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New ! Deluxe Solid-State Volt-
Ohm Meter . . . High impedance . . .
AC or Battery Powered . . . DC Volts
from 500 millivolts . . . AC Volts from
500 millivolts . . . Resistance, 10 ohms
center scale, 7 ranges.

New ! Deluxe Solid-State Volt-
Ohm-Milliammeter . . . High Im-
pedance — AC or Battery Powered . . .
Current from 15 uA Fuil Scale . .. DC
Volts from 150 Millivoits . . . AC Volts
from 150 Millivolts . . . Resistance, 10
ohms center scale, 7 ranges.

New! Heathkit FM Stereo
Generator . . . For RF, IF And Multi-
plex FM Alignment.

(D) New! Heathkit Variable High
Voltage Regulated Power Supply
. . . Fills Hundreds Of Requirements
For The Engineer, Service Technician,
Experimenter Or Physics Student.

New ! Solid-State Low Voltage
Regulated Power Supply With New
Zener Reference And Improved Im-
munity To Transients.
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Comes From Heath

Now from Hcath .. .the most exciting innovation
in clectronic instrumentation . . . new ultra-functional
cabinct styling. These new Heathkit instruments
feature a cabinet frame consisting of {ront and rear
pancls with side rails that completely support the
component chassis independent of the top and bot-

tom cabinet shells ... allows
assemblyv. checkout and calibration.

(A) NEW!IM-16 Solid-State Volt-Ohm Meter ...
Battery Plus Built-In AC Power

Features 8 DC and 8 AC voltage ranges from 0.5v to 1300 v, full
scale; 7 ohmmeter ranges N1 (160 ohms center scale) N0 8100, xIK.
10k, X100k and xI miegohm: 11 megohm input resistance on DC
ranges: 1 megohm on AC ranges: internal battery or 120 240 v,
30/60 Hz AC power for portable or “in-shop™ operation: large.
casy-to-read 6”7 100 uA meter: separate switches for individual
functions; single test probe with finger-tip fip switch for all meas-
urements : simple circuit board construction. 10 [bs.

IM-25 Solid-State High Impedance
Volt-Ohm-Milliammeter

All silicon transistors plus FET's. Features 9 AC and 9 DC voltage
full scale ranges down to 130 mwv: 11 current ranges {rom 13 uA to
1.5A full scale: 7 resistance ranges (10 ohms center scale) measure
one ohm to 1000 megohms: AC plus battery power for portability
67 200 uA meter with zero center scale for ~ & — voltage measure-
mmls without switching: accuracy of — 37, Tull scale on DC volts.
= 3",on AC volts: separate range switches for cach function: 17,
precision resistors: 10-turn thumbwheel zero adjustment: fast cir-
cuit board construction. 10 Ibs.

NEW! IG-37 FM Stereo Generator

For RF, IF and FM Stereo Alignment

Produces virtually all signals for trouble-shooting & aligning multi-
plex adapters. FM wuners and receivers. Generates mono FM or
composite stereo FM signals. Crystal-controlled 19 kHz (= 2 Hz)
pilot signal, adjustable from 0 1o 107, Tor checking tuner lock-in
range. Switch-selection of 400 Hez. I()O() Hz, 5000 Hz. 19 kHz, and
65 kHz or 67 kHz SCA signals for complete alignment capability.
100MH 2 sweep signal (adjustable +2 MHz) for overall RF and [F
alignment. Built-in crystal mmrollul marker oscillator for 1F and
dial tracking checks. Phase test capability. No balance adjustment
needed for equal right and lelt channel modulation levels. 12 1bs.

() NEW! IP-17 Variable Regulated

High Voltage Power Supply

Features 6v. and 12 v. AC filament voltages: also Turnishes B+~
from 0 to 400 volts DC. bias Irom 0 to — 100 volts DC: separate
panel meters monitor B+ output voltage & current: volumeter
switched to read C— volts: output ternunals isolated for salety:
high voltage and bias may be switched “off™ with filaments still
“on™ for maximum testing efliciency and safety. 17 tbs,

NEW! IP-27 Solid-State Regulated

Low Voltage Power Supply

New Zener reference-voltage power supply. New up-dated cireuit
that is virtually immunc to overload from exotic transients. Relay-
protected against short circuit & overload. Provides 0.3 to 50 volts
DC with better than -+ 15 millivolts regulation. 4 current ranges:
30 mA, 150 mA. 300 mA & 1.5 A. Adjustable current limiter: 20
to 100", on all ranges. Pancl meter shows output voltage or current,
Choice of kit or assembled versions. 16 [bs.

complete freedom for
You'll like the

clean bold panel & meter markings for casier reading

. the casicr-to-grasp knobs .. . the compact size

.and the retractable carrying handles that are
concealed in the side rails. The die-cast front panel
bezel styled in chrome and black. the black side rails,
and the special two-tone beige front panels and cab-
inct shells give these new instruments an appearance
as up-to-date as their performance.

Kit IM-16

| 44

Wired IMW-16
$64.95

Kit IM-25

$8000

Wired IMW-25
$115.00

Kit IP-17

$5995

Wired IPW-17
$89.95

Kit IP-27

$7 695
Wired IPW-27
$119.95

I—IEAT
— | HEATH COMPANY, Dept. 15-10

HEATHKIT 1968 ‘I’l

NEW

CATALOG!

Mow with more kifs, mars ecdor.
I8 Fully describes these along with

calor TV, elecironic organs, elec-

| Benton Harbor, Michlgan 49022
| In Canada, Daystrom Ltd.

Enclosed is $

, including shipping.

Please send model (s)
Please send FREE Heathkit Catalog.

' .o &y | FREE 1968
1

. /“ |r|l::_ll.|ir?|r & amplifier, amataur
> 3 | radio, maring, educational, CE,
[} home & hobby. Mail coupon o

el wiite Heath Campany, Banlon
"_‘ Harhor, Michigan 43027

State Zip

|
]
|
1'.] L over 300 Rits lor slereashiefi, l
|
]
]
|

Prices & specifications subject to change without notice.

L
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THIZ MONTH'S COVER
illustrates the theme of our
Spacial Issue dealing with
the important subject of

““Lwitches.”” We have
grouped a number of repre-
sentative examples of the
types of switches discussed
fully in our Special Section.
Several types of push-but-
ton switches are shown,
along with toggle switches,
snap-action, and open-
frame rotary types. With the
increasing importance of
color for functional and aes-
thetic purposes, we are now
finding a wide variety of
switches with brightly col-
ored push buttons and op-
erating handles. Colored
lighting is also used. Exam-
ples of such switches are
included. Our thanks to the
following manufacturers
who supplied us with ex-
amples of their products:
Centralab, Cutler-Hammer,
Micro Switch, OQak, and
Switchcraft. .. .Photo-
graph by Bruce Pendieton.
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S

Pullisher
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Electronics World: Published monthly by Ziff-Davis Publishing Company at 307 North Michigan Ave..
Illinois 60601,

Electronies World

OQCTOBER 1967 VOL. 78

CONTENTS

Infrared Radiometry  jonn R Collins

Everything above Kelvin zero emits heat that can be converted into infrared photos
by radiometers. These instruments are widely used in medicine, for mechan:cal
inspection in industry, and by our Armed Forces for locating the hidden enemy.

Recent Developments in Electronjcs

Using the New Constant-Current Diodes  Donald E. Lancaster

The Sun and Space Solar Measurements  Joscph H. Wujek, Ir.

Audio Integrated Circuits—What’s Available?

A large number of low-cost IC's are now obtainable for low-power audio circuits.
Here’s a rundgwn on what's available now with new ones coming out almost daily.

Donald E. Lancaster

SPECIAL SECTION: SWITCHES

47 Miniature Switches
39 Enclosed Rotary Switches  roberi H. Tillock
40 Lighted Switching Devices ‘waiker Smith
43 Precision Rotary Commutating Switches
44 Slide Switches and their Ganged Arrays
46 Pressure-Sensitive Switches

47 Toggle Switches ronald G. Rezel

49 Popular Switch Contact Configurations & Circuit Terminology
50 Stacked Switches and their Ganged Arrays ones Bailey

53 Snap-Action Switches and their Ganged Arrays
56 Check List for Ordering Switches

57 Open-Frame Rotary Switches wiiliom Sefion

60 Switch Kits for Designers

A.F. Contarino

Peter Waznys
Bernard J. Golbeck

Harry H. Meyer

Variable Low-Voltage Power Supply
G-E Offers Bonus for H.V. Regulator Tubes

Murray S. Rifkin

EW Lab Tested
Sherwood S-8800-FET Receiver
Ampex Model 2161 Tape Recorder

Pipe and Leak Locating  John Frye

Test Equipment Product Report

Hewlett-Packard Models 6215A and 6217A D.C. Power Supplies
Seco Model 260 Transistor Analyzer
Sencore Model CR143 CRT Tester and Rejuvenator

MONTHLY FEATURES
Coming Next Month 68 Radio & TV News
Letters from Our Readers ©0 Electronic Crosswords

Book Reviews ©3 New Products & Literature

Chicago,
One year subscription $6.00, Second Class Postage paid at Chicago. Illinois and at ‘additional
mailing offices. Subscription service: Portland Place. Boulder, Colorado 80302
Copyright © 1967 by Ziff-Davis Puhlishing Company. All rights reserved
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Leaderibiin presents

“NEW

Computer Logic CONPOl  speciaw FeATURE ARTICLES ON:

Pro 800 Transport

L

r

MODEL SX 824

In the league of nimble-fingered
tape-handlers there exists a re-
current problem. [t has been
demonstrated time and again that
anyone can ruin a valuable tape by
absentmindedly outsmarting the
interlock system of an otherwise
safe tape recorder.

In answer to this problem and sim-
ilar problems arising in automated
and remote control applications, the
CROWN Pro 800 was designed. This
recorder has a computer logic sys-
tem using IC's which prohibit all
such destructive operations.

The CROWN computer stores the
last command given it in its memory
(forgetting all previous commands)
and by a continuous knowledge of
the operating state of the machine
(motion and direction), it takes all
the necessary measures and
executes the command. This is all
done without time-wasting delay
mechanisms.

Computer Logic Control brings
to you rapid error-free tape han-
dling. It is actually impossible
to accidentally break a tape.
Call your CROWN dealer NOw!

MOST PERFECT REPRODUCTION

= Performance as yet unequalled

v Four years proven Solid
State circuitry

= Extremely low noise electronics

FINEST TAPE HANDLING

%= Computer smooth operation
= True straight line threading

= Patented Electro-Magnetic brakes
never need adjusting

i £ o International

0 )i Box 1000, Dept, EW-10

Elkhart, Indiana 46514
MADE ONLY IN AMERICA

CIRCLE NO. 119 ON READER SERVICE CARD
4

COMING
NEXT
MONTH

DIGITAL VOLTMETERS

' Electronies World

This issue will feature two timely and important articles on the subject: The New Breed of
Digital Voltmeters by Arthur H. Seidman in which the author explores the new applications
for d.v.m.’s on the production line, in service shops, and in all types of OEM systems—
thanks to their newly reduced cost; and Digital Voltmeters by John D. Lenk offering com-
parative performance and principles of operation on a wide range of electromechanical and

all-electronic digital voltmeters.

THE INSTRUMENTATION
TAPE RECORDER

Widely used to record data in the lah
and industry, these  special-purpose,
multi-channel instruments are  capahle
of using any of the recording systems for
analog recording: direct-record, FM, or
PDM. In this /'ir.s't of two articles, the
author receals how these recorders were
deceloped, their special tepe-transport
mechanisms, and critical head construc-
tion.

DIGITAL U.H.F. FREQUENCY

MEASUREMENTS

Three hasic techniques are involved in
making it possible to measure frequen-
cies as high as 15,000 MIIs. In one,
using the transfer oscillator, an aceu-

racy of 300 Hz in 1000 M1z is obtain-
able. William Barden explains how it
is done.

ALIGNING FM-STEREO RECEIVERS

WITHOUT A GENERATOR

The method described is fast, accurale,
and casy to learn. It requires only a
scope and the received signal. \With a
IiH;(' practice, anyone can peiform a
good alignment.

LOW-COST CD

IGNITION SYSTEM

Circuit details and performance of a
simple, non-critical capacitive-clischarge
systeme that awill  cut  ignition-system
maintenance and gice the old car new
pep.

All these and many more interesting and informative articles will he yours in

the Notvember issue of ELECTRONICS WORLD .

. on sale October 19th.

ZIFF-DAVIS PUBLISHING COMPANY

William B. Ziff
Chairman of the Board (1946-1953)
William Ziff
President
W. Bradford Briggs
Executive Vice President
Hershel B. Sarbin
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Philip Sine
Financial Vice President
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| Arthur W, Butzow
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Edward D. Muhlfeld
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lrwin Robinson
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You are now in Radar Sentry Alarm’s r.f. microwave field.
Don’t move a muscle!

This security system is so sensitive, it can be
adjusted to detect the motion of your arm turning
this page.

And if this Portable Model Unit wers within 35 feet
of you and you moved. .. people up to a half-mile away
could hear the siren. Plus with optional equipment,
it can detect fire...turn on lights...even notify police.

What does a burglar alarm have to do with you?

Just this: Radar Sentry is no ordinary alarm. It is
the most modern and effective security system avail-
able. And it's also electronic.

That's why we need you. We need Dealers with
technical knowledge. For the most successful Dealers
for Radar Sentry Alarm are men who know electron-
ics. This is a product that sells itself when demon-
strated properly.

It's been proven time after time. In fact, many of
the more than one thousand readers of electronics
magazines who became Dealers in the past year —
sold a system on their first demonstration.

And that’s why we need men with technical knowl-
edge and experience.

Men like you.

How about it?
Do you want to start a business of your own...
or expand your present business with a product that in
8 years has became the world-wide leader in its field?
Do you want to earn up to $5,000 a year in
your spare time?
Do you want to earn $20,000 and more full time?
We'll show you how.
0.K., now you can move.
Fill out the coupon and get complete Dealer/Distributer
information...free.

) Mail to: RADAR DEVICES MANUFACTURING CORP.
: 22003 Harper Ave., St. Clair Shores, Michigan 48080

1 Please tell me how | can have a business
of my own distributing Radar Sentry Alarm

Systems. | understand there is no obligation,

Name

Address

1
]
]
1
]
I
|
|
|
|

Ew 10

1
1 City State & Code

CIRCLE NO. 34 ON READPER SERVICE CARD

October, 1967
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Hang it fast
and easy
then forget it!

The new Jensen VH-100 Series
horn speakers were designed for
fast installation and a lower in-
stalled cost. Their new and ex-
clusive features let you install
three VH-100's for the labor pen-
alty previously charged for two.

KWIKON® connectors, an easily
detached base, universal angle
adjustment, accessible power
control and an optional pre-inte-
grated transformer are but a few
of the many advantages of these
rugged new weatherproof 32 watt
speakers.

Our new brochure tells all.

Write Jensen Manufacturing
Division, The Muter Company,
6601 South Laramie Avenue,
Chicago, Illinois. 60638.

Jensen

CIRCLE NO. 103 ON READER SERVICE CARD

LETTERS
FROM OUR
READERS

ELECTROSTATICS
To the Editors:
I have read with particular inlerest

your article on “Static Eleclricity™ in

| | the Julv issue.

Some vears ago, I developed u methiod
of controlling an electrostatic churge on
a moving vehicle. This technique is
applicable to bodies in outer space
since it does not require a corona dis-
charge. Enclosed is a U. S. Patent (No.
3,095,167) issued to me in 1963.

In my classes here, 1 have been
teaching that the area of electrostatics
has been a woefullv neglected field of
physics. Our real busic understanding
of the nature of static ch arge, its stor-
age, its movement, and its conversion
into cuwrent electricity are still arcas of
physics which need mujor research.

II. C. DubrLey, Chrmn. and Prof.
Dept. of Phyvsics
Univ. of Southern Miss.
Huttiesburg, Miss.
ELECTRONIC EAVESDROPPING
To the Editors:

Your article on clectronic eavesdrop-
ping in the April issue was exiremelv
interesting. However, a couple of ques-
tions arise. How does one go about de-
tecting u bug, and whv do the adver-
tised bugs cost so much? 1 have seen
several ads i which a bug costs a cou-
ple of hundred dollars or more.

Frep C, CaxtPBELL
Miami, Fla.

It would take an article as long as the
original onc to properly cover the sub-
ject of “electronic mopping” a room.
Bricfly, as a general rule, a scarch starts
with a close physical examination of all
clectrical devices within the room. in-
cluding the lighting system, any inter-
coins, and the telephone, coupled with
a carcful scarch of all furniture. desk
accottrements, walls, floor, window
edging, and possibly the ceiling. Paying

particular attention o carvings, pic-
Ltures, other displays, nail heads. small

| holes, or bumps or cracks in plaster or

wallpaper will, in most cases, turn up a

Lmike or rf. bug implant. Always be

on the alert for any type of conductor
for a mike feed. Be suspicious of all
hricfcases, packages (especially scaled
ones), and recent “presents.”

almost

is concerned,
any frequency ranging from vcery low
(several lhundrved KHz as nsed in

\s far as r.f.

wireless —intercoms)  for  fransmission
down a power line 1o frequencies above
the FM hand jor direct r.f. transnis-
sion can be used. This makes the job of
an r.f. field detecior very difficult, hut
not dmpossible. Operation of an rf.
ficld detector depends upon the type of
detector being used.

Concerning price, a knowledgeable
technical reader of this magazine should
recognize the circuits shown in the ar-
ticle and realize that he can duplicate
them for a few dollurs. (We intention-
ally omitted parts values from the cir-
cuils in order to discourage duplication,
cither by electronically naive individu-
als or those who might use the devices
to invade the pricacy of othcers.) This
low construction cost is a far cry from
the hundreds of dollars that these units
sell for. 1t is the aura of sccrecy that
cnables these vnits to command sucl
high prices, and the “James Bond syn-
drome” that cncoivages many people
(o purchase them.—Editors

* * *

HANDS-OFF AIRPLANE LANDINGS
To the Editors:

Your article in the Julv issue on elec-
tronic challenges in the SST program
was very interesting. However. in the
discussion concerning “hands-off” land-
ings, it neglected to mention the very
important fact that fullv automatic
landings of commercial jets are already
here. On Februarv 27, 1967, a Pan
American Boeing 727 jetliner with 98
fure-paving passengers on board made
a fully automatic Linding at John F.
Kennedy International Aivporl in New
York.

This was accomplished by use of the
Sperry Phoenix SP-30 automatic flight-
control svstem as a result of combined
Boeing /Sperry efforts.

Roranp R. MiLLER
Phoenix, Ariz.
* * *

ELECTRIC CARS
To the Editors:

Your May issue seems to indicate that
the electric car is not just a dream but
practically an actuality. But I under-
stand that with our present knowledge

(Continued on page 12)

CIRCLE NO. 197 ON READER SERVICE CARD —>»
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$695.00

(and atlast)
No Needless
Needles

WHY? 10 Millivolts resolution LOOK AT THESE EXTRAS
Because Non-Linear Sys- 3% Accuracy 100% Over-range Digit
tems introduces (X-3), a 20 Hz to 500 MHz Over-load Indicator
solid-state integrated cir- 10 Megohms Input Over-load Protection
cuit DVM *(VTVM)"” with Impedance Automatic Polarity
extras for $695. Resistance: Display Storage
DC Volts: 10 Ohms to High CMR
10 mvto 10K v 2000 Megohms Unique Low, Medium, and
1% = 1 digit 1% = 1 digit to 200K High Range Selector
100 Megohm input Current:
impedance’ entire 10 Nano Amps to /\ Originator of the Digital Volimeter
range 200 Milliamps /w NON-LINEAR SYSTEMS, INC.
10 Microvolts resolution 1% = 1 digit L DEL MAR, CALIFORNIA 92014
{714] 755-1134/TWX: 910-322-1132
AC Volts: Yes, all these extras for

200 Millivolts to 3CO volts $695 (including probes)

www.americanradiohistorv.com
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EXPERIENCE
S STILL YOUR
BEST TEAGHER

o PSR [hat is why NI has invest-

B ed more in Professional
Lab Equipment than all
Y other home-study schools
= . combined. It makes train-
ing at home in [Iectromcs fast and fascinating. Your
hands are trained as well as your head.

OLDEST AND LARGEST
SCHOOL OF ITS KIND
J Accredited by the Accrediting Commission of the National Home Study Councit

000000000000
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You get more for your money
from NRI——more vaiue, more solid experience

so essential to careers in Electronics. NRI's pioneering
“‘discovery’ method is the result of more than half a
century of simplifying, organizing, dramatizing subject
matter. In each of NRI's major courses you learn by
doing. You demonstrate theory you read in ‘‘bite-size’’
texts programmed with NRI designed-for-learning pro-
fessional lab equipment. Electronics comes alive in a
unigque, fascinatingway. You'll take pleasure in evidence
you can feel and touch of increasing skills in Electronics,
as you introduce defects into circuits you build, per-
form experiments, discover the ‘‘why" of circuitry and
equipment operation.

Almost without realizing it, the NRI discovery method
gives you the professional’s most valuable tool—prac-
tical experience. You learn maintenance, installation,
construction and trouble-shooting of Electronic circuits
of any description. Whether your chosen field is Indus-
trial Electronics, Communications or TV-Radio Servicing,
NRI prepares you quickly to be employable in this
booming field or to earn extra money In your spare
time or have your own full-time business. And you
start out with training equivalent to months—even years
—of on-the-job training.

NRI Has Trained More Men for
Electronics Than Any Other
SChOOI—By actual count, the number of individ-

uals who have enrolled for Electronics with NRI could
easily populate a city the size of New Orleans or Indiana-
polis. Over three-quarters of a million have enrolled with
NRI since 1914. How well NRI training has proved its
value is evident from the thousands of letters we re-
ceive from graduates. Letters like those excerpted
below. Take the first step to a rewarding new career
today. Mail the postage-free card. No obligation. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

e L. V. Lynch, Louis- : G. L. Roberts,
ville, Ky., was a Champaign, I,
factory worker is Senior Tech-
with American nician at the U.
Tobacco Co., of Illinois Coor-
now he’'s an Elec- dinated Science
tronics Technician with the Laboratory. In two years he
same firm. 'l don't see how received five pay raises. Says
the NRI way of teaching could Roberts, "'t attribute my pres-
be improved.” ent position to NRI training.”

Ronald L. Ritter
of Eatontown,
N.J., received a
promotion be-
i fore finishing the
NRI Communica-

Don House,
Lubbock, Tex.,
went into his
own Servicing
business six
months after

completing NRI training. This

former clothes salesman just .

bought a new house and re-
ports, “‘| look forward to mak-
ing twice as much money as |
would have in my former
work."’

tion course, scoring one of the
highest grades in Army pro-
ficiency tests. He works with
the U.S. Army Electronics Lab,
Ft. Monmouth, N.J. *'Through
NRI, | know | can handie a job
of responsibitity.”

APPROVED UNDER NEW GI BiLL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card.

ELECTRONICS WORLD

COLOR TV CIRCUITRY COMES ALIVE

asyou build, stage-by-stagz, the oniycustom Color-TVengineered
for training. You grasp a professional understanding of all color
circuits through logical demcnstrations never betore presented.
The TV-Radio Servicing course inctudes your choice of black and
white or color training equipment.

COMMUNICATIONS EXPERIENCE

comparable to many months on the jobis ycurs as you build and
use a VTVM with solid-slate power supply, perform experiments
on transmission line and antenna systems and build and work
with an operating, phane-cw, 30-watt transmitter suitable for
use on the 80-meter amateur band. Again, no other home-study
school offers this equipment. You pass your FCC exams—or get
your money back.

COMPETENT TECHNICAL ABIL\ITY

can be instantly demonstrated by you on completing the NRI
course in Industrial Electronics. As you learn, you actually build
and use your own motor control circuits, telemetering devices
and even digital computer circuits which you program to solve
simple problems. All major NRI courses include use of transis-
tors, solid-state devices, printed circuits.

11
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Get Top PERFORMANCE from

your Car! Buy The Best!
DELTA'S Remarkable, Proven

MAHK 'I'[ CAPACITIVE DISCHARGE
®

IGNITION SYSTEM

ONLY

4495

Available in Easy-to-Build

DELTAKIT®,,,,
$zg.9§

You've read about the Mark Ten in Radio Electronics, Electronics World,
Mechanix Illustrated, Electronics, Popular Mechanics and other leading pub-
lications! Now d|scover what dramatic improvement in performance with
capacitive discharge ignition is yours for your car, truck, jeep, boat-—any
vehicle! Delta’s remarkable electronic achlevement—on the market since
1963 and so unique that a patent has been granted — saves on gas, promotes
better acceleration, gives your car that zip you've always wanted. Even
Detroit has finally come around. Delta's Mark Ten, the original, the proven
winner from Sebring to Suburbia, has set new records of ignition benefits
attested to by thousands of satisfied purchasers. No re-wiring necessary.
Works on literally any type of gasoline engine, Satisfaction guaranteed.
Order from coupon below, specifying car make, voltage and pofarity. Like to
build your own? Order a Deltakit® and save!

COMPARE THESE PROVEN BENEFITS!...

A DRAMATIC INCREASE IN ACCELERATION
A LONGER POINT AND PLUG LIFE

A IMPROVED GASOLINE MILEAGE

A MORE COMPLETE COMBUSTION

A SMOOTHER PERFORMANCE

Order Your Mark Ten Today! Shipped Postpaid at Once.

A DELTA PRODUCTS, INC.

P.0. BOX 1147 EW — GRAND JUNCTION, COLORADO 81501
Enclosed is $

L Ship prepaid. ] Ship C.0.D. O
[J Mark Tens (Assembled) @ $44.95  [J Mark Tens (Deltakit®) @ $29.95

(12 voit posmve or negative ground only)

ASSEMBLE IT
YOURSELF!

Specify [ 6 Volt: Negative Ground only.

[ 12 Volt: Specify [] Positive Ground [ Negative Ground
Car Year Make
Name
Address

City/State

CIRCLE NO. 118 ON READER SERVICE CARD
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(Continued from page 6)

any battery-operated automobile would
not be feasible for more than going to
the market and back since it would
need to be recharged every fiftv miles
or so. Is this true and, if so, who would
buy one? Picture driving along the New
England Thruway late at night and
ruming out of electricity. Can vou walk
a mile up the road and get a can of
electrons? Tlow can electronics be used
to solve this problem?

Susax HaLL

New York, N.Y.

If electric cars are to be used for
more than just local shopping sprees,
they will have to compete with the
present  gasoline-driven cars on the
busis of speed and distance. All the re-
search in the field is now directed to-
ward that end. We suspect, though,
that we will probably see the gas-tur-
bine engine in wider use along with
more anti-pollutant devices added to
gas-engine cars Defore the electric au-
tomobile emerges in a truly competi-
tive position —Editors

* * *
REPRINT AVAILABILITY
To the Editors:

I am inquiring about the availability
and cost of the articles listed on the at-
tuched sheets. It reprints of these are
available, would you please send me
cost information? If these are not avail-
able, would it be possible to get permis-
sion to run ofl copies locally?

I am presentlv emiploved at Puget
Sound Naval Shipvard in Bremerton,
Washington as un electrical engineer, I
find your articles to the point and enjoy
the basic approaches that your authors
take. Too often in college the instructor
takes such a rigorous mathematical
route that the student loses him because
he can’t see the forest for the trees.
Yours is indeed an excellent magazine.

I shall soon be going to Cuernavaca,
Mexico to undertake language training
in preparation for (I hope) a fruitful
involvement in helping in the techno-
logical development of Latin America.
The articles I have listed are specifi-
cally intended for reference when 1 get
to Mexico and find myself short on
references.

Max J. GrEvVsTAD
Olalla, Wash.

We are certainly glad to grant per-
mission to Reader Greuvstad to dupli-
cate his long list of articles. Some of
these articles are in the special sections
we have run in past issues. Most of
these sections are available from us at
25¢ a copy. Although we are out of
stock on the fixed resistors and fixed
capacitors sections, we still have a sup-
ply of special sections on Dbatterics,
semiconductor diodes, chokes and coils,
variable resistors, relays, and transistors.
—Editors A

ELECTRONICS WORLD
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Amazing‘‘power too
for electronics men

Still working electronics problems with that old-fashioned
manual tool, the pencil? You're not alone. And that's
kind of a shame in this wonderful age when power
tools have speeded up so many manual jobs,.

Now here is an amazing "power tool" that zips
through electronic calculations like a power

saw through soft pine. The CIE Electronics
Slide Rule. It has a special scale that
works reactance problems in seconds.
And another scale that does the same
for resonance problems. Plus two more
scales that tell exactly where the
decimal points go.

No guesswork. No paperwork. No rough
calculations. You get an accurate answer in 20 seconds or less.

It also does the things ordinary slide rules do. Like multiply,
divide and extract square roots in one setting. Or find reciprocals
for resistance formulas, logarithms for decibel formulas, and trigonometric
functions for AC circuitry formulas. And work the formulas in seconds.

The Electronics Slide Rule is easy to use even if you've never worked
a slide rule before. It was developed by CIE, one of America's leading electronics
schools. And it comes with a 4-lesson course that turns you into an expert.
Not just an instruction manual, but a real Instruction Course. With assignments
you may send in for grading by our instructors. And when you finish, a Certificate
of Achievement that "'tells the world" you're an electronics slide rule expert.

The slide rule and course are sold together -- for about half what we think
they're worth. It's our way of getting acquainted with men around the country
who want to get ahead in electronics.

Mail the coupon for FREE booklet describing this Electronics Slide Rule.
Or write to Cleveland Institute of Electronics, Dept. EW-144, 1776 E. 17th Street,
Cleveland, Ohio 44114. No charge or obligation.

R A
= | GET BOTH | Cli Cleveland Institute of Electronics }
2 -
\_ECTRON\CS \ | 1776 East 17th Street, Cleveland Ohio 44114 I
E DATA F R E E ' | Please send me without charge or obligation your FREE booklet, "How To Solve Electronics |
GU\DE ] Problems In Seconds," describing the CIE Electronics Slide Rule and Instruction Course. |
A |
} Name _ - . |
l (please print) I
[ Address S— |
I City e ____ State __Zip :
| Also free if you act now-—our famous shirt-pocket Electronics Data |
\ I Guide with useful formulas. conversion tables. color codes, and more. |
SEND COJPON TODAY -> Accredited Member National Home Study Council « A Leader in Electronics Training ... Since 1934 EW-144 _l
CIRCLE NO. 121 ON READER SERVICE CARD
October, 1967 13
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Sherwood S-8800-FET Receiver
Ampex Model 2161 Tape Recorder

Sherwood S-8800-FET Receiver

For copy of manufacturer’s brochure, circle No. 36 on Reader Service Card.
Py f

HE Sherwood S-8800-FET is the
latest version of the company’s fin-
est FM stereo receiver, featuring a field-
effect transistor front-end and a new
“Instamatic” overload protection cir-
cuit which sufeguards the output tran-
sistors. In most other specifications it
is similar to the predecessor S-8800
model, an all-silicon, solid-state receiver
with 1.6 2V rated HHF usable sensi-
tivity and a pair of 40-watt amplifiers.
The tuner of the S-8800-FET has a
neutralized FET r.f. stage, an FET con-
verter, and a bipolar transistor oscilla-
tor. Amplified a.g.c. voltage is fed to
the r.f. stage, with direct a.g.c. applied
to the first two if. stages. The three
neutralized i.f. stages are followed by
two limiter stages and a wide-band Fos-
ter-Seeley discriminator. This also rep-
resents a slight departure from the
earlier S-8800 models which used a ratio
detector. The company found that the
discriminator circuit results in slightly
lower distortion. An interstation noise
squelch circuit is operated by the effect

The change in collector current when a
signal is received is amplified and used
to unclamp the first limiter stage so
that the signal can be heard. In the
absence of a signal the background is
totally silent.

The multiplex demodulator is simple,
yet eflective. The 19-kHz pilot carrier
is separated from the composite de-
tected signal, doubled to 38 kHz, and
used to gate a four-diode balanced
modulator. The program portion of the
detected signal is demodulated into left-
and right-channel components in this
section of the receiver. A multiplex
threshold amplifier, gated by the a.g.c.
signal applied to the first i.f. stage, cuts
off the 38-kHz doubler in the absence
of a signal of sufficient strength for
good stereo reception. Another transis-
tor amplifier, actuated by the 38-kHz
signal, lights a lamp on the dial face
to indicate stereo reception.

The audio section has preamplifiers
with equalization for RIAA record and
NAB tape head sources. The gain of

means of a small shaft on the front
panel, to match the levels of phono
and tuner sources. The bass and treble
tone controls use feedback circuits to
allow control of the frequency extremes
without affecting the major portion of
the audio spectrum. The S$-8800-FET
has provisions for tape monitoring from
a three-head recorder, a sharp cut-off
(12 dB/octave) low-pass filter for hiss
reduction, and independent speaker
switches for local or remote speakers.
These functions are controlled by four
rocker-type switches.

The loudness control has Fletcher-
Munson  compensation  permanently
built in, which boosts the lows as the
volume is lowered. Tone controls are
ganged for both channels and the bal-
ance control has a pull-on switch which
parallels hoth channels for mono re-
production from uny source ({this also
disables the FM stereo modulator). In
common with everv other Sherwood
receiver or tuner we have used over the
vears, the S-8800-FET has an effortless
flywheel tuning mechanism, which is
aided by a zero-center tuning meter.

One of the chief weaknesses of some
transistor amplifier designs is the ten-
dency for the output transistors to be
destroyed by a momentary overload,
such as could be caused by shorted
speaker leads or driving a speaker with
insufficient impedance. The “Instamat-
ic” overload protection circuit monitors
the current drawn by the output tran-

of the a.g.c. on the second if, stage. the preamplifiers is adjustable, by sistors and, upon sensing an overload,
100 —
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Your Sylvania distributor is up-
to-date on your business.Use him:
it’s like adding an electronic
consultant to your staff...free.

We keep him up-to-date with frequent reports and
analyses of your maintenance and design needs. We
give him plant tours and technical training. And
ready access to Sylvania product and applications
engineering staffs.

He knows the features of each and every tube we
make. And he knows how you use them. He’s up on
the latest developments. He knows our competitors’
tubes inside out, too.

Get a free analysis, by your Sylvania distributor, of
your tube and sen.iconductor replacement needs.
Hecanprevent emergencies, prepare an inventory—
and save you money. He’s an expert. Depend on him
for service and for “ast delivery—in any quantity.
Sylvania Electronic Tube Division, Electronic Com-
ponents Group, Seneca Falls, New York 13148.

SUBSIDIARY OF
GENERALTELEPHCNE & ELECTRONICS GrElE
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one of five complete hi-fi component
systems, made up of highest-quality
components from the finest
manufacturers in the field! Altec
Lansing. Acoustic Research (AR),
BASF, Dual. Electro-Voice. Fisher,

J.F.D.. Koss/Acoustech, Magnecord,
Marantz. Pickering, Koss/Rek-0O-Kut,
Sherwood. Stanton, Telex, University
and Viking . ..

plus

Telex Serenata I
Stereo Headphones to
winners of special
drawings from each
participating dealer. A
guaranteed winner from
every store!

-

TELEX MAGNECORD VIKING

Bivision TELEX CORPORATION

U ALRI . SOU 1, LNEEPOLIS, WA 55y

Fill out coupon below and deposit in
Stereo-Stakes Entry Box at hi-fi eguipment dealer’s

RULES:

=

. Entries must be mailed to or deposited at
official participating dealership.

2. No purchase required (however, if winner has
purchased Magnecord or Viking tape recorder
or Telex headphone during contest period, cash
refund equivalent to retail price will be made.)

. Contestants must be 18 years of age or older.

. Employees of Teiex, Magnecord, Viking, their
advertising agencies, and famihes of same
not eligible,

. Winners to be selected by random drawing. All
decisions of the judges will be final.

. Contest void in states where prohlbxted by tav

. Entries must be postmarked or deposited at
dealer's before midnight, November 30, 1967.

8. Winners will be notified by mail within 30 days

of close of contest.

)

~No w

\;szconsin residents mail entries to: Stereo Stakes

| SHERWOOD S-8800-FET FM-STEREO RCVR
AVERAGE BOTH CHANNELS(TAPE OUTPUT)
: o

instantaneously removes the drive sig-
nal from the first stuge of the power
amplifier section. To restore normal op-
| eration, the receiver must be switched
off for about 15 seconds, after which it
can De turned on and used as before.
As far as we could tell, it is a foolproof
svstem, for we tripped the overload
many times during testing, while driv-
ing the amplifier to full power, with no
effect on its performance.

Our mieasurements on the S-8800-
FET confirmed its performance speci-
fications completely, as tar as we were
able to test them. We measured un
IHF usuble sensitivity of 1.8 ;V and
‘the stereo sepuration varied from 33
- dB at middle frequencies to 27 dB at 30
‘HZ and 17 dB at 10,000 Hz. The dis-
tortion of the FAI tuner was as low us
we have ever meusured, and probubly
represents the residual distortion of our
signal generator. It was —48 dB, at
100% modulation.
| The amplifiers delivered their rated
| 40 watts over most of the frequency
|range, into 8-ohm loads, with both
channels driven, at less than 0.5% dis-
| tortion. At 20 watts or lower outputs,
‘the distortion was under 0.2% over
most of the range and did not exceed
0.6% from 20 to 20,000 I1z. The RTAA
phono equalization was very good, with-
in =1 dB from 20 to 20,000 IIz. The
NAB tape equalization was within
=4 dB over the same range. The
‘scmtch filter was excellent, cutting off
sharply above 5000 Hz, and the tone
controls combined an unusually wide
range with the ability to make mod-

1® N 20k
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that the amplifier could deliver its rated
140 watts total music power into 4-ohn
speukers.

The amplifiers of the S-8800-FET
have unusually high gain, needing only
0.6 mV from a phono cartridge to de-
velop a room-filling 10-watt output. At
maximum gain, the hiss and some hum
were quite audible, but at any usable
gain setting the amplifier had a dead
quict background.

We were very favorably impressed
with the performance of the receiver.
It sounded superb, with clean audio at
any volume level und the FM tuner
was as sensitive and free {rom distor-
tion as our measurements would sug-
gest. We did not, however, care for the
loudness compensation, which could not
be disabled and often produced unde-
sirably “bassy” sound with speakers of
moderate to high efficiency. The bass
tone control could be used to correct
some of this effect, but a disabling
switch would be preferable.

The Sherwood S-8800-FET receiver
sells for $369.50. Vinyl clad metal or
oiled walnut cabinets are available for
$9.00 and $28.00, respectively. The
same receiver, with the addition of AM
tuning facilities, is available as the
S-7800 for $409.50. A

For copy of manufacturer’s hrochure, circle No. 37 on Reader Sercice Card.

versing system which allows an entire
stereo tape to be played without inter-

Contest, Box 7626, Tuisa, Oklahoma 74105
N 5 erate corrections at very low or very
! OFFICIAL ENTRY FORM I | high frequencies without affecting the
| TELEX $25,000. STEREO-STAKES ] mid-range.
| { Into 16-ohm loads, the amplifiers de-
iName —i livered about 22 watts per channel and
| | into 4 ohms the output was 65 watts
) Street Address — 1 |per channel. These were continuous
i . 5 o o

_ ] ‘er re S g A learly
oty TS Zo | power readings which indicated clearly
I
i ]
| hrea Code___ _Tel No._ o l Ampex Model 2161 Tape Recorder
i |
i i
VHI-Fi Dealer___ — - ‘r HE Ampex 2100 Series tape re-
. | corders ure three-speed, four-track
{C‘ty— S \machines with a unique automatie-re-

(Continued on page 84)
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The hottest
- thing In

electronics
hardly gets

hot atall

{RCA's solid integrated circuit, that is)

With the tiny chip there are few heat problems
and low power consumption. And because inte-
grated circuits run cooler, parts can be placed
closer together to enhance design convenience.
One day you may see stereo cabinets with more
real storage space, and color TV sets the size of
a transistor radio. At RCA Victor we've taken a
October, 1967

step into tomorrow by using integrated circuits
now in new color and black and white TV andin
stereo phonographs. They're not only the most
advanced products
of their kind, they
are more reliable
than ever before. =2

The Most Trusted Name
in Electronics

Tmh(s)®

17
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10 Reasons why
RCA Home Training is

Your best

investment
for a rewarding
career

in electronics:
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1 LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you
immediately think of RCA...a name
that stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes,
Inc.. a service of Radio Corporation of
America, has been a leader in technical
training.

2 RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY
Beginner or refresher., AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in

the past.
3 ARE NOW OPEN TO MEN SKILLED
IN ELECTRONICS
RCA Institutes is doing something pos-
itive to help men with an interest in
electronics to qualify for rewarding
jobs in this fascinating ficld. Every year,
literally thousands of high paying jobs
in electronics go unfilled just because
not enough men take the opportunity
to train themsclves for these openings.

THOUSANDS OF WELL PAID JOBS

WIDE CHOICE OF CAREER

PROGRAMS
Start today on the electronics career
of your choice. On the attached card is
a list of “Career Programs”, each of
which starts with the amazing AUTO-
TEXT method of programmed instruc-
tion. Look the list over, pick the one
best suited to you and check it off on
the card.

Construction of Multimeter.

October, 1967

|

5 SPECIALIZED ADVANCED
TRAINING

For those alrcady working in elec-
tronics or with previous training, RCA
Institutes offers advanced courses. You
can start on a higher level without wast-
ing time on work you already know.

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
over any “‘rough spots™ that may de-
velop.

7 VARIETY OF KITS YOURS
TO KEEP

To give practical application to your
studies, a variety of valuable RCA In-
stitutes engineered kits are included in
your program. Each kit is complete in
itself. You never have to take apart one
piece to build another. At no extra cost,
they're yours to keep and usc on the job.

8 FROM RCA INSTITUTES ONLY —

TRANSISTORIZED TV KIT,
VALUABLE OSCILLOSCOPE

Those enrolled in RCA's television

course or program receive complete

transistorized TV Kit. All students re-

ceive a valuable oscilloscope —both at

no extra cost and only from RCA Insti-
tutes.

UNIQUE TUITION PLAN

With RCA Home Training, you
progress at the pace that is best for you!
You only pay for lessons as you order
them. You don’t sign a long-term con-
tract. There’s no large down-payment
to lose if you decide not to continue.
You're never badgered for monthly

bills. Even if you decide to interrupt
your training at any time. you don’t pay
a single cent more.

10 RCA INSTITUTES GRADUATES
GET TOP RECOGNITION
Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
clectronics field; many others have their
own profitable businesses. This record
is proof of the high quality of RCA In-
stitutes’ training.

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School. one of
the largest of its kind in New York City.
Coeducational classroom and labora-
tory training, day and evening sessions,
start four times a year. Simply check
“Classroom Training™ on the attached
card for full information.

FREE PLACEMENT SERVICE, TOO!

In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service have been placed
before or shortly after graduation. This
Service is also available to Home Study
students.

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION! NO
SALESMAN WILL CALL!

|

All RCA Institutes courses and
programs are approved for veter-
ans under the New G.I. Bill.

RCA INSTITUTES, INc. ew.o7

350 West 4th Street
New York, N.Y. 10014

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

The Most Trusted Name in Electronics

Construction of Oscilloscope.

www americanradiohistorvy com
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Exclusive bi-modal
director system

S
A

o=

Rugged Cycolac insulators
add strength

Indoor antennas

22

Twist-resistant square boom

Fully assembled snap-together
construction

Golden Armor Coating for
superior corrosion resistance

Vibration-proof, point-contact
element locks

82-channel
nal grabber

The Jerrold VUfinder® Antenna. The first 300-ohm UHF-VHF-FM
antenna designed—from the ground up—for uncompromising color
and black-and-white excellence across the entire TV spectrum.
Models available for metropolitan to deepest fringe areas.

e Sharp directivity eliminates color ghosts
e Flat response (=1 db per channel) for optimum color fidelity
e Exclusive bi-modal director system for extra gain

VUfinders are easy to put together, can't possibly fall apart. The
quality that's built in stays in. Quickly convertible to 756-ohm Color-
axial performance. VUfinders come in 5 models. Each is supplied
with a UHF/VHF frequency splitter. And the list prices range from
$17.95 to $79.95. There's no better performance per dollar than
this—anywhere,

For the most efficient 300-ohm signal grabber in Jerrold's
Spectrum '67, see your Jerrold Distributor today about the Jerrold
VUfinder antenna,

JERROLD

Home pre-amplifiers

Focusing on one thing...

Distribution equipment better reception

CIRCLE NO. 102 ON READER SERVICE CARD
ELECTRONICS WORLD
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Techniques for revealing camouflaged men and vehicles are being investigated by U.S. Army Engineering Research and De-
velopment Labs. The concealed man in the woods is instantly shown up by the corresponding thermogram of this same scene.

Everything above Kelvin zero emits heat that can be converted into
infrared photographs by radiometers. These useful instrumenis find
wide application in electronics, medicine, mechanical inspections,
and by the Armed Forces for locating camouflaged men and vekhicles.

ESPITE a limited amount of scientific research, the
infrared portion of the electromagnetic spectrum

was, until recently, an almost unknown region with
unsuspected potentialities. With the development in the
past few vears of faster, more sensitive infrared detectors
and associated display devices, that situation has changed
dramatically and infrared is now rapidly expanding into one
of the most important and promising instrumentation felds.
Initial interest in infrared was largely military, and
military research has yielded an impressive list of devices
—equipment for passive surveillance, early warning, mis-
sile detection and tracking, aerial mapping, secure commu-

October, 1967

nications, ete. In competition with radar, an infrared sys-
tem can readily resolve the individual engines of several
twin-engine planes at a distance at which radar is unable
to distinguish the separate aircraft. Coupled with this is
the fact that infrared systems are small, portable, and
jam-proof.

More recently, infrared equipment has been designed for
industrial and medical uvse. It is now finding increasing ap-
plication in the factorv as a toal for guality control and
non-destructive testing, in the research laboratory as an
aid in the study of materials, and in the medical clinic for
early detection of cancer and circulatory diseases.
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The infrared region of the electromagnetic spectrum lies
between the longest wavelength of visible light (red) and
the shortest radio wavelength (e.h.f.), as shown in Fig. 1.
It is subdivided into the near, middle, and far infrared
regions. Infrared radiation differs from visible light and
radio waves in the fact that it is constantly emitted by
every object in the universe that is not at a temperature
of zero Kelvin, that is, —273° C or —460° F. {In fact, noth-
ing is.) This radiation is generated by the thermal agita-
tion of molecules that is characteristic of all matter that
is not at a temperature of absolute zero.

The spontaneous nature of infrared emission is obviously
one of its wost interesting and important qualities. Of
equal importance, however, is the fact that the wavelength
of the peak radiance emitted by an object is directly re-
lated to its temperature. It is thus possible to determine
the temperature of an object withont making contact with
it by observing the wavelength of its peak emitted energy.
Such measurements can be accurate to a very small fraction
of a degree.

The hotter an object becomes, the more infrared energy
it will radiate. Furthermore, when infrared radiation from
one source strikes another obiject, it induces heat in it by
adding to the agitation of its molecules. However, infrared
radiation should not be confused with heat. It is more close-
ly related to light in the manner in which it is transmitted
instantly over great distances and because it can be focused
by means of an optical system.

The relationship between radiated energy and wave-
length is shown in Fig. 2. The largest curve represents the
radiation from an object, such as the sun, having a surface
temperature of 6000° K. Its peak radiance is in the visible
range at a wavelength of about % micron (p). The next lar-
gest curve, 3000° K, approximates the radiation from a
tungsten lamp filament when it is white hot. Although most
of its energy is in the infrared at a peak wavelength of
about 1 g, significant radiation also falls in the visible range
so that tungsten lamps are commonly used for illumination.
At about 800° K an object ceases to glow visibly, but its
radiation can readilv be detected, even at some distance,
by the warmth it induces in an outstretched hand.

