a.c. or d.c., selectable
by front-panel switch: and 0-120 volts a.c. at 0-3.5
amps ar a rear polarized receptacle. All outputs
arc isolated from ground and the case for safety.
Ripple is less than 1% r.ms.

There is metering, a.c. and d.c., for both volt-
age and current. The entire unit is completely
protected against overloads and shorts.

UNIVERSAL TRANSDUCER SET
Don Bosco Llectronics, Inc. has introduced
the Model PHD-100-A. a compact, multiple-
use signal-detection system with specially de-
signed transducer-accessories and high-gain
(1000 ) sclf-contained pen-size signal (racer.

The unit can be used in the fields of clectronics,
mechanics, electro-mechanics. acoustics, vibration,
magnetic recording, and r.[. communications. The
unit can also be nsed as an oscilloscope or volt-
meter preamp, thereby increasing the range of
these instruments.

The transducer sct is supplied with the com-
pany's “Stethotracer” and its three interchange-
able attenuator tips, one rv.f. dectector crystal
diode, ground clip lead, and battery. Included
among the transducer-accessories are: inductive
detector, miniature magnetic microphone, vibra
tion pickup. tape head, photovoltaic detector,
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output adapter, input adapter, and BNC connec-
tor adapter.

The set is housed in a fitted casc measuring
10%4”x 714”x 1147,

COLOR-CODED TERMINALS
5 Zicrick Manufacturing Corporation is now

offering a new line of insulated soldevless
terminals which features color-coding for casy
wiresize identification. Insulation slecve i.d.’s
match the wire sizes established for the basic non-
insulated parts, and the insulation is color-coded
for quick identification of the desired size during
assembly.

Made of pure clecirolvtic copper with heavy
cadmium plating, the solderless terminals have a
chromate finish to resist corrosion and prevent
shelf dcterioration. They have full quarter-inch
barrels, beveled ends for easy wire threading, and
improved gripping “V’' ridges for wire proteciion.

SOLDERING-IRON CADDY
Dania Electronics is now offering the “Simp-
son” soldering-iron caddy which eliminates
dangling secrvice cords. broken soldering irons,
and burned articles on the bench. The unit pro-
vides a safe a.c. outlet and soldering-iron holder
for the work bench or production line.

With the caddy, service cords can he shortened
so that they do not drape across the bench. A
holder is provided for both gun and pencil-type
irons. One of the upright outlets is equipped with
a switch and pilot light at the base. The flexible
arms provide ample range and the spring-held
iron holders ave pressure adjustable to any height
or position. The base outlets are polarized and a
3-wirc grounded outlet is also provided.

SOLID-STATE DIGITAL V.O.M,
The Roback Corporation has announced a
new allsolid-state 3-digit digital volt-ohm-
meter which is being marketed as the Model 33
“Reporter.’ The unit provides voliage accu-
ricies of =0.1% and resistance accuracics to

+0.5% of fullscale, +1 count. In addition it
uses plug-in cards exclusively and is portable (20

(-—--f—“‘"-
pounds). A non-segmented, in-line, high-intensity
digital readout is provided. including display of
decimal point to indicate range.

Three voltage ranges and four resistance ranges
are accommodated: 10, 100. and 1000 volts and
1000, 10,000, 100.000 ohms, and ! megohm. Over-
range readings up to 10% beyond full scale are
provided.

A more sensitive version with a l-volt range
(Modcl 34 shown) is also available.

HIGH-VELOCITY FAN
McLean Enginecring Laboratories is now of-
8 fering a two-way, push or pull type “"Venturi”
fan which can be quickly and casily mounted
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anywhere on an electronic rack. There are no
paris to be assembled, the unit is merely holted
to the rack opening.

The fan is of black anodized aluminum. The
motor mount and propeller guards arc of heavy
gauge wire, lustre-zine plated. Over-alt depth is
378”. The motor is a 4-pole shock-mounted. 117-
volt, 50-60 cps, singlc-phase, shaded-pole type.
The motor is corrosion resistant and fungus pro-
tected.

IN-CIRCUIT CAPACITOR TESTER
B & K Manufacturing Co. has decveloped a

new capacitor tester that checks capacitors
in-circuit.
The Model 801 Capacitor Analyst makes meas-

urements of capacitors, including elcctrolytics,
i

on a practical basis, picking up all defects that
will affect the performance of TV, radio. hi-fi,
and other electronic cquipment.

Elcctrolytics up to 2000 uf. can he tested by
means of a new circuit using a balanced bridge.
It determines how well the electrolytic stores and

returns clectvical energy. It detects marginal
electrolytics that should be replaced. and predicts
the life expectancy of anv electrolytic rated 3
volts or more.

A unique in-circuit leakage test climinates the
nced for disconnecting the capacitor from the
circuit to measure actual lecakage resistance. Ca-
pacitor values can be tested accurately within
the range of 25 pf. to 100 gf.

PC ASSEMBLY STAND
Vero Electronics has developed a new assem-
] bly stand which is designed to hold the firm's
“Veroboard™ or any other printed-circuit boards
when assembling or soldering components.

Featuring maximum flexibility in that it can be
readily adjusted for anv height or working angle
convcenient to the operator, the stand can be com-
pletely turned over for working on the underside
without removing the board from the holding
arms.

The spring-loaded, insulated Bakelite arms al-
low circuit testing on the stand and will accom-
modate any hoards up to 122” long and from
142" to W8” thick.

ELECTRONIC TRAINING FILMS
Bray Studios Inc. has announced the availa-
]] bility of three new training films which are
being offered on cither a pirchase or rental basis.

The first film is “The Printed Circuit Story,”
a color motion picture for engineers, technicians,
clectronic assembly and service personncl. This
25-minute, 16-mm. sound filin was produced in
cooperation with the Institute of Printed Circuits.
Rental is $20.00 a dav.

“Semiconductors” Part 1, presents the basic
physics and theory of hole and clectron flow as
related to the “p-n”" junction, as well as basic
transistor characteristics and how and why ithe
transistor is an amplifying device. Part 2 revicws
clectron and hole flow leading to a comparison of
transistor and vacuum-tube amplification circnits
and presents an analysis of the operation of the
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CLEANS & FREES STICKY
CONTACTS & RELAYS

TUNER |
CLEANER

and LUBRICANT
SPRAY

No. 1333

DOES NOT MARM
ANY KNOWMN PLASTICS

CAUTION: !
CONTENTS PRESSURIZED

¥ IF YOU OTHER “EVERY DAY” KRYLON PRODUCTS:
PR,'(ZRFY"_L-&: ELECTRIC MOTOR CLEANER + CRYSTAL CLEAR COATING
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Free
booklet tells
you how—see
coupon below !

Conservative extra income
from citizens band and
business radio
maintenance!

Diversify
into booming
two-way radio
maintenance!

205-A FM MODULATION METER

105-B
MICROMETER FREQUENCY METER

Tunable 25 to 500 MC any
channe!. Direct reading.

Light weight. Measures
peak swing 0-1.285,
2.5, 12.5, and 25D
peak KC. [

Measures nearby trans
mitfers, continuous
coverage 100 KC
to 175 MC, and
up- Internal
calibrator.
Only 8
pounds.

LAMPKIN

dependable low cost equipment
used by thousands of engineers.

ol

. — o -

LAMPKIN LABORATORIES, INC.

MFM Division, Bradenton, Florida

At no obligation to me, please send me ffee
booklet ‘‘How to Make Money in Mobile-Radia
Maintenance.’’

PPM METER—inexpensive acces-
sory for the 105-8 for 0.0001%

accuracy on split-channels.

LAMPKIN LABORATORIES, INC. JLE
MFM Division Address
BRADENTON, FLORIDA City State
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common-cmitter and common-base circuits. Each
of these filins rents for $10.00 a day.

Full details on availability of these films, in-
cluding purchase prices, are available from the
producer.

SWEEPING OSCILLATOR
]2 Kay Electric Company has developed a new
serics of sweeping oscillators which provide
full two-to-one fundamental frequency sweep to
display broadband circuits in a single sweep.

Designated the 1400 Scries, the new units sweep
a full octave anywhere in the 100 to 1000 mc.
range; electronically a.g.c.’d flat, and frequency
lincar. The instruments may also be used as con-
tinuously variable (both width and center fre-
quency) narrow-band sweeping oscillators.

A 200-400 mc. model could be utilized to sweep
225-440 wmec. receivers. Sweep can be narowed
down for i.f. response. Available on special order
are i.f. bands at 20 mc., 60 mc., etc. All units con-
tain crystal-controlled frequency markers, preci-
sion attenuators, and remote tuning.

HARNESS TIE/CLAMP
‘I The Thomas & Betts Co. has introduced a

new easy-to-install combination harness tie
and clamp, Model TVY-38 and TY:38M. The new
unit features a specially designed push-in type

mounting device. This pecrmits the “Ty-Rap”
strap to be installed around the harness or wire
bundle in the conventional manner and installed

as a clamp simply by inserting the projecting
prongs in a hole and pushing the prongs in. Once
installed, the unit holds the harness firmly and
securely.

PRECISION VOLTAGE REFERENCE
‘I General Resistance, Inc. is now offering a new

and improved “Dial-A-Volt” which features
in-line digital readout and dialable voltage selec-
tion.

The new unit permits positive selection of volt-
ages from 10 nanovolts to 10 volts. Stability of
+10 PPM/8 hours or #+25 PPM/year provide an
ideal reference source for long- and short-term
stability tests of power supplics, temperature-
measuring systems, and other d.c. instrumenta-
tion.

The possibility of error in reading sclected
voltages is eliminated by unsing nnmeric dial
switches. The instrument is being offered in sev-
eral models with 4, 5, or 6 decades and accuracies
of .005% or .01%.

INTEGRATED CONVERTER/ANTENNA
Channel Master Corp. has rccently intro-
] duced a new unit that integrates a u.h.f.
converter and an 82-chanunel antenna invo a single
package.

The ‘“Convertenna’” Model 4003 combines the
company’s VU-82 all-channel indoor anterma with
a built-in transistorized w.h.{. converter. It pro-
vides reception of v.h.f.. v.h.f., black-and-white,
color, FM mono, and FM sterco. The antenna
section is actually two scparate antcnnas com-
bined into one, cach operating independently. A
dipole with 96” long non-tarnish clements pro-
vides good v.h.f. and FM-sterco performance. A
stacked u.h.f. antenna using a Super Turnstile
butterfly provides the u.h.f. performance.

SMALL PRECISION PLIERS .
‘I S-K Wayne Tools has added five small preci-

sion pliers, measuring just 4%% inches, to its
line. The new pliers arc designed expressly for
accurate and exacting working in all phases of
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electronics. All five pliers have polished heads
and cushion-grip handles.

The line includes diagonal cutting pliers, end-
cutting nippers, chain-nose pliers without cut-
ters. flai-nose plicrs without cutters, and round-
nose, round-jaw plicrs without cutters.

12-VOLT BATTERY CHARGER
] Dynamic lnstrument Corp. is now marketing
the “Charge 'n Start” which is designed to
Leep 12-volt automobile batteries fully charged.
The unit operates from ordinary household cur-
rent and vequires no installation, clamps, or
clips. The charger is simplv plugged into an or-
dinary power line and the charging cord is
plugged into the cigarctie lighter receptacle of
the car.
t'he sate constant-voltage charging wmethod
starts charging the battery atl over Y2 ampere and
antomatically tapers down as the hattery charges
to a safe continuous level that keeps the battevy
at Eull charge. The unit cannot overcharge the
battery.

DISPOSABLE LEAD HOLDER
Eugene Dicizgen Company is now oflering a
] new low-cost disposable leid holder contain-
ing morc than 5 inches of high-quality diamond
extruded drafting lead.
the “"Keen-Point™” disposable lead holders ate
available in drafting grades HB, F. H, 2H, 3H,
4H. 5H, and 611 as well as in ved. blue, green,
and yellow coloved leads. Lead hreakage is held
to a minimum due to the built-in shock absorber
ciicct of the unique patented tip.

AUTOMATIC TRANSISTOR TEST SYSTEM
‘I General Applicd Science Laboratories, Inc. is
now oflering a new automatic switching time-
test svstem for testing and sorting over 3000 1ran-
sistors per hour to nanosecond switching paran-
crers.
Known as (he Model AST-27, the test system is
completely automatic and provides three simul

taneous tests such as “turn-on” (rise time, turn-on
delay, and turn-on time) or “turn-off”’ (fall time,
storage time. and turn-ofl time) parameters for
each test. The transistors are automatically sorted
into bhins according 1o their switching speeds and
counters record the number of units in each bin.

I'he system has two major units—a mechanical
handling unit and an instrument rack/cabinet.

VISUAL CONTROL BOARD

Timewise Products, Inc. is now markering a
2 new “‘Change-A-Board,” a  visual control
board which helps reduce paper work and shows
facts at a glance. It is suitable for scheduling,
shipping, purchasing. sales, invemory, cic. The
user writes on the board with special 1ed and
black pencils and makes clean erasures with a dry
cloth or tissue.

T'he board is magnetic and urgent items can he
spotlighicd by bright colored magnets. The board
has 16 horizontal tines permanently etched 17
apart. Vertical columns are made with thin black
self-adhesive ruling rape supplied. The bhoard
measwes  257x 19”7 with  extruded  aluminum
frame. It weighs 1 pounds and is easily portable.

COMPACT TUBE TESTER
Mercury Electronic Corp. has added the
2] Model 1101 tube rester to its line of seivice
instruments. The unit will check the quality of
the very latest tube tvpes inctuding decals, mag-
navols, and 7-pin nuvistors. In addition, it tests
all the older and presently used tubes including
baitery-types, auto radio hybrids, and most in
dustrial types. It will check for emission, shorts,
leakage. and gas conteni.
The tester is housed in a scult-proof airplane-
luggage design case which measures only 8%4"x
1138”x31V4” and weighs only 4 pounds.

“‘OVERLAY" POWER TRANSISTOR
RCA Indusirial Tube and Semiconducior
22 Division has announced o new foverlay”
transistor {eatuwring a two-fold power improve-

ment over previous units. The 2N3632 provides a
power output ol 13.5 watts (minimum) at 175 mc.
and 10 watts (tvpical) ar 260 mc.

