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Nowhere is the soundness of the

* component approach to home

music better demonstrated than with the
new Electro-Voice Starter Set.

The unique value of this system lies
—in large part—in the modestly-priced
E-V ELEVEN speaker systems. These
compact basic starter units offer a most
pleasant appearance and surprisingly
robust performance. .. conclusive proof
that the advantages of component re-
production need not be expensive. -

But the principal unit of the Starter
Set is the E-V 1177* FM’ Stereo receiver
...and rightly so. For the future of
your stereo system rests on the ability

of this receiver to meet tomorrow’s
needs. Right from the start you enjoy
FM stereo with remarkable clarity. Yet
you can expand your musical horizons
as you wish, adding any component
stereo record player or tape recorder
at any time.

But the Starter Set goes further, pro-
viding all the power and quality needed
to accommodate the very largest—and
smallest—component speakers available.
If you eventually desire even finer
speaker systems, they’re easily added.
Your E-V ELEVEN’s may then be
moved to a second listening location
where requirements are perhaps less

critical. Nothing has been lost—nothing
made obsolete. -

In essence, the E-V Starter Set offers
you more than the initial pleasure of
fine high fidelity. It is designed to grow
and change with your personal needs—
and without compromising your stand-
ards of musical reproduction.

You’'ll be surprised at the modest
initial cost of the E-V Starter Set— and
at how much it offers. Take the first step
toward a lifetime of musical pleasure.
Write today for full details, or listen to
the Starter Set at fine high fidelity
showrooms everywhere.

*A4lso available with E-V 1178 AM/FM Stereo Recelver

high fidelily speakers and systems » luners, amplifiers, receivers « public address loudspeakers * microphones » phonograph needles and cartridges « organs « space and defense electronics

ELECTRO-VOICE, INC., Dept. 974N, 629 Cecil Street, Buchanan, Michigan 49107
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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 were 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? 3
Do you want to start a business of your own...
or expand your present business with a product that in
8 years has become 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/Distributor
information... free.

I Mail to: RADAR DEVICES MANUFACTURING CORP.
1 22003 Harper Ave., St. Clair Shores, Michigan 48080

) Please tell me how | can have a business
of my own distributing Radar Sentry Alarm
Systems. | understand there is no obligation,

Nan

Address.

EW-9
State & Code
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;14 Tips for Technicians /|[||Y, -

Using silicon rectifiers
in horizontal AFC circuits

e

FIG. 1. 6ALS AFC CIRCUITS —] Many of the older TV sets you’ll run into have a 6AL5

dual rectifier tube in the horizontal automatic frequency
control circuit. Its function is to insure a stable horizon-
tal frequency, by comparing the input signal from the
syne separator with a feedback signal from the horizontal
output. Three different circuits were used for this job, as
shown in Figure 1.

Series Connected ! In some later sets, selenium rectifiers took over the 6ALS
{ job for AFC. These were connected as shown in Figure 2.

Pl p7 P2 P5
) { When you run into one of these AFC circuits that needs
L 1 fixing, you ecan do your customer a favor by switching to
P Py P\_ P, Mallory silicon rectifiers. You'll give him a repair job
] . that will shape up this part of the set for all time, at no
_Common Cathode ~ Common Anode , extra cost. You won’t have to chase around finding a
selenium stack with exactly the rating you need. And
FIG. 2. SELENIUM RECTIFIER AFC CIRCUITS you’re sure you won’t ever have a call-back on the job.

You can go either of two ways with Mallory silicon re-
placements. Simplest is to use a Mallory packaged recti-
fier circuit—a pair of factory-connected rectifiers in a
T l | T [ 1 l | single compact plastic case. Cost is slightly less than two
Selenium Stack separate rectifiers, and installed reliability is better be-

cause you have fewer solder connections to make. The

FIG. 3. MALLORY SILICON RECTIFIER REPLACEMENTS VB doubler is ideal for the series-connected AFC circuit;
just get a Mallory VB100 and hook it to the tube socket.

Packaged Circuits For the common cathode AFC circuit, use a Mallory

CTP100 (full wave, center tap positive). And for the

— —_— common anode circuit, use a Mallory CTN100 (full wave
>—o—d center tap negative).

Or if you prefer to work with separate rectifiers, get your-

self a pair of Mallory Type A’s. The A100 will work fine.

Ps P,orP, P, P, PiorP, P, P, PyorP, Pg gl‘iither E)v)vay, just make your connections as shown in
gure 3.

For this service, 100 volt ratings are ample to give you
full protection against transient ‘‘spikes’” and assure long
life. For other applications in TV sets, stereo, radios and
Ps P, or P, P, industrial equipment, take a look at the complete line of

Mallory power rectifiers, zener diodes and other semi-
l—-_.—T—“.—I conductors stocked by your Mallory Distributor. He's a
good guy to know for everything you need for service,

Py or Py L prototype building or experimental work. Mallory Dis-

tributor Products Company, a division of P. R. Mallory
& Co. Inc., Indianapolis, Indiana 46206.

P, P,or P, Ps

Oﬂ—rﬁ‘ww

Type A Rectifiers

DON'T FORGET TO ASK 'EM— dWeat elde weeds fecxing . 7"
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THIS MONTH’S COVER
shows an attempted launch
of an Atlas-Centaur rocket
in 1965. While these now
rare explosions may seem
wasteful, much needed in-
formation can be obtained
from failures if proper in-
strumentation is on-site at
the time. The Pad Abort
Measuring System de-
scribed in our lead article
““Measuring Missile Explo-
sions'’ received its first
checkout at Cape Kennedy
during this explosion. Infor-
mation gathered by the sys-
tem will enable aerospace
engineers to reduce hazards
to personnel and damage
to structures from any fu-
ture explosions..................
Photo courtesy of NASA
—Kennedy Space Center.
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-~ color coded
nuldriver Seis

in new “keep and carry” cases

Sturdy plastic cases keep nutdrivers in order on
the workbench. Tight fitting, snap-lock covers
protect tools when not in use, permit carrying
them on service calls without danger of spilling
or becoming Jost in tool box.

No. HS-6-18
HOLLOW SHAFT

NUTDRIVER SET L 2
10 Hex Openings: ¥s”, %", 4", %", 3", 1",
347, K", 157, %", Yellow, slipover cover case,

DRILLED SHAFT
NUTDRIVER SET

7 Hex Openings: ¥”, %", W4”, %", %", Y,
34”. Hole depth 1}4”. Black, pebhle grain, hinged
cover case.

prolessional quality

Precision fit, case-hardened sockets, polished
and plated steel shafts; shockproof, hreakproof,
color coded plastic (UL) handles.

WRITE FOR BULLETIN N567

XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127
In Canada contact Charles W. Pointon, Ltd.
CIRCLE NO. 84 ON READER SERVICE CARD
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COMING

NEXT MONTH

SPECIAL ISSUE:
SWITCHES

A 24-page section devoted to all types of switches will include: Open-Frame Rotary Switches by
William Sefton of Centralab; Snap-Action Switches & Their Ganged Arrays by Harry H. Meyer
of Micro Switch; Slide Switches & Their Ganged Arrays by Bernard Golbeck of Oak; Miniature
Switches by Al F. Contarino of Alcoswitch; Toggle Switches by Ronald G. Rezel of Cutler-Hammer;
Lighted Switching Devices by Walker Smith of Micro Switch; and Stacked Switches & Their
Ganged Arrays by James Bailey of Switchcraft. With the information provided, circuit designers
and component engineers will have at their fingertips complete and up-to-the-minute data on
all currently available types.

=

ectronies World:

INFRARED RADIOMETRY

Since everything above Kelvin zero emits
heat that can be converted into infrared
photographs, by radiometers, industry is
taking advantage of this technigue to
make mechanical inspections while the
Armed Forces use it to locate camou-
flaged men and vehicles.

these important questions, the OSO se-
ries of advanced space cxplorers are
orbiting space and sending back much
valuable data.

AUDIO INTEGRATED CIRCUITS—

WHAT’S AVAILABLE?

A wide range of low-cost IC’s is now
available for use in low-power audio cir-
cuits. Donald E. Lancaster provides a
rundown on what is on the market now
and what you can expect to find in the
next few months.

THE SUN AND SPACE

SOLAR MEASUREMENTS

What types of radiation and what levels
reach the earth from our sun? To answer

All these and many more interesting and informative articles will be yours in
the October issue of ELECTRONICS WORLD . . . on sale September 19th.
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A INDy; Your Sylvania distributor can
. STRIAL P give you a technical library.
For fast answers to difficult
electronic problems.

Nobody beats Sylvania when it comes to up-to-
date technical information—for your applications.
And your Sylvania distributor has it all for you.
You can get data sheets and catalogs on industrial
receiving tubes, transmitting tubes, industrial con-
trol tubes, counter tubes, cathode ray tubes, flash
tubes, gauge tubes, photosengitive devices, micro-
wave devices and all semiconductors.

Your Sylvania man also has inventory program-
ming forms—and many types of application infor-
mation. Plus other kinds of free technical materials.
And he’s a tube expert. He can analyze your tube
and semiconductor replacement needs. He can pre-
vent emergencies, take an inventory and save you
time and money.

Call him for these services—and for the best tech-
nical literature in the tube industry. And depend on
him for fast delivery —in any quantity.

Sylvania Electronic Tube Division, Electronic
Components Group, Seneca Falls, New York 13148,

SYILVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS G'EIE
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Jeasen

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, lllinois. 60638.

Jensen

CIRCLE NO. 109 ON READER SERVICE CARD
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the record

A. STOCKLIN, EDITOR

N.Y. Hi-Fi Show*

S chairman of a committee of one, we
have again been asked by the Insti-
tute of High Fidelity to plan the various
seminars to be run concurrently with the

! New York Hi-Fi Show at the Statler Hil-

ton (Sept. 21-24).
This will be the fourth consecutive year

in which these seminars have been held

‘ and,

| Magnecord Dicv.,

if past experience is any criterion,
this forthcoming program should attract
considerable interest. In fact, the Hi-Fi
Show Committee, under the direction of
its president, Walter Stanton, has been
so encouraged by past attendance that al-
most double the number of seminars will
be held this year.

In addition to the technical and semi-
technical sessions, we will add three sep-
arate programs on the subject of applica-
tions of hi-fi equipment as part of “Room
Decor”. These sessions will bhe conducted
by members of the Association of Interior
Decorators and the National Association
of Interior Design.

There will also be four additional sym-
posia on “Musicology”. These sessions will
explore the theory and background of the
most popular musical art forms, includ-
ing “Jazz”, “Popular Music”, “Classical
Music”, and a special session on “The Suc-
cessful Recording”,

This year’s sessions should prove to be
most exciting. While many of our “regu-
lars” will be back, for the most part, there
will be new faces—mew people with new
ideas—engineers and exccutives—and when
we get to the symposia on musicology
many of the “experts” will be well-known
radio-TV stars. For complete programn de-
tails, see page 94 of this issue.

Technical Symposia

“Tape and Tape Recorders”

Many of you will remember Joe Kempler
of Audio Devices who has been with us
for the past two years. He has given us
such thought-provoking presentations in
the past that we have asked him to re-
turn. In addition to discussing raw tape—
what to buy, how to store it, and what to
expect—Joe will expand his talk to include
raw tape as used in our many new tape
cartridge systems. This is a new field and
should prove an interesting subject for ex-
ploration.

Paul Bunker, product manager of the

Telex Corp. is a new
guest panelist and he will discuss tape
recorders—not only what you should ex-
pect for what you spend—but review many
of the technical characteristics, their mean-
ing, and importance. Paul comes to us
highly recommended and we look forward
to an interesting session.

“Cartridges, Turntables, and Changers”
We couldn’t help but ask Jim Kogen,

chief engineer, R&D, Shure Brothers, to
return. Not only was his presentation en-
lightning, but Jim is the only one we know
of who has a demonstration kit to illus-
trate the 45745 degree operation of a disc
recording. We are sure he will bring us
up-to-date on the new developments in
stereo cartridges, with particular emphasis
on the elliptical stylus and the 15° tracking
angle.

As a co-panclist, we have selected a
newcomer to our group of guest speakers—
a man well-known in our industry for
many years. Bud Childs, president of Elpa
Marketing Industries (Thorens), is techni-
cally qualified to answer all questions about
automatic turntables and changers.

“Amplifiers and Tuners”

This is a new prograin this year and our
guest speakers, since their specialty is solid-
state design, are relatively new to our in-
dustry. We will have with us George Meyer
who is product manager of Fisher Radio,
and Larry Fish, chief engineer of H.H.
Scotit. Both of these men w1ll bring us up-
to-date on solid-state applications to hi-fi
equipment. They will go heyond the pres-
ent and describe future trends in applying
integrated circuits and pulse-counting de-
tectors.

“Stereo and The Listener”

Abe Cohen, formerly with University
Sound and now manager of acoustics at
Instrument Systems Corp., and Vic Bro-
ciner, assistant to the president of H. H.
Scott, have been called back to repeat
their performances of last year. Their pre-
sentations, and particularly their live dem-
onstrations of the stereo effect, proved of
such interest that we felt many of those
who attendcd last year’s program would
repeat this year.

These are the four technical sessions and,
of course, everyone is invited to attend.
If anyone has any hi-fi questions, this is an
ideal opportunity to come and ask the
“pros”.

It would be a grave ervor if we didn’t
mention the great presentations given the
past three years by Len Feldman in a semi-
technical talk covering all aspects of hi-fi.
Leonard attracted capacity crowds at every
session and we have asked him to be with
us again this year. He will give four repeat
performances during the Show.

My personal thanks, of course, to all of
our old friends who are again devoting
their time and effort to help make this
year’s program a success, and a hearty wel-
come to all of the newcomers who will
assist us in broadening the scope of our
coverage. A

Plans are under way, but not finalized, for holding

similar symposia at the Inshtute of High Fidelity's
West Coast Show, Nov. 2-5. Ambassador Hotel, L.A.

ELECTRONICS WORLD



If you know everything
there is to know about the new
high fidelity components, about

decorating with music and
about musicology, stay out of
New York September 21,22,23, 24
and don’t go anywhere near
Los Angeles November 2, 3, 4, 5.

me 1967 IHF Shows will be in those cities on those days. And never before have
so many experts been gathered to give so many talks about so many subjects
related to music in the home.

Unless you know. it all, there's sure to be something new you can find out at the
biggest IHF High Fidelity Music Shows of all.

1967 New York 1967 Los Angeles
High Fidelity Music Show High Fidelity Music Show
Sept. 21 —3:30 PM-10:00 PM Nov. 2—4:00 PM-10:30 PM
Sept. 22 —3:30 PM-10:00 PM Nov. 3—4:00 PM-10:30 PM
Sept. 23—Noon-10:00 PM Nov. 4—Noon-10:30 PM
Sept. 24 -Noon-6:00 PM Nov. 5—Noon-6:00 PM

Schedule of N.Y.Show Seminar Evenls—l(éep it Handy!

Los Angeles Seminar Schedule to be announced.

Thurs., Sept. 21, 6:30-7:30 PM—Novice Symposium—"Introduction to'Hi-Fi Com-
ponents”, . . . 7:30-8:30 PM—"Tape and Tape Recorders”.. .. 8:30-9.30 PM—
“The Classical Recording Scene.'*

Fri., Sept. 22, 6:30-7:30 PM—Novice Symposium (same as Thurs.). ... 7:30-
8:30 PM —“Cartridges, Turntables, and Changers’. .. 8:30-9:30 PM—Decor
Group—Albert Herbert,

Sat., Sept. 23, 2:00-3:00 PM—"The Pop Scene''*, ... 3:00-4.00 PM—"Ampli-
fiers and Tuners”. . .. 4:00-5:00 PM—Decor Group—Bill Leonard. . , ., 6:30-7:30
PM—Novice Symposium (same as Thurs.). . .. 7:30-8:30 PM—"Stereo and the
Listener”. . . 8:30-9:30 PM—"The Successful Recordings."*

Sun,, Sept. 24, 2:00-3:00 PM—Decor Group—Viadimir Kagan. . .. 3:00-4:00 PM
—Novice Symposium (Same as Thurs.). . .. 4:00-5:00 PM—"The Jazz Recording
Scene."*

*Sponsored by the National Academy of Recording Arts & Sciences (NARAS).
Show Admission: $2.00. See your high fidelity dealer for special discount tickets.

In New York—Statler Hilton Hotel, In Los Angeles—Ambassador Hotel,

Iil{-'!l! I!I!ilrif.li.!‘l":
&




Learning
electronics
at home

is faster,
easier, more

GET A FASTER START IN THE
COURSE YOU CHOOSE WITH NRI'S
REMARKABLE ACHIEVEMENT KIT

When you enrol! with NRI we deliver to your door
everything you need to make a significant start
in the Electronics field of your choice. This re-
markable, new starter kit is worth many times
the small down payment required to start your
training. And it is only the start. . . only the first
example of NRI’s unique ability to apply 50 years
of home-study experience to the challenges of
this Electronics Age. Start your training this
exciting, rewarding way. No other school has any-
thing like it. What do you get? The NRI Achieve-
ment Kit includes: your first set of easy-to-un-
derstand ‘‘bite-size” texts; a rich, vinyl desk
folder to hold your training material in orderly
fashion; the valuable NRI Radio-TV Efectronics
Dictionary; important reference texts; classroom
tools like pencils, a ball-point pen, an engineer’s
ruler; special printed sheets for your lesson an-
swers—even a supply of pre-addressed envelopes
and your first postage stamp.

interesting with new achievement kit

‘Only NRI offers you this pioneering method of
“3 Dimensional’’ home-study training in Elec-
tronics, TV-Radio...a remarkable teaching idea
unlike anything you have ever encountered.
Founded more than half a century ago—in the
days of wireless—NRI pioneered the “learn-by-
doing’ method of home-study. Today, NRI is the
oldest, largest home-study Electronics school.
The NRI staff of more than 150 dedicated people
has made course material entertaining and easy
to grasp. NRI has simplified, organized and
dramatized subject matter so that any ambitious
man —regardless of his education—can effec-
tively learn the Electronics course of his choice.

DISCOVER THE EXCITEMENT
OF NRI TRAINING

Whatever your reason for wanting knowledge of
Electronics, you'll find the NRI “3 Dimensional”
method makes learning exciting, fast. You build,
test, experiment, explore. Investigate NRI train-
ing plans, find out about the NRI Achievement
Kit. Fill in and mail the postage-free card. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D. C. 20016

ELECTRONICS WORLD



ELECTRONICS COMES ALIVE
AS YOU LEARN BY DOING WITH
CUSTOM TRAINING EQUIPMENT

Nothing is as effective as learning by doing.
That's why NRI puts so much emphasis on
equipment, and why NRI invites comparison with
equipment offered by any other school, at any
price. NRI pioneered and perfected the use of
special training kits to aid learning at home. You
get your hands on actual parts like resistors,
capacitors, tubes, condensers, wire, transistors
and diodes. You build, experiment, explore, dis-
cover. You start right out building your own pro-
fessional vacuum tube voltmeter with which you
learn to measure voltage and current. You learn
how to mount and solder parts, how to read sche-
matic diagrams. Then, you progress to other ex-
perimental equipment until you ultimately build
a TV set, an actual transmitter or a functioning
computer unit (depending on the course you se-
lect). It's the practical, easy way to learn at
home — the priceless *‘third dimension’ in NRI's
exclusive Electronic TV-Radio training method.

SIMPLIFIED, WELL-ILLUSTRATED
"BITE-SIZE"” LESSON TEXTS
PROGRAM YOUR TRAINING

Lesson texts are a necessary part of training, but
only a part. NRI's “'bite-size’’ texts are as simpli-
fied, direct and well-illustrated as half a century
of teaching experience can make them. The
amount of material in each text, the length and
design, is precisely right for home-study. NRI
texts are programmed with NRI training kits to
make things you read come alive. As you learn,
you'll experience all the excitement of original
discovery. Texts and equipment vary with the
course. Choose from major training programs in
TV-Radio Servicing, Industrial Electronics and
Complete Communications.
Or select one of seven spe-
cial courses to meet spe-
cific needs. Check the
courses of most interest to
you on the postage-free
card and mail it today for
your free catalog.

Available Under
"NEW
Gl BILL

If you served since
| January 31, 1955, or
are in service, check Gl
linein postage-free card.

custom training kits “hbite-size”texts

September, 1967
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How to Read Schematic Diagrams (2nd Ed.)

by Donald E. Herrington. En-
larged, updated and more valu-
able than ever. Explains all types
of schematics; shows symbols
for all circuit components, and
explains their functions. De-
scribes how components are con-
nected into circuits and gives
l symbols for these connections.
|

=1
gtnl"

With this background of under-
standing, a signal is traced
through a typical superhet re-
ceiver. Explains in detail varia-
tions likely to be encountered in both symbols and
designations. Includes review questions at end of
each chapter. An invaluable reference for everyone
in electronics. 160 pages; 515 x 814" $995
Order 20568, 0only................ ... .. ... . 2

Walkie-Talkie Handhook |

by Leo G. Sands. Describes basic
types of walkie-talkies (licensed
and unlicensed) now on the may-
ket. An indispensable guide to
the proper selection of a walkie-
talkie for prospective buyers.
Describes types of applications >,
and circuitry used in various \

units; covers accessories, speci-

fications, maintenance, and licensing vequirements
(Part 95 of FCC rules covering the citizens band
in which most walkie-talkies operate is included).
An extremely practical and help?ul book. $905
176 pages; 5% x 814”. Order 20572, 0nly. . ..., 3

fIEW Sams ook

i

o

Transistorized Amateur Radio Projects

by Charles Caringella, WENJV. Presents a broad
range of transistorized ham radio construction proj-
ects for the beginner as well as the advanced ama-
teur. Projects include: electronic c-w keyer, code-
practice oscillator, VOX transmitter control, tran-
sistor tester, field-strength meter, regulated power
supplies, 80- and 40-meter novice c-w iransmitter,
2- and 6-meter voice transmitters, and low-noise
converters. Provides full information and parts lists
for each project; all projects have been designed,
built, and carefully tested to insure trouble-free
construction and operation. Several projects utilize
printed-board construction; negatives are inctuded
for etching required boards. 138 pages; $9%%
514 x 854", Order 20570, 0nly................ 3

CB Radio Antennas (2nd Ed.)

by David E. Hicks. This updated edition is the
most complete book on the subject; explains how to
set up a CB antenna system to get maximum
“reach’ with CB units. A practical guide for those
planning to get into CB operation, or for present
operators who want to improve the performance
of their present setup. Requires no prior knowled ge
of antenna design and installation. Explains radio
wave characteristics as they affect antenna design,
communicating ranges to be expected, base- and
mobile-antenna installations, how to improve exist-
ing antenna systems, and antenna maintenance. $925
144 pages; 515 x 814”. Order 20567, only. ... .. 3

Bridges and Other Null Devices

by Rufus P. Turner. Fills the “information gap” on
bridge-type instruments—covering every present
significant bridge design. Begins with an explana-
tion of the null principle and basic theory of bridge
circuits, then shows how design is applied to specific
instruments for widely varying applications. Pro-
vides practical “know-how” in the proper use of
bridge instruments and helps in the selection and
purchase of the right bridge instruments to meet
the reader’s requirements. 144 pages; $9%§
5% x 814", Order 20564, Only. ... ovorevern.. 3

These and over 300 other SAMS
Books are available from your local
Electronics Parts Distributor. ..

QHO\NARD W. SAMS & CO., INC.
s 4300 WEST 62nd ST. ° INDIANAPOLIS, INDIANA 482668
CIRCLE NO. 97 ON READER SERVICE CARD
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WEATHER SATELLITES GUIDE PILOTS
To the Editors:

Two of the photos in vour May “Re-
cent Developments” department show a
new ESSA 4 weather satellite along
with an optical reader nsed by the U.S,
Weather Bureau to read weather data
from the satellites. Well, our weather
bureau is not the only one using data
from these satellites. According to a
recent Associated Press uewspaper
story, the weather satellites are being
monitored by our Air Force in South
Vietnam and Thailand. It was reported
that cloud-cover photos of all Southeast
Asia had hecome a very valuable guide
to United States bombing. By spotting
breaks in the clouds, planes can be
promptly diverted to clear areas.

BirL Doxanue
St. Louis, Mo.

Also, because the wavelengths are
not secret and the required receiving
equipment is so simple, s a good
gucss that North Vietnam is using the
same information for air-defense oper-
ations as well. As a matter of fact, it is
possible to buy commercial equipment
for receiving as many as 15 high-reso-
lution cloud-cover photos a day from
these weather satellites. Cost of all the
equipment required except for the re-
ceiving antenna is between $3500 and
$5000.—Editors

* * *
AUTOMOTIVE ELECTRONICS
To the Editors:

The articles on electronics in auto-
mobiles in the May issue were quite
interesting, especially those about new
developments. However, I found two
slight inaccuracies, both of which in-
volve one company, American Motors.

First, at the bottom of p. 23, concern-
ing transistorized voltage regulators, it
is stated, “. . . Ford Motor Company
has announced that it will be using
some solid-state regulators in many of
their 1968 models.” Since this is the
only mention of an automobile manu-
facturer in this section, the implication
is that the 1968 Fords will be among
the first to use solid-state voltage regu-
lators. This is about two years behind
the actual use of solid-state regulators
by an automobile manufacturer. My
1966 Rambler Classic has as standard

factory equipment a Motorola alternator
and Motorola solid-state voltage regu-
lator. The regulator is in a sealed metal
case about 1” x 1” x 2” in size. I un-
derstand that the solid-state regulators
were adopted about the middle of the
1966 model year by American Motors
for all Rambler models.

Second, on p. 28, you mention
“. . . American Motors’ announcement
in February of its intention to market
a small combustion-type passenger car
which would openly compete with the
Volkswagen.” If I am not mistaken, the
American Molors February announce-
ment was not of a new model, but rath-
er of a new pricing structure for the
Rambler American, which has been in
production for several vyears. This
change involves the elimination of year-
ly model changes, with improvements
in safety and other features being add-
ed as they are developed (as is done
with Volkswagen). The elimination of
yearly changes allowed a price reduc-
tion of about $200.

<

W. J. STILES
Wentzville, Mo.

To the Editors:

I have just read the article called
“Automotive Electronics” in the May
issue. The article was great, as were
the associated articles.

Naturally, it is impossible for you to
cover every single development so this
may be the reason why the item I en-
close information on was not men-
tioned.

ToMm Sancugez, Sr.
Albany, N.Y.

Thanks to Reader Sanchez for send-
ing us a description of a solid-state
device that automatically raises the roof
of a conuvcrtible in the event of rain,
cven though the driver is not in the
car—Editors

* * it

PHONO CARTRIDGES VS RECORDS
To the Editors:

I have read with interest the article
in your June issue by Mr. J. H. Kogen
on the tracking ability of phono car-
tridges. Apparently Mr., Kogen has
adopted an “If you can’t lick ’em, join
’em” philosophy with respect to the
ridiculously wild modulation on some

ELECTRONICS WORLD



of the current recordings. He even has
the audacity to call them “high qual-
ity”! There can be no valid excuse for
record manufacturers to produce re-
cordings with such high modulation
levels that many otherwise high-quality
cartridges cannot track them. This sort
of exercise evolves into a contest be-
tween the record manufacturers and the
cartridge manufacturers, with the loser
in this game being the poor consumer.
It is high time that reasonable limits for
peak modulation levels were estab-
lished and adhered to.

Although he cited it as an example
only, I don’t believe that Mr. Kogen’s
selection of 10% distortion at the peak
output of a cartridge is within reason.
A better figure might be 1%, since the
paper referred to by Mr. Kogen points
out that a measured CCIF distortion of
only 1% at 10 kHz becomes 7.5%
after passage through the BRIAA play-
back network.

J. E. Durnee
San Antonio, Texas

To the Editors:

Mr. Dupree has misinterpreted our
position on the subject of high record-
ing levels. We are by no means trying
to promote the concept of excessive
modulation levels. We are simplv rec-
ognizing the facts of life. We continual-
ly try to encourage the record compa-
nies to maintain reasonable levels, but
we have a concurrent responsibility to
our customers to provide a cartridge
which will track existing records prop-
etly. Adequate tracking is essential not
only to eliminate a source of severe dis-
tortion but also to protect records.

With regard to our calling records
with high modulation levels “high qual-
ity,” it should be emphasized that we
are not referring to the program con-
tent or any esthetic aspect of the record.
We refer only to the fact that these
records do not have significant distor-
tion when played with a suitable phono-
graph cartridge.

Mr. Dupree makes the statement
that “There can be no valid excuse for
record manufacturers to produce record-
ings with such high modulation levels
that many otherwise high-quality car-
tridges cannot track them.” Isn’t there
some question as to how one would
then define a high-quality cartridge?
We certainly wouldn’t want to see a
contest such as Mr. Dupree suggests,
but, on the other hand, we would not
want to see the progress of disk re-
cording impeded by stagnation in the
development of cartridges.

As to my selection of 10% distortion,
this was chosen simply as a value for
comparison. There was no intention of
relating this to subjective reaction.

J. H. Kocew, Chief Engr.
Shure Bros. Inc.
Evanston, Tll. A
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Meet
The Dividers!

ICD SERIES INTEGRATED CIRCUIT DIVIDERS

They are new from International. Use them for crystal controlled time
bases, scope calibrators, and clock sources.

International 1ICD units are totally integrated circuit frequency dividers.
They are smaller than a pack of cigarettes (17 x 2¥a” x 23%&”). All have
two separate outputs. They are packaged in nine types providing divide
ratios 2 thru 10. No tuning or adjustment is required. The output pulse has
the same stability as the driving pulse. Voltage required, 3.6 vdc = 10%.

FREQUENCY RANGE

ICD-10 to 10 MHz. ... $19.95 ea.
iCD-2 thru ICD-8 to —
2 MHZ. oo $19.95 ea. =

INTERNATIONAL

ICD Buffer (for feeding
more than one circuit). $ 8.95 ea.

WRITE FOR COMPLETE CATALOG.
CRYSTAL MFG. CO,, INC.

10 NO. LEE & OKLA. CITY, OKLA. 73102
CIRCLE NO. 110 ON READER SERVICE CARD x






Are you eligible
for the
Bright Guy Awards?