The 300° K curve, which peaks at 10 g, is especially
significant because it is representative of objects at about
room temperature (300° K = 27° C = 81° F). Most radi-
ometry is concerned with objects whose radiance peaks in
the S- to 13-u spectral range. Considered on the Kelvin
scale, the difference in temperatures from the tropics to the
polar regions is comparatively small, and it is convenient to
remember that the infrared radiation from most terrestial
objects at ambient temperature peaks at 10 u.

Fig. 3. Response curves of a group of infrared detectors.
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Reference to Fig. 2 will show that the wavelength of
peak radiation in microns can be determined approximately
by dividing the number 3000 by the temperature in degrees
Kelvin. Thus, the 6000° K curve peaks at % p, the 3000° K
curve at 1 g, and the 300° K curve at 10 p. This rule is
accurate enough to estimate either temperature or wave-
length of peak radiance when the other factor is known.

The final curve, at 80° K, represents the infrared radia-
tion from a body at liquid nitrogen temperature. It illus-
trates the fact that even objects at that reduced tempera-
ture continue to emit infrared radiation, even though in
very small quantities and at very long wavelength.

Infrared Detectors

Exploration and utilization of the infrared portion of the
electromagnetic spectrum was long delaved because of the
lack of detectors, other than sluggish, temperature-sensi-
tive devices, that could operate beyond the very near infra-
red region. Some typical detector responses are shown in
Fig. 3. It is notable that infrared film, phototubes, and
vidicons all cut off in the near infrared region. Much de-
velopmental work has been devoted to improving the useful
range and response speed of infrared detectors.

A basic means of detecting infrared radiation is through
the temperature rise that it cunses. A device based on this
principle is the thermocouple, in which a voltage is gen-
erated at the junction of certain dissimilar metuls when
the temperature is raised. These devices tend to be slow,
however, and although they are widely used in laboratory
instruments, such as infrared spectrophotometers, they are
not suitable for applications where speed is essential.

More sensitive thermal detectors are thermistor bolo-
meters, whose active elements are thin fihns composed of
oxides of mangunese, nickel, and cobalt. They are usually
blackened to increase absorption. Thermistor bolometers
have a high negative temperature coefficient and are thus
quite sensitive. However, their time constant of response to
infrared depends on how rapidly the incoming radiation
can bring about a rise in their temperature, so carc is exer-
cised to make the devices as small as possible. Some are
only 0.2 mm X 0.2 min. Equally important is the speed at

impinges. The other is shielded and serves to compensate
for changes i the ambient temperature.

Where greater speed is essential, photodetectors are used.
These devices are either polverystalline films or single-cry-
stal semiconductors in which a carrier is produced by a
photon of incoming radiation. The amount of energy in a
photon decreases as wavelength increases, and each de-
tector material has a lmit bevond which the photons are
too weak to produce carriers. This fact accounts for the
abrupt changes in sensitivity that characterizes photodetec-
tors at certain wavelengths, Despite this limitation, thev are
widely used Dbecause of their high sensitivity and short
time constants.

For the near and middle infrared regions, polverystal-
line films of lead sulfide, lead selenide, and lead tellur-
ide are often used. They operate satisfactorily at room
temperature, but undergo useful changes when subjected
to cooling. Lead sulfide cells do not exhibit significantly
greater range when cooled, hut their point of peak sensi-
tivity shifts to a longer wavelength. The spectral range of
lead selenide and lead telluride can be extended somewhat
by cooling to dry ice or liquid nitrogen temperature. This
advantage is offset by the fact that the cooled detector
exhibit longer time constants than when not cooled—10 to
30 1microseconds, as compared to 1 to 10 microseconds.
Cooling has the added advantage of reducing noise level
and is universally used for detecting the weaker signals
characteristic of the longer infrared wavelengths.

Indium antimonide (InSh) is an excellent semiconductor
photon detector. To prevent the electrical carriers gener-
ated by thermal agitation within the detector itself from
obscuring the incoming signal, cooling to liquid nitrogen
temperature (77° K) is necessary. Such detectors are ex-
tremely sensitive and have time constants of about 0.4 usec.

For targets at moderate temperatures, a thermistor bolo-
meter may exhibit sensitivity equal to that of an InSh de-
tector and may be the best choice where fast response is
not an important factor. As shown in Fig. 3, an [nSh detec-
tor is sensitive to only a small portion of the radiation
from a body at 300° K, wherecas the thermistor bolometer
absorbs radiation across the entire band. Since the total

which temperature equilibrium is reached when the stimu- radiation the Dbolometer absorbs is greater, its ellective
lus is removed. Speed is promoted by mounting the sensi-
tive element on a heat sink which rapidly conducts ]le.at SUBJECT BRI MR R ER
away from the detector. Most current research on thermis- (CONCAVE)
tor b()l(m?eters 15 (k"\'()te(l to‘ Improving their time constant Fig. 4. The two-mirror sys-
by reducing their size and improving the thermal conduc- /,: tem is commonly used.
tance of their heat sinks. The effort is worthwhile, because s ol
thermal detectors are the only kind that provide flat re- y— (O =
sponse to 14 u without cooling. However, it has not been TSs - )9
practical to manufacture such devices with time constants =l & \\
much shorter than 1 millisecond.
In pruactice, it is customary to employ two identical ther- \
mistor bolometers in a bridge circuit. One is the active 9 SarECIeL
element on which the infrared radiation from the target P Rl
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sponse curves for these devices are also shown in Fig. 3.
Doped germanium devices require cooling to liquid helivm
temperature—about 4° K. Detectors of this kind have heen
developed with time constants smaller thun 0.01 ssce.

Radiometers

An infrared detector is of little value. of course, unless
a means is provided to focus on it only the radiation {rom
the sclected target. This is done by mounting the detector
in an enclosuwre which is provided with an optical svstem
to collect the radiation from the turget and concentrate it
on the detector. A two-mirror system of the Cassegrainian
type (Fig. 4) is commonly use d in radiometers hecause of
the high efficiencies provided by mirrors over a wide spec-
tral range. If the detector is surrounded by an enclosure
having an opening just large enough so that it can see the
lens, then the output of the detector will apply onh to the
radiation from the target. There will also be a d.c. com-
ponent in the detector output due to the m(li\tion from the
enclosure itself, but this can be subtracted in the signal
processing.

A practical radiometer is shown in Fig. 5. An optical svs-
tem such as that just described collects radiation from the
target and focuses it on the detector. The resulting elec-
trical signal from the detector is amplified and conveved
to an electronic chassis for further processing. The radia-
tion converging on the detector is pen()du 1]1\ interrupted
by a rotating L]mppel blade consisting of alternate reflect-
ing and open sectors. When an open sector is in the optical
path, the detector sees ont through the optical collecting
system to the subject. When a reflecting sector is in
the path, the detector sces reflected in th(‘ chopper a
reference source or black-body cavity. The temperature of
the cavity is carefully controlled and provides a standard
to which the radiation from the target is U)mpned during
each cycle of the chopper. The leppm action nas e
additional advantage that it provides an w.c. output signal
that is easier to amplify. An optical svstem of this kind
can be focused over a range from 30 inches to infinity by
moving the secondary mirror along the optical axis.
Usually, however, radiometers are specially maodified for
optimum performance at the working distance for which
they are intended.

Many kinds of single-spot radiometers have been devised,
differing chicfly in their optical svstems whicl, in tum,

26

SYSTEM HEAD

Fig. 7. Infrared camera creates TV-like scan pattern on
film by the mechanical motion imparted to target mirror.

alfects spot size. resolution, and working distance; their
type of detector. which aflects their useful spectral range
and speed: and their degree of ruggedness and portability.
Fixed-spot radiometers ure used industriallv in such appli-
cations as measuring the temperature of paper. textiles, or
metul sheets continuously on a process line. or the temper-
ature of articles on a convevor belt. The output mav be
used to regulate the temperature of a fimace or some other
parameter in the process. Similar instruments are used for
meteorological studies. where valuable data for weather
analvsis and prediction is obtained by measuring tempera-
ture distributions over surfuces of water bodies. clouds.
and terrain. Commercial fisheries use radiometers to trace
therntal currents of the sea. since manyv fish are attracted
o the warmer waters. Information on water temperature is
also useful in determining the propagation of underwater
sound waves for sonar studies. Sanitary engineers find the
mapping of rivers and lakes bencficial in tracing the dis-
sipation of wastes. In forestry. the instruments aid in the
carlv detection of fires that are otherwise invisible. Por-
table instruments can readily be caried on ship or aireraft
to facilitite measurements in otherwise inaccessible areas,

Radiometrie Microscope

AL its shortest vange. about 30 inches. the instrument de-
scribed in the previous section has a spot size of about 0.030
inch. Because of the mereased interest in microeircuits and
semiconductors, radiometers capable of vesolving targets as
small as 0,000 inch have been developed. These instru-
ments use the same operating principles as other types of
radiometers but have an optical svstem identical to that of
a reflecting microscope  (Fig. 6). The microscope  unit
makes a thermal measurement of small arcas simultaneously
with the viewing of the subject by the operator. The con-
trol unit contains the necessary temperature adjustiments and
meter scales to give direct temperature readout. A germa-
nivn dichroic beam splitter reflects visible light into the
visnal chaimel while passing infrared energy upward to the
infrared detector. A tuning fork chopper is used to present
target radiation and wnbient reference encrgy alternately
to the detector. The radiation microscope mav be obtained

ELECTRONICS WORLD
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with an uncooled thermistor bolometer, a liquid-nitrogen
cooled InSh detector, or a helium-cooled doped-germa-
nium detector (the latter two in dewar vessels), depending
on the speed and spectral range required.

As a design tool, the radiometric microscope provides a
means to plot thermal contours of prototype microcircuits
to determine whether the circuit elements are properly or-
iented to insure optimum heat dissipation. Components that
are overstressed experience a rise in temperature and are
readily detectable by infrared techniques. Goemetry and
layout can thus be chosen to avoid hot spots resulting from
non-uniform power dissipation. The microscope is also val-
uable as a production inspection tool to spot improper
connections, bondings, and adhesions of circuit elements by
detecting irregular thermal patterms across the I1C substrate.

Infrared Cameras

Perhaps the most interesting and useful aspect of infra-
red radiometry is the production of pictorial displays,
called thermograms. Unlike conventional photographs that
show gradations of light and shadow, thermograms show
gradations of temperature in the object viewed. They re-
semble photographs made on infrared film, with the differ-
ence that they are not limited to the very near infrared.
Being capable of presenting the weak radiation in the mid-
dle and far infrared, modern infrared cameras add a new
dimension to our view of the physical world.

An infrared camera, capable of automatically producing
pictorial displays of temperature patterns, is shown in Fig.
7. The radiometer head looks into a diagonal target-scan-
ning mirror which deflects its small field of view through
a television-like scan pattern. This scanning mirror is
driven through a small horizontal angular excursion by a
motor and cam, and the radiometer thus sees successive
points on the target along a horizontal line of scan. A
second cam drives the scanning mirror in rotation about a
horizontal axis so that the scanned line moves slowly in a
vertical direction. These two scan motions produce, on the
target, a rectangular line pattern similar to a television
raster. At every point in this scanning pattern, the radio-
meter generates an electrical signal proportional to the
infrared radiation. This electrical signal, after amplifica-
tion, modulates a glow lamp. The light from the glow lamp
is focused in a spot on a Polaroid film after being reflected
from an image-scanning mirror.

Since the image-scanning mirror is rigidly attached to
the target-scanning mirror, the spot of light focused on the
Polaroid film represents the infrared radiance of the corre-
sponding point on the target. A thermal image or thermo-
gram is thus produced on the filin.

The target area may be several inches in the case of a
nearby object or several miles for distant views. A thermo-
graph of this kind provides about 60,000 individual tem-
perature readings, giving a very detailed picture of the
subject.

The use of thermography to detect malfunctioning of a
circuit is illustrated in Fig. 8.

The shaded squares in the upper part of the thermogram
is a gray scale showing the actual temperatures of areas
corresponding to each level of gray in the picture. This
information is not needed for production testing, since for
that purpose it is only necessary to establish whether there
is a deviation from the normal. However, a design engi-
neer would be interested in the actual temperature to de-
termine whether it is within the desired limits.

Applications of thermography are quite extensive and
involve many fields. Probably the largest user is still the
military establishment, for reconnaissance and surveillance.
However, industrial uses are increasing rapidly. In addition
to the inspection of electronic circuits, thermograms are
used to detect faulty insulation and erosion in the walls
of boilers, steel furnaces, and pipes that carry hot liquids

October, 1967

Fig. 8. (Top) Amplifier subassembly. {Center) Thermograph of solid-
line portion. {(Bottom) Thermograph of dotted-line portion. Note how
the heat-generating components show up very clearly in photo.

or corrosive chemicals. Early detection of faults can avoid
expensive breakdowns. Survevs of generators in power
stations by thermograms locate failing bearings and worn
brushes and commutators in high-power rotating equip-
ment. Worn contacts in power switches are detected from
thermal patterns showing a hot region in the contact area.
In the medical field, thermograms have been helpful in
detecting cancer from the heut generated by cancerous
growths. Circulatory anomalies have also been detected and
their correction observed by thermography, since an in-
adequate supply of blood to any part of the body shows up
as an abnormally dark area on the thermogram.

It is difficult to overstate the importance of thermo-
graphy as a basic tool for research in a great number of
fields, since it permits non-contact measurements of the
temperature of objects that are otherwise difficult to
observe because theyv are too far away, or are in motion,
or are too small or delicate, or present hazards because of
power levels, or are biologically (Continued on page 69)
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| RECENT

~ DEVELOPMENTS

Two-Pound TV Camera for Space. (Top left) A tiny television
camera about the size of a home movie camera and weigh
ing about two pounds has been developed for potential use
in space exploration missions. The device, which with its
lens measures under 7 in by 3 in by 114 in, is the smaliest TV
camera ever built by RCA, which has produced more than 150
TV cameras for American space programs. Working in con-
junction with a signal converter, the camera could relay live
pictures from space to home TV audiences. It could function
equally well unattended by humans. On unmanned programs,
for example, it could “‘watch” experiments and spacecraft
elements requiring visual observation by scientists on the
ground. Extensive use of integrated circuits and improve-
ments in the design of the deflection and focus coils make pos-
sible the compact size and reduced weight. A half-inch vidicon
imaging tube is used. Resolution of the camera is 600 lines,
slightly better than commercial TV standards. The camera
operates on slow-scan; each frame requires 114, seconds.

Chromium Dioxide Video Tape. (Center) A new, high-per-
formance magnetic recording tape using chromium dioxide
rather than the usual iron oxide as the magnetic medium has
been introduced for video recording, instrumentation, and
computer use. The new tape, made by DuPont, has higher
output at a given resolution or better resolution at a given sig-
nal output level. These advantages result from the greater
magnetic strength of chromium dioxide along with more pre-
cise control of particle size and shape. The new tape, called
“Crolyn’, makes possible the recording of narrower tracks or
a reduction of head-to-tape speeds. For example, the record-
ing speed of a commercial helical-scan video tape recorder
was cut in half to make the video recording shown in the pho-
to. The image at the top half of the pattern was produced by
iron oxide video tape, while the bottom half was produced by
chromium dioxide tape. Note the improved signal-to-noise ra-
tio of the newer tape along with the improved resolution. The
splice in the tape resulted in the sync loss at the image center.

Color-TV Camera in a Blimp. (Bottom left) A lighter-in-
weight live color-TV camera, along with converter, rack
equipment, and microwave gear (total weight 500 pounds) has
been installed in the Goodyear blimps “‘Columbia’’ and ‘‘May-
flower"””. The camera, manufactured by G-E, is used to take
aerial views of important sporting and news events for trans-
mission over nationwide TV. A special rack made of aluminum
rather than steel is used to cut the weight of the equipment.
Camera system can be installed or removed in about one hour.
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Wireless Extension Telephone. (Top right) An experimental
lineless extension telephone, a battery-operated portable unit
that performs the major functions of a regular telephone set,
is being developed at Bell Telephone Labs. The unit uses a
radio link to a fixed station which, in turn, is connected to
regular telephone lines. Unlike push-to-tatk walkie-talkies,
the cordless telephone provides simultaneous two-way conver-
sation, connecting and disconnecting, dialing, and ringing.
The phone operates in the 35-43 MHz mobile highway band and
has a range of 100 to 1500 feet from the fixed station. The
telephone unit weighs 31 ounces, is 9 inches long, and is
designed into a one-piece, dial-in-handset telephone case.

Over-Water Glide-Slope Antenna. (Center) One of LaGuar-
dia's (New York City) airport runways has an approach that is
mainly over water. Because of the normal rise and fall of the
tide, the radiation pattern from the usual instrument landing
system glide-slope antenna would also rise and fall, thus
making ILS landings on the runway impractical. The new an-
tenna shown here, developed by Airborne Instruments Lab,
produces an unvarying pattern that does not depend on ground
or water reflections for its operation. This antenna, now in
full operational use, has as its radiator a 60-foot length of
slotted waveguide erected at an angle of 3° from vertical.

Industrial Robot Operates Lathe. (Below right) An electro-
mechanical, electronically controlled industrial robot is shown
here working as a lathe operator in a factory of the future. The
demonstration is set up in a mirrored room at Expo 67's
“Man the Producer’' pavilion. The robot, now in production
by Unimation Inc., is an all-purpose automated machine that
can lift an article weighing up to 75 Ibs and move it to another
location within a 350-cubic-foot working area with an accuracy
of 0.050 in in any direction. Up to two hundred sequential
commands can be recorded and stored in the robot’s magnet-
ic memory. It can also be interfaced with separate computer.

Computerized World-Wide Legal Library. (Below left) The
split-second capabilities of a data computer and international
communications have been teamed up to place the world's le-
gal archives at the fingertips of attorneys any place on the
globe. In a recent 3-day demonstration for the World Peace
Through Law Conference, the computer at the New York head-
quarters of Law Research Service supplied upon request neat-
ly typed lists of legal references in the language of the coun-
try from which the request was made. An international ITT
telex link carried the signals from New York City to Geneva.
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USING THE NEW
CONSTANT-CURRENT
DIODES

By DONALD E. LANCASTER

These semiconductors maintain a constant current over a wide range of terminal
voltage and appear as very high circuit impedances. Uses include over-current
protection, transistor biasing, linear ramp generators, and linear ohmmeters.

NEW type of diode is now availuble which works ex-
actly the opposite of a zener diode. It is called a
constant-current diode or field-effect current-regu-

lator diode. Unlike a zener, such a diode presents a con-
stant current regardless of the terminal voltage over a wide
operating range and appears as a very high circuit imped-
ance. These new devices are quite useful for a number of
electronic applications, including overcurrent protection,
transistor biasing, linear ramp and stairstep generators, dif-
ferential amplifiers, precision reference voltage sources, and
linear-scale ohmmeters, to nume a few.

Operating Principles

The constant-current diode is basically a field-effect tran-
sistor that has its gate and source electrodes shorted to-
gether. As Fig. 1 shows, an FET connected this way gener-
ates a nearly constant current over a wide voltage range.
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Fig. 1. Constant-current diodes behave like the conventional
field-effect transistor but with gate-to-source short circuit.

Fig. 2. The characteristics of Motorola constant-current diodes.
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This constant-current region extends from the pinch-off vol-
tage to the forward break-over (breakdown) voltage. In
this region, the supply or circuit voltage can vary widely
with little or no change in the current the FET allows to
pass. Thus, to use a field-effect transistor as a constant-cur-
rent source, we bias it in the forward direction hetween the
pinch-off voltuge (usually 1 to 8 volts) and the forward
breakdown voltage (25 to 100 volts). Any circuit voltage in
this range will result in a constant drain current,

The constant-current diodes are simply field-effect tran-
sistors which have been optimized for constant-current
service by making the pinch-off voltage very low, the
breakdown voltage very high, and the dynamic impedance
between these limits as high as possible.

The symbol und polarity of a constant-current diode are
shown in Fig. 1C, while Fig. 1D shows the normal biasing
and polarity for both positive and negative power supplies.
Note that we use the diode in the forward direction, unlike a
zener diode, which is normally reverse-biused. The diode
will provide a constant current only when it is properly bi-
ased in the forward direction between the pinch-off and
breakdown voltages. The constant-current diode should not
be connected or biased in the reverse direction.

Available Types & Applications

The IN5283 through 1N5314 diodes are a family of con-
stant-current field-effect diodes that cover a 220-microampere
to 4.70-millianpere range in 32 different currents. Perfor-
mance of several selected diodes is shown in Fig. 2. These
10% tolerance units operate over a —55 to 4200° C range
and have a moderate temperature coefficient that must be
taken into account in precision circuitry which must operate
over a wide temperature range. Maximum diode dissipation
is a healthy 600 milliwatts. The pinch-off voltage ranges from
L to 3 volts, while the forward breakdown is specified at
100 volts, giving a 97- to 99-volt range of constant-cur-
rent operation,

Being fairly new. these devices are still expensive (about
S9 each in single quantities), but since an experimenter can
come up with a workable substitute by shorting the gate-to-
source leads of a far cheaper FET, it is almost certain that
these devices will soon bhe priced in the $1 to $2 runge,
comparable to ordinary zener diodes.

One source of the 1N5283 series is Motorola Semiconduc-
tor, Box 955, Phoenix, Arizona 83001. Data sheets and dis-
tributor lists are available. Another source for diodes of this
particular type is Siliconix Inc. located at 1140 West Evelyn
Ave., Sunnyvale, California 94086,

A transistor tester which uses a constant-current diode to
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estublish o constant, knman base current independent of
supply voltage varintions and  transistor voltage drops is
shewn in Fig 3A, The milliammeter then measures the col
lector current, directly indicating the e, corrent gain of the
transistor, For p-n-p operation, the supply, the meter, and
the canstant-current diode must be reversed in polarity. A
switeh readily accamplishes this in o practical circnit,

Extension of this simple technique allows the current-lim-
iting diode to be used for constant-current biasing of con-
ventinnal transistor and FET amplifiers. Fig. 3B shows how a
constant-current diode saves parts while biasing i transistor
differential amplifier. A single diode replaces the transistor,
sener, and two resistors normally used to provide a constant
tulal emitter current.

Another important circuit application is as “active loads’
for an amplifier where a substantial increase in voltage gain
mav be obtained. For instance, the gain of an FET ampli-
fier is proportional to the transconductance and the load
resistance. Suppose we bias an FET from a 6-V supply with
1-mA current. If we use a resistor, the load impedance will
be 6000 ohms or so. If we use a constant-current diode, the
load impedance will equal the dynamic impedance of the
diode (the slope of the constant-current portion of the
curve), or around 800,000 ohms for a 1-mA diode such as
the 1N5297. This allows us to achieve 800/6 or 133 times
the gain from the same circuit by simply substituting a con-
stant-current diode for a resistor. To reach the maximum
benefits of this voltage amplification, the input impedance to
the next stage must be very high.

Turning to other circuit applications, the field-effect diode
is ideally suited as a limiter or noise eliminator. In the circuit
of Fig. 3C, any input signal between 4 and 100 volts, re-
gardless of the noise and complexity of the waveform, will
produce a 1-volt output gate for the duration of the external
input signal. This is especially useful for input signal con-
ditioning in electronic counter circuitry.

The same diode serves well as a precision millivolt refer-
ence source, where it is desirable to generate a stable and ac-
curate voltage reference at a lower voltage than zener diodes
offer. The constant-current diode simply drives a known re-
sistor, producing an output reference voltage whose value
is determined by Ohm’s law (Fig. 3D).

As an example, 2 IN5305 diode (2 mA) and a 250-ohm
load will produce a 500-millivolt reference for an input sup-
ply voltage from 3 to 100 volts. Diodes in the 400-micro-
ampere region can be selected with zero temperature drift
and are preferved for wide temperature applications.

A linear-scale ohmmeter may be obtained by a similar
technique. Heve (Fig. 3E) the resistance is an unknown and
the output voltage is measured with a high-impedance volt-
meter. If a 1-mA diode is used, the output voltage will
equal the resistance in thousands of ohms. A 0 to 10.000
ohm range may be obtained with a 0-10 volt meter range.
The scale is linear instead of extremely cramped at one end
as in an ordinary ohmmeter, allowing much easier selection
of matched resistors, and more uniform accuracy of mea-
surement.

A current-limiting diode may be combined with a zener
diode to obtain much better voltage and temperature per-
formance than a zener could provide by itself. The circuit
connection is shown in Fig. 3F and may be used whenever
a precision, temperature-stable reference voltage is required,

Capacitor Charging and Linear Ranips

The constant-current diode may be combined with a ca-
pacitor to produce a highly linear saw-tooth or sweep wave-
form, according to the formula C=I#/V, where C is in
microfarads, I is in milliamperes, ¢ is in milliseconds, and V
is the voltage. For instance, a 1-mA diode will charge a 0.5-
microfarad capacitor to 10 volts in 5 milliseconds. The
basic charging circuit is shown in Fig. 4A.

In a conventional RC charging (Continuced on page 78)
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e Sunand Space Solar Me

Orbiting solar observatory weighs 600 pounds with about 250 pounds used for experiments. Orbit altitude is about 350 miles.

By JOSEPH H. WUJEK, Jr.

All life on earth depends on the radiation emitted by the sun.
What tvpes of radiation and what levels reach the earth are
being measured by the OSO series of advanced space explorers.

ROM! the beginning of life on earth, the sun has played

a prominent role in the sustenance of our planet. In-

deed, the sun is the prime source of energy for the an-
imal and plant processes which must occur if life is to go on.
We should not be surprised, then, to learn that man has
always exhibited interest in this nearest star. From pre-
historic man’s worship of the sun as a deity, through the
studies of the ancient Egyptians, Copernicus, and Gulileo to
the present, the sun remains an object of keen scientific
curiosity. \Vith the development of space technology,
scientists have greatly extended our knowledge of the sun,
though many questions are still unanswered. In this article,
we shall examine some of the methods emploved in gather-
ing data from the sun and present some findings of this
research.

Why Study the Sun?

Bevond the Dbroad scientific and perhaps philosophical
reasons for our interest in the sun, several distinct scientific
reasons may be pointed out. Since the sun is a star and is
an average star in mass, brightness, and temperature, knowl-
edge of this body will give us more insight into the nature
of other stars in the universe. And since the sun is the near-
est star, it is much more casily observed than the much
more distant hodies.

The sun had much to do with the shaping of the ewrth’s
crust and with the evolution of unimal life. The action of the
sun during the age of the great glaciers probably led to the
migration of these massive ice sheets and the subsequent
shaping of mountains, valleys, and land masses as a whole.
It is well known that changes in the earth’s climate led to
the extinction of certain animal species, the classic example
being the passing, in time, of the dinosaur.

As pointed out in earlier articles in this series (“Magnetic
Meusurements in Space,” January, 1966; “Radiation Mea-
surements in Space,” August, 1966; “Weather Surveillance
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by Satellite,” March, 1967; and “Radio Measurements in
Space,” May, 1967), the sun strongly influences space phe-
nomena and our weather. Magnetic storms, the aurora
borealis (“northern lights”) and companion aurora aus-
tralis, radio wave propagation, and radio noise are all subject
to the energy processes which occur in or near the sun or as
a result of these intense solar reactions.

Properties of the Sun

Before examining the electronic methods used in gather-
ing space data and some of the information obtained by
space experiments, it would be well to examine the sun in
relation to the earth.

The sun is at an qverage distance of about 93 million
miles from the carth and is by far the nearest star. Light
from the sun takes a little over eight minutes to reach the
earth; put another way, the sun is about eight light-minutes
distant from the earth. The next nearest stars, Alpha and
Proxima Centauri, are 4.3 light-years distant.

The circumference of the earth at the equator is about
23 thousand miles, while the sun’s circumference is about
2.7 millon miles, a factor of about one hundred. The sun is
composed entirely of light elements in the gaseous state and
hence, on the average, is only about one-fourth as dense as
the earth. The sun’s elements are chiefly hvdrogen and
helium, while the earth is composed of iron and silicon for
the most part. The surface temperature of the sun is esti-
mated at 10,000° Fahrenheit, with the center under ex-
tremely high pressure. The high pressure acting on these
gases yields a density in the center of fantastic proportions.
For some perspective, if one were able to fill a gallon bucket
with the very dense and hot gases found in the sun’s center,
the bucket would weigh about 900 pounds, that is, 900
pounds on the earth. But on the sun, the pull of gravity is
much stronger so that 900 pounds en the earth’s surface
would be equivalent to over 12 tons on the surface of the
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sun. To complete our mental picture of the sun, its muss is
estimated at about 2 X 10% kilograms, which means that
if we could somehow weigh this enormous mass on earth,
the “scale” would register more than 2 X 107 tons.

Solar Instrumentation

Some of the instrumentation used in space solar experi-
ments has been discussed in previous articles. Since the sun
is essentially a continuously exploding, enormous hvdrogen
bomb or fusion reaction, swarms of charged particles and
other radiations emanate from it. In addition. magnetic flux
and radio waves are generated and may be measured hy
previously described methods. In this article, we shall he
concerned only with measurement of the solar plasma.

The solar plasma, or solar wind, is primarily a stream of
low-energy electrons and protons, with some ions and alpha
particles, given off by the sun. In the absence of solar flares,
these particles move at a speed on the order of 250 miles
per hour. These swarms of particles interact with the earth’s
magnetic field so as to distort this field. In particular, the
field on the side of the earth away from the sun is elon-
gated, as shown in Fig. 1. With increased solar flare activity,
the earth’s field is further distorted, with attendant changes
in magnetic-related phenomena on the earth.

In order to meusure the tvpe (electron or proton) and
number of these purticles, plasma probes have been de-
veloped. Because of the very low energies involved (100
electron-volts to 20 keV), the detectors described in “Radia-
tion Measurements in Space” (August, 1966) are not suf-
ficiently sensitive.

Fig. 2 shows the basic principles of a Faraday cup plasma
probe. A fine mesh or grid is maintained at ground poten-
tial, while a collector plate is kept at some high voltage, typi-
cally 100 V to several kV (- for electrons, — for protons).
Only particles with a charge opposite to that of the collector
potential will be attracted by the collector. The number of
particles striking the collector will be proportional to the
current flow, as in a vacuum tube. Hence we have a measure
of the type and number of particles found in a region of
space. A second cup may be used with the collector at a po-
larity (sayv, negative) that is opposite to that of the first cup
to gather particles of the other polarity (protons)

The Faraday cup in this form is simple to construct and
operate but suffers from several disadvantages. No means
exist for sorting the particles by energy; thus, we cannot
obtain an energy spectrum. Also, photoemission at the col-
lector caused by sunlight and/or the particles to be mea-
sured can lead to significant errors. The usefulness of the de-
vice may be improved by emploving several grids before
the collector at different potentials, much as the grids of a
vacuum tube are used to control electron flow. By raising or
lowering the potential of at least one grid, some energy sort-
ing is possible. This is so because only particles of the proper
charge and of sufficient energy can sweep past the grids
and ultimately strike the collector. These grid voltages may
be varied so that only particles of a given minimum energy
may be collected at any instant in time. The result is energy
discrimination of the particles, and thus an energy spectrum
may be deduced.

Another type of plasma probe or sensor is the curved-
surface electrostatic analyzer. The principle involved here
is that of altering a particle’s trajectory by means of an elec-
trostatic field, as is done in electrostatic-focused cathode-ray
tubes. Electrons, protons, ions, and alpha particles will have
their trajectories altered according to the charge as well as
the mass of the particle. Collection of these particles is then
similar to the Faraday cup technique.

The remainder of the instrument system is straightfor-
ward and consists of amplifiers and a means of routing
signals to the telemetry. It is important that stray electric
and magnetic fields be kept to a minimum in the region
near the entrance to the probe so as not to distort the
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Fig. 2. Basic operation of the Faraday cup plasma probe.

plasma flow. Calibration procedures and/or data reduction
methods can corvect for small effects caused by the presence
of these unwanted electric and magnetic fields.

Orbiting Solar Observatories

To measure some of the important parameters on the
sun, NASA has embarked on a satellite program. The ve-
hicles used, the Orbiting Solar Observatories (OSO), will
be launched over a span of several years to monitor the sun
in both “quiet” and “active” periods. Eight satellites are to
be launched, and at this writing two of the three launches
that have already taken plice have been successful. OSO-I
was sent into space from Cape Kennedy on March 7, 1962,
carrving 13 scientific experiments which provided more
than 2000 hours of scientific data. OSO-1I, launched on
February 3, 1965 with eight experiments, was similarly
successful. OSO-C, launched in the late summer of 1965,
failed shortly after lift-off when a malfunction occurred in
the launch vehicle.

In addition to solar plasma experiments, an OSO satellite
will typically carry magnetometers, radiation-detecting
equipment, and radiometers for measurement of ultraviolet
light. Also of interest is the carth albedo, the amount of
light reflected from the eartls surface.

As more satellites are launched, and more data is gath-
ered by the experiments, scientists hope to gain a much
better understanding of the nature of the sun itself, and
its role with respect to our solar system and the universe.

While enormous amounts of data have been gathered in
the many experimental missions so far performed, there
still remain numerous unanswered questions regarding the
interactions of the solar plasma with the earth as well as
the rest of the solar system.

As has historically been the case, Nature has been very
slow to reveal her secrets to man as we continue to measure,
theorize, and test these theories.

Continued solar plasma experiments, coupled with the
measurements that were described in the other articles
previously mentioned, will continue to provide mankind
with new knowledge of his environment. A
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By DONALD E. LANCASTER

A wide range of low-cost 1(7s is now readily obiainable
for use in low-power audio circuirs. Here s a rundown
on what’s available with rew ones coming out almost daily.

ITH the recent introduction of a dozen new inte-
gruted circuits, the audio designer now has at his
comnund a wide range of low-cost linear 1C’s, ITe
can buyv a half-watt audio wnplifier for under $3: a one-watt
unit for under $4; in single quuntities. Ile can obtain a pre
amplifier IC with o guin and input impedance considerably
higher than most vacuum tubes for about $2, und muke use
ol other integrateds whose replacenient would require three
or more stages ol complex conventional circnitry. He cun
also get broadcast-quulity performance to the one-watt pow-
er level in two premium units priced in the $15 to $25
range. Also available are subminiature audio ICs and spe-
cial circuits whose gain is eusily controlled electronicully.
(Prices for production quantitics of any of these itens is,
of course, substantially lower than the single-unit prices giv-
en above, and further price cuts are imninent.—Editor)
Let’s take a closer look al some ol the audio integrated
circuits that are available and see who makes themn and just
how thev might be put to use. All those we'll talk about
are available from distributor stock and the prices men-
tioned are the approximute single-quantity ones. Complete
data and a list of distributors ure available; see Tuble 1.
Amperex is one ol the latest entries in the field of lineax
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(C nunufacturing. Thev have recently introduced five very
moderately priced, high-pertorinunce, low-level wodio 1C’s
specilicalhy wimed wt consumer andio and hi-f markets.

Their “Bifet,” the TAA320 ($2.25), is inost interesting.
This [C consists of & NMOS tansistor followed by o bipolar
transistor emitter-follower and a biasing resistor, all pack-
aged in a three-lend TO-18 can. The device combines an
input impedance of 10" ohms or so, u trunsconductance of
40,000 micromhos minimum, and w voltige guin of 40 o
100 under tvpical bias conditions. With extermal circuit im-
pedances al the megohin level, response upprouches d.c.
to 1 MIHv.

This is the first major low-cost integrated cirenit with an
input inmpedunce compurable to or better than most vacuum
tubes. Total andio noise voltage is on the order of 25 micro-
volts, meuning that even fractional millivolt signals may be
readily ammplified with 1o noise problems.

The obvious use of the Bifet is as a high-gain, high-inpiut-
impedance microphone and phonograph prewniplifier. The
high circuit impedance levels ullow verv small input cou-
pling capucitors, even at subaudio frequencies. Atother ilmpor-
tant application is in phase-shift and \Wien-bridge oscillators.
The extremely high inpuat impedance is wso useful in timer
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and delay circuitry, and other such tyvpes of applications. 1004F 6

A second unit, the TAA3LO ($4.90), is a conventional e
monolithic IC in a ten-lead TO-5 can. The TAA310 is a © . ; 250
general-purpose, low-noise, low-level preamplifier ideally o8eyf i 3 —IEevour
suited as a tape record/playback preamplifier. A 4-dB noise 2 veF gt o2r T T
figure is combined with a 90-dB (X 32,000) voltage gain
and an uncompensated upper frequency limit of 15 kllz. = __25”;_}_'
The IC contains five transistors. four diodes, and five rosis- g ghngseon
tors. A 7-volt single-ended supply is needed. In a tape-pre- e
amp circuit (Fig. 1), the TAA310 provides 64 dB of tape-
compensated gain, a 75-dB volume-control range, and 0.5%
distortion at a (.5-V r.n.s. output level.

This IC is useful for any low-level preamplification or 3.9-11; ’FOF

Vbb
25yF

B

T .068
pF
1199}

j %5FS

47mN

®
L4
~n
»

$mn $e2n
tone-compensation circuit where input impedances of 50,-
000 ohms or less are acceptable or desirable. ’ T

Controllable-Gain A "ll’]'ﬁ(‘r Fig. 1. Tape-recorder preamp with switch in playback position.

A]th()llgh not called an “audio” IC, the RCA CA3023 Values for unlabeled resistors are chosen for optimum results.
($2.95) wide-bund amplifier will find a wide range of au-
dio applications owing to its electronic gain capability. The
device has a 53-dB power guin and a 16-MIlz bandwidth,
all combined with a 10,000 to 40,000-0hm input imped-
ance. A single supply (4.5 to 12 volts) powers this 12-lead
TO-5 style 1C.

The gain may be electronically varied over a 33-dB a.g.c.
runge, making this IC ideal for speech compressors, Dlast
limiters, squelch circuits, automatic level monitors, and any
other applications where it might be desirable to control
the circuit gain with a d.c. control voltage.

Subminiature Audio Unit a
) . . v -
Where size and cost are of utmost importance, the Am- i u Zﬁj
perex TAATO03 (52.55) low-level amplifier may be put to ‘\-
good use. This four-lead epoxy-cased 1C measures only >
100-mils square by 50-mils high, yet has a 60-dB gain and
can put out § milliwatts with less than 5% distortion. Total
noise figure is 12 dB. A 6-volt, 11-mA supply is required.
Optimum load impedance is 150 ohms.
Hearing aids, headphone booster amplifiers, and other
subminiature audio applications are top candidates for this
particular 1C. Input source impedance should be 1000 ohims [
or less. This monalithic IC contains three transistors and |
two resistors.
A very similar unit, the TAA236 ($2.10) is available in
a conventional TO-18 can for use where ease of handling .

offsets the requirements for very small size.

Low Voltage, High Gain
The Westinghouse WCI183 ($7.00) is a low-level audio
amplifier that has some unique features. This 12-lead, TO-5
style IC may be powered from a single 1.5-volt cell,
producing a gain of 60 dB, a power output of 5 milliwatts, The audio IC’s described here come in a variety of packages.
and an efficiency of 55%. Higher supply voltages may be The units shown above are about two times their actual size.

TABLE 1. LISTING OF MANUFACTURERS OF AUDIO INTEGRATED CIRCUITS

Amperex Electronics Corporation Motorola Semiconductor Products
Semiconductor Division Box 955
Providence Pike Phoenix, Arizona 85001

Slatersville, R.I. 02876

Radio Corporation of America
Fairchild Semiconductor Electronic Components and Devices
313 Fairchild Drive Harrison, New Jersey 07029
Mountain View, California 94040

Westinghouse Electric Corp.
General Electric Company Box 7737
Semiconductor Products Dept. Elkridge, Maryland 21227
Electronics Park
Syracuse, New York 13201
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Fig. 2. Circuits using IC's in (A) half-watt audio amplifier, (B} 4-watt class-A amplifier, (C) 7-watt class-B amplifier.
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Fig. 3. Circuit diagram of the one-watt audio amplifier.
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Fig. 4. Telephore sys.em ckannel amplifier using an IC.

used to achieve 100-milliwatt power levels and gains as high
as 94 dB. The high efficiency is obtained with class-B opera-
tion, producing distortion figures which range from 2 to 15
pereent.

he WC183 is well suited to any application that requires
eflicient operation off a minimum supply voltage or extreme
voltage gain in a compact package.

Hicher-Power Audio Amplifiers

Certainly two big bargains in 1C’s todav are the RCA and
G-E integrured-circuit power anplifiers, both of which will
directly drive speakers to (.5 to L-watt power levels.

The RCA CA3020 ($2.80) combines a 38-dB tvpical pow-
er gain with a 40,660 chin input impedance and a 350-
milliwatt typical output level in a 12-lead, TO-3 style pack-
age. Harmonic distortion is 1% at the 150-milliwvatt level
when high-qualitv coupling components are used. In the ab-
sence of compensation, the frequency response extends fron
several hertz to 6 MHz Nine volts at 100 milliiimperes are
required to handle the half-watt peak output level.

The CA3020 will directly drive a special center-tapped
speaker, or else an ordinary loudspeaker and output trans-
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former, such as shown in Fig. 2A, may be used. The same 1C
readily serves as a drviver for higher power audio ampli-
fiers. A typical 4-watt class-A version and a 7-watt class-B
single-ended amplifier circuits wre shown in Figs. 28 and 2C.

The G-E amplifier offers higher power at a higher price
tag. The PA222 ($3.70) comes in an epoxy in-line tvpe
package with an extended heatsink tab, and will deliver |
to 2 watts of audio power into a 22-ohm load at 10% dis-
tortion. Frequency response extends from 55 to 15,000 Hz
at the 1-watt level; 75 millivolts of drive into a 40,000-0lun
input are needed for this output power. A single 20-235 volt
supply is employed.

This IC is susceptible to high-frequency oscillution and
consideruble additional circuitry is required to prevent r.b.
parasitic oscillation, as the recommended amplifier ¢ircuit of
Fig. 3 indicates. For high-power operation, the heatsink tab
must be held at 25° C or less, through external heatsinking.

There are numerous uses for either of these two amplifiers,
particularly in speaker applications where fidelity or high
volume are not of prime importance. Intercos, recorder
monitors, AM radios, portable phonographs, and signal trae-
ers are but a few of the many possible applications of these
two exciting new devices. As speaker efficiency will marked-
lv affect volume in the 0.5 to l-watt range, high-elliciency
speakers should be used wherever practical.

High-Fidelity 1C-

Motorola and Fairclild both have entered the broadeast-
quality audio market with two power 1C's with excellent
distortion fignres and performance capabilities.

The Fairchild entry is the pATI6 ($135.00), which is
capable of 150-milliwatts output power at 0.2% distortion
over a d.c. to 10-MHz handwidth. Gain taps are available
to sclect one of four different values ol fixed gain. Input im-
pedance is 10,000 ohims while the output impedance is 1
ohm. The standby current is 15 A, obtained from a sin-
gle-ended 22-volt supply.

A typical application is the telephone-channel amplifier
shown in Fig. 4. This circuit provides 40 dB of guin over a
50-ttz to 100-kHz bandwidth with less than 0.1% distortion
and an output noise level of —75 dB over any 4-kilz
bandwidth. Gain stability over a wide temperature range is
within 0.1 dB.

Motorole’s candidate is the MC1554G ($22.50), which
will deliver | watt of vutput power from d.c. to 300 kHz.
Distortion at the one-watt level is ouly 0.4%. Output -
pedance is 0.2 olim, while the voltage gain is controllable
from 10 to 36, with best distortion figures obtained at low
gainsg and high load impedances. The wide bundwidih
creates 1.f. instability problems which may be overcone hy
careful circuit lavout and the use of a compensating net-
work. The circuit mav be directly coupled to a speaker if
split power supplies are used, or capacitor coupling may
be emploved if a single 16G-volt single-ended supply is used.
The output noise voltage is 0.3 millivol, and the standby
cirrent drain is 11 milliimperes. This 1C requires no heat-
sink and comes in a 10-lead TO-5 stvle package. A
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By A.F. CONTARINO

President, Alcoswitch (Div. Alco Electronic Products, Inc.)

i —

The author, presideat of Alcoswit:h, is active in
the design aad engineering of new switch prod
ucts for his sompamy. He was formerly an elec
trical engineer at the Naval Research Laboratory.

Miniature Switches

S F SIS

Occupying far less space than their standard-sized counterparts,
a wide variety of these tiny switches with full-sized ratings 1s
now available in toggle, rotary, and push-button configurations.

ITH the coming of the Space Age, factors such
as weight. size, reliability, stability, and adverse

opervating conditions have placed an endiess con-
straint on equipment design. As is the case with the com-
ponents used in all compact equipment, design engineers
have had to fit switches into exceedingly small spaces. As
a result, many types of miniature switches have been cre-
ated—reduced to minimum size and weight—which bear
little physical resemblance to the standard switches of the
1940’s and. possibly. the 1930’s. These miniature switches
are currently available from a number of manufacturers
for laboratory, prototype, and production applications.

Miniature Toggle Switch

A miniature switch is a “reduced” version of its tradi-
tional full-size couuterpart and usually performs the same
funetions (Table 1). Many of these new, tiny types are
for applications involving printed-circuit pins rather than
the standard solder-type lugs, which makes them ideal for
dip soldering and PC use.

Manufacturers listed in Table 2 produce similar types of
box-style miniature toggle switches. with the exception
of Controls Corp. of America, which produees a line of
cylindrical toggle switches. Most of these manufacturers
offer miniature types which meet eritical environmental
requirements. making them suitable for applications in the
electrical equipment and electronic fields.

Most switch users are not aware of the fact that many
of the miniature toggle switches handle umwusually high
currents despite their small size. In many cases, these rat-
igs are higher than those of conventional size switches.

Their high current capabilities can be attributed to the
frequently closer tderances and hetter srades of materials
used in the design and manufacture of these switches as
compared to less-expensive, full-sized switches. Most of
the manufacturers of miniature switches make use of soliil
coin silver contact: and movable contact bars, stainless-
steel bushings and hardware, and a superior grade of
plastic materials in insulation and case construction to
withstand high heat, high impact, and to insure Jow
dielectric losses.

By inaking use of silver, gold, and other exotic ma-
terials as alloys or platings, these switches are able to
handle exceptionaliy high currents for a smaller contact
area, resulting in a much lower operating-contact resis-
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tance (Table 3). By making use of inside and outside
high-voltage barriers. many of the new miniature switches
are capable of withstanding a much higher breakdown
voltage in spite of the smaller case size.

Conventional toggle switches are usually rated at 8 A
at 117 V a.c.. whereas it is very common to find a typical
5 A at 117-V a.c. rating in many miniatures.

The average life of the miniature toggle switch is
100,000 cyeles and this is not unusual. In most cases. the
life of these devices is longer than the life of the equip-
ment into which they are built.

Types Available

Besides making a line of commercial miniature switches,
some companies also produce waterproof miniatures for
the military, for marine use. and for hazardous applica-
tions, thereby meeting MIL-3950 specifications.

Industry has standardized the miniature bushing size at
13-40. A wide variety of decorative mounting hardware is

| TOGGLE [ ROTARY |PUSH BUTTONl SLIDE |SNAP

Bushing "
Case "

Shaft = 15"
%II

W =l

Maximum dimensions in each category

Table 1. The physical qualifications of miniature switches.

Table 2. Listing of major producers of miniature switches.

MANUFACTURER

TYPES OF SWITCHES

Alcoswitch

Arrow-Hart & Hegeman
Continantal Wirt
Controls Corp. of America
Cutler-Hammer

Daven

Grayhill

Janco

Micro Switch

Oak

Stackpole

Switcheraft

Unimax

Toggle, rotary, push button, slide
Toggle, push button
Slide

Toggle, push button
Toggle

Rotary

Push button, rotary
Rotary

Snap, toggle

Rotary

Slide

Push butten

Snap
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PROPERTIES
Conductivity

MATERIAL %IACS*  Hardness** RECOMMENDED USES

Fine silver (Ag) 107 10-30 For applications with low
contact pressures. Fine
silver provides excellent
low contact resistance.

Coin silver 85 70-80 Superior to fine silver in

(AgCu) hardness. Resistant to

mechanical wear.