The new unit will find extensive use in indus-
trial, military, and acrospace 28-volt amplifier ap-
plications, such as poriable, mobite, aircrafi, and
marine radio transniteers.

I'he 2N3632 is a silicon “n-p-n” epitaxial
plaitar transistor using a new emitter electiode
pattern called an overlay. The overlay structure
permits the transistor to operate at mich higher
cllicieney and higher gain than power transisiors
using the circle, ring, comb, or other types of
geometric designs.

The JEDEC TO-60 double-ended T4g” stud
package is employed for the 2N3632.

Springdale Llecironics has developed a com-
2 pact TV camera for all types of video moni-
toring with output ted direct to a standard home-
type TV receiver.

Called “Video-cye,” the camera weighs less
than 6 pounds and uses less current than a 20-
watt bulb. Featuring relescopic or close-up view-
ing, indoors or out. the camera is supersensitive
to Tight and shadow (2 ASA). has 400-line reso-
lution, and 16-mm. lenses (Std. “C™).

I'he camera is just plugged in and the home
TV set is runed 1o channels 8 or 6 for continuous
monitoring of the selected area.

RECTANGULAR COLOR TUBE
2 Sylvania Eleciric Products Inc. is now sam-

pling TV set manulacturers with its 19-inch
90-degree rectangular color tube which nses enro-
pium “rare earth™ phosphor for increased bright-
ness.

The special phosphors. coupled with a unique
screening process, provide substantially brighter
pictures than are obtainable with standard phos-
phors, according to the company. The new tubes
will be available in honded shick! and unhonded
versions.
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The tube has minimum useful screen dimen-
sions of 15.585 x 12.185 inches, minimum uscful
screen avea of 180 square inches, over-all length
of 17.865 =-.375 inch. neck length 6.693 inches
+.188 inch, and a weight of 20 pounds unbouded
and 24 pounds bonded.

VINYL FOAM TAPES
2 Behr-Manning Division has added four ver-

satilc pressure-sensitive tapes made with
closed-cell vinyl foam to its line. Uses include
scaling, calking, bonding. assembly, and absorp-
tion of vibration and shock.

The line includes two multi-purpose tapes with
adhesive on one side and foam thickness of 1%
inch; a tape with ¥-inch foam of putty-like con-
sistency designed specifically for calking; and a
double-faced tape (both sides adhesive) with foam
Vig-inch thick.

All four tapes arc bulk-packed in rolls from V4
inch through 27 inches in width. The double-
faced tape is rolled in 100-foot lengths while the
others come in rolls of 50 feet.

MULTI-RANGE TACHOMETER

Airpax Electronics Incorporated is now offer-
26 ing a compact, portable. direct-reading ta-
chometer of high sensitivity designed for use with
turbine-type flowmeters as the “Tach-Pak” Model
TPS-275%. A 0-50 mv. recorder output, with better

than V4% accuracy, is a built-in feature.
T hree rpm ranges appear on the mirrored scalc.
Modification of the instrument for expanded-scale

monitoring is available to permit its use for cali-
brating the orifices of oil-burners used in power
gencerating plants. Expansions up to 20:1 are pos-
sible.

The instrument operates from 117 volts a.c., 50
to 400 cps with provisions included for 12-volt
d.c. operation.

HIGH-SPEED HOLE SAWS
27 Proto Tool Company has announced two new

series of high-specd hole saws, the “Proto-
Mol and “‘Proto-Quik.” The former is made of
high-speed molybdenum steel and features a
quick-change mandrel. It also has a follow-
through feature for cutting successive picces of
stacked material and casy core removal. The cut-
ting edge is welded to a shatterproof buack for ex-
tended service life. Diameter sizes range from 34”
to 212” holes and the depth measurcment is 1147,
The “Proto-Quik’ is made of special alloy steel.
Although it has a standard mandvrel, it has a fol-
low-thvough design leature for deeper hole cut-
ting and removal of cores as cutting progresses. It
has a diameter size range {rom 34" to 214" and a
depth mecasurement of 78”.

CCTV CAMERA WITH SOUND
2 GBC America Corporation is now oflering a

low-cost CCTV camera with both sight and
sound which is designed to operate through the
ordinary home TV set as well as a professional
video monitor.

The Model AE-50 is a one-picce, 9-pound tran-
sistovized unit incorporating its own power sup-
ply as well as a sensitive and cfficient sound cir-
cuit. A conventional Vi-inch coaxial cable run-
ning from the camera to the antenna leads of
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the TV set or video monitor completes the hook-
up. The unit has a built-in autowatic light com-
peusator to take full advantage of changing light
conditions. It comes equipped with a 25-mm.
f/1.4 lens. Additional lenses ave available for
wide-angle viewing, telephoto, or extreme close-
ups.

CATV DISTRIBUTION LINE AMPS
29 Kaiser Acrospace and Electronics is now in
production on the first of a line of CATV
low-band and all-band (runk line and distribu-
tion line amplifiers.

The new amplifiers, Models KAA-25 and
KMA-25, feature high gain, high output, all sili-
con-transistorized civcnitry and are designed es-
pecially for service in CATV systems with up to
12-channel TV and full-band capabilitv. They
are designed as direct replaccments for vacunm-
tube all-band amplifiers without extensive sys-
tem changes.

A convenient a.c. power cable and the weather-
proof messenger-mounted housing provided per-
mits flexible application in a varicty of trunk and
distribution-line situations.

SHIELDED CABLE TUBING
3 The Zippertubing Company is now offcring
its new Type SHN3 tubing which is designed
for RFI shielding. protection, and grounding of
multi-conductor wiring or cables—all in a single
operation.

Made for heavy-duty use where wiring or cables
are subjected to abuse or where exireme or con-
tinuous flexing is required and greater shiclding
propertics are nccessary, the SHNS has a zipper
closure that permits repairs, modifications, or
cable additions. The cable jacket zipper can also
be permanently scaled if desired.

COLOR-TV TUBE KIT
3 RCA Electronic Components and Devices has

announced a new package designed to assist
distributors in merchandising popular types of
color-TV receiving tubes to sevvice dealers.

The package offers an assortment of the 17
most popular colov types, one cach of 17 tubes
uscd primarily in color scts. Tube types inclnded
are: 1V2, 3A3/3B2, 3AT2. 6\ W8\, 6BK4A. 6DQ5,
6GF7, 6DW1, 6EA8. GEWG6. 6GHBA. 6GMG6,
6GU7, 6GY6, 6HF5, 6JE6, and 12BY7A. The kit
of tubes comnes packed in a fiberglass thermo-
insulated utility bag which is rcusable.

SPECIAL-PURPOSE CABLE ASSEMBLY
3 Fairhill Products Corporation is now in pro-
duction on special-purpose electrical cable
assembly for use where low-frequency operation is
desired for testing and OEM manufacture.

The ncw cable consists of COS-2(18) MIL-C-
3884 wirc terminated at one end with a PJ-047
plug and a 5” strip with spade lug at the other
end. The cable assembly can be made to anv de-
sived length and with any 1ype of termination. It
can also be manufactured to Military or commer-
cial specs.

HI-FI AUDIO PRODUCTS

CONTINUOUS-DUTY FM TUNER
Tructone Electronics, Inc. is now marketing
3 the Model 481, a low-cost. no-drift FM tuner
designed especially for use in background music
and commercial sound installations in which con-
tinnous duty is a prime requirement.

Frequency range on this “Riyvmer’” runer is 88
to 108 mc. with sensitivity less than 20 gv. for 30
db quieting. Bandwidth is 300 kc.. assuring max-
imum fidelity reproduction, especially where mul-

wees
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tiplex sterco and/or SCA veception arc involved.
Frequency response is 20-20,000 cps +1 db.

The tuner is housed in a tan metal cabinet
which measures 912” long x 7” deep x 21534¢” high.
Power consumption is 21 watts.

POWER AMPLIFIER

Acoustech, Inc. is now offering a factory-
3 wired version of its popular power ampilifier
kits as the “Acoustech V.”" The new unit utilizes
the output stage of the “II1" power amplifier Kit.
The resulting amplifier has less than 1% IM dis-
tortion at h0 watts per channel. Like the “IIT”
and “1V,” the new unit is transistorized.

SELF-STICK PRESSURE PADS
3 Robins Industries Corp. is now offering a

new line of self-stick, pre-cut pressure pads
as veplacement components for tape recorders.
The new pads are supplied in packages of 44 pads
in two thicknesses, pre-cut to fit most recorders.
Fach package also contains felt pads which may
be cut to take care of odd makes and modcls.

HEAD-BRACKET ASSEMBLIES
3 The Nortronics Company, Inc. is now offer-

ing thrce ncw head bracket assembly quick
kits which are designed to update existing broad-
cast tape cartridge recorders of the “Fidelipac”

and “Viking” type, reduce head installation and
alignment problems, and eliminate the need for
rear-mount heads.

“Micrometer” adjustments permit sciting of
head height, face alignimment. and azimuth. A
special lock screw on cach head bracket “freezes”
the adjustments. Each kit contains a completely
asseinbled head bracket (less heads), a cartridge
guide bar which may be instatled on the deck
plate to insure proper alignment of the 4-inch
cartridge as it is inscried into the machine, and
a template to position the unit accnrately during
installation.

MAGNETIC CARTRIDGE TAPE
3] Reeves Soundcraft is now offering a new mag-

netic cartridge tape for home and profes-
sional use, utilizing a 1-mil Mylar base. The Type
441 tape consists of long-wear instimentation
type coating on one side of the base and a .00001-
inch Permograph lubricated coating on the re-
verse, producing efficient anti-static and low fric-
tion characteristics.

The new non-shedding magnetic tape features
low-frequency sensitivity of 1. +1 db and high-
frequency sensitivity of 0. =2 db.

It is available in individually boxed 7-inch
recls of 1700 feet per reel or in professional
packs of 7-inch veels in plastic bags and in pro-
fessional bulk hubs of 3100 to 3500 feet each.

CAMERA-SIZE TAPE RECORDER
Concord Electronics Corporation is now mat-
3 keting a compact new tape recorder which is
the size of a small camera.

The Model F-85 “Sound Camera” has complete
push-button operation despite its two-pound
weight. The unit is designed to both record and
play back. The all-transistor circuit has a con-
stant-speed motor for both recording and play-
back and uses standard reels and V4” tape which
can also be played on any other recorder having
1% ips speed. Tapes made on other recorders at
this speed can be played on the F-85.

ELECTRONICS WORLD
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The unit comes complete with microphone and
carrying pouch, takcup recl, and full reel of
recording tapc.

CB-HAM-COMMUNICATIONS

NOISE-CANCELING MOBILE MIKE
3 Roanwell Corporation is now offering its new

Model RM-515 noise-canceling carbon micro-
phone which is specifically designed for mobile
applications. Canceling an average of 18 db of
ambient noise, the new unit is hinan-cngineered
for secure and comfortable hand operation. It
is housed in a high-impact, thermoplastic case. A
soft-action press-to-talk d.p.s.t. switch (125 volts
a.c., 5 amps) activates the microphone.

Frequency response is 300 1o 3500 cps, sensi-
tivity is — 17 db ref. 1 mw./nm.~* (10 dynes/cm.?)
or + 33 db ref. 1 mv. into 100 ohms load for 10
dynes/cm.? The unit has a four-conductor rve-
tractile cord, vinyl insulation and jacket. and
tinned leads. It incasures 2%4,” w. x 373” h. x 1'%4,”
d. A mounting bracket is included.

LOW-COST CB TRANSCEIVER
40 Hammurlund Mfg. Co. is now offering a low-

cost CB transceiver designed to meet the re-
quirements of Dbusiness communications. The
CB-212 features rnggedized construction through
out. Tt utilizes crystal-controlled transmit and re-
ceive functions on any six of the available CB

channels. A front-panel switch determines the
channcl in use.

A built-in dual power supply is provided with
117-volt a.c. input for fixed station applications
and 12 volts d.c. for mobile applications. Relia-
bility is enhanced by all-clectronic transmit and
receive switching.

Sensitivity is better than 0.5 uv., bandwidth is
6 db of 3.3 kc. from eight tuned i.f. circuits, the
a.v.c. range is from 5 to 100,000 uv., and the au-
dio power capability is 3 watts minimum.

MONITOR SCOPE
4 Control Radio Labs is now offering the

Model MS-5 “*Moniscope,” a miniature mon-
itor scope for CB and amatcur radio applications.
[he instrument measures 7”x 5”x 3”x and has a
2" screen.

There are two f{ront-panel controls; focus and
a three-position funciion switch. In the monitor
position all incoming signals mray be observed.
The unit pennits accurate visual tuning of in-
coming signals, the spotting of frequencies more
accurately, and the exact adjusiment of speech
clippers, preamps, compressors, and continuous
observation of audio modulation.

The instrument comes completely assembled
and is connected by means of one wire and a
shield.

COMMUNICATIONS LOGGING UNIT
4 C.H. Stoclting Company is offering a line of

communications logging systems which are
assembled by use of completely transistorized
modules, having their own individual power sup-
plies when required. This building-block con-
cept permits systems to be tailored to each user’s
individual requirements. Systems can be expanded
at some future date by the addition of modules.
The tape transports are continuous-duty, pro-
fessional quality. The siandard tape unit has a
four-track recording head on V4-inch tape; seven-
track heads are available on special order.
Available modules include: audio amplifiers,

voice switches, lead selectors, crase, monitor, break
or tape-end alarm. tape tiransfer, andio filters,
and audio compressors.

Inputs can be from telephones, radios, or mi-
crophones. The system functions automatically
without attendants.

SOLID-STATE CB CONVERTER
43 Instrument Devices Corporation is now mar-

keting a new solid-state, self-contained CB
converter for use with standard automobile and
marine radios
The new nnit. Model 10-4, features solderless,
instant installation and provides reception of
all 23 CB channels. A single “on-off”” switch in

the unit allows the user to switch his radio back
to normal broadcast bands instantly.

The converter features a printed circuit, three
transistors, and r.f. stage, mixer, and a crystal-
controllazl oscillator. Power requirements are 9
volts at ¥ ma. from a sclf-contained battery. The
broadcast-band image rejection is 80 db.

The unit measures 57 x 2%4” x 244" and weighs
only 6 ounces.