It’s easy to get them—and to get all the
business they’ll bring you. New custom-
ers. More sales. More money.

The Bright Guy Awards is the big
program Sylvania’s running this year to
boost your sales.

Your Sylvania distributor can put
your name and address in TV Guide
in your own area. These
Sylvania ads will call you
“the brightest service-
man in town”—and tell
people in your town why
they should call you.

You'll get into the Yel-
low Pages, too, under the
heading “TV Service and
Repairs.”

Once again this year
you’ll be eligible for over

Yellow

@ one hundred valuable,
interesting SMB-Bright

SMB 4 Guy gifts, just for buying
@ ' the Sylvania TV replaile-
ment parts you normally
—— buy anyway.
And you’ll get window displays pro-
claiming you “the brightest’—the TV
serviceman everyone’s reading about.

You're eligible for the S~
Bright Guy Awards just right
color bright &

== (©)

by buying Sylvania’s fa-
mous color bright 85°
color picture tube. And
our other picture tubes,
and our receiving tubes. So see your
Sylvania distributor.

Sylvania Electronic Tube Division,
Electronic Components Group, Seneca
Falls, New York 13148.

SYLVANIA

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GrElE

CIRCLE NO. 90 ON READER SERVICE CARD

September, 1967
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REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

“Knight-Kit” KG-790 AM-FM Stereo Tuner
PML EC-71 Capacitor Microphone

“Knight-Kit"”" KG-790 AM-FM Stereo Tuner
For copy of manufacturer’s brochure, circle No. 40 on Reader Service Card.

HE KG-790 (“Superba Series”)

stereo tuner is the finest tuner kit in
the comprehensive line offered by Al
lied Radio under the “Knight-Kit” label.
1t is a companion, in style, size, and
quality of performance, to the KG-895
amplifier reviewed in the August issue.

The panel of the tuner, handsomely
finished in brushed gold, is 5” high and
16%” wide, and it extends approxi-
mately 15 behind the panel. The mul-
ti-color edge-illuminated dial face has
green calibrations for the FM band and
orange for the AM band and the log-
ging scale. The illuminated tuning meter
is used for both AM and FM and a
bright green light indicates FM-stereo
reception.

The front panel contains three knobs
and two rocker switches. The center
knob, labeled “Selector”, controls the
power to the tuner and selects the mode
of recepion. luuminated words appear

———— ALIGNED

1} e

3 -

"]

] }

Z HT-KIT
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o o

@ i
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o i
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D WITHOUT INSTRUMENTS
WITH INSTRUMENTS

on the dial face to indicate “AM”, “FM”,
or “Stereo” reception, in colors to match
the corresponding dial calibrations. In
the “Stereo” position, the automatic
mono ‘stereo switching of the tuner is
effective, but in case a stereo signal is
marginal in strength, the stereo circuits
may be disabled by selecting the “FN”
position.

The left knob is the interstation mut-
ing control which is adjusted to sup-
press the hiss between FM stations.
An “Off” position is provided on this
control. The right knob is the tuning
control. The tuning is very smooth, aid-
ed by a heavy flywheel. One rocker
switch turns on the SCA filter which
eliminates or greatly reduces the gar-
gling or whistling sounds often heard
when a station is simuitaneously broad-
casting stereo and commercial SCA
transmissions. It has no appreciable ef-
fect on the reception of normal stereo

il
H i
+
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Hie ==
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i - i

— 2= it :
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broadcasts. The other rocker switch
turns on the a.f.c. This is one of the few
transistorized tuners we have seen with
af.c., although it does not need this
feature any more than most modern
tuners do, having negligible drift.

In the rear of the chassis are the
left and right channel outputs, with a
second pair of output jacks in parallel
for connecting a tape recorder. There
are individual level adjustments for each
channel to match the requirements of
the associated amplifier, and one for
the AM output which appears at both
output jacks. There is a built-in ferrite
AM antenna and a terminal for con-
necting an external AM antenna in
weak-signal areas.

The “Knight-Kit” KG-790 circuits
are assembled in several modules. The
AM tuner is assembled on a printed
board which is put together and aligned
by the kit builder. The FM tuner is a
pre-assembled and aligned unit, mount-
ed on a metal plate sub-assembly with
the i.f. circuit. The entire i.f. is pre-
aligned and requires no touch-up by the
builder. The multiplex printed board
requires mounting of its parts but is
pre-aligned and needs no more than a
touch-up alignment without additicnal
test equipment. The power supply,
which has a zener-diode-regulated out-
nut for critical circuits, is assembled
on the chassis.

The FM tuner section has a tuned
r.f. stage, oscillator, and mixer. Four i.f,
stages precede the ratio detector. The
AM tuner also has a tuned r.f. stage and
shares the first two i.f. amplifier stages
with the FM tuner, using separate 455-
kHz transformers in series with the
10.7-MHz FM if. transformers. The
AM diode detector is followed by a
10-kHz whistle filter.

In the multiplex section, the 19-kHz
pilot signal is amplified and doubled
with a full-wave diode circuit to obtain
the 38-kHz switching signal for the
four-diode balanced modulator. The 19-
kHz amplifier is controlled by the a.g.c.
voltage developed from a diode at the
output of the second if stage. This

(Continued on page 76)
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VIBRATION
PROBLEMS

SHOCK-MOUNTED
UNISPHERE™ I

Madel 566. Al! the superb feedback
and pop-control characteristics of the
famed Shure Umsphere T, plus built-
i vibration-isolation shock-mount
which grevents pickup of mecharical
vibrations and handling ncise.
$140.00 List

3N

2
9

S

L+

BACK

...PLUS:

QUICK CUT-OFF
PROBLEMS

SWITCH-MOUNTED
UNISPHERE™ 1

Made! 565S. Mow, a built-in on-¢ff
switch and permanent swivel miouiit-
ing are added to the premium-quality
Unispiiere I —already famous for 1ts
uniform pick-up pattern at ait fre-
quencies, in all p'anes, and built-in
wind-noise and explesive breath
“pop’ protection. $100.60 List,

Model 565SC. $102.00 List.*

OVERLOAD
PROBLEMS

ADJUSTABLE VOLUME
UNISPHERE™ A

Maodel 585SAV. One of the most In-
genious microphenes ever! Volume
control right on the Unisphere en-
ables the user io reduce otlput 1i
audiv break-up due to overlcad on-
curs. Also, enabiles a speaker or
singer to control his swn volume for
dramatic effects. $72.50 List.

W CARDIOIDS FROM

Write for Complete Data Sheets / Shure Brothers, Inc., 222 Hartrey Ave., Evanston, lllinois 60204

*Same as 5658, but with “C” series (3-in-1) connector attached.
CIRCLE NO. 96 ON READER SERVICE CARD

September, 1967

© 1967 Shure Brothers, inc.

17



“Frankly,
you're making
Just about as much

as you ever will-
without more
educationin

electronics,”




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 layoft.

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.

CREI 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 CREIl Program if you work in elec-
tronics and have a high school education. Our FREE book

gives complete information. Air- e
- ] /yzmxl‘mgw

below or write: CREI, Dept."
1109E 3224 Sixteenth Street,

The Capitol Radio Engineering Institute
A Division of McGraw-Hill, Inc.
Dept. 1109E 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. ZIP CODE

Foundeg 1927
EMPLOYED BY.

[——————————
UB_E'I TYPE OF PRESENT WORK O G.I. BILL
e ——————}

| am interested in O Electronic Engineering Technology
Accredited Mambur 0 Space Electronics O Nuclear Engineering Technology
of the National Home Study Council 0 Industrial Electronics for Automation
00 Computer Systems Technology

B e o e e 2

APPROVED FOR TRAINING UNDER NEW G.I. BILL

September, 1967 21



Now-it's easy to make recordings of children

WITH POPULAR PHOTOGRAPHY’S UNIQUE NEW RECORD ALBUM

“TONY SCHWARTZ ON HOW TO RECORD-THE SOUND OF CHILDREN"

To instruct you in the techniques of recording children’s
voices, the editors of Popular Photography asked famed
sound authority Tony Schwartz to prepare this special record,
avaijlable exclusively and by mail only through Popular
Photography magazine and other Ziff-Davis publications. By
listening to it you can quickly acquire the skills needed to
make top-quality recordings of youngsters—thus preserving
permanently the sound of their voices,

YOUR TEACHER: AN EXPERT'S EXPERT

You couldn't have a better instructor than Tony Schwartz.
A pioneer in the use of portable tape recorders, he has been
capturing the sounds of actuality for 23 years. You've read
his monthly column in Popular Photography. Now hear him
explain and illustrate in provocative recorded demonstrations
the working methods that have helped him to become the
world’s No. 1 sound collector.

SIMPLE, COMPLETE INSTRUCTIONS

In addition to the tips on
selecting and using equip-

HEAR ACTUAL DEMONSTRATIONS OF
ment, you learn how to

B A tape recording hefore and

after editing.

B The sound of 2 battery operated
recorder at three tape speeds
1%, 3%, and 7't inches per
second

B The imprevement in fidelity
when a quality microphane
replaces the mike supplied as
a recorder’s standard
equipment

8 How to reduce unwanted noise
while recording.

B Acoustics the sound of sound
tn the Living room, kitchen,
hallway. and street.

B improving sound quality by
re recarding a tape.

create complete sound
stories with children—even
recreate a situation that has
already taken place! Actual
sound demonstrations en-
able you to hear the effects
of wvarious tape speeds,
microphones, and acoustical
conditions. You also learn
how to eliminate unwanted
noise and to improve your
tapes by re-recording them.
In less than one hour, you
get the benefit of years of

experience and recording
know-how!

EXTRA!

You'll be intrigued and thoroughly entertained by Side Il of
this superb new album. It's devoted entirely to three of Tony
Schwartz’s most famous sound essays, all acclaimed as
““works of great artistry that will surely be enjoyed by anyone
who enjoys and appreciates the sounds of children.”

“CHILDREN AND GOD"—a fascinating composite of thoughts
expressed by youngsters of various religious faiths. Their
naively reverent concepts of God, heaven, good and bad, and
prayer will be a revelation to you. This unique presentation
is unlike anything you have ever heard before!

“NANCY GROWS UP"—a remarkable sound portrait of a girl’s
developing personality. In just two minutes, you hear her
voice from 20 minutes after her birth, through the years until
she’'s 13—when she reveals: *I've discovered boys!"

"SOUND SNAPSHOTS"—a potpourri of chuckles . . . once-
in-a-lifetime sayings that could come only from the mouths
of babes. These uproarious remarks, all said in the innocence
of childhood, include delightfully ingenuous observations
like these:

“I'm so hot Id like to take my skin off!"
“I had growing pains yesterday."’

“You go up in heaven when you die. You don't have to
pay taxes, or anything—I'm positive.”

A POPULAR PHOTOGRAPHY PRESENTATION
TONY SCHWARTZ ON HOW TO RECORD

THE'SOUND'OF CHILDREN!

Thow by feztan'®s b St trmn e (e e
SR TU DONCEMT Tty My 7 St

FLUL B of oy Satmtet s robunraied soasd psems

—
sy i

A high-fidelity 12-inch, 333 RPM long-playing vinyl album manufactured by the
Custom Services Division of Capitol Records.

. . . plus many more that will make you howl! with laughter!
You and your friends will enjey listening to all of these enter-
taining essays in sound again and again.

Free INSTRUCTION BOOKLET WITH
——— EACH RECORD ALBUM

Packed with valuable facts, it contains scores of helpful
tips you can use to make better, more interesting record-
ings - information that supplements the instructions in
the record. And it's yours if you place your order now
for "“Tony Schwartz on How To Record—The Sound Of
Children."" :

Get the most out of your recording equipment by discovering
the easy way to make tapes that you'll always treasure. This
instructive and entertaining album should be owned by every-
one within the sound of a child’s voice and laughter. The
special low price is:

only $4.98 postpaid
ORDER YOUR ALBUM.TODAY

“The Sound of Children”
P.0. Box 3112
Church Street Station, New York, N.Y. 10008

Please send "“Sound of Children’” albums at $4.98

e |
each, postpaid.
My check (or money order) for $ I
(Outside U.S.A. please send $7.00 per record ordered.) I

=]

is enclosed.

Name

Address Ew-97

City
State Zip Code

PAYMENT MUST BE ENCLOSED WITH QRD!

I N.Y. State residents please add local sales tax.



This early attempted Titan launch shows the need for explosion measurements to prevent future mishaps.

By EDWARD A. LACY and CYRIL N. GOLUB
Pan American World Airways, Inc., Guided Missiles Range Div., Patrick AFB, Florida

Using thermocouples,

calorimeters,

radiometers, pressure gauges,

microphones, and tape recorders, engineers at Cape Kennedy stand
ready to measure and to record a missile catastrophe. Armed with
such knowledge, we should be able to prevent most future mishaps.

—the result is an accidental abort or a deliberate de-

struct. In either case, within seconds the missile ex-
plodes, a gigantic ball of fire erupts, and shock waves
bounce off nearby gantries.

With manned spacecraft or with nuclear payloads such
disasters are not pleasant to contemplate. Can the escape
system, for instance, outrun the fireball? Or can it with-
stand the tremendous heat and pressure if it does not out-
run the fireball? Also, can the launch stands take this sort
of punishment?

IT all starts with a malfunction in the missile or rocket

September, 1967

At Cape Kennedy the engineers have begun studying
these problems in the most direct manner possible: by set-
ting up their instruments and then waiting for an explosion
to occur. With a group of thermocouples, calorimeters,
radiometers, pressure gauges, and tape recorders they were
ready to measure and record a missile catastrophe.

Then in March of 1965 came their big opportunity. At
Complex 36 the countdown proceeded without interruption
on a 2-stage liquid-propellant Atlas-Centaur rocket carry-
ing a Surveyor for the moon. The rocket lifted off as
scheduled but reached an altitude of only four feet when
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Close-up of one of the thermocouples used in the PAMS system.

the booster lost thrust. As it fell back and struck the launch-
ing stand, its thin metal skin ripped, spilling liquid oxygen,
RP-1 fuel, and liquid hydrogen. Within seconds five cxplo-
sions occurred, yielding a peak force equivalent to 25,000
pounds of TNT, and shattering glass 3000 feet away. The
ellipsoidal fireball had a major axis of 800 feet; the tempera-
ture of the fireball was in excess of 5600° F, hot enough to
melt tungsten.

Thus the Pad Abort Measuring System, PAMS for short,
received its first checkout “under fire” and provided its
designers much needed explosion measurements: tempera-
tures inside and on the surface of the fireball, thermal
energy generated by the fireball, blast pressures, and their
history in time and space.

Although such parameters have generally been available
for conventional and nuclear explosions, they have not been
available for large chemical explosions. However, the need
for such data becomes greater each day, not only for oil
refiners and munitions manufacturers but particularly for
the aerospace in tustry. For despite the fact that the abort
rate has drasticaily decreased in 16 years of launches at

24

the Cape, the danger from an abort has increased—today’s
rockets are much bigger since they are required to have
much greater thrust. i

Obviously the rocket engineers cannot take chances with
such danger. But on the other hand, when the rocket launch
complexes and their associated safety zones begin to take
up large amounts of real estate, the designers become cost-
conscious. Cost also becomes a big problem in the construc-
tion of ground-support structures such as blockhouses—to
overdesign or provide too much protection may take away
funds from much needed rocket design and development.

To determine the damaging effects of missile explosions,
it is essential to determine how fast the shock waves and
fireballs occur, how long they take to subside, and how
they are distributed in space. In the Atlas-Centaur explo-
sion, for instance, it was learned that they occur much too
fast for comfort: the expansion rate of one of the fireballs
was 1600 feet/second. Thus an escape system for outrun-
ning this fireball would have had to have a velocity greater
than 1000 mi, h. To make matters even worse, such a
system would have to get up to speed in 3 seconds.

The Atlas-Centaur explosion showed too that overpres-
sures due to shock waves can be distributed quite unevenly
in space: while the peak pressure in one direction was
equivalent to 25,000 pounds of TNT, in other directions the
pressure was as low as that created by 1100 pounds of TNT.
The explosion caused overpressures (increases in atmospher-
ic pressure) as high as 101 psi at 37 feet away. Since an
overpressure of only 2 psi can shatter a concrete block
wall, it was fortunate indeed that the peak overpressure
subsided to 1 psi within a few hundred feet. As it was,
the umbilical tower and the gantry (which was 300 feet
from the launch pad) were not damaged.

Since that first rugged checkout, PAMS pressure trans-
ducers and thermal sensors have been placed on all major
launch complexes at the Cape, including Titan, Saturn, and
the old Gemini complexes, thereby allowing engineers and
scientists to gain vital information about normal and aborted
launches. More recently microphones have been installed
to measure acoustic waves.

PAMS was built for the Air Force’s Range Safety Division
by the Sandia Corporation under the direction of Pan Amer-
ican World Airways’ Guided Missiles Range Division which
now operates and maintains the system.

Pressure Transducers

Twelve pressure transducers or gauges are laid out in a
spiral pattern around each major launch complex to mea-
sure the shock waves formed during an explosion. The spiral
pattern is based on lack of symmetry in the explosion.
Thus, three high-pressure units are mounted on the launch
deck, a sensitive low-pressure unit is installed just outside
the complex perimeter, and the remainder of the gauges
are located in between.

Overpressures from 0.025 to 10,000 psi can be measured
with these gauges, and pressure risetimes as short as 100
nicroseconds can be detected.

The pressure gauges are bridge-type variable-reluctance
transducers installed in removable canisters which are in-
serted in concrete slabs buried flush with the ground. The
face of the canister serves as a reference for the side-on
pressure measurements. Each gauge circuit is excited by a
10-volt, 3-kHz carrier signal received by an underground
cable from a transportable recording console. (The console
is usually located hundreds of feet away in a blockhouse
where it is safe from blast forces.)

Normally the bridge is balanced and no oulput signal is
produced. When a shock wave strikes the sensor, it causes
a small diaphragm to move which unbalances the bridge cir-
cuit, thereby producing a modulated a.c. voltage.

The signals from the twelve transducers are amplified
by twelve amplifiers in the recording console and then re-

ELECTRONICS WORLD



corded on 14-track magnetic tape at a speed of 3% ips.

Since surface wind direction and velocity, temperature,
surface pressure, and relative humidity can affect blast
wave propagation, Pan American weathermen record these
weather factors at the launch blockhouse during all tests
involving the use of PAMS. With such measurements they
can perform more accurate data analysis.

Thermal Sensors

Two sets of six thermal sensors are mounted on the um-
bilical tower and the launch deck for measuring tempera-
ture and heat energy. Each set consists of four different
thermocouples, a calorimeter, and a radiometer. The radiom-
eter senses radiant energy only since the receiver, a
blackened silver foil, is protected from heat convection
by a quartz window. The calorimeter measures total heat
energy (radiant and convective thermal energy) which
may approach that of a kiloton nuclear device for some of
the larger launch vehicles.

Both the radiometer and the calorimeter provide a low-
level d.c. signal which is calibrated in terms of Btu per
square foot-second. The radiometer senses thermal radi-
ant energy up to 1000 Btu sq ft-s while the calorimeter
senses radiant and convective energy up to 500 Btu /sq ft-s.
The output of the radiometer is 16-18 millivolts and the
output of the calorimeter is 8-10 millivolts.

The thermocouples measure from 150° to 5600° F in four
overlapping ranges. With such an overlap, continuous cov-
erage is insured since some of the fastest reacting thermo-
couples cannot survive the highest heat encountered.

For example, the most sensitive of these thermocouples
is a tungsten/tungsten-rhenium couple in a thin tantalum
case. Its time constant is 1 millisecond which means that
it is the first unit to generate a signal when an abort oc-
curs. Although it did not fail during the Centaur explo-
sion, it is expected to disintegrate on future aborts before
it can measure the decreasing side of the temperature
curve. A similar thermocouple heavily sheathed in sili-
conized molybdenum for greater protection has a slower
response but can survive and measure much of the tem-
perature decrease. The other thermocouples are slow re-
sponse but high survivability platinum/platinum-rhodium
and chromel-alumel thermocouples housed in stainless
steel cases.

With this multiple-element technique an accurate cover-
age of the complete temperature,/time profile of the Atlas-
Centaur explosion was obtained, as shown in Fig. 1. The
solid lines represent recorded temperatures from each of
two thermocouples and the dotted line represents the pre-
dicted temperature.

The signals from the thermocouples are amplified by a
12-channel d.c. amplifier located under the launch stand
and then transmitted to the recording console.

Acoustic Measurements

At some of the largest launch complexes, such as for the
Titan III, the noise generated during a normal launch is
so great that it may set up undesirable vibrations in the
ground-support structures and equipment, especially if the
waves have a frequency near that of the resonant frequency
of the structure.

Piezoelectric microphones and charge amplifiers which
are part of the Launch Acoustic Measuring System (LAMS),
are now being used to measure this acoustic noise. LAMS
is an auxiliary unit to the Pad Abort Measuring System.
LAMS can make sound power measurements from 80 to
200 dB (referred to 0.0002 dyne/cm®) at distances from
the rocket exhaust of a few feet up to 20 miles.

Because of the hostile environment during launch, it is
not possible to place preamplifiers near these microphones,
some of which are located near the rocket exhaust. Since
preamplifiers cannot be located far from the microphoo:s
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The Atlas Centaur explosion {see color photograph on the cover)
caused this amount of damage to the doors on the launching pad.

{D Pressure Gaugen
O Thermal Instrameniation

The over-all view of Launch Complex 36 at Cape Kennedy with
the location of the pressure gauges and thermal sensors indicated.

Pan American engineers removing a pressure gauge from its earth
well to check it out prior to launch. Author Golub is at left.
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Fig. 1. Temperature measurements during Atlas Centaur explosion.
The dotted line represents the temperature that was predicted.
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Fig. 2. Block diagram showing portable blockhouse equipment.

because of signal degradation due to long cable runs, charge
amplification is used in preference to voltage amplifica-
tion. In this method of signal conditioning, the charge
from the microphone is sensed by an operational type
amplifier and balanced by an equal charge of opposite sign
provided by a feedback arrangement.

The controlling parameter is the total capacitance of the
microphone and the feedback capacitor. Its value is much
larger than the capacitance of the cable connecting the
microphone to the charge amplifier. With this technique
the microphone can be located up to 2 miles from the
charge amplifier, and the charge amplifier can be located
up to 5 miles from the recording equipment that is em-
ployed.

Once the output charge of the microphone has been con-
verted into a voltage by the charge amplifier, it can be
recorded directly on the magnetic tape or strip chart, or
it can be multiplexed so that as many as ten data channels
can be recorded on a single track of magnetic tape. The
multiplexing process converts the analog voltage output
that is produced into a frequency-modulated carrier which
again lends itself to long-distance transmission that is car-
ried over cable.

In a typical application where the tape recorder speed
is 60 inches per second, the output of a charge amplifier
can be directly recorded on tape with a frequency response
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Fig. 3. Data flow in the PAMS system shown in block diagram.

from 0 to 10 kHz. A multiplexed signal can also be re-
corded with each channel having a frequency response from
0 to 2 kHz with constant-bandwidth multiplexing.

Recording Consoles

Recording consoles for PAMS and LAMS are mobile.
One PAMS console and one LAMS console are housed in a
self-contained air-conditioned instrumentation van. PAMS
consoles can also be moved from the Launch Hazards
Laboratory to the blockhouse for each test which requires
PAMS coverage. See Fig. 2.

The PAMS console consists essentially of two tape re-
corders (one for the pressure data, one for the thermal
data) and amplifiers for the pressure data. An escillograph
is used to transcribe the magnetic-tape analog data onto a
visual record (Fig. 3).

The LAMS console includes among its electronic equip-
ment charge amplifiers, multiplex and test equipment, and
a tape recorder.

Because of the unpredictable nature of an abort or ex-
plosion, PAMS equipment is turned on before a hazardous
sequence is started and is left on as long as necessary.
After three hours the tapes on the recorder must be changed
to give an additional three hours of recording time. In ad-
dition to covering the launches, PAMS covers dual tanking
tests involving liquid propellants and solid propellant dry
runs which go as far as arming the first-stage ignition sys-
tem or the vehicle’s destruct system.

Remote Abort Measuring System

If a rocket explodes or is aborted after it leaves the
launch stand, the damage may be far different than what
it would have been with the rocket on the launch stand.
Most aborts in flight occur within a slant range of six miles
of the launch stand. Ideally it might be possible to place
survivable sensors on the rocket, but this cannot be done

because of the fact that space on the rocket is so very

valuable.

For this reason engineers at the Cape are now investi-
gating techniques for measuring explosions remotely by
ground-based equipment. These techniques include laser
and r.f. ranging methods for plotting shock-wave position
in time and space, and infrared television, interferometric,
and spectrometric means for measuring thermal properties.
The electromagnetic phenomena generated by a fireball are
also being studied.

Under these conditions, the day is not far off when we
will be able to measure and analyze every facet of missile
and rocket operation “from the ground up” with a view
toward avoiding future mishaps. A
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PERIOD-FREQUENCY GRAPH

By R. W. BAILEY

A chart that makes it easy to convert a large number of
period measurements to frequency or frequency to period.

HE electronics technician or engineer is frequently con-
| fronted with the task of converting period to frequency
and vice versa. Although the relationship between frequency
and period is expressed simply as F=1/T, the graph below
can be useful when a large number of conversions is re-
quired. This is often the case, for example, when an os-
cilloscope with a time-calibrated sweep is used to make
frequency measurements.

It should be noted that the graph is actually a log-lo
plot of the expression for an equilateral hyperbola (XY=1
with the restriction that (X) and <1Y) must be positive or
they must both be negative simultaneously. This graph,
then, is nothing more than the reciprocal curve and thus
can be used for a variety of parameters other than period
and frequency.

Example No. 1: Suppose a period of 12 milliseconds is
measured and the corresponding frequency is required. Note
from the graph that the period must be written as a num-
ber between 0.1 and 1.0 multiplied by the quantity 107"

to 1. Locate 0.12 on the Period axis and follow it across
to the graph; read the number 8.35 on the Frequency axis
directly below the intersection. The actual frequency is
found by multiplying 8.35 by the expression 10" where n is
the number 1 established above. Since 10! is equal to 10,
the frequency is 8.35 X 10 = 83.5 Hz. (See point A.)

Example No. 2: Suppose a frequency of 2650 Hz is mea-
sured and the corresponding period is required. Note from
the graph that the frequency must be written as a number
between 1.0 and 10.0 multiplied by the quantity 10*. Since
2650 Hz = 2.65 X 103 Hz, the value of n is 3. Locate 2.65
on the Frequency axis and follow it up to the graph. Di-
rectly to the left of the intersection of the 2.65 line and the
graph, read the number 0.377 on the Period axis. The per-
iod is found by multiplying 0.8377 by the quantity 10"
where n is 3, as was established above. The correct multi-
plier is then 10-%. The period is 0.377 X 103 second, or
377 microseconds.

It should be noted that any umits of time may be used

Since 12 milliseconds equal 0.12 X 10-% second, n is equal with the graph as long as consistency is maintained. A
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'RECENT
DEVELOPMENTS
IN ELECTRONICS

Laser ‘‘Seeing-Eye”” Cane. (Top left) An experimental laser
cane for the blind is shown being demonstrated here. The dot-
ted lines show the paths of the two invisible infrared injection
laser beams that strike the surface three and six feet ahead
of the cane. If there are no obstacles at these two points,
the laser beams are reflected back to optical detectors, mid-
way down the cane. Blunt pins in the handle of the cane vi-
brate to tell its user that no large depression or raised sur-
face is in front of him. If an obstacle is illuminated by ei-
ther beam, it is not reflected back to the cane and the corre-
sponding pin stops vibrating. The experimental cane weighs
less than five pounds and can be operated for 10 hours before
its four small batteries must be recharged. The inventor, Wm.
J. Hannan of RCA Laboratories, is investigating the use of an
array of laser diodes to generate a number of laser beams for
an advanced model. This contemplated model would be able to
provide cane user a contour map, which he would be able to
feel with his thumb, of the area that is directly in front of him.

Computer-Drawn Graphs (Center) The closing prices of
three stocks over a five-month period have been plotted on the
screen of a display unit by a computer. Information was pre-
viously fed to the computer by means of the light pen and two
keyboards. This is an experimental program which elimi-
nates the painstaking manual plotting of points and lines usu-
ally required to draw graphs. Any numerical field can be
plotted against any other numerical field, making the number
of graphs which can be generated from the various combina-
tions almost infinite. Scaling—making the graphs the right
size for the variables being plotted—is done automatically by
the IBM computer. Several plots can also be shown simulta-
neously on one graph, using either solid or dotted lines on CRT.

Solid-State TV Camera. (Left) The second in a family of solid-
state image converters has been built for NASA by Westing-
house. The new converter is part of a long-range program
to develop a solid-state TV camera with imaging characteris-
tics equivalent to those of a conventional vidicon camera. Res-
olution of the new converter is 100 lines and it can ‘‘see’ im-
ages in six shades of gray. The heart of the system'is a mono-
lithic 100-by-128 element array of phototransistors fabricated
‘n a half-inch square silicon substrate. The 12,800 phototran-
sistors of the mosaic are addressed sequentially in a row-col-
umn fashion at rates up to 60 frames per second to provide a
standard TV-type raster. There is no need for high voltages,
magnetic fields, vacuum envelopes, or filament power. Conse-
quently, an imaging system using a solid-state sensor is small-
er, lighter, and more rugged, uses less power, and is more
compatible with integrated circuits than its vidicon counter-
part. Because of the digital scanning, special scan process-
ing for moving-target indication, pattern recognition, and
random scan is obtained without digital-analog conversion.
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Remote-Controlled Oceanographic Buay. (Right) A large red
40-ft diameter steel sea buoy is scheduled to go on-station just
outside the entrance to New York harbor for evaluation as a
possible replacement for the Scotland lightship off Sandy Hook,
N.J. Two 1-kW generators running on liquid propane supply
charging current for a 21-cell nickel-cadmium battery compris-
ing the power source for the 5000-candlepower light, foghorns,
and on-board electronic equipment. The buoy can operate un-
attended for one year. On-board equipment is automatic but
can be controlled by telemetry command from a shore station.
Sensors on the buoy measure air speed and direction, temper-
ature, barometric pressure, as well as sea-water tempera-
ture, pressure, salinity, speed, and direction. All data will
be transmitted to shore. Antennas atop the buoy are for the
v.l.f. radiobeacon and for v.h.f. command and telemetry.