" Silver alloys

(AgCuNi) 60 75-85 Snap contacts
_ (AgPY) 46 45.75 Sliding contacts
Gold (Au) 76 25-65 High resistance to tarnish
and corrosion. Use is
limited due to softness.
Gold alloy 26 45-30 Applications requiring
(AuAg) stable contact resistance.
Standard of annealed copper at 100 7, “ “Rockwell 15T scale.

Table 3. Comparison of materials employed for contacts.

—_—

A miniature toggle switch is shown here in the center compared
with its standard-size counterpart. Rubber boot is at the right.

Miniature toggles are available up to 4-pole, double-throw.

available, including an unusual type of knurled nut which
forms a perfect fit mounting. As a comparizon, if a fixed
area is available on a front panel. it is possible to have
four times as many miniature toggle switches as the stan-
dard types.

These miniature switches are currently available in
many styles of one-, two-. three-, and four-poles; in main-
tained: center-off; and momentary configurations just like
standard switches. In addition, a miniature d.p..t. toggle
with three active positions is available and can be used
as a s.p. 3-position toggle switch. Prior to its introduction.
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the “three active position™ function could be obtained
only with a rotary switch.

Some companies imprint their miniature switches with
the company name. part nmmber, indications showing “on”
positions, as well as enrrent and voltage ratings.

It is guite a feat to have this information presented in
such small space—but it meets the requirements of gov-
crnment and industry.

To meet the ever-growing need for multiple-pole toggle
switches, many manufacturers have devised means of
ganging three or four snap switches to form a rather com-
pact multi-pole switch. Now miniature switch engineers
have created a mueh smaller version with up to four poles
encased in a single body. Case size is a mere 15”7 X 17,

The miniature switch industry has designed an unusual
family of switches for engineers who prefer the “feel” of
a standard 932” toggle but because of rear panel space
limitations must use a miniature. In cach case. these
switches maintain the same high current rating as their
standard-size counterparts.

Recently. Cutler-Tammer and  Alcoswiteh  mtroduced
new accident-proof “lever-lock™ miniature toggle switches
for use in hazardous switehing operations, particularly on
machinery controls and aireraft instrument panels. These
lever-lock switches are currently available in a variety
of single- and double-pole. maintained, or center-off con-
fignrations.

Innovations to be found in miniature toggle switches
are numerous, They are designed with a variety of term-
inals, including Iugs, turrets, and pin types that are ideal
for printed-circuit applications. Arrow-Hart & Hegeman
produces a right-angle toggle switch expressly for printed-
cirenit use.

Color is helpful to the operators of miniature switches.
Plastic color caps (red. blue, black, white, and fluorescent
tints) ave available from most miniature switch makers.
A new trend. started by the miniature switeh industry.
is the use of these colored and fluorescent caps for casier
and faster identification of operational devices in test
cquipment and computers. This color identification scheme
has now been adopted for larger switches.

Miniature Rotaries

The biggest conversion from standard to miniature in
the industry has probably occurred in the rotary switch
field. One of the originators is Daren who for many vears
has produced a complete line of ¥5”-diameter, MIL-grade
votary switches.

Not only have rotaries been reduced in size, but Ouk
has recently engineered a group of extremely small rotary
switches measuring only 0.093” in diammeter. These switches
are designed expressly for direct welding to integrated
cirenit chips as well as for encapsulated circuits. Alco-
switeh produces a ¥5” miniature rotary with a built-in
adjustable stop feature thereby allowing the user to alter
stop positions to meet his requirements,

Because of the compact construetion found i rotary
miniatures, it is difficult to include a great number of
poles with adequate contact area. For this reason. minia-
ture rotaries are usually found to have lower current and
lower voltage breakdown ratings as compared to the
standard-sized rotary switches.

Potential life expectancy varies greatly in rotary switches
—from 10.000 to an extreme of 100000 operations. Many
of these rotaries are sealed. usually in a single gang. and
some, such as the Janco rotary switcll, meet military speci-
fications. However, there are many fine-grade miniature
rotary switches currently being made with several gangs.

Daven provides its miniature rotaries as a “switch-in-
knob” mounting where space behind the panel is at a
premium. In this sort of mounting. the rotary switch re-
yuires only %i4” behind the panel for terminals.

ELECTRONICS WORLD
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Miniature Push-Button Switches

There are two basic types of miniature push-button
switches: snap-action and silent-action.

Grayhill probably has the most extensive line of minia-
ture push-button switches, ranging in size trom %” down
to 14" in diameter.

The snap-action type usually requires a fair actuating
force. on the order of 16 ounces to as much as 60 ounces.
In comparison. only 3 to 16 ounces are required for various
types of silent-action switches. A current rating of 5 to
10 X at 117 volts a.c. is considered common in snap-action
switches. Silent-aetion types have a maximum current ca-
pability of about 1 amp at 117 V a.c.

Push-button switches are produced as either normally
open or normally closed. Some manufacturers are producing

Examples of miniature, push-button waterproof switches,

i

1- and 2-pole double-throw versions and there is a t-pole
double-throw push-button switeh on the market which will
carry 6 A at 117 V a.c., using a 15”7 X 17 case.

With the increase m computer manufacturing, the illumi-
nated push-button switeh has been created to meet the
growing need for visual switching.

The tiny T-1 series bulbs with long life expectancy are
now in plentiful supply and have allowed the miniature
push-button switel to be installed in complicated panels.

The large variety of illuminated push-button switches
makes these the fastest growing segment of the switch
industry. These miniature push buttons are available in
both single and ganged versions. Only the size of the hu-
man finger hmits the mimiaturization possibilities of the
miniature push-button switeh. A

The smallest of these miniature rotary switches, shown next
to the match head, is 6-position type measuring 0.093" dia.

ENCLOSED ROTARY SWITCHES By ROBERT H. TILLACK / Electro-Mechanical
Products Div., Stackpole Carbon Company

HERE is an increasing awareness of the need for enclosed rotary

switches in all types of applications. This is especially significant,
as contamination plays a major role in determining switch reliability
and life, and many atmospheres are inherently contaminating. Perfor-
mance and reliability will be affected and switch life shortened if oper-
ation in such environments is required. The obvious means for protecting
the switch against contamination, as has been done for other electronic
components, is to isolate it with an enclosure.

In the past, there have been two major deterrents to the use of en-
closed rotaries: high cost and limited versatility. The switches shown
here have overcome these objections with a unique modular construc-
tion that lends itself to automated assembly and versatility. In these de-
vices, the mode of switching has been reversed so that the stator rather
than the rotor is cut in varied configurations to accomplish the required
switching. The problem of handling a multitude of small parts has been
eliminated by using, as a basic building block, a module that is formed
by insert-molding a one-piece contact ring in impact-resistant thermo-
setting plastic. These modules are then cut in varied configurations to
accomplish the required switching. Two modules are needed for each
deck with a silver-alloy wiper interconnecting the two. Versatility is
achieved by (1) varying the cutting of the modules; (2) number of wipers
and their positions; and (3) internal interconnection of decks.

The complete enclosure is maintained in the buildup of a multitude
of decks, providing an environment-proof assembly. To suit the varied
customer requirements, spacers and intersection shields may be incor-
porated to provide spacing for components and shielding of sections.
Line switches and potentiometers may also be mounted on the rear. One
variation even permits the inclusion of a potentiometer internally. Dual
concentric shaft switches are also available particularly for use on con-
gested panels.

Some of the areas where enclosed rotaries are finding increasing
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usage are machine tools, computers, office copy machines, controls and
instrumentation for paper mills and chemical factories, vending ma-
chines, self-service gasoline pumps, underwater photography and search-
lights, and precision instrumentation.

The switches shown here have breakdown voltages of 1000 V a.c. from
terminal to terminal and 2000 V a.c. from terminal to ground. The elec-
trical ratings for resistive loads and silver-plated brass contacts are 0.3 A
at 125 V a.c. and 0.5 A at 28 V d.c. for the 114-in switch, and 0.5 A
at 125 V a.c. and 1 A at 28 V d.c. for the 1%-in switch. With silver-
alloy contacts, current ratings are about double these values. The
standard insulation materiat used is phenolic, although diallyl phthalate
insulation is also available for higher insulation resistance requirements.
The maximum number of switch positions available for the smaller
switch is 12, while the larger switch can be obtained with up to 24
positions, either shorting, non-shorting, or mixed. A

The enclosed rotary switches shown here have body diame-
ters of 15 inches (left) and 14 inches, respectively.
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The muthor is a graduate of the University of Wisconsin and holds an E.E. degree
He served as a Lieutenant in the U.S. Navy during World War Il, assigned to
the Bureav of Ordnance. At the time proximity fuse ammunition was introduced to
the fleet, he was assigned to this project. He has been at Micro Switch since 1951,

Lighted Switching Devices

By WALKER SMITH /Technical Evaluations & Support Manager

Micro Switch (Div. of Honeywell, Inc.)

Lighted devices indicate alarm or status reporting, signal command and response
messages, provide verification, and pinpoint sources. Here is information on
choosing the proper color, along with a check list showing factors to consider.

HE usefulness of lighted switching devices can best

be demonstrated by an example. A typical check—

which is routine practice at space telemetry stations
—would find the Project Director at the control console in
NASA Space Center. Houston. At the same time. in our
hypothetical case, his back-up man is seated in front of a
similar console at Cape Kennedy. The Project Director
presses three lighted push buttons. One is marked “Ba-
hama”, another “"Azores™, the third “Canary”. All three
stations on the Director’s and back-up man's consoles ap-
pear yellow. Then, one-by-one, the button color changes
to white. Next, "Balama™ turns green, “Azores” turus

LIGHTED DEVICES CHECK LIST

This application check list outlines important factors in the selection
of lighted devices.

Need Is there sufficient operator information without in-
dication, or is there a need for interchanging in-
formation with feedback, memory, or command mes-
sages on the lighted device?

Ambient Is the ambient light bright enough to allow the

Light operator to perform the other tasks which are not
lighted? Is the ambient light so bright that it over-
powers the lamp’s output?

Lighted Does the lighted device provide sufficient light out-
Device put for contrast between ““on” and “off” states?
Would an alternative lamp help? Would a change in
the display color help? Would a change in the am-

bient light level help?

Display Is the display achieved by projected or transmitted
light? Is any legending required? Is sufficient leg-
ending space available on the device?

Lamps What is the lamp’s application voltage in relation to
its design voltage? How does this affect the lamp's
life? Brightness? Wattage? Heat? Will the lamp ex-
perience vibration and shock? Will the filament be
aliowed to cool between operations? s there a lamp
“on-time’’ restriction due to excessive heat to the
button? Will the number of lamps being energized
exceed the maximum wattage (heat-distortion point)
of the device?

Critical Is it recommended that the lamp’s operation not be
Use the sole source of information regarding human
safety? Redundant lamps, secondary annunciation,
timed lamp replacement, and other factors in the
application must be considered for concurrent use.

Switch See ““Check List for Ordering Switches” in the article
Requiremen’s “Snap-Action Switches” in this Special Section.
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green. but “Canary”™ turns red. “Canary™ has reported
“no-go” for that station. All the Project Director sees is a
display panel that he can push but. by doing so. he has
asked the status of each station (yellow). while the mes-
sage is verified (white) by the receiver. Reports on the
same push button are then relayed in either red or green
to answer his question. While this is not the most common
use of lighted push buttons, it does show the need to pin-
point feedback messages from a massive array of functions.

In contrast, when an operator sees or hears feedback
sights and sounds directly from the work he is controlling,
lighted devices are usually unnecessary. Once the switch
is actuated, the operator can see. or hear. the results

Frequently. however, operators are physically separated
from the work area. or are responsible for the control of
numerous functions (often unrelated). When this is the
case. the operator needs help in the following problem
areas: 1. Has iitiation. cyeling, or completion of work
occurred? 2. Are there too many sights or sounds being
communicated to the operator at one time? 3. How can
the operator communicate with another operator or master
station? 4. How are warnings, dangerous conditions, or
feedback messages conveyed?

In general. lighted devices can provide: 1. verification,
2, pinpointed sources or distinet communications from a
mass without confusion. 3. command or response messages
received and sent in a telegraphic form of words or colors,
and L alarm or status reporting.

By definition, lighted devices can be simple indicating
lights or, when coupled with a switch or other control,
an integrally lighted push button, push-pull, selector,
selector-push, or an alarm annunciator, The latter is often
coupled with an audible alaym and reset mechanism.

Lighted push buttons and indicating lights range in size
from the diameter of a 50-cent piece. with single-lamp
circuit and heavy-duty push-button electrical ratings,
down to push buttons containing four lamps in a %" =
347 space which can switch 5 amps resistive luoud at 120
volts a.c.

The size of the indicator is usually related to: size of
the lamp, sealing of the unit, whether service wvollage
devices (such as transformers or resistors) arm: Incor-
porated, and switches for controlling circuits. Tl features
required spell out the device use areas.

For example, a push button on a computer does it
require the degree of sealing necessary on an indusirial
machine. In an industrial application, typical wvoltoses
are 120, 240. 480, and 600 volts a.c.: oils. conlants, and
lubricants are apt to disrupt the lamp or contral circuits
if not sealed: and excessive force in striking the push
button may be a habit. This is quite a contrast to what
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the pretty voung thing wants when she is changing the
encoding for a computer.

Miniature Lamps

Lamps used in indicators and controls range in size
from the G-3% down to T-1—or %a” in diameter down
to %" in diameter. Lamp size is usually proportionally
related to its light output or brightness, for a comparable
life expectancy. This can be a problem in applications
which require a small device (small lamps) but the am-
bient light 1s so high that it overpowers the lamp’s “on-
oft” contrast. Conversely, a dimly lit room with brilliant
indicators can, over a long period of time. produce cye-
strain from glare.

The range of lamp vollages is usually wider as the
lamp size increases. As the bulb size increases, the lamp
can effectively dissipate more heat for long-life operation
at higher voltages.

Incandescent lamps arve heat producers because the tung-
sten filament burns at between 2000-3000° K. Heat can
distort color-coded plastic lenses if the lamp is driven
above its design or rating and the heat produced exceeds
the indicator’s maximum temperature limit. This problem
is outweighed by the efficiency of the lamp in producing
high Hght output for its relatively small size.

When light output of a subminiature incandescent lamp
is charted, the following relative energies are found when
the lamp is burning at approximately 2750° K.

Relative energy 5-20 20-35 35-50 50-60 60-75
Color Blue Green Yellow Amber Red

As the lamp generates light closer to red (and infrared)
its relative energy level increases over other spectral col-
ors. Most lighted push buttons and indicators are offered
in above five colors (and white) since they provide the
clearest contrast between the different colors and the
“on-ofi” display of the unit.

Should a different color be used, such as blue-green
(aquamarine) , it would be difficult to pinpeint which
display was green, which blue, and which aqua. As shown
above. blue-colored lamps, having the lowest energy level,
will be the first color washed out by high ambient light
levels. Red, on the other hand, will maintain greater
contrast between “on-off” states under higher ambicnt
light conditions.

Here are six helpful hints for obtaining the greatest
lamp life:

1. Voltage surges or application ol voltages above the
lamp’s rating can shorten life. Voltage held slightly be-
low the lamp’s rated voltage decreases the light output
shghtly but mecreases lamp life considerably.

2. Continuously operated lamps last longer than lamps
that are eveled on and off at a slow rate. allowing the
filament to cool. Some applications provide a trickle
current flow during the lamp’s normally “off” state to
maintain filament heat. In flasher operations, where the
lamp is not allowed to cool, its life approaches that of
continuous use.

3. Lamp life is generally longer when applied to sur-
faces that do not vibrate or receive shock. In most lighted
devices care has been taken to assure a free-moving
actuator and a stable lamp position. Where vibration or
shock is anticipated in the application, a change to a
lower lamp-design voltage is desirable since the tungsten
filament is thicker and shorter on the lower voltage lamps.
For example. a 6-volt lamp can withstand more vibration
than a like configuration 28-volt lamp. With severe vi-
bration, the use of neon lamps (without filaments), is
reccommended. However, neon light output is very low.

t. When operating lamps with resistors in the circuit,
lamp life is shorter than in a comparable transformer
circuit application because the lamp’s voltage inecreases

October, 1967

PERCENT OF DESIGN VOLTS S
60 70 80 90 100 &
l I T [ =g
0.90 90 2
o le— CURRENT —>— — | er— L~ 1°° ©
5 o080 = T 80 a
5 oro ] ' 70 %
g 2= ' .
Y 060 . - 6
2
b3 ! 50 g
3
[ } /’ [
4 w
w | a0 =2
14 | (=}
& } CANDLEPOWER 44—+ —~— 23
(&) l o (8]
. [V
4 . ' &
= LIFE =
x |
S &
5 = [ 20 &
w \J
e 4 : | W
= w
3 | | &
& ! z
a | o
< 1 @
! 0 &
TIr T T-¥ LRRI I T 'lll T I T ] b4
1000 500 100 50 20 10 8 2 1

APPROXIMATE NORMAL LIFE MULTIPLIER

Fig. 1. Effects of lamp operation below its normal voltage.
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Fig. 2. Effects of lamp operation above its normal voltage.

as the filament material used in the lamp evaporates.

5. As the applied voltage is decreased, light output
and filament heat decrease. This results in greatly in-
creased lamp life. Conversely, as voltage is increased be-
vond the design voltage, light output and filament heat
increase  while lamp life decrcases significantly. See
Figs. 1 and 2.

6. At reduced lamp voltage, few colors are suitable.
Blue and green displays, for example, have problems with
brightness fall-off because of the decreased output from
tnngsten filament lamps and the inherent “dimmness” of
these colors. Amber and yellow displays, operated at re-
duced voltage, ean appear as one color when they are sepa-
rated on the panel. White and yellow also look quite
similar at reduced values of voltage.

Color Display
The color display of an indicator’s light is available
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Fig. 3. Transmitted color using a green display screen.

A
&
Incident light Green

composed of |
all colors

Al o

ref/ecf O/Ors

QUQ//y
Whlfe

Green Filter = ‘ )

Fig. 4. Projected color using a white display screen.

with cither transmitled or projected color. Transmitted
color means that the lamp itself is clear and its light is
transmitted through a colored display sereen to achieve
the desired results. For example, when incident light is
reflected from a green display sereen. it appears dark
green in the unlighted state and brilliant green when
lighted. The contrast between the lighted and unlighted
state s significant because of the low reflectance of the
display sereen material (Fig. 3).

Projected color indicates a eolored lamp or involves
the use of a colored filter. The color of the lamp. or
filtered light, is projected against a white screen which
catises the sereen to appear in color. A white display
screen  reflects more light than a colored screen when
the lamp is not energized. In high ambient light. the
reflectance of the white display screen could be intense
cnough to wash out all of the color from the indicator’s
lamip (Fig. 1).
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Fig. 5. High glare source, such as sun, reduces contrast.

For these reasons. the use of projected colors is not
recommended at high ambient fight levels because of the
greatly reduced contrast between the lighted and un-
lighted states.

Lighted displays subjected to sunlight (approximately
5000 to 12,000 footcandles) lose desirable display contrast
between the “on” and “off” states. Both transmitted and
projected colors are washed out by this extremely high
ambient light. Screens or covers that shield the panel from
the sun can be used to increase contrast between the in-
dicator’s lighted and unlighted states (Fig. 5).

Even indoors, both transmitted and projected colors can
be washed out wlien the angle of the display screen reflects
glare to the operator. A minor change in panel angle or
diffusion at the glare source reduces this problem.

Panels Containing Lighted Devices

Since panels may be responsible for operator fatigue or
cause color confusion, a few simple precautions will help
minimize these conditions. When smooth or highly polished
panels mirror and reflect glare, a small change in the panel
angle will often eliminate much of the trouble. Shielding
between the light source and the panel may also be effec-
tive in elimating glare. Textured or grained panel sur-
faces will also help in reducing reflected light.

A brilliant yellow panel can alter the apparent hues of
any colored display and possibly cause color confusion.
Vivid colors on the panel can cause operator fatigue and
for this reason should be avoided. Where high ambient
light reduces contrast. a darker panel color may be used
to improve “on-off” recognition.

For general use, the panel should be uniformly illumi-
nated with diffused light. Light level should be high
cnough to permit the operator to work on non-lighted ob-
jeets, but at the same time low enough to permit easy
recognition of the device’s lighted state.

Available Lighted Devices
When an unlighted push button and a separate indicator
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are used on a panel to actuate and nulicate the same func-
tion, substantial savings are possible if the devices are
combined in a single lighted push button. In these de-
vices, the lamp circuits are usually independent of the
control circuit.

Push buttons used in the electronics industry are gen-
erally equipped with snap-action switches for low oper-
ating force and to minimize the plunger travel needed for
actuating the switch. These push buttons can he equipped
for momentary actualion {(puash to actuate, spring release) ,
alternate action (pu=li o actuate amd pu=h lo release) .
hold-in coil (push ta actunte, held actuated by coil. release

by de-energization of coilt. remote puli-in and release
(may be actuated by pushing or weluating coill which re-
mains actuated until eoil is releaseds . alternate-action,
electric trip (push b actuate, posh o relesse, or push to
actuate. energize coil Lo relensel . Several Lebited push but-
ton lines also contain mechanical interlocking to prevent
operation of two bullons ab the same Lime, or to insure

that only one button is held actuated at a time. Each
push button can accept from one to four s.p.d.t. switches,
in combination with one to four lamps.

Push buttons in the industrial control field are. of neces-
sity. nmore rugged and require a longer stroke to actuate a
circuit and are sealed to prevent contaminants from enter-
mg the electrical contact areas. Usually these devices in-
corporate transformers, resistors, or other service voltage
devices. These units do not accept integral hold-in, remote
control, or relcase coils.

Some industrial control units are available as selectors
and selector-push units with four lamps and four trans-
formers in single units. These units reduce panel cost
where the operator is separated from the work he is per-
forming. The electrical loading of the contacts is usually
heavy duty (high in-rush) or d.c. inductive, as well as
resistive and instrumentation loads.

These mechanisms let the panel designer obtain a variety
of switching objectives in minimum panel space. A

PRECISION ROTARY COMMUTATING SWITCHES

By PETER WAZNYS/ Senior Engineer, Collectron Corp.

N contrast with detented or snap-action switches, the precision rotary

commutating switch provides a smooth accurate transition between
conducting and non-conducting surfaces. Also, these switches are de-
signed to be rotated at fairly high speeds by means of a drive motor.
Standard detented rotary switches divide 360° or less into some equal
multiple of “on-off”’ time. The rotary precision switch, on the other hand,
can provide a variety of switching functions of unequal “on” time, if
necessary, in accordance with some pre-arranged code. Complex logic
switching sequences can be obtained by additional wipers and con-
ductive rings.

Two basic mechanical configurations associated with precision rotary
switches along with a photo of a typical switch are shown below. Both
drum- and disc-type construction are used. Precious metals—gold, plat-
inum, silver, and their alloys—are used for wiper and contact ring ma-
terials to reduce oxidation and contact resistance.

This type of switch, normally operating at low voltages and currents
(below 500 milliamperes), is not considered a power-switching device
but rather an information-transmitter switch to external circuitry. The
amount of information that can be delivered is limited by the physical
size of the switch itself. Naturally, the larger the switch diameter, the
more “‘on-off'’ possibilities that are available.

Lack of detented positions in the precision rotary switch precludes
manual operation. In most applications of this type of switch, electrical
or mechanical drives, such as a gear train or servo motor, provide the
necessary input. The switching output can be either directly or indirectly
coupled to the switching circuit. Switch operations which perform within
the electrical limitations of the switch can be directly coupled. Opera-
tions which require auxiliary assistance, such as with relays, are classi-
fied as indirectly coupled.

Switch versatility can best be illustrated by typical applications, which
include tachometers, simulated potentiometers, incremental encoders,
operation sequence controls, and machine-tool programmers.

A precision multi-speed tachometer can be developed by relating pulse

BALL BEARING

INPUT SHAFT

THIS DESIGN.
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WIPERS

METAL HOUSING

DRUM CONSTRUCTION—FIXED WIPERS CONTACT DISC CONSTRUCTION-THE WIPERS ROTATE
THE ROTATING CODE DRUM. MULTIPLE-POLE
SWITCH COMBINATIONS ARE USUALLY OF

frequency (“‘on-off”’) to the speed of shaft rotation in r/min. The smooth
shaft transitions inherent in this type of switch allow high-speed switch-
ing without pulsating torque, snapover, and wiper bounce. Switches of
this type have exceeded 400,000,000 revolutions, at 3600 r/min, and
are now being tested at 16,000 r/min.

Shunting conducting segments with external resistors together with
a make-before-break wiper will simulate a stepped potentiometer output.

A uniform “on-off” switching sequence permits the switch to be used
as an incremental encoder. Through appropriate mechanica! drives and
code pattern, the switch can divide multiples of revolutions or parts
of revolutions into accurate finite values. The signal can then be sent
to a pulse accumulator for a visual digital readout.

It is a delicate operation to adjust and maintain a consistent switch
cycle involving time delays. A multi-gang switch with a preselected
code pattern can be used in relay circuits which must operate in some
desired cyclic sequence. The precision rotary switch provides not only
the proper sequence but also the added versatility of changing the
switching speed by simply changing the drive motor speed.

An extension of the above technique could be made in simple auto-
matic machining of large quantities of a particular part, for example, in
drilling holes at various angular positions in a flat disc. One pole would
locate the turntable while the second would signal the drill spindle.

Inquiries to manufacturers of these switches should contain as many
design parameters as possible. Include current, voltage, load type,
contact resistance, noise allowed, switching code, number of poles,
insulation resistance, size, speed, torque, life, and ambient conditions.

Precision rotary switches are usually manufactured to particular
customer specifications. Depending upon quantity, switch materials,
accuracy, and number of circuits required, the relative cost may vary
from 3 to 10 times that of detented switches. Relative cost depends
upon the parameters established by the design checklist. For military
applications, precision rotary switches should meet the test require-
ments of MIL-Std.-202, MIL-E-5470, and MIL-E-5272. A

BALL BEARING

BRUSH BLOCK

BRUSH BLOCK
WIPER

SWITCH PATTERN
(COMMUTATING
SEGMENTS)

COLLECTOR RING COLLECTOR RING

SWITCH PATTERN
{COMMUTATING

SEGMENTS) METAL HOUSING

INPUT SHAFT

WHILE THE SWITCH CODE IS FIXED. THIS
DESIGN IS NORMALLY USED ON ONE OR TWO-
POLE SWITCHES,
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The author has a B.S. degree in Mechanical Engineering and ho'ds
13 U.S. Patents. He joined Oak in 1959 as a project engineer
and later was appointed engineering manager of switches. In his
present post he is responsible for all engineering, development,

and testing of switches. He is author of several published articles.

Side Switches

and their Ganged Arrays

By BERNARD J. GOLBECK/Director of Switch Engineering

Oak Mfg. Co. (Div. Oak Electro/Netics Corp.)

Knowing the mechanical options available and the factors affecting electrical
performance, designers can choose the proper push-button-actuated slide switch.

LIDE switches range all the way from a very simple

button-actuated s.p.d.t. unit to a multiple push-

button-actuated ganged array made up of as many
as 24 sepurate switches. No matter what the actualing
device or whether the complete switch is simple or compli-
cated. the basic slide-switching mechanism is the same.

Actual contact making and breaking is accomplished wilh
a shding action. The push rod (sce Fig. 1) actoates the
slider which rides in a guide brucket. The slider, usually a
phenolic part, contains a blade designed to make and break
with a given set of contacts, depending on the switeh
function (s.pst, dp.d.t, ete).

In addition to switching action, the basie electrical char-
acteristies of most slide switches are identieal. After a
review of them and how they affect switeh performance.
we will discuss the various tvpes of slide switches—with
special emphasis on how they can be applied in ganged
arrays to provide solutions to complex switching problems
easily and economically.

Fig. 1. Array of push-button slide switches, showing terms.

FRONT CHANNEL
LATCH-BAR SPRING
REAR CHANNEL

STATOR SUPPORT BRACKET
SLIDER GUIDE BRACKET

STATOR

END BRACKET
PUSH-ROD
SPRING

SLIDER

LATCH BAR

SLIDER BLADE PUSH ROD
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Various electrical paraineters of slide switches and the
design factors which affect them should be reviewed in the
light of two hasic trends in switching:

1. Voltage and current requirements are becoming lower
and lower. Dry circuitry (with eurrent values less than
50 mA) is gaining favor in communications and electronic
data processing.

2. Switches are becoming simpler. With the advent of
integrated eireuits capable of performing logie funections,
switches are needed only to trigger the IC logic cirenitry.

The current and voltage vange of these switches is from
dry cireuilry up to either 1 amp at 28 V d.e. or 0.5 amp at
117 V a.e. For higher power applications—2 amps at 28 V
d.c.or 1 amp at 117 V a.c.—switches with special contacts.
are available.

The selection of contact base material and plating should
be done with several factors in mind: required switeh life,
type of cirenil—inductive or resistive, and environment—
temperature, humidity, and presence (or absence) of con-
taminants.

The following are the most common base material and
contact plating combinations for slide switches.

Silver-plated brass with a 0.0001-inch minimum plating
thickness will assure silver-to-silver contact for about 10,000
switching cyeles. Silver alloy extends the usage to over
200,000 ¢yeles. Both types stand up under 100°C temper-
atuves.

A special spring-base material with a hard gold alloy
rolled on the surface will provide gold-to-gold contact for
from 50,000 to 100,000 cycles at up to 150°C constant
ambient temperatnre.

Hard gold-plated sitver alloy (0.0002-inch minimum) will
give gold-to-gold contact in excess of 50,000 cycles; and
after the gold has worn there will still be silver-to-silver
contact with fairly low contact resistance. This combina-
lion is usable to 100°C. Another silver-alloy base with
0.0005 t-inch hard-gold alloy overlay gives gold-to-gold con-
tact for up to 100,000 cycles and operates at 100°C constant
ambient.

Gold plating is primarily for slide switches used very in-
frequently since accumulated oxide on a silver contact sur-
face would prevent contact from being made on the firsl
operation. Gold contacts should also be specified for switches
in a corrosive atmosphere which might attack silver and for
switches used in very low level circuits. Obviously, gold in-
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creases the cost of a switch and should be used only where
absolutely necessary.

Contact rexistance of most low-power slide switches
ranges from 0.003 1o 0.015 ohm, usnally measured from one
contact to the adjacent contact. Contact resistance will re-
main almost constant during rated switch life. However,
after the rated lifc it may change quite significantly. For
example, with silver-plated brass contacts, after 10,000
cycles whein the silver wears through, brass-to-brass contact
will produece creased resistance. With hard gold-plated
silver-alloy contacts, resistance will increase only slightly
after the rated life of 50.000 cycles.

These life ratings in cyeles assume switch nsage in low-
power circuits. As the amount of circuit volt-amperes in-
creases, contact life and, therefore, switeh life decrease. The
type of circuit also makes a difference: a low-power resistive
circuit produces little, if any. arcing at the contacts, but a
highly inductive circuit results in significant areing which
reduces contact life. For circuits with a total inductance of
more than a few millihenrys, designers should choose con-
tact materials with a high life rating.

Silver-plated brass contacts should be nsed only in low-
power resistive circuits lo interrupt no more than 1 amp at
28 V d.c. or 0.5 amp at 117 V a.c. Silver alloy and other
high-temperature, long-life materials should be used for
inductive cirenits and higher power resistive circuits to
interrupt up to 2 amperes at 28 volts d.c. or 1 ampere at
117 volts a.c.

The breakdown voltage rating of these switches depends
primarily on the air between the contacts rather than on the
dielectric material used. For the average push-button-oper-
ated slide switeh, the voltage breakdown would be 2000 V
between adjacent contacts,

The dielectric almost always used for slide-switch stiders
and other insulated parts is high-grade phenolie conforming
to MIL-P-3115 specification. Varnishing of the phenolic
parts can be specified for contaminated-atmosphere appli-
cations, However, this is unnecessary for most slide switches
since they are used mainly in commercial applications. In
fact. designers of commercial equipment should be wary
of specifyving varnished phenolies since there is a chance
that a bad varnishing job will degrade a good dielectric ma-
terial and. in addition, destroy the moisture-recovery prop-
erties of the phenolie.

Types of Slide Switches

Starting with the simplest type of slide switch, we find
it is a button-actuated unit with limited switching action.
This switch, generally UL-rated for 8-amp service. is used
as an “on-off” device on communications equipment. sterco
and hi-fi units, and instruments.

The next type (sce Fig. 2) has far more switching ca-
pacity than the simple button-actuated type. With the push-
pull mechanism usually actuated by a linear solenoid. its
basie application is on printed-circuit boards. since its flat
construction makes for easy P’C board mounting. The sanme
basic switch can also be rotary-shaft actuated giving the
user rotary switch action on the front panel and the sim-
plicity of PC board mounting on the rear of the panel.

Push-button-actuated slide switches, usually referred to
as merely “push-button™ switches. are available in either
single or multi-button configurations. Maximum switching
is 4-pole. single-throw for the simple single-button type.
Basic application for these units and their multi-button
counterparts is In communications systems, stereo and hi-fi
cquipment, and instrumentation.

More complicated switching—up to 12-pole. single-throw
per button—can be accomplished with multi-button
switches employing larger (and in some cases., double-side)
stators than the single-button units previously described.
These units (a typical one is shown in Fig. 1) give the de-
signer considerable switching flexibility.

October, 1967

. »

Fig. 3. A second set of buttons may be interlocked with the
buttons on the main switch frame to program the operation.

Mechanical Options

The lateh bar is the key to the flexibility and varions
operating options available in push-button/shide switches.
Its design determines not only what one push rod can do by
itself but also the action relationship among several push
rods.

Here is a brief look at the seven basic types of switch
operation.

1. Interlock: Probably the most often specified operating
method. interlock is accomplished with a common lateh bar.
Depressing one button automatically releases any other de-
pressed button. But this dees not mean only one button
can be pushed at a time. Any number of buttons can bhe de-
pressed simultaneously. (To prevent more than one button
latching at a time. block-out s used.)

2. Release Button: All buttons will remain down when
depressed until a release button is depressed. The purpose
of this arrangement is, of course, to keep several buttons
down at once.

3. Momentary: The latching mechanism may be made
inoperative on any of the buttons so that these buttons
have an individual spring-return action, independent of any
other button.

4. Separate Latehing: Push rods are notched so that they
hook on the mounting plate when depressed. making each
button latch separately from the others. The operator
presses in and down to latel the button and runs his thumb
along the bottom of the buttons to unlatch them.

5. Double Latch: Two latch bars can operate on the same
switch frame with each bar acting on a separate set of but-
tons. One group of buttons interlocks independently from
the other. Double lateh is used where maximum switehing
versatility must be combined with miniimum space require-
ments.

G. Push-Push: Individual latches can be installed on any

or all buttons. It permits holding in an ~in” position when
-
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Fig. 4. In this lighted switch, single bulb is used for
each group of four push buttons, reducing lighting cost.

pressed once. When the button is pressed again. it is re-
leased. The remaining buttons on the switch frame can be
either interlocking or momentary,

7. Bloek-out: With this system latching of more than one
button at a time is positively prevented. The principal use
is I systems where pressing more than one button could
cause trouble in eritical circuits or, in the case of computer
inputs, confuse the logic cirenitry.

For a given push-button/slide switeh the mumber of but-
tons with a block-out or the number of momentary action
or interlock can vary depending on spacing and other design
factors. It is best to check with a switch manufacturer re-
garding these options,

The latest development in push-button/slide switching
is the use of a second set of buttons, interlocked with the
button on the main switeh frame (see Fig. 3). This second
set does not control eircuitry as the main frame buttons do,
but instead programs the operating method of the circnit
control buttons that are nsed.

Other Mechanical Considerations

After determining the number of individual buttons re-
quired and the right combination of operating options, de-
signers should at least be familiar with the length of the
stroke and the operating pressure required to actuate the
switch,

Usually the stroke of a push-button/slide switch is about

Ly inch. This length is predetermined by the basic design of
the switch.

Operating pressure is dependent on the number of con-
tacts per button. Although switch makers have been work-
ing Lo reduce operating pressure, there are still applications
where firm pressure is required, such as coin-operated rec-
ord players, business machines which handle money trans-
aetions, and rugged industrial control systems. Naturally
computer input keyboards would require lighter pressure,
but most users still want positive “feel” (sufficient pressure
to indicate an operation has occurred) .

Most push-button/slide switches will accomodate an a.c.
snap switch on either side of any end button. It will turn
“on” or “off” when the button is depressed. Designers
should specify whether the button is to be “in” or “out”
when the a.c. switch is "off”. These switches, rated at 3 amp
at 125 V, are usnally UL and CSA approved.

Lighting and Lubrication

Lighting is not generally available for single-button slide
switches but can be easily applied to multi-button arrays.
One method is to use one bulb behind the panel for each
four buttons. Each button has a translucent front and an
opaque back so that it is lighted when depressed and dark
when not. This system, used on the switeh shown in Fig. 4,
greatly reduces lighting cost for the switeh array as com-
pared with using a bulb for each button,

Most slide switches are lubricated for their rated life at
the factory. It is not necessary for switeh users to relubricate
them. In fact, serious impairment of switch performance
can result. Using the wrong lubrication, for example one
with electrical conduction properties spilled on the phenolic,
eould result in a short or excessive leakage hetween two or
more contacts. In addition, lubricating oils used by the
factory have been tested over the entire rated temperature
range of the switch.

With a basic knowledge of the electrical and mechanical
parameters of slide switches. the wide variety available. and
the tremendous flexibility ganged push-button-actuated
slide switches offer. designers can choose the right one for
any application. Also, help in selecting the best switeh for
the job is always available for any reputable manufac-
turer. A

PRESSURE - SENSITIVE SWITCHES

RESSURE-sensitive switches perform a single and very simple func-

tion: to make or break an electrical contact when a specific pressure
is reached in a gaseous or liquid system. The switches are used when
specifications require changes in fluid pressure to be monitored or con-
trolled. A variety of switches is available—ranging from those operating
at over 25,000 psi to pressures in fractions of an inch of mecury.

The actuating mechanism of such switches usually uses a pressure-
sensitive diaphragm that is coupled to an electrical switch, frequently
of the sensitive snap-action type. The switch is usually well sealed and
enclosed so that the mechanism is not affected by the fluid being con-
trolled. When the diaphragm is actuated by pressure from a thermo-
static element, then we have a temperature-sensitive switch.

Actuation of the pressure-sensitive switch, as well as deactuation,
occurs within a specified range of pressures. This range included a tol-
erance which will vary depending on the accuracy required and the
pressure range of the switch (see graph). Only the required accuracy
should be specified as the tolerance, not the best available.

Other parameters specified for these switches include proof pressure
and burst pressure. The proof pressure is the maximum pressure that
can be applied without a calibration shift in the actuation and deactua-
tion points. Good design requires that the proof pressure of a switch be
a minimum of one and a half times the maximum system pressure.

The burst pressure of a pressure switch is the maximum pressure to
which the switch can be subjected without rupture or damage. Usually,
burst pressure is at least two to two and a half times the pressure
in the system under normal operating conditions. Switches of this type
are usually highly resistant to shock and vibration.
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Curve shows the maximum difference in psi that may be expected
on a typical production pressure switch, in this case a Sigma-
Netics Series 703, between the actuation and reset pressures

under normal operation. Average values of 70°F run V3 less.
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A native of Milwaukee, the author received his B.S. degree
from Marquette University. In 1956, he joined the Specialty
Products Division of Cutler-Hammer as a member of the Head-
quarters Sales group. In 1957, he was transferred to Jackson-
ville, Florida where he opened the company’s sales office
there. He returned to Milwavkee in 1960 as Headquarters Sales
Supevisor and was named to his present position in 1961,

Toggle Switches

By RONALD G. REZEL /Supervisor, Commercial Switch Section
Specialty Products Div., Cutler-Hammer, Inc.

These switches are among the simplest and least expensive method of
providing control. Making the proper selection requirves consideration
of rating, size, terminations, as well as styling and assembly costs.

ELECTION of the proper “toggle-type” switch in-

volves not only consideration of rating, operation,

size, and terminations, but factors of styvling, inte-
grating functions, and assembly costs as well. The control
switch should be made a part of the finished product
rather than being just an afterthought.

Standard toggle switches are undoubtedly the simplest
and cheapest method of providing control. Selecting the
proper switch shouldn’t be difficult considering the wide
variety of standard switches on the market. UL-approved
switches include ratings from 60 amperes or less at 251
to 600 volts and 2 hp or less at 600 volts or less, as
listed in “UL Snap Switch Specifications 207. These are
basic ratings and, from these same Ul-approved switches,
others below the 250-volt rating and above 2 hp can be
engineered. '

Unfortunately. designers often leave the engineering de-
cision regarding the switeh to be used on a product until
too late in the design process. This 1s a mistake since it
usually results in a compromise whiclh often restricts the
engineer’s choice to a switeh that may prove less-than-
ideal for the product.

Ideally, consideration of the control should be started
carly in the design process to provide the best possible
switch for the product. For example, in a dry-cirenit
(low-current) requirement, the switch should have a wip-
ing contact in order to insure a good electrical cireuit.
In an a.e. application, the best xwitch ix an a.c.-de-

signed device with slow make-and-break contact operation.
Operating Mechanisms

Proper evaluation of standard switches requires an
understanding of the basic operating mechanisins avail-
able. In the toggle switch arca (this also includes rocker
switches) . the two basic mechanisms are the “tecter-totter”
and Tover-center spring”.

The teeter-totter mechanism (Fig. 1) ix basically an
a.c. mechanism and is the most versatile type in that it
permits a number of circuit variations. Such variations
can be obtained by changing contactor shapes and contact
supports. For example, a standard double-pole. double-
throw switeh with special contactors and a jumper can be
used to provide three independent “on” circuits. Rating
capabilitics are generally up to 1% hp at 125 volts or
2 hp at 250 volts in single-. double-. three-, or four-pole
configurations.

Fig. 2 indicates the derating for this general category
of switeh in d.e. applications. At low-voltage d.c., this
type of switeh will ontperform d.c.-designed switches in
the same price category.

Due to the size of the contact area, this general type
of mechanism can be modified with various precious-metal
contact materials to provide additional rating capacities
and adaptability to various lamp-load requirements.

Note should be made of life versus rating on this line
of switches and Figs. 8 and t show the life and load curves

Fig. 1. The '‘teeter-totter’’ mechanism, designed basically for a.c. circuit operation, can also be employed at low d.c. voltages.
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that should be considered in applying these switches, It is
important in todax’s competitive market that the control
do the job and not be over- or under-designed for the
product it is to control. Life requirements must be clearly
understood. based on the load the switeh will eontrol and
the market life needs of the finished product.

The “over-center spring” mechanisim (Fig. 5) is general-
Iy considered the basic a.c.-d.c. mechanism. Although these
switches operate on both a.e. and d.e.. it should be noted
that the quick make-and-break mechanism will not take
advantage of the natural characteristics of the a.c. sine
wave to help extinguish the a.c. are. Consequently. if all
that is needed is an a.c. duty switch. it is better to use
an a.c.-designed switch rather than a dual-rated unit. At
best, an a.c.-d.c. rated switch is a compromise design.

Ratings on the a.c.-d.c. mechanizn go to 20 amp at 125
V on the heavy-duty mechanism and to 8 amp at 125 V
on the light-duty mechanism in single- and double-pole
configurations.

The light-duty mechanism is also the most common
switeh used on dry-circuit loads. {Dry circuits are those
in which there is no arcing when opening contacts. In such
circuits, voltage drop across the switeh is below 50 mV
and contact resistance must not exceed 200 ohms or below
10 millivolts where eontact resistance must not exceed 30
olns.) These switches. depending on the application. ean
be modified by plating the contacts with silver or gold
or by using precious-metal inlays.

Ratings and Terminals

In all cases, the engineer must understand the ratings
that apply to each type of switch. For example. on a.c.-
d.e. switches, most such wunits have a per-switch rating.
On ac-only switches, however. many are rated per-pole.
c.g.. a double-pole switeh rated 34 hp, 125 V ac. 10 A
120 V. 15 A, 125 V" can be listed by UL with this rating
on a per-pole basis—with each pole capable of handling
this rating, or it may be rated on a per-switch basis in
which case the rating applies to the switeh wired as a
double-pole unit. There is no way an engineer can de-
termine this by merely looking at the switch., He will
have to get such information from the manufacturer or
from the UL files since it is essential data when specify-
ing switches,

Available terminals include serew. solder lug, quick-con-
nect, wire lead. and plug-in lead. However. not all a.c. and
ae.-d.e. switeles are available in all these terminations.
Most switches on the market today use phenolic mold-
ing material for the base and this allows a safe operat-
ing ambient temperature between —30° I' and +160° F.
Special molding materials and custom processing can in-
crease the operating ambient temperature to 220° F.

Insulation and Sealing

Another factor which is getting more attention in prod-
uct design these days is double insulation. This means:

1. An insulation system comprising hoth functional in-
sulation and protective insulation. Functional insulation
is the insulation necessary for proper functioning of the
device. Protective insulation is an independent insulation
provided in addition to the functional insulation in order
to imsure protection against electrical shock in case the
functional insulation fails. An enclosure of insulating mate-
rial may form part or the whole of the protective insulation.
In such a system these two insulations, functional and
protective, are mechanically separably and are so arranged
that they cannot be subjected to envirommental conditions
simultaneously.

2. An improved functional insulation. referred to lere-
after as reinforced Insulation, of sucli mechanical and

Fig. 5. Two types of ‘‘over-center spring’’ mechanism toggle switches are shown here in cutaway photographs.
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Fig. 6. Toggle switches are available with a wide variety
of colored and shaped operators to meet any requirement.

electrical properties that it is acceeptable i lien of a sys-
tern consisting of functional insulation and protecting in-
sulation. An encloxure of msulating material may form a
part or whole of the reinforced msulation.

At the present time there are no specifications govern-
img double-insulated switches. However. many switches on
the market can be modificd to mect double-insulation
standards 1n the finished product.

Sealed switche~ arc generally provided by manufacturers
of toggle switches by means of mternal bushing scals.
However, with the introduction of rocker operators (ac-
tuating mechanisms) and special styled levers, switch-seal-
mg capability may be lost due to the inherent design of
these operators, On the other hand. for certain critical
operating areas complete environmental sealing can be
provided.

Quite often. due to design neceds, the switch manufac-
turers can provide added hencfits to the engineer by cus-
tomizing the control to the applhcation. This s especially
important i today’s market where there is more and more
cmphasis on human enginecring and space-reduction re-
quirements.

In many industrial clectronic applications it is necessary
to provide contrals which meet some of the requirements
of aerospace switches. Consequently. there is a need to
modify commercial switches to meet certain of the military
specifications. such ax temperature, shock. and vibration.
To show how one simple modification can change opera-
tional results, examine Table 1. This shows how contact
resistanee changes 1 a standard commercial double-pole
switeh with different lubricants. Changing the lubrication
15 obviously a minor change. but a review of this table
will =how the importance of this one faclor.