HEAVY-DUTY VIBRATOR ELIMINATOR
4 LE.H. Manufacturing Co. is now marketing

a new type solid-state vibrator eliminator for
hicavy-duty communications applications. The

The VHF-FM antenna
that challenges

all competition
NEW

VHF-FM ANTENNA

Finco’s Color Ve-Log challenges all competition on color or black end
white reception and stands behind this challenge with a “Guaranzee
of Supremacy'’’. The swept element design assures the finest in Lril-
liant color and sharply defined black and white television reception —
as well as superb FM monaural and stereo quality. FINCO precision-
engineered features maks these advanced-design antennas indispzn-
sable to good home sight-and-sound systems. And, of course, they
carry the famous unconditional guarantee from the leading ma1u-
facturer in the field — FINCO. Promote the Color Ve-Log Antennas
with pride, sell them with confidence, and profit handsomely.

Featuring Finco's Exclusive Gold Corodizing

VL-5

VL-10

9 driven elements
1 parasitic element
List price $34.95

VL-15
15 element VHF-FM

5 element VHF--M
5 driven elemen-s
List price $16.95

VL-7

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

9 driven elements
6 parasitic elements
List price $46.95

VL-18

18 element VHF-FM
9 driven elements

9 parasitic elements.
List price $564.50

The FINNEY Company « 34 W. Interstate Street - Bedford, Ohio

Write for color brochure #20-307, Dept. 410

April, 1965
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BUZIT

TRANSISTORIZED
SIGNAL TRACER

FOR ONLYSB I7ODEALER NET

WITH BATTERIES

USED FOR TROUBLE SHOOTING

e A.F. CIRCUITS @ |.F. CIRCUITS
e R.F. CIRCUITS @ CONTINUITY
CHECKS e SPEAKERS, ETC.

EXCELLENT FOR TRANSISTOR
RADIOS BECAUSE BUZIT USES
ONLY A3VOLT POWER SUPPLY

ASK YOUR ELECTRONIC
PARTS DISTRIBUTOR FOR

WMODEL NO.B z - 1

MANUFACTURED BY
WORKMAN

FLORIDA

leclomic

PRODUCTS, INC.

SARASOTA,.

3

e

electronics degree
now in 36 months!

Small professionally-oriented college. Four-
quarter year permits degree completion in
three years. Summer atllendance optional. En-
gineering: Electrical (electronics or power op-
tion), Mechanical, Civil, Chemical. Aeronau-
tical. Business Administration: Accounting,
General Business, Motor Transport Administra-
tion. One-year Drafting and Design Certificatle
program. Graduate placement outstanding
Founded 1884. Rich heritage. Excellent faculty.
Small classes. Well-equipped labs. New library.
New residence halls. Attractive 300-acre cam-
pus. Modest costs. Enter June, Sept. Jan.,
March. For Cataloy and View Book, write Di-
rector of Admissions.

TRI-STATE COLLEGE

CIRCLE NO. 238 ON READER SERVICE PAGE _ | 48

“ViTran 117 will replace the standarvd 4-pin vi
brator in communications equipment operating

from 5 watis up 1o 25 waus ol power, cither 6 or

12 volts. It can be used ftor commercial and
emergency applications sueh as  potice radio.

ambulances, firc engines. cabs, heavy-duty cnB
cquipment, and business band.

Two models are currently available: VE 196 has
| pin #1 positive while VE 197 has pin #] negative.
| SPEECH BOOSTER/COMPRESSOR
| Rann Industries has developed a four-stage
|45 microphone preamp and compressor which
| is designed 1o be used with SSB or AM hinm
cquipment as well as CB units.

The Maodel CA-1 has input for high-impedance
dvnamic. ceramic. or crvstal mikes. and oniput
for high-impedance mike input on the transmit-

ter. The unit is powered by two penlight cells and
is fully transistorized. The nnit is completcly
self-contained and can be used in mobile or fixed-
station applications.

The accessory is designed 1o increasc the aver-
age depth ol modulation, thus providing more
| talk-power” without overmodulation.

MANUFACTURERS' LITERATURE

MERCURY REFERENCE CELLS
Mallory Batiery Company is now oltering an

8-page booklet which describes the various
performance features and applications ol its mer-
cury reference cells.

Calibration of oscilloscopes, volt-ohmmeters,
and v..van’s, as well as direct measurement ol
unknown d.c. voltage. are among the applica
1ions discussed, and each application is accom-
panied by a schematic diagram. A section on
operating procedures is also included.

| ANTENNA BOOKLET

New-Tronics Corporation has issned a 4-page
|47 illustrated booklet listing the company's line
| of new base-station and mobile antennas and
accessories. Bulletin NT-106 includes antennas for
i both amateur and Citizens Band use.

] DUAL VOICE COIL SPEAKERS

Oxford Transducer Corporation has
48 announced puhlication ol a proditct mforma-
tion bulletin (G-105) giving complere specilica-
rions and information on Models DVC-8H 1 and
DVC-8]4 dual-voice-coil speakers.

According (o the companv. the bulletin will
he of interest to those who desire a speaker unit
tor situarions where immediate hroadcasting ac-
cess is necessary. such as for emergency warning
calls. alarm signals. or voice commuunications (o

be made over the main program channel.

49 Jensen Munufacturing Company is offering
a t-page technical bulletin (No. 13} which

discusses the use of isosonic (equal-sound) con-

tour charts as a design tool by the sound-system

lavont engineer.

Two charts have been developed showing the
sound coverage of the company’s “Calstar®"
column speakers. Models 55 and 1010, These
charts (147 x 207 transparent plastic templates)
ave designed to be placed directly over the archi-
tect’s clevation drawing regardless of scale to
indicate the correct location and tilt angle for
the column speakers to attain any desired andi-

ISOSONIC CONTOUR CHARTS

1645 College Ave., Angola, Indiana

ence Coverage
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Information is included on how to obtain the
templates discussed. small-sized reproductions of
which are provided in the bulletin.

5[] Wayne kerr Corporation has made available
a 4-page illustrated brochure describing the

company’s model B-601 vr.{. RCL bridge and its

low-impedance adapter. Model Z-601.

Featuves oi both 1he bridge and adapter are
discussed. along with theorv of operation of the

bridge. Complete specifications for both instrno-
ments are given.

RCL BRIDGE

SOUND REINFORCEMENT
5 Elcciro-Voice, Inc. has issued a timely booklet

covering sound reinforcement and changes in
the Catholic Church titnrgy.

The book will be of interest not only to sound
installers but their cnstomers and lay people on
the periphery of the sound husiness who might
be asked bv members of the Catholic clergy to
give them advice on the problems of sound vein-
forcement resulting from changes in the liturgy:
involving the Mass in English and participation
by the congregation.

The presentation is in the form of a “"Q&A”
colloquy between “Mr. Jackson.” a sound special-
ist, and “Father Smith.”

The booklet is illustrated and the inside back
cover has some teclhmical information on rthe
firm’s mikes and speakers for p.a. applications.

2 Melcor Elcetronics Corporation has published
5 a new 4-page pamphlet entitled “Awmplifiers
for Industry” describing the company and the
various producrs it manulacures. Photos and
information are given regarding 1he transistor-
ized amplifiers, circuit modules. power supplies,
and servo subsystems offered by the firm.

PRODUCT PAMPHLET

TOOL DATA

Xcelite Incorporated is currently offering in-
5 formation on rvegular- and juniov-sized “'Seiz-
ers” in a revised edition of Bulletin N564. Smaller
and slimmer than regular 67 “Seizers,” the new
5% “Jr. Seizers” rveach move easily into tight spots
and [lacilitate close work invelving fine wires
and small components.

SPACERS AND POSTS
5 Technical Accessories Company has released

a 4-page catalogue (SPPM-1) listing the firm's
complete line of spacers and posts, These hard-
ware components are supplied in 13 materials and
12 compatible linishes. Tolerances, range of sizes,
and specification data are indicated for all avail-

able materials and finishes.

55 Techni-Tool, Inc. has recently published a
48-page illusirated catalogue covering the

firm’s complete line of tools. Pliers. tweezers, files,

knives. serewdrivers, soldering equipment. and

various accessories are among rhe products offered.

Complere specifications are supplied. A

TOOL CATALOGUE

PHOTO CREDITS

Page Credit
22 ...Sherwood Electronic Laboratories, Inc.
30 (top). ......... Sperry-Rand Corporation
30 (center), 31 (bottom right). .. .. Honeywell
30 (bottom)........... Ampex Corporation
31 (top left). ......... General Telephone &

Electronics Int.
31 (top right). . ..Bell Telephone Laboratories
31 (bottom left)........... Dalto Electronics
37w B 0F D MoBEmaRe; ] o Fabian Bachrach
45 iy s umm gt mee e Texas Instruments
48, 49........ .. Ohmite Manufacturing Co.
54 . iiuias N8, de W . - g Corning Glass Works
55 (1OP)d by buw b bn c'wws dba Victoreen Inst.
55 (cefter). mgresag-og . dek Dale Resistors
55 (center). ........... Jerrold Corporation
74 ... Radio Corporation of Americo
US e g s SR GET S D Instrumark
B85 Do 3ms) menaig sy - Weathers Industries
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INTERNATIONAL
150-HM2
CITIZENS BAND
TRANSCEIVER

April, 1965

TEST
SWITCH CHECKS
POSITION FUNCTION

RF Amplifier Cathcde
Ist Converter Screen
2nd Converter Screen
2nd Rec. Osc. Grid
Ist IF Amp. Cathode
2nd IF Amp. Cathode
2nd IF Screen

Rec. ““S"” Meter-Trans.

Audio Out

Ist Audio Plate
2nd Audio Cathoda
Audio P.A. Cathode
Buffer Grid

Rec. Relay Voltags-

REMOTE
CONSOLE

SWITCH CHECKS
POSITION  FUNCTION

MEw=—ND f=Ru-N—3-4

Trans. P.A. Bias
Trans. Osc. Grid
Trans. Adder Grid
Channel Osc. Grid
Power Supply B+
Voltage

Reflected RF Power
RF Power Qutput

Bat.+4-Volts Neg Gnd.
Bat.—Volts Pos Gnd.

Fil. Voltage Level
Percentage of Mod.
Rec. & Trans. Audio
Level

[OTALLY
NEW

international’s Executive 750-HM2 transceiver
with 24 built-in test circuits, is truly the most
versatile transceiver manufactured for Citizens
Radio communication. e At the turn of a switch,
the test circuits provide a fast and positive check
on the operating performance of receiving and
transmitting circuits within the set. e This “years
ahead” test feature checks the filament, plate
and input voltages, transmitter forward and re-
flected power, modulation, etc. A 24-position
switch, located on the transmitter/receiver unit,
is used to select individual test circuits. Tune-up
and servicing is easy. ® The transceiver has a
sensitive and selective dual conversion receiver
combined with a highly stable and efficient trans-
mitter. The 23-channel crystal controlled transmit
and receive frequency selector circuits are
housed in the remote console. ® Features include
a new delayed/expanded AVC, new speech clip-
per/filter amplifier, new built-in S/meter and
transmit meter. Operates on 115 vac, 6 or 12 vdc.
The 750-HM2 includes remote console, speaker
S/meter, transmitter/receiver unit, push-to-talk
microphone, cables, and mounting racks.

Write today for the name of your nearest Inter-
national dealer. Trade-in/trade-up to a 750-HM2.

L

ATIONA
&!’?,’}”’;f INC.

18 NORTH EE, OKLA. CITY. OKLA.
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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:
READER RATE: For Individuals with a personal item to buy or sell.

5% for 6 months; 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. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes

ELECTRONICS WORLD, One Park Avenue, New York, New York 10016

FOR SALE

FREE! Giant bargain catalog on transistors, diodes,
rectifiers, components, valuable parts, equipment,
Poly Paks, P. 0. Box 942V, Lynnfield, Mass.
ELECTRONIC IGNITION gives you Reliability, Perform-
ance, and Economy! You get stronger spark, far more
point and plug life, extra power and mileage; fewer
tuneups! Complete instructions and hardware. Very
easily installed. For 12 volt U.S. cars. Guaranteed.
Send $8.95 with your order to: Electronic Ignition, Box
405, Syosset, N.Y. 11791. ORDER TODAY.
TRANSISTOR Ignition coils, components, kits. Advice
free. Anderson Engineering, Epsom, New Hampshire.
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, Radios, Parts, Picture Catalog 20¢. Meshna,
Nahant, Mass.

TRANSISTORIZED Products importers catalog. $1.00.
Intercontinental. CPO 1717, Tokyo, Japan.
DIAGRAMS for repairing Radios $1.00. Television $2.50.
Give make model. Diagram Service, Box 1151 E, Man-
chester, Connecticut 06042

SILICON RECTIFIER SALE

IMMEDIATE DELIVERY
FULLY GUAR'NT'D NEWEST TYPE
AMERICAN MADE FULLY TESTED

750 MA-SILICON “TOP-HAT” DIODES

LOW LEAKAGE FULL LEAD LENGTH

PIV,RMS | PIV/RMS | PIV/BMS | PIV/RMS

50/35 100/70 200,140 300/210
__05ea | .07 ea | .10 ea .12 ea

PIV/ RMS PIV/ RMS PIV,/ RMS PIV,/RMS

400/280 S00/350 600/420 700/490
.14 ea _ 19 ea .23 ea .27 ea

PIV RMS PIV/.RMS | PIV/RMS PV 'RMS

soo’sso 900/630 | 1000/ 700 1100/770
35 -45 ea .60 .75 ea

ALL TESTS AC & DC & FWD & LOAD

SILICON POWER DIODE STUDS
nic) Isoliely 100 PIV 150 PIV. 200 PIV

S 35 RMS 70 RMS 105 RMS 140 RMS

3 .08 W12 .16 .22

] 2 .25 .50 .65 27 5]
35 65 90 1.25 1.40
KU 1.50 1.75 2.20 2.60
100 1.60 2.00 2.40 3.00

D.C. 300 PIV 400 PIV 500 PIV 600 PIV
AMPS 210 RMS 280 RMS 350 RM5 450 RMS

3 29 .37 .45
12 55 1.30 1.30 1.65
35 2.00 2.35 2.60 3.00
50 3.25 4.00 4.75 6.0
100 3.60 4.50 5.25 7. uu
“SCR" SILICON CONTROLLED 'RECTIFIERS “‘SCR'”
16 q 16 25

PRV AMP AMP Ar\'”’ PRV AMP AMP AMP
25 .30 .50 .85 I 250 1.75 2.15 2.50

50 .45 -75 1.00 300 2.00 2,40 2.75
100 .80 1.25 1.50 inn 2.40 2.75 3.25
150 .90 1.60 2.00
200 1.25 1. 80 2.25

SPECIALS! SPECIALS!
10/0 Different Precision Resistors 14-1-2 watt ;/2%
1% TOL .. ...