Portable Thermoelectric Generator. (Center) A new portable
thermoelectric generator, weighing only 35 Ibs with fuel, has
been developed which can be carried about by a soldier to pro-
vide immediate, silent, and long-term power for military
field equipment. The generator, produced by 3M Co., delivers
300 watts of electrical power, has an 8-hr fuel supply, and can
operate on kerosene, jet fuel, or diesel fuel. Generators of
this type can convert heat into electrical energy using a se-
ries of pellets of semiconductor material arranged in junctions.

One-Gun, Two-Color CRT. (Below right) The availability of what
is said to be the first commercial high-resolution single-gun,
two-color display tube has been announced by Sylvania. De-
signed for non-entertainment type applications, the new tube
can be read under high ambient light. The CRT uses a 5-in
round faceplate coated with two layers of phosphor—red and
green. The two layers are separated by a barrier layer. By
switching the final anode voltage, the electron beam is made
to excite the first phosphor layer only, creating one color, or
to penetrate the barrier and excite both phosphor layers, creat-
ing a second color. By high-speed voltage switching, the tube
produces a two-color display that appears to be continuous
to the viewer. No shadow mask or dot pattern is employed.

Facsimile Via TV. (Below left) An experimental system that-

can broadcast printed copy into the home along with standard
TV programming is shown here. The image of a girl appears
on the TV screen while a printed weather map and forecast
emerge from the facsimile equipment below. RCA has re-
quested FCC permission to make on-the-air tests of the system
between New York City and Princeton, N.J. The facsimile sig-
nals which can now transmit four different printed messages
at thé same time, are sent out during TV vertical blanking in-
tervals. A page of copy can be reproduced every ten seconds.
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Fig. 1. Simplified current-flow diagram of an ‘’n-p-n’’ tran-
sistor that is shown here operating in the avalanche mode.

These special switching transistors—made possible by improved fabricating
techniques—can produce extremely fast pulses at high power output levels.

breakdown was considered a troublesome phenomenon
which imposed a limit on the useful life of a junction
transistor. To offset this problem, collector voltages were
restricted to values far below the actual breakdown rating in
order to reduce surface leakage currents across the collector
junction. Excessive leakage currents not only increased the
power-dissipation level of the transistor, but also initiated
thermal runaway and possible destruction of the device.
The avalanche effect was found to be nondestructive if
the peak and average power dissipated at the collector junc-
tion were controlled by external circuitry. By operating or-
dinary high-frequency switching transistors in the avalanche
mode, it was possible to generate extremely fast pulses (in
the nanosecond range) in applications requiring high cur-
rent outputs of short duration. Nevertheless, the avalanche
process did not find wide acceptance since, in many cases,

IN the early days of transistor development, avalanche

transistors of the same type did not always exhibit uniform

avalanching properties. Consequently, it was necessary to
carefully test and select these units for consistent break-
down characteristics, thus making it difficult to design stable,
reliable pulse circuits.

As a result of recent improvements in fabrication technol-
ogy (leading to, for example, the reduction of surface leak-
age currents), modern avalanche transistors are now capable
of operating at relatively high collector voltages and of pro-
ducing large current-voltage swings with subnanosecond
rise times. Within the limits set by allowable power dissipa-
tion, pulse widths of 100 us are easily attained with repeti-
tion rates in the MHz region. In simple circuits, peak swings
of 75 volts and 10 amps in less than 0.5 ns are obtainable
with ultra-high-speed transistors whose geometry is opti-
mized for avalanche switching. In more complex circuits,
rise times of less than one ns can be generated at peak
powers in excess of 500 watts across very low impedance
loads.

Some of the important applications of avalanche tran-
sistors include the generation of fast-rising pulses employed
in sampling oscilloscopes, decade ring counters, and high-
speed nuclear instruments. For pulse power requirements in
the milliwatt range, suitable avalanche devices are now be-
ing developed for low-level computer logic circuits. For
higher pulse handling capacity, avalanchers are finding in-
creasing use in strobe-pulse generators, pulse amplitude de-
tectors, memory-core drivers, and voltage-comparators. With
proper impedance-matching, avalanche pulse generators can
be used for pulse modulation of injection lasers.

In normal transistor operation, a reverse bias is applied
to the base-collector junction so that an electric field is
produced within a space charge region, or depletion layer,
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of the junction. In the avalanche process, however, the re-
verse collector voltage is raised substantially above the nor-
mal operating value so that the depletion layer is consider-
ably widened, and a large electric field extends over most
of the base region.

As shown in Fig. 1, the strong electric field approaches
the small field associated with the narrow emitter-base de-
pletion layer thereby reducing the effective base width. As
a result electrons diffuse across the base from the emitter
region and accelerate to high velocities toward the collector.
Upon entering the collector-base depletion layer, the fast-
moving electrons excite additional carriers (hole-electron
pairs) by impact ionization with atoms in the semicon-
ductor material. Owing to the high field, the free electrons
move rapidly toward the collector and the associated holes
drift in the opposite direction across the base region. The
new carriers, in turn, acquire sufficient energy to cause fur-
ther ionization by collision with the other atoms in the
material. Since the atoms in the lattice structure are closely
spaced, the ionization process occurs many times, particu-
larly at the collector-base junction which correspounds to
maximum-field intensity.

The cuinulative process, referred to as avalanche multipli-

Fig. 2. Relation between avalanche breakdown voltage and M.
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cation, results in a much larger number of electrons entering
the collector region than cross the collector-base junction.
When a critical point is reached, the current flowing across
the collector-base junction rises abruptly as avalanche break-
down occurs and tremendously high values of reverse col-
lector currents are attained. The breakdown condition is not
a permanent effect since the junction will rapidly recover
when the voltage is reduced again.

An important parameter used to designate the rise of col-
lector current prior to breakdown is the multiplication factor
(M), which is defined as the ratio of actual collector cur-
rent to the current that would flow had there been no in-
crease in current due to ionization. Fig. 2 shows a typical
multiplication factor curve for an n-p-n silicon transistor in
which M values are plotted against collector voltage.

At low collector voltages, M is close to unity and no ap-
parent multiplication effect is present. In avalanche, how-
ever, the emitter-to-collector gain is increased to a magni-
tude many times greater than unity, so that M approaches
an infinitely high value. In practice, the multiplication fac-
tor can never be infinite, since this would imply an unlimited
current flow and unlimited heat generation. To obtain a
high value of M, it is desirable that the collector current
be as large as possible; but a limit is set by the maximum
allowable power dissipation of the transistor, which is con-
trolled by external circuitry.

The multiplication factor is found to be related to the
reverse bias across the collector junction by the formula:
M = 1/[1—(V/V},)"] where V is the applied collector volt-
age, V is the avalanche breakdown voltage, and n is a param-
eter whose value depends upon the type and resistivity of
the junction material, and ultimately determines the sharp-
ness of the knee of the M curve. For silicon n-p-n transis-
tors, n = 4 and for germanium n-p-n types, n = 3.

Basic Circuitry

The basic features of a single n-p-n transistor operating
in the avalanche mode are shown in the emitter-follower
configuration of Fig. 3A. In the quiescent state, capacitor
C1 charges toward the collector supply voltage, V.., which
is adjusted to a value slightly less than that required to
initiate avalanche breakdown. When a positive-going trigger
pulse is applied to the base, the emitter-base junction be-
comes forward-biased, and the breakdown potential is effec-
tively lowered. The emitter begins to inject electrons into
the base, which are multiplied at the collector junctions,
causing a regenerative current build-up to occur.

At breakdown, the heavy current flowing through the
collector-emitter junction path rapidly discharges C1 and
produces the leading edge of a positive pulse across load
resistor R;. The breakdown condition exists as long as there
is stored energy in C1l to sustain it, since the alternate path
(from V. wvia Rl) is unable to supply sufficient current.
After C1 has discharged, a small transient current flows
through R1, which maintains the collector at a lower voit-
age and allows the transistor an interval of time to recover
and revert back to its original quiescent state. Finally, capac-
itor C1 slowly recharges toward the collector supply source
through Rl and upon arrival of the next trigger pulse,
and the cycle is repeated,

The pulse repetition rate of the monostable circuit in Fig,
3A is determined by the time constant of R1 and C1, while
the pulse width depends upon the values of R and C1. Re-
sistor Rl can be made adjustable (within small limits) so
that increased repetition rates are obtainable by decreasing
its value. C1, which determines the avalanche turn-on tran-
sient, is usually fixed by pulse-width requirements.

If a negative output pulse is required, the emitter termi-
nal may be grounded and the load resistor, R,, is placed in
series with the Cl-to-ground connection. To convert the
generator into a self-running type, the collector supply volt-
age, V., may be raised or the base resistor, R2, returned

September, 1967

Vec =COLLECTOR SUPPLY VOLTAGE
Vp =AVALANCHE BREAKDOWN
VOLTAGE

’ 500
pF

TRIGGER
IN

R2
loon

NEGATIVE~-
RESISTANCE
REGION

COLLECTOR CURRENT

COLLECTOR-EMITTER VOLTAGE

(A) [{:H
Fig. 3. {A) Avalanche switching circuit, and (B) the V-I curve,

+150V
Vee

Rl 3
50k03

+200VO Ve

500
cl pF
.00IpF
i TRIGGER I
IN

——)——OOUTPUT
2 E s50n

500
F pF
TRIGGER E
IN

1000

QUTPUT
——o

LI

(A) (8)

Fig. 4. {A) A narrow-pulse avalanche generator capable of high
pulse repetition rates. (B} Delay-line avalanche-mode generator.

to a suitable bias voltage so that the avalanche breakdown
is achieved without the need for an external trigger.

The sequence of events relating to the avalanche-switch-
ing mechanism is graphically illustrated by the volt-amp
characteristic curve of Fig. 3B. Under quiescent conditions,
a static load line is constructed to yield a single stable opera-
ting point (A), where it intersects the curve in the low-
current region. When a trigger pulse appears, avalanching
occurs between points A and B, where the transistor’s oper-
ating point is shifted beyond its normal-region rating. Capa-
citor C1 supplies the surge of discharge current which
builds up rapidly toward point C in the negative-resistance
region. It is the low transit time with which the transistor
switches from a low-current state to an avalanche discharge
state in the negative-resistance area that leads to extremely
fast rise times. When the trigger pulse has dissipated, the
operating point moves back to point A as capacitor C1 re-
charges to the same point and the circuit is ready to accept
another transient,

An important design consideration is that the load line
must not intersect the transistor breakdown curve in the
high-current region. This condition, referred to as “latch-
up,” would establish an undesirable stable opevating point
at the common intersection and prevent the normal shift to
point A during the recovery period. If the product of cur-
rent and voltage at the latching point were sufficiently
high to exceed the maximum transistor power rating, cir-
cuit malfunction or thermal destruction would occur.

Narrow-Pulse Switching

The main disadvantage of the single-stage avalanche pulse
generator is the relatively long recovery time after the ava-
lanche transition period which sets a limit on the maximum
pulse repetition rate. Fig. 4A shows an arrangement which
incorporates a second transistor to dynamically reduce the
charging time constant of the circuit without appreciably
affecting the static load line during the pulse period. Initial-
ly, the base-emitter junction of transistor (02 is forward-
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biased, and C1 is charged, via Q2, toward the collector
supply voltage, V.. Transistor Q1 rests near its avalanche
breakdown potential and V,, is adjusted to a value slightly
less than that which would start the Q1 circuit free-running,.

When Q1 is triggered C1 discharges rapidly through the
series path formed by load resistor R;, transistor Q1, and
diode D1. The resultant voltage drop across D1 reverse-
biases the emitter-base junction of Q2, leaving only the
limiting resistor R1 as the current path between V.. and the
collector of Q1. After C1 has discharged, Q2 turns “on” and
C1 rapidly charges toward V. via the low-resistance path
provided by Q2. By this means, very narrow pulses are
easily generated which have fast fall times as well as fast
rise times. Pulse repetition rates can thus be increased a
hundredfold over the single-stage circuit, with obtainable
repetition rates up to approximately 5 MHz.

Delay-Line Stabilization

In applications requiring flat-topped pulses, a transmis-
sion-line load provides greater control of pulse duration,
amplitude, and phase of the output signal than does the use
of a load capacitor. Fig. 4B shows a monostable pulse gener-
ator which employs an open-circuited delay line as a pulse-
forming network in the collector circuit of transistor Q1.
In this configuration, a hold-off bias is applied to the base
to maintain Q1 in the nonconducting state. During the “off”
cycle the delay line acts essentially as a capacitive load
which is charged to the collector supply voltage, V.. in con-
junction with resistor R1. The application of a trigger pulse
forward biases the base-emitter junction and produces a
positive regenerative avalanche transient across the trans-
mission line and load resistor R;.

At this point, the switching transient travels along the
delay line (approximately 2 ns/ft), which now behaves as a
resistive element equal to its characteristic impedance (Z, =
50 ohms). When the pulse reaches the open end of the
line it is reflected back to the source (in phase) since there
is no resistive termination at the load end to absorb the ener-
gy. Upon returning to the collector, the pulse increases the
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voltage across the source end of the line and causes a re-
duction of the voltage across R;,. By this means the collector
current is reduced to a sufficiently low value to turn off
the transistor regeneratively, thus terminating the pulse.

In this circuit, the duration of the rectangular output
pulse is equal to the two-way transit time of the delay line.
Although small changes of pulse repetition rate can be pro-
duced by adjusting the values of V. and RI, the repetition
rate is primarily determined by the value of the transmis-
sion-line capacitance. To prevent ringing and undesirable
reflections, R;, must be equal to or slightly less than the
characteristic impedance of the line.

Fig. 5A indicates how the avalanche process is applied to
coincidence detection in high-speed nuclear instrumentation.
In this arrangement, the two trigger pulses applied to the
delay-line coincidence circuit are derived from a pair of
nuclear scintillating counters. To detect the coincidence of
both pulses, one half of the required pulse height is coupled
to the collector of Q1 and the other half is fed to the base
input circuit. The collector circuit parameters are selected
so that the presence of both pulses is necessary in order
to drive the transistor into avalanche and deliver an output.

In the voltage comparator circuit shown in Fig. 5B, the
input level of a ramp signal is compared with an adjustable
positive voltage reference source Vy, in the emitter circuit.
When the applied voltage ramp exceeds the threshold trig-
ger level, avalanche breakdown takes place and the col-
lector-emitter path of Q1 conducts heavily. The delay line
then discharges around the loop formed by load resistor Ry,
emitter bypass capacitor C1, and Q1 so that a large nano-
second pulse is produced at the output.

Variable-Width Pulses

A convenient method of obtaining continuously variable
pulse width is the complementary arrangement shown in
Fig. 6. Here the fast rise time of avalanche transistor Q1
is utilized for the leading edge of the output pulse and that
of Q2 for the trailing edge so that precise control of pulse
duration is achieved. By varying the time delay between
start and stop trigger signals, it is possible to continuously
adjust the pulse width from a few nanoseconds to over one
microsecond.

Initially, C1 and C2 are charged toward the V. source
via resistors R3 and R4, respectively. To initiate the ava-
lanche process, a start trigger pulse is applied to the base
of Q1. A heavy current flows through the collector circuit
which discharges C1 through the R1, R;, and Q1 path so
that the leading edge of the output pulse is formed. During
this interval, diode D1 is reverse-biased to prevent interac-
tion with the Q2 switching circuit.

After a predetermined period of time, a trigger pulse is
applied to the base of Q2 in order to terminate the pulse.
As C2 discharges through R2 and Q2 a large negative volt-
age is developed across R2 which overcomes the reverse
bias on D1. As a result, the R1-C1 junction is driven more
negative so that the algebraic sum of the voltages between
the Q1 collector and ground approaches zero. This bucking
effect cancels the power that keeps Q1 in avalanche, there-
by turning off Q1 and terminating the pulse. At this point
C1l and C2 recharge to complete the cycle as the Q1 cir-
cuit awaits the arrival of a new start pulse.

At the present state of the art, the avalanche mechanism
adds a new dimension to solid-state switching design which
has not yet been fully explored. To meet the increasing de-
mands for ultra-high-speed, high-current switching applica-
tions, a number of high-frequency transistors are now com-
mercially available, e.g., 2N3033, 2N3034, 2N3035, which
are specifically tailored for avalanche-mode operation. As
more avalanching transistors become available, circuit de-
signs will reach farther into the picosecond region to solve
some of the problems related to operation at very high rep-
etition rates. A
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Temperature-

Depth
Measurements
in the
Ocean

By JOHN ALTHOUSE

A description of the electronic instruments used to make these umportant
oceanographic measurements. Included here are the various types of electronic
bathythermographs, infrared and quartz thermometers, recording thermographs.

accurately than oceanographers do today? It is quite

possible that he did and here lies a challenge to the
electronics industry. It was almost 200 vears ago that Frank-
lin developed his “thermometrical navigation”. He was able
to guide a ship along favorable currents by measuring the
temperature of the surface water. His ieasurement method
was simple. He dipped a bucket into the water, hauled his
water sample aboard, and measured its temperature with
an ordinary thermometer.

Today, temperatures taken by this method are called
“bucket temperatures” and the technique is still the prime
method of obtaining the temperature of ocean surface wa-
ter. But it is likely that Ben Franklin used wooden buckets.
Today’s metal buckets are poor insulators and can allow
water temperature to change before measuring.

DID Benjamin Franklin measure temperature more

Reversing Theruiometer

In 1874 the English instrument firm of Negretti and

Fig. 1. The mechanical bathy-
thermograph (shown here in
its carrying case) makes a
graph of temperature vs depth
on a coated glass slide as
it is lowered and raised in
the water at end of wire
rope. (Manufacturer: Kahl Sci-
entific Instrument Corporation.)

Zambra introduced the reversing thermometer, an instru-
ment whose accuracy is a source of some embarrassment to
the manufacturers of today’s electronic instruments.

Ben Franklin’s bucket was limited to measurements of
swwface temperature. The reversing thermometer can mea-
sure temperature from near the surface to as deep as 20,000
feet. It is a form of mercury-in-glass thermometer which is
lowered to the depth at which a measurement is to be taken.
A trigger mechanism then “locks” the thermometer reading
so it can be brought back to the surface to be read. (See
“Electronics in Oceanography” in the March, 1967 issue.)

The reversing thermometer is of particular interest be-
cause it uses techniques common to many oceanographic
instrument designs:

1. It is pressure protected. An unprotected thermometer
will change calibration at the high pressures of the deep
ocean.

2. It measures pressure by use of an auxiliary thermome-
ter. Pressure is not measured for its own sake but as a means

e

= —— =
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Fig. 2. Upper photo shows the underwater probe of the elec-
tronic B-T. it consists of a Bourdon tube potentiometer pres-
sure transducer in on oil-filled aluminum housing and a neo-
prene-jacketed thermistor (top). The lower photo shows the
deck unit, containing a power supply, a meter readout, along
with a graphic recorder. (The manufacturer: Hydro Products}

of determining depth. To a good approximation, pressure in
the ocean increases at the rate of 0.445 psi per foot of depth.
Depth can be determined more accurately by pressure mea-
surement than, for example, measuring the length of wire
supporting the thermometer.

3. It is used with a water-sampling bottle so that chemi-
cal analysis of the water (at the place where temperature is
measured) can be made. This is the “instrument-cluster”
concept frequently used in oceanographic instrumentation.

Disadvantages of this instrument are:

1. It takes but one measurement per lowering.

2. Some time is required to make each measurement.

The Bathythermograph

In 1938 Prof. A. Spilhaus devised a mechanical tempera-
ture/depth instrument that probably has been used to take
more oceanographic data than any other single device. A
commercial version of this particular instrument is shown
in Fig. 1.

Designed to be towed behind a ship, it contains a replace-
able smoked glass slide. A temperature-sensitive element
moves a stylus vertically across the slide. The slide itself is
moved horizontally by a pressure-sensitive bellows assem-
bly. As the instrument is lowered into the water and raised
again, the stylus traces temperature vs pressure (depth).

The instrument is usable to a depth of about 1000 feet
and gives an accuracy of approximately =10 feet in depth
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Fig. 3. Side and top views of the recording thermograph
which makes hourly records of the temperature measured by
a mercury thermometer. Photographic film is exposed by radio-
active-phosphorescent light source. Film advance is controlled
by clockwork timer and powered by capacitor discharge.
{An instrument of this type is manufactured by Braincon Corp.)

and ==0.1 degree centigrade in measured temperature.

Electronic Bathythermograph

A simple and inexpensive electrical analog of the mechan-
ical B-T is shown in Fig. 2. The underwater assembly con-
tains a thermistor to measure temperature and a potentiom-
eter-type pressure transducer to deterinine the ocean depth.

A multi-wire cable connects to a power supply, recording
and signal-conditioning assembly on shipboard.

Its great advantage is that, unlike the mechanical B-T
whose glass slide must be recovered before the data can be
read, the temperature and depth measurements are dis-
played in real time on shipboard. If an interesting anomaly
appears it can be closely investigated while the sensor is
still in place. Also, the electrical data is amenable to elec-
tronic data processing techniques.

This simple electronic B-T is best suited for use near the
surface of the ocean. At great depths more elaborate pres-
sure protection is required. Also, as the lead wire becomes
longer, its resistance becomes significant and it becomes
desirable to place the signal conditioner underwater and, if
possible, to use a single-conductor wire.

Recording Thermograph

The device shown in Fig. 3 is a unique combination of
old and new techniques. It illustrates several facets of ocean-
ographic instrumentation:

1. Ingenuity in design

2. Simplicity of design—a quality that has been found to
be of importance in equipment used in the ocean

3. Low power consumption (‘Unattended instrumments fre-
quently must be located where sources of commercial pow-
er are not available.)

The temperature measurement is made with a mercury-
in-glass thermometer. A zinc-sulfide phosphorescent mate-
rial, excited by a radioactive source, provides light. This ex-
poses a strip of film behind the thermometer except where
the light is blocked by means of the thermometer’s mer-
cury column,

ELECTRONICS WORLD



Fig. 4. The infrared thermometer consists of a hand-held or
tripod-mounted sensing head (left) containing a thermistor
bolometer detector, optical lenses and Hfiters, controlled-
temperature chamber, and mechanical chopper. The tempera-
ture of the ocean surface can be read directly on the meter
located in the case of the instrument. {Barnes Engineering Co.)

The film advances periodically to give a record of tem-
perature vs time. Power for the film advance comes from a
battery that charges a capacitor through a large resistance.
Once an hour a clock-controlled switch applies the capacitor
charge to the solenoid-ratchet stepping mechanism.

The recording thermograph was designed to monitor
temperature in harbors, bays, and estuaries where tempera-
ture changes are slow., Accuracy is on the order of =0.1° C,

Infrared Thermometer

The concept of imeasuring temperature at a distance by
observing infrared radiation has been put to practical use in
oceanography in recent years. The instrument shown in
Fig. 4 can be nsed on shipboard or, more commonly, in a
low-flying airplane. The probe, which has 3° field of view, is
pointed at the surface of the water. The infrared radiation
received is compared to that of a standard-temperature
source within the probe to determine the water tempera-
ture. The temperature that is measured is that of the top
few millimeters of the ocean surface.

The probe contains optical filters to restrict its passband
to 8-14 microns. In this wavelength band the sea appears
black (non-reflecting) and the atmosphere is nearly trans-
parent. Thus interference from sun reflection is minimal
and attenuation through the sea-to-aircraft path is small.

The basic sensor is a thermistor which, with the aid of a
gold-plated mechanical chopper, alternately sees the ocean
surface and a chamber of known temperature. The resulting
square wave is processed to provide a d.c. signal for meter
display and recording.

The absolute accuracy of the infrared thermometer is
about =1.2° C. Most oceanographic temperature sensors
are an order of magnitude better in this respect. But the
ability of the infrared thermometer to operate from an air-
plane saves the high cost of a research ship and allows data
to be collected over much larger areas of the sea.

The Deep-Sea Bathythermograph
Electronic methods have made practical continuous tem-
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perature-pressure (depth) ‘measurements from the ocean
surface to the deep sea.

Using the “instrument-cluster” concept, a typical system
also measures sound velocity, conductivity, and other pa-
rameters. The instrument, supported by its electrical cable,
is lowered over the side of a ship. Data is recorded on deck
as the probe is lowered to 10,000 feet or more below the
surface. Another record is made as the probe is pulled back
to the swface.

The design of the deep-sea B-T differs in several respects
from that of instruments used closer to the ocean surface.

Supporting Wire The deep-sea B-T may require a sup-
porting wire that is four miles long. Such a wire needs con-
siderable strength just to support its own weight. The
mechanical design usually dictates that the electrical conduc-
tors of a multi-wire cable be small, #24 gauge for example.

The resistance of the wire is significant and, for measure-
ments of good accuracy, the wire usually is not placed in
series with a resistive transducer. Instead, the sensor bridge
and output amplifiers are placed in the underwater probe.
The deep-sea instrument is typically more complex than its
near-surface counterpart for this reason.

The twisted-armor construction of multi-wire cable re-
stricts the speed at which it can be towed. Thus many deep-
sea designs favor single-wire plastic-insulated cable. The
plastic insulation, buoyant in the water, reduces the total
immersed cable weight and presents a smooth surface to
the water The sea water serves as a return conductor.

Data signals, in this arrangement, must be multiplexed.
Frequency multiplex is popular. Here, each measurement is
converted to a frequency analog. The combined multi-fre-
quency signal can then be sent up the single wire. At the
same time d.c. to power the sensors can be sent down the
wire.

Pressure Sensor. Pressure (depth) data from the bathy-
thermograph varies slowly and the data-gathering time is

VIBRATING WIRE
MAGNET
—— | /
O
PRESSURE DIAPHRAGM eszaansss)
MAGNET .

Fig. 5. The ''Vibrotron'' converts pressure into frequency
through a vibrating wire When excited electrically, the
oscillation frequency is pressure dependent. (United Controf)

TO OSCILLATOR

long. The sensing system need not have wide data band-
width. The prime requirement is for good long-term stabil-
ity.

Thus, in preference to the v.c.o. approach widely used in
missile telemetry, oceanographic frequency-multiplex sys-
tems favor more direct conversion from pressure to fre-
quency.

A strain-gage-bridge transducer can be used directly as a
feedback element to control an oscillator’s frequency.
Bridge-controlled oscillators (b.c.0.s) using integrated-cir-
cuit amplifiers provide excellent long-term stability, are
small in size, and use little d.c. power.

The “Vibrotron” is specifically designed to be used with
a bridge oscillator. A tungsten wire (Fig. 5) in a magnetic
field is stretched between a fixed anchor point and a pres-
sure diaphragm. When the wire is connected in an oscillator
circuit, it is excited to a sustained vibration at the natural
frequency determined by the pressure on the diaphragm.

Accuracies on the order of +0.3% of full scale are ob-
tained with the sensor.

Temperature Sensor. The most popular temperature sen-
sor is the thermistor. Platinum resistance sensors are also
used for this application. Typically, they are connected as
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feedback elements to control the frequency of an oscillator.

For deep-sea use the probe must be protected from me-
chanical deformation by the high pressure environment. The
metal sheath usually used for this purpose increases the time
constant of the probe. It is difficult to obtain a thermal time
constant less than % second in a pressure-protected probe.

The time constant limits the speed at which the probe can
be lowered to obtain a temperature profile or, alternatively,
it limits the accuracy and detail of the measurement.

Allyn Vine of Woods Hole Oceanographic Institution has
described the time-constant problem in a pictorial manner
with the “apparent probe size” concept.

Following a step change in temperature, a sensor ap-
proaches its final reading by 37% after one time constant,
by 13% in two time constants, by 0.7% in five time con-
stants.

If we want to read changes to 0.7% with a ¥%-second
time-constant probe, a 2%-second wait is necessary. If the
probe is moving at 5 feet second it will move 12% feet
during this time.

Fig. 6. The expendable B-T probe {lower left}, its launcher,
and recorder. The launcher, which extends over the side of
the ship, ensures that the probe gets a good start on its
journey to the bottom of the ocean. Temperature-depth re-
cordings are made for the first 1500 feet. (Sippican Corp.)

Fig. 7. Cutaway view of expandable B-T probe and cannister.
The wire coil at left remains in the launcher; its wire pays
out as the ship moves. The wire coil in the probe {which is
shown at the right in the photo) pays out as probe descends.

36

Thus, even though the probe may be small, it has an
“apparent length” of 12/ feet for this measurement pre-
cision.

The Expendable Bathythermograph

It takes time to lower an instrument to 1000 feet or more
and to haul it back up. During this time the ship’s operation
is restricted. If the instrument is heavy, a winch is needed
to raise and lower it and in rough weather it may not be
possible to use the instrument at all.

The expendable B-T is a new concept in temperature-
depth instrumentation that eliminates these problems. It
uses a thermistor temperature sensor mounted in a ballisti-
cally shaped housing. When dropped into the water it falls
at a known rate. Thus, a record of its temperature readings
vs time can be displayed as temperature vs depth.

The key to the successful operation of the probe lies in
the ingenious use of two spools of fine insulated wire. One
coil of wire is inside the probe. The other remains on ship-
board. The coils are connected together to form one con-
tinuous length of wire that carries the temperature signal
from the probe to a shipboard recorder.

As the probe falls through the water wire pays off its coil.
Wire that is already outside the probe does not move and so
does not hold back the probe.

As the ship moves wire pays off the shipboard coil. The
wire laying along the surface of the water does not move.
Nothing is towed behind the ship. Readings can be taken
when the ship is moving as fast as 30 knots.

The system is shown in Fig. 6. It consists of the expend-
able probe, a launcher, and a recorder. Initially, the probe
and the coil of wire that will pay out from shipboard are
held in a canister (Fig. 7).

When the cannister is inserted into the launcher, electrical
connection between probe and recorder is made. When the
restraining pin is pulled the probe drops from the launcher,
An electrical signal is generated when it hits the water and
the recorder starts.

During the next 90 seconds the temperature-depth pro-
file is recorded. When the probe reaches a depth of 1500
feet, it runs out of wire, the recorder stops, and the probe is
expended.