By changing contact material. contact pressures. and
base material. switch characteristics can be changed dra-
matically to suit specific operating needs. Also the trend
to miniaturization is bringing about designs for smaller
switches that will meet specifie rating needs. with emphasis
on =ize rather than maximum raling. (For information on
midniature switches refer to the article on this subjeet on

CONTACT RESISTANCE (milliohms)
TYPE OF LUBRICANT INITIAL 10,000 OPS. | weasuring
MIN. | MAX. | MIN. | MAX. | CURRENT (A)
Dow Corning #7 Grease 0.6 0.9 - — 15
Vaseline #634-3 0.7 1.0 8.2 14.6 15
Low Temp. Grease #632-55 0.7 0.9 5.4 22.6 15
Texaco Uni-Temp Grease 0.4 1.3 9.5 16.0 15
(Blue)
Vaseline #634-3 Diluted 0.8 1.0 4.9 10.5 15
With Carbon Tetrachloride
White Vaseline (Stanolene) 0.7 1.1 59 11.3 15
Vaseline #634-3 0.9 1.1 3.8 10.5 15
Standard Oil Co. Grease #G-3 0.6 1.2 3.7 21.0 10
Wadham’s Gg #480 Grease 0.6 1.4 1.8 20.5 10
Lubriplate 3#130A Grease 0.6 1.0 1.8 16.7 10
Lubriplate #107 Grease 0.6 0.7 3.7 25.0 10
gl‘olbitoil SAE 70 Ultra Heavy 0.8 1.1 4.3 20.0 10
1
%V;?:g;?'gi?g 600W 0.7 1.1 3.0 17.4 10
Wadham's MC Light Grease 0.7 0.8 3.5 18.0 10
Texaco Uni-Temp Grease 0.4 1.0 2.6 20.0 10
#632-55
Vactra Oil ''2 Special’® Way 0.6 1.0 4.2 17.3 10
Lube
Vaseline 0.7 13 3.7 20.0 10
Low. Temp. Grease #632-55 0.5 1.5 1.0 12.6 10
Low. Temp. Grease #632-83 0.6 1.0 0.9 5.0 10
Texaco Stazon '‘B’* Grease 0.3 7.0 0.5 75 10
TMe;taocroOSiiiE #30 Havoline 0.4 0.6 3.0 9.0 10
Cosmolube #1 0.7 1.0 5.0 11.0 10
Cosmolube #615 0.6 0.9 11.0 30.0 10
Low Temp. Grease #632-55 0.7 0.9 1.2 }120.0 0.1
Low Temp. Grease #632-55 0.7 0.9 2.4 240 10
Mixture of Filmite #150-58 0.7 1.0 1.8 8.0 0.1
and Carnauba Wax
Mixture of Filmite #150-58 0.7 1.0 1.8 8.0 10
and Carnauba Wax
Standard ASU Super MII 0.7 1.1 — - .1

Table 1. The effect on contact resistance of changing lubricant:

Vartous  switch  mechanisms  can be  equipped  with
special operators in different styvles and colors. Paddle
operators. rocker operators. push operators are some ol
the standard operators available today. As thermoplastics
become more common in the design of switeh super-
structures. more varieties will be made availuble (Fig. 6) .

In the =selection of switches, whether toggle, rocker,
or mimatuare, there is a need 1o choovse the switch as an
mtegral part of the design rather than as a final con-
sideration. This will provide a belter, less costly, inte-

page 37 of this Special Section —Editor) grated control for the product. A
POPULAR SWITCH CONTACT CONFIGURATIONS & CIRCUIT TERMINOLOGY
— e,
.__J_ S — —— S —_——r
—— o g ———" B
___/L..____. Singlepoie, waglethrow, _—’/'/A‘__ Tt T TTE— — " e
Singte-pole, single-thiow, &;ﬂ;;ra -———/‘/b Dot S, R o by s SR5T08 .__._.._:l v Four-poie, singlethrow,
acrmaly open Doutite-pole, single-thiow = =5 nomaliy closed 4P STNC
SPITRO I normally open ———h =g Doublepole, doubiedhrow  DPDY ———
0PSTNO —
PR e (R Singlepals, singlethow, ——— — e e Sl
h N dubie-bresk ] g -pole, ,
o AT Saes S PR U e, e
SPSTNG i T o= Doublegole, singiehrow, et — T
V. S nomally closed '——1_Lr-'— -——O/A———- Yo
Single-pals, doudle-throw P sTHy —_—t e . Four-pole, singl e-theow, ——— e
w01 Double-bresk, double-make DBEM \ normaiy opn 4P STNO Four-pole, duble-thiow wor
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The author is a veteran of 22 years in the field of elecirical development and engineering and is today
recognized os one of the industry’s authorities on the design and development of electro-mechanical
switching devices. He joined the firm about 12 years ago as chief engineer and assumed his present pOSI—
tion in 1962. Before coming to Switchcraft, he served as o design engineer on such varied products” as
hearing aids, wire and tope recorders, d.c. motors, and silver alkaline batteries used in guided missiles.

Stacked Switches

and their Ganged Arrays

By JAMES BAILEY/ Director of Research & Development
Switchcraft, Inc.

These leaf-spring switches are used because of their economy,
simplicity, reliability of performance, and ease of maintenance.
Items to consider in choosing the proper switch are covered.
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LMOST indifferent to the more sophisticated advances
in switching, the stack switch remains one of the
most useful, versatile switching devices available to

the circuit design engineer because of its simplicity, relia-
bility of performance. and ease of maintenance.

Why use a stack switeh? Because it may cost less per
switeh configuration than most other products. When prop-
erly engineered into the end product, it will provide very
long life. If it has to be serviced. the technician can readily
understand the mechanisim and locate the trouble. Finally.
itx versatility is unmatched in meeting special circuit re-
quirements in the initial design or when additional circuitry
must be accommodated at a later date due to revisions in
the end product.

With all its advantages. the stack switeh is not recom-
mended for high shock. anti-capacitance. high vibration. or
temperature extremes.

Stack switches are ineluded as a sub-assembly in many
switching devices, such as lever keys, relays, push-button
switches, and phone jacks, as shown in Fig. 1. However,
many are mounted separately and actuated by various
means for machine tool control. indexing, data input and
retrieval, and sequence control. No matter what the appli-
cation, the primary considerations in specifying a stack
switch are: 1. the switching configuration desired. 2. the
method of actuation to be used, 3. electrical circuit con-
siderations, 4. environmental conditions, and 5. cost.

A stack switeh consists of an actuator spring, contact
springs, insulating spacers, insulating tubing, and mounting
screws, (Refer to Fig. 2.)

Switching Configurations

Basie contact forms A through I (Fig. 8) may be specified
on stack switches. However, caution must be exercised when
specifying the total number of springs used in each stack.
Attempts to use too many springs per pile-up can result in
stack sway, loosened stacks, and loss of adjustment due to
accumulative spacer cold flow and excessive operating forces.
Also. the total number of configurations per stack will be
governed by the contact size and insulators required to
obtain the nccessary contact clearances for proper adjust-

<€ Fig. ). Stack switches may be operated by push buttons, han-
dles, or phone plugs. They are also available in ganged arrays.
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mwen ] sl gperation. Where bwo or more slack positions are
available, it is alway= welvizable teodistetbute the switching
comfigurations as evenly as possible to avoid excessively
high slacks,

Leleally, each moving spring will e lensioned to result in
30 e 100 grams’ conlact pressure. If other design factors of
the switch dictate lighter contact pressure. say 10 to 20
grams, then gold or palladium contacts may be specified.
For higher contact pressures. such as for an example in
the hundreds of grams or more. tungsten contacts are
recommended.

An example of the versatility of stack switches is their
adaptability to special contact forms or sequential opera-
tion. Late or preliminary makes or breaks may be specified
for various circuit control requirements. However, some
consideration must be given to the position of these special
configurations in the spring stack. For instance, preliminary
make or break contacts should be placed at the bottom posi-
tion of the stack. Late breaks should generally be positioned
at the top of the stack in order that adequate contact pres-
sure may be mamtained throughout the travel of the mov-
g spring.

Method of Actuation

While considerable freedom as to the method of actuation
is an inherent feature of stack switches, certain dimensional
and force characteristics must be coordinated in the actu-
ator design. First, the actuator spring is normally part of
the switching or contact configuration, hence the actuator
is usually a suitable insulator material snch as fiber, plastic,
or phenolic. The stack assembly requires a minimum of
amount of travel to properly actuate all contact springs
since too much travel will induce umnecessary spring fa-
tigue and cause excessive contact wear. For an ideal switcl.
the user should design the actuator to provide an 0.010”
to 0.020” contact follow after closure and a contact gap of
0.020” to 0.030” between break contacts after the switeh
has fully operated. Sce Fig. +.

Another consideration is the speed of operation. Exces-
sively slow operate or release timing could seriously affect
contact life, especially where inductive loads are involved.
Slow operate or release time is generally acceptable for a.c.
cirenits, but quick release is desirable for d.c. switching to
achieve maximum contact life.

Mechanical switeh life is practically impossible to specify
without complete knowledge of all parameters involved. A
good stack switch, suitably mounted and actuated. should
provide 300.000 or more operations. However, this figure
could be far above or below measured life for any particular
application. Maximum life may be obtained by close ad-
herence to switch travel requirements and by designing the
actuator for a minimum amount of wear on the actuator
spring.

Three common spring materials for stack switches are:
nickel silver, phosphor bronze, and beryllium copper. Phos-
phor bronze is standard for many assemblies. however
nickel silver hax improved strength and flexure characteris-
tics and will be furnished on quality units. Beryllium copper
should be specified where exceedingly long mechanical life
is required. This material is often used where severe spring
forms are needed as it is highly ductile and can be tempered
after forming.

Electrical Circuit Considerations

Stack switches are generally designed to accommodate
switching currents from low-level dry circuits up to 5 amps,
500 watts. Contact resistance becomes a major factor in
low-level circuits due to organic materials or condensates
and oxides that may collect or form on the contact surfaces.
Gold alloys, in combination with platinum and silver. and
sufficient contact forces usually minimize oxidation and
other contaminant problems,
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Fig. 3. The basic contact forms available in stack switches.

0.0i0" -0.020" CONTACT
FOLLOW AFTER CLOSURE

0.020"-0.030" GAP AFTER
FULL OPERATION

Fig. 4. Proper contact follow after closure and contact gap.

The =clection of contact materials for various power
levels is extremely important to the over-all performance of
the stack switch.

Sitver. the most economical of the noble metals, is satis-
factory when used in circuits with sufficiently high current
and voltage to break through any film barrier. Silver con-
tacts are frequently suitable for wetted cireuits (that is.
circuits in which d.e. “breakthrough voltage™” is added to
the a.c. signals) .

Palladium is an element of the platinum group. although
harder and more resistant to mechanical wear than plati
num. Most important, palladium is highly resistant to sur
face contamination and may be used in wet or dry circuit=.
making it suitable for both military and high-performance
mdustrial applications. Palladium contacts are typically
wedge shaped and opposing contacts are mounted at right
angles. The vertical enntilever movement of the leaf spring
pradures a small but significant horizontal wiping action,
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Application Contact Contact Current Rating
Material  Pressure (g) (332" dia)
* General Purpose Fine silver 30 to 100 A
(power circuits,
solenoids,motors) I——— - -
High Power Fine silver 30 to 100 JA
(audio amp cir-
cuits, relays,
_small motors)
Low Power Fine silver 50 to 100 3A
(audio preamps, or palladium 30 to 100 2t03A

relays, intercoms,

_ mikes) I L =
Very Low Power  Palladium or 30 to 100 2
(meter circuitry, other precious 10 to 50 1

intercoms, mikes) metal alloys (gold)

Table 1. Typical contact materials and their applications

TYPE ELECTRICAL  HEAT MOISTURE  COST
LEAKAGE RESISTANCE ABSORPTION
Phenolic G G G Low
Epoxy paper VG VG VG Medium
Silicone glass VG E VG High
Polystyrene E+ G E+ Medium
Silicone mica VG E+ VG Medium

Code: G = good; VG = very good: E = excellent; E + = excellent plus

Table 2. Ratings of insulating materials in stack switches.

Fig. 5. Stack swisches are available for variety of uses.

The advantage of using palladium is indicated by the fact
that an average contact resistance of only 0.005 ohmn is
achieved. which i well within the limits required by MIL-
J-6H1C for telephone jacks.

Part of the reason for such low contact resistance is that
the palladium contacts are cross-bar welded to the leaf.
Furthermore, bond strength uniformity can be more reliably
controlled on welded contacts than with riveted attach-
ments.

A more inert contact material than palladium, one with
very high resistance to contamination, i1s a special gold
alloy. However, this material is not only more costly than
palladinm but is softer and more subject to mechanical de-
Formation. With nickel backing, gold contacts may bhe
welded to leal springs. Typical contact materials and their
application to various power levels are shown above in
Table 1.

The selection of single contacts or twin-bifurcated con-
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tacts will depend upon the degree of reliability required. A
substantial improvement is obtained by using parallel con-
tacts rather than single contacts. When truly parallel, in-
dependent contacts will provide this improvement; the usual
twin-bifurcated contact springs found in stack switches ap-
proximate the parallel contact arrangement. Twin or bi-
furcated contacts have a distinet advantage over single
contacts at low energy or intermediate loads, while single
contacts are usually employed for the swilching of heav-
ier loads.

Clean contacts are essential to reliable performance and
the manufacturer’s instructions should be followed regard-
ing maintenanece on the particnlar contacts furmshed. High-
ly corrosive eleaners or highly abrasive tools can do more
harm than good. Also. contacts may be protected by using
diodes or RC networks for spark suppression.

The electrical insulation parameters of interest to the
user are electrical lTeakage. heat resistance. and moisture
absorption. Table 2 shows the comparative ratings of in-
sulating materials that may be specified for stack switehes.
Grades XX-P and XXX-I phenolie offer excellent insula-
tion resistance and breakdown ratings and are typically
furnished on quality units. Special environmental con-
siderations, such ax ligh heat. would indicate the use of
silicone bonded mica insulators or else polystyrene insulators
for high humidity environments.

Environmental Conditions

As indicated at the beginning of this article, stack
switches are not intended to be used in applications where
cxtreme shock. vibration., humidity. or temperature ranges
are involved. Some sleps may be taken, however, to provide
prolection against these conditions. FFor instance, in cases
where vibration is a factor, back-up springs may be added
to the stack. One of the special stack insulation materials
mentioned carlier may also be provided. In any case, the
wser should clearly detail any environmental conditions that
may bhe encountered when specifying the stack switeh in
order to assist the supplier in recommending a unit to suit
the requirements, UL or CSA approval cannot be provided
for stack switches since they hecome an integral part of the
device in which they are mounted so approvals must be
obtained on the entire assembly, and not just on the stack
switeh itself.

It is highly recommended that the ciremt design engineer
purchase or construet protolype switches for testing under
actual conditions. While switch manufacturers can simulate
environmental conditions in the laboratory, there is no sub-
stitute for testing under actual operating conditions. Some
manufacturers, including Switcheraft. offer stack switch
sample kits which permit the user lo construct various
assemblies for test and evaluation purposes.

Cost Factors

Reduced cost is one of the major advantages of stack
switches. The cost per switehing configuration is less than
almost any other switching device, not to mention the
added savings in simplified maintenance. Stack switehes will
typically price out bhetween 15 and 20 cents per s.p.d.t.
combination depending upon the quantity ordered, special
forming, contact material used, and type of adjustment
specified.

IMig. 3 shows stack switches which were designed for vari-
ous applications. The versatility of these units mininizes
extra design or tooling costs to meet special switching re-
quirements. Note the special forms in some of the switches
to achieve sequential operation or 1o accommodate various
actuator designs.

Time-tested and proven in a multitude of switching appli-
cations, the stack switeh can be specified with complete
confidence that it will provide superior performance at
minimum cost. A
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Snap-Action Switches
and their Ganged Arrays

By HARRY H. MEYER / Director of Engineering

Micro Switch (Div. of Honeywell)

These switches are characterized by positive actuation with small mechanical
. pressure along with small size and high electrical capacity. Included are
answers to the most important questions asked concerning the proper choice
of these switches as well as a checklist for ordering switches of all types.

HE five principal features of precision snap-action
switches are: actuation with minute mechanical mo-
tions and forces; small size: long life: uniform travel
and force characteristics: and high electrical capacity for
their size. Various actuator devices. integral or accessory.
are available for these switches. These provide easy adapta-
tion to rotary or linear mechanical drive and manual op-
eration as well as meeting the requirements of diverse uses
in electronics. major appliances, machine tools, and aircraft.

A wide choice of sizes is available, without sacrificing
good load-carrying ability. Units as small as 0.035 cubic
inch will reliably switch 28-volt d.c. inductive loads of 4
amperes or 125/250-volt a.c. loads of as much as 7 amperes.
Other snap-action switches of somewhat greater size, yet
still less than 1.8 cubic inches, will control 20-ampere, 180-
volt a.c. loads.

These switches can directly control: motors and other
work-performing equipment; read-out devices for operator
instructions or recording; and protective interlocking or
detection circuitry. Their small size permits use in nor-
mally inaccessible areas. Actuation or release of the con-
tacts occurs within a few thousandths of an inch of plunger
travel which helps prolong mechanical life.

Snap-action switches must provide reliable operation for
extended periods of time. In use, they serve as a substitute
for human hands and eves in controlling electrical action.

To simplify the selection of precision snap-action switches
and to obtain the best service results, the following check
list is broken down into five arcas: mechanical require-
ments, clectrical requirements, reliability, environment,
and installation factors.

Mechanical Requirements

How will the switch be operated? Linear, rotary, and
multi-direction and variable motion can actuate snap-
action switches. The wide variety of operating mechanisms
includes push-plungers, roller-plungers, levers, roller levers,
one-way roller levers, flexible wires, and coil wands (Fig. 1).

What will be the rate of motion for actuation of the
switch? Micro-motion, intermediate motion, and impact
motion can be_handled by snap-action switches. Protective
devices are available for impact actuation. An alternative
switch location, or an alternative means of actuation to
reduce impact motion, is desirable for optimum switch life.

October, 1967

What will be the frequency of switeh operation? Switches
can be operated from low to high frequency. In general,
switeh life is affected only when heavy electrical loads are
driven at a high cycling rate which generates excessive
internal heat. Most snap-action switches can handle their
rated loads up to 130 operations per minute. As the clec-
trical load is decreased, the frequency of operation can
be increased—successfully—on the order of 1800 cycles
per mimute,

What operating foree is available? Is a broken thread
being detected or is actuation accomplished by an internal
flywheel cam? Switches with operating torques as low ax
4 gm/in, maximum, are available. In heavy industrial ap-
plications, operating force is usually abundant, whereas
in servomechanisnis the operating force is low.

What will be the length of operating travel? Excess linear
or angular travel of the switch actuator can damage or
greatly reduce the mechanical life of a switch. For snap-
action switches, plunger pretravel. overtravel, and differ-
ential travel positions or length are specified. Plunger travel
bevond the point of actuation is overtravel. Travel from
the point of actuation to the point where snap-action re-

Fig. 1. Some of the actuators that are available for the
basic snap-action switch, along with their applications.
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Fig. 2. lllustration of terms that are employed in describing rotary actuation (left) and in-line plunger actuation.

STAINLESS STEEL PLUNGER

SILVER CONTACTS. MOVING
CONTACT SERRATED TO PROVIDE
CLEANING ACTION

PHENOLIC COVER
AND CASE

ONE-PIECE
BERYLLIUM
COPPER SPRING

ELONGATED Zaonou FACING SCREW TERMINALS

MOUNTING SHOWN. ALSO AVAILABLE ARE SIDE

HOLE FACING SCREW AND SOLDER TERMINALS
STEP CONSTRUCTION FOR ADDITIONAL DIELECTRIC SPACING

Internal construction details of basic snap-action switch.

Several typical examples of the basic switch. It is possible
to use this mechanism with many different types of actuators
including push button, toggle, and rotary {using cam) types.
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lease oceurs is differential travel. Optimum life is obtained
when operating travel does not reach the full overtravel
limit of the switeh and permits full release of the plunger
between cycles (Fig. ).

Electrical Requirements

What circuitry is required? Single-pole. single-throw in
normally closed or nornally open configuration: single-pole.
double-throw: two-circuit. double-break: or multiples there-
of are available contact wrrangements. Double-break
switches make and break a circuit at two points. which
effectively increases the contact break distance. Double-
break switches allow interruption of greater d.e. and a.c.
inductive loads than is possible with single-break switclhes.

What contact action is required? Self-returning momen-
tary. maintained. make-before-break. and pulse action are
available. Momentary switches actuate when the plunger
is depressed and release when force is ahsent. Maintained
contact switches require one operation for actuation and
a second operation to reset the contacts. This tvpe of
mechanism can be used in protective interlocking to open
a circuit when a fault ocenrs. When the fault is corrected.
the contacts are reset. Make-before-break versions provide
momentary overlapping when switching from one position
lo another and is useful where circuits must be switched
with no interruption. Pulse action provides a single elec-
trical pulse each time the actuator is depressed, bnt not
when released. When operated by a single lobed cam, the
switch provides a single pulse per revolution.

What are the electrical parametcrs of the loud? Specify
voltage and wlether alternating or direct current will be
passing through the switch. If a.c.. specify the frequency.
Specify the nature of the load: resistive. as a heater: in-
ductive. as a coll; reactive, as a motor: or tungsten filament.
as a lamp. Where applicable. specify in-rush and steady-
stale current requirements as well as power factor.

IKeeping eleetrical loads within the published capability
of the switch is of primary importance for long, reliable
life. Snap-action switches are frequently selected on the
basix of contimious current ratings of motors and solenoids
withont proper considevation being given to in-rush ca-
pacity. Only certain types of switches are rated by UL for
control of tougsten-filament lamps.

Large amounts of alternating-current power can be re-
liably controlled even with small-size snap-action switches.
At rated loads. difficulty with prompt interruption of a.c.
loads is unknown under ground-level operating conditions.
Temperature rise is seldom important, except when caused
by heating of the arc on maintained high-speed cyeling of
heavy loads. For low-cnergy circuits operating in the milli-
volt, milllampere range, special contact materials and de-
signs are used to minimize and stabilize contact resistance
for extended and reliable life.

Single-break snap-action switches handling direct-cur-
rent loads. especially inductive loads, should be equipped
with contact protective diodes or capacitor/resistor net-
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wirks to reduce arcing and the trausfer of contact ma-
terials during circuit break. Because of the small contact
separation in snap-action switches, unprotected contacts
handling a d.e, induetive load may not be able to extin-
guish the break ure that is produced.

. Reliability

What ennstifutes faillure of the switch? Reliability of
switch speration depends primarily on mechanical and en-
vironmental factors. vet electrical loads can have a marked
effect on switch life. Operating accuracy is one measure
of reliability. life expectancy is another.

What is the permissible deviation from nomina point
of actuation? As the load increases. small contact welds
can occur. To compensate for this, the switch requires in-
creased operating motion and force. Under small electrical
load, usually no greater than 0.1 A, maximum repeat-
ability can be obtained.

What switch life is expeeted for the application? The
mechanical life to be expected from a snap-action switch
depends on the type of switch and whether it is driven to
the limit of its stroke at each operation. In general.
mechanical life catalogue data is on the order of 10 to
20 million operations (based on full stroke). Under full
rated electrical loads, contacts usually reach full useful life
in less than the probable mechanical life of the spring
system. In many cases, however, probable contact life up
to 10 million operations may be expected. At low loads
with less than full plunger travel, test switches and switches
in actual applications have operated more than 150 mil-
lion times.

If failure to make or break a circuit could be disastrous
in ecritical applications, the switch should be replaced reg-
ularly as a matter of routine. The replacement cost is only
of fraction of the cost of down time.

Environment

What is the ambient temperature? Standard snap-action
switches perform satisfactorily in ambient temperatures
from approximately —65° up to 180° F. Ceramic-metal
variations are available in the market for operation down
to —821° and up to +1000° F,

What is the surrounding environment? Excessive hu-
midity, oil vapor, liquid splash, and humersion are detri-
mental to the switch, unless it is equipped with a protective
enclosure which prevents the entrance of adverse environ-
mental conditions into the contacts of the switch. Moisture
canses electrical breakdown in a switch. Oil may be car-
bonized by arcing and, in this form. can lead to non-contact
conditions or excessive leakage currents.

Will the switch be exposed to weather? Most snap-action
switches can be protected by enclosures so that they can
be used outdoors. Since a movable member is required for
switch actuation, additional protection should be provided
for the actuator against severe ice accumulations.

Will the switch be exposed to corrosive atmospheres?,
Salt fog, sulphur vapors, and acid fumes are some of the
airborne contaminants that can affect unsealed switches.

Is the surrounding environment gritty or dusty? Minute
dust particles can be drawn into the contact chamber of
unsealed snap-action switches throngh changing air pres-
sures. Dust particles can contaminate contacts and prevent
reliable contact operation or cause complete failure. These
particles can also contribute to mechanical failures at bear-
ing and pivot points. Encl()slues are available.

Are flammable gases or conbustible dusts present? Snap-
action switches can be used in flammable gas or combus-
tible dust locations when the switch is housed in an en-
closure of adequate strength and it has sufficient flame
path or is of flame arrest construetion. In flaimmable gases,
the switell is allowed to “breathe” due to atmospheric
pressure changes and the switch can withstand internal
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Jj SWITCH MODULE

A large number of switch modules may be combined to form
customized lighted or unlighted panels and keyboards.

explosions. Contruction features prevent the internal ex-
plosion from triggering the surrounding gas. Also, the
enclosure is not allowed to develop sufficient heat or char
or cause combustion of the dust. When using snap-action
switches in hazardous locations, specify the substance (gas
or dust) surrounding the switch.

Will the switch be subjected to acceleration, vibration.
or shock? Snap-action switches will resist false operation
due to acceleration, vibration, or shock when the contact
force is optimized (full overtravel and full release). Op-
eration of the switch near the point of actuation or re-
lease. when subjected to these external forces. may cause
momentary separation of contacts or false snap-over. Satis-
factory performance varies with the contact break distance.
for example. 0,008-in break distance withstands up to 10 g:
0.020 in up to 80 g: 0.070 up to 200 g. Locating the switch
so that the snap-over spring is parallel to the direction of
force increases the ability of the switch to withstand these
external forces.

Will the switch be subjected to physical abuse or negli-
genee? Snap-action switches should be protected with
rugged enclosures to assure reliability of operation, long
life. and live voltage protection for the operator in case the
switeh is subjected to physical abuse or negligence.

Wil the switch be subjected to decreased air pressure
or have to operate in a vacuum? Snap-action switches
generally operate satisfactorily between sea level and
pressures corresponding to 25.000 feet altitude. As decom-
pression progresses, switch arc tine increases, momentary
flashover between terminals results. and dielectric problems
arise in unsealed switches.

Snap-action switches which are hermetically sealed and
which incorporate insulated lead wires can provide the
best performance during and after pressure reduction. Life
duration of hermetically scaled switches is derated to re-
flect maintenance of the seal.

55

www americanradiohistorv com


www.americanradiohistory.com

Installation Factors

What termination will be required on the switeh? Serew
terminal, quick-conneet. solder terminals, and wire-clamp
type terminals are available, When soldering terminals on
snap-action switehes, care should be exercised to avoid
excessive flux and  soldering  temperatures that exceed
370° F for longer than 10 seconds. Flux can create an
imsulating fillm on contacts and the movement of the fux
on the terminals increases with higher soldering tempera-
tures, Higher =oldering temperatures expose the switeh to
a high-temperature shock so that such temperatures should
he avoided.

Is switeh size bmwportant in the application? Snap-action
switches vary in size. depending on the electrical ca-
pacity required. whether or not an enclosure is needed,
the style of the actuator. and the space available in the
application,

Wl a conduit connection be required? Sealed enclosures
require adeguate conduit sealing to maintain the integrity
of the enclosure. Condensation or oil seepage can enter
the switeh unless it is adequately protected by its en-
closure and. in addition. ix well sealed at the conduit
entrance,

Wil the switeh be at a servicable locationy In order to
mininnze the expense of unexpected shutdowns. machines
and systems should be designed so that the control units
which are subject to wear or damage are easily accessible
for repair or replacement. Plig-in enclosure versions are
readily available in order to reduce the down time by
eliminating the need to rewire the switeh.

Ganging Snap-Action Switches

In many applications basie switches are ganged or stacked
to provide the necessary control functions, A gang of
switches can be two or more units mounted together. Thix
provides a multi-pole switch deviee which very often is
operated by a single actuator. Ganged switches are usually
more practical than a multi-pole single switeh becanse
the component switches are less costly and provide the
designer with a greater choice of termination. actuating
device. and eireuitry.

Available are split-contact., double-throw, and two-paole
double-throw switches in a single housing. When a designer’s
needs exceed these types of circuitry, two or more indi-
vidual switches are used.

Snap-action switches can be ganged suceessfully becanse
they are built to =mall gradations of movements and the
“snap.” or transfer of contacts. repeats (one exele to the
next). within a usual maximum variation of +0.002 to
—0.003 inch.

What makes such switches ideally suited for ganging is
the variety of sizes available to the designer. They are
offered in a size range from basic, to miniature, subminia-
ture, and sub-submimature.

In placing one switch next to another (and as many as
24 switches have been ganged), the design engineer has
to be sure that the tolerances of the actuator and switeh
travel specifications are ecompatible. Each switeh should
be mounted individually so it can be moved towards or
away from the actuator to obtain the correct timing of
operation with relation to the next switch. However. the
usnal method of ganging switches is to mount them on the
same rods or screws so that they are not adjustable on
an individual basis.

When switches are ganged. multi-circuit operation is re-
quired at a specific time. Without individual xwitch adjust-
ment, it then becomnes necessary to adjust the actuator of
the switches,

Gunged switches are very often actuated by means of
cams fixed to rptating shafts in such devices as timers, which
are mwostly motor driven, or selector switehes. which are
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manually operated. Timers and programmers are products
in which ganging of switches is a basic part of the product
design.

Ganged switches are also used in devices where the actu-
ating meanx are a pivoted lever that provides nearly simul-
taneons operation all the way to make-before-break type
sequencing. Multi-pole push button. pressure and tempera-
ture-sensitive switches, electrical coil-actuated devices, and
many other electromechanical designs also emiploy this type
of actuation,

Cams and levers, to a great degree, have built-in adjust-
ments to insure that a switeh and each subsequent switeh
operates at the precise time required by the cireunit. One lever
could operate as many as six switches in some devices.

The need to gang switches is not confined to a limited
number of products. The computer, business machine, and
the vending machine all use the ganging technique.

Ganging of switches ix economical in the sense that the
application does not require multi-operators and mecha-
nisms just to actuate one switeh, This aids in reducing the
size of the control package.

Since precision snap-action switches are comparatively
mexpensive—usually under $1.00 per switch—the ganging
of switches is a low-cost method of multi-cirenit sequenc-

mg. A

CHECK LIST
FOR ORDERING SWITCHES

awitches are offered in a variety of forms, sizes, and electrical
ratings to fit the majority of application requirements. This
check list is provided as a reminder of the areas to be consid-
ered when specifying in simple applications. However, in exotic
installations, further information may be required in order to
select the correct switch for reliable performance and maximum
switch [ife.

ELECTRICAL LOAD
Voltage {a.c. or d.c., specify frequency)
Amperage
Type (resistive, matar, lamp, inductive)
Electrical life required

SWITCH ACTION
Type (snap-action, reed, double-break, mercury)
Action (momentary, pulse, maintained)

STANDARDS AND SPECIFICATIONS
MIL-Spec (specify number and sections)
UL, C3A
Other

MECHANICAL DATA
Dperating farce
Length of operating travel (pretravel, overtravel, differential
fravel)
Rate of mation
Frequency of operation
Mechanical life required

ENVIRONMENT
Temperature
Grit or dust
Hurmidity
Qil or sulphur
Hazardous gas or dust (specify)
Acceleration, vibration, or shock
Physical abuse or operator sabotage

INSTALLATION FACTORS
Conduit cannection
Termination
Field adjustability
Switch size
Enclesure or sealing
Serviceable location

ELECTRONICS WORLD
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The author received his B.S.E.E. from Marquette Uni-
versity in Milwaukee and joined Centralab in 1956.
He is presently a member of the Electronic Indus-
tries Association’s P-5.5 Rotary Switch Committee.

Open-Frame
Rotary Switches

By WILLIAM SEFTON /Manager, Switch Field Applications Engineering
Centralab Electronics Div. (Globe-Union Inc.)

Important factors to consider in selecting the proper rotary switch are
type of contacts and insulating material, whether pile-up or non-pile-up,
shorting or non-shorting characteristics are required, and type of shaft.

PEN-frame. manually actuated rotary switches are
electrontechanical devices which are used primarily
as cireuit selectors in electronic and communications

equipment, They are made up of an index or detenting
mechanism, strut spacers, and screws—known collectively
as the frame—and the electrical switching portion called
sections. These sections have rotating insulators, or rotors;
rotating current-carrying members, or contacts: stationary
msulators, called stators: and stationary current-carrying
members, called clips. See Fig. 1 for switch nomenclature.

Basic Operation & Construction

The indexing mechanism serves a twofold purpose. The
first is to hold the contacts in proper relationship to the
clips so that a complete electrical circuit is maintained even
when subjected to vibration and shock. The second function
is to act as a positioning device during rotation so that the
switch tends to come to rest directly in switching position,
not at an intermediate point. The more sharply an index
positions itself, the better the “erispness” of the index and
the better the “feel™ of the switeh itself,

The spacing on an open-fraine switch usually has an

established minimum so that the solder terminals on one
section won't interfere with those on an adjacent section or
with the “dead metal” parts on the index. The fact that
there is virtually no limit to the maximum spacing allowed
15 a boon to design engineers, They can place sections in
areas of the chassis to optimize electrical and mechanical
requirements. Of course, when a long switcel is used, there
is a chance that the frame will twist. This problem can
be solved by rear mounting, using screw extensions or a
mounting bracket.

The switch section consists of two basic parts: a rotor
and a stator. The contact or rotor blade is usually fastened
to the rotor by means of “legs” formed from the contact
or by rivets to hold the blade firmly in place. This portion
follows the movement of the index and determines the
sequence of electrical switching.

The stator or stator insulator is designed to position
clips =0 that the contact will engage the clips in proper
incremental positions. The stator must also hold the clips
at a proper level so that both upper and lower clip jaws will
engage the contact when the blade is rotated into position,

The thickness of the rotor and stator are selected so

Fig. 1. A listing of the terms that are employed to describe the component parts making up an open-frame switch,

. Section

. Index Stop Lug

. Mounting Surface

. Bushing

. Retaining Ring

. Strut Spacing

. Strut Bolts

. Spacer-Washer

. Spacer

. Rotor

. Contact (rotor blade)
. Stator

. Clip

. Insulated Clip

. Detent Spring

. Detent Mechanism
. Index “Hills and Dales’
. Front Plate

. Locating Lug or Tab
. Nut, Washer

. Shaft
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TEST VOLTAGE-AC.(RM.S)

Fig. 3. Performance of various contact materials. Test
sections were lubricated and run to end of life (20 mf2}.

Designed essentially as a military switch, this high-quali-
ty unit is also ideal for use in commercial equipment.

This open-frame rotary switch offers to the designer
eighteen switching positions, located 20 degrees apart.

58

that the mid-point of the contact-blade material extends
above the stator where the upper and lower ¢lip jaws meet.
This causes both jaws to wipe across the blade until the
index action stops the contact. This clip action is called
“double-wipe™ and makes the switch seetion self-cleaning.
Pressure of the clip jaws must be carefully balanced so
that enough force is exerted to produce effective cleaning
but not enongh to canse excessive wear of the contact
surfaces and the clip jaws,

Lubrication and Contact Life

An “end-of-life” specification can only be given as it
pertains to a specific requirement for a particular piece of
equipment. This is because life parameters are too numerous
to be guaranteed.

For this reason, it is necessary to pick out one limiting
factor that has a specific meaning to all switch users. In
rotary switches, this factor is contact resistance. It is
expressed as the ohmic value of a circuit as measured
through one clip. the contact, and out another elip. Thix
path is generally measured throngh clips on the opposite
sides of the stator, providing the longest path for current
to travel,

One commonly used value for “end-of-life” contact resis-
tance is 20 milliohms. This value, when given in conjunction
with the number of shaft revolutions from stop-to-stop
and return (eveles), can then be used to express the life
of a switch,

Since the standard contacts are brass, silver-plated to
a minimum of 0.0001 inch, and the clips are spring brass.
similarly plated. contact resistance will remain stable only
as long as silver-to-silver contact exists, When a switeh
is rotated at the standard rate of 600 cycles per hour
(e.p.h.), the contact resistance shows an inerease over the
mitial value (approximately 5 milliohms) at about 3000
cyeles. By 10,000 eyeles. contact resistance is erratic and
generally exceeds 20 milliohms.

This is the switeh life that may be expeeted when the
thin film of oill used to retard silver tarnish is the only
tubricant used. When a factoryv-approved grease is applied
to the contact surface before life testing, the sections will
usually withstand 15.000 eyeles before the contact resistance
starts to become erratic. After 25.000 eveles of rotation.
contact resistance has usually exceeded 20 milliohms on one
or more clips per section.

The life of a switch section can be prolonged by the use
of coin silver clips and contacts. When lubricated before
life testing, coin silver clips may be expected to function
for 30.000 cycles or more at very stable contact resistance.
(See Fig. 2))

Brass and silver elips and contacts are tested under "no-
load™ conditions, so the contact resistance values obtained
are valid only for light eleetrical loads or for cirenits that
do not switch under an cleetrical load.

When it is necessary to switch under load, switeh life
will vary depending on the open-cireunit voltage switched
and the load the dlips and contaets encounter upon closure.

Tests have been run to determine just what loads tubri-
cated secetions can switeh and still maintain an end-of-life
contact resistance of 20 milliohms. The graph of Fig. 3
shows a typical “load-life™ curve. Note that curves .\ and
B are capable of breaking a considerably higher ampere
load for a specified voltage than the switeh represented by
curve C. While a load-life curve doesn’t mean the physical
end-of-life of the switch section. it does indicate how the
load affects the physical performance of the section. The
higher the load that the section must break at a particular
voltage, the shorter the switceh life.

Detailed information on how load requirements will atfect
the life of a specifie switeh in a particular cirenit is avail-
able from the switch manufacturer and his highly trained
application engineermg staft,
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NON-PILE-UP

Fig. 4. With non-pile-up switching extra cross wiring is
required and there are several unused clips as shown here.

Pile-Up and Non-Pile-Up Switching

Pile-up switching is defined as ““the engagement of »
contact with a clip or clips in such a manner that circuits
may be maintained through more than one index position,
more than one circuit may be established, or a combination
of hoth may oeccur”.

Non-pile-up switching results “where the function of the
contact is to engage clips sequentially and provide one
circuit path when in a detent position”. The action may be
either shorting or non-shorting. Shorting action ocenrs when
the engaged clip is not released until after the next clip has
engaged (make-hefore-break) . Non-shorting action there-
fore occurs when a clip which is engaged is released before
the next clip is engaged (break-before-make).

The contacts of open-frame switches are usually capable
of performing both non-pile-up and pile-up funetions. The
advantages of pile-up switching are numerous bhut the prin-
cipal ones include: the possibility of reducing the mumber
of switeh sections required. lower cost because fewer clips
are required. and a reduction in user assembly time and
materials because there is less c¢ross wiring.

A typical section using non-pile-up switching is shown
in Fig. 4. Note the cross wiring from terminals 1 to 2 and
from 6 to 7. There are unused clips at terminals 3, 5. and
10. When a pile-up-type switch (Fig. 3) is used instead,
the pile-up clips provide the same action that the cross-
wiring provided. As a bonus, the non-standard section elim-
inated the unused elips. for a total savings of five clips and
two cross-wiring operations.

Materials Available

The standard material used in commercial and military
switches is laminated phenolic NEMA grade NXNXXP. mili-
tary grade MIL-P-3115B, type PBEP. This is a high-grade
phenolic which because of its excellent loss factor and low
moisture absorption performs well in electronic circuits.
(See Table 1.)

When a stronger. more moisture-resistant material is
required, laminated glass materials are used. among them
NEMA grade G-10, military grade MIL-P-18117%, type GEE
epoxy. Glass silicone, NEMA G-7, military grade MIL-
P-997B, type GSG. is used less often because of its higher
price and difficulty in working the material.

When better loss faetor and moisture absorption are
needed, ceramic stators and rotors can be used for most
types of sections. Ceramic has the highest surface resistivity
of all the materials offered as standard by the open-frame
switch industry.

Standard frame materials are steel and brass, cadmium-
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Fig. 5. Note the design of the rotor on this switch to pro-
vide pile-up switching. Wiring to switch is now simplified.

CRL

STANDARD SURFACE
INSULA-  TEMP. RESIS-  AVAILABLE RELA-

TION RANGE TIVITY  IMPREG- TIVE TYPE
MATERIAL (deg. C) (megohms) NATION* COST DESIGNATION
Phenolic —65 to 500,000 any 14 Standard,
(paper +385 NEMA XXXP,
base) MIL-P-3115P

(type PBEP)
Glass —65to 650,000  any 1, NEMA G-7,
silicone +125 MIL-P-997B
(type GSG)
Glass —65to 750,000 any 1%  NEMA G-10,
epoxy +125 MIL-P-18117
(type GEE)
Ceramic —65 to 1,000,000 any 1 MIL-1-10A
(CRL +175 (Grade L-422)
Steatite)
Mycalex —65to 900,000 any 3% MIL-1-10A
+175 (Grade L-411)
KEL-F —65 to 1,000,000 none 3 KEL-F 500
. +100
Durez —65to 900,000 any 4 Durez 16221
(glass fiber  +100
filled)

* Fungicidal varnish (MIL-V-173), wax moisture sealant, Dow Corning
DC-200 moisture sealant fluid.

Table 1. Insulation specifications chart. Note that not
all insulotions are available in every rotoary switch type.

plated to resist corrosion. If needed. these parts may he
cadmium plated and dichromate treated to withstand 50-
and 96-hour salt-spray tests. When an even more stringent
finish requirement—200 hour salt-spray resistance, for ex-
ample—is needed, frame parts can be made from nickel-
plated brass or stainless steel.

Although the maximum operating temperature for phe-
nolic is 85°C. glass laminates will operate at 125°C, while
ceramic may be used at even higher temperatures. Both
brass and silver operate well up through 125°C. but for
higher temperatures special clip and contact materials must
be nsed. These materials. when used with ceramic stators
and rotors. are capable of functioning as an effective switch
section at temperatures up to 175°C. Any of these materials
can be plated with 23-karat gold in thicknesses ranging from
0.000030” (minimum for effective shelf life) to 0.0005”
(maximum for retention of clip function).

Shaft Options

Rotary switches offer the design engineer a wide range
of options. The drive shaft may be made several inches
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longe s the swileh can be mounted inside the chassis with
external operation by means ol any vne of a number of
different knob ends. These include zinule- and double-flats
i a wide range of lengths and thicknesses; drilled and
Lupped axtal mounting holes: cross drilledl Loles, screwdriver
slots: knurls; and plain round ends. Shafts can be supplied
in dual concentric combinations that include 0.250” and
0.145” diameters as well as 0.265” and 0.187” diameters
for dual switches or switch-potentiometer combinations.

Since section material requirements may be more de-
manding in one circuit than another, it is possible to specify
less expensive materials for the latter while using ceramic
insulation and coin silver contacts and clips in the former.
Mixing materials used on the sections is no problem and
can yield a worthwhile cost improvement through value
cngineering.

Since most switech manufacturers are thoroughly familiar
with the techniques of value engineering. their trained
engineers can suggest the best materials for specific appli-

cations, simplify switching configurations. and generally
reduce the cost of the switeh to a minimum.

Reliability and Military Specifications

Reliable operation is a characteristic of rotary switches.
When operated within their rated loads, field replacements
are usually confined to switches rotated excessively or to
sections which have been broken or damaged when other
circuit components have been serviced.

The standard military specification for open-frame ro-
tary switches isx MIL-S-3786B. The hand-actuated rotary
switches which meet this exacting specification are basically
the same designs used in commercial equipment. This factor
is important to all commercial users of switches.

The “know-how” acquired in designing and building
switches to mect MIL-S-3786B specs is passed along to the
users of commercial units. This product upgrading has
allowed manufacturers to more than double the life ex-
pectancy of some rotary switches. A

SWITCH KITS FOR DESIGNERS

OST switch manufacturers offer designers assortments or kits of
their products for use in prototype equipment and for breadboard-
ing. Such kits help the engineer design new equipment by providing him
with a large number of switches from which to choose for incorporation
into his product. The kits also help the switch manufacturer by showing
the designer what standard products are available. If a choice is made
from standard rather than from custom-designed switches, then costs
can be kept lower.

Sampler kits are usually fairly complete, and a reasonable price is
generally charged by the switch manufacturer for the assortments.

There are two main types of these kits. One type is merely a grouping
or assortment of a number of samples of a manufacturer's complete line.
Each switch in the assortment is a complete ready-to-use device. An-
other type of switch kit, apt to be more complete and more expensive,
actually permits the designer to assemble his own switch from separate
contacts, rotors, stators, shafts, and hardware. Tools are often included
in such a kit. Following are some examples of switch kits available from
several manufacturers.

Centralab has a new switch kit that provides all necessary components
for complete assembly of a line of modular push-button switches, In-
cluded are mounting brackets, latch bars, and switch modules that will
furnish interlocking, momentary, or push-push switching action. Six each
of 30 basic brackets are included along with 60 two-pole, double-throw
modules; 60 four-pole, double-throw modules; 45 six-pole, double-throw
modules; and 20 eight-pole, double-throw modules. Hardware and tools
are included along with a complete set of instructions. Cost of the entire
kit, which is housed in a five-drawer metal cabinet, is $150.

Stackpole Carbon Co. (Electro-Mechanical Div.) is offering a kit to
facilitate the design and development of prototype enclosed rotary
switches. The kit contains a full complement of parts to construct up-

wards of twelve complete rotary switches of varying electrical configu-
rations. Complete and easy-to-follow instructions are included. Parts are
readily available for restocking the kit. Complete kits are available for
less than $100 from this manufacturer.

Oak Manufacturing Co. has a number of switch kits available to aid
users in developing prototypes. As a matter of fact, most of the com-
pany's rotary switches are available in kit form for this purpose. As an
example of how elaborate one such kit is, among many other parts it
includes 40 switch shafts, 400 index springs, hundreds of various spac-
ers, about 2000 contact clips, hundreds of rotors and stators for both
phenolic and ceramic rotary switches, plus a large assortment of hard-
ware. Some of the special hand tools included are a file fixture for rotor
blades, rotor-blade cutting pliers, eyeletting pliers, and an index spring
insertion tool. The cabinet containing the kit is almost two feet square
by 4%, inches deep. Shipping weight is between 50 and 75 pounds.
Additional parts may be ordered to maintain a complete kit. Incidentally,
these kits are not intended to be used to make switches for production
runs but rather for developing prototypes.

Alco Electronic Products has available ten sampler switch kits for
engineering use. These kits consist mainly of miniature toggle, push-
button, and rotary types. They give the designer a variety of complete
switches and do away with special inventories and small-quantity pur-
chase order requests. One typical sampler assortment consists of six
miniature toggle switches, ranging from a single-pole, double-throw
unit to a four-pole, double-throw switch. These six switches would ordi-
narily cost over $17 separately, but they are available as an assortment
in a plastic box for $14.

For additional information on any of these products, circle the ap-
propriate number on the Reader Service Card as follows:

Centralab (145), Stackpole (146), Oak (147), Alco (148)

Five-drawer metal cabinet (left) contains all necessary parts
[ for assembly of line of modular push-button switches. Modules
contained in this convenient Centralab kit can be assembled in
more than 1Y, million combinations to produce an extremely
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broad range of switching devices. The photo below shows many
of the miniature Alco switches that are available in kit form. Each
kit is selected to offer engineer or technician most-wanted types.

<l
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Locating a leaking water pipe beneath a concrete floor—
without digging—can present a real challenge to anyone.

PIPE. AND LEAK LOCATING

ac’s face wrinkled into a smile of satisfuction as he

finished reading a letter from his brother. “Must be

good news,” ohserved Bamey, the second banana
of the service shop.

“It is,” Mac said with a nod. “It relates the successful con-
clusion to a long and frustrating joint effort. About a vear
and a half ago my brother bought a nearly new house in a
Chicago suburb. 1t’s basically brick-on-concrete-slah con-
struction with hardwood floors laid on 2 x 4§ set on edge in
the concrete so there’s a couple of inches of dead air space
between the floor and the concrete. Keep all this detail in
imind because it will make sense later.

“A trench formed in the concrete slab carries a duct around
the perimeter of the house, and hot air from a gas furnace is
{orced into this duct and comes ont registers along the out-
side walls in the various rooms. Cooling room air is pulled
into registers near the ceiling and returns to the furnace
through ducts in the attic.

“When mv brother started the furnace last fall. he im-
mediately noticed a lot of moisture in the house. Windows
sweated badly; drawers stuck; the whole house had a ‘hot
house’ feeling. At first he thought perhaps this was because
the house had been standing empty for several months and
had accumulated moisture that would soon div out; but
actually the condition worsened. Water stood in puddles on
the window ledges and actually beaded on some of the
walls. The c¢limax came when water started dripping through
a bedroom ceiling.