2 AMP 1000 Piv Silicon Power Rect. 70 ea.
() A S S G e e $6.50
Filament Transformer Pn——lZOV SEC 6.3V at l
AMPY B | sam - per o BE - - - - - - - ] B ..50 e
TYPE 1N34 DIODE GLASS 07 ea ..... 100 for $5
240 Amp 200 PIV SIL POWER RECT ...... $7.50 ea.
Money Back guarantee. $2.00 min. order. Orders
F.0.B, NCY. Inciude check or money order Shpg.
cnartzes plus, C.0.D. orders 25% downmn
Warren Electronic Components
230 MERCER ST. N.Y. 10012 N.Y. OR-3-2620

500 3.20 3.40 3.80
60N 3.40 4.00 4.50
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INVESTIGATORS, free brochure, latest subminiature
electronic surveillance equipment. Ace Electronics,
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,
Montreat, Canada.

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.

DIAGRAMS Radios $1.00 Televisions $1.00. Schematics,
618 Fourth Street, Newark, N.J. 07107.

NEW supersensitive transistor locators detect buried
gold, silver, coins. Kits, assembled models. $19.95 up.
Underwater models available. Free catalog. Relco-A22,
Box 10563, Houston 18, Texas.

JAPAN & Hong Kon_g Electronics Directory. F%ductsi
components, supplies. 50 firms—just $1.00. Ippano
Kaisha Ltd., Box 6266, Spokane, Washington 99207.

™ CAMERAS transmltters converter. etc. Lowest
factory prices. Catalog 10¢. Vanguard, 190-48 99th
Ave., Hollis, N.Y. 11423,

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.

ACHTUNG! Das machine is nicht fur Gerfingerpoken
und mittengraben. is easy schnappen der Springen-
werk, blowenfusen und poppencorken mit spitzen-
sparken. Ist nicht fur gewerken by das Dummkopfen.
Das rubbernecken sightseeren keepen hands in das
pockets. Relaxen und watch das Blinkenlights. This
attractive, engraved metal plaque only $2.00 ea. ppd.
Southwest Agents, Dept. E, Box 12283, Fort Worth,
Texas 76116.

CANADIANS transistors, all semiconductors and com-
ponents. Free catalogue contains reference data on
300 transistor types. J.&J. Electronics, P.0. Box 1437,
Winnipeg, Manitoba, Canada.

INTEGRATED CIRCUIT TIE TACK. Authentic circuit em-
bedded in black onyx-like tie tack. Circuit and inter-
connections visible. Custom made. $3.00. Tax included.
aDASH Creations, Industry, Calif. 91745.

INVESTIGATORS—Electronic surveillance devices. Price
breakthrough on ultra miniature professional devices.
Free details. Trol Etectronics-EW, 343 Madison Avenue,
New York, N.Y.

BEST Aid to Electronics repairmen. The C-85 Condenser
Checker. Checks for shorts, opens and leakage. Fast.
Accurate. $5.50. Central Manufacturing Company, Ope-
lika, Alabama.

KOMTRON introduces a complete selection of digital
circuits, starting with a $3.87 10,000 pps reset-set
flip-flop. Send for detaited specifications on all cir-
cuits. Box 275, Littie Falls, New Jersey 07424.

KARLSON Model X-15 bfond speaker cabinet for 15”
or 12” (with adaptor panel) speakers. $48. FOB Stam-
ford, Conn. Box 582, Electronics World, 1 Park Avenue,
New York, N.Y. 10016.

PORTABLE CASES—for TAPES, RECORDS, MUSICAL IN-
STRUMENTS, SPEAKERS. Custom design. Write: Buy-
way Center, Box 9104, Allandale Sta., Austin, Texas.

RESISTORS, Newest type Metal-Film, Copper Circuit
Board, Capacitors, Terminal Blocks, Free Catalog.
Farnsworth Electronic Components, 88 Berkeley, Roch-
ester, New York 14607.

ORIGINAL HEATH Llegatto system with Altec-Lansing
dual 16” woofer speakers and exponential horn mid-
range and hi-frequency driver. Blond finish. $140.
FOB Stamford, Conn., Box 582, Electronics World, 1
Park Avenue, New York, N.Y. 10016.

FREE catalog: Wholesale electronic parts and equﬁ;
ment. Royal, Box 2591, EI Cajon, Calif.

www.americanradiohistorv.com

WORLD RADIO TV HANDBOOK: Only complete guide
broadcasting stations throughout world. Calls, fre-
quencies, power, programs, QSL addresses, etc. New
revised edition just released. 302 pages. $4.95. Gilfer
Associates, Box 239B, Park Ridge, N.). 07656.

PRINTING

BOOK PRINTING. Lowest cost. Paperbacks or hard cov-
ers. Catalog free. Addams Press, 30 W. Washington,
Chicago, I1l. 60602.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE bookiet 'ZD,"”” Vantage,
120 West 31 St., New York 1.

PHOTOGRAPHS

PHOTOGRAPHS and transparencies wanted, to $500.00
each. Valuable information free—Write Intraphoto-EW,
Box 74607, Hollywood 90004.

Rectifiers & Transistors

750 ma. Silicon Diodes Silicon Power Diode

“Epoxy’ or ‘‘Top Hat” Stud 3 amps.
PIV PIV PIV PiV

50 5¢ 600 21¢ 25 6¢ 300 25¢
100 7¢ *700 25¢ 50 8¢ 400 28¢
200 10¢ *800 32¢ 100 14¢ 500 35¢
400 14¢ 7900 40¢ 150 16¢ 600 40¢
500 18¢ *Top hat only | 200 22¢  All tests

Full Leads, Tested., Guaranteed, American made.
10 watt Sil. Zener stud, 5-130v......... $1.25 ea.
1 Watt Zener Diode Axial leads 6v-200v. . ..50¢ ea.
Sil. diode stud 1500piv 300 ma........... 50¢ ea.
18 amp. Stud Sil. rectifier 100 piv 75c ea.
Sil diode 1500 piv, 50 ma, axial ...... ... cea
Hi-voltage--Silicon epoxy diode, 21/2"x¥8"x%2",
HOFFMAN—-3000 piv—200 ma S 81.95 ea.
HOFFMAN—6000 piv--200 m .$4.50 ea.
Thermistor, giass bead, 1200 ohms 600 F. 2/%$1.00
silicon Power Transistors—

2N1724 $1.90—2N1936............. $2.00 ea.

20 Watt Germanium (internal heat sink)
2n1038 ....8 for $1.00{2n1042 ... .6 for $1.00
2n1039 ....6 for $1.00 | 2n1043 .4 for $1.00
2n1640 ... .4 for $1.00|2n1044 .... .2 for $1.00
2n1041 ....2 for $1.00|2n1045 ... .. g T we/0C)
150 Watt Germanium Hi-Freq Power
100 volts, 10 amp 2n1046 ............ $1.50 ea.
150 Watt Germanium Power

20250 we . 5o - 2/%$1.00|2n457 ............ soc

2n456 ... ... 70¢ 12n458 . ........... 90¢
HF Silicon-—2N702-—100mc 40¢; 2N703--150mc 60¢
Germanium switching transistors 2N1300

series assorted, tested, PNP or NPN.10 for $1.00

Philco Sil. NPN, 2N2479, new...... 3 for $1.00
Ger. Mesa transnstors PNP, ..... 10 for $1.00
HF Silicon tetrode, 3N35 .75¢ ea.
Sil, diodes 1N200 serles asst’d new 15 for $1.00
Ger. diodes, glass, new. .. .....15 for $1.00
Nickel-Cadmium Battery 914 oz, ‘g amp

hrs, 23%"”x%"x4Y2 o......$1.95 ea.
40 different Precnsmn Resistors . ......... 1.00
Magnetic seed switch with mounting ....75¢ ea.
12 different volume controls ............. $1.00

Varicap—voltage variable capacntor——$

47 pi at 4 v., 4:1, new ... .. 1.25 ea.
SILICON CONTROLLED RECTIFIERS
PRV 7 16 PRV 7 16

amn amn amn amp

2S .28 .48 | 200 1.05
50 .48 .70 | 300 1.60 2.20
100 .80 1.20 | 400 2.10 2.70
50 1.50 | 500 2.80 3.30
ALL TESTS STUD TYPE 600 3.00 3.90

Money hack guarantee. $2.00 min. order, include
postage, Catalogue ..

Electronic Components Co.

Box 2902 Baton Rouge. La. 70821
CIRCLE NO. 140 ON READER SERVICE PAGE
ELECTRONICS WORLD
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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-
(0 L LT Y £ o S iy pe i S SR 0 =

Used, with all parts, less tubes, crystal
and VISOr .............. ... Special $2950

INVERTER POWER SUPPLY for above APN-9. INPUT:
24V DC. QUTPUT: 115 V AC. 800 cy. Like New $22.50

12-V. Power Supply for APN-9, like New P.U.R.
Shock Mount for ahove $2.95
Circuit diagram and connecting plugs available.

We carry a campletc line of replacement parts and
accessories for above,

FAMOUS BC-645 TRANSCEIVER
15 Tubes 435 to 500 MC

Can be modified for 2 “ay
communication. voic

code. on ham uand 420 4 )0
me. citizens radio 460-470
mc. fixed and mobile 450-
460 mc. television experi
mental 470.-500 me. 15
tubes (tubes alone worth
niore than sale price!); 4—
TF7, 4&—717. 2—7E6, 2—
6F6. 2—955 and 1-—WE-
318A. Now covers 460 to a
490 mec. Brand new BC-845 with tubes, 519 50

less power supply in factory carton.
Sluppmg weight 25 1bs, SPECIAL!.
PE-101C Dynamotor. 12 24V input.

Complete Set of 10 Plug‘s‘ . 3
Control 0 .. . . ..
SPECIAL ‘“‘PACKAGE’’ OFFER:

BC-0645 Transceiver. Dypamotor and all

FINE QUALITY
NAVIGATIONAL EQUIPMENT
Deterriine exact geographic position of your boat
or plare. Indicator and receiver complete with all
tubes and crystal.

INDICATOR ID-6B/APN-4, and RECEIVER R-9B/
APN-4, complete with tubes, Exc. Used. $69.50

NEW! APN-4A Receiver-Indicator as above, changed
to operate same as APN4-B for improved perform-
ANCE 4 mai CHaE) < I o i e Rt iy e NEW $88.50
Shock Meunt fer abeve ... ... ........... $2.95

INVERTER POWER SUPPLY for above APN-4. INPUT:
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like
New $22.50

2

\\?;‘QE LORAN APN-4

ies
abov, MPLETE, BRAND NEW,
;]\'I?l\lg S(t:gclls Last ehedmamin -8 .. glad. - - .. $2950

SCR-522 2-METER TRANSMITTER-RECEIVER

Terrific buy! VHF Transmitter-Receiver, 100-156
Mc. 4 channels. Xtal-controlled. Amplltude modu-
lated voice. Comptete with all 18 tubes, top rack

and metal case. LIKE NEW! PU
SPECIALLY PRICED .................. UR.
SCRS522 as above, exc. used .......... $32.50

AN/ART-13 100-WATT XMTR
11 CHANNELS
200-1500 K¢
210 18.1 Mc

793!

USED
complete with Tubes

Famous Collins Autotune Aircraft Transmitter. AM
CW, MCW. Quick change to any of ten preset chan-
nels or manual tuning. Speech amplifier/clipper
uses carbon or magnetic mike. Highly stable,
highly accurate VFO. Built in Xtal controlled cali-
brator. PP811s modulate 813 in final up to 90%
class “B.”” A Real ‘"HOT'’ Ham buy at our low price!

AN/ART-13 XMTR, as above. In LIKE NEW 89.50
condition, with all tubes and crystal. .. $

0-16 Low Freq. Osc. Coil for ART-13... ... .. 7.95
24y Dynameotor for ART-13.... ... ... ...... 11.95
We carry a complete line of spare parts for ahove.

AN/ARN-6 RADIO COMPASS DF RECEIVER 100 to
1750 Ke ig 4cbands. Bui[tt'i]ntvarator power supply
for 24v DC. Complete wi ubes,

exc. Used * & seu. del. s cal SANaannLrs $295U

BC-312 RADIO RECEIVER for vehicles. 6-bands
1500 Kc to 18 Mc continuous tuning. Phone and
cw. Intgrnal (tjynamotor. 3welEl ham mobile re-
ceiver. Complete with tubes. Exc.

USEAIT . .. o 7 m s - Ehaiearnd P -1 - ot $7950

BC-659 TRANSMITTER & RECEIVER 27 to 38.9 Mc
FM. Two preseleé:ted channetltsl crystfl -controlied,
5 to 10 watts. Complete wi speaker,

fubes. NEW ... ooooer e 1 $21.50

Vibrator Power Supply for BC-659,
6/12/24V. Exc. USed . ........o.v.... $11.50

Pressurization pack-
age equipment, in-
cludes Motor, Switch
Assemblies, Dessi-
cant Chamber, Abso-
: T y lutte IPress Indicator
and associated vatves and controls

Overall 1344"x814"48” high. NEW, $22°0
special buy!.....

‘12 -Voft Inverter Power Suppiy for above APN4
ke New .U
we ca ‘ry a compiete line of replacement oants a:ul
accessories for above.

IMPORTERS —EXPORTERS
of ELECTRONIC EQUIPMENT

We specialize in the export
of military surplus electronic
equipment:

® Ail at LOWEST PREVAILING PRICES.

@® n addition to items shown on this page,
we have in stock or can obtain for export
and domestic customers, military electronic

equipment made for World War 1l, 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 NEEOS. 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 OELIVERY FROM
STOCK!

All packing and shipping is made directly
from our own warehouse in NYC to give
you substantial savings in handling costs!