The system gives accuracies of =0.2° C in temperature
and =2% in depth. The expendable probe costs about $20.

The Quartz Thermometer

The quartz crystal resonator, which has seen wide use as
a stable controller of radio-frequency oscillators, has recent-
ly been introduced as an oceanographic temperature sensor.

The quartz thermometer uses two crystals. One is an
AT-cut which is temperature insensitive. It controls a “ref-
erence” oscillator. The other crystal is an LC (Linear Co-
efficient of frequency with temperature) cut which is sensi-
tive to temperature in a linear manner. It controls a “tem-
perature” oscillator. At its operating frequency of 28 MHz
it changes 1000 Hz per °C.

The outputs of the two oscillators are mixed. The crystal
frequencies are selected so that the resulting difference fre-
quency is zero at 0° C. The beat frequency increases 1000
Hz/°C to 40 kHz at 40° C. This audio frequency signal is
transmitted to an electronic counter that gives direct digital
readout in °C.

The oceanographic temperature sensor was derived from
the laboratory thermometer shown in Fig. 8. Here the refer-
ence oscillator and two temperature oscillators are built into
the rack-mount assembly. The probes contain only the LC-
cut crystals. Their cables are restricted to 12 feet in length.
Probe diameter is % inch and the small probe is less than
an inch long. Their time constants are less than one second.

By contrast, Fig. 9 shows the oceanographic temperature
probe. It is 10 inches long and 1% inches in diameter. Its
time constant is three seconds. (Continued on page 95)
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low-cost

FOR THE
CONSUMER
MARKET

One of the new low-cost plastic-encapsulated epoxy transistors.

SEMICONDUCTORS

By JOHN S. MacDOUGALL

Consumer Applications Department, Fairchild Semiconductor

The availability of new plastic-cased IC’s, transistors, and diodes is now
opening up vast new home and auto markets. Here is what’s happening to the
semiconductors involved in this revolution along with a look into the future.

\

technology have permitted drastic price reductions

coupled with improved unit performance. These
changes have alerted the consumer industry to the many
advantages of using semiconductors. A quiet revolution is
now taking place which will eventually trigger one of the
greatest changes ever undergone by the consumer industry.
In this age of space shots and moon landings the average
housewife is probably unaware of the radical improvements
which have been made in her household appliances. The
purpose of this article is to examine what is happening to
the components responsible for this revolution and from
this to try and predict some of the future possibilities.

The Cost Picture

One of the primary reasons for the widespread acceptance
of semiconductors in consumer products is price reduction.
Transistors which once sold for $60 (Fig. 1) now cost less
than 20 cents while integrated circuits which once carried a

RECENT advances in semiconductor manufacturing

8200 price tag now sell for less than 60 cents, With these .

price reductions have come performance improvements so
that in terms of price-performance the slope is really much
steeper. When these changes are compared with the much
smaller changes in the price of typical passive devices, such
as resistors and capacitors, it is easy to see why manufac-
turers are interested. It should be noted that the prices
shown for transistors are only for silicon devices since simi-
lar price reductions were made much earlier on germanium
devices. However, it seems that silicon will dominate the
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market in the long run and will ultimately yield the lowest
price and the best performance.

Why have these drastic price reductions occurred and
what basis is there for predicting that they will continue?
In the first place, the application of sophisticated manufac-
turing techniques makes it possible to “make the device for
the socket”. In the early days transistors were made for the
military or computer market and after the best units were
supplied to these high-priced areas, an outlet was sought for
the “fallout”. When the “fallout” business started to domi-
nate the market, the manufacturer had to decide whether to
sell prime material in the low-cost market or lose present
and future business. The decision, which was made for the

Fig. 1. Price declines for silicon semiconductor devices.
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silicon market about five years ago, was to enter the low-
cost market with products designed for that market with
production rates geared to predicted volumes and costs.

The resulting industry buildup is now yielding high vol-
ume and low cost. For instance, in 1966 Fairchild Semicon-
ductor conservatively estimated sales of over 100 million
epoxy transistors witli an expectation that the market will
continue to grow at a similarly high rate for many years to
come. Estimmates of the total world-wide industry volume of
epoxy devices is also growing (Fig. 2). It can be seen that
in 1970 world consumption of epoxy transistors should reach
about 1.5 billion units.

Full development of the low-cost semiconductor devices
should be credited to a unique manufacturing process and
thie epoxy package. The former permitted high-yield volume
production while the latter reduced the cost of the most
expensive component in the assembly. A third factor, test-
ing, has not been fully automated as yet. The process for
fubricating silicon transistors has already been described ex-
tensively in the literature and will not be covered here. The
die that results from this process containg a highly protective
surface covering of silicon dioxide and can thus be handled
by relatively crude techniques. However, the epoxy environ-
ment is a nasty one and, in addition to the surface treatment,
it may be necessary to provide additional protection to the
device depending on its circuit application and method of
encapsulation.

There are two principal encapsulation techniques involv-
ing plastic materials: pressure molding and casting. Each
technique has its advantages and disadvantages from a
teclmical standpoint which more or less offset each other
but the principal argument in favor of the casting method is
its suitability in low-cost-labor areas. (How these techniques
work and their differences are shown in Fig. 3.)

Although design engineers usually try to avoid them,
there are instances where metal or non-epoxy packages must
be specified. Prices on some form of metal packages have
been drasdceally reduced in the past few years but one must
still pay a preminm. Metal packages provide true hermetic
sead, high dissipation, and low interlead capacitance.
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Fig. 2. Estimated world-wide usage of plastic transistors.

Fig. 3. Two main methods of encapsulation which are used.
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— MINIMAL CAPITAL INVESTMENTS

— EASY TO CHANGE PACKAGE SHAPES

— EASILY FABRICATED AT REMOTE
LOW-COST LABOR LOCATIONS

28

If one assumes that the best device for a particular con-
sumer application is one designed specifically for the socket,
then it is obvious that the semiconductor manufacturer
should be looking into all possible areas of semiconductor
application to determine device requirements. Since the lead
time from the conception of a new device specification to
full production can be as long as two years, the semicon-
ductor manufacturer must be at least two vears ahead of his
customers in order to be ready with the needed device. In
looking for the technical and economic justification for mak-
ing such a new device, he must consider the product for a
particular application. It is only by operating in this way
that a manufacturer can maintain his position in the market
and continue to make a profit on high-volume, low-cost
sales.

Another consideration that enters into the cost and price
area is that of other possible methods of obtaining the same
function. For instance, in the appliance field electromechan-
ical switching functions can be taken over by equivalent
SCR circuitry. However, relays, although inherently much
less reliable, are still well entrenched in the industry and
now sell at very low prices. In the radio and television in-
dustry, semiconductor components compete for the older
vacuum-tube sockets on the basis of two factors—price of the
total circuitry and performance.

What About Reliability ?

The question most frequently asked by potential users of
plastic-encapsulated devices concerns reliability. Reliability
depends on the type of plastic used for encapsulation and
on the environmental stresses.

In the early production runs of plastic devices reliability
problems were encountered with both epoxy and silicone
materials. At the present time technology has advanced to
the point where both materials show exceptional resistance
to environmental stresses.

The effects of environment are as follows:

1. Humidity: This great killer of all semiconductor de-
vices can enter a plastic package via the lead-plastic inter-
faces, through the plastic interfaces, or via the absorption of
the material itself. The interface route is by far the most
common and problems in that area have now been elimi-
nated. However, since the solution involves considerable
plastic technology and know-how, it is still in the nature of
a trade secret.

2. Stray Ions: The ion migration problem is of primary
concern since undesirable ions are likely to be present in
almost any environment under conditions of high-voltage
back bias of the collector-base junction (a normal operating
condition). These ions migrate to the semiconductor sur-
face and form an electrostatic bias that tends to increase the
leakage current of the device. The ions may be in the silicon
dioxide itself or in the surrounding epoxy but wherever they
occur the effect is readily apparent. Protection of the surface
by metalization structures is almost essential for epoxy
transistors operating above about 20 volts d.c.

3. Shock: Plastic-encapsulated transistors are especially
resistant to mechanical shock.

Future of Integrated Circuits

In many digital applications in the industrial field, inte-
grated circuits are now competitive with discrete devices
in terms of total circuit cost. The systems designer gains a
number of advantages by using integrated circuits:

1. If he has a minimum operating budget, he can avoid
all of the design problems associated with the detailed cir-
cuit thus leaving his engineers free to concentrate on the
system as a whole or additional performance features.

2. The system designer is buying a system component
with guaranteed performance features,

3. Small size in large systems is of considerable help in
terms of circuit boards to be assembled and handled.

ELECTRONICS WORLD



4. Over-all cost of the product can be materially reduced.

In the consumer market, the use of integrated circuits is
not as easy to justify since the systems are smaller yet
still require the use of complex linear circuits. However, it
seems that integrated circuits will ultimately enter the con-
sumer area especially in radios, hi-i equipment, TV sets,
appliance controls, and automotive circuits. In all of these
areas the circuit must offer equal or improved performance
at an equal or better price as compared to discrete compo-
nents in order to justify its use.

At present, it is technically feasible to make integrated
circuits for the following portions of a color-TV receiver:
the sound i.f., the video if., the sync-signal processing, the
color amplification and processing, the color reference oscil-
lator, vertical and horizontal scanning oscillators, the audio
amplifier, and portions of the u.h.f. and v.h.f. tuners. If all
of these circuits are integrated, the economics of IC manu-
facture will dictate that TV set makers have relatively little
say in the design of the circuits or, on the other hand, the
semiconductor manufacturer will function as a custom de-
signer of IC’s for the set maker. Obviously, some compro-
mise between these two extremes will be required.

The Effect on the Consumer

The introduction of low-cost semiconductors will not offer
the consumer any immediate price reduction in the equip-
ment he is now buying. Rather, it is our feeling that the
consumer will receive better performance from his present
equipment and a chance to buy new kinds of equipment.
For example, predictions of coming drops in the price of
color-TV receivers are not based on the future trends of
semiconductor pricing but on competitive factors. On the
other hand it is certain that the consumer will be offered
many extras which would not have been available to him
except through the use of semiconductors.

Among the general features which low-cost semiconduc-
tors can provide are:

1. Flexibility: Changes in operating parameters of the
device can be easily altered in the design phase, in produc-
tion, or by the user.

2. Remote Operation: A timer or speed control need not
be at the point of operation—the attic fan can be easily con-
trolled from the bedroom wvia low-voltage signal circuitry.

3. New Control Features: SCR speed control of mixers is
one example.

4. Reliability.

There are many new things that can be done with semi-
conductors in household equipment. What are these new
areas of application and what features do they offer the
consumer?

1. Continuous Speed Control: Better and more reliable
hand mixers, sewing machine which operate smoothly, and
quieter fans and air conditioners will result. A current appli-
cation of an SCR control to a washing machine permits
control of the machine agitator for delicate fabrics without
compromising its ability to handle heavy loads.

2. Continuous Power Control: A light dimmer is a rela-
tively low-cost and unsophisticated example of this. In the
future one might expect electric ranges with heating ele-
ments offering continuous control such as is now possible
with gas stoves. Coffee machines with reliable contactless
operation and space heaters with continuous proportional
heat are other examples.

3. Flexibility of Timing: In the future we may have a
timer for the whole house which could be programmed to
ring the morning alarm, turn on the coffee maker, start the
lawn sprinklers, turn off the lights (or turn them on sequen-
tially during vacation periods), and start the oven. With a
mechanical timer, providing these functions would be very
complicated, but with a solid-state electronic unit, it would
be a fairly simple matter and certainly much more reliable.

With this increased capability made possible by the use
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Here are four plastic IC’s used in FM tuner i.f. strip. Note the
absence of a large number of separate R and C components.

of semiconductors we can look forward to a host of new
appliances and important changes made in older models.

The automotive field is another prime area for the appli-
cation of low-cost semiconductor components. Two features
can be offered which will make their use attractive to the car
and truck buyer. The first of these is reliability. With the
longer warranty periods and the new emphasis on safety,
reliability is becoming both an economic and a performance
sales tool. The second feature is added performance. The
electronic ignition system is already available as an option
for increased performance, however, it has not been widely
accepted by the consumer since the improved performance
is rarely obvious in everyday usage.

On the other hand, an electronic ignition system which
would provide automatic timing adjustment would be very
desirable and, at present, appears economically feasible.

In addition to improved radios, tape recorders, and back-
seat TV receivers for the car, there are many areas where
real performance features can be added. Some of these in-
clude anti-skid brake controls, computer-controlled auto-
matic transmission systems, and automatic speed controls.

As to the future, production rates will continue to increase
and epoxy devices will dominate the field. Integrated cir-
cuits will be introduced and used in conjunction with dis-
crete circuits in the most economical arrangement. The ap-
pliance and automotive industries will certainly incorporate
semiconductors in their products at an accelerated rate and
this will create a booming new semiconductor market area. A

POSSIBLE USES FOR SEMICONDUCTORS IN THE HOME

SCR control of electric range elements

Capacitance burglar alarms or door openers

Garage door openers using IC's

SCR light dimmers

IC temperature sensor for furnace control

Digital electric clock using IC's

A.c.-to-d.c. converter for electric razors to allow razor motor to deliver
higher torque

IC limit clocks for stop-start operation of electric ovens

Ultrasonic power source for ultrasonic dishwasher and/or washing
machine

Solid conductivity detector to turn on sprinklers as the lawn dries out

Water level cut-out switch for bath tubs and sinks to prevent overflow

Automatic humidity control for dry air regions

SCR control for electric blanket

Electronic bathroom or food-weighing scale using strain gage coupled
to counters

Electronic metronomes for musical-instrument students

Automatic electric timer-temperature computer for photography fans
Timers for washers; dryers, ovens

Speed controls for drills, saws, washers, furnace fans, air conditioners
Digital coded or magnetically coded door locks

Automatic focus control for projector

Pollen/dust count detector and electronic filter control
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DIRECTORY OF MOST
 POPULAR,LOW-BPRICED

(=] Tape Record- BiDEN
'5 Number| Size | Reel| Tape Playback Horiz.
T o Used| Size | Speed Time Input Level Output Level | Response |Resolution
A Model Heads | (in) | (in) (ips) (min.) ) ) ) ) (MHz) (lines)
AMPEX CORP., 401 Broadway, Redwood City, California 94063
A VR-6050 1 1 93 9.6 60 1 75 R.f.2 300 25 250
VR-7000 1 1 (9% | 96 60 1 v [P = 3.5 350
VR-7500 1 1 | 9% 9.6 60 1 7EalqIVEENLLSo 42 350
CONCORD ELECTRONICS CORP., 1935 Armacost Ave., Los Angeles, Calif. 90025
B VTR-500 l 2 ] 1, I 7 I 12 [ 60 | 1 75 l a0 | 2.5 ‘ 250
CRAIG PANORAMA :INC., 2302 15th St., Los Angeles, Calif. 90021
6401 2 1, 7 or 9y, 63 .5 75 1 75 - 200
8%
GENERAL ELECTRIC CO., Audio Products Dept., Decatur, lllinois 62525
C VC-941 2 3 7 7Y S0 1 75 1.4 75 - 200+
GENERAL ELECTRIC CCTV Business Section, Syracuse, N. Y. 13201
D 2-30 2 1 8 7.8 63 .5 75 1 75 3 300+
PT-3A 2 Y 7 7Y, 64 1 75 1.4 75 - 200+
PT-2A 2 Y 7 7Y, 64 1 75 1.4 75 — 200+
MATSUSHITA ELECTRIC CORP. OF AMERICA, 200 Park Ave., N. Y., N. Y. 10017
E NV-8000 2 | 1, | 7 12 l 40 | 4 75 | 1 75 2 | 200+
F NV-204 2 1 81/, 8.57 67 .5 75 2 75 3 340
PHILIPS BROADCAST EQUIP. CORP., 900 South Columbus Ave., Mt. Vernon, N. Y. 10550
1 75
G EL3400 | 1 | 1 | 8 | 9 l 40 | 1 75 I R.f.2 300 3.2 | 285
REVERE-MINCOM DIV., 3-M CO., 2501 Hudson Road, St. Paul, Minnesota 55119
Wollensak I I I I l I ]
H VTR-150 1 5 8 7, 60 1 75 1 75 2 —
.SHIBADEN CORP. OF AMERICA, 58-25 Brooklyn-Queens Expressway, Woodside, N. Y. 11377
1 Sv-700U | 2 | v | 7 ] 7% | 60 | 1 75 | 1 75 | 35 | 300
SONY CORP. OF AMERICA, 47-47 Van Dam St., Long Island City, N. Y. 11101
CV-2000D 2 1/ 7 7 60 1 75 1 75 2.5 200
J CV-2000 2 A 7 7% 60 1 75 1 75 2.5 200
TCV-2010 2 L 7 7% 60 1 75 1 75 2.5 200
K TCV-2020 2 :/ 7 71, 60 1 75 1 75 2.5 200
L DV-2400 1 iz | 5 714 20 1 75 oL 2.5 200

a—VHF channels 2 through 5; b—camera; c—monitor; d—tripod; e—microphone; f—mono version $3995;
g—recorder, camera, monitor as package $1509.50; h—TV10} school trainer including VTR, receiver, view-
finder camera, tripod, console $5800; i—R.F. modulator; j—built-in monitor; k—built-in timer.
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AUDIO
I F Dimensions
Micro. Line Output Response (in) Weight| Price| Special
(dB) ) | (dB) Q| (dB) Q) (Hz) H D (Ibs) %) Video Notes
— 50K | — 100K — — 90-9,000 | — - — 85 1195 — b,c,d, e
2mv 200 | .12v 100K [{§B™ 600 | 50-12,000|20% 13% 2044 100 | 3450 - bc d e
2mv 200 |.12v 100K [{#9B™ 600 |50-12,000 [20% 13% 2014| 110 | 4495| color |[b,c,d,e, ¢
1mv 20K 11V 1 meg. I 1v 600 | 60—12,000| 17 10 161/2| 52 1050| - b,c,d e g
—60 10K | =10 10K} O 2K | 70—10,000 | 2134 1334 1734 65 1035 - Accessories:
camera,
monitor,
tripod, mike
—-60 600 | —20 high| O high |80—10,000 |18l, 10y, 1634 - 1600 - Includes cam-
era, micro.,
monitor,
cables
-70 600 | -8 10K +4 600/10K — 26 11 177% 88 3495 still, slow | two audio
motion, color| channels
0.775 600 — -2 10K |80-—10,000 |15V, 934 161, 62 1695 - consists of
mv VTR, cam-
era, monitor
0.775 600 —_ -2 10K |80-10,000 |37Y, 3434 26 75 1995 - console—VTR,
mv camera,
monitor
~60 20K | O 1 meg.| ~-20 600 | 80—10,000 [165; 97 16 l 5414 l1050 - b,c d e i
—65 600 | —10 600 | O 600 | 50—12,000 |247; 121, 167 97 3750 still, color |b,c,d, e, i
1mv 1KJ200 mV 500KI 1v 20K 1120—12,000]24% 1614 15%' 100 ] 2495] — I"
2V IOKJ — | Y 10K [50—10,000‘ 20 g 14 | 50 I 1495| — [-—
—-60 10K | —14 10K | —14 Low }50—10,000|1534 91, 1534| 53 1 1295] still b, c, d,i
—60 600 | -2 high| 0 high [80—10,000 [1934 97 15| 421, 695 = b, ¢, d, e
—-60 600 | - high] O high |80—10,000 [181, 1174 133/, 46 730 — b,c, d, e
-60 600 | -2 high] O high | 80—10,000 |271, 11 61/ 66 995 - b,c d e
~60 600 | -2 high| O high |80—10,000 |29, 1174 1174 70 1150 - b, ¢, d,e,;,k
—60 600 — — 10y, 934 1214 12 1250 - camera, view-
finder,
micro.
battery
powered
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The larger device is intended for the
Gunn bulk oscillator, while the smaller
device houses a Read-type junction diode.

scientists and engineers that microwave technology is

on the threshold of a miniaturization and cost revo-
lution. A new breed of simple microwave semiconductors
may one day replace our present complex and expensive
microwave sources and create a whole new line of con-
sumer microwave communications and radar devices.

The makers of the revolution will be the new transit-time
semiconductors best represented by the Read p-n junction
diode and the Gunn bulk gallium arsenide oscillator. (See
“New Frontiers in Semiconductors” on page 78 of the
March, 1967 issue.) At this stage of development, however,
no one can say which device will eventually set the micro-
wave revolution into motion—both have advantages and
disadvantages, and both are plagued by production reliabili-
ty problems.

The theories of operation of both devices are rather new.
The Read-type device operates on the well-known principles
of the zener and tunnel diodes with the new idea of semi-
conductor electron transit time tying the two effects to-
gether. The operation of the Gunn device, however, repre-
sents a radical departure from conventional semiconductor
thinking. In this respect, the Gunn device is worthy of
closer study.

T'HERE is little doubt in the minds of semiconductor

Gunn’s Discovery

Those of us who have been working in electronics for
more than a few years associate semiconductor devices with
one or more p-n junctions. We think in terms of holes and
electrons, minority and majority carriers, junction potentials
—always in terms of at least one pair of p and n semicon-
ductor materials within one device. To think of an operation-
al semiconductor made up of only one type of semicon-

Fig. 1. The current through bulk GaAs increases with an in-
creasing amount of applied d.c. voltage until the conduction-
band electrons gain enough energy to skip upward into high
energy, low-mobility band. At this threshold voltage {(about
3000 volts/em or about 6 volts of applied voltage) the GaAs
sample will oscillate without any external tuned circuitry.

S, A 2 S [N [N—— [T [
Field volts/cm '
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GUNN OSCILLATORS

By DAVID L. HEISERMAN

A new type of microwave semiconductor that may one day
replace present complex and expensive sources, and create
new consumer microwave communications and radar devices.

ducting material (a bulk semiconductor) is, traditionally, to
think of an impossibility. Despite conventional thinking, the
“impossible” was accidentally discovered by Dr. J.B. Gunn
at IBM’s Watson Research Center.

In 1963, Gunn was running a series of routine experiments
on a 0.005-inch thick slice of homogeneous n-type gallium
arsenide when he noticed some unexpected coherent r.f.
oscillations on his oscilloscope. Checking the set-up for pos-
sible stray reactance or faulty components, he discovered
that the plain n-doped material was oscillating at slightly
less than 1 GHz (1000 MHz) with nothing more than a
6-volt d.c. power supply connected to the terminals (Fig. 1).

What had been a purely theoretical possibility became a
fact—Gunn found a semiconductor material that could os-
cillate in the microwave region without benefit of external
tuned circuitry.

Gunn and his associates soon realized that they had un-
covered a phenomenon that could not be explained in terms
of the usual semiconductor theories, so they were forced to
try new theories and experimental techniques. The the-
oretical model of the oscillator, as finally developed, repre-
sents one of the biggest sidesteps from the mainstream of
semiconductor thinking since the introduction of the laser

diode.
Negative Resistance in Bulk GaAs

Without the benefit of the usual p-n junction, the Gunn
oscillator demonstrates negative resistance properties. The
quantum energy diagram and corresponding I-V curve are
shown in Fig. 2.

The diagram shows the usual forbidden gap between the
valence and normal conduction bands. These regions in
GaAs have the characteristics of any other n-type semicon-

Fig. 2. The quantum-energy diagram {(shown in the inset)
along with a corresponding current-voltage curve for bulk gal-
lium arsenide are illustrated below. The existence of the second
forbidden gap and the low-mobility, high-energy conduction
band gives GaAs quite different properties from the usual
semiconductor, such as n-doped silicon, showing no negative R.
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ductor such arsenic-doped silicon. The GaAs, however, has
an additional forbidden gap and a special conduction band
that differs from the first in two important respects. First,
carriers (electrons in the case of GaAs) can cross the second
forbidden gap only when the applied d.c. potential reaches
an extraordinarily high value of 3000 volts per centimeter.
Second, carriers that do gain enough energy to skip into the
second conduction band effectively gain some mass and
thus travel much more slowly through the semiconductor
than their lower energy counterparts in the first conduction
band.

The second conduction band is thus described as one
containing only high-energy carriers which travel with un-
usual slowness through the semiconductor. It is this addi-
tional conduction band that makes it possible for an n-type
bulk semiconductor to show negative resistance.

Referring to the I-V cirve in Fig. 2, the non-linear slope
between points A and B is due to the increasing fraction of
valence electrons skipping upward into the high-mobility
first (normal) conduction band under the influence of a
small applied voltage.

As the applied e.m.f. is increased beyond point B, how-
ever, the current drops off sharply. It is at this point that
some of the electrons in the low-energy, high-mobility first
conduction band enter the high-energy, low-mobility second
conduction band. If electrons move slower in the second
conduction band than they can in the first, it follows that in-
creasing the percentage of electrons in the second conduc-
tion band will cause a corresponding decrease in the net
rate of electron flow through the material. As the applied
voltage passes beyond point B, then, the current through the
GaAs sample decreases. This, of course, is the general de-
scription of a negative-resistance effect.

The negative-resistance, junction-type semiconductors in
use today require some capacitance or inductance to sus-
tain oscillation while the Gunn device does not. So, negative
resistance in bulk semiconductor theories are potentially
useful, but cannot wholly account for the Gunn effect.

Electron Domain Transit Time

The theory that finally rounded out the explanation of the
Gunn effect involves the new concept of slow-moving, high-
energy packets or “domains” within a bulk semiconductor.

If a sufficient voltage (the threshold voltage) is applied to
a thin slice of n-type GaAs, electrons skipping into the sec-
ond conduction band tend to collect into discrete energy
domains. Further, if the GaAs is of sufficient purity and the
applied voltage is carefully regulated, one and only one do-
main can exist within the material at any one instant.

Since this one domain is made up of second conduction
band electrons, the domain will behave exactly as the elec-
trons described in connection with Fig. 2. The domain will
drift with relative slowness from cathode to anode, holding
the net current flow through the semiconductor to a mini-
mum.

Once the domain reaclies the anode, it disappears mo-
mentarily and current surges through the material via the
first conduction band. This surge continues until another
high-energy, low-mobility domain forms at the cathode.
The current through the bulk semiconductor, then, is low
during the electron domain transit time and relatively high
during the brief period of time it takes to form another do-

Table 1. Performance of Gunn and other microwave devices.

DEVICE FREQ. RANGE | POWER OUTPUT EFFICIENCY
0.060 W (c.w. 5-69
Gunn oscillator 2-3 GHz 200 W (pl(llsed)) 140/:
Read diode 5 GHz 0.019 W (c.w.) 0.5%
Small klystron 10 GHz 0.100 W (c.w.) 2%
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main at the cathode. Thus, the Gunn device demonstrates
current oscillations, the period of which depends on the rate
of domain travel and the physical length of the bulk semi-
conductor material.

The oscillogram of Fig. 3 shows the high-energy domain
passing through discrete points along the length of a thin
slice of bulk GaAs. The trace at the top shows the domain
leaving the cathode. In the following traces, the moving elec-
tron domain is shown at points progressively closer to the
anode. If the frequency of oscillation is assumed to be about
1 GHz, the traces cover an interval of about 1 ns.

At the present stage of semiconductor technology, the
Gunn device’s advantages of small size, low cost, and
simplicity must be weighed against the disadvantages of
lower operating frequency and low c.w. output power.
Placed beside the Read-type devices, the Gunn oscillator
has about a 50 percent chance of becoming the microwave
source of the future. See Table 1.

Regardless of the final outcome, the Gunn effect described
in this article represents another opening to products and
industrial equipment thought impossible a few years ago. A

Fig. 3. The low-mobility, high-energy electron domain passing
through the Gunn device. The domain builds up near the cathode
and moves with relative slowness to the anode, holding the cur-
rent through the semiconductor to a minimum. Although the or-
dinate of the oscillogram is in terms of field strength, the
downward progression of traces has no physical meaning except
to display the chronology of the shock wave that is produced.
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Electronics For Speech
and Hearing Therapy

By L. GEORGE LAWRENCE

Special techniques for detecting response to auditory stimuli, loop-type
induction recetvers, and unique neurological sound inducers are some of
the many types of electronics used to help hearing-handicapped people.

ing-handicapped persons, especially children, is of

interest to society at large. Today, with otologists,
audiologists, and educators being supported with purpose-
tailored electronic systems, good progress is being made in
nearly all teaching sitnations.

Unlike “normal” children, young students afflicted with
a hearing impairment are exposed to electronic devices at
an early age. This exposure begins when the child is taken to
a clinic for audiometry, to be tested for threshold levels and
fitted with a suitable hearing aid. In many cases, this piece
of equipment will be an indispensable companijon through-
out life. Unlike those who use electronic devices for purposes
of entertainment and the like, a handicapped person de-
pends upon electronics for his personal welfare.

Although his vocal cords may be intact, the hearing-im-
paired child might be unable to speak. Speech requires an
inventory of auditory-type references, a set of “models” after
which a speech pattem can be formed. But since the child
cannot hear, he is unable to collect and vocalize these refer-
ences in a distinct and comprehensive manner.

In traditional audiometry, the clinical worker tends to
define hearing in terms of a raised finger or a pressed signal
button after the patient has been verbally or otherwise in-
structed to respond to sounds dlirected to him wvia head-
phones connected to an audio generator (audiometer). One

THE creation of a normal educational profile for hear-

Fig. 1. When measuring changes in skin resistance in re-
sponse to shock and auditory stimuli, instruments rather
than the patient indicate the true hearing threshold.

SOUND METER,
@ GENERATOR RECORDER,
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Fig. 2. The induction-loop system | colL AID I
enables only hearing aids within I |
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might also say that a patient hears if his pupils contract or
if his skin resistance decreases. And there also may be a
“startle response” that follows a sudden intense stimulus.
Unfortunately, the finger-raising and button-pressing type
of auditory response indicators tend to fail if the patient is
difficult to instruct or if he is unable to respond to verbal in-
structions due to too great a loss of hearing. It is under these
and related conditions that quantitative information must
be obtained by means of galvanic skin response.

Galvanic Skin Response

Two kinds of response are of interest: the Tarchanow
effect and the Feré effect. The former is a change in elec-
trical potential that exists between two points on the surface
of the skin, while the latter is a change in electrical resistance
between two such points. The Tarchanow effect, or galvanic
skin response, can be elicited both by intense sounds and
electric shocks—the magnitude being directly related to the
intensity of the stimulus.