“When he went into the attic to investigate, he found
water was condensing in the cold air ducts and was leaking
out joints onto the ceiling. He called in heating experts, had
the gas company investigate, and talked over the problem
with his friends and neighbors. The gas company found
nothing wrong with the furnace and no obstruction in the
chimney. Their only suggestion was that he might leave the
furnace room door open to insure plenty of oxvgen for com-
bustion. He did, but this made no difference.

“One suggestion was to give the attic more ventilation: so
he opened the gable ventilators as far as possible. No dit-
ference. Then someone said the attic was too cold; so he
closed the ventilators. Someone suggested the warm air
striking the cold duct was possibly causing the trouble; so
e laboriously insulated all the cold-air ducting. The water
still kept on dripping. Every expert, after he had looked
over the situation and had exhausted his ideas would shake
his head and say, ‘Brother, vou've got a problem!” He knew
that.

“By then it was Thanksgiving, and 1 went up to visit him.
We had been talking the problem over on the telephone:
and he had, at mv suggestion, bought a relative-humidity
gage. The little rascal went right up to 70% as soon as lLe
took it home. I was more and more convinced something had
to be pumping a lotof excess moisture into the house. Since
the trouble started when the heat was turned on. 1 felt the
furnace was in some wayv connected with the problem. \We
placed the humidity gage on a hot air register and watched
it when the fumace blower started. The humidity indication
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increased sharply for the first two or three minutes and then
started to decrease slowly,

“That was the clue 1 was looking for. Somehow or other,
T reasoned, water must be getting into the hot-air duct; and
the over-miming hot air from the fimmace was picking this
up and pushing it into the house. After the furnace ran a
few minntes, the accumulated moisture was all licked up
and the humidity indication at the register started to fall.
But when the blower quit. the moisture started accumulat-
ing in the duet again. ready for the nest moisture-grabbing
push of hot air from the furnace.

"My brother had guests for Thanksgiving dinner: so we
had no opportumity to make more tests; but 1 suggested he
check for a water pipe leak bencath that concrete slab. A
few davs later he called and told me he had shut ofl every-
thing in the house and discovered he was losing cight gal-
lons of water in six hours. Furthermore. by shutting ofl” fivst
the cold water and then the hot. he had discovered the leak
was somewhere in the hot-water lines. When the hot water
was shut off . the water meter didn’t budge and the humidity
in the house fell rapidly. Obvioushy, water from the leaking
line was finding its wayv into the hot air duct. That's why,
even with two dehumidifiers running {ull-tilt twenty-four
hours a dav, it was impossible to lower the Timidity in the
house much below 7047

“Well, his problem was solved.” Bamey remarked.

“Not by a long shot! Not unless my brother and his wife
were willing to turn their fine home into a cold-water flat.
Remember all the pluombing was buried beneath that con-
crete slab, and there was no practical way to get at it except
by entting a hole through the hardwood floor and through
the slab. The problem resolved itself into locating and re-
pairing the leak without cutting any more or any larger
holes than absolutely necessary. And there were many hot-
water lines feeding from the tank in the fumace room. One
went to the kitchen sink: another, to the automatic washer:
two more went to a bar-sink in the den and to a half-bath oft
the den: still another ran almost the Tength of the house to
the main bathroom.

"The first blow was when my brother discovered there
was no plan of the plumbing available: and a plumber told
him that even if there had been it would be of little help in
locating the position of the pipes. In practice. a plumber ran
the Tines the casiest way and not as the architect drew them.
This same plumber came over with his dipping needle—
which of course was useless in locating the copper tubing—
and with his other pipe-locating gear. None of it including
the mine-detector type. zave any sort of a reliable indica-
tion; but he and my brother finally cut a hole in the furmace-
room floor hoping they would find a leak there. They didn't
find a leak. but steam seeping up through the opening con-
firmed there was a hot-water leak,

“Next we tried an idea of mine. 1 sent up my audio gen-
erator, my signal tracer. and a tape-recorder telephone pick-
up. My idea was to put the andio signal into the hot water
line and use the picknp and the amplifier of the signal
tracer to follow cach line out from the tan's This didn’t work.
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MODEL 585SAV

One of the most ingen-
fous microphones ever de-
signed. The volume control
is right on the microphone
case. Enables the user to
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break-up due to overload
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speaker or singer to con-
trol his own volume for
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The hot and cold lines both radiated the
signal and rendered it impossible to get
a meaningful indication.

“Then my brother borrowed air-leak-
detecting equipment from a bus com-
pany for which he used to work. This
consists of a microphone, amplifier, and
output meter. With it vou can easily
trace the high-pitched sound of escap-
ing air right to its source. But the
equipment proved useless in locating
the sound of the escaping water, which
by now could be faintly heard. By the
time the sound got through the concrete
and spread out beneath the floor, it
seemed to come from everywhere in
the house.

“I remembered our city had hired a
firm out of Chicago to locate leaks in
our water mains; so I got the address
from our local superintendent of utili-
ties und wrote about my brother’s prob-
lem. 1 got a prompt reply explaining
how a leak such as my brother had
could be located. The method was most
interesting.

“The suspected piping is disconnect-
ed and valved off from tanks, etc. Then
a radioactive sodium hydroxide solu-
tion with a fifteen hour half-life is mixed
in a truck-mounted tank under the su-
pervision of a representative of the AEC.
This solution is pumped through the
leaking system back into the truck
tank and is taken to a safe place for
storage until it is no longer even mildly
dangerous. Some of it escapes from the
pipes wherever there is a leak and
saturates the ground. This radioactive
area is pinpointed by means of a beta-
gamma jonization chamber, an analyt-
ical count-rate meter, or an aural-rate
meter. This, of course, is a greatly
simplified explanation of the technique.
There was only one catch. A normal
residential leak-locating job in the met-
ropolitan Chicago area was said to price
out from 8550 to $650, and you still
had to have the located leak repaired.
As explained in the promotional ma-
terial, “While some pipe tracing and
leak detection has been done by the
company in big mansions, the expense
of obtaining the radioisotope and taking
the time and manpower to follow the
rigorous method of detection makes the
technique nonfeasible for residential
use.’

“Anyway it was a bit salty for my
brother—except as a last resort—so we
fell back on our own resources. Em-
ploying a dodge learned as an automo-
bile mechanic, he placed a yardstick
from his ear to various exposed parts of
the plumbing and listened to the con-
ducted sound of the escaping water.
The loudest sound was picked off the
hot-water line going up to the sink.
Confirming suspicion this pipe had the
leak was the fact water from the cold
sink faucet ran warm when first turned
on. My brother suspected escaping hot
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water from the hot sink line was prob-
ably surrounding the adjacent cold-
water line and automatically heating
the water in it.

“Now what he needed to know was
the precise path of the hot-water line
from the water tank to the sink, and 1
finally came up with the solution to
that one. I sent up my battery elimi-
nator, the telephone pickup, my a.c.
v.t.van, and instructions. He fastened
one lead from the eliminator to the dis-
connected hot-water main and the other
lead to the hot-water sink faucet. Cur-
rent through the pipe was adjusted to
about six amperes. The pickup was con-
nected to the v.t.v.m. set for a full-scale
reading of .01 volt. I had thought it
would be necessary to keep swinging
the pickup back and forth through the
static lines of force of the d.c. field sur-
rounding the pipe in order to get a
reading on the a.c. meter, but this
didn’t prove to be necessary. There was
just enough ripple in the d.c. output of
the eliminator to give an unmistakable
peak veading on the v.t.v.m. when the
pickup was directly over the buried
pipe. Moving the pickup a couple of
inches either way made the reading
fall off. This arrangement was used to
chart the exact path of the pipe, and its
course was marked on the kitchen Hoor
with chalk.”

“I still don’t see how he located the
leak itself,” Barney interrupted.

“He didn’t have to,” Mac answered.
“All his tests convinced him the leak
was close to the sink where it would be
difficult to cut a hole or to work, so he
simply cut a hole down through the
floor and the slab a couple of yards
away and exposed the hot water line,
which, incidentally, was precisely under
his chalk mark. He cut the line and bent
the tank end of it up and connected a
new length of copper tubing to it. This
tubing was run on top the slab but be-
neath the floor to the wall behind the
sink. Here the old hot water line was
cut again and the new line was con-
nected to the end going up to the fau-
cet. Tests revealed the leak was gone.
It was in the disconnected portion still
beneath the slab.

“All that remained to do was to pour
fresh concrete in the holes in the slab,
repair the floor with plywood, and then
cover the whole thing with some of that
new kitchen carpeting. The house is so
nice and dry that he probably will
have to use a humidifier this winter to
keep the humidity up to where it should
be. He’s delighted and writes it just
goes to show what can be done when
logic, electronics, and perseverance
team up on a tough problem.”

‘Yeah, and T'll bet a lot of other
home owners could pl()ﬁt by his ex-

perience,” Barney said. “You can bet
he’s not the only guy with a probler
like that.” A
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BOOK
REVIEWS

“INTRODUCTION TO RADAR AND RADAR
TECHNIQUES” by Denis Taylor. Publish-
ed by Philosophical Library Inc., 15
East 40th St., New York, N.Y. 10016.
123 pages. Price $4.75.

This is a layman’s handbook which
the author has based on his earlier and
more comprehensive engineering text
“Principles of Radar”. In deference to
his audience, the author has managed
to present his subject matter without
relying on a pre-knowledge of math-
ematics and radio theory on the part
of his readers.

Despite this seeming handicap, the
author provides a fairly complete ac-
cout of the development and use of
radar in World War II and its subse-
quent application—within the limits of
security, of course. Since the author is
British and his experience is with British
radar equipment exclusively, very little
mention is made of developments or
equipment other than those emerging
from English establishments. He does
cover all the different tvpes of radar de-
veloped during the war and since, hut
those who work on U.S.-built equipment
will find little information of immediate
interest.

But, as a background text for over-
all general data on the subject, this slim
volume should be helpful.

* * %*
“101 WAYS TO USE YOUR HI-FI TEST
EQUIPMENT” by Robert G. Middleton.
Published by Howard W. Sams & Co.,
Inc., Indianapolis, Ind. 141 pages. Price
$2.95. Soft cover.

Like the publisher’s other “101 Ways”
books, this is a practical handbook for
the professional audio technician, en-
gineer, or serious audiophile. It concen-
trates on basic andio tests of hi-fi am-
plifiers and associated equipment and
emphasizes the correct use of special-
ized audio test gear.

The text is divided into four main
sections  covering equipment checks,
amplifier tests, component tests, and
system checks. Each item included in
the “101 Wayws” lists the problem or
techmique, the equipment needed to
perform the operation, the connections
required, procedure to be followed,
and an evaluation of the results. In most
cases the correct conmections are indi-
cated for the test setup and the correct
scope pattern is shcwn,
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By using the complete index, the
technician can quickly locate the ma-
terial which applies to his particular
servicing problem. The clear, cencise
instructions  provided should permit
rapid correction of the equipment fault.

* * *
““TRANSISTORS FOR AUDIOFREQUENCY"’
by Guy Fontaine. Published by Hayden
Book Company, Inc., New York. 458
pages. Price $7.95.

This is a translation from the French
edition originally published by N.V.
Philips of The Netherlands which prob-
ablv accounts for the use of “audiofre-
quency” and “radiofrequency” as single
qualifving adjectives.

The text, which is based on courses
the author has given in France, is di-
vided into two main sections: defini-
tions and operation of the transistor in
the audio frequency range, the latter
section divided into two chapters cov-
ering the response of the trunsistor to
small signals and to large signals.

One interesting and unique feature of
this book is the lavish use of multi-
colored diagrams to indicate various
operating parameters and transistor
constructions. This feature makes it
very easy for the student to understand
circuit operation or trace currents and
signals through the various parts of a
component or circuit.

The student will need to have his
mathematical skills well honed and
wits about him to derive maximum
benefit from this text.

* * *
“HANDBOOK OF TELEMETRY AND RE-
MOTE CONTROL” edited by Elliot L.
Guenberg. Published by McGraw-Hill
Book Company, New York. 1298 pages.
Price $35.

This is a cade mecum for the tele-
metry engineer or graduate engineering
student working in the field. With its
comprehensive index and elaborate
mathematical appendix, the volume pro-
vides a wealth of information in
thoroughly usable and readilv acces-
sible form.

The editor-in-chief, who is manager
of IBM’s Radiation Svstems Research
Center for Exploratory Studies, has
called upon the services of an impres-
sive array of specialists to deal with
specific topics. The text has been
divided into 16 chapters covering fun-
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damentals, saumpling and handling of
information, sensing of information,
radio-telemetry systems, standards for
telemetry, FM-FM telemetry systems,
PDAMI telemetry svstems, PCM teleme-
try system, PAM and advanced systems,
telemetry-system  component  design,
data-handling  equipment, industrial
telemetry and remote control, space
svstems and telemetry, remote control,
and satellite-relay communications.

From this listing of topics, it should
be obvious that there is “something for
evervone” in this volume. With the
proper technical background and math-
ematical experience, readers should
find this an invaluable reference source.

* * *

“THE COMPUTER AND INVASION OF
PRIVACY*'. A reprint of a U.S, Printing
Office Document, No. 66-62406. Pub-
lished by Arno Press, 4 E. 43rd St.,
New York. 311 pages. Price $4.95,

This is a transcript of the Hearings
before a Subcommittee of the Committee
on Government Operations held July 26,
27, and 28, 1966 hefore the House.

Since the publishers of this volume
felt thut too few citizens were aware of
the scope of the proposed National Data
Center at which would be gathered com-
prehensive data on every man, woman,
and child in the country, they have re-
printed the hearing transcript to provide
wider distribution and a more enlight-
ened electorate. After reading the state-
ments of their elected representatives
some constituents will undoubtedly be
moved to “take pen in hand”,

* * *
‘MOST-OFTEN-NEEDED 1967 TELEVISION
SERVICING  INFORMATION’ compiled
by M.N. Beitman. Published by Su-
preme Publications, 1760 Balsam Boad,
Highland Park, 1. 192 pages. Price
$4.00. Soft cover.

This new edition of this publisher's
schematics and service notes (Vol, TV-
26) covers sets from Admiral, DuMaont,
Emerson, General Electric, Magnavoz,
Montgomery Ward, Motorola, Philco,
RCA Victor, Scars Roebuck, Sharp,
Sylvania, Westinghouse and Zenith,

Each chassis is repesented by a full
schematic, alignment notes, scope pat-
terns, top and bottom chassis  views,
and various service hints and technical
data supplied by the manufacturers.

* * *

“ELECTRONIC ENGINEERING MEASURE-
MENTS FILEBOOK” compiled by EEE
Staff. Published by TAB Books, Thur-
mont, Marvland. 248 pages.

This is a “how-to” book with a ven-
gence with every single item preceded
by the phrase “How to Measure..........".
The material originally appeared in une
of the maguzine'’s regular departments
and dealt with the measurement of
specific parameters using special tech-
nigues, Some G0 items are included
with almost as many anthors, A
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Special Introductory Offer to new members of the
electronics and control engineers’ book club
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!

I

i
Pub. Price Pub. Price
$11.50 $16.75
Club Price i - Club Price
$9.80 3 I $14.25

Electronic Amplifier
Circuits by J. M. Pettit and M.
M. McWhorter.

Electronic i
and Radio Engineering by F. E.

Code =723 Terman. Code 509

.
i gi
Pub. Price Pub. Price
$2650 | $7.00 §

Club Price

Club Price %
$18.95 :

$5.95
Mathematics for
Electronics with Applications

. Antenna
Engineering Handbook by

Henry Jasik. Code #290 by H. M. Nodelman. Code =850
- i
e o : :
§ o
1 e k
"61'“1]”{'
3 Pub. Price
i = Pub. Price $15.00
?
" $7.50 Club Price
Club Price $12.75
$6.40
, Transistor
Electronic Circuit Design by
Measuring Instruments by H. E. the Engineering Staff of Texas
Soisson. Code =565 Instruments, inc. Code #737

SAVE TIME AND MONEY BY JOINING THE
electronics and control engineers' book club

Herc is a professional club designed specifically to meet your
day-to-day engineering necds by providing practical books in
your field on a regular basis at below publisher prices.

HOW THE CLUB OPERATES. Basic to the Club’s service
is its publication, the Electronics and Conirol Lngineers’ Book
Club Bulletin, which brings you news of hooks in your field. Sent
to members without cost, it announces and describes in detail
the Cluby's featured book of the month as well as alternate selec-
tions which are available at special members’ prices.

When you want to examine the Club’s feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selections
— or if you want no hook at all for that month — you notify the
Club by returning the convenient card enclosed with cach Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the hest books.

October, 1947

Ly siaam3 ovivesum § {5

by the Engincering Staff of
Motorola, Inc.

Special $1.00 bonus book
comes to you with your
first club selection

Integrated Circuits

Code =525 L. J. Sevin.

MAIL THIS COUPON TODAY

electronics and control engineers’' book club
582 PRINCETON ROAD
HIGHTSTOWN, N. J. 08520

Pleasc enroll me as a member of the Electronics and Con-
trol Engincers” Book Club and send me the two books in-
dicated below. You will bill me for my first selection at
the special Club price and $1 for my new membership
book, plus Tocal tax where applicable, and a few additional
cents for delivery costs. These books arc to be shipped on
approval, and I’ mav return them both without cost or
further obligation. If T decide to keep the books, I agree
to purchase as few as four additional books during the
next two vears at special Club prices (approximately 15%
below list).
Write Code * of

your $1 bonus book

Write Code # of
your first selection

NAME _
ADDRESS

CITY

STATE ) ZIP

COMPANY
(This offer good in United Stares only) E33033

g — ]
Pub. Price
$12.50 : Pub. Price
Club Price $10.00
$10.65 : Club Price
$8.50

Field-Effect Transistors by
Code #355
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OLOR-TV made its German debut

during the 25th Great German Ra-
dio  Exhibition in Berlin when “The
Golden Shot”, a varietv show, went out
over the air at 8 pan. on August 25th.
While color sets are still in limited sup-
ply. 30 models are being marketed and
test patterns have been availuble to
technicians and retailers between 7:45
and 9:45 aam. daily since Julv st
and on Second German TV from 2:30
to 4:30 each afternoon.

Programming PC Boards

A highly automated process at G-E's
Communications  Products  Depl. in
Lynchburg, Va., is meeting advanced

communications manufactnring require-
ments by providing more cirenit den-
sity on smaller printed-circuit hoards.

Because more conducting paths have

to he placed in a very small sp: 1(0 o1

cach circuit, there is a need for closer
patterns and tighter circuit hoard hole-
location tolerances.

By meuns of tape pl'()u.lmming G-I2
now keeps the center of each hole to
the Dbouard pattern within *() 0035".
Previously ==0.0157 hole-location  tol-
erance accuracey was considered ade-
quate. Now 1ew engineering criteria
make it necessarv to place numerous
conductors on PC boards as small as
0.47 x 0.97.

Pumping a Gaseous lon Laser

A new way to pump a gaseous ion
laser using an inexpensive power supply
and with virtually any gas as the active
medium has Dbeen developed by IB)M
scientists. The device is of unusual in-
terest because il is capable of produc-

ing a near-continuous, wide-diame!er
laser beam of a wide varietv of colors
with ordinary low-frequency  power.
These features make it potentially at-
tractive for such applications as Lurge-
screen projection TV, non-impuact print-
ing processes. laser scanners, and beam-
addressable type memory.,

Computerized Box Office

How a nationwide network of elec-
tronic box offices will offer actual tick-
ets to Broadway shows and other N.Y.
enterlainment attractions was demon-
strated recently for the press.

Developed by Ticket Resercation Siys-
tems, Inc., the service involves a com-
puter which “memorizes™ all wvailable
seats for the show events olffered. This
mventory of tickets cun be tapped Iy
any TRS remote it hooked into the
svstem's computer.

The prospective ticket buver can in-
quire about the wvailability of scuts for
amy of the listed events and indicate the
general Jocation and price range of the
tickets desired. If the computer indi-
cates that such tickets are availuble, the
aperator pushes the “buy” kev and the
actual tickets are printed on the Spot.
These seats are then removed from the
computer memory.

A similar system, “Computicket” by
Computer  Sciences  Corporation, s
scheduled to go into operation in South-
ern Cualifornia in 1968. A

An effective, economical
shield, Metex Shield-Vu is
available in your choice of
mesh (monel, low carbon
steel, or an etched metal
such as nickel) imbedded
in plexiglass. The glass
itself can be anti-reflection,

Metex ShieldVu

cuts the interference but not the view

frosted or clear; in any
color, size and shape,
depending on your
requirements. Ask for our
assistance, or write for
free samples, prices and
literature

other patent, pend ing

=N .ﬁ -] 1

Dept. EWJ 1012 McGee, Kansas City, Mo. 64106

l e BRAND NEW
_ -"‘_ FALL AND WINTER
il RADIO-TV
3, ,jﬁfm'v:rzm J¢  ELECTRONICS
N CATALOG

YOUR BUYING GUIDE
LOK @ Stareo & Hik)
svatems & Components
® [ape Recerdars o Flee-
rontic Parte Fubes, Tunls
_°.— # HPhinos & Recerds
= Ham Gear o Teat In
strumani- & Nit- @ (am

RAD )
Elrcmowcs b < B

St @ Muacal Instru
ments

ms

MAIL TODAY TO:

BURSTEIN-APPLEBEE

Zip Code

METEX Corporation

970 New Durham Road, Edison, N.J. 08817
(201) 287-0800 « TWX 710-998-0578
West Coast: Cal-Metex Carp , 509 Hindry Ave., Inglewood, Calif
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Infrared Radiometry
(Continued from page 27)

unsuited for investigation by contact measurements.
Design Considerations

The most fundamental measure of the performance of a
radiometer is its thermal sensitivity. This is customarily ex-
pressed as noise equivalent temperature difference (NETD),
and is defined as the temperature increment necessary in a
black-body target to muke an output signal increment equal
to the svstem noise. This value may typically range from
0.05° C to several degrees, depending on the total range of
temperatures that the instrument must cover.

Other parameters are important in the case of infrared
cameras, such as the degree of pictorial resolution and the
time needed to produce a picture. The most widely used
infrared cameras have a picture-element spot size of 1
milliradian, and a picture format 10 degrees high and 20
degrees wide, which gives a 180-line picture. Higher or
lower pictorial resolutions may be used; it is not unusual
to encounter pictures composed of 360 or 60 lines.

As would be expected, various parameters are interre-
lated and it is possible to trade off one against the other.
The frame time may be reduced to a fraction of a second.
for instance, but only at the expense of the number of
picture elements. Spot size can be reduced at the expense
of thermal sensitivity; thermal sensitivity may be increased
at the expense of speed und pictorial resolution. The
relationships among these elements are not simple and also
vary according to the kind of detector, since photon de-
tectors as a class have much shorter time constants than
thermistor bolometers, and doped germanium detectors at
liquid helium temperature are especially fast.

The most widely used infrared cameras produce thermo-
grams in from 3 to 13 minutes. Where high speed is essen-
tial, however, and other elements can be sacrificed, ther-
mograms can be produced in a fraction of a second. For
example, un infrared camera might be set to scan a portion
of the sky for the appearance of jet aircraft or missiles.
High resolution would not be important for such an appli-
cation, nor would sensitivity, since such targets would offer
good contrast against the cold background of sky. Readout
in such an instance would more likely be to an oscilloscope
rather than film.

The optical system of an infrared radiometer must be
sealed to protect it from the elements but must incorporate
a window that is transparent to infrared radiation. In
addition, filters are sometimes used to screen out infrared
radiation of unwanted wavelengths in order to reduce the
level of background noise. Since the infrared spectrum is
far niore extensive than the visible spectrum, the problems
are much greater. Materials that will serve us windows in
the near infrared region are often opaque to radiation at
longer wavelengths. The transmission properties of many
materials vary with temperature, Some materials that are
otherwise suitable are fragile or hvgroscopic.

From the visible range to 3 1, fused silica is most widely
used for windows, although some optical glasses are ulso
satisfactory. In the middle region, from 3 u to 6 p, optical
elements may be manufactured from germanium, silicon,
rutile, sapphire, and calcium aluminate glass. Beyond 6 p,
it is hard to find a material that is entirely satisfactory.
Silver chloride can be used if properly coated, but is rather
soft, making it difficult to achieve uniformity of composi-
tion. Arsenic trisulfide loses transmission significantly at
about 10 ;. and softens at a temperature of 210° C. Crystal-
line germanium and silicon are suitable, although the
transmission of germanium at the longer wavelengths drops
rapidly with increasing temperatures, and silicon absorbs
part of the radiation at some wavelengths, A
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IBM needs
technicians for

systems development

Our requirements are tough. But if you
can meet them, it will really pay you to
write to Mr. Nerone at IBM Kingston.

ELECTRON TUBE TECHNICIAN

The candidate should have worked in a re-
search lab or for a manufacturer doing elec-
tron tube or semi-conductor developing. He
should have a strong background in materials
technology. He should also have experience
in, or a good understanding of, glass technol-
ogy,atmosphere brazing and processing, elec-
tron tube assembly and exhaust, ceramic-
metal seals, and vacuum equipment. By his
experience, he should demonstrate the ability
to carry on a program (at technician level)
with a minimum of supervision. He should
also be able to show originality in thinking.
The candidate should have three years’ ex-
perience, at least two years of college study in
physics or electrical engineering. In lieu of
education, we will accept five or more years
of the right kind of experience.

CHEMICAL TECHNICIAN

Experience of three to five years in high-
purity inorganic materials such as phosphors
and semi-conductors. Familiarity with high-
temperature furnaces, high-vacuum tech-
niques, phosphor settling and burn in cathode
ray tubes. Note: We also need another chemi-
cal technician with one year’s minimum ex-
perience in quantitative analysis. Experience
with photo-resists, plating and etching proc-
esses preferred but not necessary. Education:
minimum of two years’ college chemistry.

GRAPHICS TECHNICIAN
Knowledge of graphic devices, cathode ray
tubes, storage tubes, and scan converters.
Working knowledge of their associated com-
ponents and circuits. Position involves design
and troubleshooting graphic systems using
both analog and digital circuits.
Company-paid benefits include insurance,
hospitalization, retirement, and tuition re-
fund. Attractive stock purchase plan. Reloca-
tion expense paid. Kingston is a small, pros-
perous city in the Mid-Hudson Valley about
90 miles north of New York City.

Please write, outlining your qualifications and
experience, to:

Mr. J. D. Nerone,

Department QC4-K,

IBM Corporation,

Neighborhood Road,

Kingston, New York 12401

IBM

An equal opportunily employer.
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“Get more

education
or

get out of
electronics

..that's my advice.”
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Sounded 1927

CRET

Accredite? Member
cf the National Heme Study Council

Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

But, if you supplement your experience with more educa-
tion in electronics, you can become a specialist. You'll
enjoy good income and excellent security. You won’t have
to worry about automation or advances in technology put-
ting you out of a job.

How can you get the additional education you must have
to protect your future—and the future of those who de-
pend on you? Going back to school isn’'t easy for a man
with a job and family obligations.

CRE! Home Study Programs offer you a practical way to
get more education without going back to school. You
study at home, at your own pace, on your own schedule.
And you study with the assurance that what you learn can
be applied on the job immediately to make you worth
more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE book
gives complete information. Air-

mail postpaid card for your copy. —— ¢
If card is detached, use coupon e 7
below or write: CREIl, Dept. | =

1110E, 3224 Sixteenth Street, “=%Zuz
N.W., Washington, D.C. 20010. -

[ ——————— g e el |

The Capitol Radio Engineering Institute
A Division of McGraw-Hill, Inc.

Dept.1110E, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.

NAME AGE
ADDRESS
CITY STATE ZiP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK [ G.I. BILL
| am interested in O Electronic Engineering Technology
0O Space Electronics O Nuclear Engineering Technology
O Industrial Electronics for Automation
O Computer Systems Technology

l——————————————————-——

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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TEST

e

GIENEEY

EQUIPMENT

PRODUCT REPORT

Hewlett-Packard Models 6215A and 6217A D.C. Power Supplies

For copy of manufacturer’'s brochure, circle No. 38 on Reader Sercice Card.

FPYWO extremely compact, well-regu-

lated, small d.c. laboratory power
supplies, selling for $90, have recently
been added to the Ilewlett-Packard
(Harrison Div.) power-supply line.
These are Models 6215A and 62174,
rated at 25 V, 400 mA and 50 V, 200
mA, respectively. Reliuble vet low-cost,
these “hand-size” buatterv  substitutes
have performance features ideal for
circuit developmeut, component eval-
uation, and other laboratory applica-
tions. The power ratings are well suited
for brendboarding, where the circuit de-
signer most often needs a sizable num-
ber of power scirces with higher out-
put ratings. An interlocking fteature for
stacking several units verticallv has been
incorporated into the molded, impact-
resistant  case, thus minimizing the
beuch space required.

VOLTAGE
COARSE

Underlving the new supplies is a de-
sign philosophy of achieving a low sell-
ing price while omitting only a few of
the less often used operating features,
such as remote sensing and remote
programming. Like the higher priced,
higher wattage supplies in the manutuc-
turer’s line, the 6215A and the 6217A
employ all silicon circuitry. Thev are ca-
pable of 0.01% line regulation and load
regulation, have less than 200 1V ran.s.
ripple, and feature an output voltage
fully adjustable down to zero. Selection
of voltage or current metering is pro-
vided by means of a lront-panel shide
switch.

Low output impedance is the hall-
mark of high-quality power-supply de-
sign; these supplies exhibit less thun
0.03 ohm from d.c. to 1 kHz. An out-
put impedance of less than 3 olhims for

i
L AT~
g
el . )RE;E;E:‘:E REFERENCE
R\ Gione VOLTAGE
N t Ry
CURRENT-
LiMiT
MAIN — GATE
RECTIFIER / \ "-}
‘ / CURRENT r ' 2
N *
= MONITORING
R RESISTOR
N
+[Co
RL
Cr|+ A |
RECTIFIER ~l_
FILTER T~
DRIVER ERROR  COMPARISON 3
AMP., AMP. AMP. r Re
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frequencies us high as 1 MHz assures
satisfactory regulation with many types
of active loads such as oscillators and
amplifiers. Closely allied with low out-
put impedance is fast transient recov-
ery time—the time required for the out-
put voltage to return to within a level
approximating the normal d.c. output
following a sudden change in load cur-
rent.

The simplified diagram shows the
busic feedback circuit principle used.
The a.c. input, after passing through a
power transformer, is rectified and fil-
tered. The series regulator, by feedback
action, alters its voltage drop to keep
the regulated d.c. output voltage con-
stant in spite of changes in the load,
unregulated d.c., or other disturbances.
The comparison amplifier continuously
monitors the dillerence between the
voltage across the front-panel voltage
control R, and the output voltage. If
these voltages are not eqnal, the com-
parison amplifier produces an ampli-
fied error signul. The error signal is of
such a magnitude and polarity us to
chunge the conduction of the series reg-
ulator, thereby changing the current
through the load resistor until the out-
put voltage equals the voltage across
the voltage control.

Drift-free performance is assured by
the temperature-compensated zener di-
ode and the high-gain feedback ampli-
fier. The total change in output voltage
for eight hours (after 30 minutes warin-
up) at a constant winbient is less than
0.1% plus 5 millivolts, and the tem-
perature coefficient is less than 0.02%
plus 1 millivolt output change per de-
gree centigrade change in the ambient
temperature.

Current limiting and short-circuit pro-
tection are derived by permitting the
driver stage of the comparison amplhi-
fier to sense the voltage developed by
the load current flowing through R,.
This resistor is an internal potentiome-
ter which is adjusted so that at a pre-
determined level of load current, the
series regulator will be inhibited from
increasing its conduction. The output
current then remains within 5% of this
value for any further reductions ot load
resistance, including a short circuit, un-
der which the unit inay be operated for
an indefinite period of time.

In addition to overload immunity,
other precautionary design features in-
clude reverse-polarity diodes across the
input terminals and series regulator.
These diodes protect supply compo-
nents from the elfects of any reverse
voltage accidentally applied across the
output terminals and, with series or par-
allel connection of another power sup-
ply, permit turning on one supply before
the other. To sateguard the low-level in-
put stage against damage due to large
signals associated with rapid manipula-
tion of the output controls, clamping

ELECTRONICS WORLD
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DELUXE LEATHERFLEX-COVERED EDITIONS AVAILABLE

Here is a complete selection of annuals, yearbooks, directories
and handbooks available in Deluxe Leatherflex-covered editions
from the world’s largest publisher of special interest magazines.
These are complete editions (including the original covers)
which are bound in rugged leatherflex to provide long-time pro-

PHOTOGRARPHY
1966 §

ANNUAL

________ PHOTOGRAPHY ANNUAL ELECTRONIC
A selection of the World's finest EXPERIMENTER'S l' A complete buyers guide
photographs compiled HANDBOOK covering virtually every

by the editors

= ELECTRONIC
EXPERi 'S

.:‘_:}.N')HOOL‘

Many challenging

tection and keep them looking like new even after repeated use.
The softly textured leatherflex, gold embossed for the took of
elegance, makes them handsome additions to your permanent
reference library. Take a moment to review the titles below.
You're sure to find many of your favorites. $3.00 each.

- -
oreey et
AL 1900 W5
A4 e car |

e st

/ CAR & DRIVER YEARBOOK

/  car available in the United

1 t hy. : / States...Roadtests...
\‘. of ;ggull’:'g;h—o-ograp Y proelleeccttsmf:ircsthe /' Technical specifications ./'
L 24 in full color. hobbyist. Accessories and INVITATION E
PHOTOGRAPHY 1066, 1\ 1966 performance equipment /' T0 PHOTOGRAPHY | 22
DIRECTORY 1965 #2% | Spring ggiﬁon Guide to racing A unique 116 page guide
World's most complete 1964 . #3 | # {  with action-packed / to better picture taking by = —
T e LT
1966 ... #22 #9 1966. - H#15 to-earth advice that helps
you eliminate costly trial and
error, time-consuming guess work
< 20 complete, fact-and-photo ’
T packed articles in all. T
1966 TAPE RECORDER FLWN G 1966. #35 ﬂﬂMMﬂﬂlﬂﬂ!’!ﬁ
ANNUAL & pitots’ guide o~ =B
- COMMUNICATIONS
ey & TAPE RECORDER ANNUAL HANDBOOK

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders.

1966 ... ...#30

7 ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK

The only complete guide

for servicemen

and hobbyists to every ma;or
phase of consumer
electronics servicing.

1966.......#32 7

FLYING ANNUAL
’ The most valuable aviation
yearbook ever compiled . . . Pilot /
reports . . . Aircraft directory . . /
How to buy a used airplane . . . /
Navcom directory . . .
Learn to fiy section.
1966. 27
1965.... ... .#28

STEREO /Hi Fi

/ DIRECTORY
Y Complete tuyers
guide for virtually

4/ every Hi-Fi component
manufactured.
1966....... #29

{FLYING
RANNUAL . .... ...
1

a1 g ¢

DIRECTORY e

?;"'?
.‘_‘]

i 'gmu}

The most complete and up-to-date
guide to the exciting world

of specialized radio
communications.

1966.........#18

FLYING TRAVELGUIDE

Here’s the first really useful guide
to flying vacations. Everything you

need to know about: lodgings,
restaurants, resorts, sightseeing,
recreation, sports activities,
airport facilities,

childrens fun, a
price information, -
and much more.

1966. 334

FFLYING S 1966
TIIAmGUIDE

SKIING
INTERNATIONAL

POLAROID YEARBOOK
LAND A fuxuriously illustrated \
PHOTOGRAPHY compendium of 1965's

important events . . . A timely
forecast of the excitement-packed
1966 season—by the editors
of Skiing Magazine.

1966.. ... .#26

Complete guide and
only comprehensive
and up-to-date
handbook on
Polaroid Land
Photography.

BLETE SOUAPW

Note: Deluxe Leatherflex-covered Editions
are $3.00 each, postpaid ($3.75 for orders out-
side of U.S.A.). The annuals listed above are also
available in regular editions at $1.25 each plus
15¢ per copy for shipping and handling ($1.75 [
for orders outside U.S.A.). To order your copies,
check the appropriate box and circle the numbers
of the annuals you wish to receive on the coupon
to the right.

* Available in Deluxe Edition only.

Ziff-Davis Publishing Co., Dept. SD
One Park Ave., New York, N. Y. 10016

| am enclosing $

O Send me the Deluxe Leatherfiex-covered editions circled below at
$3.00 each, postpaid ($3.75 per copy for orders outside U.S.A.).

[0 Send me the regular editions circled below at $1.25 each plus 15¢
shipping and handling ($1.75 per copy for orders outside U.S.A.)

1 2 3 9 15 18 22 24 26 27 28 29 30 32 34 35 36
Name
(pLease pring) EW-107
Address.
City State —Zip Code.

e PAYMENT MUST BE ENCLOSED WITH ORDER = cmvwm sume e

October, 1967
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Just Published

It's a regular mini-library on the care
and affection of TAPE RECORDERS
(How to select. What to look for. Per-
formance factors.); TAPE (Tipson splic-
ing, editing and handling.); MICRO-
PHONES (How to select and use them.);
and many other provocative and useful
facts. Yours FREE.

r S BN I BN OGN SN BN Im BN I 2D Em = 1
B Elpa Marketing Industries Inc. []
1 New Hyde Park, N. Y., 11040 5
Please send me FREE “The Tape Record-
] ing Omnibook”. I'm interested in:_____ 1§
| A Tape Recorder Editing Systems ]
Microphones
| |
[ Name [
| Address. [}
1 City/State/Zip [ ]
L N I B I SN I I N D N B e J

CIRCLE NO. 111 ON READER SERVICE CARD

"Norse

The World’'s Most
Trusted Name Brand

@ VOLUME CONTROL & CONTACT RESTORER
@ TUNER-TONIC with PERMA-FILM

@ EC-44 FOR ELECTRICAL CONTACTS
©® TAPE-RECO HEAD CLEANER

@ FRIGID-AIR CIRCUIT COOLER
All Guaranteed Non-Flam-

mable, No Carbon-Tet, Non-
Toxic & Won't Affect Plastics

The Only Brand Perfect For
Color TV and Black & White

FREE extender assembly for pin-
point application supplied with
ALL NO-NOISE PRODUCTS.

Electronic Chemical COrp.

813 Communipaw Ave. / Jersey City, N. J. 07304

CIRCLE NO. 114 ON READER SERVICE CARD
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diodes of opposite polarity limit the in-
put voltage to the feedback amplifier to
less than one volt.

| To facilitate the use of these supplies
| in systemns applications (for example,
|as oflset sources for multichannel re-
corders), a rack-mounting kit is avail-
able for installing three supplies in a
357 high standard 19”7 rack space.

High-quality compouents are used in
these supplies. The molded case und
new product techniques contribute to
savings which muke possible the low
selling price. The result is a precision
power supply which sells for about the
samme price as the components used if
they are purchased on a small-guantity

basis. A

Seco Model 260 Transistor Analyzer

‘ For copy of manufacturer’s brochure, circle No. 39 on Reader Service Card.

i

S
e

: - e,

’ COMPACT, solid-state transistor

analyzer, designated the Model
1 260, is now available from Seco Elec-
]trmric.sx Designed to provide accurate
| analyvsis of both power and signal tran-
| sistors without setup, the Model 260 is
fast, easy to operate, and completely
safe.

Without removing the transistor un-
der test from its original circuit and
utilizing the unit’s test leads, the Model
1 260 electrically inserts the transistor into
a sel-contained oscillator circuit for a
fast “go no-go” check. This dynamic
| test also permits immediate identifi-

340k

cation of n-p-n and p-n-p transistor
types, as well as lead connections.

D.c. analysis is made out of circuit
by inserting the transistor under test
into a panel-mounted, universal socket.
The heta test position provides a direct
meter reading of the d.c. gain, while
Ioro and I, test positions read Dboth
the collector-to-emitter and collector-
to-buse leakage currents.

The Model 260 transistor analvzer is
priced at $69.50. The unit, which op-
erates from the 117-volt u.c. line, is
completely self-contained, mounted in
a durable vinyl-covered carrving case

68100

Q.1 pF

TRANSISTOR E
UNDER

TEST

+6.8V

1050
2n

SIGNAL

—AAAAAAA-

BETA®  ®icco

DYNAMIC®=—0 @ lcpo
FUNCTION SELECTOR
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measuring 8%” high by 7% wide by
14" deep. 1t weighs only 5 pounds. A

Sencore Model CR143
CRT Tester and Rejuvenator

For copy of manufacturer’s brochure,
circle No. 40 on Reader Service Card.

VERY rapid and accurate color-

tracking test for color-TV picture
tubes is an outstanding feature ot the
Model CR143, the CRT Champion,
recently introduced by Sencore, Inc. The
tester is fullv automatic, eliminating
the need for tedious logging and com-
paring of individual gun readings. With
separate G2 screen-grid controls, each
color gun is set up and then automatical-
lv compared with the others for track-
ing. This test is in accordance with CRT
manufacturers’ test procedures and is
essential when claiming credit on fac-
tory-defective color CRT’s.

A sophisticated instrument, the CRT
Champion also makes all the standard
color and black-und-white picture-tube
tests, including shorts, emissions, and
life test, using pure d.c. A line-adjust
control assures accuracy when checking
critical tubes.

We were especially pleased to find
in the instrument setup chart hooklet a
listing for the type 16AVP4 tube which
we have in one of our black-and-white

TV sets. This tube is not too widely
used and is almost never listed in any
of the catalogues for tube replacement
or CRT munuals. 1t is listed right here,
though, along with just about every
other black-and-white and color picture
tube, including the little 11SP22 tubes
used in G-E’s Portacolor set.

Rejuvenation and shorts removal are
accomplished with an automatic reju-
venation circuit. Three rejuvenation po-
sitions are provided for saving faulty
tubes or equalizing gun currents in
color tubes.

The new tester is equipped with plug-
in sockets for fast testing of all CRT’s
and easy updating. The unit is housed
in a handsome brushed-chrome panel
and rugged vinyl-clad steel case with
detachiable hinged cover. It measures
10”7 x 9”7 x 3%”, weighs 11 pounds,
and is priced at $99.50. A

October, 1967

modular

thumbwheel switches

by Amperex

for all single,
double and
4-pole applications

»
eaSIeSt to mount: Individual switches mount with

two screws onto the rear of the panel by means of face-plates available
in lengths for one to nine switches in cascade.

. »
eaSIeSt to WIre: Uniquely designed terminals accept

solder or wire wrap connections.

[ ]
most versatlle: 4 independent wipers provide a wide

variety of decoding possibilities. The built-in diode gate in decoding
switches eliminates mounting external gate and running in extra leads.

Outstanding Features
® Binary decoding and coding

® Bronze, nickel plated, glass
epoxy, printed circuit board

u Lightweight, modular design

Immediately available, priced
from $3.60 per unit for the single-
pole, 10-position decimal switch.

Savings are achieved through
availability of multiple face-plates
in various lengths to accommo-
date from one to nine switches in
cascade on Yz inch centers.

For complete information, write:
Amperex Electronic Corporation,
Components Division, Hicksville,
Long Island, New York 11802.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS

CIRCLE NO. 124 ON READER SERVICE CARD
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ENGINEARED
FOR
EXCELLENCE:
TOP-GUALITY

TR IEX
H EAD'S ETS

| ]

Ham operators, hi-fi fans and
audio engineers all endorse famous
TELEX headsets; known for
top grade performance for more
than 25 years.

ya

MAGNA-TWIN ~Typifies the quality stan-
dards which have made Telex a favorite
of hams. Delivers absolute maximum
intelligibility under difficult QRM con-
ditions; equipped with super-comfort
foam cushions. Rugged, moisture-proof
magnetic drivers give excellent sensi-
tivity, broad response. Made of tough,
high-impact plastic for outstanding
durability under hard usage.

@

¥

‘. /

TELESET — Lightweight, economy ver-
sion of the famous Magna-Twin;
designed especially for ham require-

ments. High performance, shock-proof
Magna-Twin drivers at a low, low price.

wio ELECTRONICS

INTO

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degreein
29 mos. B. S. also obtainable.
G.1. approved. Graduates in all
branches of electronics with
major companies. Start Feb-
ruary, September. Dorms.
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

AN
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|

MONOSET — Feather-light 1.2 oz.
weight eliminates headset fatigue.
Sound from replaceable driver is fed
directly into ears through adjustable
tone arms.

COMBO — Brand new, high quality
stereo headphones for the lively set.
Big 3Y2” reproducers deliver deep rich
bass and pure sweet highs. Exciting
new styling has deluxe foam-fiiled vinyl
earcushions. Designed for comfort,
adaptability and concert-quality sound
— anytime, anywhere.

fi‘..'

4 ¢ }
;I 0

SERENATA — For personal listening,
these Telex Serenata headphones will
reproduce high fidelity sound equal to
about $1,000 worth of speakers! Con-
tains built - in tone control, adjust-
able pressure control and detachable
cord add versatility, extra value.

"acoustics

A DIVISION OF THE
TELEX CORPORATION

3054 EXCELSIOR BOULEVARD
MINNEAPOLIS, MINN. 55416
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STERED HI-FI
DIRECTORY . -

STEREQ/HiFi

Complete buyers guide for virtually
every Hi Fi component manufactured.

Order by number from
Ziff-Davis Service Division,
595 Broadway, New York, N. Y. 10012,
Enclose an additional 15¢ per copy for shipping
and handling (50¢ for orders outside U.S.A.)
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Constant-Current Diodes
(Continued from page 31)

circuit, the voltage drop across the
charging resistor changes the charging
current, producing the familiar non-
linear exponential waveform. This form
of nonlinearity is completely eliminated
in a constant-current diode charging cir-
cuit, for the charging current remains
independent of the voltage across the
diode. We must, of course, stop the
sweep before the diode goes out of its
pinch-off region, or we will obviously
lose linearity. -

A practical, externally controlled
sweep circuit is shown in Fig. 4B. Here
we have added an emitter-follower out-
put to keep any load from disturbing
the capacitor charge and have added a
synchronizing transistor to discharge the
ramp upon command from a sync pulse.
Normally, the svnc transistor is provided
base current until a sweep is desired.
The sync transistor is then turned off
and a linear ramp is produced which is
terminated either by limiting on the
supply voltage or by once again pro-
viding base current to the sync transis-
tor. The beginning of the sweep will be
non-linear due to the emitter-follower
not being forward-biased. This effect
may be overcome by routing the 2200-
ohm emitter resistor to a negative vol-
tage.

A free-running sweep is shown in Fig.
4C. Here, the capacitor charges up to
the breakdown voltage of the four-luyer
diode which snaps “on” and discharges
the capacitor. The four-layer diode then
turns “off”, and a new sweep begins.
There are two outputs. The emitter-fol-
lower output provides a linear, free-
running  saw-tooth, while the 10-ohm
output provides a sharp 10-volt synchro-
nizing spike at the end of each ramp. A
constant-current diode used in this cir-
cuit must provide less current than the
holding current of the four-layer diode.
Otherwise, the circuit will latch “on” af-
ter one cycle. About 0.5 mA or lower
current sources are recommended for
operating most of these four-layer
diodes.

If we turn the constant-current source
‘on” and “oft”, we can produce a stair-
step generator with a controllable num-
ber of equal-height steps, as in Fig. 4D.
Since charge equals current multiplied
by time, the longer we leave the diode
“on”, the higher each step will be, with
the dwell time on the steps being de-
termined by the “off” time between
charging times. Such a circuit is most
useful in transistor and tube type curve
tracers and particularly in gray-scale
generators in. dot and bar service-tyvpe
generators. Obviously more elegant
forms of the same circuit can be used
to produce accurate voltage-to-frequen-
cy converters. A

<
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VARIABLE
LOW-VOLTAGLE
POWER SUPPLY

By MURRAY S. RIFKIN / RETS Electronics Schools

Continuously variable power supply deilivers
up to 12 volts with a 500-milliampere load.