ARB/CRV 46151 NAVY AIRCRAFT RADIO RECEIVER
19(! to D050 KC in 4 pands: 190-550. 550-1600,
3. lc 6-8.050 Me. 6-tube super with local and

rem tuning. band change. Complete $49 50
with uhcs and dynamotor, like new . g

As AbOve, brand new e $4« - & o b &g S ko wde $79.50
Power Supply, 110 V AC wired . ........ % 8.95

BC-923 3-inch Scope, with all tubes,

LIKE NEW .............. ... .......... $16.50
Conversion instructions, with diagram, for 110 V
AC opzration ........ ... ... ... .. .. ..., $ .65
o —

TS-126/AP TEST 'SCOPE [gp,auntiv 2 on
positiening. focus, gain and intensity controls, Saw-

tooth sweep niggered by external negative pip or
can b switched to self- triggering for 115 VAC 400-
1800 vcie operation. BRAND NEW, complete $24 50
with tibes and eables. .. ... ... L. L.

As apcve. like new ¢ ition, complole with all tubes
demxh RIZEd - g g e g - -$13.75

LM FREQUENCY METER

Crystal calibrated modulated. leterodyne, 1923 KC
10 20.000 Kc. with Calibration book. $79 50
Complete, like new . .................. o
LM Frequency Meter as above, completely checked
out. with tuhes and cerystal, less calibra-

tion byok. Exc. Used. clean

Bi:-906 FREQ. METER—SPECIAL

Cavity tvpe 145 to 235Mc. Complete with antenna.
Manual and miglnal calibration charts in- $14 50
cludec. BRAND NE OUR LOW PRICE.

BC1206-C BEACON RECEIVER

195 to 420 Kc. made hy Setchel-
Carlsen. Works on 24.28 volts
DC. 135 Kc. IF. Complcle wm\
5 tubes. Size 4" x
ANt. 4 Ibs.

Brand New

witl tubes . ....... $1195
New less tubes . .................. .
Like Hew with tubes ........
Used, less tuhes ............

SCR-625 MINE DETECTOR

Coniplete portable outfit in origi- 50
nal packing, with all accessories. $34
Braid New ....... ST ———

ExCh Used gems @ cwe m tvigd - 6. « 0000 .. .%24.50

AN/APT-5 AIRBORNE RADAR SET (Jammer) $59 50
Complete with tubes, exc. used ........ .

FL-8 FILTER with PL55Plug ............ $1.95

EE-8 FIELD PHONES

ARC-3 RECEIVER!

Complete wmu All tuues Exc. Usr:g3 0 $2] 50

Crystal- comroued 11 tube superhet. tunes from 100
to 156 MC., AM., on any preselected channels.
28-volt DC nower input, Tubes: 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

Companion unit for ahove tunes 100 to 156 MC on
any 8 pre-selected channels. 9 tubes. crystal con-
trotled, provides tone and voice modulation. 28V
DC Powcr input. Complete with ali $ 95
Tubes: 3-6V6, 2-832A., 1-125H7, 1-6J5, 18
2-6L.6. Exc. Used ........... .onl

Like new condition ... .. LU UL $28.50
Checked out, perfect working or- ARC-3 PUSHBUTTON CONTROL BOX $5.95
der. Complete with all parts. Excel- MICROPHONES Checked Out. Perfect
lent Condition. T-17 Carbon land Mike
LIKE NEW! Each . ... Exe. Used $4.4S. .. .. .. .. ....... Brand New $7.95
RS-38 Na\v T\ pe Cnrbon Ilnnd Mlke.
Exc. Used $3. Like New $5.75
DYNAMOTOR VALUES: Excellent BRAND HEADPHONES ghecke'd Out, Perlect T
Type Input Output Used NEW e ESEERtion EXcn BRan
OomM-32A 28v 1.1A 250V .05A 2.45 4.45 HS-23 .tllgh lmpe(:’ance ...... .. .52.79. . sg.ss
L33 3 = . 3.1Si5g 5
DM-33A 28V 5A 575V .16 S 30 Low impe (teatnerwt’y | 386, . fes
28V 7A 540V .25A 4.45 7.50 H-16/U. . .HIgh Imp. (2 units) 3.75. 7.95

220V .080A 4.15 5.50

DM-34D 12V 2A
OM-35 12V GZSV .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
220v .080A 3. 75 5.45
ke New)
PE-73C 28V 204 1000V .350a 8. 95 $10.95
PE-86 28V 1.25A 250V .050a 2.75 3.85
PE(OIC Dynamotor 12/24V input. Brand New. ..7.95

OM-53A 28V 1.4A

TELEPHONICS—GDD ohm Low lmpedance READ-
SETS. BRAND NEW. PER PAIR .95
CD-307A Cords, with PL55 plug and JK26 Jack .99
Earphone Cushions for above——pair - .50

AN/APR-4Y FM & AM RADIO RECEIVER
High precision lab instrument, suitable for
monitoring and measuring frequency and relative
signal strength of signals from 38 to 4000 Mc.,

in 5 tuning unit ranges. For 110 V 60 cycle AC
operation, built-in power supply. 79 50
LIKE NEW, SPEC! A $ .

SCR 274 COMMAND EQUIPMENT

ALL COMPLETE WITH TUBES Like BRAND
pe Description Used New EwW
514 95 $18.95 P.U.R.
5.95 P U 12,
£ 513 95 $19.50 P.U.R.
BC94/i Recciver 530-1500 Kc Complete with atl
tubes Bramd New. in original packing .....P.U.R.
1.5 to 3 MC. Receiver Brand New ... . . $21.50
LR L
11¢ Volt AC Power Supply for ail 274 N and
ARC-53 Receivers. Complete with metal case, in-

structions. }vactory wired, tested, ready to oper-
ate $12.50

SPLINED TUNING KNOB f(or 74-N and ARC-3

RECELV ER: Fnt: BC-453. BC- 404 and c
OULierS. ONly . . 6@ .. mfEahdes. . . g
2.1 w0 3 Me T| m~mlue|, Brand New. .......
BC-4t7 TRANSMITTER—4-5.3 ic completc $]] 95
with all tubes and ervstal, BRAND NEW.,
Like WNew' . .. gl X0 0 0T, L LaEA. .

7
BC-4t¢8 TRANSMITTER—-S 3 to 7 Mc. Complete \\xth
all ubes and cr)sul
Bl \\ ) NE
Like New .........
BC- 6‘6 TRANSMITTER 3-4 Me Compl
All Tubes & Crystal. Brand Ne

EXC. AUSBU] D fnamiricrs 3 st o oo - ¢ e T e $8.9
BC-136_ Modulator ...... SED 3.45 NEW 5.95
AL ACCESSORIES \\'A” ARILE FOR AROVE

ARC-

T-23 TRAN MIT R 100-156 Me., includes
B 25,

ube. A
BI!A\D NEW. \lel TUDES! p. | semd A B gy 850
Used, with Tubes. .$12.50—Used, less tubes..$5.95
ARC-%/R-28 RECEIVER 2- meter §upen‘lot 100 to 156
Me.. |n 4 crystal channels, Complete with 4
10 tu bes Excellent 1 s eI R
Yike NEW .. 2, . o Bl e e amom $29.50

234-258 MC RECEIVER AN/ARR-2

BRAND NEW 1ll-tuhe UHF Tunable Recetver wlth
schematic. Only a few at this low price! 9 99

Complete with tubes. Exc. used $6.95... ..

Please include 25% Deposit with order—Balance
€.0.D., or Remittance in Full. 50¢ Handling 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.

2 VOLT BATTERY ‘‘PACKAGE”
1—2V. 20 Amp. Ih' \\l]lald S(Or'\ge Battery.
e 3”7 x 4" 5 .
1—2V. 7 prong Synchnonous rlug- in vn))rmor . %.49

1—Quart Bottle Electrolyte (for 2 ceil .45
ALL TRAND NEW! Combination Price . ....... $5.45

G & G RADIO SUPPLY CO.

WILLARD 6-VOLT MIDGET
STORAGE .BATTERY

www.americanradiohistorv.com

. . n BRAND NEW, 334“ x 1:13/16” x
DM-37 DYNAMOTOR. Input 255 V DC @ 0.3 A_Dut. Telephone: CO 7-4605 g’s ; ,{Jsesog;andard Llectrohte% *
Put 025 V DC @ 235 Ma. BRAND NEW. Eicn $3.35 77 Leonard St. New York 13, N. Y. onit % .
April, 1965 CIRCLE NO. 183 ON READER SERVICE PAGE 97
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FREE Catalog

OF THE WORLD’S FINEST
GOV’'T. SURPLUS
ELECTRONIC BARGAINS

TEST EQUIPMENT:
0S-26/USM-24 Oscilloscope (Special). .. .Used: $59.50
TS-1478 Signal Generator—8500- 9600 MC..U: 59.50
TS-117 Wavemeter—2400-3400 MC. ... .. Used: 18.95
UPM-19 Pulse Generator-—2650-2950 MC.Used: 39.50
URM-23 Attenuators—1000 to 4000 MC...New: 14.95

7S-102B Range Calibrator ... ........... New: 18.95
UPM-1 Scope-Oscillator-Wavemeter—

155-580°MC! . e glacr - ol . W .Used: 99.50
BC-1277 Signal Generator—2400- 3400 MC..U: 22.95
1-193 Polar Relay Tester .......... ‘Used: 16.95
LAF-2 Signal Generator—90 to 700 MC..Used: 75.00
TS-118/AP RF Wattmeter ............. Used: 39.50
TS-28/UPN Synchroscope ... .. . 50.00
TS-34/ AP Osciiloscope ........ T . : 39.50
TS-375 Vacuum Tube Voltmeter. 65.00

RECEIVERS:

R-316 Receiver—162.25 to 173.5 MC FM Used: $22.95
RAX-1 Receiver—200 to 1500 KC........ Used: 29.95

BC-348 200 to 500 KC—1.5 to 18 MC....Used: 89.50

R-23/ARC-5 190 to 550 KC 14.95
R-25/ARC-5 1.5to 3 MC ....... ;1995
R-77/ARC-3 100 to 156 MC. : 22.50
BC-1206 Receiver—200 to 400 KC. ..Used: 9.95
BC-229 200 to 400 KC—2500-7700 KC...Used: 8.95
R-5/ARN-7 100 to 1750 KC............. Used: 18.95
MN-26C 150 to 1500 KC... ... ........ sed: 9.95
MN-26 LB 200-410; 500-1200 KC—2.9-6 MC u: 9.95

TRANSMITTERS:
ART-13 2 t0 18 MC ........... ... ...
BC-604 21 to 27 MC FM .
BC-684 27 to 38 MC FM
BC-191 1.5 to 12.5 MC ..
BC-230 3000 to 7000 KC
T-18/ARC 21103OMC 8 o
7-20/ARC 4.0 to 5.3 MC...New: $9.95 or Used:  6.95

T-21/ARC 5.3 to 7 MC. ... .New:$8.95 or Used:  5.95
7-23/ ARC 100 to 156 MER P s _New: 24.95
T-67/ARC-3 100 to 156 MC .. .......... Used: 22.95
GP-7 350 10 9050 KC ................. New: 29.95
RECEIVER—TRANSMITTERS:
LINK 1905-1906 152 to 172 MC FM... .. Used: $59.50
RT-19/ARC-4 140 to 144 MC AM ... .. .Used: 22.95
BC-1335 27 to 389 MC FM. ... .. As is—Used:  6.95

BC-645 (Converts to: 435 to 500 MC)....New: 14.95
Address Dept. EW @ Prices F.0.B. Lima,
259, Deposit on C.0.D.’s & Minimum Order SS 00

IR BRADIO SALES

2133 ELIDA RD. - Box 1105 - LIMA, OHIO

CIRCLE NO. 181 ON READER SERVICE PAGE

“TAB”, SILICON 750MA* DIODES  g3&isly
*NEWEST TYPE! LOW LEAKAGE Gu.!

Piv/Rms Piv/Rms Piv/Rms Piv/Rms
50/35 100/ 70 200/140 300/210
L. 5 a12 ol
Piv/Rms Piv,‘Rms Piv/Rms Piv/Rms
400 '280 500“350 800 /420 700 ‘490
15 .
~ S nRms | Piv/RmS Piv/Rms iv/
300/ 560 900, 630 1000 700 1100/770

ALL TESTS AC & DC & FWD & LOAD'

1700Piv/1200RmMS @ 750Ma%$1.20 (d’ 10|0r$10
same 1100Piv/770Rms 75¢ @ .

SILICON POWER DIODES STUDS & P F.x*

50 Piv 100 Piv | 150 Piv 200 Piv
Bips | 35 ®ms | 70 Rms | 105 Rms | 140 Rms
3 .08 .14 17 .24
12 | .30 .55 .70 .85
18%# .20 .30 .50 75
35 .70 2.05 1.35 1.50
100 1.65 1.00 50 3.15
20 _|_3i7s | a7s | 575 | 823
©.C. 7300 Piv | 400 Piv | 500 Piv | 600 Piv
Amps 210 Rms | 280 Rms | 350 Rms | 420 Rms
3 .29 .3 .40 .48
12 1.00 1.35 1.45 1.70
18*# 1.00 1.50 Query Query
35 2.15 2.45 2.75 3.33
100 3.75 4.60 5.50 8.00
240 11.70 19.80 27.90 Query

Battery Charger 6 & 12 V cnarges up to 5 Amp
with Circuit Breaker $8 @, 2 for
D.C. Power Sugply llSv’Go to 800 Cys outpsut

12000Piv/8400RMs @ 200Ma sxo@, 3 for $25
5U4 Silicon Tube Repl. $1.90@, 6 for $11 |
“TAB" % SCR's A TRANSISTORS % DIODES!!!
Full Leads Factory Tested & Gtd! U.S.A. M{fg.