Fig. 1 illustrates the equipment used for measuring
changes in skin resistance (Feré effect) in response to ap-
plied electric shock and conditioned auditory stimuli. The
shock electrodes may be connected to the arm or leg, and
the resistance-measuring electrodes may be placed either
on the top and sole of the foot, or on the back and palm of
the hand. In practice, the first tones as supplied via head-
phones have a relatively high intensity. After an interval of
4 or 5 seconds, each tone is followed by a mild shock. The
pause between tone and shock is long enough for separate
response data to be gathered. As the intensity of the tone
is gradually reduced, a point will be reached where the pa-
tient gives no response to the tone alone. The process, re-
peated several times, makes it possible to calculate a definite
threshold of auditory acuity.

Historically, these and related methods are traceable to
the Russian Nobel Laureate 1. P. Pavlov (1849-1936) who
pioneered studies in conditioned reflexes. The American
scientists J. E. Bordley, W. G. Hardy, and C. P. Richter, as
a result of experiments published in 1949, brought this art
to a high degree of perfection. Other workers, active both
here and abroad, are in the process of adapting and redefin-
ing these principles for the purpose of creating tactile com-
munication systems. Tactile data communicators are a must
if, for example, one wishes to transmit a set of emergency
instructions to an astronaut whose hearing has been im-
paited due to brief, accidental decompression of a space
suit or vehicular system.

In alignment with Pavlovian theory and concepts de-
veloped by American psychologist B.F. Skinner, speech
pathologists have long recognized the need for speech to be
recorded and played back to a hearing-loss-afflicted individu-
al. The “phonic mirror” is a modern example of an instru-
ment that lets the student speak whenever ready; then, after
a few seconds’ delay, he hears his speech played back auto-
matically. Since he can listen to the playback several times,
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evaluation and correction processes become much more
effective.

Most instruments of this type use a continuous-loop tape
mechanism. Maximum sound-pressure levels are at 135 dB
with a S/N ratio of 65 dB. The output amplifier develops
3 watts. In some designs, the student simultaneously hears
the clinician’s production in one ear and his own production
in the other ear. By means of a binaural balance control, the
clinician can vary sound intensities of the two stimuli,
thereby creating a flutter effect that focuses attention. It is
also possible to reverse the stimuli transmission between
ears to emphasize speech discrimination and modification.
The high sound pressure of 135 dB enhances the indication
of sibilant disorders (lingual and lateral lisps) requiring cor-
rection.

Induction Loops

For many years, the two standard methods of amplifying
speech for the deaf and hard of hearing have been the con-
ventional hearing aid and the group amplification system.
Unfortunately, in the case of group amplifiers, the presence
of connecting cables tends to place a severe restriction upon
the movements of students. To mitigate these disadvan-
tages, a new kind of wireless classroom hearing aid has been
introduced. The composite system is known under the
name of “loop-induction trainer” and is shown in Fig. 2.

The generic term “induction” simply implies the trans-
fer of electrical energy by wireless (non-galvanic) means.
In the case at hand, loop-type communication systems were
used during World War II aboard ship to enable the captain
to speak to his crew while moving around. The present sys-
tems have been modified slightly, but the basic principle
has been retained.

‘In operation, speech is picked up by the microphone. An
amplifier magnifies the product and, vie matching trans-
former, applies it to the loop. The loop itself consists of a
thin wire strung around the interior of a given classroom. If
a person having a hearing aid equipped with a telephone-
type pickup coil moves within or close to the loop, he will
hear the original audio information as picked up by the
microphone feeding the power amplifier. Unfortunately, as
experience has shown, the sound pattern often tends to be
non-uniform at different places within the loop area. To miti-
gate this undesirable effect, efforts are being made to equip
the receiving hearing aid with an a.g.c.-type amplifier such
as shown schematically in Fig. 3. In this particular case, the
a.g.c. voltage is derived from a voltage-doubler circuit hav-
ing an a.c. supply winding of its own on the intermediate
output transformer. The a.g.c.’s attack time is determined
by the RC values in the a.g.c. line. The loop-feeding power
amplifier might employ a similar form of volume gating to
maintain the radiated electromagnetic loop energies at a
predetermined level. Customarily, if sound pressure in-
creases by 40 dB, the automatic gain control will hold the

Fig. 3. The use of a.g.c. helps to maintain a constant volume level.
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output stable within approximately 2 dB of the selected level.

A typical free-field speech trainer in the form of a stan-
dard hearing aid has a frequency response from 400 to 4000
Hz +5 dB with three separate internal adjustments. It may
operate from the induction loop or from an individual pro-
gram source with control by the teacher or student. A con-
venient shoulder harness adds comfort.

Generally speaking, loop-type induction trainers appear
to work very well in most situations. However, an interfer-
ence problem occurs if there are too many fluorescent
lights or certain other electrical fixtures operating in the
classroom adding electrical noise to the program. Another
drawback is electromagnetic spillover into adjacent class-
rooms, but cloverleaf loop patterns mitigate these effects.

New Concepts

While no drastic changes in traditional techniques and
implements can be expected in the immediate future, the
supreme position held by acoustical-type hearing aids will
be challenged once the intrinsic auditory mechanisms
have been defined more clearly. It appears that r.f.-type
hearing aids offer new promise; but, unfortunately, their
method of operation is such that manufacturers would be
reluctant to let the public at large “play” with these rela-
tively potent devices.

An r.f-type hearing aid is illustrated in Fig. 4, The ap-
paratus takes the form of a Heising-modulated low-fre-
quency transmitter operating at approximately 50 kHz. In-
sulated electrodes, connected to the output tank, are placed
on facial areas (but not the region of the temples) and the
system is then energized. The apparatus is unique in that
in induces a clear, audible signal directly into the brain’s
neuron complex by bypassing the ears completely. The bio-
logical mechanism responsible for the phenomenon has not
vet been defined, but it seems to lie behind the common
auditory track. Since the effect does very much exist, scien-
tists are forced to re-evaluate and, if possible, restate the

classic laws dealing with stimuli and
experienced sensation. Since the respec-
tive findings are of importance to the
character of this article, some of the
more pertinent points are outlined be-
low.
In 1860, the German physicist G. T.
I Fechner (1801-87) published his wide-
ly acclaimed book Elementie der Psy-
chophysik. In it, Fechner presented a
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scheme whereby the magnitude of a
sensation could be computed from
objective measurements of various phys-
ical stimuli and responses. He seem-
ingly made clear once and for all that
stimuli and responses could be mea-
sured directly, whereas sensations could
= (Continued on page 69)
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Report on Annual Assembly of

RADIO TECHNICAL COMMISSION for
MARINE SERVICES

By RICHARD HUMPHREY

Most of this year’s Washington RTCM meeting was devoted to the coming shift
to single-sideband in the 2-3 MHz band and changes in new v.h.f. channels.

nical Commission for Marine Services in Washington,

D.C. revolved around two centers: the coming shift
from double-sideband to single-sideband emission in the
2-3-MHz marine band, and the extensive alterations in the
new 18-channel v.h.f./FM marine frequencies.

The change in the v.h.f.. ' FM band is in its final steps be-
fore becoming law. A Notice of Proposed Rule Making (is-
sued March 15th) uses channel-splitting (going from 50-
kHz to 25-kHz spacing) to create 38 transmit and receive
channels and one receive-only “environmental” channel in
the same spectrum spread presently occupied by 18.

Because of this doubling-up in the v.h.f., FM marine band,
the first step under the FCC Notice (carrying an effective
date of January 1, 1968) will be to go from wide-band FM
(*+15 kHz) to narrow-band FM (=5 kHz) to prevent ad-
jacent-channel spill over. Our country’s attitude, as expressed
at the Assembly, is that the gain in the number of channels
and new services included in the expansion plan (such as
bringing the weather reports—mow on 162.5 MHz—into the
fold by including them in the 156.75-MHz “environmental”
frequency ) far outweigh the loss of capture effect and the
possible incompatibility between foreign and U.S. ships.

J.C. Hillman of RCA cited the “good service provided at
+5 kHz FM in the land service” but went on to point out
that there might be problems in trying to dovetail an inter-
national wide-band FM system with an American narrow-
band FM system.

The international wide-band signal would be received
with a high degree of distortion on an American narrow-
band receiver. On the other hand, reception of narrow-
band FM on a wide-band receiver results in no distortion
but there is a definite loss of recovered audio. Most prob-

THE May 16-18 annual Assembly of the Radio Tech-

ably this could be compensated in the majority of cases

by advancing the volume control.

The unofficial consensus was that v.h.f. ‘FM equipment in
the U.S. could best be “converted” by merely decreasing the
transmitter deviation since, as Hillman put it, “tighter tol-
erance and roll-off filters are not required until 1971”. This
solution should certainly please owners of existing v.h.f./FM
installations who have been worried about the expense of
narrow-banding their equipment. For a towing or shallow-
draft tanker company with a number of vessels this would
represent quite an outlay. Recreational boatmen already
committed to v.h.f./FM should be similarly relieved.

A good case for opposing views on the v.h.f. /FM expansion
was made by Colonel J.D. Parker (Secretary-General of the
Committee-International Radio-Maritime) when he charged
that the FCC’s March 15 Notice “relies on the assumption
that a large number of pleasure vessels are going to be
forced to fit marine v.h.f.”.

This hopeful assumption has been implicit in FCC (and
U.S. Coast Guard) thinking from the outset.

Referring to the pleasure boater, Colonel Parker doubted
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that single-sideband equipment “need be so expensive as to
preclude its use”. A review of SSB marine radiotelephones
presently on the market and small enough in size and volt-
age requirements, show the most inexpensive set to be well
over $1000. On the other hand, Heath Company’s C.A. Rob-
ertson said (in his paper) “our SSB marine radiotelephone”
should “cost the boat owner about $720”. The representa-
tive of another manufacturer suggested that his company
is planning to sell an SSB marine radiotelephone in the
$600 range.

Clearly the equipment choice available to both commer-
cial and recreational marine interests is already expanding.
The decision may not be so single-ended, i.e., “to go to the
v.h.f. band”, as it was before.

But the problem still remains: which marine band will
give the recreational boatman more of the services and type
of communications he might feel he needs? If you think
the interference and congestion on the 2-3-MHz band during
the summer boating months is bad now, wait until all those
thousands of pleasure-boat radio licensees begin falling
over each other’s transmissions with highly efficient, greater-
distance-capability SSB emission.

The single-sideband question was in the future when Lit.
Cmdr. Walter Hamilton (then Chief of Communications,
3rd U.S. C. G. District) in speaking for the 3rd District said,
in effect, that the average recreational boater should get rid
of his 2-3-MHz equipment because he didn’t need it. Nei-
ther was SSB in Victor B. Robinett’s (ATGT Engineering
Staff) mind when he told the author v.h.f./FM should be
used instead of 2-3 MHz by the bulk of pleasure boaters.
This attitude (echoed by FCC officials, other Coast Guard
officers) that the v.h.f. FM marine band is the place for the
great majority of pleasure-boat stations has been reported
many times in the past. ‘

The author contends that to deliberately “sell” single side-
band to those recreational boat owners whose interests would
the best served by v.h.f.,’FM and make it possible for them to
cause interference thousands of miles away instead of hun-
dreds of miles away is a monumental disservice to marine
communications as a whole.

The Interference Problem

Interference on the v..f./FM frequencies presently is al-
most non-existent. The minimal number of users contributes
of course, but the fact that the bulk of the transmissions are
by commercial users who keep their talk short and to the
point is also a factor. But one characteristic of v.h.f. is going
to keep the interference factor below that of the 2-3-MHz
band: the line-of-sight feature. With a thousand vessel-sta-
tions, including yours, in a two-hundred-mile area on 2-3
MHz it is entirely clear that the potential interference factor
is 999, the number of vessel-stations who could interfere
with you and wvice versa. This interference factor would
be diminished on v.h.f. by the (Continued on page 86)
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— -1+ SWITCHES
Guide to Selection & Application

By ARTHUR F. HACKMAN

Component Specialist, Standards Engineering Dept., McDonnell Douglas Corp.

Important factors for mechanically and manually actuated switches are
presented as a practical aid in choosing the best switch for the job.

HEN trying to decide what switch to use, your
‘/‘/ first questions must be “What function do I want

the switch to perform? Will it be used to switch
one circuit, two circuits; to switch electrical power to one
load, two loads, or to one of several loads? The answer
must include the number of circuits and the number of
loads, or the number of poles and the number of throws
which make up part of the switch description. The word
“throw” is not to be confused with the word “position”
since “position” includes any “off” position that may exist.
Hence a simple single-pole, double-throw switch can switch
the power of one circuit to either of two loads and may be
equipped with two, or with an “off,” three positions. If a
switch is to be kept in some particular position, this too is
reflected in the description, such as single-pole, single-
throw, normally open. Standard terminology and circuit
arrangements are illustrated in Fig. 1. Those for rotary
and other types of switches will be covered later in this
article.

Voltage and current ratings must also be considered. The
electrical ratings of the switch should not be exceeded if
satisfactory operation is expected. It is not necessary to de-
rate or use a percentage of the rated current of the switch
of a reputable manufacturer. However, if greater electrical
life is desired, the manufacturer can probably recommend a
reduced current that will increase switch life. Current over-
loads decrease switch life: sufficiently high or consistent
overloads cause early switch failure by welding the con-
tacts. Over-voltage also decreases switch life. Ultimate
switch failure from overvoltage results because the switch
is unable to interrupt current flow after the contacts have
separated. Voltage or dielectric failures are usually catas-
trophic, sometimes resulting in an explosion.

Often, minimim levels of voltage-current are overlooked
but when values are expressed in millivolts and micro-
amperes it is wise to determine and specify the maximum
acceptable voltage drop at the rated load across the contacts.
Usually gold contacts are specified for such applications,
but this should be checked with the manufacturer or your
company’s switch specialist, if there is one.

There are many advantages in using off-the-shelf
switches. The fact is that the vast majority of applications
can be handled without the need for a specially designed
switch. Admittedly, the state of the art would never ad-
vance without new designs, nevertheless an attempt should
be made to use existing switch designs whenever and where-
ever possible.

September, 1967

After determining what circuit configuration and electri-
cal capacity is required, the next choice involves the method
of actuation. This choice falls into two categories: 1.
mechanically actuated, and 2. manually actuated switch.

Mechanically Actuated Switches

Very often an engineer will find that the mode of me-
chanical actuation is dictated by his design, that is, the
medium sensed is also the actuating medium. The majority
of these switches fit into the following catagories: pressure
sensitive switches, temperature-sensitive switches, and po-
sition-sensitive or limit switches. ‘

Pressure-sensitive switches are used when specifications
require changes in fluid pressure to be monitored or con-
trolled. Switches are available to cover a wide range of
pressures—from those of over 25,000 psi to pressures
expressed in fractions of an inch of mercury. Generally
speaking, the actuating mechanism of pressure switches

Fig. 1. Popular contact configurations and circuit terminology.
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Fig. 2. Schematic operating cycle of a gauge pressure switch.
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Fig. 3. Terms describing operation of limit switches are shown,

incorporates a pressure-sensitive diaphragm coupled to an
electrical switch. Actuation of the switch occurs within a
specified range of pressures. Similarly, deactuation occurs
within a specified range of pressures. This range includes
the actuation (or deactuation) point plus a tolerance which
will vary widely, depending upon the accuracy required
and the pressure range of the switch. Good engineering
practice demands that onlv the required accuracy be
specified as the tolerance, not the best available. The de-
actuation point is the pressure at which the switch mechan-
ism resets and, as a general rule, occurs at a lower pressure
than that which caused actuation.

absolute pressure switches, 2. differential pressure switches,
3. vacuum switches, 4. altitude switches, and 5. absolute
pressure ratio switches.

Temperature-sensitive switches are used to protect against
over-temperature, indicate an extreme temperature, or con-
trol at a specified temperature. The characteristics and be-
havior of thermal switches are similar to those of simple
pressure-sensitive switches except that they are operated
by changes in temperature. Actuation and deactuation occur
in a similar manner. They are available with ranges from
—100°F to +500°F. Switches with smaller ranges are also
available with tolerances approaching 12°F. The range of
the switch is a function of application, and tolerance or
temperature differential will depend on the accuracy re-
quired.

Limit or position-sensitive switches are used to actuate
or deactuate equipment relative to cam position or door
location. Very often limit switches are multi-circuited to
actuate signal lights to indicate the condition of the equip-
ment. Types of limit switches vary according to the type
of actuation, including lever, plunger, roller plunger, rotary
roller-lever, and rotary linkage-lever, and non-contacting
switches. Non-contacting or remote sensing switches perform
the same function as other mechanically actuated switches
but without physical contact. These include proximity,
photovoltaic, photoelectric, or pneumatic devices acting as
sensors coupled with amplifiers or relays to perform the
switching functions. Since their use is largely confined to
automated machinery, they will not be discussed here.

Plunger-actuated limit switches allow the greatest range
of applications, but are restricted to in-line actuation with
controlled overtravel. If the overtravel is not controlled, the
switch may be damaged if the force is sufficient. (The
actuation point of bushing-mounted plunger switches can
be set by means of the two hex nuts supplied with the
switch. Often, due to the normal build-up of tolerances, the
exact position of actuation cannot be predetermined. It is
then necessary to adjust the nuts by a cut-and-try technique
to locate the exact actuation point of the switch.) Operating
characteristics applying to limit switches are shown in
Fig. 3.

The most popular mounting means are: 1. bolt or screw-
mounted as in Fig. 4A or 2. bushing-mounted as in Fig. 4B
through E. The bolt or screw-mounted limit switch is essen-
tially restricted to basic switches, with most sealed limit
switches being bushing-mounted.

Sealed limit switches can be designed to operate in almost

Sometimes, the terms of actuation and
deactuation are interchanged, depend-

ing on the primary application of the
switch in question.

The proof pressure is the maximum
pressure that can be applied without
a calibration shift in the actuation and
deactuation points. Good design re-
quires that the proof pressure of a
switch be a minimum of one and a
half times the maximum system pres-
sure.

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 two to two and a half
times the pressure in the system under
normal operating conditions.

Fig. 2 shows schematically an oper-
ating cycle of a gauge pressure switch
and illustrates the terms just discussed.
The different types of available pres-
sure switches include: 1. altitude or
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Fig. 4. (A) Screw-mounted
basic limit switch with auxil-
iary lever actuator. (B) Bush-
ing-mounted plunger limit
switch. (C) Bushing-mounted
roller plunger limit switch.
(D) Bushing-mounted rotary
roller-lever limit switch. (E)
Rotary linkage-lever switch.
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any environment. They are often watertight to the extent
that moisture cannot be pumped into the switch through
cycles of pressure or temperature with the resultant conden-
sation. Some sealed switches, for example, are subjected to
environments that build up ice on the actuating plunger.
An integral part of the switch, called the “ice scraper,” acts
to clean the plunger upon actuation and free it of ice. If the
switch has been held actuated and the actuating force is
removed, the release force built into the switch acts to break
the ice barrier.

Lever actuation is most often employed with a basic
switch, as shown in Fig. 4A. Advantages include its com-
pact size, ease of installation, general lack of tight tolerances,
and its flexibility of application with additional actuators.
Its main disadvantage is its vulnerability due to a lack of
protection.

A roller-plunger limit switch is a slight modification of
the plunger limit switch (Fig. 4B) for adaptation to cam or
slide actuations which have an incline or rise of less than
30°. An example is shown in Fig. 4C. Often the roller
plunger has an adjustment mechanism that allows locking
the roller in 45° increments.

Cam or slide actuation with an incline of more than 30°
requires a rotary roller-lever actuation, the type shown in
Fig. 4D. This type of actuation usually operates in only
one direction and is spring-loaded to return the lever to a
neutral or deactuated position after the operating force is
removed.

A modification of the rotary roller-lever switch is the rotary
linkage-lever (Fig. 4E) which is used to physically connect
the actuating device to the switch. This switch operates
in both directions but has no retwrn spring. The linkage-
lever is threaded so it can be attached to the actuating
device which must provide the deactuating as well as the
actuating forces. The actuation point of both rotary lever

THREADED BUSHING

MOUNTING HEX NUT WITH LOCK
WIRE HOLE FOR USE WHEN REQUIRED

LOCKWASHER
KEYING WASHER
STRUCTURE

FLAT WASHER (Used when required to
prevent centact of dissimilar metals)

LOCATING HEX NUT OR SWITCH BODY
IF NUT IS NOT REQUIRED

Fig. 5. Accepted installation of a bushing-mounted switch.

switches is positioned by a worm gear with a screw adjust-
ment that locates the arm in any position through 360°.

Mounting of rotary-lever switches is often similar to that
of plunger switches except the axial positioning of the switch
is not as critical and, for this reason, only one hex nut is used.
Fig. 5. shows an accepted method of installing a bushing-
mounted switch. Note that the keying washer is placed on
top of the structure to serve the dual purpose of keying the
switch and protecting the structure from the lockwasher. An
alternative to the keying washer, as used by some switch
manufacturers, takes the form of two tabs projecting above
the switch body which engage two mating holes in the
mounting. In areas of extreme vibration, a lockwire is used
to prevent loosening of the mounting nuts.

Manually Actuated Switches

A selection of manually actuated switches offers the de-
signer a little more leeway in his circuit than mechanically
actuated switches. Personal preferences may sometimes in-
fluence switch selection since a goodly number of applica-
tions can be handled by more than one type of switch. Table
1 compares applications while Table 2 compares parameters

Table 1. Comparison of manvually actuated switches with their main advantages and limitations.

TYPE ADVANTAGES LIMITATIONS
Short plunger travel and light actuating forces minimize Non-illuminated push-buttons often require an auxiliary
operator fatigue when extended operation is required. indicator to signify actuation.
Lighted switches add to the appearance of the panel and The push-to-actuate motion can be conducive to accidental
Push-button conserve panel space by combining switch and indicator actuation. Care must be taken in their location Often,
Lighted switches facilitate identification and provide rapid | guards that must be reached into or pushed aside must be
indication of switch or circuit condition. used. . :
Push-buttons are not readily adaptable to multi-position
indication except when lighted.
The most varied switching functions are available. Actuation of other circuits to reach the required position
Rotary switch knobs are very resistant to accidental actu- is often undesirable. I
Rotary ation. The time required to find and select the desired position
The mode of actuation provides a natural habit reflex for | May cause considerable lost time
“increase or decrease” functions
The operator is required to reach into a recess to cause Visual identification of switch position is difficult when
Thumbwheel actuation viewed from a distance or at an angle.
Switch and circuit condition is indicated by the thumb- Actuation is difficult if the operator wears gloves.
wheel position. The limitations of rotary switches also apply
A great_number of switching functions are available. Toggle levers are prone to accidental actuation when
Toggles are easily and speedily actuated poorly located Guards or lever locks must be used if no
: ! . Te el . suitable location is available
Two-position switches require no additional judgement once h itchi Yor 1. ilabl
Toggle the decision to actuate has been made. When more than one switching position is available, some
3 time may be lost if an operator's decision must be made
Lever-fock toggles cannot be accidentally actuated. prior to actuation.
The installation may allow for habit reflex actuation or de- Actuation of unusual toggle designs rely on operator's
actuation. memory.
Two-position switches require no additional judgement once Visual identification of the switch position is difficult when
the decision to actuate has been made. viewed “head on”.
Slide & Knife The installation may allow for habit reflex actuation or de- Actuation may be difficult if operator wears gloves.
actuation Knife switches may present a shock hazard to operating
personnel
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DIMENSIONAL COMPARISON OF SIZE CURRENT CAPACITY (IN AMPERES AT
TYPE BEHIND PANEL SURFACE (IN INCHES) (28 V d.c./117 V a.c.) CosT*
RANGE ($)
MINIMUM SIZE* MAXIMUM SIZE* MINIMUM SIZE* MAXIMUM SIZE*

Push-Button 1 deep X % dia. 114 deep X 34 dia. 10/10 35/35 4.00 to
(Integral), SPST, 6.94
Sealed
Push-Button 21/32 deep X 25/32 15/16 deep X 114 4/5 40/40 445t0
(Assembly), SPDT, X 3% X 13 9.90
Unsealed
Rotary, Single- .62 deep X .62 1.43 deep X 2.125 .25/.25 15/15 10.00 to
Pole, Eight- dia. © dia. 22.00
Throw, Explosion-
Proof
Rotary, Single- .4 deep X 1 dia. .95 deep X 213/16 .55/.15 12/10 1.50t0
Pole, Eight- dia. 4,50
Throw, Open
Toggle, Single- 1.1 deep X 1.12 33/16 deep X 214 25/10 80/30 2.50t0
Pole, Toggle- X .62 X 11, 20.00
Sealed
Toggle, Single- 1.2 deep X116 | - 20/15 | 0 e 5.00 & up
Pole, Sealed X .62
Slide, Single- JdeepX.9X6 | - [/ Sab Bl et 10&up
Pole, Double-
Throw _
Knife, Single- | = o 2% X1 | e 25/30 25 & up
Pole, Double- (base dimensions)
Throw

1. Some smaller minimums and larger maximums may be available. The switches chosen here were selected for their current capacity and size, consistent with

.high quality, competitive prices and is indicative of a cross-section of the indust.
2. The cost range is based on the purchase of a single unit quealified to Military

ry.
gpeciﬁcations. Procurements of large quantities often yield upward of a fifty-

percent discount. Similar switches may carry smaller price tags; higher costs usually reflect an increased amount of testing and quality control.

Table 2. Characteristics of a cross-section of available manually actuated switches of various types.

of a number of different manually actuated switches.

The application of a manually actuated switch simply
conveys a message from the man to the machine. The man/
machine concept involves several considerations. Since the
design of the machine interface is the more flexible, the
switches involved must be selected and applied to fit the
operator. The considerations involved are: 1. physical loca-
tion, 2. mode of actuation, and 3. identification of the
switch.

Actuating levers and knobs that are most often used
should be in close proximity to the operator’s normal posi-
tion. The switch in the control panel should be positioned
so that the operator’s clothing won’t accidentally cause
actuation. The switch should also be located so that it is not
inadvertently actuated. If this is not possible, protect the
actuator with a guard. Ideally, if several switches are

A B
Fig. 6. (A) Push-button assembly. (B) Integral push-button.
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mounted on a single panel, they should be spaced far
enough apart to avoid accidental actuation of a switch due
to its proximity to another.

Consideration should also be given to the environment in
which the switch will operate. Even though performance,
life, and reliability can almost always be increased by im-
proved sealing, this often carries a prohibitive price tag. For
this reason, economics usually dictates selection of the least
amount of sealing that can do the job. In addition to the ob-
vious case of selecting a sealed switch if water may drip or
splash on it, a sealed switch should also be selected if it will
be exposed to extremes of temperature or some other en-
vironment that might cause moisture to penetrate the
switch when the environment is a non-operating one.
Flexible rubber seals or boots are available to aid in sealing
a switch between the actuator and mounting bushing and/
or mounting panel.

The mode of actuation should be consistent with habit
reflexes, e¢.g., actuate a toggle in the upward of forward
direction to bring machinery up to full speed, or push a but-
ton to test for some condition. The effort required for actua-
tion may sometimes be related to the switch application.
For example, when switches will be actuated at high speeds
and for long durations, a light actuating force is recom-
mended. It is also desirable that some form a feedback, an
indicating light for example, be designed into the circuit
if the switch does not provide some audible or operational
indication of actuation. Assuming the switch is in working
order, the positive “snap” of actuation or sudden reduction
of operating force will often be sufficient evidence of actua-
tion.
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Fig. 7. (A) A typical explosion-proof rotary switch
is shown here. (B) More common open rofary switch.

Printed or lettered identification of the switch should
be within reading distance and numbers or letters associated
with the switch should be located in such a way as to allow
reading when the operator is in his normal position. Some-
times an unusual shape of a knob or handle may be em-
ployed to help the operator make the proper selection
quickly, but this type of design is generally not recom-
mended as it relies on the operator’s memory.

The majority of manually actuated switches fit into the
following four catagories: push-button switches, rotary
switches, toggle switches, and slide and knife switches.

Push-button switches are of two general designs: either a
basic switch (or switches) mounted in a push-button hous-
ing, Fig. 6A, or an integral push-button switch, Fig. 6B. The
switching chamber of the first design is simply that of the
basic switch, often enclosed but unsealed. The integral
push-button switch has a housing that is usually water-sealed
at the plunger and environmentally sealed at the terminals.
Both groups are further subdivided into lighted and un-
lighted push-buttons, with several possible identifying colors
available. Unlighted push-buttons should be colored
black. Lighted push-buttons should be red, green, amber,
white, or blue. Requirements for the application of identify-
ing colors as indicators are as follows:

Red: The circuit controlled by the switch requires imme-
diate attention, e.g., a portion is inoperative or corrective
action must be taken.

Green: The circuit controlled is in satisfactory condition,
e.g., the equipment is within operating tolerance.

Amber: The circuit controlled is in a marginal operating
condition, caution may be required.

Fig. 8. (A} Sedled toggle
switch. (B} Pull-to-unlock
sealed toggle switch. (C)
A typical slide switch.
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White: The circuit is operating sztisfactorily with no
“right” or “wrong” implications. White is cften used to con-
vey some additional information to the operator.

Blue: Blue is used to indicate radiation hazards but is
generally accepted as an alternative to white. Blue should be
used only when absolutely necessary since it doesn’t show
up well.

Push-buttons are available with maintained actions and
momentary actions, the former requiring a second plunger
operation to complete the cycle. Push-button switches
should be used when a control or array of controls is needed
for momentary contact or for test functions or when used
frequently. The push-button surface should be concave or
designed so as to prevent the fingers from slipping off the
control.

Since there is no knob or lever position to indicate a main-
tained push-button’s actuation, lighted push-buttons are
usually preferred. Non-illuminated push-buttons may be
used with an auxiliary pilot light but this decreases system
reliability and may cause the operator to search for the
proper indicator light.