IS supply will provide continuously variable voltages up

to 20 volts with no load, decreasing to 12 volts with a
500-mA load. Ripple percentage over this range does not
exceed 1%, and over a range of 2 to 9 volts, with load currents
to 500 mA, output ripple is less than 0.5%. The power sup-
ply is fully protected against damage due to overload by a
power-line fuse and a circuit breaker.

The circuit, see Fig. I, consists of a full-wave bridge using
silicon diodes and u large-value capacitor to provide a nomi-
nal 20 volts of partially filtered d.c. to the control circuit.
The bridge output is applied to the load through the series
power transistor Q1 operating as an emitter-follower and
mounted on a heat sink.

Control of output voltage is obtained by varying the series
resistance of 01 which is, in tum, accomplished by varying
the base voltage of Q2.

Final filtering without the use ol additional filter capaci-
tance is obtained by upplying the load ripple voltage to the
base of Q2 through coupling capacitor C1. The ripple is
amplified and phase inverted by Q2 and applied to the base
of Q1 where it is 180° out of phase with the original ripple
appearing uat the output of 1. Cuncellation of most of the
ripple component results in very low ripple output, which is
very difficult to achieve in a high-current supply.

Almost any low-level p-n-p transistor may be substituted
for the 2N414. Output-voltuge drift and ripple percentage
may vary with the specific 2N414 selected for use and may
vary with substituted transistor types.

The resistance of R1 may require adjustment of value to
meet the desired minimum output voltage trom the supply
(witli no load connected) when R2 wiper reuaches the end
of its rotation movement.

This voltage should be approximately 0.2 volt. If the
output reduces to this voltage before full rotation of R2 is
reached, the resistance of Rl should be increased. It the
output is higher than 0.2 volt at full rotation, the resistance
of RI should be decreased.

The circuit breaker is the type used in TV receivers. It is
important that the usual precautions be taken in mounting
power transistor Q1. Silicone compound and an insulating
washer must be used between transistor and heat sink. A

Fig. 1. Schematic of the low-voltage variable power supply.

2N2869
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MAKE MONEY witH THE

CONTINUOUS-COVERAGE

LAMPKIN TYPE 105-B
FREQUENCY METER
100 kHz to 175 MHz

ONLY $295

Measures CB and Business Radio and marine
and aviation—and others!

Don‘t be caught with a channel missing!
Always be rzady for a new customer, a
channel frequency change, or band reas-
signment by the FCC.

e Guaranteed accuracy .001%.
o Signal output for receiver alignment.
e Calibration correctable to WWYV,

FREE BOOKLET!  ~——~—~ =~~~ 7~7=77777777

“"How to Make Money ; Name =
i:t lj'{obnle~Rafi‘io I T )
Maintenance!

I City __State Zipo

MAIL COUPON TODAY!

LAMPKIN LABORATORIES, INC. PR L B PR

CIRCLE NC. 100 ON READER SERVICE CARD

MINIATU,

TOGGLE SWITCHES “

New case design with dou-
ble high voitage barriers,
and low-loss, high impact,
high temperature mate-
rials. Wide silver contacts.
‘Waterproof ‘O’ rings and 4
sealed terminals. Available in One, Two, Three and Four Pole
configurations all in compact unitized bodies. 6 Amps @ 125 VAC.

SPECIFY THE NEW “E” SERIES BY
FREE

S ALCOSWNITCH

PLANNING
DIV. OF ALCO ELECTRONIC PRODUCTS INC. LAWRENCE MASS.

CATALOG

Momentary or Push On, Push Off

MINIATURE = _ .
Push Button Switches £.=A

Zxceptionally high current. Positive snap-
action with fast make and break contacts.
SPDT. DPDT & 4PDT, useable as either
a Normally Open or Mormally Closed switch.

Silver contacts and terminals.

ALCOSWNITCH

DIV. OF ALCO ELECTRONIC PRODUCTS INC..

FREE

12-PAGE
| CATALOG

WRITE! LAWRENCE, MASS.

CIRCLE NO. 200 ON READER SERVICE CARD
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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 many other exciting new developments. Prepare
yourself now for a job with a bright future . .. unlimited

80

opportunity . . . lasting security . . . and a steadily-
increasing salary.

Over 23,000 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 tuition
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 WOCRLD
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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, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right’’ 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, Coms-
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
irick 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 Transmitters.

4. Electronic

Communications

Mobile Radio, Microwave,
and 2nd Class FFCC 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 Deviees. - -~ —

B NHsC
4 n
5 R

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 AUTU'PRUGRAMMED,MIessons help

you learn faster and easier

Cleveland Institute uses the new programmed learning
approach. Our AUTO-PROGRAMMED lessons pre-
sent facts and concepts in small, easy-to-understand bits
. .. reinforce 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.

Lifetime job placement service for every CIE grad-
uate ... at no extra cost

Once enrolled with CIE, you will get a bi-monthly listing
of the many high-paying interesting jobs available with
top companies throughout the country. Many Cleveland
Institute students and graduates hold such jobs with
leading companies like these: American Airlines, Amer-
ican Telephone and Telegraph, General Electric, Gen-
eral Telephone and Electronics, IBM, Motorola, North
American Aviation, New York Central Railroad, Ray-
theon, RCA and Westinghouse.

CIE lessons are always up-to-date

Only CIE offers new, up-to-the-minute lessons in all of
these subjects: Logical Troubleshooting, Laser Theory
and Application, Microminiaturization, Single Sideband
Techniques, Pulse Theory and Application, Boolean
Algebra.

Full accreditation . . . your assurance of
ot 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.

ENROLL UNDER NEW G.I. BILL. All CIE courses are avail-
able under the new G.I. Bill. If you served on active duty
since January 31, 1955, or are in service now, check box
on reply card for G.I. Bill Information.

Cleveland Institute of Electronics

cl

1776 E.17th St.. Dept. EW-37, Cleveland, Ohio 44114

CIRCLE NO. 120 ON READER SERVICE CARD
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use Sony Tape

If you've been using any of the
so-called bargain tapes, chances
are you should have your heads
examined. The odds are good
that the heads are excessively
worn and you're not getting the
most out of your recorder. If you
want to keep “factory-fresh"
sound to your recorder—and
avoid future “headaches" and
keep it that way —Here's the pre-
scription—-buy Sony Professional-
quality Recording Tape. Sony
Tape is permanently lubricated
by the exclusive Lubri-Cushion
process. Sony's extra-heavy Oxi-
Coating won't shed or sliver and
is applied so evenly that record-
ings made on Sony Tape are not
subject to sound dropouts. Sony
Tape captures and reproduces
the strength and delicacy of
every sound-over and over
again. There's a bonus, too, with
every 5” and 7” reel of Sony
Tape —a pair of Sony-exclusive
“Easy Threader” tabs to make
tape threading the easiest ever.
And Sony reels are a sturdier,
heavier gauge plastic for protec-
tion against possible warping.
it's just what the “Doctor”
ordered and yours for just pen-
nies more than "“bargain’" tape.

SUPERSCOPE

SUN VALLEY, CALIFORNIA » 91352
CIRCLE NO. 86 ON READER SERVICE CARD
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EW Lab Tested
(Continued from page 16)

|
| changing reels or any other action on
the part of the listener.

The 2100 Series machines have two
sets of record and playback heads,
eliminating the need for interchanging
supply and take-up reels after complet-
ing play in each direction. Even if the
automatic reversing feature is not used,
a single switch on the recorder reverses
the tape travel direction and connects
the appropriate heads to the amplifiers.

| Unlike some of the earlier Ampex re-
corders which had the ability to play
back without switching reels but could
not record in both directions, the 2100
is able to record in the reverse direc-
tion.

A noteworthy property of the record-
ers is the simplified loading procedure.
The take-up reel is built in, concealed
by a removable plastic cover. The tape
passes below the head cover on a di-
rect, unencumbered path and through
a slot in the take-up reel cover. When
the machine is started, the tape is reeled
up automatically. It is also possible, if
desired, to remove the special take-up
reel and install a conventional spindle
and reel,

The tape-transport controls of the
recorders are similar to those used ¢n
other Ampex home machines in recent
years. There are two operating levers,
one for normal tape speed and one
for fast speeds. The direction of tape
motion, in either speed range, is set by
a small switch which actually reverses
the direction of rotation of the drive
motor. Because of this, it is not possible
to reverse direction rapidly since the
motor must slow to a stop and attain
tull speed in the opposite direction—
a process requiring about 3 seconds.
Also directly on the transport panel is a
lever which selects one of the three
speeds (7Y%2 in’s, 3% in s, or 1% in/s)
and index counter with push-button re-
set.

On the electronic control panel to the
right of the deck is a knob which
serves as power switch and selects ste-

of tracks. By using both mono positions
of the selector and both directions of
tape travel, one can make four-track
mono recordings up to 17 hours in
length on a 2400-foot reel of tape at
178 in/s. Concentric with this knob is a

lever for the automatic-reverse func-
tion. At the point where reversal is de-
sired, the recorder is played in “Rec-
ord” and the lever pressed to “Rev Sig”
for u few secounds. This records a sub-
audible (20-Hz) tone on all four tracks
of the tape. With the lever in the “Au-
to” position and the tape motion from
left to right, the recorder will reverse
direction and switch to the other pair
of playback heads when the 20-Hz tone
is reached.

It is also possible to record the re-
versing signal at the other end of the
tape (the normal beginning point).
If the lever is set to “Repeat”, the tape
will again reverse at this point and re-
peat indefinitely. Since the tones can be
recorded anywhere on the tape, one
can set up the machine to repeat any
desired purt of a tape. Caution must be
exercised when applying the signal
since it erases any program previously
present on track 1 (going from left to
right) or track 4 (from right to left).
Ampex recorded tapes are supplied with
the reversing tone already present at the
end of the tape.

The “Record,/Play” knob activates the
recording amplifiers, even with the tape
at rest. The input levels can be set,
using the twin level meters, before the
recording starts. An interlocking safety
button must be pressed while lifting

=t b

1/2 in/s
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CENTER TONE CONTROL |
BASS AND TREBLE BOOST [
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the “Play/Record” lever to make a re-
cording.

The tone control is somewhat differ-
ent from most. It controls only the
treble range, supplyving boost or cut.
Pushing the knob in supplies a fixed
bass boost. Concentric with the tone
control is a lever which selects the ap-
propriate equalization for the tape
speed in use.

The last knob on the panel is a con-
centric dual volume control, whose slip
cluteh action allows differential adjust-
ment of volume in the two channels for
balancing purposes. This control aflects
recording level as well as playback vol-
ume. Completing the front-panel fea-
tures are a pair of microphone jacks and
a sterco headphone jack.

The 2100 Series recorders are avail-
able in scveral versions. The 2160 por-
table hus playback power amplifiers (6
watts continuous per channel) and a
dust cover. The 2165 is identical but is
mounted in an oiled-walut cabinet in-
stead of a vinyl-covered portable case.
The 2161 portable, which we tested
and is shown in the photo, comes with
a pair of Model 2013 speakers. These
slide on to form a cover for the record-
er when it is carried about. LEach
speaker enclosure contains a 67 woofer
and a 3%” tweeter and has a self-storing
10-foot cord. Finally, the 2150 is simi-
lar to the 2160 but licks the power
amplifiers, speaker  outputs,  sterco
phone jack, and tone control. The 2150
Series is designed for custom installa-
tion.

Recessed into the rear of the 2161
are the speaker output jacks, a three-
position monitor switch which allows
the speakers to be plaved at high or
low volume while monitoring the in-
coming signal during recording or to
be shut off entirely, and the input and
line output jacks.

In our laboratory tests. the over-all
record/playback frequency response of
of the Ampex 2161 was =4 dB from
20t0 16,000 Hz at T'2in s, =4 dB from
25 to 11,000 Iz at 3% in/s. and =4
dB from 25 to 6OOO 1z at 17s in’s.
The plavback response at 7'z in/s with
the Ampex 31321-04 tape, was *=2.5
dB from 50 to 13,000 [z, with the tone
control mechanically centered.

The wow and flutter were extremely
low, 0.01% and 0.04%, respectively.
at 7' in/s. The tape speeds were slight-
lv slow, but well within the specified
limits of 1% at Th2 in/s. An input signal
of 1.5 millivolts from a microphone or
90 millivolts through the line inputs
was sufficient for a 0 vu” meter read-
ing. Referred to this level, the signal-
to-noise ratio was 47 dB at 7% in/s. Dis-
tortion was very low, reaching 2%
when the neters were driven 5 dB “in-
to the red”.

The auto-reverse system worked
well and was easy to add to previously
October, 1967

0 HOW TO
IMPROVE YOUR
TWO-WAY RADIO!

The right communications microphone may
double the talk power of even the finest trans-
mitters! Learn how unwanted noise can
be eliminated—reliability improved—
intelligibility increased by proper
il microphone selection,
" Write for our helpful
free booklet today!

ELECTRO-VOICE, INC., Dept 1072N; 629 Cecil St
s Buchanan, Michigan 48107
~* Please send the free E-V booklet on choosing communications
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Popular Science
Top-Rates
Scotts Stereo

Popular Science magazine’s reviewer said, “I rate the LT-112-B as one of the
finest FM tuners available — in or out of kit form.” All of this fabulous
tuner’s critical circuitry comes pre-wired, pre-tested, and pre-aligned . . . and
the full-size, full-color instruction manual makes the rest simple. In just
cight hours, you'll have it completed. Again, in the reviewer’s words: *“Stereo
performance is superb, and the set’s sensitivity will cope with the deepest
fringe arca reception conditions . . . drift is non-
existent.” See your Scort dealer and review the
new LT-112B-1 for yourself. Only $199,95,

where innovation is a tradition

£Copyright 1967, H.H, Scott. Inc.

hentt

H.H. Scott, Inc., Depr. 160-10, Maynard, Mass, 01754, Export: Scott International, Maynard, Mass. 01754
CIRCLE NO. 91 ON READER SERVICE CARD
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Solid State Gircuit Boards

Featuring Professional Performance
at Low-Budget Prices

Model AA-100
$695

Model AA-300

$1495

~  AUDIO AMPLIFIERS

Transistorized audio pre-amplifiers and Model AA-100
amplifiers capable of delivering 200 TfFrequency | =3 db, 100 to
MW of audio power, sufticient to drive |Response 12K ¢ps

a smalt speaker or a number of ear-
phones. The AA-100, which includes a
mounted volume control, is designed
for general purpose audio applications

Model AA-300

=1 db, 20 to 20K cps @ 200 MW
2 db, 20 to 35K cps @ 100 MW

Less than 1%, 20 to 20K cps |
@ 100 MW

Harmonic
Distortion

Less than 3%,

100 to 12K cps Less than 2%, 20 to 20K cps
@ 200 MW

and can also be used to modulate the 150, 600, and S0 to 150 ohms, or 600 ohms,
TR-100 Transmitter (see below). The |Input 100K ohms balanced (mu-metal shielded
AA-300, 3 200 MW amplifier, has ex- Impedance | (shielded permalloy core transformer)
cellent frequency response and fow Lansformer) 2K or 100K ohms unbalanced
distortion characteristics which make |6ain 70 db 80 db, 50 ohm input, 8 ohm Ioad

Qutput 500 ohms and 8 ohms (grain oriented transformer)

it ideally suited for broadcast, record-
Impedance | 200 MW

ing, and TV applications. Either ampli-

fier may be powered from a 9 volt |[Gircuit 5 transistors, 7 transistors, 1 thermistor
source such as a battery or the PS-300 1 thermistor

Power Supply. In applications where [Power 9 volts DC, 50 MA | 9 voits DC, 100 MA

greater audio power is required, the [SUPRIY

5157 L x
13" Wx1”H
312 ounces

AA-100 or the AA-300 may be used to [gjze 87 L x 21" W x 112" H
drive the Model AA-400 Power Ampli-

fier (see below).

Weight 12 ounces

A transistorized audio power amplifier that can be driven to a
full 1-watt output by a 1.5 volt signal. When the AA-400 is
used with the Round Hill AA-100 or AA-300 Amplifier, a
complete high gain, 1-watt audio system is obtained.
Power can be furnished by any stable DC source de-
livering 14 volts at 150 MA, such as the PS-300.

Model AA-400
$995

Frequency Response. ... 4 to 16 ohms
.4 transistors
.. 14 voits DC, 150 MA
312" Lx 2" Wx 2" H

................. 3 ounces

==1 db, 20 to 20K cps @ Qutput Impedance .
1 watt Circuit ...

Harmonic Distortion....... Less than 1.5%, 20 to 20K Power Supply
cps @ 1 watt Size .

.. 500 ohms and 2,000 ohms Weigh

Input Impedance ...

1-WATT AUDIO POWER AMPLIFIER |

REGULATED POWER SUPPLY

The PS-300 is a zener-referenced, voitage regulated
power supply which delivers a highly stable, ex-
tremely low ripple DC output of 9 volts with 1oads
up to 200 MA and an unregulated output of 14
vo!ts DC. The PS-300 is ideally suited for transistor
circuit applications requiring a well-filtered reg-

Model PS-300

ulated DC source, and may be used to furnish $1895
power to all Round Hill circuit boards.
Input Voltage ... 105-120 voits AC 60 cps, 5 watts Output Voltage............. 9 volts DC fully regulated;

Regulation Line -+ load 5 MV
Ripple . ..Under full load 10 MV, peak-to-peak
Maximum Load Current ... ... 200 MA

14 volts DC unregulated
412" L x 2" W x 1V2" H
23 ounces (with transformer)

TRANSMITTER

Tl" TR-100 is a complete crystal controlled Trans-
mitter for the Citizens’ Band. it is factory pre-tuned
and supplied with a channel 10 crystal. The Trans-
mitter is capable of an RF output in excess of 100
MW and may be modulated with the Round Hill

Model TR-100 AA-100 Amplifier. Transmitter power supply require-

$1095 ments are 9 volts DC which can be obtained from the
PS-300 Power Supply.

Circuit ... . Crystal controlled, 3 transistors RF Output 100 MW, 50 ohm load

Frequency Range...... Any CB channel (channel 10 Power SUpply ... 9 volts DC, 50 MA

crystal supplied) Size ... L 5Y2" L x 134" Wx 2" H

Modulation....... CW or AM with external modulator Weight 3Y2 gunces

such as Round Hill AA-100 Additional $3.00 each

E') ROUND HILL ASSOCIATES INC. A sussiDiARY OF MILO ELECTRONICS

434 Avenue of the Americas, New York, N.Y. 10011

PLEASE SEND ME THE FOLLOWING CIRCUIT BOARDS: 1 Send postpaid—enclosed is full payment.

MODEL QTY. [PRICE eal AMOUNT | s ¢ op.
AA-100 AUDIO AMPLIFIER $6.95 |5
AA-300 AUDIO AMPLIFIER $14.95 |$
AA-300 AUDIO POWER NAME

AMPLIFIER $ 9.95 |3
PS-300 POWER SUPPLY $18.95 |$ ADDRESS
TR-100 TRANSMITTER $10.95 |$
CB CRVSTAL (channel: ) $ 3.00 |3 ciry

[CIALE S STATE ziP
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recorded tapes. Combined with the
ease of loading, which is probubly as
simple as can be achieved in a reel-to-
reel recorder, this makes the unit an
especially attractive choice for the av-
erage person who is not interested in
extreme flexibility, vet has high stan-
dards of sonic performance. There are
no provisions for special effects such
as “sound-on-sound” recording or for
monitoring off the tape as a recording
is in progress.

The sound quality of the recorder
was excellent. At 7% in/s, the low distor-
tion and wide frequency response pro-
duced recordings which cannot be told
from the original sound sources in most
cases.

The Model 2001 dynamic micro-
phones sounded quite good, although
their frequency response obviously did
not match that of the recorder. The
speukers, too, were pleasant to listen
to, especially with the bass boost in
use. Of course, external amplifiers and
speakers must be employed in order
to realize the full potential of the tape
recorder.

The Ampex 2161 sells for
The 2165 is $579.95, the 2160 is
$549.95, while the model 2150 is
$479.95. A

A
WHALE-TO-WHALE
PHONE CALL

long-distanee telephone call between

a lonely killer whale on exhibit in
Vancouver, B.C., and the two whales that
shared her pool in Seattle Public Aquar-
ium was reecently completed with the
assistance of special underwater commu-
nications equipment supplied by the Gen-
eral Telephone & Electronies Corpora-
tion.

The 140-mile telephone call was ar-
ranged when aquarium oflicials became
coneerned about the sluggish behavior of
Skana, a 3000 pound, 15-foot long fe-
male Killer whale. Skana heard the high-
pitehed sounds of her former companions
Katy and Kandu, and responded with
similar shrill outbursts and swam swiftly
around her tank. The “conversation”
Lasted about 10 minutes and was tape re-
corded for future study.

A study published recently by the Stan-
ford Rescarch Institute indicates that
whales may possess a greater capability
for communicating than any mammal
other than man. Aecording to SR1, “Their
language appears to be more sophisti-
cated than that of porpoises or chimpan-
zees”

This is not the first sneh communica-
tion 10 1ake place. In May 1965, a 4700-
mile porpoisc-to-porpoise telephone
“conversation” took place between Sara-
sota, Florida, and Oahu, Hawaii with
equipment ualso supplied by GT&E sub-
sidiaries. The company also manufae-
wares products used by humans. A

$599.95.
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8 WECDHGD PCLUGER

COHG NCLLCER &
VERaG TAPT PROCECNS

Why We Make the Model 211
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 STEREO 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 STEREQ REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Frequency response—a direct check of eighteen
9/ 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.

e N S N

Stereo Spread

ALSO:

Speaker Phasing

Channel Identification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

October, 1967

NOW...GET THE FINEST

ever produced

for just

UNIQUE FEATURES OF HiFi/STERED REVIEW'S
MODEL 211 STEREO TEST RECORD

« Warhle tones to minimize the distorting effects of room acoustics

when making frequency-response checks.

Warble tones used are recorded to the same level within = 1 db from 40 to
20,000 cps, and within &= 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency

limits of each warble are within 5% accuracy.

« White-noise signals to allow the stereo channels to he matched in

level and in tonal characteristics.

« Four specially designed tests to check distortion in stereo cartridges.
« Open-air recording of moving snare drums to minimize reverheration

when checking stereo spread.

ITests Can Be Mae B

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—contfains 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 to very close
tolerances—afording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT— ORDER NOW

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
P.0. Box 3110
Church St. Station, New York, N.Y. 10008

Please send
My check (or money order) for $

residents please add local sales tax.

test records at $4.98 each, postpaid.
is enclosed.
(Outside U.S.A. please send $7.00 per record ordered.) N. Y. State

Name
{PLEASE PRINT)
Address
. EW 107

City

State Zip Code
. I:A_YMENT MUST BE ENCLOSED WITH ORDE
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Dialco Sub-Miniature llluminated

PUSH BUTTON SWITCHES
and matching INDICATOR LIGHTS

can solve many indication problems for you!

Dialco silent, momentary type switches—with matching {or companion)
lights can offer you the switching/indication combinaticn you require.
Check these features:

Switching capabilities: require 24 oz. {approx.) operating force. Con-
tact arrangements are S.P.S.T., normally open or normally closed;
two circuit (one normally open, one normally closed).

Switch ratings: 3 amps, 125V AC; 3 amps, 30V DC (non-inductive).
Switches are completely enclosed and independent of the lamp

circuit. ’

Mounting: units are made for single hole (keyed) mounting in panels / 185-9830-1871-604
up to 3/16” thick; mount from back in 1/2" clearance hole. = xa\'—m Re——
Display capabilities: 1/2” or 3/4” interchangeable push- 8" a ‘ i T2

button caps are available, with round or square shape.
Caps may be had with rotatable or non-rotatable feature
with a choice of 7 color combinations.

g7}
R

Get all the data! Write for our
new catalog today.

" =: 3 }
- {1llus. approx. 75% actual size) (N ) - R
D I A LC O Foremost Manufacturer of Indicator Lights
DIALIGH T corrorarion

60 STEWART AVE., BROOKLYN, N.Y. 11237 . AREA CODE 212 497-7600

Enjoy the “music-only” programs
now available on the FM broadcast
band from coast to coast.

* NO COMMERCIALS o
e NO INTERRUPTIONS e

& Engineer |wi v

MORE CONTROL

Control of quality throughout preci- ‘
sion manufacturing gives you crystals
that assure exact frequency control.

It's easy! Just plug Music Associated’s Sub
Carrier Detector into muitiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con-
tinuous, commercial-free music you are now
missing. The Detector, self-powered and with
electronic mute for quieting between selections,
permits reception of popular background music

MORE RELIABILITY

You'll stay on frequency better with
CQC. And, you can rely on your CQC |
dealer to fill your needs promptly.

See your dealer for prices
and data on CQC ‘

TEXAS
CRYSTALS

Div. of Whitehall Electronics
1000 Crystal Drive
Fort Myers, Fla. 33901
Plants in Fort Myers and Los Angeles

programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner.
Size 5% x 9”. Shipping weight approx. 7 Ibs.

KIT $49s50

(with pre-tuned coils, no alignment necessary)

wirep $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations with SCA
authorization .. ................ .. ... . $1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, New Jersey
Phone: {2011-744-3387
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G-E Offers Bonus
for H.V.
Regulator Tubes

Faulty tubes emitting soft
x-rays in certain color-TV
receivers to be exchanged.

N an effort to locate the last remaining

color sets which have not been sub-
mitted for inodification. General Elec-
tric is now oftering a $5.00 bonus plus
a free regulator tube of the new re-
placement type to television technicians
who seek out und replace the faulty
high-voltage regulator tubes in their
customers’ sets.

The tubes in question are the GIEA4,
6ElF4, and the 6LC6 with white ink
printing onlyv. If such tubes are found
and replaced, the technician is asked to
mail or bring the defective tube in to
any G-Lo 'I'V distributor, along with the
customer’s name, address, and the model
and serial number of the set, to receive
his free replucement tube and bonus.

The faulty tubes have been super-
ceded by the 6E114, 6E[4, and 6LHG,
respectively. Receivers which have been
modified carry a readily identifiable red
and white label pasted on the back of
the set.

Technicians are asked to be on the
lookout for the following models which
may contain the obsolete regulator tubes:
M920BWD, M930BWD, M9318BMD,
NMO32BMP, MY36BWD, M938BWD,
M940BWD, N941BMP, M942BCL,
MOY50BWD, MY51BMP, M952BCL,
MIGOBWD, M9G1BCD, CBMY61BCD,
MI70BWD, MN971BMP, MYSOBWD,
M238CV\WD, CBM258CWD, M268-
CWD, M278CWD, M280C\WD,
M281CMP, MY42CMP, M945CWD,
MY46CMP, MN9Y47CCL, MIS0CWD,
MI51ICMP, M953CCL, M954CPN,
MY60CWD, M962CMP, M964CPN
MYGGCWD, MY70CWD, MI7TICMP,
M980CWD, MISICCD, and M984-
CPN.

The modification program was insti-
tuted in May after tests indicated that
certain of the company’s large-screen
color receivers were emitting soft x-radi-
ation in excess of desirable levels.

The company is attempting to replace
all of the obsolete regulator tubes caus-
mg the trouble with a new tube which
does not require external shielding.

It you are not sure of the address of
your local General Electric distributor
drop a note to the Consumer Electron-
ics Division, Major Television Depart-
ment, Electronics Park, Syracuse, N.Y.
13201 for such information. A

ELECTRONICS WORLD
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Now There Are 3 Heathkit
Color TV’s To Choose From

Introducing The NEW Deluxe
Heathkit 227"’ Color TV

Exclusive Heathkit Self-Servicing Features. Like the famous Heathkit
295" and 180" color TV’s, the new Heathkit 227" features a built-in
dot generator plus full color photos and simple instructions so you can
set-up, converge and maintain the best color pictures at all times. Add
to this the detailed trouble-shooting charts in the manual, and you put
an end to costly TV service calls for periodic picture convergence and
minor repairs. No other brand of color TV has this money-saving
self-servicing feature.

Advanced Performance Features. Boasts new RCA Perma-Chrome picture
tube with 227 sq. in. rectangular viewing area for 407} brighter pictures

. 24,000 v. regulated picture power and improved “rare earth” phos-
phors for more brilliant, livelier colors . . . new improved low voltage
power supply with boosted B+ for best operation . . . automatic de-
gaussing combined with exclusive Heath Magna-Shield that “cleans”
the picture every-time you turn the set on from a ‘“‘cold” start, and
keeps colors pure and clean regardless of set movement or placement . ..
automatic color control and gated automatic gain control to reduce
color fade and insure steady, flutter-free pictures even under adverse
conditions . . . preassembled & aligned 3-stage IF . . . preassembled &
aligned 2-speed transistor UHF tuner and deluxe VHF turret tuner with
“memory” fine tuning . . . 300 & 75 ohm VHF antenna inputs . . . two
hi-fi sound outputs . . . 4” x 6” 8 ohm speaker . . . one-piece mask &
control panel for simple installation in a wall, your custom cabinet or
either optional Heath factory-assembled cabinets. Build in 25 hours.

GRA-227-1, Walnutcabinet. . .........coiiivniinnnnat, $59.95
GRA-227-2, Mediterranean Oak cabinet (shown above).. . .$94.50

Kit GR-295

479"

(less cabinet)

Deluxe Heathkit **295" Color TV

Has same high performance features and built-in servicing facilities
as new GR-227, except for 295 sq. in. viewing area (industry’s

Kit GR-227

*399%

{less cabinet)

Kit GRA-27

g%

New Remote Control

zi\
ii
For Heathkit Color TV L‘

Now change channels and turn your Heathkit color TV off
and on from the comfort of your armchair with this new remote
control kit. Use with Heathkit GR-227, GR-295 and GR-180
color TV’s. Includes 20’ cable.

Kit GR-180

349%

{less cabinet)

Deluxe Heathkit 180’ Color TV

Same high performance features and exclusive self-servicing facil-
ities as new GR-227 (above) except for 180 sq. in. viewing area.

largest picture) . . . 25,000 volt picture power . . . universal main con- GRA-180-1, Contemporary walnut cabinet............. $49.95
trol panel for versatile in-wall installation . . . and 6” x 9" speaker. GRA-180-2, Early American cabinet. . ............. ...$75.00
GRA-295-1, Walnut cat?inet (illgst. above)............. $62.95 GRA-180-3, Table model cabinet. . X $24.95
GRA-295-3, Early American cabinet. . ................$99.95 GRA-180-5, Table model cabinet & moblle cart
GRA-295-2, Deluxe walnut cabinet.................... $94.50 (illust. above)
Tof e (e e e e s [ —— — —— o — o . et s | 1
i | HEATH COMPANY, Dept. 15-10 :
| Benton Harbor, Mlchlgan 49022
HEATHK':— 1238 N EW | In Canada, Daystrom Ltd. |
7 FREE 1968 : 1 Enclosed is $ , including shipping. }
Q{;: H CATALOG! | _ Please send model (s) I
PR e “"7 ;‘l"'l‘i‘;*d::b;'l';':;1",1'c’sn“;l';;;_‘ﬂf1"1 I [ Please send FREE Heathkit Catalog. |
over 300 kits for stersoshi-, ) |
coles 1V, aleelionic organs, ebec- Name
Iric guitar & amplifier, amaleur '
'ﬁ m”_ ‘ radio. marine, educational, CB_ I Address l
'_' hame ﬁ h.l:u:h 8ail -:.nuﬂaur.tnr | I
write Heslh Company, Benton City State Zip
bl Ll s I- Prices & specifications subject to change without notice. CL-3OGJ|
CIRCLE NO. 104 ON READER SERVICE CARD
October, 1967 89
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By JAMES R. KIMSEY
ARE You CASHING IN | (Answer on page 102)
UN THE PRUFITABLE n ACROSS fix “micro”. .
L. The length of time a phosphor 50 Greek letter used to designate re-
? dot glows on the screen of a _  Sistivity, density, co-ordinates.
z- cathode-ray tube before going 951- A device for determining the
. out. tautness of a supporting wire or
* la will taai i i fessi 10. gonceal. . cable.
Motorola will train you for this rewarding, elite profession 11. Perform. as work,
4 & 2 12. Greek letter which denotes mag- DOWN
% Send for our FREE EVALUATION EXAM. Prove to yourself that Eﬁt]ic flux, angles, scaler poten 1. Hotcathode gas diode used as a
you are ready to learn FM 2-way radio servicing. }‘,!- ) T nu;ipeﬁ ) L iﬁfrt;ge('li.ck
. . 5 circuit 1 which the output is 0 i joacti ateria
Opportunities in 2-way radio servicing are virtually unlimited. > continuously fed back to the ine > ?f;?":;fg’d:l’cfe:aél;‘;‘%‘"i‘iﬁoﬁ‘ 'éle;l'n‘l
B Just one of the hundreds of successful Motorola Service put for constant comparison (2 tegrations per second (abbr.).
Stations writes, ‘‘we would be pleased to interview any graduate words). i horn, a horn with two
of your school that has received some training in 2-way radio 17. T'(‘Yi ) | parallel and two diverging sides
maintenance. We are an established firm, 10 years old, with 18- An external measurement (abbr). 5 Flanged  forms serving us  the
q N A 7 19. See 34 down. It produces an foundations on which coils uare
a promise of expansion governed by our ability to obtain com- output whenever any one (or wound:
petent technicians.”” B Get all the facts today. There is no movre) of its inputs is energized. g, City in Holland.
obligation and no salesman will call. 20. back, the reproduction of 7. Clusters of oxide particles which
a recording. protrude above the surface of
————————————— = e e e e e g 23. To destroy data stored on a mag- magnetic tape.
MOTOROLA TRAINING INSTITUTE fevc dape, drum, or other storage 8. An insulating plastic used for
) device so that new data may be encapsulating or embedding elec-
4545 West Augusta Blvd. « Chicago 51, lllincis « Dept. AEF 740 _ recorded on it. . tronics equipment (2 words).
25. In mathematics, the difference 9. The contacting part at the end of
[7] send me FREE entrance exam. between the tiue value and a cal- a plug or probe.
) . culated or observed value. 13. Exclamation.
[ Send full details on Home Study Course on FM 2-way Radio 26. bias, bias produced by a 18, A northwestern state (abbr.).
Servicing spring on an electromagnet. 21. Exist.
[[] send me details on how you can help me prepare for an FCC 28. Observe. 22. A device used in an underwater
License. 29. Atop. sound syvstem to radiate sound
30. — discharger, a quenched pulses through the water from the
Name. - - Occupation__ spark gap used in early radio- bottom of a ship.
telegraph transmitters employing 23, Overhead train.
Address — shock excitation. . 24. Aflirmative vote.
33. Orgnmzatlon ot stations capable 27, Compass point.
City. = _ ___Zone State. of irect-communications on a  31. Ratio of circumference to diam-
______________ common channel, often on a defi- eter.
nite schedule. 32. _ —currents, those currents
— 3 33; {E\goli . - induced in the body of a conduct-
. e <nown organization now g mass by a variation in mag-
A SELECTION OF merged into the [ERI (abbr.). netic Aux.
38. Grow old. 34. Paving substance.
ANNUALS STILL AVAILABLE 41. Current taken from a voltage 36. Given fact.
- s\ourcgi . i . i 19. Circuilt having one output and
5 s [§ R S ral i S.
FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES coulombs | (96,5000 required ot 40, Hiocre mpUtS. @ Tve.
unl electro-chemlcall reuct[ion in- 42, ___compensation. a control
1067 CAR:DRIVER 103! perorrs] 1 volving one electro-chemical device that compensaies for volt-
"mﬁm et o 'EHUTUER“PHV equivalent. age drop due to current flow.
r‘h—..;.&"%‘::, e g%‘&%ﬂﬂgmi 45. tube, «'ll gas-filled ra({li()- 43. A pelymek;ﬂ for slervices,
g , ndel Cmmeerls m frequency switching tube used to 44. Process v which a constant fre-
-"-“3-‘-"—:‘----'-,'-"-'—:| 7] G protect the receiver in pulsed quencey is varied in amplitude by
e radio-frequency systems. a  signal  or intelligence fre-
‘ 46. Map abbreviafion’ quency (abbr.).
5 47. Printer’s measure. 46. That woman.
48. Chemical symbol. 49. 'Show Me” state (abbr.).
49. Greek letter designating the pre- 50. Direction (abbr.).
1 2 3 aq S 6 7 8 9
CAR & DRIVER YEARBOOK ; .
A complete buyers guide covering vir- . 19
tually every car available in the United PHOTOGRAPHY DIRECTORY
States . . . Road tests . . . Technical 14 15 16
specifications . . Accessories and World's most complete
performance equipment buying guide photographic buying guide.
. . . Guide to racing with action. 17 18
packed photos,
1967 — $1.50.... 740
1966 — $1.25 %15 I 19 o e &
1965 — $1.25.. . #17
23 24 25
e ch oy Ts v woie
TAPE RECORDER 1325 STEREQ HI-FI 26 |27 28
e ey DIRECTORY «
i yery -
o e T 29 30 3t 32
@ | 33 34 35 36 37
e s Y 38 [39 |40 4l 42
TAPE RECORDER ANNUAL STEREO/Hi Fi DIRECTORY 43 |44 a5 46
Everything you need to know about Complete buyers guide for virtually
tape recording including a complete every Hi Fi component manufactured. a7 48 49 50
directory of mono and stereo recorders. 1967 — $1.25_...#45
1967 — $1.25... . #42 1966 — $1.25. . #29 =
1966 — $1.25. gao Sl
1965 — §1.00.. .#31
Order by number from Ziff-Davis Service Division, 595 Broadway, N.Y., N.Y.10012. - -
Enclose add’l 15¢ per copy for shipping & handling (50¢ for orders outside U.S.A.) 90 CIRCLE NO. 125 ON READER SERVICE CARD—>
=il

| -
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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-
I)O" on

the Reader Service Card.

COMPONENTS e TOOLS ® TEST EQUIPMENT e HI-FI ® AUDIO ® CB ® HAM ® COMMUNICATIONS

RECHARGEABLE SILVER-CADMIUM CELLS

A new line of compact silver-cadmium cells
and batteries of higher energy density than nickel-
cadmium cells has just been introduced. Avail-
able as small sealed button cells and correspond-

ing stacked battery assemblies, the new units are
especially suited to communications, instrumen-
tation, photographic equipment, and metal elec-
tronics applications.

The new silver-cadmium $-500 (500 mA-hr,
cell which is 1.34” o.d. and 0.250"” high, offers
twice the capacity of a nickel-cadmium cell of the
same dimensions. They can be used for micro-
electronics, communications transceivers, test
instruments, medical instruments, alarm systems,
telemetry, paging systems, timers, and other
commercial space and military applications. Elec-
trochimica

Circle No. 126 on Reader Service Card

DIGITAL READOUT TUBE

The B-5440A series *“Nixie” tube, an improved
version of the low-cost B-5440 series, is electrical-
ly and mechanically interchangeable with the
B-5440.

The tube incorporates two important new fea-
tures which makes it valuable for the latest in-
strument applications. The first is that the tip-off,
which is at the top of the tube in the B-5440, has
now been brought out in the tube base so that
the over-all seated height of the B-5440A has
been reduced by approximately 17%.

The optional *keep alive” is the second unique
feature of the series. This feature is used when
rapid ionization is required; in dark environ-
ments, in photographic applications, and in time
sharing or strobe applications. It allows joniza-
tion to occur in normal ambient light in less
than 100 gs. In dark environments, for tubes with
radioactive materials, ionization occurs in less
than 10 ms; with a “keep alive”™, ionization is
still less than 100 ps.

Data sheets and detailed information are avail-
able. Burroughs

Circle No. 127 on Reader Service Card

PHOTODIODE LIGHT DETECTOR

The new Type 4207 photodiode light detector
has four times the sensitive area of previous
photodiodes but does not have a proportional in-
crease in dark current, according the manufac-
turer.

The larger area results in greater signal out-
put, and the smaller increase in dark current
means a better signal-to-noise ratio ( detectivity)
and greater dynamic range. Coupled with wide
spectral response and high speed, the new detec
tor provides a dark current of 1 nanoampere at
10 V reverse bias and at 23°C.

October, 1967

Because the size of the sensitive area is com-
parable to a slit, the sensitivity of these diodes
makes them useful as radiation detectors in spec-
trophotometry and radiometry applications. Typi-
cal response is 0.5 pA/¢W into a l-megohmn
load at a wavelength of .77 micron and reverse
bias of 10 volts. Hewlett-Packard

Circle No. 128 on Reader Service Card

“N’’-CHANNEL FET’S

The new JEDEC series of “n™-channel field-ef-
fect transistors, 2N5103, 2N5104, and 2N5105,
feature low-noise, low-frequency characteristics.

Designed primarily for low-power d.c. and
audio amplifier applications, all three FET’s of-
fer low feedback capacity, low input capacity, and
low leakage. The 2N5105 is especially suited for
low-frequency applications where low noise and
high gain characteristics are required. It can be
used in such small-signal circuits as low-noise
operational amplifiers, high-impedance instru-
ment inputs, i.f.-r.f. linear stages, and wide-band
amplifiers. Amperex

Circle No. 129 on Reader Service Card

HEAVY-DUTY D.C. POWER SUPPLIES

A new line of all-solid-state regulated d.c.
power supplies, designed for continuous heavy-
duty use and priced in the economy range, is be-
ing introduced as the PSR-300 series.

The new units feature silicon rectifiers, SCR
regulation, pi-type filters, and deliver continu-
ously variable 500-watt outputs with continuous
regulation of line or load to less than one per-

cent, no load to full load. Ripple is less than one
percent at maximum rated current.

Three models. all operating from an a.c. input
of 115 V, 60 Hz, are available: 2-32 V d.c., 0-15
A; 2-55 V d.c., 0-10 A; and 2-125 V d.c., 0-5 A.
Electro Products

Circle No. 130 on Reader Service Card

MULTI-PURPOSE VOLTAGE TESTER

The new VT-100 “Voltprobe” incorporates a
retractable probe and coil—the probes tuck right
inside the case. The entire unit fits in a shirt
pocket.

The unit provides fast, sure readout through
illuminated windows that correspond to each
voltage level, a.c. or d.c. Coverage is 115-220-
227-440-550 volts a.c. and 115-220-400-600-750
volts d.c. A distinct buzz is emitted in the fre-
quencies from 25 to 800 Hz. Amprobe

Circle No. 131 on Reader Service Card

SEMICONDUCTOR DESIGNER’S KIT
Engineers experimenting with low-cost semi-
conductors can cut prototyping cost by 75 per-
cent with the new designer’s kit of plastic-en.-
capsulated economy components just released.

www americanradiohistorv.com

The kit provides 25 ““n-p-n” bipolar amplifiers,
15 “p-n-p” bipolar amplifiers, 15 “n-p-n™ bi-
polar switching transistors, 5 “p-n-p” bipolar
switching transistors, 10 “n”-channel FET’s, 5
“p”-channel FET’s, 4 silicon controlled rectifiers.
5 unijunction transistors, 5 silicon rectifiers, 4
tab-mounted silicon power transistors, and one
IC operational amplifier. Also included in the 94-
semiconductor kit are full design, performance,
and specification data. Texas Instruments

Circle No. 132 on Reader Service Card

TV/FM ANTENNA & WIRING SYSTEM

A non-electrical TV antenna and wiring sys-
tem for u.h.f., v.h.f., FM, and FM multiplex is
now available in various kits designed for spe-
cific applications. Each kit contains all necessary
parts to do the complete TV wiring job whether
on a new or remodeled home and includes the
antenna and distribution system as well as non-
electrical outlets.

The system allows wiring of up to 4 rcoms for
TV audio operation and permits 4 TV/FM sets
to operate simultaneously without interactions.
Details on the builder’s and remodeler’s kits will
be supplied on request. Mosley

Circle No. 1 on Reader Service Card

MINIATURE HEAT FUSE

A new type of miniaturized heat fuse designed
for the protecton of small electric motors, trans-
formers, and temperature-sensitive components
has just been introduced as the # 270295.

The completely insulated, miniaturized ther-
mal overload protector, having a 0.105” diameter
and a length of only 0.917”, can be easily
mounted by crimp type connectors to 0.008” to
0.040" diameter wire leads of the protected com-
ponent. In operation, the wired-in heat fuse is
mounted in intimate contact with the heat gen-
erating component. The fuse, sensing an abnor-
mal temperature rise, blows, thus eliminating
heat damage and fire risk.

Normal opening temperature is 295°F, maxi-
mum operating current is 3 amps, and operating
temperature range is —55°F to 225°F. Littelfuse

Circle No. 2 on Reader Service Card

PANEL INSTRUMENTS

A new line of stock panel instruments has just
been introduced to the OEM market. Featuring
flexibility and interchangeability, the new meters
give the user a dial design that provides an area
for multiple scales and other special applications.
According to the company, the firm’s bar-ring
d.c. movements provide exact and reliable read-
ings and inherent shielding from stray magnetic
fields which permits more torque, faster response,
and additional ruggedness.

The “G” Series is available in five popular
sizes from the miniature, four-ounce 1¥2” to the
2Y57, 3V5", 4Y5”, and 5%" units. Each meter
can be provided with a special flat insert for the
masked portion of the panel meter front. The
insert can be customized and painted any color
desired or imprinted with the company’s trade-
mark or logo. Triplett

Circle No. 3 on Reader Service Card

SILICON CHOPPER TRANSISTORS
A complete line of “p-n-p” silicon chopper
transistors with voltage capabilities up to 160
volts is now available as the $SS1001-4 series in
the standard TO-5 case.
These devices offer high reliability, low satura-
tion voltages, and can be purchased in pairs with
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Start a

Stereo System
of Unparalleled

Quality (l::) rTﬁgg(fusn:gifﬁm
s 4000

...for lessthan 4
FABULOUS MUSTANG M-12T

12" 3-WAY SPEAKER SYSTEM. X\
A new breed of high per-

formance for whole house

sound! With 35-40,000 Hz

response; extra slim, thin

profile; exclusive front or

rear baffle mounting design;

12 15/16” dia. by 37" deep.

S—
...forlessthan $7['""

AWARD WINNING MODEL 6201
e

b

— e

12" 2-WAY SPEAKER SYSTEM.
Updated version of the
most popular true-coaxial
speaker ever made! With
axially mounted compres-

sion driven, wide - angle
reciprocating flare horn
tweeter; 28 to 18,500 Hz
response; 13" dia. by 6 %" deep.

p—— e e ————]

... forless than$85'm

AWARD WINNING MODEL 312

12" 3-WAY DIFFAXIAL SYSTEM. —
The konly intglgrated b'single
speaker assembly capable

of response from 28 :/j'
Diffusicone mid-range; “
brilliance control; e |
15%," dia. by 12" )

exclusive Sphericon
tweeter; integral

to 40,000 Hz! With high

compliance woofer;

deep. ( R
———e

Listen to these and other fine Universit

speakers at your dealers today! Ask about PSg

—University’s “master blue print” for goof-proof

planning and building of your own speaker
system. Includes many plans for
speaker enclosures designed to
deliver the very best in stereo
sound. Address inquiries to desk
1.75

LISTEN—UNIVERSITYSSOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV [iNG ALTEC. 1N

9500 W. Reno Oklaharima City, Oklahoma 73101
CIRCLE NO. 82 ON READER SERVICE CARD
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offset voltages matched to 100 pV & T, —
25°C, according to the company. A few of their
many applications include modulaturs, servos,
telemetry, and multiplexing. Complete specs will
be supplied on request. Solitron

| Circle No. 133 on Reader Service Card

DUAL PHOTOCELLS
Each unit of a new series (4610) of photocells
has two independent, isolated photoconductors
assuring close tracking of the two photoconduc-
tor elements in response to changes in illumina-
tion. By using a single enclosure, equal illumina-
tions for the two elements is insured and both

| elements, being processed at the same time on a

single substrate, have equal response characteris-
tics.

The new dual photocells are designed for use
in control systems in which one control input, in

'.\1 \ ',I I;

this case, the illumination on the cells, must in-
fluence two isolated signal paths.