PNP/NlPOwer/lSAmp Round T036 Pckg!
2N44 442, 277. 278, DS501 up to
r

[ 51
NPN/Signal 1F. RF. 0SC, TOS, ovs. 25@ 6 lor $1
PNP 2N670,/300 Mw ¢35@ . 4 fur S
PNP 2N671/1watt ¢50@, 3 for
Power Heat Sink Finned 100Sq 51 @ 6 for $5
STABISTOR Diodes Fwd Regulators. .. 1watt 5 for $1
Zener Diodes up to One Watt 5(0200\/ c70@ 3 for $2
Zener Diodes Ten Watt 6t0150v $1.45 @ . .4 for $5

l Sil Presstit 18A up to 100 Piv ... .. . .4 tor 1

Micro or MuSwitch CSD 3S AmD/AC .DC .3 for $1

““SCR"” SILICON CDNTROLLED RECTIFIERS'

PRV TA 16A 16A
25 . .50 - 0 2. o
50 .50 .75 1.00 300 2.00 2.45 2.80
100 .80 1.35 1.60 400 2.50 2.90 3.35
150 1.00 1.65 2.00 500 3.25 3.60 4.00
200 1.30 1.90 2.30 600 3.50 4.35 4.60

“ivolt-Tab'® 600 watt specd control & light dim-

mer. 115 VAC $4.50 @ ., 2 for $8.00

S: mMoney Back Guarantee!

TERM
66 99 Our 20th year. $2 Min. order
F.0.B. N.Y.C. Add shpg charges
or for C.0.D. 25% Dep. Prices

shown subiect to change.

111-WA Liberty St., N

¥ N.
SEND 25¢ Phone: REctor 2-6245 io'r CATALOG

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, In-
wood, Dallas, Texas.

ELECTRONICS! Associate degree-——29 months. Techni-
cians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

LEARN ELECTRONIC ORGAN SERVICING at home.
All Makes including transistors. Experimental kit—
trouble-shooting. Accredited NHSC. Free Booklet.
NILES BRYANT SCHOOL, 3631 Stockton, Dept. A,
Sacramento 20, Calif.

ELECTRONICS—F.C.C. License Training—correspond-
ence, or resident classes. Free details, Write: Dept. 6,
Grantham, 1505 N. Western, Hollywood Calif. 90027.

REI First Class Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. Job placement free.
Radio Engineering Institute, 1336 Main Street, Sara-
sota, Fla.

HIGHLY—effective home study review for FCC com-
mercial phone exams. Free literature! COOK'S SCHOOL
OF ELECTRONICS, Craigmont, |daho 83523.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00 up.
Catalog 25¢, refundable. PARKS, Box 25565, Seattle,
Wash. 98125.

GET IT from GOODHEART!

HEWLETT-PACKARD =608-B Signal Generator with
top band retuned & recalib. New range 10-500 mc.
no skips! Satisf. uncondit. grid. or money
back! fob Los Angeles, only ......
Unmodlned 10-400 mc, OHC & grtd. . ... .

525.00

for the specilie job!

Sau'm\omo e

turns count, lots of tech

230v.

Regul. & (ilt. outputs 300v, 26A; \', 4;\: -15
10 ma. OK grtd, w /(l'\la 80 lbs fob

data, OK grtd

AC PWR ‘for SCR- 522: RA- B” B ml(le bv Slgnal Co:ps
15

BROADCAST BAND COMMAND RECEIVER ARC T\pe
12. =R-22. Late type! 540-1600 ke.
convelle: 2 IF’'s & AVC, det. & Noise
& AF. 2 uv sensit. Needs external pwr sply
control cits & has no tuning dial. With spl
ing knob. chart to tune exact freq. by

6 tubes: RF.

lelter

lne tun-

17.95

{Add $3 ror extra-clean selected unit.)

TIME PAY PLAN Any purchase lotllln" 100/
$160.00 or more, down payment only. o

MCW: 2 RF's, 2 IF’s: S-

kit & dlagram we furnish.

ALL-BAND SSB RCVR BARGAIN: Halllcrﬁﬂcrs 1t-45/
ARR-7, 550 ke to 43 mc continuous: Voic

Cw,

meter: 455 ke \H 6 se-

lect. cholces. Ready to use. w/e() c\' pwr

sply & book, aligned. fob Los Angele
Deduct $30 if you make Nour own pv\r sply from
seliematic we furnish. Deduct $20 il SSB not requlred,
or deduet $15 If vou will wire in your own SSB with

199.50

knob. 9 lbs fob Los Ang.

ARC-5 Q-5%er Revr 190.330 ke w/85 ke
as 2mdi converter for above or other rcvrs.
eclectrically, w/lots of tech. d'\ta, Ry spllne

IF's. Use

Checked

14.85

(Add $3 for extra-clean selected unlt )

& grid 100% OK, ready
input; add $60 for TN-19

for TN-531. 2175-4000 me.

AN/APR-4 RECEIVING SET w/luning units
38-1000 in¢, plug & handpook. all checked

to use on 80 cv

975-2200 mc;
All uncond. gr

to tune

179.50

And $30 for amn/fm version modified for 80 cy pwr

id 5123
td. OK.

xtl calin. Clean.

part<. data. included.

o
checked 100 %

r'|u| w plug, daia, 16 ibs fob L.
Add 810 for EAO, converts for LM Power Supplv w/

LM FREQ. METER 1235 ke to 20 mc is combin. heter.
l‘req meler & signal source, CW or AM.

accuriey

% 51.50

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Termmal Norwood, Mass.

CASH Paid! SeII your surplus 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 (Walker 5-7000).

TS- 323 UR, 20.480 mc, Crystal. 001 % .
ht giving supplementary xti check points
& (nsuuct 1o closely approach crystal accuracy. W/
schematie, instruct.. pwr sbly data. clean. 199 50
checked. 100¢% grtd. foh Los Ang

W /handbook

Generators, 8 other Freq.

. WIRE . . . PHONE .

AND MUCH MORE! We have 25 other types of Sig‘nll

Meters. Dlgnal Counters

& DVM's. Tektronix & other scope .
Generators. Precision Bridges & Volt-\ge Dhlders AC
& DC. Galvos. Line Voltage Regulators.

Meters. VIVM’s. Spectrum Analyzers. Etc.

. YOUR SPECIFIC

Pulse

Phase-Anzle

WRITE
NEEDS!

E. GOODHEART CO. INC.

Box 1220-A, Beverly Hills, Calif. 90213
Phones: Area 213, office 272-5707, messages 2735-5342

CIRCLENO, 243 ON READER SERVICE PAGE

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning
terms, frequency discounts, closing dates, etc.

Insert time(s)

NAME

{ @ .35 Reader Rate l
Werds | @ .60 Commercial Rate §

Total Enclosed $

i 2 3 4 5
3 7 [ ) 10
1] 12 13 14 15
16 17 18 19 20
21 22 23 24 25 -
‘ 26 27 28 29 30
3 32 33 34 35

ADDRESS

CITY ZONE STATE

SIGNATURE

CIRCLE NO. 225 ON READER SERVICE PAGE
98
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WORD COUNT: Include name and address. Name of clty (Des Molnes) 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. Symbols
such as 35mm, COD, PO, AC, etc,, count as’ one word. Hyphenated words count as two words.

EW-465

ELECTRONICS

WORLD



www.americanradiohistory.com

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.

BEFORE you buy receiving tubes, test equipment, Hi-fi
components, kits, parts, etc....send for 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 in America! We serve professional service-
men, hobbyists, experimenters, engineers, technicians.
Why pay more? Zalytron Tube Corp., 469-W Jericho
Turnpike, Mineola, N.Y. 11502.

ELECTRONIC TUBES--Top Brands SOLD at substantial
savings! (Minimum Order $15.00) Authorized GE, Am-
perex, DuMont and Eimac Distributor. Send for FREE
Buyers’ Guide for all your Tube Reguirements. TOP
CASH PAID for your excess inventory (New ONLY—Com-
mercial Quantities). Metropolitan Supply Corp., 443
Park Avenue South, New York, N.Y. 10016. 212-MU
6-2834.

MUsSIC

POEMS Wanted for songs and records. Send poems.
Crown Music. 49-RB West 32, New York 1.

GOVERNMENT SURPLUS

JEEPS $64.50 ... Boats $6.18... Typewriters $4.15

Airplanes, Electronics Equipment, 100,000 Bar-
gains Typically like These Direct From Government in
Your Area. For Complete Directory and Surplus Cata-
log Send Only $1.00. Surplus Service, Box 820-K,
Holland, Michigan.

JEEPS—$62.50, Transmitters—$6.18, Typewriters—
$4.15, Walkie-Talkies, Oscilloscopes Multimeters.
Typical Surplus Prices. Exciting Details Free. Enter-
prises, Box 402.B9, Jamaica 30. N.Y

TAPE AND RECORDERS

RENT Stereo Tapes—over 2,500 Different—all major
labels—free brochure. Stereo-Parti, 1616—E. W. Ter-
race Way, Sanla Rosa. Catifornia.

TAPE-MATES MAKES AVAILABLE TO YOU—ALL 4-TRACK-
STEREOD TAPES—ALL LABELS—POSTPAID TO YOUR DOOR
—AT TREMENDOUS SAVINGS. FOR FREE BROCHURE
WRITE TAPE-MATES CLUB, 5280-E W. PICO BLVD., LOS
ANGELES, CALIF. 90019.

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 Yillage Station,
Hialeah, Fla. 33012

TAPE RECORDER BARGAINS. Brand new, latest models,
$10.00 above cost. Arkay Sales, 22-02 Riverside Ave.,
Medford, Mass. 02155.

STEREO TAPE. Save up to 60% (no membership fees
We discount recorders, batteries, accessories. We
mail prerecorded tape, prepaid, anywhere that United
States rates prevail. Free 60 page calalog. Saxitone,
1776 Columbia Road, Washington, D.C. 20009.

TOP quality Sarkes Tarzian's Galaxie tensilized Mylar
tapes: 1800'—$1.56, 2400'—$2.59, 3600'—$3.69,
nlus postage. Moneyback guarantee. Free price list,
Handbook: “Fun with your tape recorder.” Pofe Elec
tronics, 1716-EW Northfield, Muncie, indiana.

SCOTCH Recording Tape, Big Discounts: 1200 Feet
Mylar 99¢. Brookline Electronics, 2831 West 23rd
Street, Brooklyn, New York 11224.

SURPLUS
ELECTRONIC BARGAINS

Transmitters, Receivers, Radar, Loran Test Instru-

THE LARGEST STOCK OF OBSOLETE TUBES IN THE USA AT THE LOWEST PRICES—

UNITED'S FIRST QUALITY

RAND NEW Y%

Price Price Price Price | Type Price
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SEND FOR COMPLETE PARTS CATALOG WITHOUT
TERMS: Minimum order $5.00 exclusive of postage. Remit full price plus postage. NO

OFF

ABOVE PRICES

ments, Mikes, Headphones, Var. & Oil Capacitors, C.0.D. The ahove list does not reflect our entire stock as we have one of the largest SUBJECT TO CHANGE
Plate & Fil. Xfmrs, Dynamotors, Blowers & many selections of SPECIAL PURPOSE, BROADCAST & TV TUBES in the U.S. Write for quotation. WITHOUT NOTICE
other items. For Industry, Schools, Labs, & Ama-
teurs. ESTABLISHED 1920 SEND FOR
WRITE FOR BUL “4i—Loads of Bargains | UN ITED RADIo cg BOX 1000R, DEPT. EW, COMPLETE PARTS
R.W. ELECTRONICS, iNC. | ® NEWARK, N.J. CATALOG
2244 So. Michigan Ave. Dept. 473 1
Chicaso, IHinois g0sre Phone 5551281 | | THIS AD CANCELS ALL PREVIOUS QUOTATIONS BY MAIL OR ANY OTHER ADVERTISING MEDIUM
CIRCLE NO. 233 ON READER SERVICE PAGE
April, 1965 99
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GREGORY ELECTRONICS
Reconditioned FM

2-Way Radio Savings

WRITE FOR ALL NEW
1965 E-X-P-A-N-D-E-D CATALOG

RCA 25-54 MC-CMV2F5S
6/12 VOLT 30-WATT

VIBRATOR
POWER SUPPLY

Fully Narrow Banded

(TX + RX) — Complete with
all accessories

$88.

Same unit tuned to desired fre-
guency, including new antenna
$128

Extra Special Purchase
Reconditioned General Electric

Voice Commander

Personal FM
Transmitter-Receiver

132 to 172 MC, 1 W
9.5"x5.3"x1.7"

The General Electric

VOICE COMMANDER

1 Personal Transmit-

ter-Receiver is a
high performance,
completely self-con-
tained two-way FM

L

.

- Radio. Extremely
compact and light-
- weight. the VOICE
e T Y N CIOMQAANDER {s simi
T e to operate an
oo E____:::._:E gasily hand carried.
=2 premancs L

——="_"3 Except for the final
o stages of the trans.
- o I . mitter, the VOICE
" COMMANDER is com-
i, pletely transistor-

9 T ized.

.4 PRICE,including
b Brand New recharge-
able Nickel-Cadmium
Battery Pack

| . $178

It crystals and tun-
ing is desired, add
$40.00.

We also have the
proper chargers
for these units, GE
Model #4EP27A10,

Price: $18.
It addt'i. nickel
cadmium batteries

are required, $25.
each. Lapel nucro-
phones at .=
or hattery pack.
power supply bot-
tam housing at
$40.

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
riccrnoncs. GCORPORATION

249 Rt. 46 « Phone 773-7550
Saddle Brook, N.J. « Area Code 201

GREGORY w

We undersell everybody

on quality merchandise.

SILICON CON- SILICON SILICON CONTROLLED GLASS SILICON DIODES
TROLLED RECTIFIERS RECTIFIERS SWITCHES 200 mA
PRV 7 AMP 25 AMP |3/ 1154 In Stock Similar To
70 .75 1as | 2 722 ! e PIV 20 100 1.000
) 140 .90 2.00| — _— La pes. nes. pcs.
r 200 1.30 2.301| .25 .30 3N58—%$1.50 50 1.00 4.25 37.50
f 250 1.85 2.60| — b 3N59— 1.60 100 1.35 5.25 47.50
;(5)3 g.gg §.gg .29 -35 d 3IN60— 1.75' 150 1.65 7.25 65.00
. 5 = T | Tested to anove specifications| 200 o z o
E 400 2is50 335 | .33 .40 above: <8 . 2. 20T NI9: 7S MBS 00,
D - 450 2.80 3.75| — -] 'nduire about our Panel|2N67BA Power transistor.
500 3.25 4.00| .40 <47 | meters. Test Equipt., Scopes.|new branded: $1.65 ea. NPN
550 _— 4.35 - ~-| Trsfmrs and the tatest in]Sil. Power transistor for high
600 3.50 4.60| .49 +35| semi-Conductors. SCS's &|voltage audio outbut stages.
700 — 5.75| .57 -65 | siticon Power Transistors &| S watt: 2 tor $2.25. PNP Sili-
ggg = E— '33 ’;;5) sgal;islol: _pio?gs. Tunnel|con transistors available. in-
1000 = i ‘91 1:00 Diodes. nijunctions. quire gty, prices.