Rotary switches can be classified according to the type
of sealing—closed or open, with further sealing classifications
in the sealed category. The most popular sealing of a closed
switch is explosion-proof, that is, the rated load can be
switched in an explosive atmosphere without causing the
switch to explode. See Fig. TA. This enclosure is not water-
tight to immersion, but is sufficiently tight to prevent water
penetration in most applications. Often a rotary switch is
made with a rubber “O” ring between the shaft and bush-
ing to prevent moisture from entering the switch through
the bushing. The advantage of a closed rotary switch, like
that of other switches, is the protection afforded by its enclo-
sure. However, open rotary switches offer an advantage,
besides cost, that is very desirable in some applications. See
Fig. 7B. The accessibility of the switching contacts allows
visual inspection of their condition and even repair:

Rotary switches should be used when the circuitry in-
volved requires more than three positions. They should not
be used when only two positions are needed. Momentary
actions are available in addition to maintained actions.
Rotary switches can switch current to as many as 24 loads
or with as many as 12 poles or circuits per deck. The num-
ber of poles can be increased by a factor of 3 or 4 by using
several poles per deck at the expense of the number of
loads. The common contacts (poles) of each circuit may be
either shorting or non-shorting. A shorting contact activates
the next circuit during each switching cycle before removing
power from the last circuit. A non-shorting contact supplies
power to only one circuit at a time.

Switches with concentric shafts are useful where a small
package is essential. Two switches are combined into a single
unit with two distinct shafts. Combinations of shorting and
non-shorting contacts along with varied numbers of loads
and poles are available. However, complex designs of this
nature reduce system reliability, operator efliciency, and
tend to degrade the over-all system effectiveness and should
be avoided if possible.

Round black knobs are frequently specified. Considera-
tion must also be given to the depth of the recess in the
knob with the length of actuator shaft of the switch and any
possible interference with the mounting panel (and face
plate if one is used) or the switch identification.

Included in rotary switches are thumbwheel switches.
These are rather specialized in their application and are
usually used in conjunction with circuit boards. Most often
the thumbwheel switch has ten position with the output
digital or binary coded.

Toggle switches are classified according to their number
of poles, with each group being further divided accord-
ing to the sealing. Usually toggle switches have one, two,
or four poles; three-pole switches are available but
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do not enjoy the same usage and popu-
larity. The sealing is: 1. unsealed with
varying amounts of enclosure; 2. tog-
gle-sealed, that is, when submerged
with water one-half inch above the
bushing, water will not enter the switch
through the toggle seal; or 3. environ-
mentally sealed, that is when sub-
merged completely and subjected to
pressure equivalent to 56,000 feet alti-
tude for several hours, depressurized,
and allowed to remain under water for
several more hours, water will not be
pumped into the switch. An environ-
mentally sealed toggle switch is shown
in the photograph of Fig. 8A.

Toggle switches should be used in
applications requiring two or three posi-
tions. Generally, in a three-position
toggle switch the center is the “off” posi-
tion with the extremes representing
circuitry “on” conditions. These switches
are also available with “momentary-on”
positions. Toggles with more than three
positions should not be wused. When
more than three positions are required,
a rotary switch should be specified.

A very popular safety feature, often
selected as an alternative to a switch
guard, is the “pull-to-unlock” toggle
lever, Fig. 8B. A spring-loaded cap or
knob on top of the lever requires the
operator to lift it manually to allow
movement to another position. Guards
are available ranging from complete
enclosures of the toggle to channel-
shaped guards that require the operator
to reach into the channel and actuate
the switch.

Slide and knife switches are the most
basic, simple, and reliable of the man-
ually actuated switches. A slide switch
‘is shown in Fig. 8C. Almost without
exception they are unsealed. They are
usually enclosed or provided with some
form of housing to protect the operator.
As with any switch, special functions,
hybrids, and accessories are available.
The most popular slide and knife
switches are used. where economy is
a major consideration. Their applica-
tion is limited to environments that
do not require sealing, except those
knife switches used in outdoor fuse
boxes which are usually classified as
rain-tight. Their function is similar to
that of toggle switches.

Standard Switches

Almost any number of variations on
the switches discussed here are avail-
able—unusual or untested parts should
be avoided. Such a selection most often
contributes little or nothing to the sys-
tem effectiveness. A hard and fast rule
which will enable a designer to deter-
mine if a switch will function properly
in his application usually does not exist.
The only criterion is the establishment
of the application requirements and
then the selection of a suitable switch
which will meet those requirements. A
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Why settle for less? Buy the Best!
THE FABULOUS

Available in
easy-to-build
kit form
at only

$29%;

Dramatically improve the performance of
your car —or any vehicle, Racers and
Pacers from Sebring to Suburbia by the
thousands attest to the peerless perform-
ance of the Mark Ten. Delta's remarkable
electronic achievement, proven for four
years, is often copied, never excelled.

CAPACITIVE DISCHARGE

IGNITION SYSTEM

Ready for these?

A Dramatic increase in acceleration
A Longer point and plug life

A Improved gasoline mileage

A Complete combustion

A Smoother performance

Ready? Order today!

BE YOUR OWN MECHANIC

Please send:

Car Year.

Specify — [] Positive Ground

Tune-up

DWELL. METER $12-95 ;pa

A universal precision instru-
ment for use in tuning all
vehicles, regardless of the
number of cylinders or bat-
tery polarity. Gives correct
point dwell readings on ve-
hicles equipped with capaci-
tive discharge, transistor or
conventional ignition. Preci-
sion accuracy at low cost.

rugged work

in degrees
A All solid state

Tune-up

A Portable, high-impact case for

A large, easy-to-read 3% inch
precision Jeweled meter

A Wide scale — reads dwell angles

TACHOMETER %1495

A universal precision instru-
ment for making carburetor
adjustments on all vehicles,
regardless of the number of
cylinders or battery polarity.
Gives precise RPM readings
on vehicles equipped with
capacitive discharge, tran-
sistor or conventional igni-
tion. Gives you better gas
mileage, fuel savings and
peak engine operation.

rugged work

A Al solid state

DELTA PRODUCTS, INC.

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

1 Dwell Meters @ $12.95
[ Tach Meters @ $14.95

Ship prepaid.
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Make

A Range: 0 to 1200 RPM

1 Ship C.0.D.
[ Mark Tens (Assembled) @ $44.95
1 Mark Tens (Delta Kit)
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A Portable, high-impact case for
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“the ANTENNA that captures the RAINBOW’’

No two reception areas are alike in the number of stations, UHF and VHF,
station channel frequencies, and signal strengths.
FINCO has developed the Color Spectrum Series of antennas — "Signal Customized”
to exactly fit the requirements of any given area. There is a model scientifically designed
and engineered for every area, even the most troublesome, and for all combinations
of signal conditions.
Engineering studies show that a receiving antenna should have more gain as channel
frequency is increased — that is, channel 6 more than channel 2, channel 13 more than
channel 7, and UHF from channel 14 on up...

1 —to compensate for signal strength loss

2 —to compensate for down-lead loss

3—to meet receiver requirements for more signal to -operate properly
FINCO Color Spectrum Antennas obtain this frequency dependent characteristic through 3
newly developed principle of spacing between elements. Gain increases as frequency
increases. This new FINCO engineering break-through, combined with superior flat
response patterns and unusually high front-to-back ratios, assure the finest COLOR and
B & W reception possible...everywhere,

Write for full information on “Signal Customized” Antennas:

THE FINNEY COMPANY
34 West Interstate Street « Dept. 410 < Bedford, Dhio 44146
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1 berter reception,

Check this chart for the FINCO “SIGNAL CUSTOMIZED" Antenna best suited for your area

STRENGTH OF Strength of VHF Signal at Receiving Antenna Location
UHF SIGNAL
AT RECEIVING
ANTENNA VHF SIGNAL VHF SIGNAL VHF SIGNAL VHF SIGNAL
LOCATION STRONG MODERATE WEAK VERY WEAK
v v
el b W
\ CS-V5 S-V7 CS-vi0 CS-Vi5 CS-vig
N $17.50 $24.95 $35.95 $48.50 $56.50
\
N Lt s '
UHF SIGNAL b
STRONG
-
CS-B1 cS-C1
$29.95 $43.95
UHF SIGNAL 'l' =
WEAK
>
CS-B3 Cs-C3 Cs-D3
$49.95 $59.95 $69.95
\@“” L s
UHF SIGNAL e f ‘ |
VERY WEAK ’
v g
Cs-U3 CS-A3 CS-B3 cS-C3 Cs-D3
$21.95 $30.95 $49.95 $59.95 $69.95

NOTE: In addition to the regular 300 ohm models (above), each model is available in a 75 ohm coaxial cable downlead
where this type of installation is preferable. These models, designated “XCS’, each come complete with a compact
behind-the-set 75 ohm to 300 ohm balun-splitter to match the antenna system to the proper set terminals.
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First-class technical journalism is a highly skilled art
{ that effectively weds good writing and special knowledge.

TECHNICAL WRITING

the electronics magazine he had been reading clear

across the service shop. “I've had it with that so-called
technical writer,” he announced to Mac, his employer. “The
joker is so busy demonstrating how devastatingly clever,
witty, and cute he is that he has little time left for his sub-
ject. I couldn’t care less about the car he drives or his opin-
ion of miniskirts!” :

Mac grinned sympathetically as he loaded his pipe, a sure
sign he intended taking a break from the TV set he was
aligning.

“He must belong to what my writing friend, Tom, calls
‘the smart aleck cult, ” Mac observed. “These writers try to
project an amusing, egocentric, mildly obnoxious personal-
ity as a substitute for hard work and research. They answer
questions from readers flippantly, being more interested in
securing laughs than in supplying useful information. These
writers often make an amusing first impression on some
readers, but they don’t wear well with the majority.

“The sad thing is they have simply gone too far in trying
to make their writing interesting for its own sake. Tom says
all writing should be interesting in itself. He quotes: ‘No
man can read for profit what he cannot read for pleasure’.
But good writing can be made highly readable and interest-
ing through legitimate literary arts without becoming
facetious, insulting, or downright silly. When a tech writer
inserts his personality between the reader and the subject,
he has gone too far in trying to hold the reader’s interest.
Means has become an end in itself.”

“You seem to put considerable store by what Tom says.”

“I do. He is a truly professional tech writer who makes
a darned good living with his typewriter because he prepared
himself to do just that. He made up his mind to write while
still in high school and studied for his profession in the best
university journalism schools in the country. He still reads
constantly to improve his writing ability, and you will find
almost as many books on English composition and effective
writing on his shelves as you will technical electronics books.
I know he has had several offers to write fiction and for TV,
but he has stuck chiefly to electronics because of his long
interest in this subject. He does occasionally do an article
for a professional writer’s magazine, though, and that in
itself bears testimony to his recognized ability.

“For my part, I've been reading technical electronics arti-
cles and books for better than a third of a century, and I
have pretty definite ideas about what does or does not con-
stitute a good article.

“First, the subject matter should not be flyblown. It can
present a new device, spotlight a novel application of an
old device, or cast additional light into shadowed areas of
electronics theory; but I don’t want any tired old rehash of
textbook material.

“Second, I expect the article to be well organized. I want
a beginning that quickly outlines the subject to be covered
and foreshadows the tone and depth of treatment so that I
don’t have to read the whole article to tell if I want to read
it. The body of the article should develop the subject in an

EMITTINC a sudden grunt of distaste, Barney hurled
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orderly easy-to-follow manner without any confusing neces-
sity for backtracking. The majority of the text and illustra-
tions should be concentrated in the areas of greatest need: on
the most important and hard-to-understand parts of the dis-
cussion. When the subject has been thoroughly covered, the
article should come to a prompt and definite end—not just
peter out. If the final sentence appears at the bottom of the
page, I should know it is the final sentence without having
to turn the page to see.

“The article should not read as though written by a high-
school sophomore. 1 expect it to be cast in clear, vigorous
English devoid of clichés and verbosity. Marks of punctuation
should be used with the precision of an engineer designating
components of a prototype device. The punctuation should
clearly and consistently indicate the relationship of the var-
ious sentence elements. There should be no room for suspi-
cion that the author has punctuated by ear’.

“The article need not sound as though written by Shake-
speare, but it should have a definite literary quality. Figures
of speech, analogies, careful choice of words, variation in
sentence length, proper paragraphing—all these should be
used to insure clarity and enhance the readability. What's
more, the article should be complete. By that I mean a con-
struction article should include all the information neces-
sary for the reader to duplicate the described device exactly
from readily available resources. Every statement or theory
open to question should be backed up by quoted authority
or experimental data carefully described so that it may be
duplicated.

“Finally, a good technical article should leave the reader
with an urge to action. A construction article should make
him want to duplicate the device described. A description
of an exciting new device should make him want to ob-
tain one for his own use. Even a theory article should awaken
a desire to perform experiments to confirm the theory or to
do more extensive reading along the same line. I consider
this evoking of enthusiasin the most important test of a
technical article because, if you stop to think about it, it
embraces all the other requirements.”

“You certainly have definite ideas about what a good
technical article should be—and I can’t argue with any of
vour points—” Barney admitted; “but what does Tom have
to say about the making of a good technical writer? What
preparation does a writer need to turn out the kind of
articles vou have just described?”

“Tom is most eloquent on that subject. He says good tech-
nical writing is first ‘good” and then ‘technical’. By that he
means the possession of technical knowledge is not enough
to turn out first-class technical articles. Technical writing, he
says, is actually communication, and it is more closely re-
lated to teaching than it is to engineering. A tech writer
doesn’t ‘just happen’ any more than an engineer ‘just
happens’.

“It follows, then, that the first thing a tech writer must
do is learn to write good, clear, simple prose. This ability,
acquired only through diligent study and constant practice,
is not easy to come by. Many men never acquire it. The
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turgid writing often seen in government
releases bears proof. The authors of this
tortured prose would do well to heed
Hemingway’s reminder: ‘Good writing
is architecture, not interior decorating’.

“Next the writer must acquire pro-
ficiency in handling the ‘tools’ of his
profession. He must master not only the
mechanical aids, such as the typewrit-
er, tape recorder, and camera, but he
must also learn to get the most out of
an unabridged dictionary, a set of ency-
clopedias, a thesaurus, Fowler's Modern
English Usage, and the public library.
Knowing where and how to obtain
needed information quickly and effi-
ciently is absolutely essential.

“Tom says that ideally the tech writ-
er’s technical knowledge should be
acquired through both study and expe-
rience. He must have—and usel—a good
technical library and read most of the
technical publications in his chosen
field. Also, unless his writing is to take
on a ‘bookish’ quality that will be im-
mediately spotted and resented by a
practicing technician, he must be con-
stantly using and experimenting with
actual equipment. Only this will give
his writing that authentic ‘this-guy-has-
really-been-there’ flavor.

“At the same time, he must have suf-
ficient contact with various classes of
readers to understand the technical lim-
itations of each. Armed with this
knowledge, he will be prepared to
write articles that will successfully
bridge from what those readers do know
to what they want to know. In the writ-
ing trade, this matching of the writing
of a magazine article to the sophistica-
tion of the magazine’s average reader
is called slanting, and it’s done almost
automatically by a good tech writer.

“Finally, the professional tech writer
is a responsible person. He abhors pub-
lishing an error because he knows that
the reputations of the editor who bought
his article and the magazine that prints it
are both being placed on the line right
alongside his own reputation. Thats
why he checks and doublechecks every
word he writes.”

“Somehow I feel you don’t think
an engineer is a good technical writer.”

“Not any more than I think a tech
writer is a good engineer,” Mac retorted
with a grin. “Actually, both are profes-
sionals in different fields, and in this
modern day of specialization it’s rare
to find a man who can master two
professions. Some of the dullest tech-
nical writing I know is found in profes-
sional technical journals—the kind where
the only reward received by the author
is to see his article in print.

“On the other hand, some of the best-
written technical articles published re-
cently have appeared in such popular
magazines as Time and Life. These
articles, written by highly paid profes-
sional writers, often are more easily
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understood by technician as well as lay-
man than are articles on the same sub-
jects appearing in many technical
jowrnals. Articles on laser beams, holo-
graphic photography, and fluidics come
to mind. The popular articles were bet-
ter, not because of any basically superior
content, but because of smooth profes-
sional writing.”

“I think one reason there is such a
demand for good technical writing is
that the present generation has been
accustomed to receiving information in
attractive, interesting form. The editor
who thinks he can get by publishing
dull, unimaginative articles had better
take a good long look at modern high-
school math and physics textbooks.
They are a far cry from the dull, forbid-
ding texts of yesteryear. In these mod-
ern books every literary art is used to
present knowledge in an attractive, pal-
atable form.”

“Right you are, Barney,” Mac said,
knocking the dottle from his pipe and
switching on the sweep and marker
generators. “Modern man’s knowledge
of himself, his environment, and the
physical laws controlling his universe
has taken a tremendous spurt in the
past half century. In that brief span,
his technical knowledge has far more
than doubled all he learned in the pre-
ceding centuries. In fact, this knowledge
pouring down from every side threatens
to swamp him,

“But the professional technical writer
voraciously attacks this flood of informa-
tion channeled to him through care-
fully cultivated contacts with R&D
laboratories, military research centers,
and our great colleges and universities.
He predigests a tremendous amount of
this raw information and then regurgi-
tates the essence of it in a form easily
assimilated by those with less technical
knowledge.

“Doing this well is a true profession;
and I, for one, am glad to see these
specialized writers beginning to receive
the recognition and reward they richly
deserve.” A

"How could the Post Office have broken
up your radio like that?"’

FROM HiFi STEREO REVIEW

DELUXE
PADDED

DUST-PROOF RECORD
AND TAPE CASES

plus FREE cataloging forms

These decorative, yet sturdily con-
structed cases are just what you've

been IUUI{Iﬂg for 1 keep your records and
tapes from getting tossed about and damaged,
disappearing when you want them most and just
generally getting the “‘worst of it’* from constant
handling. They're ideal too for those valuable
old ‘‘78's'' that always seem to get thrown
about with no place to go.

Constructed of reinforced fiberboard and covered
in rich. leatherette in your choice of nine dec-
orator colors, the HIFI/STEREQO REVIEW Record
and Tape Cases lend themselves handsomely to
the decor of any room, whether it be your library,
study, den, music room or pine-paneled garage.
The padded leatherette back (in your color
choice) is gold tooled in an exclusive design
available only on HIFI/STEREQO REVIEW Record
and Tape Cases. The sides are in standard black
Jeatherette to keep them looking new after con-

stant use. With each Record and Tape Case you
Ex".a order ypllxl wi‘ljl rpcei;e, freedof célatrge,
a specially designed record and tape
== cataloging form with pressure-sensi-
tive backing for aHixing to the side of
each case. It enables you to list the
record names and artists and will prove
an invaluable aid in helping you locate
your albums. The catalog form can be
r d from the side of the case at
any time without damaging the leath-
erette.
Record Cases are available in three sizes: for 7”7,
10” and 12” records. Each case, with a center
divider that separates your records for easy acces-
sibility, halds an average of 20 records in their
original jackets. The Recording Tape Case holds
6 tapes in their original boxes.
® The Tape Cases and the 7’ Record Cases (with
catalog forms) are only $3.25 each; 3 for $8;
6 for $17.
® The 10” and 12” Record Cases (with catalog
forms) are $3.50 each; 3 for $10; 6 for $19.
Add an additional 75c per order (regardless
of number of cases ordered) for shipping and
handling.

Ziff-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N. Y. 10016
My remittance in the amount of
is enclosed for the Cases indicated below.
Quantity
Tape Case at $3.25 each; 3 for
$9; 6 for .
—— 7” Record Case at $3 25 each;
3 for $9; 6 for $17
10” Record Case at $3 50 each;
3 for $10; 6 for $19
12” Record Case at $3 50 each;
3 for $10; 6 for $19
Add 75¢ PER ORDER for SHIPPING and HANDLING
Check color choice for back of case (sides in
black only):

[J Midnight Blue
{1 Pine Green
[ Grey

Name
Address

City. State. Zip Code.
mm PAYMENT MUST BE ENCLOSED WITH ORDER =
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[J Red
[] Orange
[ Black

[ Saddle Tan
[ Yellow
[] Spice Brown
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VIKING

ADDS SOMETHING EXTRA TO
EVERY STAGE OF
YOUR SOUND SYSTEM

MODEL 225 SOLID
STATE reel-to-reel back-
ground music sysiem
Plays 4 track monaural
tape in two directions, reversing automatically, to
provide 16 howrs of unripeated and unattended con-
tinuous audio programming Contains built-:n solid
state playback preamplifier; connects to any existing
sound system $500.00

m r—-ﬂ

MODEL 87 TAPE TRANSPORT
15 a high quahty. 2-motor tape deck ideally suited
for fine music and recording systems, as well as
electronic teaching applhications. Two speed i334 and
7v2 wps) umt has interlocked tape moton control
and “Erase Protek” safety record interlock switch,
plus pause control, cue control, head shefter, push-
bufton counter and pilot light Awvailable in various
head configurations for monaural andior stereo ap-

phications. From $138.00
e A —

RP 110 MONAURAL
¥ O3 SOLID STATE tape re-
N A cord, playback amplitier

-

Incorporates latest
modular design concepts. Will recerd and play tapes
of highest professional quality. Intended for use with
electrically-controlled magnetic tape transports with
separate erase, record and play heads., such as
Viking models 220 and Studic 96, Performance ex-
ceeds NAB standards. $299.00

Frefessional quahty st
papular prices - that's
the virtue of VIKING.
Listest desyin concepls
and highest gquanhty
components are com-
bined o produce func-
tional  excellence and
flexibility eyual to the
highest  requirements,
yet costs are held
down Ly ihe elimia
tien of fancy fnills and
c¢abinetry. This 15 what
mikas VIKING equip-
ment se perfectly sunt-
ad to cducationa: and
industrial uses, o ad
dition  to custom  ap-
plications in high
fidelity systems.  For
further information,
write:

WIKING

Zd tape recorders

9600 ALDRICH AVENUE, SOUTH,
MINNEAPOLIS, MINNESOTA 55420

CIRCLE NO. 86 ON READER SERV CE CARD

! GET
INTO
FIELD SERVICE ENGINEERS

MED!ICAL X-RAY

ELECTRONICS

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,

Expanding division requires several field service-

men to locate in New York, Chicago, Milwaukee,

Cloveland, Philadelphia & other metropolitan

| areas, Exp in she installation, service and repair
of Medical X-Ray equipment is required.

LIBERAL STARTING SALARY . MANY COMPANY BENEFITS
Contoct: MARTIN G. WOLFERT

North American Philips Co., Inc.

Room 1027
100 East 42nd St.,
N.Y., N.Y. 10017

ore/ca“"

An equal opporiunity employer
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guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. approved. Graduates in all
branches of electronics with
major companies. Start Sep-
tember, February. Dorms,
campus. High school graduate

or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

PERMANENT TINNING
OF SOLDERING IRONS

By PETER J. PROFERA

THE corrosive action of some sol-
dering fluxes, and the solvent action
of molten solder on copper soldering
iron tips combine to eat away the work-
ing surface of the tip until it finally be-
comes useless for further work. When
this occurs, the tip has to be retinned.
Silver solder has a far higher melt-
ing point than tin-lead solder and can
be used to make a permanently tinned
tip. This solder is the type used for
brazing, not the type intended for use
in printed-circuit board repair, and can
be obtained from either plumbing or
ljewelry supply dealers, or ordered from
! a metal and alloy 511pp1V house.
I This permanent tinning operation is
based on the fact that conventional tin-
lead solders (the so-called soft solders),
melt at temperatures between 360 and
: 750°F (depending on the ratio of tin
lto lead), while silver solder melts at
about 1300°F.
' The first step is to remove the tip
i from the iron and file its working faces
until they are bright and shiny and free
from pit marks. Wrap the tip shank in
a piece of ashestos cloth (available at
electrical supply houses) and fasten the
combination in a vise. The asbestos
wrapping acts as a heat insulator to
prevent rapid dissipation of the heat
tapplied to the tip during the tinning
I process, and to keep the temper of the
vise jaws from being destroved by the
high temperature attained by the tip
during the tinning process.

The flux to be used with the silver
solder is ordinary borax, available in
powdered form at any drugstore. Mix a
little of the powder with water until it
acquires the consistency of a paste, then
brush some of the paste on the surfaces
of the tip which are to be tinned.

Heat the tip with a blow torch until
it becomes hot enough to melt the sil-
ver solder. Dip one end of a silver sol-
der rod into the borax paste and then
melt the solder onto the tip until a good
ceating covers the desired areas. After
cooling, a few strokes of a file will
render the coating smooth and uniform.
Be careful that you don’t file through
the coating and expose any of the cop-
per underneath. If you do, you will
have to reheat the tip and recoat the
exposed area.

To complete the job, replace the tip
in the soldering iron, plug in the iron
and when it has come up to operating
temperature, tin the tip with conven-
tional tin-lead solder. The tip is now
permanently tinned and a wipe with a
clean cloth is all that will ever be need-
ed to make the tip ready for use. A

ELECTRONICS WORLD



( and your audience, too! )

WITH VOLUME II

SOUND FOR
A PICTURE
EVENING

| This superb 12-inch, 333 rpm record
brings you 30 selections of sparkling, mood-
setting off-beat music and hard-to-find,
ound effects. For use“‘as is"" by playing

!lhe appropriate tracks as your slide or movie
show proceeds or for editing your selections
and recording them on tape, *Sound For

s =telotsinlonis) statalalalad=] ojol=ia) clafolcl @ sl et ey el sy AT SN

A Picture Evening” adds another dimen-
sion to your photography—high
fidelity sound.

Photographers are travelers . . . aré parents . . . are sportsmen . . . are
restless experimenters with the unusual. And so the editors of POPULAR
PHOTOGRAPHY have produced this second volume of unusual music and
sound effects expressly to match the activities and moods in the most
popular types of pictures shown in slide and home movie shows. These are
melodies and sounds selected from the vast resources of the Capitol Record
Hollywood Library to fit the special needs of photographers. The 30 bands
of “Sound For A Picture Evening, Vol. lI”” supplement but do not duplicate
any of those in the first edition of this popular record.

The *'Sound For A Picture Evening, Vol. 11" album has been produced by
the editors of POPULAR PHOTOGRAPHY exclusively for our readers and is
prepared by the Custom Services Division of Capitol Records. This outstand-
ing album, which cannot be purchased in any store, is available by mail
only to the readers of Popular Photography and other Ziff-Davis magazines.

There are 19 bands of mood and special-situation music . . .11 bands of
unusual, hard-to-find sound effects.

MOODS: Majestic, Backyard Nature, Experimental, Mysterious, Music of the
Spheres + NATIONAL PORTRAITS: Vive la France, German Village Band,

Soul of Spain, American West, English Countryside, Buon Giorno, ltalia »

SOUND EFFECTS: Bass Drum, Bassoonery, Cathedral Bells, Galloping
Horses, Zoo Noises, Children at Play, Cocktail Party, Birds on a Spring
Morning, Outboard Motor, Oars in Water, Skis on Snow, Trumpet Fanfare,
Solo Violin » SPECIAL PURPOSE MUSIC: Music From Silent Movies, Music
for Slow-Motion Movies, Music for Speeded-Up Motion, Music for Stop-
Motion Movies, Underwater Music, Music for Old-Time Footage.

For photographers with wanderlust, you'll find the ""National Portraits'’ to be
authentic melodies to go with your vacation pictures of England, France,
Germany, ltaly, Spain and the American West.

There are also those special bands to accompany the kind of pictures sports-
men take: The sound of galloping horses, of boat motors, of skis on snow,
of oars in the water. You'll even find other-worldly mood-music chosen espe-
cially to go with underwater pictures.

Experimental photographers will find the electronic music ideal accompani-
ment for abstract pictures. The music for stop-motion, slow-motion and
speeded-up-motion pictures is fanciful and imaginative in helping to present
the unusual scenes being portrayed on your screen. And there is even mood
music to convey the visual grandeur of ancient museum relics and photo-
graphs of the stars and planets.

To these add many other tracks of carefully selected music and sounds~—
and you have “Sound For A Picture Evening, Volume IL’*

September, 1967
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SOUND FOR
A PICTURE
EVENING
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VOLUMEII &

30 bands of unusual
background music
& sound effects
specially chosen for
slide shows & movies

oA RoL T Ao R

1O
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J

COMPLETE WITH INSTRUC-

TIONS AND BAND POINTER F R E E !

A comprehensive instruction booklet comes with your record,
showing you how to make a successful sound-and-music tape
track for your slide or movie show, or to use the record alone as
background, even if you’re a rank beginner. An ingenious band
pointer which fits on top of your record instantly locates any
band you want. No guessing, no wasted motion, no false starts.

This 12”7 long playing vinyl album consisting of selections from
the music masters of the Capitol Record Hollywood Library is

available to you for
only $ 3 ?8 POSTPAID!

It's a must for every slide and film show impresario and an
album you will enjoy for many years to come.

PLACE YOUR ORDER NOW

é'Sound For A Picture Evening, Volume II”
P. 0. Box 3118
Church Street Station, New York, N.Y. 10008

Please send _________ ‘‘Sound For A Picture Evening,
Volume 11" albums at $3.98 each, postpaid.

My check (or money order) for $. is enclosed.

(Outside U.S.A. please send $6.00 per record ordered.)
N. Y. State residents please add local sales tax.

Name
Address
City

State

EW-97

Zip Code

PAYMENT MUST BE ENCLOSED WITH ORDER
‘“SOUND FOR APICTURE EVENING, VOLUME |” still available
I missed this first release containing 17 specific mood music
backgrounds and 8 tracks for special sound effects. Please
send ‘‘Sound For A Picture Evening, Volume I”

albums at $3.98 each, postpaid. (Outside U.S.A. send $6.00
per record ordered.)
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How to getinto
One of the hottest money-making
fields in electronics today-
servicing two-way radios!

.r.— _ ‘v_::l' \-_m;
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HE’S FLYING HIGH. Before he got his CIE training and FCC Lif:ense, Ed Dulaney’s only professional skill was as a com-

.'.r._.l* |'

I P 12 ERAST ISf ST,

JEN AND BUSINES!
4« WAY RADIO

mercial pilot engaged in crop dusting. Today he has his own two-way radio company, with seven full-time employees. “I am
much better off financially, and really enjoy my work,” he says. Read here how you can break into this profitable field.

More than 5 million two-way transmitters have skyrocketed
the demand for service men and field, system, and R&D engi-
neers. Topnotch licensed experts can earn $12,000 a year
or more. You can be your own boss, build your own com-
pany. And you don’t need a college education to break in.