The cells are hermetically sealed in a TO-5
transistor package with a window that is elec-
trically shielded by a transparent conductive
coating. A data sheet providing full specs and

| application information will be supplied on re-

quest. Hewlett-Packard
Circle No. 134 on Reader Service Card

U.H.F./V.H.F./FM ANTENNA

The recently introduced “King of the Com-
bination” antenna line is designed for long-
range u.h.f.-v.h.f. reception. The Model CPC-
33G is the biggest of the four-model line which
with a single downlead receives all 82 channels
plus FM. The company’s “Piggy-Back™ power
pack is featured on the CPC-24, -27, and -33
models to insure extra reception quality for both
color and black-and-white even in fringe areas.
A bandsplitter is included with each antenna.

All models have a special “gold coat” finish
and built-in lead-in support and strain relief for
durable installation. Kay-Townes

Circle No. 4 on Reader Service Card

COLOR-TV CONTROL KITS

Two new compact kits offering a comprehen-
sive selection of exact replacement controls for
color-TV sets are now being offered to service
technicians.

Each kit is packaged in a sturdy, reusable
metal storage tray and contains a carefully
selected assortment of trimmers, convergence
controls, and high-voltage controls for virtually
every color-TV set on the market. Mallory

Circle No. 5 on Reader Service Card

MINIATURE WELDING TORCH
A miniature torch which welds metal smaller
than 0.002” wire and up to 16 gauge steel has

www americanradiohistorv com

been developed to meet the demands of a wide
varcty of welding and soldering applications in
all fields.

The “Little Torch™ uses oxvgen and a fuel gas
(acetylene, hydrogen, LP-gas, or matgral gas) to
produce Hame temperature ta A3MM1*F. It operates
at pressures of 2 to 4 psi amil uses gas at the rate
of .23 to 2.54 cfh. It vomes vquipped with five
different sized tips which swivel 360° for com-
plete handling ease. Tescom

Circle No. 135 on Reader Service Card

MODULAR TV DISTRIBUTION LINE

The “Modline” is a new equipment line which
includes a series of solid-state modular compo-
nents: amplifiers, filters, combining networks,
tapoffs, and accessories.

Designed for the ETV, ITFS markets at 2.5
GHz, and for TV distribution for apartment
houses, hotels, motels, hospitals, commercial
buildings, industrial plants, and the military, the
company offers complete “turnkey” system ca-
pabilities including design, equipment, and con-
struction. Jerrold .

Circle No. 6 on Reader Service Card

RECHARGEABLE ‘D’ CELL

A new rechargeable “D” cell which carries a
lifetime guarantee has just been introduced as
the “Life-Cell”. This is a completely self-con-
tained rechargeable cell and no charging stands
or external adapters are required.

The cell is in two sections. To recharge, the
top section is removed, reversed, and plugged
into the bottom section again. This exposes a
standard male a.c. plug on the top section which
plugs into any a.c. wall outlet. After recharging,
the process is reversed.

The new battery can be used in any application
where conventional “D” cells are used. Waldom

Circle No. 136 on Reader Service Card

PRECISION POT

The new 2110 precision pot exceeds the re-
quirements of MIL-R-12934E, RR1000, accord-
ing to the manufacturer. The new ten-turn pot
is servo-mounted, 78” diameter, wirewound, and
offers #0.25% independent linearity. It is avail-
able in resistance values from 100 ohms to 50,-
000 ohms and is guaranteed to give more than
20,000 cycles of rotational life.

High precision ball bearings provide maximum
shaft support, extra-long life, and low torque for
servo applications. The resistance element is
welded directly to the gold-plated turret lugs
with rugged strap terminations. A dual pickup
contact pervents open circuits by continual con-
tact pressure on the commutator. Amphenol
Controls

Circle No. 137 on Reader Service Card

HI-FI—AUDIO PRODUCTS

THREE-WAY SPEAKER SYSTEM

A new 3-way, 5-speaker hi-fi system has just
been introduced as the Model SP-200. The unit
consists of a 12” woofer, two 5” mid-range
speakers, and two 2” horn-type tweeters, all
housed in a walnut enclosure with hand-carved
speaker grille. The enclosure is of *“pipe-ducted”
construction to assist in the faithful reproduction
of the bass notes.

An exclusive transformer-type crossover net-
work permits each speaker to function in its most
suitable frequency range while the specially de-
signed level control provides three positions—
natural, clear, and soft—to match various room
environments.

Frequency response is 35-20,000 Hz with cross-
overs at 1500 and 5000 Hz. Impedance is 8 ohms.
The enclosure measures 14'716” wide x 12'%32"
deep x 25%132” high. Sansui

Circle No. 7 on Reader Service Card

MICROPHONE MIXER
Four medium-input impedance channels are
provided in the new solid-state portable micro-
phone mixer being marketed as the G-300-U.
The sound level of each microphone may be
adjusted separately because each channel has its

ELECTRONICS WORLD
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| PHOTOGRAPHY ||
IANNUAL 1968l
your

private
gallery

of the
year’s most

stimulating
photographs

by the world’s
most gifted
photographers

An unforgettable photograph of a hauntingly beautiful
woman . . . a heart-rending portrait of children at play in

the shadows of a slum . . . the here-and-now drama of a war-
torn battlefield . . . the electrifying thrills of wheels, hoofs, or
sails caught in the split-second of triumph . . . the abstract images
that tell there’s more to life than meets the eye.

This is the kind of visual excitement that has made
the PHOTOGRAPHY ANNUAL standard-bearer of photo
yearbooks for nearly two decades!

And now, the 1968 edition reaches a new peak of photo-

graphic excellence. It contains over 200 pages of superb,
provocative photographs gathered from around the world

and selected by the editors of PoPULAR PHOTOGRAPHY. All mag-
nificently reproduced in stunning color and dramatic black and
white — complete with ‘‘how it was done' technical information
to help you improve your photographic skills.

The 1968 PHOTOGRAPHY ANNUAL is a collector’s
item you'll turn toagain and again, month after month,
year after year. Order your copy today! Only $1 50

-
|
|
|
|
|
|
|
|
i
|
i
y

-
— | Zift-Davis Service Division, Dept. PA ew-10 |
Get the Deluxe Leatherflex-Bound Edition | 595 Broadway. New York N.Y. 10012 I
YRR Bagr o H H
i f,ﬁ@&f\f& for just $3 Postpaid! | Piease send my copy of the 1968 PHOTOGRAPHY ANNUAL. |
Ei- ‘4-}3#' LA & PHOTOGRAPHY ANNUAL is also I ] 1 am enclosing $1.50 plus 15c for shipping and handling for l
Sl 068 ! ition. . i
‘\‘k ', A available in a handsome deluxe I the Regular Edition. ($2.00 for orders outside the U.S.A) l
,_\ W, edition. Rugged Leatherflex covers I ] If amb enc(ljosmg $3.0é). Please$3se7réd fme, postpaid, the Leather- I
3 g . A . lex-bound Dezluxe Edition. ($3. or orders outside U.S.A)
provide lasting protection yet are (Please allow 3 additional weeks for delivery of the Deluxe
softly textured and gold-embossed Editi
dition.)
for the look of elegance. A collec- I . l
tor's item — a superb addition to AR RS — s = = —— ——
your library of photo classics. And I address = 7 . s 5N l
it's yours, for just $3 postpaid, l l
! B when you check the appropriate l Clty) — — — P — I
———— —— box on the order form. ' state 2ip code l
- — . S S S G I SN D GEED GEED GEED GEND GEEN SN GHEN SO G SR e
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Our policies
are your best
insurance:

SONOTONE

CARTRIDGES

Sonotone has been the reliable, qual-
ity name in replacement phono car-
tridges since 1947, We've made and
sold 20 million of them. When you ser-
vice with Sonotone cartridges, you can
be assured you are servicing with the
best. We'll stake our name on that.
REPLACE WITH SONOTONE CAR-
TRIDGES. There’'s a complete line for
immediate replacement of virtually ev-
ery cartridge in use today. Prove it to
yourself — fill out and mail coupon
TODAY for your free copy of Sonotone's
1967 “‘computer-programmed’’ car-
tridge replacement manual.

Send today for complete information:
Sonotone Corporation, Dept. 107
Elmsford, New York 10523

Just fill out and mail this coupon for your
free copy of Sonotone's 1967 ‘‘computer-
programmed"' cartridge replacement man-
ual.

YOUR NAME =

ADDRESS

CITY

STATE ZIP
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cut holes

Round—inches and mm

Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work . . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench. For use in up to 16-gauge metal. Avail-
able at leading radio and electronic parts dealers.

GREENLEE TOOL CO

DIVISION OF GREENLEE BROS. & CO.

1866 Columbia Avenue, Rockford, 1. 61101

CIRCLE NO. 106 ON READER SERVICE CARD
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mixer

volume control. The
operates on sclf-contained batteries or on a.c.

own preamp and
with a built-in a.c. adapter, with automatic
switching if one power source falls.
The mixer will accept low-, medium-, or high-
impedance microphones with no change in per.
| formance except when the high-impedance mi-
crophones are used. In this case therc is a drop of
3-4 dB in gain, which is nominal in view of the
over-all gain of 55 dB. American Geloso
Circle No. 8 on Reader Service Card

SCA MULTIPLEX TUNER

A service-free modular SCA multiplex tuner,
the MT-302, features a solid-state circuit, sterco
filter, automatic muting with internal threshold
adjustment, a syncing oscillator detector for low
crosstalk and improved a.g.c., and crystal-con-
trolled main channel.

There are color-coded test points for tuning,
no controls on the front-panel—the main/sub
selector switch and gain control are internally
mounted for tamper-free operation, and 1 volt/
600 ohm output to permit remoting the tuner
and,/or feeding phone lines. Davton Electronic

Circle No. 9 on Reader Service Card

AUTOMATIC TURNTABLE
A new automatic turntable, the UAGS, has
been introduced to the American OEM market
and offers scveral features of interest to compo-
nent manufacturers.
The turntable has an adjustable dynamic anti-

skate control which applies a continuously cor-

rected degrec of compensation on the toncarm

as required at all groove diameters to neutralize

inward skating force. The control also eliminates
' sound distortion on both mono and sterco play

caused by unequal side wall pressure on the stylus
as a result of this prevailing skating force.

The unit uses a heavy deep drawn 117 cast
turntable, a low-mass counterbalanced tubular
toncarm with automatic lock., and a low-muss
cartridge shell with finger lift. It also incorporates
a cucing and pause control and automatic shut-
off. BSR (USA)

Circle No. 138 on Reader Service Card

CORDLESS CASSETTE RECORDER
The Wollensak Model 4200 cordless cassette
tape recorder provides a frequency response of
80-10,000 Hz =3 dB and output of 400 mW.

" The play-record, “on-off”, and fast-forward

wwWwW americanradiohistorv com

and rewind functions are controlled by a single
switch. A push-button record safety lock pre-
vents accidental erasure of recorded material. A
vu meter indicates both recording level and bai-
tery condition.

The recorder comes with a dvnamic micro-
phone with remote “an-off”” switch, a “Scotch”
brand magnetic ape cassette, and a rugged carry-
ing case which accomodates the recorder, micro-
phone, and extra cassettes. 3M Company

Circle No. 10 on Reader Service Card

SOLID-STATE FM-STEREO RECEIVER

The SX-300T is a 40-watt (IHF at 4 ohms),
AM-FM multiplex receiver which uses 41 tran-
sistors and 26 diodes. The multiplex section uses
a time-switching demodulator with a channel
separation of better than 35 dB at 1000 Hz.
Stereo selection of broadcasts is automatic and
is indicated by a lamp.

FM sensitivity is 3 ¢V, image rejection is 52 dB

; . TI¥

———— .

at 98 MHz, and signal-to-noise ratio is 55 dB.
The amplificr section has a direct-coupled, single-
ended push-pull circuit with r.m.s. rated power
output of 15 watts pcr channel into a 4-ohm
load and 12 watts per channel into 8 ohms.
Over-all frequency response is 20-20,000 Hz +3
dB. An oiled walnut cabinet to house the re-
ceiver is available as an accessory at extra cost.
Pioneer

Circle No. 11 on Reader Service Card

SLIDE PROJECTOR PROGRAMMER

“Cue Slide” projector programmers are avail-
able which record a signal on tape that is used
to trip two, three, or more hlm projectors.

Applications for thesc new programmers in-
clude TV broadcast use in preparing commercials
and slide presentations: in the recording studio
for cueing (duration selectable between 0.1 and
0.5 second); in lecture-slide projector programs
for tape-cucd automatic shut-off and push-button
control for instant restart; and in the classroom
and for military training programs.

The unit will operate with all automatic slide
projectors and may be used with any 2- or 4-
track tape recorder. Suitable connectors are sup-
plied with the unit. Meridian Enterprises

Circle No. 12 on Reader Service Card

STEREO TAPE DECKS
Two new stereo tape decks, the Models 501-D
and 776-D, have just becn introduced. The Model
501-D has a 3-speed, 4-track stereo capability for
recording off-the-air or from phonograph records,
and playback of other recorded tapes. Features
include exclusive flux-held recording and play-
back heads, unidirectional tape transport with
automatic shut-off, two vu meters, and a cue con-
trol for professional editing. Two solid-state pre-
amplificrs are built into the unit. The deck op-
crates at 7Y%, 3%, and 173 in/s with response

30-18,000 Hz =23 dB at 7%2 in s.
The Model 776-D has the “Reverse-a-Track”

ELECTRONICS WORLD
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tape transport mechanism which permits tapes to
be replayed immediately without rethreading. 1t
records and plays stereo in both directions and
reel turnover and rethreading are eliminated.
This deck has a two-speed, four-track sterco capa-
bility and will record sound-with-sound. Fre-
quency response is 30-20,000 Hz #+3 dB. Recl
capacity is up to seven inches. Concord
Circle No. 13 on Reader Service Card

STEREO PHONO CARTRIDGE

The Ortofon SL-15 sterco phono cartridge fea-
tures small size, light weight (7 grams), 15°
vertical tracking angle, an clliptical stylus, and
the company’s “Protecto Skate Glide™.

Recommended stylus pressurce is 1-2 grams and
the elliptical diamond stylus has a tip radius of
0.007”/0.003”. Compliance is 20 x 107 em/
dyne; channel separation is 20-30 dB; frequency
response is 10-40.000 Fz. The cartridge is sup-
plied cither with or without external transform-
ers. Elpa Marketing

Circle No. 14 on Reader Service Card

NEW SPEAKER SYSTEM

Five new speaker systems will make their ap-
pearance in the comprehensive “Achromatic”
1968 line that is now being introduced to the
public.

Marked by a radical change in design, each
model is fashioned as a fine piece of furniture
with rich grille cloths and handsomely appointed
cabinets. The grilles are removable so that fabrics
can be changed as room decor is changed.

The top of the new line is the W90D which
features a bass range divided between two 12%27
woofers, cach with a 9% pound magnct assem-
bly, on a cast aluminum speaker chassis. A pair
of special 537 heavy-duty mid-range speakers and
a pair of omnidirectional Mylar-dome pressure

tweeters handle the balance of the musical spec-
trum. All the speakers are acoustically isolated
from the bass compartment and the cabinet en-
ploys the sand-filled construction principle to
eliminate enclosure coloration.

The other units in the line, the W20, W30D,
WH0D and W60D, are designed for applications
where  smaller  sized cabinets are  required.
Wharfedale

Circie No. 15 on Reader Service Card

120-MINUTE CASSETTE

A [20-minute blank cassctte has been added
to the company’s line of 60- and 90-minute units.
Manufactured according to the cxacting specifica-
tions of the Norelco Standardization Agrecment,
the cassettes are available in two packaging con-
hgurations: in plastic, shatterproof containers or
in card-stock, mailing cartons. Certron

Circle No. 16 on Reader Service Card

STEREO TAPE RECORDER
The Model A-4020 stereo tape recorder pro-
vides automatic reverse record and playback,
symmetrically arranged control buttons, and new-
ly designed outer-rotor motors which are used for
reel drive in addition to a 2-speed hysteresis syn-
chronous motor for capstan drive.
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Now...the
most enjoyable,
most rewarding
electronic

kit project

of your life
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v
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Ebressuamy

a Schober
Electronic Organ!

The 9’(%11&2 ﬁ

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

Corporation
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EQUIPMENT CABINETS

HAD YOUR FILL of amplifier kits, recciver
kits, meter kits, all the conventional kits?
Then go to work on the biggest, most fascinat-
ing kit of them all-and end up with a finer
musical instrument than you could buy for
twice the price. The Schober Theatre Organ
at lett, for example, plus Schober’s self-teach-
ing music courses, lets you participate in mu-
sic. not just listen to it. This is one clectronic
project the wife and kids will encourage—
because it's for them, too! It contains the best
components availuble—thousands of them—
plus the kind of unmistakable, step-by-step
instructions you've dreamed of and Schober
is famous for.

The Theatre Organ (left) costs just $1550
if you us¢ your own amplifier and spcaker
system, and you can pay as you build to
spread out the cost. There are three other
Schober Organ models, too, starting at $645.
Each one includes every bit and piece you
need, including a magnificent walnut console
—unless you want to build your own wood-
work and save even more. And cach model
has the kind of pipelike tonal variety you
don't often find in electronic organs. The
free Schober color catalog has lots of pictures
and data; and for 25¢ we'll send you 72 pages
of schematics and tech specs so you can see
just what you're buying.

FREE INFORMATION AND DEMONSTRATION RECORDING
Send today for your free copy of Schober’s 16-
page, full color booklet, plus 7” free recording.

The Schober Organ Corp., Dept.RN-51

43 West 61st Street, New York, N. Y. 10023 l

| 3 Please send me Schober Organ Catalog and
| free 7-inch **'sample’’ record.

[J Enclosed please find $1.00 for 12-inch L.P.
| record of Schober Organ music.

| [J Enclosed is 25¢ for schematics and tech specs.

leather-

lEARN EEnIefrtrreoenr!fls AT HOME Modern. deluxe-styled alumi-
i . .
! 4 g num cabinets, rich
Fix TV, design autamation syvstens, learn transistor d
complete  clectronies.  College  level Home  Study ette covered top in black or
courses  tiught 0 you can understand them. Earn > . .
in the I\ip:h}y paid 5IQCU'0ch industry. Com- Mod. Size Hwd Net Ea. brown with silver grey or
Missiles, theory and practical. Kits furnished. : s,
¢ 0,000 iraduates now  empioyed Sidunt 536 2x6 $1.80  gold panel. Rubber feet. At
la 233 2.19

o, ‘‘Vets-

1914, Catalosr, write for information
G L Hill Tralning."’

American Institute of Engineering & Technology
Chicago, Il. 60614

1141 West Fullerton Parkway

S our Cliieago cimpus 1f desired. Founded 538  3x
. about

Other models available

free literature from:

13946 Blackstone, Detroit,

Low-drain
Solid-state tone signal
needs no amplifier

The Sonalert® Signal makes it a cinch to rig
all sorts of alarm circuits for the home, shop,
auto or boat. Works with just about any
triggering device, operates on 6-28 VDC,
110-volt AC model
draws only as much current as a neon

draws only 3-14 ma.

pilot lamp.

It's completely solid-state. No arcing con-
tacts, no RF noise. Highest reliability. Tone
output is either 2800 or 4500 Hz, at 68

to 80 db.

Ask your Mallory Distributor for booklet of
ideas, circuits, projects. Mallory Distributor
Products Company, a division of P. R.
Mallory & Co. Inc., Indianapolis, Ind. 46206.

MALLORY
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your dealer or order direct

SPECTRUM PRODUCTS CORP.
Mich. 48223
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OUR
* 1968,
cATALOG ©
of precision quartz crystals
and electronics for
the communications industry
is now available.

It will cost you nothing.

SENTRY MANUFACTURING COMPANY
1634 Linwood Boulevard -Okizhoms City, Oklaboma 73106

PRONL: 495-212 603 — TILER: 071-361 = T3 810
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IRISH MAGNETIC RECORDING TAPE
458 Broadway, New York, N.Y. 10013

FIELD SERVICE ENGINEERS
MEDICAL X-RAY

Expanding division requires several field service-

men to locate in New York, Chicago, Milwavkee,

Cleveland, Philadelphia & other metropolitan

areas. Exp in *he installation, service ond repair

of Medical X-Ray equipment is required.

LIBERAL STARTING SALARY . MANY COMPANY BENEFITS
Contact: MARTIN G. WOLFERT

North American Philips Co., Inc.

Room 1027
100 East 42nd St.,
N.Y., N.Y. 10017

orelco®

An equal opportunily employer

100

The recorder operates at 7% and 334 in's
=0.5% with wow and Hutter 0.12% at 7% in/’s
[and 0.15% at 3% in 's. Frequency response is
30-20,000 Hz (=2 dB 45-15,000 Hz) at 7%
in/s and 40-20,000 Hz (%3 dB 50-7500 Hz) at
3%, in/s. Crosstalk is 50 dB channcl-to-channel
at 1000 Hz and 40 dB betwceen adjacent tracks
at 100 Hz. Rcel size is 7 inches maximum.

A data sheet providing full electrical and
mechanical specifications will be forwarded on
request. Teac
| Circle No. 17 on Reader Service Card

| TAPE CASSETTES
A new line of magnetic tape casscttes which
provide 30, 60, 90, and 120 minutes’ recording
time is now on the market. The line is being
| offered in a varicty of packages including the
“Mailer Pak”, designed to meet international
postal regulations; the *Plastik Pak™ which can
be used as a repeat mailer as well as a2 perma-
nent container; the “Twin Pak” containing two
60-minute cassettes; and a “Dispenser Pak™ which
contains 12 “Plastic Paks” in a self-service dis-
penser for counter or wall mounting. Audio
Magnetics
Circle No. 18 on Reader Service Card

AUDIO COMPONENTS

In a departure from the firm’s traditional role
as a supplicr of tape recorders, two new audio
components have been introduced: an FM-sterco
receiver and a compact phono component system.

The Model 300 FM-sterco receiver features a
broad scale logging dial, 2 new concept in con-
trolled-injection af.c. and comes complete with
a walnut cabinet. The Model RP 2000 compact
phono system includes a 30-watt FM-sterco re-
ceiver, a precision 4-speed record changer, and
two matching air-suspension bookshelf speakers—
all housed in a walnut furniture cabinct. Roberts

Circle No. 19 on Reader Service Card

AUDIO-VISUAL RECORDER

The new Model 150 AV Wollensak audio-
visual recorder has been specifically designed
for rugged classroom and training usc. It featurces
color-coded function push-huttons, automatic rec-
ord control, and a durable scuff- and dent-proof
cover.,

Several safety features are incorporated in the
design. When the combination *on-off” and tone
control is switched off, the record or play mode
button is automatically disengaged, thereby re-
leasing the capstan pressure roller and also pre-
: venting accidental erasure of tapes. When the
mechanism is switched from one function to
another, automatic disengaging occurs.

Operation is two-track monophonic at 3%
and 7% in s. Frequency response is 40-15,000

o
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Hz =3 dB at 7%z in s. Power output is 10 watts
EIA, 9 watts continuous at less than 5% harmon-
ic distortion. Outputs arc extension speaker, head-
phones or listening center, and preamp. The
recorder measures 627 x 10%"” x 1134” and
weighs 17%2 pounds. 3M Company

Circle No. 20 on Reader Service Card

COMPACT SPEAKER SYSTEM

The new Model 2000 speaker system  has
been specifically designed for those who want
quality sound reproduction but have a limited
amount of space in which to house such a
system.

Frequency response is 35-18,000 Hz and nom-
inal impedance is 8 ohms. The system will
handle a maximum of 60 watts of undistorted
dynamic power. The cabinet houses a 10" high-
compliance woofer with 2”7 voice coil and a
direct-radiator mid-range tweeter.

The system is housed in an enclosure mea-
suring 185" high x 1174" deep x 1174”7 wide.
It is finished in satin walnut and comes in two
versions—with a marble top so that the cabinet
can be used as a lamp table or with a2 walnut

finished top which can function as an extra seat
in a small apartment with the addition of a
cushion. Empire

Circle No. 21 on Reader Service Card

CB-HAM-COMMUNICATIONS

23-CHANNEL TRANSCEIVER
A new 23-channel mobile transceiver for CB
users wishing full communications capability has
been introduced as the Model CB-24.
The new transcciver has 21 transistors, 8 di-

odes, and 4 thermistors in its transmitter/receiv-
er  public-address circuitry. Concentric volume

and squelch  controls, automatically switched
*S” meter/r.f. output indicator, illuminated chan-
nel selector and rocker-type PA/CB switch makes
the unit casy and safe to operate cven while in
motion.

A special high-output audio stage cuts through
road and motor noise and increases recciving
range.

The transceiver is housed in a heavy all-metal
cabinet measuring 8”7 x 6” x 26" high. The
dic-cast chromed front is trimmed in black and
silver. Hallicrafters

Circle No. 22 on Reader Service Card

MARINE CB ANTENNA

A new CB marine antenna, the “Channel Cat”,
has been designed to climinate radials or other
difficult-to-install ground systems. It is salt-water
protected and is cffective even on wood and fiber-
glass boats.

The antenna is 9635 high. The whip is con-
structed of high-grade stainless steel and loading

ELECTRONICS WORLD
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1s through a waterproof coil in the center of the
antenna and matching is via a high “Q" trans-
former enclosed in the waterproof base. The feed
puint impedance is 52 ohms. Mosley

Circle No. 23 on Reader Service Card

SELECTIVE CALL UNITS
Two new selective-call units are now available
as the “Poly-Call” TC-1 and TC-7. The new
units are solid-state and permit the selective con-
acting of any one station or stations similarly

equipped. Through their use, the CB operator can
avoid monitoring his transceiver at all times.

The TC-1 permits the selective calling of all
stations in the network while the TC-7 is a seven-
tone unit which permits the individual calling of
up to seven different stations within the network.
Both are equipped with tuned electronic filters
for generating and selecting the audio tone, in-
suring operational reliability. Polytronics

Circle No. 24 on Reader Service Card

HAND-HELD TRANSCEIVERS

Low-cost, instant and dependable two-way
radiv communications are advantages claimed
for the new Model 85 hand-held transceivers just
being introduced.

These 10-transistor, one-diode, 100-mW trans-
ceivers measure 6” high x 22" wide x 12" deep
and weigh only 21 ounces. The solid-state cir-
cuitry is housed in a die-cast case, resulting in a
sturdy instrument which can withstand abuse.

Sensitivity is 3.5 xV and audio output is 75
mW with 3.5 uxV input. Battery drain is 40
mA per hour on the average and an indicator en-
ables the user to determine, at a glance, the con-

dition of the 9-V battery’s life. Each unit is
equipped with a 42" telescoping antenna and
comes with a pair of channel-9 transmit/receive
crystals already installed. Sold in pairs, the trans-
ceivers come complete with batteries and carry-
ing straps. Amphenol

Circle No. 25 on Reader Service Card

SOLID-STATE MOBILE CB

The Model HB-525C solid-state mobile two-
way radio incorporates 23 transistors, including
IC's, 9 diodes. and 1 thermistor. It features dual
conversion for high selectivity, a 3-position crystal
delta tune for accurate fine tuning. a transmit
mode indicator light, and a pi-network for opti-
mum r.f. output.

With a full 5-watt input, the set consumes less
than 1 A during transmission. Three optional
power supplies permit operation on 117-volt a.c.,
6-volt d.c., or as a portable shoulder-carried
battery-operated transceiver. Normal mobile op-
eration is carried out by the huilt-in 12-volt d.c.
supply. Lafayette

Circle No. 26 on Reader Service Card

U.H.F. MOBILE ANTENNA

An ultra-high-frequency mobile antenna cov-
cring the 450-470 MHz band is now on the
market. Of colinear design, the antenna exhibits
a 5-dB omnidirectional gain over a quarter wave-
length antenna. Both the phasing-coil housing
and the feedthrough mounting base are made of
high-impact plastic designed to resist weather
and roughest usage.

The stainless steel whip is silver plated to in-
crease radiation efficiency. Modcls are available to
fit all standard mounts. Larsen

Circle No. 27 on Reader Service Card

NEW CB EQUIPMENT LINE
Two new items of CB equipment have been
recently introduced: the 4101 solid-state shirt-
pocket transceiver and the 4301 mobile or base-
station transceiver.
The 4101, weighing only 62 ounces, features

an automatic noise limiter, plug-in crystals, and
superhet circuitry with a Jow-distortion trans-
mitting amplifier. Its under 100-mW output pow-
er requires no license to operate. The 7-transistor
(2 diodes) unit has a 134" speaker, output for
earphone. built-in 28" telescoping antenna, and
is powered by a standard 9-volt battery.

The 4301 features a full-power transmitter,
double-modulation. modulation limiter, and a
high-gain speech compressor. Other features in-
clude heat-resistant silicon transistors for use in
a wide range of temperatures and a lighted push-
button channel selector for the five channels. It
operates from 12-volt battery systems. An a.c.
adapter is available at extra cost. Craig Panorama

Circle No. 28 on Reader Service Card

MOBILE CB UNIT

The new “Director 23" two-way CB radio in-
corporates many features which greatly improve
noise limiting, adjacent channel rejection, and
cross-modulation rejection.

The unit draws less current than an ordinary
car dashboard clock and will function even when
the car battery is so low that it will not turn over
the engine. It requires no warm-up period. The
two-way unit features “HetroSync” circuitry
which utilizes two frequencies instead of three,
the usual method of synthesizing in a 23-channel
CB circuit. The result, according to the company,
is a transmit frequency of exceptional stability
with maximum protection against spurious sig-

original parts

“Royal Crest” Circuit Tubes

More than 875 tubes—a full line
with the same quality as original

for greater dependability and
finer performance.

from your Zenith distributor.

Zenith equipment. Get Zenith tubes

Why not sell the best

ZENITH TUBES
built to the quality
standards of Zenith

Order all genuine Zenith replacement parts and accessories

The quality goes in before the name goes on

TV Picture Tubes

For color TV, B&W TV
or special purposes.

A complete Zenith line
of more than 200 tubes
built for greater
reliability, longer life.

Zenith B&W replacement
picture tubes are made only
from new parts and materials
except for the glass envelope

in some tubes which, prior to
reuse, is inspected and tested to
the same high standard as a
new envelope. Some color
picture tubes comtain used
material which, prior to reuse,
is carefully inspected to meet
Zenith's high quality standards.

October, 1967
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Valve Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
ciry
GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub.

scription also
OLSON ELECTRONICS, INC.

723 5. Forge Street Akron, Ohio 44308

CIRCLE NO. 96 ON READER SERVICE CARD

STATE _.

¥

“’Otf-the-Shelt” Delivery!
From the world's largest and

most  diversitied  Inventory—
Finest domestic and foreign |
Manutacturers.

® Expert Performance Analysis!
® Satisfaction and Performance

Guaranty!

® Matching or creating unusual J
Optics!

® Optical Services for Laser—

Schlieren—Fibre Optics!
® Precision Optical Flats available!

® Modern tully equipped Optical
Lab.~Lenskoting! |

Lenses for Television @ Audlo Visual
@ Photo-Electronic @ Mlicroflilm @
High Resolutlon ® Research @ Pro-
jection @ Near Infra Red eto.

Write for FREE Lens
Performance Guide

Burke & James, Inc.

333 W. Lako St., ' ]
Chicago, T 808048

CIRCLE NO. 79 ON READER SERVICE CARD

nals. To further maintain stability, a zener diode
is used in the input power circuit and special
close-tolcrance crystals are employed to provide
a transmitted frequency tolerance of *0.003%,
well below the usual =0.005%,.

Complete specifications on this mobile unit are
available on request. Pearce-Simpson

Circle No. 29 on Reader Service Card

23-CHANNEL TRANSCEIVER

The new “Royale” 23-channel CB transceiver
features hand-wired, hand-soldered circuitry,
tubes instead of transistors, and a big chassis with
plenty of space for cooling, needed by the over-
powered transformer.

The transceiver incorporates a Collins flter,
cascode front end, adjustable noise limiter, an
exclusive range-expander, and speech compres-
sor. The unit comes complete with crystals for all
23 channels. Courier

Circle No. 30 on Reader Service Card

ANTENNA CHANGEOVER SWITCH
The Model 381B electronic changeover switch
for 52-75 coax line permits the transmitter to be
continuously connected to the antenna, but
blocking the antenna circuit to the receiver dur-
ing transmit. There are no switch contacts to
arc or burn and switching is instantaneous.
The switch is especially suited for break-in
operation on c.w., SSB, and AM phone. Select-
able bandswitching assures full receiver sensitiv-
ity. Barker & Williamson
Circle No. 31 on Reader Service Card

MANUFACTURERS’ LITERATURE

EQUIPMENT FOR RENT

A new 28-page 1967 catalogue containing
hundreds of different instruments for rent is now
available. Included in the illustrated booklet are
data-processing  systems, tape recorders, oscil-
lographs, d.c. amplifiers, power supplies, trans-
ducers, and frequency counters.

Listed are weekly and monthly rental rates to-
gether with manufacturers’ specifications for all
equipment offered by the company. Datacraft

Circle No. 32 on Reader Service Card

INDICATOR LIGHTS
Neon and incandescent two-terminal subminia-
ture indicator lights are described and illustrated
in a new 12-page catalogue (No. L-178B). Com-
plete mounting instructions are provided for all
devices listed, all of which meet or exceed the

| environmental and operational requirements of
MIL-L-6723 and MIL-L-3661. Dialight

Circle No. 139 on Reader Service Card

REED RELAYS

A new 12-page short-form catalogue covering
more than 160 relays has been released. Included
are ultra-miniature, micro-miniature, and min-
iature reed relays, standard reed relays, and mer-
cury-wetted reed relays.

The booklet contains detailed electrical, me-
chanical, and environmental specifications along
with dimensional drawings and ordering instruc-
tions. Wheelock Signals

Circle No. 140 on Reader Service Card

REPLACEMENT COILS
A new 4-page cross-reference guide for 8 new
color-TV sweep, linearity, and convergence coils
is now available. More than 200 exact replace-
ments are provided by the new coils. J. W. Miller
Circle No. 33 on Reader Service Card

POWER SUPPLIES

A new 22-page illustrated 1967 catalogue of
power supplies, frequency converters, and multi-
phase adapters has been published. Entitled
“Power Supplies Unlimited,” the booklet con-
tains descriptive material, tables, and complete
specifications for the expanded line. NJE

Circle No. 141 on Reader Service Card

ELECTROLYTIC CAPACITORS
A new 32-page cross-reference guide that in-
cludes all electrolytic capacitors used in the color
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chassis of 32 television set manufacturers has
been compiled. The booklet indicates the recom-
mended replacement by cross reference to the
OEM number and also by direct reference to
rating capacity, voltage for single, dual, triple,
and quadruple section units. Cornell-Dubilier
Circle No. 34 on Reader Service Card

TANTALUM CAPACITORS

A new 8-page Kemet brochure that compares
the electrical characteristics, acceptance inspec-
tion tests, and marking requirements of MIL-C-
26655B and MIL-C-39003A solid tantalum ca-
pacitor established reliability specifications is now
available. Union Carbide

Circle No. 142 on Reader Service Card

ANTENNA BROCHURE

Described and illustrated in a new 6-page fold-
out brochure is a complete line of Smoothline
antennas and auxiliary equipment. Included are
MATV and CATV antennas; head-end amplifi-
ers; system accessories such as amplifier splitters,
power supplics, and terminators; mast-mounted
preamplifiers, splitters, mixers, and matching
transformers; tap-offs; and coaxial cables. JFD

Circle No. 35 on Reader Service Card

TRANSFORMER CATALOGUE

A new 32-page illustrated catalogue (No.
671) that describes an expanded line of military,
commercial, and industrial transformers, induc-
tors, and torunds has been issued. Complete spec-
ifications are provided for all devices listed.
Microtran

Circle No. 143 on Reader Service Card

MAGNETIC TAPE

A new 32-page illustrated booklet on tape
maintenance that combines four previously pub-
lished brochures is now available. Entitled “Mag-
netic Tape Maintenance for Computer Managers,”
the booklet discusses a proper tape management
program, the technology of tape preventive main-
tenance, tape preventive maintenance and re-
habilitation techniques, and the necessity for tape
preventive maintenance. General Kinetics

Circle No. 144 on Reader Service Card
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ELECTRONICS .

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (including name and address). Minimum order
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

fur 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accom-

pany copy.

GEMERAL IN_FORMATION: First word in all ad_s 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

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 Publication, 6556 W.
Higgins Rd., Chicago, Ill. 60656.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

METERS —Surplius, new, used, panel and port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

INVESTIGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONIC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
7TH AVE., MIAMI, FLA. 33168.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated

plans, $2.00. Relco-A22, Box 10563, Houston,

Texas 77018.

CATALOG

World's

“BEST BUYS”
in GOV'T. SURPLUS
Electronic Equipment

TCS EQUIPMENT

NAVY TCS RECEIVER AM

1.5 MC to 12 MC in two (2)
bands. Variable freq. oscil-
lator & crystal control on
four (4) preset channels in
the entire freq. range. Audio
output 1.5 watts into 500
ohm load; uses tubes 128K7
RF A.. 12SA7 converter,
2,128K7 IF A.. 128Q7 de-
tector BFO, 12A6 oscillator,
12A6 audio Amp. 456 KC IF
Freq. Large vernier & spin dial. audio gain, AVC, BFO
and all controls 0“25189 r ontoxolanel goltages xeqm;rils
12 VDC & BPPIOX. VDC 100 MA, Size:

1134 x 1135 X 1335", t.: Ibs. Usro) $44'
(hukul ror Operation—$§10.00 extra.

NAVY TCS TRANSMITTER AM

1.5 MC to 12 MC in three (3) bands, CW 40 watts,
voice modulation 20 watts, master oscillator variable
and crystal control on 4 preset channels in the entire
freq. range. Uses 3,12A6 in oscillator & buffer-
doubler, 4/1625 in modulator & power amplifier stages,
215" meters for PA Plate 0-200 DC RF meter 0-3, all
tuning and operating controls on front panel. Voliages
requuec‘!] 12 \SI/DC 3/400 -440 VDC 200 MA. W/tuge(s)
Size: 1134 x 1135 x 133

Wt.: 41 1bs. .. -$34'

TERecked for Opeération—$10.00 extra.

Autenha Loading Coll =47205 o Used: $6.99

ftemate Control Box —w, Speaker # 70 Te-New: 9.95

Dual Dy ‘lllulnl IPower Supply
21881

12V, Z2188) .. 14.95
1D-307 Transmitter Dynamator 12 6.95
D-402 Receiver Dynantotor 12 V. 4.95
CABLE—Receiver to Power Supply 2.75
CABLE—Transmitter to I'ower Supply 2.75
Conmector MIngs 17 Remote Control 1ox 1.50

A C POWER SuP l’L\-—lh V. 60 cycle (Not Gov't.
i

Recviver: $20.00 $35. 00
Shock Monnting for Reesiver il 1
Noise Limirer Conversion Kit—W 6116 tubes
PARTS available for Ree. & Trans, Advize w
BIG FREE CATALOG—Send for vour FREE copy
now. New edition just off the press!
Address Dept EW e Prices F.O. B. Lima, O. e
259, Deposit on C.0.D

Anirrer:

FAIR RADIO EAI.E!

1016 E. EUREKA + Box 1105 - LIMA, OHIO - 45802
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R.F. CONVERTERS World's largest selection.
Also CCTV cameras, etc. Lowest factory prices.
Catalog 10¢. Vanguard, 196-23 Jamaica Ave.,
Hollis, N.Y. 11423.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair muitimeters. Bigelow Elec-
tronics, Bluffton, Ohio 45817.

DETECTIVES! Free brochures! Electronic Sur-
veillance devices. SILMAR ELECTRONICS, 3476
N.W. 7th Street, Miami, Florida 33125.

MUSIC LOVERS, CONTINUOUS, UNINTERRUPT-
ED BACKGROUND MUSIC FROM YOUR FM RA-
DIO, USING NEW INEXPENSIVE ADAPTOR.
FREE LITERATURE. ELECTRONICS, 11500-Z NW
7th AVE., MIAMI, FLORIDA 33168.

SURVEILLANCE EQUIPMENT-NEW HIGH PER-
FORMANCE SUBMINIATURE MODELS. ELEC-
TRONIC COUNTERMEASURE DEVICES TO PRO-
TECT PRIVACY. FREE DATA: SECURITY ELEC-
TRONICS-EW, 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017.

CRYSTALS largest selection in United
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HC18/U, FT-241, FT-243, FT-171, etc.
Send 10¢ for catalog with oscillator Circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

JAPANESE PRODUCTS CATALOG by air mail $5,
sea $3. Intercontinental, CPO 1717, Tokyo,
Japan.

TREASURE HUNTERS! Prospectors! Relco’s new
instruments detect buried gold, silver, coins.
Kits, assembled models. Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston, Texas 77018.

ELECTRONIC PARTS! Components, transistors,
diodes, kits, relays, and many special items.
Guaranteed. Send 25¢ for 100 page catalog.
General Sales Co.,, P.O. Box 2031, Freeport,
Texas 77541.

MESHNA'S TRANSISTORIZED CONVERTER KIT.
Converts car radio to receive police and fire.
30-50MHz and 100-200MHz. (one MHz Tuning)
$5.00 with easy to follow step instruction.
Meshna, No. Reading, Mass. 01864.
ELECTRONIC Ignition. Kits, components, sys-
tems. Diagrams. Anderson Engineering, Epsom,
N.H. 03239.

DIAGRAMS, service information,

Radio $1.00,

| Television $1.50. SUPREME, 1760 Balsam, High-

fand Park, Hlinois 60035.

100,000 PRODUCTS Wholesale! Terrific bar-
gains! Wholesalers, 1265-PP Broadway, New
York, N.Y. 10001.

INTRODUCING new line of MORRISON speaker
systems. Introductory prices, free brochure,
write: Morrison Speaker Systems, Box 6203,
Coralville, lowa 52240.

CONTINUOUS commercial-free background mu-
sic from your FM radio using new transistorized
SCA converter, $49.95 complete. Simple installa-
tion. LF Labs, P.O. Box 312, Lockport,
60441.

NO telephone privacy? “Bug’” on your line?
Blow it off! ENGINEERING LABORATORIES, Box
1036, ANDERSON, INDIANA 46015.

POLICE RADI10. Hear all police calls, fire depart-
ments, Sheriffs, taxis, ambulances, Highway Pa-

i trol. New 5 band portable radio and direction

finder. Free Booklet. NovaTech, Dept. 299, Re-
dondo Beach, Calif. 90278.
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ELECTRONICS ENGINEERING
AND INSTRUCTION

REI First Class Radio Telephone License in (5)
weeks Guaranteed. Tuition $295.00. Job place-
ment free. (KANSAS CITY) R.E.}, 3123 Gillham
Road, Kansas City, Missouri, Telephone WEI1-
5444. (SARASOTA) R.E.l., 1336 Main Street,
Sarasota, Florida 33577, Telephone 955-6922.

WANTED! TV—Radiomen to learn aircraft elec-
tronics servicing. Numerous job openings every-
where. Write: ACADEMY AVIONICS, Reno/Stead
Airport, Reno, Nevada 89500.

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.

HIGHLY effective home study course in Elec-
tronics Engineering Mathematics with circuit
applications. Earn your Associate in Science
Degree. Free literature. COOK'S INSTITUTE OF
ELECTRONICS ENGINEERING, P.O. Box 36185,
Houston, Texas 77036.

Iinois |

ELecTrONIC ComponENTS Co.

715 LaTHam Square BLpg.

OakLAND ,CAL IFORNIA 94612
(415) 836-3180

5§ AMe SCR's Tow-toi Casp STypp

100 PIV  $.60 200 PIV $,90
300 PIV $1.40 400 PIV $1,80
FuLLy TESTED AND GUARANTEED.

INTEGRATED CIRCUITS~DUAL INLINE PACKAGE
930 DuaL 4 INPUT GATE

932 DuaL Burrer $1.25
933 DuaL 4 ExTENDER $1.00
944 DuAL POWER GATE $1.15
945 CLOCKED FLIP~FLOP $1.50
946 QuaD 2 INPUT GATE $1.10
952 DuaL 2 INVERTER $2.00
953 GATE~TRIPLE,2~-2-3 $2.00
954 GATE DuaL 4 INPUT $2.00
955 GATE,SINGLE B8 INPUT 42.00
956 BUFFER,DUAL 2 INPUT $2.00
957 BiNARY $3.00

ALL FULLY TESTED AND GUARANTEED.COME
COMPLETE WITH SCHEMATIC.

ASSORTED INTEGRATED CIRCUITS

ASSORTMENT CONTAINS BuffFers,GaTes,BINARY,
INVERTERS ,FLIP-FLOPS,AMPLIFIERS,ETC.
COMES WITH CHART TO DETERMINE TYPE OF
UNIT AND SCHEMATIC FOR A TESTER.

50 Assortep TO-5 case $5.95
50 AssorteD FLAT Pack $5.95
100 AssorTED TO-5 $9.95

100 AssoRTED FLAT PACk $9.95
100 ASSORTED mixep TO-5 & F.P.  $9.95
A GREAT BARGAIN FOR THE EXPERIMENTOR.

Frar Pack TisT SockeTs

AuGAT BO75-1Gt $1.00
MATCHING CONNECTOR .95
TRANSISTORS -~

PNP-HIGH SPEED SwITCH & AMP.
SIMILAR TG 2N3962 TO-50 case 10/$1.95

Duat AmpLIF1ER-NPN  TO-B9 caset

SIMILAR TO SP108B0O FaircwiLD 6/$2.95
ZENERS-400 MW
SPECIFY VOLTAGE DESIRED 8 .25

ELectronic ComponEnTS Co.
715 LaTHaM SquaRrt Buoe.
OakLanD,CaLIFORNIA 94612
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LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.

HIGHLY —effective home study review for FCC
commercial phone exams. Free literature!
COOK’'S SCHOOL OF ELECTRONICS, P.0O. Box
36185, Houston, Texas 77036.

FCC LICENSE training by correspondence. Low
cost, pay-as-you-go plan. Free particulars. The
Willard Foundation, Department EW, P.O. Box
1049, washington, N.C. 27889.

FCC First Class License in six weeks—nation's
highest success rate—approved for Veterans
Training. Write Elkins Institute, 2603C Inwood
Road, Dallas, Texas 75235.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start February, September. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana

DRAFTING (Electronic, Mechanical, Architec-
tural, Art). Home Courses $25.00. Send $2.00
first lesson. PRIOR, INC., 23-09 169 Street,
Whitestone, New York 57.

TUBES

RECEIVING & INDUSTRIAL TUBES, TRANSIS.
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON 469 Jericho
Turnpike, Mineola, N.Y. 11501,

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers, Purchasing
Agents, TV/HiFi Servicemen and Hams for 20
years. Write for Catalog or call 212-WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

TUBES—33¢ each. Year guarantee. Tuner Clean-
er $1.09. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

DON'T BUY TUBES—Radio, TV-Xmitting, special-
purpose types until you get our price list! Low-
est prices in U.S.A. 5,000 types—Guaranteed
Brand New. Send postcard for TV—Special Pur-
pose Price List. UNITED RADIO COMPANY, P.O.
BOX 1000, NEWARK, N.J. 07101.

'_______—_________________.___-—__.__._.__

: CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms,

frequency discounts, closing dates, etc.

FREE Catalog. Electronic parts. tubes. Whole-
sale. Thousands of items. Unbeatable prices
Arcturus Electronics ZD, 502-22 St., Union City,
N.J. 07087.

WANTED

QUICKSILVER, Platinum, Silver, Gold. Ores An.
alyzed. Free Circular. Mercury Terminal, Nor.
wood, Mass. 02062.

QUICK CASH . . . for Electronic Tubes, Semi-
conductors, Equipment (Receivers, Transmit-
ters, Scopes, Vacuum Variables, etc.) Send lists
now! Write: BARRY ELECTRONICS, 512 Broad-
way, New York, N.Y. 10012 (212-WA 5-7000).

ELECTRONIC EQUIPMENT AND COMPONENTS
—Wanted agencies in SPAIN. Please contact
DIRECTLY ONLY with IN-AG, P. O. Box 19035,
MADRID, SPAIN.

WANTED IRE-IEEE Publications. Pickup ser-
vice on quantities, EPI1, Box 67, Palo Alto, Calif.
94301.