All shipments FOB NYC

ADVANCE ELECTRONICS

POWER SILICON RECTIFIERS
25A—400 PIV—51.95
40A—400 PIV—$2.25

(= 1N3212)

79 Cortlandt St.,, New York 7, N.Y. Re 2-0270

CIRCLE NO. 152 ON READER SERVICE PAGE

CIRCLE NO. 185 ON READER SERVICE PAGE
100

HIGH FIDELITY

RECORDS

LOW. LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9, Penna.

DISCOUNT Records, All Labels—Free Lists. Write Cliff
House. Box 42-E, Utica, N.Y.

HI-Ft 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) lst Avenue, N.Y.,
N.Y 10028

HI-FI components, tape recorders, sleep learn eguip-
ment. tapes Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnpike, New Hyde Park 10, N.Y

FREE! Send for money saving stereo catalog f{E4W
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 HIFl EQUIPMENT. Our ‘‘ROCK
BOTTOM' prices on NAME BRAND amplifiers—tuners—
taperecorders—speakers—FRANCHISED—59 YEARS [N
BUSINESS. Write for this month's specials—NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St
New York. New York 10019,

EQUIPMENT

WALKIE-TALKIES Communicate with Friends and Busi-
ness Associates. Great for Hunting and Boating. Ideal
for Police. Fire Dept., Construction and services.
Range to 5 miles. Buy the Best for Less. Write for free
details now. Sheirr Electronics Lab., 1422 Tamarind
Ave., Los Angeles, Calif. 90028 Dept. E.

MC GEE Radio Company. Big 1965 176 page catalog
sent free. America’s Best Values. HiFi—Amplifiers—
Speakers—Electronic Parts. 1901 McGee Street (Dept.
EW), Kansas City, Mo.

STEREO Signal Splitter Speeds stereo amplifier repair.
Adapts any signal generator to two channel output.
No wiring. Send $7.95 plus $.50 postage to: Cronlund
Electronics, 2530 Huntingdon Pike, Huntingdon Valley,
Pa.

FREE ELECTRONICS Catalog. Tremendous bargains.
Electrolabs, Dept. C113-E, Hewlett, N.Y. 11557.
SWAP: SCOTT (chrome-chassis) for Dual-Diversity, SP-
600 or equal. WAODYE, 114 Lakeview, Milwaukee
53217.

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.

ELECTRONIC kits built and tested by licensed broad-
cast engineer at great savings, free details, Simpson
Electronics, 815 North Fourth Street, Sunbury, Pa.
17801.

PATENTS

{INVENTIONS: Ideas developed for Cash Royalty sales.
Raymond Lee, 1606G Bush Building, New York City 36.

www.americanradiohistorv.com

DISCOUNTS on all LP's. Free details. Citadel Record
Club, 545 Fifth Ave., Dept. 21, New York 17, N.Y.

PERSONALS

CONFIDENTIAL Remail—Forwarding Service 25¢ Write
for information. P.0. Box 9067, So. Denver Station,
Denver, Colorado.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning Cat-
alog! Drawer H400. Ruidoso, New Mexico 88345.

HELP WANTED

EARN CASH Commissions plus free gifts. Sell match-
book advertising. Sales kit furnished. Matchcorp, Dept.
MD-4, Chicago 60632.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep-Learning Association, Box 24-ZD, Olympia,
Washington.

LEARN while asleep. Remarkable, scientific. 92% ef-
fective. Details free. ASR Foundation, Box 721, Dept.
e.g.. Lexington, Kentucky.

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog free. (Courses
Bought). Lee Mountain, Pisgah, Alabama.

REAL ESTATE

FLORIDA water Wonderland—Homesites, Cottagesites,
Mobilesites, Established area. $390 full price, $5.00
month. Swimming. fishing, boating. Write, Lake Weir,
38be, Silver Springs, Fla. Ad 6-1070 (F-1)

FREE!—ALL NEW! SPRING CATALDG Thousands of
properties described, photos galore—Land, farms,
homes, businesses—recreation, retirement. 472 of-
fices coast-to-coast, ‘‘World’s Largest.” Mailed FREE!!
STROUT REALTY, 50-ZD East 42nd St., N.Y. 17, N.Y.

STAMPS

FREE U.S. Illustrated Catalog, Simmy’s, 40 Court Street,
Boston, Mass. 02108.

COINS

S INDIAN cents $1.00. 5 Liberty Nickels $1.00. Doktor,
5028 W. Pico, Los Angeles, Calif. 90019.

ELECTRONICS WORLD
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BARGAINS

Write for a copy of our

Complete Bargain Brochure

Collins SKW, 10 Chan, Autotune
XMTR A-1, A-2, A-3 2-26MC $Low

Brand New RCA LET-10 Communications
Transniftter 2 20 mc /AM 350w %

Boonton 170A

riewlett Puckard

'Q :
’01(, Audm Gen
Telelype Test Sel TS-2/TG

Gerlsen FM-5 Frequency Divider

General Radlo 1283A Power Supply, New .. 210.00
General Radio 1208B Osecillator 65-500 m 40.00
General Radio 821A Twin !mpedance Brmge 310.00
General Radio 1021A Sig. Gen. . .. ....... Q
Hewle(( Packard 1521 Dual Tracer

piitier 150.00
llewlelt PﬂCk wd G608C Sig. Ge: 795.00
Hewlett Packard 33713 FM De\.a(mn Mor tor Q
Boouton ’(71(‘. Univerter 300.00
Loilins R-3R8/51453 Rerm\ers LU
Roonton Hm/\ SQ $350.00

Rand Tuning Units for APR4 Ro-

raivers, Slide Rule Dhl Type CV.253,

38-1000 MC Like New - - .. 159.50
HI* 233A Audlo Generator . 375.00
Hr 3083 Sig. Gen. 10MC 400MC ke new 595.00
G.It. Unit Oscill’s I”I 1B § to 50mec. New 210.00

H1? 212A Pulse Generator. Excellent . . g - 325.00
HP 205 AG Audio Generatar. Excellent ... 298%.00
TS 418/U Stg. Gen. 400mc to 100me.

Like new 495.00
TS-323/UR. Freq. ‘Vleter 20MC-480MC.

002 189.00
Measurements Gorp. 31 Intermodulation

Monitor. New 150.00
Empire Devices HBroadband X-tal mixer lyDe

| M‘HI7C. 1120me to 1700me. Excel- S0

onY LT e - RE - o m . - Ea- BJRAE T

Close 0"1‘ JN(l(‘J ft of RG-11A/U, PL-259 each
N w
SPECIAL P ll()nA
PRI 390 Adnnor NEW
PID 1308 6dh. Allenuamr
AN/I'RM 14 Mike Simulator
AN URM 25 Sig. (‘en 10Kc-50M~n.
Hnllentlne 300 VN
IS H /T Exlal Recmler Test Set
5\ U vrv P
Ir's-917 /\nal\zu l'or TP
TMC Tyvpe FFR Receiver ..
Measurements 80 Sig Gen.
8P-800 JIX-5140 Ke-54me/s
-390 higital Job 500- 3 ’mc/s
/s

Adb. AItenua!or

I

»
il N © NN w
050G ENGPRAN W 6
Q
-]

URR-13 225 ta 400mc 320.00
Hf 595B 210.00
HP 500R Fre(l ‘vnr ..... 150.00
HP 200D Alld|n Gen. e o~ 95.00
Rird B3A VIHIF Wartmeter 150.00

GRC—and all military & commercial test equip-
ment as well as conunercial aireraft communica-

WANTED: CV-43, TN-131. RT-263/ARC-34, AN/
tions gear

4178 Park Ave.
Bronx, N. Y.
(212) CY 9-0300

SPACE
ELECTRONICS
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074 6ATE 6CD6 65CT
183 6AT8 6CF3 65H7
1H5 6AU3 6CGT € 6547
1J3 6AUS 6CGB 65K7
14 6AUG 6CMT §SL7

1T4 6AV
6ItNolShlpped

| 3cB6 6BAS

SU4  68CS

5vi 6BOG
5Y3 6BG6 0 R D E R
EACT 6BNY F R E E '
‘TUBE SACSISBIE
100 TUBES OR MORE: f§ O3 6806 6025  6K6  6SN7
6ALS 6BZ6 6D6 6K7 65Q7
C PER TUBE

1U+ 6AWS h[s
6A6 6BHE
6A8 6BJG
6ANB 6C4  gDa4 6Q7 65RT
6ACS 6C6  6DE6 654 6U7

1X2 6AX4
PER 6AB+ 68L7
6AS5 ECBE 6DQ6  oSAT 6UB

With” every $10 Order

per tube

(No Limit) from this list.
6AGS 6SNTY
6AUG 66 6Y6
BAQS 6K6  6W4

fOR CORNELL CUSTOMERS ONLY by

spetio «ith the publisher, these |
amaring borgains are ovarloble
Console
Selt Service
Tube Tester

COMPLETE RADID SERVICING AND
BASIC ELECTRONICS COURSE ONLY $3.00
25 P e

CORNELL

Pt EW4

April, 1965

12AD6
l2a4t6
W Aks
2AT?
2407
2AXT
12BA6
12BD6
12BE6
2BF6

ELECTRONICS CO.
4217 University.Ave., San Diego , Calif. 9210 5
CIRCLE NO. 172 ON READER SERVICE PAGE

PHOTOGRAPHY—FILM, i

EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—'‘Childbirth’’ one reel,
8mm $7.50; 16mm $14.95. Iternational W, Greenvale,
Long Island, New York.

SCIENCE Bargains- —Request Free Giant Catalog “cl
--148 pages—Astronomical Telescopes, Microscopes,

Lenses, Bintoculars, Kits, Parts, War surplus bargains.

Edmund Scientific Co., Barrington, New Jersey.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents-—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished. Busi-
ness expenses paid. No selling. No college educa-
tion necessary. Pick own job location. Investigate
full time. Or earn $6.44 hour spare time. Write for

Free Literature. No obligation. Universal, CZ-4, 6801
Hillcrest, Dallas 5, Texas. B
HIGH WEEKLY EARNINGS! Address-mail letters fea-

turing real merchandise. Receive $10 with every order
keep $8 profit. Supplies furnished. Free particulars.
Modern Merchandising, Box 357, Oceanside, N.Y

| Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N, Oklahoma City 6, Oklahoma.

SELL CB Equipment- -D;alerships available to aggres-
sive people who can sell Citizens Band Radio full or

part time. Knox Electroric, Dept. 194, Galesburg,
111. 61401.

$50 per 1000 possible. Addressing 1000 envelopes.
Longhand-typewriter. Home-spare time. Free particu-
lars. General Enterprises, Box 303, Island Park, N.Y.
FREE Book *990 Successful, Little-Known Businesses.”
Work home! Plymouth-8454, Brookiyn 4, New York.

START profitable weight-watching Food Club. Samples
$1 00. Comidex Corporation, New Canaan 10, Conn.

REMAILING SERVICE

CONFIDENTIAL Secret addiess. Remailing 25¢ or $3.00
monthly. Haley & Son, Bo» S, Imola, Calif.

teves siaves
. Dawia

I"PICTURE 00d

TUBES| i hials
Mutuat Conductance Lab-testen e
individuaity randen g mzed
and Looe Dateo Pay Dug D:pnsn
Tubes £00 or Sena Dug!
'

— with Order

all purpose
ELECTRONIC

CLEANER

CARTONS
HIGH GLOSS

CLAY COATED
cLavk

ontanns amanng new
Tnstanliy cicans

Qthar tubes and CRT's at low prices_ send for fres list

I’ru.s'li;_:'u &E SHecess are yours as an
ELECTRONIC EXPERT!

ﬁl‘s%«

e —
NEW PRACTICAL TV TRAINING

L onLY 3350 -

i o TERMS: add 3c per tube
shipping. Orders under $5.00
add 3c per tube shipping
plus 50c handling. Canadian
orders add approximate
postage. Send 25% deposit
on C.0.0. orders. No C.0D.
orders under $5.00 or [to
Canada. No 24 hr. free offer
on personal check orders

5-DAY MONEY BACK OFFER'

[]DJD:IDDDDDDDD DDDDDDEDDDDDD

wWWW.americanradiohistorv.com

0O WORTH OF

o Trunsistors
« Rectifiers

o Condensers
o Knobs, L()Ils

Add 250 for
liandling.