OW WOULD YOU LIKE to start col-

lecting your share of the big
money being made in electronics today?
To start earning $5 to $7 an hour..,
$200 to $300 a week...$10,000 to
$15,000 a.year?

Your best bet today, especially if you

62

don’t have a college education, is prob-
ably in the field of two-way radio.
Two-way radio is booming. Today
there are more than five million two-
way transmitters for police cars, fire de-
partment vehicles, taxis, trucks, boats,
planes, etc. and Citizen’s Band uses—

and the number is still growing at the rate
of 80,000 new transmitters per month.

This wildfire boom presents a solid
gold opportunity for trained two-way
radio service experts. Many of them are
earning $5,000 to $10,000 a year more
than the average radio-TV repair man.

Why You’ll Earn Top Pay

One reason is that the United States
Government doesn’t permit anyone to
service two-way radio systems unless he
is licensed by the Federal Communica-
tions Commission. And there simply
aren’t enough licensed electronics ex-
perts to go around.

ELECTRONICS WORLD

DULANEY COMMUNICATIONS SERVICY
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Another reason two-way radio men
earn so much more than radio-TV serv-
ice men is that they are needed more
often and more desperately. A home
radio or television set may need repair
only once every year or two, and there’s
no real emergency when it does. But a
two-way radio user must keep those
transmitters operating at all times, and
must have their frequency modulation
and plate power input checked at regu-
lar intervals by licensed personnel to
meet FCC requirements.

This means that the available licensed
experts can ‘‘write their own ticket”
when it comes to earnings. Some work
by the hour and usually charge at least
$5.00 per hour, $7.50 on evenings and
Sundays, plus travel expenses. A more
common arrangement is to be paid a
monthly retainer fee by each customer.
Although rates vary widely, this fixed
charge might be $20 a month for the
base station and $7.50 for each mobile
station. A survey showed that one man
can easily maintain at least 100 stations,
averaging 15 base stations and 85 mo-
biles. This would add up to at least
$12,000 a year.

Be Your Own Boss

There are other advantages too. You can
become your own boss—work entirely
by yourself or gradually build your own
fully staffed service company. Instead
of being chained to a workbench,
machine, or desk all day, you’ll move
around, see lots of action, rub shoulders
with important police and fire officials
and business executives who depend on
two-way radio for their daily cperations.
You may even be tapped for a big job
working for one of the two-way radio
manufacturers in field service, factory
quality control, or laboratory research
and development.

How To Get Started

How do you break into the ranks of the
big-money earners in two-way radio?
This is probably the best way:

1. Without quitting your present job,
learn enough about electronics fun-
damentals to pass the Government
FCC Exam and get your Commer-
cial FCC License.

2. Then get a job in a two-way radio
service shop and “learn the ropes” of
the business.

3. As soon as you've earned a reputa-
tion as an expert, there are several
ways you can go. You can move out
and start signing up and servicing
your own customers. You might be-
come a franchised service represen-
tative of a big manufacturer and then
start getting into two-way radio sales,
where one sales contract might net
you $5,000. Or you may even be in-
vited to move up into a high-prestige

September, 1967
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THIS COULD BE YOUR “TICKET” TO A GOOD LIVING. You must have a Com-
mercial FCC License to service two-way radios. Two out of three men who take the FCC

exam flunk it...

salaried job with one of the major
manufacturers either in the plant or
out in the field.

The first step—mastering the funda-
mentals of Electronics in your spare time
and getting your FCC License—can be
easier than you think.

Cleveland Institute of Electronics has
been successfully teaching electronics
by mail for over thirty years. Right at
home, in your spare time, you learn
electronics step by step. Our AUTO-PRO-
GRAMMED™ Jessons and coaching by
expert instructors make everything clear
and easy, even for men who thought
they were “poor learners.” You'll learn
not only the fundamentals that apply to
all electronics design and servicing, but
also the specific procedures for install-
ing, troubleshooting, and maintaining
two-way mobile equipment.

Get Your FCC License...
or Your Money Back!
By the time you've finished your CIE
course, you'll be able to pass the FCC
License Exam with ease. Better than
nine out of ten ClE-trained men pass
the FCC Exam the first time they try,
even though two out of three non-CIE
men fail. This startling record of achieve-
ment makes possible the famous CIE

but nine out of ten CIE graduates pass it the first time they try!

warranty: you’ll pass the FCC Exam
upon completion of your course or your
tuition will be refunded in full.

Ed Dulaney is an outstanding exam-
ple of the success possible through CIE
training. Before he studied with CIE,
Dulaney was a crop duster. Today he
owns the Dulaney Communications
Service, with seven people working for
him repairing and manufacturing two-
way equipment. Says Dulaney: “I found
the CIE training thorough and the les-
sons ecasy to understand. No question
about it—the CIE course was the best in-
vestment | ever made.”

Find out more about how to get ahead
in all fields of electronics, including two-
way radio. Mail the bound-in postpaid
reply card for two FREE books, “How
To Get A Commercial FCC License”
and “How To Succeed In Electronics.”
If card has been removed, just send us
your name and address on a postcard.

ENROLL UNDER NEW G.I. BILL

All CIE courses are available 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 infor-
mation.

Cleveland Institute of Electronics

S
Cli

A Leader in Electronics Training...

CIRCLE NO. 122 ON REAPER SERVICE CARD

Since 1934 « Accredited Member National Home Study Council §

1776 E.17th St., Dept. EW-36, Cleveland, Ohio 44114




Earn Extra Income
in MOBILE-RADIO

MAINTENANCE!

J ...PUBLIC SAFETY...
BUSINESS AND INDUSTRIAL

/ RADIO
6961,000 new transmitters added

]\\T‘ last year, with the curve still
going upward!

MEASURE FREQUENCY with the LAMPKIN 105-B

@ Just this ONE instrument . . . with no extra crys-
tals or factory adjustments . . . will measure ALL
channels from 100 KC to 175 MC. Only $295.00,

@ Ample accuracy for all mobile transmitters except
for split-channels above 50 MC—for these use in-
expensive accessory PPM Meter.

@ Pin-point signal generator for receiver final align-
ment.

® Internal quartz crystal standard ., .
to WWV.

. correctable

MEASURE FM DEVIATION with the LAMPKIN
205-A

o Just this ONE meter measures all mobile channels,
25 MC to 500 MC.

@ Reads instantaneous true peak swing due to FM
modulation.

@ Set selective-calling tone signals using 0-1.25 KC
or 0-2.5 KC ranges of 205-A Quad Scale,
$340.00. Dual Scale model, 12.5 KC and 25 KC
ranges, only $290.00.

o Oscilloscope jack for true wave form.

® 3-inch meter indicates directly in peak KC.

FREE BOOKLET!?

Send for “HOW TO MAKE
MONEY IN MORBILE-RADYO

MAINTENANCE*.

MAIL COUPON TODAY!

N PN m— R R e et e, -
At no obligotion to me, please send free |

booklet and informotion on Lompkin meters. I
Name. |
Address. |
City State |

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

A selection of the World’s finest photographs com-
piled by the editors of Popular Photography. All
editions $1.25 each:

1964 — $1.25..

1967 — $1.50.......% 38 Order by numb

Ziff-Davis Service Div., 535 Broadway * New York,
N. Y. 10012. Enclose add’l 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A.)

1966 — $1.25...

Electronics

LEARN &t AT HOME

Fix TV, design automation systems, learn transistors,
complete electronics. College level Home Study
courses taught so you can understand them. Earn
i highly paid

the

American Institute of Engineering & Technology
1141 West Fullerton Parkway Chicago, I!l. 60614
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TEST

PRODUCT REPORT

EQUIPMENT

Seco Model 240 Thyristor (SCR) Analyzer

For copy of manufacturer’s brochure, circle No. 153 on Reader Service Card.

S SCR’s, triacs, breakdown diodes,
and gate-controlled switches con-
tinue to gain in popularity in industrial
equipment and home appliances, tech-
nicians have become aware of the need
for a fast, accurate, modest-cost test
unit for these thyristors. The Seco Mod-
el 240 was designed to meet this need.
The instrument checks gate firing volt-
age and current as well as peak forward
and peak reverse voltage and current.
These parameters are indicated on two
separate meters on the front panel of
the tester.

When the function control is in the
“PFV” position (see circuit diagram),
the SCR gate is shorted to its cathode,
and either 200 or 2000 volts d.c. are
applied between anode and cathode to
check the ability of the SCR to block

1000Y.  osuF ysagurp

forward voltages with zero gate current.
Two ranges of full-scale sensitivity are
provided: 100 pA and 1 mA. For the
“PRV” test, the polarity of the anode-
to-cathode voltage is reversed and the
current is again measured on the two-
scale current meter.

For the “Gate Test” position of the
function switch, a 5-volt peak source
(half-wave rectified a.c.) is connected
to the SCR anode through an indicator
lamp. With the SCR conducting an av-
erage current of 40 mA, the lamp is
turned on. A 5-volt d.c. source is then
connected between gate and cathode,
and this source is made adjustable with

PRY.imAq oPRV. 100 ;A
pFv,100,a88 20 GATE TEST
PFV, ImA SN0

F

w

12mA 27k
® .08yF
YSADHFPT
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a front-panel control. As the voltage is
varied, its value being monitored on the
voltmeter, a point is reached when the
SCR fires as indicated by the lamp. The
values of gate current and voltage re-
quired are then indicated.

Because the tester is fast and easy to
operate, it is useful in matching SCR’s
to particular voltage and current pa-
rameters, or for sorting SCR’s into
matched pairs or threes to share loads
evenly in full-wave or three-phase cir-
cuits.

The instrument is housed in a dur-
able vinyl-covered carrying case mea-
suring 10%2” x 9” x 5” deep. The Mod-
el 240 is priced at $144.50. A

Hewlett-Packard Model 5221A
Electronic Counter
For copy of manufacturer’s brochure,
circle No. 154 on Reader Service Card.

MALL size and low cost combined

with high performance and rugged-
ness—this has been the promise of in-
tegrated circuits. We have already seen
IC’s used in a low-cost digital voltme-
ter, and now we have a new electronic
counter from Hewlett-Packard which
uses ICs.

The couuter (Model 5221A) has a
maximwn counting rate of 10 MHz,

©- O
—

higher than any previous counter sell-
ing for less than $1000. This onc sells
for only $350.

Besides a significant reduction in
price, a reduction in size was made pos-
sible by the use of integrated circuits.
The instrument case is only one-third
of a standard 19-inch rack module in
width, a convenient size for carrying
or for bench use. Case dimeusions are
5%” wide by 6%” high by 11”7 deep.
And the instrument weighs only 5
pounds. '

The counter has a 4-digit readout
using new miniature side-viewing Nixie
tubes developed especially for H-P by
the Burroughs Corp. The readout re-
tains the most recent count until a new
count is completed; then it changes to
the new count, thereby providing a con-
tinuous, non-blinking display. A new
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WITH

CONTROLLED QUALITY CRYSTALS

» Tried and True

* Complete Range
» Guaranteed

* Ready for you at

your dealer

1000

Division of Whitehall Electronics

TEXAS CRYSTALS

Crystal Drive ® Fort Myers, Fla. 33901
Plants in Fort Myers and Los Angeles

o £RN N I S N et ot i
AgeXs ORI A AN

Number
One
Trusted
Name
Brand

©® VOLUME CONTROL & CONTACT RESTORER
® TUNER-TONIC with PERMA-FILM

@ E(-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. §. 07304

CIRCLE Nb. 198 ON READER SERVICE CARD

Electronics
Data Guide

Want help in working out those tricky elec-
tronics calcuiations? Send for our FREE
Electronics Data Guide. This heavy-duty
plastic guide fits right in your shirt pocket
—gives you instant reference to over 40
indispensable electronics formulas...plus
conversion factors, color codes and deci-
bel table as well. Saves you time and the
trouble of memorizing or ‘looking it up."
A “must" for every man interested In elec-
tronics—provided as a service by CIE.
Why not get your FREE Data Guide today?
Just fill in your name and address below,
then cut out this ad and malil it to:

Cleveland Institute of Electronics
1776 E. 17th St., Cleveland, Ohio 44114

Name

(Pleasse Print)
Address

City

State Zip
Accredited Member National Home Study Council. 907 1
e - |
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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” anc
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 anc
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 o
every sound-over and ove:
again. There's a bonus, too, witr:
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.

LSS supenscore |

SUN VALLEY, CALIFORNIA ¢ 91352

CIRCLE NO. 93 ON READER SERVICE CARD
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blanking feature suppresses display of
unneeded zeros to the left of the most
significant digit, simplifying readout in-
terpretation.

Counter functions are similar to pre-
vious basic counters. Frequency and
rate measurements are made with either
of two count times (gate times): 0.1
and 1 second. The time between counts
is adjustable between 50 milliseconds
and 5 seconds by a front-panel control,
or a count may be retained indefinitely
with the control in the “Hold” position.

The counter also totalizes input pulses
during the time that the “Gate Selec-
tor” switch is in the “Open” position.
The gate can be controlled manually
with the switch or remotely by a simple
contact closure to ground.

Input impedance is 1 megohm shunt-
ed by 30 pF. Input sensitivity is 0.1 volt
r.m.s. between 5 Hz and 10 MHz. An
internal control allows either positive or
negative pulses to be counted. The time
base is derived from the power line,
typically accurate within 0.1%. A

Amphenol Model 670 Transistorized Volt-Ohmmeter
For copy of manufacturer’s brochure, circle No. 42 on Reader Service Card.

IELD-EFFECT transistors, already

widely used in hi-fi tuners and re-
ceiver front-ends, are now beginning to
appear in modestly priced test equip-
ment for the service technician. The
latest such instrument to come to our
attention is Amphenol's Model 870,
called the “Millivolt Commander.” By
using an FET as the front-end for volt-
ohmmeter circuitry, we can have the
advantages of a v.t.v.m. with its very
high input impedance along with the
portability of a v.o.m., since the FET

SIMPLIFIED SCHEMATIC D.C. VOLTMETER

INPUT

0.1v
PASS
0.3V

1.0V

3.0V
10.0V
30.0V
100.0vV

;L: FILTER l

and other circuits within the instrument
are completely battery-operated.

One other important feature of the
new tester is its very low voltage d.c.
and a.c. ranges. For example, it can
measure voltages as low as one-tenth
volt d.c. full scale and one-hundredth
volt a.c. full scale. The measurement of
such low voltages is very important to
the technician who must work on new
transistorized TV sets, radios, and audio
equipment.

Nine d.c. ranges are provided, from

0.3v
CAL

L

===

300.0Vv

1KV

ZERO
ADJUST
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100 mV to 1000 V, along with ten a.c.
ranges from 10 mV to 300 V. Input re-
sistance of the unit is 11 megohms on
d.c. and 10 megohms on a.c. In addi-
tion to voltage measurements, the in-
strument also has the usual resistance
and decibel scales. Accuracy is some-
what better than the usual v.t.v.m., be-
ing 2% of full scale on all d.c. ranges
and *£3% of full scale on all a.c. and
dB ranges. A single probe is used for all
d.c. and a.c. measurements.

Power is supplied by two 1.4-volt
mercury cells and eight 1.5-volt AA
zinc-carbon cells, available in most

stores. Because of the very low current '
drain from these batteries, life under
normal eight-hour-per-day working con-
ditions is expected to be the same as
shelf life.

The meter is housed in a compact,
luggage-like case with a pouch inside
the cover for the probe. The instrument
measures 9%” wide, 63%” high, and
5%” deep and it weighs about 4 pounds
with batteries. The price of the v.o.m.
is $99.95. A

Electronics for Therapy
(Continued from page 45)

not. However, the foundation of Fech-
ner’s postulations was what is now
known as Weber’s Law. In 1834, E. H.
Weber (1795-1878) had found that in
order for a given stimulus to appear
just noticeably different from a preced-
ing stimulus, the necessary increment
always had to be a constant fraction of
the original stimulus. After some veri- |
fications, Fechner's Law started to
emerge: S = K log I, where S is the |
magnitude of sensation, I is a dimension
of the stimulus, and K is a constant of
proportionality that varies with sense
modality. The log is there since the |
responses of human organisms to stimuli
vary as the logarithms of those stimuli.
Fechner therefore proposed that we ac-
cumulate such “just noticeable differ-
ences” (jnd) to calculate a sensory
magnitude. Today, one finds that this
early work matches our decibels rather
well,

But—and this is where the trouble
starts—the mathematical tenets do not
hold true when it comes to microphys-
ical-type processes electromagnetically
triggered within the neuron complex of
the brain. In the case of r.f.-type audio
inductions into the brain, the observer
has the novel experience of “hearing
a thought” rather than a sound, and
current research tends to bog down on
this because the phenomenon cannot
be defined biophysically or mathemat-
ically. In spite of these current draw-
backs, however, there can be no doubt
that a new family of superior auditory
implements will emerge once the at-
tendant problems of clinical safety and
packaging have been solved. A
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Major Breakihrough
In TV Accessories: -

NEW from Mosey!

[n response to your requests EO I 1 . :
‘ ’ ho )JI LB. D
Mosley introduces a completely B“-’F" Anieiing Tgmﬂ <

NEW ‘profit building’ line of TV
accessories for use with shielded
and other types of twin lead
cables on the market!

These solderless receptacles,

line splicers, 2 and 4 set couplers,
clamp the line securely so it

can't pull out! Assure peak
performance, especially for color,
Eliminate call backs. Help
simplify the cable lead-in job ., ..
for a compact, time saving
installation,

Stock up now and watch your
sales climb! Send for complete
details.

Write: Dept. 145

Mo /ey Sl 5

4610 N, Lindbergh Blvd., Bridgeton, Mo« 63042
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S0 i | STEREQ/HiFi

E! DIRECTORY

1967 — $1.25...... 145
1966 — $1.25.. %29

Complete buyers guide for virtually
every Hi Fi component manufactured.

Order by numbes from _—
Ziff-Davis Service Divislon, \

" 595 Broadway, New York, N. Y. 10012,
Enclose an r:gdit?gnalelss: rper copy for shipping IRISH MAGNETIC RECORDING TAPE
and handling (50¢ for orders outside U.S.A.) 458 Broadway, New York, N.Y. 10013




Start a

Stereo System
of Unparalleled

Quality &rdiniie
... for less thanMﬂ"“
FABULOUS M-USTAN G M-12T

p

——

12" 3-WAY SPEAKER SYSTEM.
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 3% deep.

———e

... forless than$7"""

AWARD WINNING MODEL 6201

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.

0

...forless than$85"“

AWARD WINNING MODEL 312

12" 3-WAY DIFFAXIAL SYSTEM. '3
The only integrated single Y
speaker assembly capable

of response from 28

to 40,000 Hz! With high
compliance woofer;
Diffusicone mid-range;

exclusive Sphericon 4
tweeter; integral
brilliance control;
15%2" dia. by 12"
deep.

-—

Listen to these and other fine University
speakers at your dealers today! Ask about PSE
—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

J75
LISTEN—UNIVERSITY®SOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC. INC.

9500 W. Reno Oklahoma Cjty, Oklahoma 73101
CIRCLE NO. 87 ON READER SERVICE CARD
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! HEN you subscribe to several tech-
nical magazines a month and you
i see things in some that you want to
save, it often leads to voluminous files
of odds and ends of information. Some
people take to saving magazine indices
just to find out what’s where.

Take heart, all you paper savers, the
U.S. Army Electronics Command has
i recently announced a new program in
s which a computer “browses” through
the new technical literature of 7144
areas of interest (including technical
reports, magazine articles, and trans-
lations) and prepares an individual
listing of all pertinent material in ac-
cordance with the interests of each par-
ticular “subscriber.”

The purpose of the new automated
. system, called Selective Dissemination
of Information (SDI), is to ensure that
each scientist is continuously aware of
the latest technical publications in his
field without having to spend many
' liowrs each week searching for it.

TV Planet Patrol

Long before man sets foot on other
planets, robots with TV “eyes” far
sharper than man’s will have gone over
almost all of the ground.

According to a spokesman from
RCA’s Astro-Electronics Division, these
| robot-like explorers of the 1980 to 2000
i year period will have sensors far more
advanced than those available todayv.
Resolution of 20,000 to 30,000 lines is
being discussed. Current space TV uses
600 to 800 line resolution, although
RCA is presently working on systems
using between 2000 and 8000 lines.
As a reference, present commercial TV
uses only 525 lines.

The significance of the 20,000 to
30,000 line systems is that they will be
capable of producing visual data equiv-
alent in quality to that offered by the
finest photographic film. It is also ex-
pected that the robot TV system will
also operate in color, although the tech-
nical operation may differ from today’s
version.

IR | See

It is an old adage in the military
that you have to see the target before
you can take a shot at it. But what do

you do in the dark? Up until now, we
have been using an infrared Snooper-
scope mounted on a rifle, a method
which has been successfully used for
many years by the military.

ITT now checks in with the Meta-
scope, a binocular-like instrument for
use by the troops. Essentially, it is in-
tended for use by tank drivers, and the
devices are mounted to the periscopes
of their tanks.

The case of the Metascope contains a
light source that resembles a flashliglit
with an infrared filter which only passes
the light that is invisible to the human
eve. The tank-mounted version uses an
infrared searchlight.

An object hidden by darkness is il-
luminated by the invisible infrared
beam. The night-vision equipment’s in-
frared detection unit perceives the in-
frared images of the targets and con-
verts them to visible images.

Reliability Personified

When we lock at a large, complex
electronic system having a vast number
of transistors and other semiconductors,
a large group of relays, switches, and
power supplies, an optical system, a
complex TV system, and a stack of
other highly complex gear and then
ponder over just what would liappen to
this mass of equipment if it were sub-
jected to extremes of heat and cold,
micrometeorite abrasion, and other as-
sorted assaults that exist in outer space,
we are right in wondering just how long
it will work.

NASA, obviously proud, has just re-
leased some figures on Tiros V1I, now
in its fourth year in space (launched
June 19, 1963). Although designed
with an operational goal of three to six
months, this weather satellite has com-
pleted 21,600 revolutions of the earth,
travelling 594,000,000 miles in the pro-
cess. It has also snapped over 124,500
pictures of the earth and its weather
patterns. Areas covered by these pic-
tures total over 50 billion square miles.

Although still capable of transmitting
excellent weather pictures, Tiros VII is
seldom used since it was joined in
space by eight, more advanced Tiros
and TOS weather satellites. Tiros VII
is one of fifteen weather satellites. A
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NEW APPROACH TO
ENGINE TACHOMETERS

By RONALD L. CARROLL / Texas Instruments

AUTOMOTIVE engine tachometers for both convention-
al and transistor ignition systems use the waveform
at the distributor points for triggering. From an engineering
point of view, this is the worst place to use.

Consider the entire ignition system as a pulse generator
having a constant duty cycle and a mechanically deter-
mined frequency of operation. The properties of a good
pulse generator are basically low output impedance and
clean waveform: i.e., an absence of transients superim-
posed on the desired output waveform. By taking the
counting pulses from the distributor points, both these
aforementioned points are directly violated. First, we are
now hamessed to a pulse generator having a 12-volt out-
put waveform plagued with voltage spikes that can reach
1 kV; and second, the impedance of the circuit ranges
from 100 to 1000 megohms.

Every 12-volt ignition system uses a ballast resistor of
about one-ohm resistance. On late model cars, this takes
the form of a piece of resistance wire between the ignition
switch and the positive terminal of the ignition coil. De-
pending on the type of ignition circuit, between 4 and 12
amperes can flow through this wire. This current gives rise
to a fairly clean voltage pulse (4 to 12 volts) across an
ideally low one-ohm resistance.

The circuit to the right of the ballast resistor (R) shown
in Fig. 1 has been thoroughly tested and its linearity in all
cases was limited only by the linearity of the meter move-
ment itself. Calibration potentiometer R2 must be selected
for the meter used.

Calibration may be either with a known accurate engine
tachometer or a good high-current pulse generator con-

verting frequency to r/min as shown in Fig. 2. A
“€ Fig. 1. Pulses
are taken across
ballast resistor.

BALLASTS

R s

+ -
i
IGNITION COIL

Fig. 2. Convert-

ing frequency
* fo engine r/min.
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...the soldering tools
professionals depend on

original Dual Heat
Soldering Guns

Preferred by technicians for their
fast heating copper tips, exclusive
trigger-controlled dual heat, and high
soldering efficiency. Available in 3 watt-
age sizes, each with spotlight.

100/140-watt Model 8200, 145/210-watt

Model D-440, and 240/325-watt Model
D-550. Also in complete kits:

¢ Model 8200PK includes 100/140 watt gun, extra tips, tip-
changing wrench, flux brush, soldering aid and solder

« Model D-550PK heavy-duty 240/325 watt gun kit with solder-
ing, cutting and smoothing tips, wrench and solder

Dependable MARKSMAN Irons
in a size for every job

Ideal for deep chassis work and continuous-duty soldering,

Marksman irons outperform others of comparable size and

weight. All five feature long-reach stainless steel barrels

and replaceable tips.

e 25-watt, 134-0z. Model SP-23 with 14" tip (In kit with extra tips,
soldering aid, solder—Model SP-23K)

e 40-watt, 2-0z. Model SP-40 with 4" tip

e 80-watt, 4-0z. Model SP-80 with 3" tip

e 120-watt, 10-0z. Model SP-120 with %" tip

e 175-watt, 16-0z. Model SP-175 with 33" tip

NOW a BATTERY OPERATED IRON
for field servicing

Use this lightweight service tool for automotive wiring,
model planes, or mobile communications. Works from any
12 volt battery or 12-14 volit
AC/DC supply. Supplied com-
plete with long-life patented __A ?
“Temperature Sensing” tip, i .
12-ft. power cord and terminal
clips. Model TCP-12—12 volt;
Model TCP-24 —24-28 volts.

Complete Weller Line includes replacement tips and solder
at your Electronic Parts Distributor

WELLER ELECTRIC CORPORATION, Easton, Pa.

WORLD LEADER IN SOLDERING TECHNOLOGY
CIRCLE NO. 85 ON READER SERVICE CARD
71



°
35

Connect the dots
and find out what RCA Institutes

Home Training in Electronics
can do for you!
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Learn electronics at home

faster, easier,

almost automatically—
with RCA AUTOTEXT

"Are you just a beginner with an interest

in the exciting field of electronics? Or,

are you already earning a living in elec-
tronics and want to brush-up or expand
your knowledge in a more rewarding
field of electronics? In either case,
AUTOTEXT, RCA Institutes’ own
method of 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.

THOUSANDS OF WELL PAID JOBS
ARE OPEN NOW TO MEN SKILLED

IN ELECTRONICS!

Thousands of well paid jobs in elec-
tronics go unfilled every year because
not enough men have taken the oppor-
tunity to train themselves for these
openings. RCA Institutes has done
something positive to help men with an
aptitude and interest in electronics to
qualify for these jobs.

HOME STUDY CAN TRAIN YOU FOR
REWARDING CAREER OPPORTUNITIES
To help fill the “manpower gap” in the
electronics field, RCA Institutes has de-
veloped a broad scope of Home Train-
ing courses, all designed to lead to a
well paying career in electronics in the
Jeast possible time. You also have the
opportunity to enroll in an RCA
“Career Program” exclusively created
to train you quickly for the job you
want! Each “Career Program” starts
with the amazing AUTOTEXT Pro-
grammed Instruction Method. And, all
along the way, your program is super-
vised by RCA Institutes experts who
become personally involved in your
training and help you over any “rough
spots” that may develop.

VARIETY OF KITS ARE YOURS TO KEEP
To give practical application to your
studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. Each kit is complete
in itself, and yours to keep at no extra
cost. You get the new Programmed
Electronics Breadboard for limitless ex-
periments, including building a work-
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ing signal generator, multimeter, and a
fully transistorized superheterodyne
AM receiver.

ONLY FROM RCA INSTITUTES —
TRANSISTORIZED TV KIT—-

VALUABLE OSCILLOSCOPE

All students receive a valuable oscillo-
scope. Those enrolled in the Television
program receive the all-new transistor-
ized TV Kit. Both at no extra cost and
only from RCA Institutes,

CHOOSE THE “CAREER PROGRAM”
THAT APPEALS MOST TO YOU

Start today on the electronics career of
your choice. Pick the one that suits
you best and mark it off on the attached
card.

Television Servicing
Telecommunications
FCC License Preparation
Automation Electronics
Automatic Controls
Digital Techniques
Industrial Electronics
Nuclear Instrumentation
Solid State Electronics
Electronics Drafting

ADVANCED TRAINING

For those already working in electron-
ics, RCA Institutes offers advanced
courses. You can start on a higher level
without wasting time on work you al-
ready know.

UNIQUE TUITION PLAN

With RCA Institutes Training, you pro-
gress at your own pace. You only pay
for lessons as you order them. You
don’t sign a long-term contract. There’s

®

no large down-payment to lose if you
decide not to continue. You're never
badgered for monthly payments. Even
if you decide to interrupt your training
at any time, you don’t pay a single cent
more.

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 be-
fore or shortly after graduation. This
Service is 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. pept. ew-o7

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

The Most Trusted Name In Electronics
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MAGNECORD
LEADS
THE FIELD

with six different
professional quality
portable
rack mounted
tape recorders

MOQEL WPTD
Sieres 3a Ttsps
$70

w@lLi 10

74
sleren ¥y o g
1648

¥
o AT
“omums',r;:‘ Lo 3 ’ ’1 - 1 LY o
. §
L "!:?

MIDEL 1023
Sterap. 015 o
§99%

2ODLL 1Dif
Steres. 3s 'y ips
5535

Priced from $570 to $995, every one
of these 1000-series Magnecords is a
rugged, value-engineeted recorder;
raproducer capable of satisfying the
most exacting audio studio require-
ments. All are equipped with hys
teresis synchronous capstan motors
and heavy-duty individua! reel drive
motors. Rigid die-cast head mounts
eliminate alignment propl=ms

For complete characteristics and
specifications, write:

IMIAGNECORD
tape recorders
5500 ALDRICH ATIRUE SO0 W MISEEAPOLIT SISO 420
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EW Lab Tested
(Continued from page 16)

prevents triggering of the multiplex cir-
cuit and the indicator light by weak
signals or interstation noise. The a.g.c.
voltage controls the gain of the first
i.f. stage which also acts as a d.c. a.g.c.
| amplifier to control the FM r.f. stage
tand mixer. Another diode supplies a
~control voltage from the third i.f. stage
to operate the muting circuits.