WANT TO BUY—Good used Heathkit impedance
bridge, Model 1B-2A, Write: Peter Cook, 763 N.
Elmwood, Wickliffe, Ohio 44092,

PLANS AND KITS

INTEGRATED CIRCUIT KITS; COMPUTER LOG-
IC; parts; others. Catalogue free. Kaye Engineer-
ing, Box 3932, Long Beach, California 90803.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS —
$1.00 up. Catalog 25¢. PARKS, Box 255658,
Seattle, Wash. 98125.

PRINTING

FREE Booklet —
Cost”,
62701.

"“Secrets of Cutting Printing
Dept. 1, 305 S. 4th, Springfield, Illinois

-
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RECTIFIERS, TRANSISTORS 1
& COMPONENTS

6 tube Amplifier, New 4 Ibs 2/%$1.98
Y4 Watt Resistors, asstd. L CAog1.om
Y. Watt Resistors, asstd S B0/1.04)
2N4138 Sil. Chopper To-46 NPN SRR BT 1)
Precision Resistors. asstd. 50/1.00
Pots, 2-4 Watt, asstd 15/1.00
2N1724 Sil. Pow. 50 W. 8 S 1.50
2N1047B Sil. Pow. 80V. To-57 . . ... .. .60
Tantalum Capacitors, asstd

2N1722 Sil. Pow. 50W. 80V. To-53 . 1.45
2N2944 Sil. Chopper To-46 . i 1.00
3 1.

1

50W. Zeners 10 to 19 Volts

Thermistor head. 1200 ohm i 2/ o]
2N1021, Ger. Power, 7amp, 100V., To —3.... .60
2NA456A, 7A. 40V. Ger. Power To —3 . .. .. A5
2N1718, Sil. Power, 10W., GOV Heatsink ..3/1.I:II:|I
70 amp ‘Stud. 50PIV—$2.50; 100PV $3.50
siLicon CONTROLLED nzcrmzns
AMPS B00ERY | 4Q0PR 5001
(A 2.05 .75
65 3.25
Pots 1w. 100K or 2 W. 500K ........ 5/1.00
Surprlse Kit, 10 Ibs. components A0
Epoxy Hi- Voi diode, 200ma, 3000PIV ... ... g8
Computer Board, TO-3 Power. Heat Sink 1.00

I.C., TO-5, untested
1.C., Dual- lnhne untested

2N389 85W 60 V. TO53 : .19
2N3707-11 Asstd "Plastic Silicon Xisters . .20/1.{!4]
2N3704-3706, Asstd. Plastic Sil. Xisters . ..10/1. l]l:]
2N2151, Sil. Power Xister LR

2N1009 Ger. Min. Xister untested 30/1 1]{!
3N35 Tetrode, NPN, untested ..5/1
Ger. Diodes, Asstd 3 15/1|:||:|
2N458A, 7A. 80V. Ger. Power, TO —3 e A8
Sil. Diodes, Switching. Signal, Asst, .... L1541.00
2N118, Silicon, NPN it loy/1.00
2N1149, Silicon, NPN, untested” 0100
2N1300, Untest. PNP 3 NPN, 14" leads .. 25/1.040
2N1714, Silicon Power 10W, GO L 871D
Computer Boards. Parts Free. per transistor A5
Germanium Power, 2N457A, 7A; 60V . 50
Silicon Power 40 W, 2N1047, TO-57 . .. 2/1.04
Tophats 750 ma. 200P|V 8¢, 400 12¢°600 PIV 1B
INGAA oo i e i 100/2.941
Varlcaps 27 47, or 100 pf 1.25
2N . Germanium 20 W. 40 V 47104

With any $10.00 Order any $1.00 item Free. fin
$25.00 order any (3) $1.00 items Free. Catalog.

Minimum order $3.00 plus postage, C.0.D.'s 25%,

ELECTRONIC COMPONENTS

Post Office Box 2902 Baton Rouge, Louisiana 71062

UNUSUAL BARGAINS

... MANY U.S.GOV'T SURPLUS

GIANT WEAT‘HER BALLOOMNS
Clalis of fun’’ Tor kids, traffic stopbers
terrific fur almateur meteor-

each. Zip Code numbers not counted. (Pubiisher reserves right to omit Zip Code if space does not permit.) Count |

each abbreviation, initial,

AC, etc., count as one word. Hyphenated words count as two words.

single figure or group of figures or letters as-a word. Symbols such as 35mm, COD, PO.

EW-1067 |

benmcn!crs workshop, factory. Write for
| catalog **AK."" Please inctude vour Zip Code

| vame

I I Credare a neighborliood sensa-
I - I reat hackyard fun.  Exeiting
1 2 3 4 5 traction. Made ot heuvy duty
I I nevprene. Inflate with vacuum cleaner
or anto air hose; or locally available
- : - helinm for high rise.
I 6 7 8 9 10 I tGO S6BAK (B’ diam) ............... .. ... $2 Ppd
I | 260, 632AM (16 diam) . ............. ... .. $7 Ppd
NEW, LOW-COST GEM TUMBLER
I 11 12 13 14 15 I Become a rockhound! Fascinating :
I I‘ hobby . ., . loads of fun. inexpen- i 5 &
I I sive, easy. Make Jewelry of all kinds F
~ —decorative bookends, table tops,
I 16 17 18 19 20 ete. sSumply tumble-tinish  readily
I avallable gemstones . . . then polish
I I to high lustre . . . brings out beau-
4 25 | tiful colors, Rugged 3-1b. capacity
I 21 22 22 2 I tumbler w/continuous <uty otor
compares to units setling for many 2
I I times itts price. Full instructions. o o
26 27 28 29 30 Stock No. 7O,B74AK.. ... .............. '$10.75 Ppd.
| | 6-LB. Rocn ASSORTMENT (10 types)
| | | Stock No. 7O.B68AK. . . .................. $9.00 Ppd.
NEW SURPLUS NI-CD BATTERIES
| 31 32 33 B £E | Save more than 50%! Long life—
40 R d R t = o " qccfpt JIOO’SCh\?]lgte and dxflchellrgz
3 S g olts per cell-
I Words ( @ . eader a e ) —_ $ I ;“ﬁ mllll.nmper hol.:li‘s c'ipa;:ilty gxctl!ll.
—_— —_— o harge retention ermetically
I ( @ 70 CommerCIaI Rate ) I % o . Eenled Indefinite storage Itfe.
I . d || Multipie cells welded in series—easily cut. Combine to
form btry. 7g” dia. x 154" 1l pec. price for up.
I Insert time(s) Total Enclosed $ | form biry’ e ala. 1547 o
Order # Celts DC Voit. Price
I a0 GAK 1 1.2% s l 50
I 40,987AK 2 2.50
60,633AK 3 3.75 3 60
I NAMF I 60.634AK 4 5.00
70,812AK Trickie Charzer (l xo celis) 10 95
I I Order by Stock No y-Back Guarantee
I ADDRESS |' EDMUND SCIENTIFIC CO , Barrmg!on N. J. 08007
|
: “ MAIL COUPON for FREE (ATALD’G
T ™
| CITY STATE ZIP I |SENH FOR FREE CATALOG ‘‘AK g
Campletely  =rw 1968 editinn. New items,
I I categories, 1llustrations. easy-to-reail
pages packed with nearly 4000 unusual items.
I I Dozens of electrical and electromagnetic
S'GNATURE parts. accessories. Enormous sgelection of
| | Astranomical Telescones, Micyosropes, Binoc
. . agniners, agnets nse: iy
| WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New Yark) counts as one word | N d,‘s:,",ms ftems: for hobhylste, ox

ELECTRONICS WORLD

wWwWwW americanradiohistorv com
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' |
U.S. GOV'T ELECTRONIC SURPLUS TAPE AND RECORDERS

components at a fraction

® Nationally Known-World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electronic units and

of their original acquisition cost.

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

PERFORM 100°S OF
FASCINATING
ELECTRICAL
EXPERIMENTS

Gov't Aquisition
Cost Of Parts
Over $50.00

$14.85

F.0.B,

o (ITEM#A222) - - an,
husband. lundreds of
tronic theory and practice,

® Tipenment with rlectre
saance,  burglae alarmg

® Kit Contains: DC mo
and de relavs, set o
chemwals, sihican diodes,

magnets, telphone handse

® Aluo humished with ea

wonde ful honte Labaratars
your expenmental woth,

lab capaclturs. comiass, test hulbs

Bench and Fyperinienial Pracedures.

LABORATORY EXPERIMENTAL KIT

Valuabhe gitt far son or

modern elec-

wsing Valve!
pating evpenments, el
Fasy, Intersting way (o learn,

o-plating, electen-magnetic phenomena, re-

relay Cicuits, rechfication, test circuns,
eqresdrupping, putor eaperfnents, ransfonuer pheaomena, etc,

lor. AC motor, electro-nagneric ceils. ac
plating

germanium diade, borglac atarm actuator.

carbon micraphane e esdropping element, ac test sockets, permanent

t, cords, test clips, wire, and ather items.

Includes tine Experimental Manual with dranings, pro-
S atitien iy prolesainal engineets.

b kit ovr popular hook Home Yaboratory
.IW). Shous how e huild
rest bendh, and how to get the nwst out of

12 [hs,) Paris cost gov'L over $311.00.

AC PROGRAM TI
o (ITEMHIS8)-- sen

Adfustahle
Gnie during 24-hour pectod.
multiple  pragraming. Als

l..uun

N X L YA
( l(l 0.
Instructioms Furnished.

timer, U'se for periogic signalling, work breaks,
schionl ¢1asses tuen on radio 100 aewscasts, ete,
Clips penmt switching On or Q11 anv-

Cantacts can handle up 1o 15 -amps.

r.os $9.49

MING CLOCK

ith 115-VAC program

SII“I&‘INI! clips luv
b has ' skip-a-duy T

Ihs. tiov't Cnst Over

AUTO-PILOT GYROSCOPE

e (ITEMHIIS) -~ DC notur driven,
glmbal mounted gyroscupe, UIa-ryprnsisé
preciston vt used to Tsteer'” Jarg multi-
engine planes, Devlation fiom estabhished
plane sends potenfiometer controlied sig-
nals fo bring abuut change 1 other notors.
Unit can b used as auto-pliat for hodts.
Wonderful €lass roun anit o monstrate
and stade o actun. Misslles, planes,
boats all use gyros, Size 97\ R 10
Wi, 21 ths.  Cost Gov't Over R:Im oﬂ

* (ITEMH#1IS) - -

extension phone 1@ private
several phones together far
tem. Eull anstructions are |
Original Cost

STANDARD DIAL TELEPHONE

Standdard, cnmnu-mal
telrphone e @5 used theoughont 125 1\
tive polished lach. 1ike new condition, Use 5

SySems or connect

1ol fntercam sy se
urmished, Wi, 9 Ihs,

]
ron. $9.99

electro-magnetic 1elepione

Can abso be gsed e temote

® ouve of eur tOI R STA

diai. line bank, instructions...

STEP-BY-STEP AUTOMATIC SWITCH
o (ITEM 138 ) - - \mazing
pafr from | 1h 100, Make your own telephane system.

cufts ovrr a =ingle pale of wires.

plete with data, one digl and one hine bank, Size,
3 A T U5 WE 16 s, Cost Guv't Over $75.00, ey
Complete; Switeh, cover,

"up-and-around’’,
switch. Dial any bank
v control up to 100 cie-

R hargains. Comes com-

305 W @

STEP

.
Has
volt

UP/DOWN TRANSFORMER
CITEM #1583 ) - - Step vultage upor down,

nany uses, Will step 15-valea up to 230~
& or Step ZH0-volts down 0 113000, Wil
ults to 22- \nlls Rated §

J-wdll capacitv, Nz
\‘\( -I s, hu\ l Cont §1

$ 15.00 - Westinghouse

+ - = - BO-MW Walkie

$4000.00 - Carrier Teleph:

$ 40.00 - Yacuum/Pressure Pump, 12-VDC
-Talkies, Per Pair ...,
- Deluxe, Multi-

TYPICAL BUYS FROM OUR 1967 CATALOGS
$ 350.00 - Geared 2-hp Battery Golf Car Motor 1.......... $24.9S

DC Ammeter, 610 360..c0vuee

Range, AC/DC Tester .
one Amplifier System

SPECIAL SALE
Correspondence
Course In
ELECTRICAL

ENGINEERING 53

e (ITEM#AIBI) -
g At Amazing f.on Cosg?

Course but with
cinafsta o 14 Teeson
in @ acparate section,

®  (ourse I% \wll written,
Keader’~

Labaratory and Experiment

Ha Correspondence 1"ourses because
alfer 4 fnited number of the Schuol's cumplete Lectrical Engnrening
wut the oxammation paper grading senice. The course

8 79 s

L
o),
l1s For $10.58
Outside U.5.A.

- Worderful chance to ohtain (echincal trafn-

Laneola Cnginectlag School has suspended
of (e reased operating costs.  We

Boohs. Each baok has the regular evams, and
TStantand Answers®® (o each evdim duestian.

easy to understand. profuscly illustrated.

“ize, vasy 10 carey 2nd stydy in spare (ime. Many Lin-

coln Ungin i ng schiol siwdents holding cxcellent jobs as'a result of
LTS tCaiaing. Eourse contains latesC infomation on transistors, sil-
Yoo diodes, ofc. Additionat ok on how to huild and nperate a “Home

al Rench®* Jumisbed with each course.

SEND 25¢ CO

All items FOB Lincoln

SURPLUS CENTER

DEPT.

IN OR STAMPS FOR 3 MAIN CATALOGS
Money Back Guarantee

EW.(07 LINCOLN, NEBR. 68501
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BEFORE renting Stereo Tapes, try us. Postpaid
| both ways — no deposit — immediate delivery.
| Quality — Dependability — Service — Satisfaction—

prevail here.

If you've been dissatisfied in the

past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library.

Box 2262, Palm Village Station,

33012.

Hialeah, Fia.

STEREO TAPES. Save up to 60% (no member-|
ship fees, postpaid anywhere USA).
page catalog. We discount batteries, recorders,
Beware of slogans
dersold,” as the discount information you sup-|
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Wash-

tape accessories.

ington, D.C. 20009.

—E. W. Terrace Way,
95404.

RENT Stereo Tapes— Over 2,500 Different—all|
major labels—free brochure. Stereo-Parti, 1616
Santa Rosa,

California

advertised brands, $10.00

Mass. 02215.

TAPE RECORDER SALE. Brand new, nationally

above cost. Arkay

Sales, 1028-B Commonwealth Avenue, Boston,

trol ampilifier,
Rd., Linden, N. J. 07036.

HI-FI Components, Tape Recorders at guaran-
teed "We Will Not Be Undersold”
day money-back guarantee.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (LT) East 149th Street, New York 10451.
MAGNECORD 728-44 stereo tape recorder: Per-
fect condition, $495.00. With Fisher stereo con-
$545.00. Balch, 611 Livingston

prices. 15-
Two-year warranty.

1442 Blaze, Simi, Calif.

RENT STEREO TAPES—75¢ week. Catalog. Art's,

SCOTCH Recording Tapes. Tape Recorders. Cat-
alog 5¢. Tower, Lafayette Hill,

Pa. 19444,

CUSTOM RECORDING

Free 60-|

"‘not un-|

TN

FAIRCHILD &)

Transustors Hoosel
hFE T

GUARANTEES AS ADVERTISED for 6 months

FIELD EFFECT TRANSISTORS
2N3088 2911 2%
For

N-channel 0
amplifier infrared, | N-channel j g

Penna. 19454,

L.P. Hifi Records made from any speed tape.
Plan sixteen minutes per side. Three identical
copies $19.95. “RECORDS",

Box 206, N, Wales,

HIGH FIDELITY

+E1OW and

quirements.

FREE! Send for money saving stereo catalog
lowest quotations on your
vidual component, tape recorder or system re-
Electronic Values Inc,,
20th Street, N.Y., N.Y. 10011.

indi-

200 West

tape-recorders — speakers

LOW, LOW quotes: all

equipment, tapes.

Hyde Park, N.Y. 11040.

HI-FI Components, Tape Recorders at guaran-
teed "We Will Not Be Undersold” prices. 15-
day money-back guarantee. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (L) East 149th Street, New York 10451.

HIFI EQUIPMENT—Get Our “ROCK BOTTOM”
prices on NAME BRAND amplifiers—tuners—

FRANCHISED — 59

YEARS IN BUSINESS. Write for this month's
specials—NOW! Rabson's 57th St.,
569, 119 W. 57th St., New York, New York 10019.
components and
corders. Hi-Fi, Roslyn, Penn. 19001.

HI-FI components, tape recorders, sleep learn
Unusual
alog. Dressner, 1523 R Jericho Turnpike, New

Inc., Dept.

re-

Values. Free cat-

RECORDS

tdynamic suppression.

CHALLENGE YOUR SOUND SYSTEM with the
most demanding music ever
Theatre and classic pipe organ recorded without
Write:
ICORDING, Lynwood, California 90262.

put on record.

CONCERT RE-

DRAN o MOST.*  2N4353
p-channel
GATEL csate2 IGFET
(BODY) Tmpat 225
10 million meg-

‘e,
b Sa PV  Sale PIV  Sale PIV  Sale
9 so [] s« 800 [] 23¢ 1800 [ 99«
100 [ ] 7¢ 1000 [] 40¢ 2000 [7j1.50
1 200 [[] 9¢ 1200 [] 59¢ 3000 (7] 1.90
400 [J 11¢ 1400 [] 69« 4000 [] 2.50
600 [ 19¢ 1600 [ ] 89¢
N
1 AMP
"f(/ RECTIFIERS ) Actual Size ~a. ﬁ
1y —wamnr..... 49 D mcnommnuu
[J 1o warrs ... 1.00 600

Yotts Voits Voln VoNl

T

PHOTOCONDUCTIVE CELL

N - ADE m
ENSTTIVE

) RED
E HERMETICALLY SEALED It

1 AMP IR

6 for IOO

PIV

54 I8 13

6.4 20 47 “0
80 22 5t 120
9.1 24 56 130
1m0 67 150
12 16
13

15

16

PIV

A= 400 [Th7
MINIATURE - ggg %nc
Sale 27¢

SILICON 1000 [J 39¢

9¢

0
RECTIFIERS 200 0J 13¢0)

Glass!, [} Epoxies!

GOVERNMENT SURPLUS

$78.40. . .
tronics Equipment,
used.
ment.

49423.

JEEPS Typically From $53.90. .
Boats, Typewriters, Airplanes, Elec-
Photographic Equipment,
100,000 Bargains Direct From Govern-
Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan

. Trucks From

www americanradiohistorvy com

‘““ONE_PRICE”’
FACTORY SCRS!
TESTED -—S— SILICON f
check amp and PRV blocks. RECTIFIERS
A It
= Sale
- 116- r . PIV
] 7-amp{]16-amp[] 25-a 50 % 7¢
100 9
PRY  Sale PRV Sale 200 [ 1z:
so0 [J] 5S¢ 600 [ 3.35 400 % 16e
- 3 600 19¢
100 1: 75¢ 800 4.50 800 [ 294
200 [} 1.351000 5.59 1000 [ St
400 69«

send echeck. money
i el Iu postage—avg, wit,
k ) ln itated, net 30 days.
Cons 2ae
P.O. BOX 942W
SO. LYNNFIELD, MASS.
CPAK-KING' OF THE WORLD
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AUTOMOTIVE EQUIPMENT

NEW! NewI Portable Electromc auto and marine
engine analyzer $24.95. Free literature. Colette
Electric Co., 15024 Harper, Detroit, Michigan
48224.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD,” Vantage. 120 West 31 St., New York 10001.

POEMS WANTED for new song hits and record-
ings by America’s most popular studio. Tin
Pan Alley, 1650-ZD Broadway, New York 10019.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345,

FREE TRlAL" Sensational self- hypnosns record
kit improves memory, concentration, personal-
ity. Results guaranteed! Forum, 333-AA10,
Michigan, Chicago 60601.

HYPNOTIZE others—unnoticed. Quietly, quickly,
safely. Instruction $1.00. Litton, 32MA, Ran-
dallstown, Maryland 21133,

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24-ZD. Olympia, Washington 98501.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free (Courses Bought). Lee Mountain, Pisgah,
Alabama 35765.

LEARN WHILE ASLEEP. Miraculously build Mind
Power, achieve Self Confidence, improve Health,
gain Success. Method 929, effective. Details
free. ASR Foundation, Box 7021EG Henry Clay
Station, Lexington, Kentucky 40502.

PHOTOGRAPHY—FILM, [
EQUIPMENT, SERVICES ‘

MEDICAL FILM-—Adults only—‘“‘Childbirth’’ one
reel, 8mm $7.50; 16mm $14.95. International
W. Greenvale, Long Island, New York 11548.

SCIENCE Bargains—Request Free Giant Catalog
'CJ"'—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey 08007.

RUBBER STAMPS

RUBBER ADDRESS STAMP $1.50. SIGNATURE
$2.88. FREE CATALOG. JACKSON PRODUCTS,
1433 WINNEMAC, CHICAGO, ILL. 60640.

INVENTIONS WANTED

INVENTORS. We will develop, help sell your
idea or invention, patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Bro- |
kerage, 79 Wall Street, New York, N.Y. 10005.

PATENT SEARCHES, $6.00! FREE “Invention
Record''/Information. Miss Hayward. 1029HE
Vermont, District of Columbia 20005.

INVENTIONS — IDEAS developed Cash/Royalty
Sales. Member: United States Chamber Com-
merce. Raymond Lee, 230-GE Park Avenue, New
York City 10017.

INVENTIONS wanted! Highest cash or royalties.
Financial assistance. Free analysis. international

Invention Institute, Dept. 31, 160 Broadway,
New York, New York 10038.

INVENTORS! Get your “Little Piggy" to market.
Highest cash or royalties. New York Invention
Service, Dept. 13, 160 Broadway, New York,

GET IT from GOODHEA

EVERYTHING UNCONDITIONALLY GUARANTEED!

Grand new VI reves i original  cartons;  look
exactiy dike the twuiliar BC-433 Command  Rewrs
but are 9-tube superhet 108-135 me AM rewrs and
VEry  casy 1o povwer & coutrol  without  touching
aaxthing inside  the unit; you can even counect
dane S-Meter externally. We furnish schenatie and
cutnplete  instructions ou all  pin connections  and
also w spline uning knob. A.R.C. Type No. RI3B.
1 al adahh ol fred. vs Rknob turhs,
W5 IR stages. \lmF wt 4 Ihs
.BRAND NEW.. 822 50
R32 ix sane but w/adjinstable squeleh . .$27.50
DZ-1 Suberliet reve 15-70 & 1060- loou ke, .. 89.50
R-23/ARC- 5 Cotmnand reve 100-35 ) 14.95
A.R.C. 17.495
APR-4Y AM/FM Revi mod, with
pwr plug, book, tuners 38-1000 me 250.00
CV-253/ALR Tuner brand new 38-1000 me .. .250.00
APR-1Y with CV-2% 425.00
P.U.R. tor tuners o 200 and 2175- 4UUU e
AT hwr sply good tor ART-105 w/ Y |

it
RA-62-B is AC ln\u sply SCR 522 oy
TODQ xvur 45 W I'v A2, A3, [15-156 me. .

TDZ amre G0 OW Po A2 AB, 223-400 ne
-1 freq. eter, 017 125 fe-20 me .
TS 323/UR rreq. aueter 20-480 me. 0.
BC-221's 0K ... $67.30 W/modol ...~ .

ALL BAND $58 RCVR BARGAIN: llallicrafters R-45/
-7., 330 kc¢ to 43 mc continuous. Volce. Cw,
-RF

M(,\V ahznen} grl(l v IF's, &!
e ¢ t 3 x .
tivity choices. Le: pIy oo 149.50
60 ¢y pwr =ply: \J(J :Sn product detector: $20
TRANSISTORIZED LV REGUL. PWR SPLIES
Univ.TQ36-1: Dual 6-50 vde. 1A, metered ... 119.50
Dres-Barnes 62-143: 1 vde. 15A. metered .129.50

Dres-Barnes 62-121: 55-36 vde. 15A, metered . 149.50

ATT. PHYSICS, ENGRG DEPT PROFS:
ATT. STANDARDS-LAB MANAGERS:

We have many desirable exetic ihinks for you at hudget-
“bi . Y A s

ng ssium-tleam F
Standard puts PR R T {1 B
accuracy 5 harts/ 100 hillion. Hoeneywell Microvolt
) W (‘nlh T n[ Wuter Calorimerers at peannt
[ °t wle Dynamometer Transfer Stand-
> zx(' l.l. ('eyllan hlnul dikit-dinl
shlu's. C N ASK PO YOUR
ns AS SI‘ECH I(‘Al L\ AG IOSSIIH E! We ll ve no
all cutalog
TIME PAY PLAN: Any purchase tots \lln;,' 107
$160.00 or more., down payment only. (]
Above 1§ a_ small sampling ot oar territic inventory.
We ALSO BUY! We want Tekironix scones. Hewlett-
Packard equpt.. Aeronaur. radio-shop equnt., ete.
ANIDY Military Communleations of all kinds.

R. E. GOODHEART CO. INC.

Box 1220-A, Beverly Mills, Calif. 90213
Phones: Area 213, office 272-5707. messages 275.5342
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contains
4 Bristo
Wrenches

1 Hex Biade

ZAl_ignment ' l._.

peccal!§  Yoen
[
With” every $10 Order CORNER

Solder Iron 1.49

l l’ll (’UI\“ peritune Elect Tape .89
M onec. ‘Branded. and coa.“” one'& Tubes
DO 3re mew . or used g so maried, N Limit) from this list. Epoxy (pr. 79

0z4 6ASS 6CD6  6K6  6x4

183 6AT6 6CF6 6K? 6X8
1J3/1K3 6ATS 6CG7 607 747
1H5 6AU4 ¢cGs 654
O EER L4 6AUS  gCpm7
" 174 6AV6
DADD 104 gAV“ It not ',h-ppcd i 28 hre
" SUPPRESS PICTURE INTERFERENCE e ] YOUR ORDER
CAUSED BY: CBAG
was s Bl ¢ AUTO IGNITION ,53‘4” 68CS
i) - APrUANCES sus  6BD6 6SH7
< NEON SIGNS 0c Sopn PER B sv4 6BG6 65)7
» OIL BURNERS e yuaf 5v3 68J6 65K7
o AMATEUR RADIO TRANSMITTER 2Ag 6BL7 65L7
. A 65N7
9 A IOO TUBES OR MORE: ::z; :::2 65Q7
DF g JURNG 6SR7
e 30‘ PER TUBE GACS 6806 6‘5”

PHONOGEAPKS,
Elos ST oot icoaotas.
Thoem  awn i tren
+ 20¢ shipping. -nmlms HeCTAONIE Tuses
AN BACAMBEWNS !

:
§ 19 RACTELL |y mire

6US  12ax7
6ALs  SBZ6  6OME oyo  2has
6ANE  (C6 )5  6W4  12BD6
6AQS 6C86 6W6  12BES

6J6
- Qther tubes at low prices.
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of | R ¥} .
SRS SEND FOR

6AGS c 6SN7 Nl Diode Kit .39
6AQ5 6CB6 654 .
12856 B saus 6s6 owa l Noise Filter .89

12BL6 . Neon Tester .59

128Y7

COLOR TV,
12C5 s 405 .
12¢as [l pecaussexd=> | Solder 39
12507 3 == || Antenna
128Q7 .
25L6 ? ‘\ ~oif Coupler 1,89
2526 \ Battery
35wW4 Rl & Charger 495
3523
JOLS Prestige & SHECESS (4re VOUT:

24 s anELECTRONIC EXPER

FOR CORNELL CUSTOMIRS ONLY by

77 speviol arrangement with the pubhiber, there
18 omoxing barga:ny ore e«olobly
84/62 y 9
5687 d } " e
6350
6463
7044

0

.‘ . “ NEW PRACTICAL TV TRAINING COURSE
3190 .
Z Both above $6.0
courses *

ERTRRE FREE CATALOG
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All our transistors are checked
for voltage & gain to insure
our customers a good transis-
tor within the category we
advertise. We will stand on
our reputation for quality
products and service.

] 50 WATT ZENERS. 6-200 V.
State desired voltages ...

e ne AR
ARANTEED n :ILIIOON tBIngSI'lAt Sf?{ITCH. INTEGRATED

eplaces two s by firing in

11; either direction when breakdown C|RCU|TS
voltage is exceeded. Used in light
N dimmers, etc. ... .2/%1.00
Our semiconductors have full

factory length leads, are | 1 1000 PR at 3 full wave bridge

American made, unused, and $3.50
in good physical condition. SR Flip Flops . . ... $ .90
Our technical descriptions | [] NEON LIGHT OR NIXIE TUBE gché?CkeFdl Flip F'OPS ng
and pictures are accurate. DRIVERS. An NPN, T0-18, S1 | JTIHRFIORS Sk
Transistor. With a VCBO of 120 | pua Nand Nor Gates :51:00

4 SIM. to 2N2875 (PNP). Silicon
20 watts with 30 MHz cut off

[] High voltage NPN 150v. VBCBO

MORE

$1.75

3/$1.00 | OR Expanders

Dual and Gates . ...
Quad Nand Nor Gates .
TO-85 fiat pack with holder.
anteed to work.

They come with

Guar-

$.75 Lot hemati

G&G CATALOG!

24 Pages Military Electronic Gear
SEND 25¢ - Refunded with first order

AN/APR-4Y FM & AM RECEIVER
“FB” FOR SATELLITE TRACKING!

High precislon lab Instrument, for monitoring and
measuring frequency and relative slz-n'\l strength. 38
to 4000 Mc, in 5 tuning ranges 0V 80 ucu
AC. Built-in power supply. Orlp:ln'll clrcult $88

dln:ram included. Checked out, perfect,
LIKE NEW
BC-929 3-Inch Scope, with all tubes.
NEW $16.95

LIKE NEW ...
Conversion instructions,

with diagram,
for 110 V AC operation $ .65

elect. characteristic sheet & some
typical applications.

10 WATT ZENERS. 3.200v
State desired voltages. Fa. $.75

Order $3.00

componen

at 2.5A_, High HFE in TO-66
pack s 75 | Top Hat & Epoxy 1 AMP
| __PRV B _ =N |
Silicon Power Rectificrs | |-100 .07 | 1000 £33
| | 200 .09 | "1200 50
PRV [ 3a | 12A | 20A | a0A 250 12 |T1a00 T .65
jo0 re 1 se T o T T25| | |00 18-\ teoo_ | o
- 1 . 1 . RO0O Yy
T e Nl 800 | .22 1800 .90
TO-66 200 | .20 | .70 | .80 | 1.50, | '
600 | .30 | 1.00 | 1.20 | 1.80 5
5 AMP 800 | .40 | 1.25 | 1.50 | 2.30 :;_-:-,,r )
PRV - I 1000 | .55 | 1.5 | 1.80 | 2.7 /"
__ 100 i .90 ;
200 ____I 140 Terms: FOB Cambridge, Mass.
| 300 | B 1.75 N
| 400 | 2.25
| 500 ! 2.60 | Send check or Money Order. Include

Postage. Average Wt.
Y, ib. Altow for C.0.D. Minimum

POST OFFICE BOX 74B e
SOMERVILLE, MASS. 02143

featuring transistors, rectifiers and |

ts

SEND FOR OUR FALL CATALOG

per package

Silicon Control Rectifier #7A

Silicon Control Rectificrs

[pRV 38 | 7A | 20a

~s0 | .as | .45 | .70
100 | sa '—.ssffxfoﬁ

“200 | .70 95 | 1.30
300 .90 | 1.25 T 1.70
400 | 1.20 | 1.60 | 2.10

| soo0 1.50 2.00 | 2.50
600 | 1.0 2.40 |

T700 | 2.20 2.80 |

| 1000 | 4.00 | |
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Electronics World
SUBSCRIBER SERVICE

Please include an address label when writing about
your subscription to help us serve you promptly.
Write to: Portland Place, Boulder, Colo. 80302

CHANGE OF ADDRESS: FATX LABEL—,

Please let us know you s __'I
are moving at least 2] 2f g| 3 =5
four to six weeks in |¢ | el 2 s |
advance. Affix maga- & =
zine address label in | 2 |
space to the right and 3|
print new address be- | =2
low. If you have a S|
question ~about your l r3|
subscription, attach I =
address label to your o 2l
letter. | 2 =
T0 SUBSCRIBE: I o] EF
Check boxes below. : 2 =4 |
[J New [ Renewal | 5 I
0 5 years $21 o
[ 3 years $15 I 2|
O 1year $6 If § |
Q
SPECIFY: & c?a'l
O Payment enclosed— { a

You get 1 extra issue be e ot ™ N o o
per year as a BONUS!

5 Add'i postage: $1peryear outside
0O Bill me later. U.S., its possessions & Canada.]
name please print 0172
oddress
City
state zip-code
October, 1967

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to $2,-
000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Con-
necticut 06525.

BUSINESS OPPORTUNITIES

INVESTIGATE ACCIDENTS: Earn up to $1,000
and more a month in your own business. Work
spare time with average earnings of $5 to $8
per hour. No selling. Send for FREE booklet. No
obligation. No salesman will call. Write: Uni-
versal Schools, CZ-10, 6801 Hillcrest, Dallas,
Texas 75205.

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

I MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Michigan
48197.

FREE BOOK ""990 Successful, Little-Known Busi-
nesses.” Work home! Plymouth-145M, Brooklyn,
New York 11218.

PROFITS to 50%, fast! No inventory, no risk!

Details 25¢. Moneysaver, Box 666Z, Aptos, Calif.
95003.

STAMPS

FREE Wonderful New United States Catalog!
Postage and Airmails Complete. 786 |llustra-

tions. Special offers, Bargains Galore—Every-
thing! Send Today. H. E. Harris, Dept. FC-1,
Boston, Mass. 02117.

PRESIDENT KENNEDY Memorial Stamp First

Day Cover 50¢. Artcraft,
New Jersey 07040.

Box 66, Maplewood,

wwWwW americanradiohistorv com

BC-221 FREQ. METER. Accurate, refliable crystal cali-
brated, for 125 to 20,000 KC range. Complete with
tubes, calibration book. Checked out. $7g 50
Exc. Used, unmodulated . . «
Exc. Used, Modulated .
1000 Kc crystal tor above

LM FREQ. METER, Modulated,
With calibration book, like new

T-23/ARC-5 TRANSMITTER,
tubes and crystals, Used

R-4/ARR-2 RECEIVER, 234-258 Mc, Tunable, Com
plete with 11 tubes, NEW $11.95

125 to 20,000 Kc.
$79.50

Less
5.95

100 to 156 Mc.
$

Dynamotor (24VDC) for ARR2 ... . .. .. ..52.45
BC-645 TRANSCEIVER 435 to 500 Mc, convertible
for Ham or Citizens’ bands, Voice or Code. Brand
new, with 15 tubes .$16.95

Dynamotor Antenna, Plugs AII accessones avallable

SCR-274-N, ARC-5 COMMAND SET HQ!
SCR-274N

k! COMMAND
and
ARC-5 [
EQUIPMENT s
Fred. BRAND
Range Type Used NE'
RECEIVERS, Complete with Tubes
.BC-453 .. .$18.95
.BC-454 . .%$16.50..
. 80455 . 514 95 . .
..R-2 . <
complete wnh Tubes
E .$ 6. 95
" .S 6.95 ..
517 95
510 50 ..
MODULAYOR Complete with 3 Tubes
Voice . ......... BC-456 29 2.75.5nan9w $ 4.95
All Command Set Accessories In Stock
SCR-625 MINE DETECTOR ... ............ $32.50
EE-8 FIELD PHONES, Exc. Used. Each . $16.95
BC-1206-C Beacon Recvr, 200 400 Kc. NEW $12.95
BC-1206-C as above, used . .......... '$ 9l95
SCR-522 Transmitter. Receuver. Like New...$39.50
TG-34A CODE KEYER $24.50
Brand New in original carton .......... e
Exc. Used .cc.ommrrosame®sudiene:nans - $18.95
Practlse Tapes available. with Keyer . ....... P.U.R

CARBON HANDMIKE with push-to-talk switeh, 3-ft cord
and standard phone plug. Has Western Electric F-1 Un“
Brand New, each .. ... ...............«... $1.9

Please include 25 % Deposit with order—Bal-
ance D.., or Remittance in Full. 50¢ Han-
dling 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.

G & G RADIO SUPPLY COMPANY
Telephone: (212) CO 7-4605

75-77 Leonard St., New York, N.Y. 10013

MAIL SERVICES

HERMITAGE—most SECRET mail forwarding.
Unique plus FREE GIFTS. $3/month, 25¢/
singles. HERMITAGE HOUSE (EW), 2783 Market,
San Diego, California 92102,

MusIC

POEM Writers beat the rush, by sending for
A-1 instructions revealing how, when and where
to get cash and royalties, for your poems. Act
now limited amount availabte send $1.00 to

Artistic Writers Survey, 3531 Baronne St., New
Orleans, La. 70115.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of

yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412,
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GREGORY ELECTRONICS
Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for New '67 Catalog

Yoice Commander

132 to 172 MC, 1W 9.5” x
5.3" x 1.7" Lowest price
i ever, including brand New
1 Rechargeable Nickel Cad.
mium Battery Pack

5148

If crystal & tuning is de-
sired add $45.00

Battery charger for these
! units $16.00

Write for Quantity Prices

VOICE COMMANDER

. Monitor Receiver only— $
Tuned & Crystalled
with dry Batteries

GE RECEIVER

4ER6 30-40 MC, 40-50 MC, 6 or 12 Volts
3Coil ILF. ... ... ... ... ... ..$28
4 Coil I.LF. ... . ... ........... .$34

GENERAL ELECTRIC 4ES14A1—450-470 MC
6/12 volts, less accessories—12 to 15
Watts, ... . .. . . 538

MOTOROLA T41GGV 30-50mc 6/12 V,

30 watt vibrator power supply fully narrow
banded complete with accessories

less crystals and antenna ......

Add $45.00 for tuning to desired frequency
and new antenna

MOTOROLA 30-50mc 6/12 V,

T51GGV vibrator power supply. 5] 98
Fully narrow banded (TX & RX) ....

Above price include accessories less crystals and an-
tenna (less accessories, deduct $30.00)

To tune unit to desired frequency including
new antenna add $45.00

GE 2-Piece unit—6 volt or 12 volt 4ER6—

4ET5, 30w 30-40, mc.—40-50 mc. Wide
Band . ... ... e $48
Fully narrow band (TX4+RX) ......... $68

Complete Accessories
4ER6—-4ET6, 60w 30-40 mc—40-50 mc.
Wide Band ............... .. ... ... $68
Fully Narrow Band ................. $88
Complete Accessories
Add $45.00 for tuning and crystals to desired
frequency, including new antenna.

RCA-CMCT 30 148-172 mc. transistorized
power supply fully narrow banded 198
complete with accessories ........
Add $40.00 for crystals and tuning and new antenna.
G.E. PACERS—EG43SA6 150-170 mc Transis-
torized Power Supply 13-15 watts,
12 v Eront'Mount (?u'mpletje ac-
cessories, less crystals and an-
tenna) ... ... e “08'“

We Buy Late Model Equipment for Cash
—Write: Wire or Phone!

GREGORY
ELECTRONICS
siecrmomes. CORPORATION

249 RT. 46, Saddle Brook, N.)., 07662
Phone: (201) 489-8000

S GREGORY

CIRCLE NO. 105 ON READER SERVICE CAR

EMPLOYMENT Resumes. Get a better job &
earn more! Send only $2.00 for expert, com-
plete Resume Writing Instructions. J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432 Dept. EW.

SPARE TIME OPPORTUNITY—MONEY. WE PAY
at the rate of $10 hr. for NOTHING but your
opinions, written from home about our clients’
products and publications, sent you free. Noth-
ing to buy, sell, canvass, or learn. NO SKILL.
NO GIMMICKS. Just honesty. Details from RE-
SEARCH, ZD-3, Box 669, Mineola, N.Y. 11501.

STOP BURGLARS THE EASY WAY!l Affix au-
thentic ‘‘Protected by Electronic Sentry Alarm"”
Decals to auto windows, doors & windows of
home, retail stores; vending machines, etc.
Whether you have an alarm or not—thieves stay
away! Only $1.00 for each set of two. J. Ross.
80-34 Kent St., Jamaica, N.Y. 11432, Dept. EW.

TE! Winemaking Recipes and Winemaking gu;
plies catalog. 10¢. Country Winemaker, Box
243EGA, Lexington, Massachusetts 02173,
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200 Alco Electronic Products Inc. ............ 79
125  Allied Radio ......coccoeiiiiiiiiis 91, 92

123

79

122

121

120

80

19

18

199

16

15

114

12

13

i

107
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104

American Institute of Englineering

& Technology ......ccocvevviieeniienn, 99
Amperex Electronic Corporation ...... 77
Belden Corporation ... 2
Burke & James, Inc. ..o 102
Burstein-Applebee ......................... 68

Capitol Radio Engineering
Institute, The ........... 70, 71, 72, 73

Cleveland Institute of Electronics ... 13

Cleveland Institute of

Electronics .... .80, 81, 82, 83
Cornell Electronics Co. . ...106
Crown International ... 4
Deita Products, Inc. .........ccooeevinns 12
Dialight Corporation ..................... 88
EICO Electronic Instrument Co.,

10€. i THIRD COVER
Edmund Scientific Co. ......c.ccvveinnn 104
Electro-Voice, Inc. ......coeiiniiinn, 85
Electronic Chemical Corp. ................ 76
Electronic Components ... 104
Electronic Components Co. .............. 103
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Book Club ... 67
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Fair Radio Sales .........ccccoeeveeiinnnne 103
Finney Company, The ............. 94, 95

G & G Radio Supply Company ........ 107
Goodheart Co. Inc., R.E. ............... 106
Greenlee Tool Co. ......ocviiiiiniiinnns o8
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Heath Company ........ SECOND COVER,

.................................................... 1, 89
IBM 69
Irish Magnetic Recording Tape ........ 100
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102 Jerrold ... 22
101  Lofayette Radio Electronics ........ 61, 62
100 Lampkin Laboratories, Inc. .............. 79
99 Mallory & Co. Inc., P.R. .................. 99
198 Metex Corporation ... 68
98 Motorola Training Institute ... 20
97 Music Associated
National Radio Institute ....8, 9, 10, 11
197 Non-Linear Systems, Inc. ................. 7
Norelco ... 100
96 Olson Electronics, Inc. ..oooooveveevni . 99
95 Poly Paks .....cccccevvriiiiciiic e 105
RCA Electronic Components and
Devices ........ccoceennin FOURTH COVER
RCA Institutes, Inc. ........ 18, 19, 20, 21
RCA Sales Corp. ...oooovvivieeiiiienn 17
94 Radar Devices Manufacturing Corp. 5
Round Hill Associates, Inc. ............. 86
93 Sams & Co,, Inc.,, Howard W, ... 65
92 Schober Organ Corp., The ...
91 Scott, Inc., H.H. oo, 85
90 Sentry Manufacturing Company ...... 100
89 Shure Brothers, Inc. ... 64
88 Solid State Sales ...........ccccoeeeiennne. 107
87 Sonotone Corporation ................. 98
Spectrum Products Corp. ....
86 Sony/Superscope, Inc. ... 84
85 Surplus Center ... 105
196 Sylvania Electronic Tube Division .. 15
83 Telex Acoustics ... 78
84 Telex-Magnecord-Viking
Stereo Stakes ... 16
195 Texas Crystals ..., 88
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Valparaiso Technical Institute ... 78
Bl  Zenith ... 101
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cortina

The most exciting innovation in solid state stereo history.

Engineering excellence, 1009, capability,
striking esthetics — all at budget prices. We
cafl it the industry’s only TOTAL PERFORM-
ANCE STEREO at lowest cost.

® A full capability 70-watt Al Silicon
Solid State Stereo Amplifier for $89.95 kit,
$129.95 wired, including cabinet. Cortina
3070.

®m An Automatic FM Stereo Tuner for
$89.95 kit, $129.95 wired, including cabi-
net. Cortina 3200.

m A 70-watt Solid State FM Stereo
Receiver for $159.95 kit, $239.95 wired,
including cabinet. Cortina 3570.

The most electronics value for your money
has been the EICO design philosophy for
22 years. its successful expression in stereo
is the new Cortina Series. in performance,
specifications, circuitry, controls, decor —
in everything you expect of professional
quality stereo, you'll see that

nothing has been sacrificed — except high
price. Let yourself in for one of the pleas-
antest surprises in stereo history: hear
Cortina, see it, examine it at your local EICO
deaier. Compare and judge critically for
value. We believe you'll conclude with Pop-
ular Science “The EICO Cortina Series are
low-cost audio compeonents that look, and
sound, like high-cost components.”

SIMPLIFIED KIT ASSEMBLY — New EICO
exciusive circuitry techniques make kit
building easier, faster and more enjoyable.
RF, IF and Multiplex circuitry of the tuner
and receiver are all supplied compietely
pre-assembled and pre-aligned. Each chan-
nel of the amplifier and receiver uses 3
etched printed-circuit module boards.

NEW ULTRA-COMPACT BOOKSHELF

SiZE COMPONENTS

“Tha corr pact dimensions and
attractive styling appealed

to us. The Cortina 3070 represents a whole-
some trend away from “overblown” ampti-
fiers which are much larger than need be.
In fact, it is one ot the very few we have
seen which are actually suitable for book-
shelf mounting.” Hirsch-Houch Labs.

CORTINA TECHNICAL HIGHLIGHTS:
AMPLIFIER — Total Music Power: 70W into 4
ohms; 50W into 8 ohms. Harmonic Distortion:
less than 0.8%. IM Cistortion: less than 2% at
full power, Hum & Noise: 72db below rated
output. Frequency Response: *1.5db 5Hz to
100kHz: =0.5db 8Hz to 60kHz. Channel Sepa-
ration: 40db. Size (HWD) 3%” x 12”7 x 7%".
TUNER — Usable Sensitivity 1HF: 2.4 micro-
volts for 30db auieting. Channel Separation:
40db at 1kHz. Signal-to-Noise Ratio: 60 db.
Capture Ratio: 4.5db. Image Rejection: 45db.
Selectivity: 45 db. Audio Frequency Response:
+1db 20Hz to 15kHz. Size (HWD) 3%” x 12”
x 7%,

RECEIVER — Same as E‘ V) ®
above Cortina Tuner and m
Amplifier. Size (HWD) (& w/

4% x 16" x 9”. N

3570 FM Sterec Receiver

Electronic Instrument Co., Inc

13—01 39th Avenue, Flushing, N. Y. 11352

I O Tell me where | can have a free Cortina demonstration.

[J Send me free 36-page catalog on EICO's 200 ‘‘best-buy”
products.

. Name —re

~ Address

City.
State. - Zip.

CIRCLE NO. 117 ON READER SERVICL CARD
www americanradiohistorv com
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Bt Top Choas!

RCA’S NEW FIELD SERVICE GUIDE, ERT-200 helps you Three part index lets you look up the set you are working on

make all adjustments on all RCA color sets from 1955
to 1966 that can be performed in the home... including
step-by-step procedure for replacing a color picture tube.

by model number, name or chassis number. You'll find the
ERT-200 Field Service Guide indispensable. There’s noth-
ing like it on house calls for RCA color sets.

WHAT THIS GUIDE CONTAINS: FIELD-SERVICE GUIDE
o Schematics on all RCA color sets from 1955 to 1966 ACA COLOR-TV RECEIVERS
o Field service adjustments (AGC, linearity, centering, etc.) 19551966 g

e Convergence, purity and black and white setup
adjustments

® Parts lists

e Wave forms keyed to test points for majority of chassis :

® Top and rear chassisviews ~— NEll ' S vt =Gl N -

® Photos of typical receivers ‘
i @ Index of models from CTC2 through CTC20
| @ Separate section on tuner schematics

® Separate section on remote tuner schematics

See your RCA Tube Distributor today and arrange to get your copy.

RCA Electronic Components and Devices, Harrison, N.J. 07029

The Most Trusted Name in Electronics

®

wwwW americanradiohistorv com
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