PLUS FREE —————

$1.00
e SEMI-KON-DUCTORS

] 6—1AMP 400V epoxy rectifiers, made by Sylvania 31
3—-2N255 TRANSISTORS, vr cuuals, TO3 cases -
4—~2N1059 TRANS., npn. by Sylvania, TO22 case s]
1-2N1613 3W NPN SIL. 120 mc, by “‘Rheem’ §]
1 20W SILICON MESA, 2N1648, 2N424 equals.apn, . . 4§
5—-2N107 TRANSISTORS. pop. audio, by “'G.E." §]
) 3CBS 35W PWR TRANSTRS, 2N1434, pnp. stud-. . §]
3—20 WATTERS. 2N1038/42, w/sink by TEXAS .. 3]
3—2N341 NPN SIL. ONE WATT, by Transitron . .§1
10 PNP SWITCHING TRANSISTORS, TO5 cases . . §]
4—-2N43 OUTPUT TRANSISTORS, by GE, pnp, TO5 §1
4—2N170 TRANSISTORS, by GE. rf, npns ...... 31
10 NPN SWITCHING transistors,, like 2N385, ete. §)
5 ONE WATT ZENERS, 6V. gold axialby ransitron$ |
4 CK721 TRANSISTORS, in new alum. cases, pap §)
10 “PIN HEAD'' TRANSISTORS, 'f. if. pnp ... . §]
2 500MC, 2N964, epitaxial, mesa. pnp, 1018 cases §]
3-300MC TRANSISTORS 2N1264, by Sylvania . .§]
2 TRANSISTORS, 2N35, 'y Sylvania, npn. TO22 §}
2—25-AMP SILICON RECT,, (1) 50V, (1) 100V ...§]
2 TRANSISTORS, 2N497, 2N498, made by ltheem §j
3—2N329A NPN TRANSISTORS, by Ratneon ..§]
5-300MC TRANSISTORS, 2N247 by Sylvania ..§}
10-WATT ZENER STUD ANY VOLTAGE 3Vt 2003l
2—2N718 NPN SILICON PLANARS, by Fairchild §]
10 2-AMP RECTIFIERS, 50 to 400V,
| 3N35 TETRODE 150mc TRANSISTOR, silicon .. §]
HOFFMAN SATELITE SILICON SUN CELL, %8x1" §1
4 2N219 TRANSISTORS. mixer-conv, by Sylvania $]
15 PNP & NPN SWITCHING transistors,by TEXAS §]
30 TRANSISTORS, rf. if, TO5 cases . untested...§]
25 TOP HAT RECTIFIERS, silicon, juntested ; ... .g]
25 GERMANIUM DIODES, silicon. to0. untested -$1
3
2

ITEM
FREE

CHOOSE
ANY

ORDERS

0 1000MIL CERAMICIRECTIFIERS 50 - 400 PIV $1
5 SEMI-KON-DUCTORS, rect. dioues, transistors §1
15 NPN TRANSISTORS, rf. if, audio. sw. untested, §]
15 PNP TRANSISTORS, f. if, audio, sw untested $1
]o CK722 TRANS'STORS pnp, made hy Raytheen $|
| 10 MICRO DIODE STABISTORS, EPOXY silicon .. . $1
T 4—1AMP 700V TOP HAT RECTIFIERS, SILICON. $I
[] 4 TRANSITRON 1Na29 ZENER REFERENCES ... .51
[Cl 2 2N706 500MW, 300MC NPN PLANAR, TO18 ..$1
15 TRANSISTORS, osc-ifs-driver-p.p. by Ratheon 51
4. 2N333 NPN SILICON TRANSISTORS Sylvinia§]

PARTS BY THE POUND [{[JTRANSISTORS

500-1000 pcs 100 for $295

ONE 88
4 Power, Audio, RF, untested
WORLD'S

wettvsruns 31 PARTS PAKS

DISCS
[ 10 TRANSISTOR SOCKETS for pnp-npn transistors §|
[J MAGNETIC swiTcCH burglar alarms,withmagnets. I3
) FILAMENT TRANSFORMERS 115 v. 106.3V 3.A.§1
L_] 25 'CERAFIL" WORLD'S SMALLEST COND, to .05 m$1
[J 10 VOLUME CONTROLS t¢ ! nieg. switch too .. -$1
[} 3 INFRA-RED PHOTO DETECTORS, long leads $1
30 'CORNING' LOW NOISE RESIST'S, Yz, 1, 2W  §3
$25 RELAY SURPRISE, “ssovied SUBMINIATURE  $1
50 COILS & CHOKES, f. if. osc, peaking. etc. . 31
$25 RADIO ‘n’ TV SURPRISE, wide variety ....S}
10 TRANSISTOR ELECTROLYTICS, !0 to 100mf g
50 RADIO & TV KNOBS, assoried colors, styles . .§]
50 MICA CAPACITORS, to .Olmf, silvtrs too . .§]
30 POWER RESISTORS, to 50W to 2d¥ohms ....§]
60 TUBE SOCKETS, receptacles. audio, plugs, ete. §1
60 TUBULAR CONDENSERS to -5mf to 1KV ....g]
4 TRANSISTOR TRANSFORMERS, asst. worth $25 g3
40 WORLD’S SMALLEST RESIST., 59 too. 1/10W §}
60 CERAMIC CONDENSERS, dises, npo's to .05mf §
40 PRECISION RESISTORS, asst., 19, 1/2, 1, 2W §)
10 ELECTROLYTICS, FP & tubulars, to 500mf ..§J
30 SPRAGUE MYLAR condensers, asst. val., volts g1
75 ASST. HALF WATT RESISTORS, 5% too ....§]
35 TWO WATTERS, resistors, 5% wo. A-B too ..§]
40 DISC CONDENSERS, to .01 to 1KV, mylars too §]
10 RCA PHONO PLUG ‘n’ JACK SETS, tun-amps §
_J 60 HI-Q RESISTORS, ! /2. 1. 2W to 1 meg. 5% too §)

j OL GIANT SPRING CATALOG ON: [ PARTS [] REC-

(o ] )

LCOOO00 O HDO000000CT

TIFIERS 7T TRANSISTORS 0 SCRS (] ZENERS

TERMS: Send check, monecy order
Add postage—avg. wt. per pak
Ib. Ratid net 30 days. COD 257.
deposit.

A K s P.O. BOX 942W

SO. LYNNFIELD, MASS.
“PAK-KING'' of the world
CIRCLE NO. 206 ON RECADER SERVICE PAGE
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INVENTIONS WANTED

INVENTORS. We will develop, help sell your idea or
invention, patented or unpatented. Our national manu- ELECTRONICS WORLD APRIL 1965
facturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance avail-
able. 10 years proven perfoermance. For free informa- ADVERTISERS INDEX
tion, write Dept. 42, wall Street Invention Brokerage,
%VEV%II'IO::%OLtN'ewhtYmkhs' NI.YA‘ 1ti f READER READER
. Outright cash sale or royalties for your
inventions, Patented. Unpatented. Active demand from | SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.
our client manufacturers. Financial assistance avail- |
able., Write Dept. 48, United States Invention Broker- 152 Advance Electronics ... ......... 100 231 LTV University ............... 74,75
age, 78 Wall Street, New York 5, N.Y. |
= — American Institute of 194 Lafayette Radio Electronics ... ... 69
Engineering & Technology ..... 86
EMPLOYMENT INFORMATION 128 Lampkin Laboratories, tnc. ...... 90
248 Amperex Electronic
FOREIGN Employment. Construction, other work proj- Colpoation =y Srye s THIRD COVER
ects. Good paying overseas jobs with extras, travel . 195 Magnecord ... ... Ll 81
expenses. Write only: Foreign Service Bureau, Dept. D, 1551 Anteand Specialists Ca., [ Theligqge 70
Bradenton Beach, Florida. | 161 Automotive Electronics Co. .. ... 72 129  Mallory & Co., Inc, PR ....... 13
EMPLOYMENT Resumes. Get a better job & earn more! .
Send only $2.00 for expert, compiete Resume Writing | 150 Microtran Company, Inc. ....... 84
Instructions. J. Ross, 80-34 Kent St., Jamaica 32, N.Y. N . .
Dept. EW. 100 Belden Manufacturing Co. ...... 23 199  Milwaukee School of Engineering.. 85
OVERSEAS—FOREIGN employment. High paying. Steady, ) . .
All occupations—professions. Family relocation. Trans- 148  Buckeye Stomping Co., The ...... 12 20llgierorclofrcininoflnstiv iR e
portation. Sixth successful year furnishing immediate, . .
direct placement. Global Employers, Box 286-W, Oro- Figstel AssociBlet < tage. - oms <
ville, Calif. Capitol Radio Engineering
Institute, The ........ 8,9,10, 11
! == National Radio
MISCELLANEOUS Channel Master Corp. .......... 66 Institute . ......... SECOND COVER
DEEPLY in debt? Clear credit—quick relief. Write Ad- Cleveland Institute
visor. Box 48337-ZD1, Los Angeles 90048. of Electronics ........ 76,77,78,79 402 (@RIt IFCh o2 . A2 o 0 Sk, bk, s 4
SAVE $200 to $2,000 on European automobiles deliv- | R i
ered at low, low factory tax-free prices by using our 263  Cleveland Institute of Electronics.. 15
direct shipment plan. Delivery guaranteed, references | 0 C .
available. Tourist and Military defiveries available in | 7 oncertonea. rg.\n svaprrias sum W : 67 141 P.AF. Enterprises .............. 85
Europe. Information on all modefs and makes Eurauto, .
Postgus 333, Rotterdam, Holland. 172 Cornell Electronics Co. .. ........ 101 206 Poly Paks .......... ... ... 101
RAISE money fast—easy proven sources—free partic-
ulars—Advisor, Box 48337—2D2, Los Angeles 90048. 149" Chescent Tgol CgMpany .. «a<+wws s
FOUR Live Color Changing Chameleons, Postpaid $1.00. 403 Crown International ........... 84 RCA Electronic Components
Reptile Price List, 25¢. Biological Center, Box 962D, and Devices . .FOURTH COVER, 2,73
Norco, Louisiana 70079.
— — . RCA Institutes, Inc. .. ... 18,19, 20, 21
ﬂ 122 Datak Corporation, The ........ 14
AMAZ'NG ... NEW . . R. W. Electronics, Inc. .......... 99
Delmar Engineering Co. ........ 70
POCKET H0|ST 144 Radar Devices Manufacturing Co. 65
. 177 Edito d Engineers; ttd. .. ... 84
Lifts and pU”S vp o one mnameEn 213 Sams & Co., Howard W 80
to 2000 Ibs. One 140 Electronic Components Co. ...... 96 v R
handoperaﬁon! 200 Scott Co., Inc, H. H. ... ... .. 85
ONLY
$ 95 1811 Eair) Radiol SQlas s asfvetibitaes: 98 143  SENCOTE 4. iu ih 2k woss 4. wwamsds 83
6 246 Finney Company, The .......... 93 217 Shure Brothers, Inc. ............ 16
. 219 S t G T T 87
e hSToTIiy onotone Corp
13 ounces 183 G & G Radio Supply Co. . ....... 97 221 Space Electronics .............. 101
L Ey—
. 5 ‘ 243 Goodheart Co. Inc, RE. ... .. .. 98 224  Switcheraft, fnc. ... 66
™ Complete with
/ 100 feet of 550 Ibs. SE—— Grantham School of Electronics .. 73 Sylvania ... 5
- per strand nylon cord, 9{,’1“’” |
tooled lifting slings and r:valrrying 184 Greenlee Tool Co. ............. 80
> ) , o
welded steel rings. bag! | 185 Gregory Electronics Corporation .. 100 2251 "TABY . .44 pasinpmp adis Nl N 98
it I
As po.we.rfUI as it is Sma.”‘ | 229 Texas Crystals e ate e | biwe e« 86
Carry it in your car, tuck it
in any drawer. This fmely [ 187 Heath Company . .............. 6,7 Tri-State College ............. 66, 94
engineered precision device
has hundreds of uses |
faar(?tli)r;g warp:ﬁ;l:‘;)ep'e?:ako ‘ Indiana Home Study Institute .... 86 233 United Radio Co. ... .......... 99
more StrUggI.ing _tO lift heavy 189 International Crystal Mfg. Co., Inc. 95 282 Utoh <sevpqgpumesciionsbosaais 71
objects. Do it with one hand
and a POCKET HOIST! 401 International Resistance Co. .... i
e e e — o e e e Valparaiso Technical Institute .... 70
g CONSUMER SERVICEVCOMPANV :
160 Mercer St., New York, N. Y. 10012
. ! 191 Joh C E.F. scamemauil 82
2 Enclosed is § for Pocket Hoists at $6.95 : CUIEE =,
e 6 plus 35¢ ea. for postage and handling ° 259 Warren Electronic Components ... 96
° (N. Y C. residents pleasg add 49, sates tax.) ®o |
@ Foreign orders $1.00 additional : | 145 Krylon, Inci civainsveianobos.ss 90 237 Winegard Co. Antenna Systems .. 87
o i
: Name “(riease prinT) EW-45 : i Kuhn Electronics . .............. 86 238 Workman Electronic Products, Inc. 94
QIUES T X ap K S CLASSIFIED ADVERTISING ....96, 98,99, 100, 101, 102
e City State Zip Code °
® Sorry—No Charges or C.0.D. orders. °
0000000000000000000000000000 Printed in U.S.A.

102 ELECTRONICS WORLD
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Most ¢t the auality TV sets you are presently servicing were designed around
spacial Frame Grid tubes originated by Amperex. More and more tube types

originated by Amperex are gaing into the sets you'll be handling in the future.
Amgperex Frame Grid tubes pravide 65% higher gain-bandwidth, simplify TV

circuitry and speed up your servicing because their extraordinary uniformity
virtually eliminates need for realignment when ycu replace tubes.

Ampezrex Frame Grid Tubes currently used by the major TV set makers include

26R5  2GK5  24A5  3EH7 3GK5 3HAS  4EH7  4EJ7 4ES3  4GKS 4HAS  5GJ7
6EH7  €EJ7 6ERS 6ESB 6FY5S  6GJ7 6GKS 6HAS  6HGB  7HGB  BGJY

If your distributor does not yst have all the Amperex types you need, please

CIRCLE NO. 248 ON READER SERVICE PAGE

Amperex Electronic Corporation, Hicksville, Long Island, New York 11802
www.americanradiohistorv.

be patient—in somea arsas the demand keeps gaining on the supply
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At top, you're looking into the RCA
Receiving Tube Reliability Laboratory
—a most important factor behind the
exceptional reliability of RCA receiv-
ing tubes, and one more plus-value that
you have in RCA tuhes.

Here in two-hundred TV sets of all
gsizes—black-and-white and color—
samples of each week’s production of
RCA receiving tubes are subjected to
extensive tests under actual field con-
ditions. The operating conditions for
the TV sets vary from low-line to high-

Work Well Here

line voltages. And the sets are regularly
cycled on and off to check the effects of
heating and cooling on the tubes.

The Tube Reliability Laboratory re-
veals—and allows us to eliminate—prob-
lems that do not show up under normal
production life testing. It also permits
us to conduct pre-production tests of
new tube designs to make certain that
the RCA standards of quality will be
fulfilled before the new tubes are
marketed.

Testing in the Tube Reliability Lab-

oratory enables us to verify the con-
sistent high quality ¢f RCA receiving
tubes—to maintain uniformity of char-
acteristics from tube to tube and
throughout life. It is another example
o? the care we take 1o assure that RCA
receiving tubes give RELIABLE PER-
FORMANCE where it really counts—
in vour customers’ sets.

SEE YOUR AUTHORIZED RCA DISTRIBUTOR
FOR TOP-QUALITY RCA RECEIVING TUBES

RCA ELECTRONIC COMPONENTS AND DEVICES, RARRISON, N. .

The Most Trusted Name in Electrenics

www.americanradiohistorv.com
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