In our laboratory measurements, the
tuner et or exceeded its salient speci-
| Rcations, within the limits of normal
“measurement error. The IHF wusable

sensitivity was 2.3 microvolts (rated 2.5
| 1V, with virtually complete limiting by
| 4.5 microvolts. The distortion at 100%
i modulation was 0.8% (rated 0.75%).

The frequency response of the FM tuner
" was within =1 dB from 30 to 8000 Hz,
sloping off to —2.5 dB at 10,000 Hz,
and —B.5 dB at 15,000 Hz. This was
apparently the result of the filtering
built into the deemplasis networks
which are designed to eliminate 19-
kHz and 38-kHz components from the
tuner output where they might interfere
with making tape recordings of stereo
broadcasts. This filtering is quite effec-
tive and we were unable to hear any
loss of highs resulting from the roll-off.
In our view, this was a worthwhile ex-
change of performance parameters.

The stereo channel separation was
about 27 dB at middle frequencies, re-
{ ducing to 18 dB at 30 Hz and to 13
dB at 15,000 Hz. We attempted to im-
prove the performance by instrument
. alignment, but were largely unsuccess-
| ful. The sensitivity and distortion, al-
ready equal to or better than rated
values in the “as received” alignment
condition, could not be improved at
all. The multiplex circuits had been
originally tested with no alignment since
the coils are supplied pre-aligned. Using
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our multiplex signal generator we opti-
mized the alighment and gained an
improvement of 3 to 7 dB in stereo
separation across the frequency range
of 30 to 15,000 Hz. This is a negligible
improvement, hardly worth the effort,
so that we have no hesitation in recom-
mending to the builder that he follow
the instruction manual advice and not
disturb the adjustments of the pre-
aligned coils.

The AM tuner alignment is simple,
using received signals. When this had
been done, we found it to be one of the
better AM tuners we have used in re-
cent years, It is free from “birdies”
and the 10-kHz whistle filter works
well. The sensitivity and selectivity were
more than adequate for our suburban
location, using the built-in ferrite an-
tenna. The quality, while perhaps not
high fidelity, was clean and undistorted
and probably the best that could be
obtained from a relatively simple tuner.

The “Knight-Kit” KG-790 is clearly
one of the better kit-type tuners to be
had and its performance easily matches
that of many more expensive factory-
wired units. Anyone who wishes to in-
clude AM capability in his high-fidelity
system could hardly do better than to
build the XG-790 which sells for
$149.95. An oiled-walnut cabinet is
available for $19.95. A

IN Jauuary, 1965 we reported on the
PML EX-61 capacitor microphone,
which  brought professional sound
quality within the reach of the serious
home recordist. PML (a Swedish manu-
facturer) has brought out a new ver-
sion of this microphone, quite similar
in its electro-acoustic design, but with
its vacuum tube and power supply re-
placed by a field-effect transistor and a
new, highly compact power-supply.
The capacitor microphone, although
capable of the highest quality, requires
an extremely high load impedance for
the tiny transducer element. Previous
designs normally used a subminiature
vacuum tube as a cathode follower to
match the high microphone impedance
to the common load impedances of 200

PML EC-71 Capacitor Microphone
For copy of manufacturer’s brochure, circle No. 41 on Reader Service Card.

ohms or less. The tube was housed in
the body of the microphone and tube
replacement was usually difficult.

The FET, whose impedance is high-
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er than most vacuum tubes, is ideally
suited for this application. It should
have an indefinitely long life and total
freedom from hum and microphonics.
In addition, the power-supply require-
ments are minimal. PML has an a.c.
supply, measuring about 3”7 x 57 x 1%”,
which will accomodate two micro-
phones. A similar battery-operated sup-
ply is available as well, with a 67.5-volt
battery having a life of about 500 hours.
The microphone itself is housed in a
small cylindrical case, %" in diameter
and 21%¢” long, weighing only 1% oz.
The microphone comes in two ver-
sions, the omnidirectional EK-71 and
cardioid EC-71. We tested the latter
model by plotting the response of a
speaker system with the EC-71 and with
owr calibrated capacitor microphone
mounted in the same position relative
to the speaker. When the two micro-
phones have similar polar-response pat-
terns, this permits an accurate measure-
ment to be made, as we proved with the
earlier model tested. However, the dif-
ference between the cardioid pattern of
the EC-71 and the comparison micro-
phone made this close correlation in-
possible. This is particularly true in view
of the fact that our tests are done in a
normal listening room rather than an
anechoic chamber. Even so, it was ob-
vious from the curve that the EC-71 has
a smooth, uniform response over the full
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audio range, and we see no reason to
question the manufacturer’s published
response curve, included here, which
shows a very flat response from 30 to
20,000 Hz.

The EC-71 has a rather high output,
about 25 dB higher than the comparison
microphone. Evidently the electronic
circnits of the EC-71 include amplifica-
tion as well as impedance transforma-
tion. We made tape recordings with it
and found it to have a smooth and nat-
ural sound consistent with its claimed
response. We did, however, find a ten-
dency to “blast” with close talking and
found it necessary to stay at least 8
inches from the microphone. An acces-
sory windscreen is available and might
be helpful for close talking.

The power-supply unit contains im-
pedance-matching transformers provid-
ing output impedances of 30-50 ohms,

200 ohms, 600 ohms (balanced), and a
high-impedance unbalanced output. The
output cable connection determines the
impedance. Low-impedance cables are
available in lengths of 25, 50, and 100
feet as well as the standard 12 feet.

We made a tape-recorded comparison
between the PML EC-71 and a good-
quality cardioid dynamic microphone.
The EC-71 had a noticeably smoother
and more natural sound on male voice,
as well as far better highs.

The PML solid-state capacitor micro-
phones continue to bring the finest sound
quality into a price bracket within reach
of many non-professional users. The EC-
71, distributed in the U.S. by Ercona
Corp., sells for $109.50 and the ommni-
directional EK-71 is $99.50. The power
supplies for the microphone are $69.50
for the a.c. and $49.50 for battery-
operated models. A

Now...get

with ZIP!

genuine Zenith parts
three ways faster-

Your Zenith Distributor has a revolutionary new
system to speed your replacement parts ordering.

Why not sell the best

&

Called “ZIP” (Zenith Instant Parts), it gives you
much improved service.

1. Looking up parts numbers is 100% quicker
than before. Because parts lists and. schemat-
ics for the past ten years are now iicrofilmed

on compact, easily-handled filmcards. and

Order from your Zenith Distrib-
utor for “Zenith Instant Parts”
service on all genuine Zenith re-
placement parts and accessories.

2. “Qui-of-stocks” are cut down. The
new ZIP program helps your Zenith dis-
tributor keep tighter inventory controls

ENITHN°

Easv-to-handle, space-saving falcrofin carde
in file 27 to 3“ decp replace 10 feet of catalogs.

3. Factory special orders are
shipped faster. Under the new ZIP
program, the Zenith factory is

maintain a more complete stock. geared to ship orders without delay.

The quality goes in before the name goes on
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BOOK
REVIEWS

#SWITCHING CIRCUITS FOR ENGINEERS"’
by Mitchell P. Marcus. Published by
Prentice-Hall, Inc., Englewood Cliffs,
N.J. 332 pages. Price $12.00.

This is a second edition of a book
which originally appeared in 1962. It
has been expanded considerably and
updated throughout. The emphasis on
the practical rather than the abstract
has been retained. The author, who is
with the Systems Development Division
of IBM’s Endicott Laboratory, has
worked with his subject, taught his
subject, and written about it and what
he has to say about switching circuits
commands attention. He contends that
while switching circuits can be designed
intuitively, because of the tremendous
growth of automatic digital computers
and complex business machines, logic
design requires a discipline in order to
reduce designing time and the number
of components needed.

The book is addressed to both the
logic design engineer and the engi-
neering student of switching circuits
and presupposes an engineering back-
ground and a familiarity with the re-
quisite mathematical procedures.

The text is divided into 19 chapters
covering Boolean algebra; special forms
of Boolean expressions; logic circuits;
electronic logic blocks; contact net-
works; tabular method of simplification;
map method of simplification; trees—
relay and electronic; symmetric func-
tions, reiterative networks; number sys-
tems, adders; codes, error detection,
error correction; sequential circuits; and
pulse-input sequential circuits. Answers
and solutions to the problems appearing
in the text are provided in the back of
the book for self-checking or classroom
assignment.

* * *
“TRANSISTOR CIRCUIT ENGINEERING"
by Basil L. Cochrun. Published by The
Macmillan Company, New York. 437
pages. Price $13.95.

This volume is designed as a text-
book for undergraduates in electrical
engineering courses who have had some
previous experience with the physics of
semiconductors and a knowledge of
mathematical procedures.

The text is divided into eleven chap-
ters covering semiconductor concepts,
semiconductor junctions, transistor be-
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havior and equivalent models, low-fre-
quency characteristics of the basic con-
figurations, biasing, low-frequency am-
plifiers and active filters, high-frequency
amplifiers (wide-band and narrow-
band), noise, feedback and stability,
and FET’s. Five appendices cover the
black-box approach to equivalent cir-
cuits, the superposition concept of gain
and impedance, signal flow graphs, use-
ful physical constants, and the frequen-
cy characteristics from log-modulus
plots.

Each chapter carries a series of prob-
lems, a list of references, and a bibliog-
raphy for further study. The text is
adequately illustrated.

¥ % %
"’CIRCUIT PROBLEMS AND SOLUTIONS"
by Gerald Lippin. Published by Hayden
Book Company, Inc., New York. 188
pages. Price $3.95. Soft cover.

This is the first volume in a projected
two-volume series and is subtitled
“Elementary Methods”. This book is a
problem-oriented text which is designed
to be used in conjunction with an a.c.
and/or d.c. text.

Starting with Ohm’s Law, progress-
ing through meters, resistance, vectors,
RL circuits, time constants, RLC cir-
cuits, and filter circuits, the author has
first presented some circuit theory and
then followed this with step-by-step
problem solutions.

Written at the technical school or

junior college level, the author has pro-
vided four appendices covering conver-
sion factors, wire gauge tables, trigono-
metric tables, and log tables for the
convenience of the student.
“INTRODUCTION TO RADIO ASTRON-
OMY" by Roger C. Jennison. Published
by Philosophical Library Inc., 15 East
40th St., New York, N.Y. 10016. 155
pages. Price $4.75.
_ This book by a former Senior Lecturer
in Radio Astronomy at Jodrell Bank in
England falls somewhere between an
engineering treatise and a popular ex-
posé. It would be helpful if the reader
had some familiarity with electronics
even if he knows nothing of radio
astronomy.

The text is divided into eight chapters
covering an introduction to astronomy,
the basic tools of the trade (the equip-

ment), the radio sun, the moon and plan-
ets, galactic radio emissions and the
first radio stars, spectral measurements,
the extra-galactic radio sources, and
tricks of the trade. This final chapter
covers the sophisticated techniques in-
volved in radio astronomy and here the
author has resorted to mathematical
treatment which may be a little over
the head of the average layman. The
rest of the text is fairly easy to assimi-
late.
* * *

“APPLIED MATHEMATICS FOR ELEC-
TRONICS” by L.J. Adams & R. Journigan.
Published by Holt, Rinehart and Win-
ston, Inc., New York. 692 pages. Price
$10.95.

Although addressed specifically to the
post-high-school technical institute stu-
dent, this volume is equally well suited
to engineering students and practicing
engineering technicians who want to
upgrade thei~ everyday mathematical
skills.

The text covers arithmetic, algebra,
trigonometry, analytic geometry, and
elementary calculus, with emphasis on
areas of special interest—such as Boo-
lean algebra.

After an introductory chapter, the
book goes on to cover basic arithmetical
techniques, fundamental algebraic oper-
ations, the metric system, basic con-
cepts of electric circuits, systems of
linear equations, quadratic equations,
trigonometry, the slide rule, alternating
current, analytic geometry, calculus,
Boolean algebra, and matrices. The au-
thors have provided 13 appendices to
give the user access to all of the refer-
ence data he will require to work with
the text material.

Problems are provided throughout the
text with the answers given for the
odd-numbered problems. The text is
attractively presented in two colors,
with items for particular emphasis print-
ed in brown.

* * o
“pOWER SUPPLIES FOR ELECTRONIC
EQUIPMENT” by Leo G. Sands. Pub-
lished by John F. Rider Publisher, Inc.,
New York. 184 pages. Price $6.25
(cloth) or $4.25 (paperbound).

This book is addressed to engineers,
technicians, and experimenters who are
involved in buying, applying, or main-
taining power supplies used with elec-
tronic equipment. It covers batteries as
well as generators.

Divided into ten chapters, the author
first discusses the power requirements
of electronic equipment, then batteries,
electromechanical generators, utility
power, transformers, rectifiers, filters,
regulators, converters and inverters, and
power-supply specifications. Since com-
mercial as well as theoretical circuits
are presented, this volume can serve
as a “buying guide” as well as a refer-
€nce source. A
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ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY
(Answer on page 102)

ACROSS 53. In a directional antenna system,
the rear portion or element (usu-
1. Process by which an object is ally not connected to the remain-

electrified or magnetized by ex-

posure to a magnetic field. deLio RIS patennayy

6. An electro-acoustic unit of power
ratio. DOWN
10. Type of current (abbr.). 1. .:n object that offers opposition to
11. Fuss. the movements of electrons: used
12. Variation of a wave with time, for supporting ov separating con-
serving to convey information in ductors.
communications. 2. Excavate.
13. Skill in dealing with delicate sit- 3. Metal frame or base supporting
uations. an electronic circuit,
15. Communications record of a sta- 4. Ego.
tion. 5. Eight-element vacuum tube.
16. Consume. 6. Lowest resonant frequency of an
17. Connecting wires. antenna or cirenit.
19. Entrance. 7. Man with a blue pencil (collog.).
20. Lubricate. 8. Voltage.
21. Stake. 9. Electromagnetic switch employ-
e ing an armature to open or close
22. La‘}:e plants.. the contacts.
25. Unit of relative power, 14. Time past.
28. Distress signal. 18. Female deer.
30. Recording medjum. 23. One of the plates of an electro-
31. Resistor whose value may be lytic capacitor.
changed by means of a control 24, The power that a device delivers.
knob. . 26. Organ of hearing.
33. Designation for a widely used 27. Circuit that vesponds in accor-
circutt. dance with oscillations produced
35. Designating an oscilloscope in another circuit.
{abbr.}. 28. Commonwealth.
36. First man. 29. Discolor.
37. Negative. 32. Unrefined metal.
38. Mechanism used on indexed ro- o4 Milieu.
tary switches to hold switch firm- 37. Any point, line, or surface in a
ly In position. s:latlonary wavef s%'lstem athwhlch
s ] A the amplitude of the v.aveshaping
:11(; i{z:rt of a‘cylmdeni mechanism. AL
. ng period of time. 38. Term used to indicate current be-
44. A small current (abbr.). ing taken from a voltage source.
45. Russian affirmative. 39. Titles.
46. Electromagnetic unit of resist- 41. Droop.
ance. 43. Finished.
48. A bedy that will attract iron and 47. Movie starring Paul Newman.
steel. b b
a . . 49. Remains after deductions.
50. For.t at reason’’. 51. In a superhet, a ‘“combined”’ fre-
52. Requires. quency (abbr.).
1 2 3 4 5 [} 7 8 r 9
0 1
12 13 14
15 16
17 i8 19
20 21
22 23 24 25 |26 27
28 29 30
31 32 33 |3a
35 36 37
338 39 40 41
42 43 44 45
46 47 48 49
50 51
52 53
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Uses OXYGEN | Q;ﬂ;’
and LP GAS

woRmsHoP
o Completely self-contained. ‘,‘)

o Produces 5000° pin-point flame. /
e Welds, brazes, solders. (e
o Hundreds of lightweight uses. TECHNIGIANS:
o Suggested list — $19.95, -

GET COMPLETE DETAILS AT MOST iN-
DUSTRIAL DISTRIBUTORS OR WRITETO
MICROFLAME, INC.

REPAIR AND
SERVICE SHOPS

MICROFLAME, INC.

7800 COMPUTER AVENUE
MINMNEAPOLIS, MINMESOTA 55424
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LISTEN TO:
iy POLICE, FIRE, AIRGRA
8| & WEATHER REPORTS!

Perfect for
Industrial, Commercial, Utility
and Government Use

SONAR SENTRY
VHE MONITOR RECEIVERS

| Designed and engineered for simplicity
of operation, compact enough to fit a
shirt pocket yet powerful enough to
deliver a clear clean signal—it's de-
| pendable ® Operates on two crystal
controlled VHF channels plus broad-
cast band e Completely solid state
i for long life use & Visible battery
indicator to show battery condition
at all times e Built in antenna @
57 "H x 2146"W x 1%,"D. Wt. 11 oz.

53095

With Battery,
Earphone, &
Carrying Strap
less Crystals. |
Crystals $5.00 ea.

'EONAR RADIO CORPORATION
I 73 Wortman Ave., Brooklyn, N.Y. 11207

Please send me information on
VHF Monitor Receivers.

MODELS |
FR-103 150-175 Mh: ' Name......ccoorerrrennnns
FR-106 2550MHz | Address

AR-107 315

Dept. 558 '
o s e s

September,
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Look What's

NEW! ! Deluxe Solid-State Combo Amplifier
& Speaker System!

(900000 000 90 = .

Special Combo Offer!

Kit TAS-17-2 Amplifier &
2 Speaker Systems
Save $20.00

$39500

240 lbs.

All the “big sound” features
every combo wants . . . trem-
olo, built-in “fuzz”, bright-
ness, reverb plus a shattering
120 watts of EIA music power.
Has 3 independent input chan-
nels each with 2 input jacks.
Handles lead or bass guitars,
combo organ, singer’s mike,
even a record changer, Speak-
er system features two special
12" woofers, special horndriver
and matching black vinyl- cov-
ered wood cabinet,

Kit TA-17 Kit TA-17-1
Amplifier Speaker System

175" $120%

NEW! Low Cost Single-Channel
Solid-State Guitar Amplifier

Q890004800 2

.

NOW Available Fully Assembled . ..
Heathkit *'Starmaker’’ Dual-Channel

NEW In The

NEW LOW PRICE On Heathkit 180" Deluxe
Color TV

Kit GR-180
Was $379.95
Now Only

349%

(less cab.)

Now Save $30 on this superb set. Features 180 sq. in. rectangular
viewing area, plus exclusive built-in servicing facilities so you can
converge and maintain the best color pictures at all times. Also has
24,000 volt picture power, automatic degaussing, rare earth phos-
phors for livelier colors, 3-stage IF, plus many more advanced fea-
tures. Choice of installation . . . in a wall, your custom cabinet or
an old black & white set cabinet, Heath assembled contemporary
(Illust. $49.95) or Early American ($75.00) floor cabinets, or new
Heath table model ($24.95) cabinet. Build in 25 hours. 102 lbs.

NEW! Heathkit

Guitar Amplifier Soldering lron

Assembled
TAW-16

$19995

(Kit TA-16
$134.95)

Boasts 20 watts EIA music power, 40 watts peak
power; variable tremolo & reverb; two inputs that
handle lead guitars; singer’s mike; special heavy-
duty 12" speaker; line bypass reversing switch that
reduces hum; transformer-operated power supply;
and handsome leather-textured, black vinyl cov-
ered wood cabinet with extruded aluminum front
panel and chrome knobs. 35 lbs.

NOW Available Fully Assembled . ..

Features all solid-state circuit; 25 watts EIA, 60
watts peak power; two channels, one for accom-
paniment, accordion or mike, the other for vari-
able tremolo & reverb; two inputs each channel;
two 12" heavy-duty speakers; line bypass revers-
ing switch for hum reduction; leather-textured
black vinyl covered wood cabinet with extruded
aluminum front panel & chrome knobs. For extra
s%v{ggs, build the kit version in just 15 hours.
5 S.

Ideal for kit-building or other elec-
tronic soldering jobs. Safe 6 volt, 25
watt GE midget iron with non-
corroding tip. 3 heat ranges. Excel-
lent heat recovery time. Quick warm-
up . .. iron ready in 2 minutes. Pro-
tective metal cage. Build in an hour.
5 1bs.

NEW! Professional 10-Band Shortwave

World’'s Most Advanced Steree Receiver!

Assembled
ARW-15

499"

(less cab.)

Acclaimed by owners & audio experts for its advanced features like
integrated circuits and crystal filters in the IF amplifier section; ultra-
sensitive FET FM tuner; 150 watts dynamic music power; complete
AM, FM and FM stereo listening; positive circuit protection; all-
silicon transistors; “black magic” panel lighting; stereo only switch;
adjustable phass control for best stereo and many more. 34 Ibs.

Optional wrap-around walnut cabinet $19.95

82

. Kit SB-310
Kit AR-15, 524900
$329.95

Listener's Receiver

Covers 6 shortwave bands (49, 41, 31, 25, 19 & 16 meters) . . . 80, 40
& 20 meter ham bands . . . 11 meter CB. Includes 5 kHz crystal filter
for AM, SSB and CW listening. Features selectivity that slices sta-
tions down to last kHz ... no more guessing station identities; 11-tube
circuit ; crystal-controlled front-end for same rate tuning on all bands;;
prebuilt & aligned LMO; tuning dial to knob ratio 4 to 1; and many
more deluxe SWL features. 2-tone green metal cabinet included. Op-

tional crystal filters for optimum CW & SSB available. 20 lbs.

ELECTRONICS WORLD



‘68 HEATHKI

Introducing The Exciting New Look

Now from Heath...the most exciting innovation
in electronic instrumentation . . . new ultra-functional
cabinet styling. These new Heathkit instruments
feature a cabinet frame consisting of front and rear
panels with side rails that completely support the
component chassis independent of the top and bot-
tom cabinet shells . .. allows complete freedom for
assembly, checkout and calibration. You’ll like the

®
T Catalog!
Of Heathkit Solid-State Instruments !

clean bold panel & meter markings for easier reading
...the easier-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-
inet shells give these new instruments an appearance
as up-to-date as their performance.

NEW! Deluxe Solid-State Volt-Ohm Meter ...
Battery Plus Built-In AC Power

Features 8 DC and 8 AC voltage ranges from 0.5v to 1500 v. full
scale; 7 ohmmeter ranges x1 (10 ohms center scale), x10, x100, xlk,
x10k, x100k and x1 megohm; 11 megohm input resistance on DC
ranges; 1 megohm on AC ranges; internal battery or 120/240 v.,
50760 Hz AC power for portable or “in-shop” operation; large,
easy-to-read 6” 100 uA meter; separate switches for individual
functions; single test probe with finger-tip flip switch for all meas-
urements; simple circuit board construction.

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 150 mv; 11 current ranges from 15 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;
6” 200 uA meter with zero center scale for + & — voltage measure-
ments without switching; accuracy of + 3% full scale on DC volts,
+ 5% on AC volts; separate range switches for each function; 1%
precision resistors; 10-turn thumbwheel zero adjustment; fast cir-
cuit board construction. 10 Ibs.

New FM Stereo Generator For RF, |IF and

FM Stereo Alignment

Produces virtually all signals for trouble-shooting & aligning multi-
plex adapters, FM tuners and receivers. Generates mono FM or
composite stereo FM signals. Crystal-controlled 19 kHz (+ 2 Hz)
pilot signal, adjustable from 0 to 109 for checking tuner lock-in
range. Switch-selection of 400 Hz, 1000 Hz, 5000 Hz, 19 kHz, and
65 kHz or 67 kHz SCA signals for complete alignment capability.
100 MHz sweep signal (adjustable +2 MHz)for overall RF and IF
alignment. Built-in crystal controlled marker oscillator for IF and
dial tracking checks. Phase test capability. No balance =<iustment
needed for equal right and left channel modulation levels.

New Variable Regulated High Voltage

Power Supply

Features 6v. and 12 v. AC filament voltages; also furnishes B4
from 0 to 400 volts DC, bias from 0 to —100 volts DC; separate
panel meters monitor B4 output voltage & current; voltmeter
switched to read C— volts; output terminals isolated for safety,
high voltage and bias may be switched “off” with filaments still
“on” for maximum testing efficiency and safety.

New Solid-State Regulated Low Voltage

Power Supply

New Zener reference-voltage power supply. New up-dated circuit
that is virtually immune to overload from exotic iransients. Relay-
protected against short circuit & overload. Provides 0.5 to 50 volts
DC with better than + 15 millivolts regulation. 4 current ranges:
50 mA, 150 mA, 500 mA & 1.5 A. Adjustable current limiter: 30
to 100 on all ranges. Panel meter shows output voltage or current.
Choice of kit or assembled versions.

———
| HEATH COMPANY, Dept. 15-9
{ Benton Harbor, Michigan 49022
] In Canada, Daystrom Ltd.

NEW

' HEATHKIT' 1968

Kit IM-16

$4495

Kit IM-25

$8000

Wired IMW-25
$115.00

Kit 1G-37

57995

Kit IP-17

$5995

Kit 1P-27

$7695

Wired IPW-27
$119.85

HEATHIIT]g

|
B e &3 FREE 1968 | [ Enclosed is $ including shipping. |
b — 1
E 3, S CATALOG! | Please send model (). {
~= Now with muse kils more colar i
oA R Fully deseribes t1ese along with | [ Please send FREE Heathkit Catalog. |
R 2 & sty N aver 350 Kkits for steres.’ni-fi
- . color Ty electianic argans, elec- | Name |
_— P trie guitar & anplifier, amateut | |
nae radio. manne, educiicnal CB, Address,
| home & holtby Mail coupor or | l
m arte Healh Lompany, Beaton | . r I
T T Lnmmmsd) Harbor Michigan 490.2 City State__ - Zip
- = | Prices & specifications subject to change without notice. CL-301 |
L e e e e e e e e e e e e e e e e e e e e e e i e e e e e P e e K
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SOLID-STATE RING COUNTERS
AND CHASERS FOR LIGHT DISPLAYS

By A. A. ADEM / Semiconductor Products Dept., General Electric Co.”

Buasic semiconductor circuits for incandescent light displays,
warning and traffic lights, and illuminated advertising signs.

HIS article describes some basic

I semiconductor circuits for incan-

descent light displays, warning
and traffic lights, and illuminated ad-
vertising signs. The SCR and the Triac
are ideal for this type of application
to switch heavy loads on and off.
These solid-state switches have no con-
tacts to bounce, stick, or wear out;
they are economical, explosion-proof,
and reliable.

Ring counters are used for display
purposes where, out of a string of sev-
eral lights, only one light (sometimes
more) is kept on at any one time. There
is, however, a continuous and sequen-
tial transfer from the light that is on
to the next one. This can be visualized
by imagining a sixty-stage ring counter
where sixty lights are arranged in a
circle, six degrees apart. In such a ring
counter, if the trigger pulses are main-
tained one second or one minute
apart, the movement of the light would
correspond to the numeral to which

the second or
tively, points.

Chasers are similar to ring counters
except that, once a light is turned on,
it stays on until the rest of the lights
are on, and then they all turn off and
start with the first light again. In our
imaginary clock, this type of operation
would correspond to the hands “chas-
ing” something, always beginning at
one minute and losing it on the sixty-
minute mark.

minute arm, respec-

Ring Counters

A three-stage ring counter is shown
in Fig. 1. More stages can be added to
this circuit, as required, between the
dotted lines. The components values
as shown are for a load of 100 watts
or less for each SCR. For heavier loads,
diodes D1 through D4 would have to
be changed to higher current diodes,
such as the G-E A40B, and the value
of the filter capacitor C1 and the com-
mutating capacitors C2, C3, and C4

Fig. 1. Ring counter in which each SCR is triggered in turn to operate its load.

RS LOAD LOAD LOACQ
] 2 3
ol XKobp2
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R1-—~Adjust to give 120 volts across C1
(depends on load)

R2—4700 ohm, 2 W res.

R3—10,000 ohm, 145 W res.

R4—500,000 ohm linear pot

R5—100 ohm, 15 W res.

R6—1 megohm, V2 W res.

R7—47 ohm, Y2 W res.

R8,R9,R10—1000 ohm, Y2 W res.

R11,R12,R13,—33,000 ohm, 14 W res.

R14-330 ohm, Y2 W res.

C1—100 xT, 200 V capacitor

C2,C3,C4—0.5 ¢F, 200 V capacitor

C5,C6,C7—0.01 uF, 200 V capacitor

C8—1 uF, 25 V capacitor

C9—0.1 uF, 200 V capacitor

D1,D2,D3,D4—A10B diode (G-E)

D5—Z4X118 zener diode (G-E)

D6,D7,D8—A13F diode (G-E)

SCR1,SCR2,SCR3—S8ilicon controlled
rectifier (G-E C20B)

Q1—2N2646 unjunction transistor (G-E)

Loads—100 W

Note: Additional stages may be inserted
between dashed lines

would have to be increased. The value
of the commutating capacitors can be
determined in the manner explained
in the author’s previous article on solid-
state flashers (August issue).

When power is first applied to the
circuit, diodes D1-D4 and capacitor
C1 supply 120 volts d.c. to the anodes
of the SCR’s through the loads, caus-
ing diodes D6, D7, and D8 to be re-
verse-biased. Out of this d.c. supply,
zener diode D5 provides 18 volts to
the free-running unijunction oscillator
circuit. The trigger pulses from the
UJT cannot turn any SCR on due to
the reverse bias on the gate diodes.

To start the circuit, switch S1 must
be closed momentarily to provide a
pulse to the gate of SCRI to tumn it
on. When SCRI1 turns on, the reverse
bias on D7 is removed and the next
time the UJT supplies a pulse, SCR2
turns on causing SCR1 to turn off be-
cause of the commutating capacitor
C3. Similarly, when SCR2 turns on,
the reverse bias on D8 is removed and
the next time the UJT fires, SCR3
turns on, causing SCR2 to turn off.
Thus, every time a pulse appears at
the common shift line, the power to
the load transfers sequentially from one
stage to the next, always in the same
direction.

As the load of a ring counter is in-
creased, the value of the commutating
capacitors, (which incidentally are of
the non-polarized type), the filter ca-
pacitor, and the current rating of the
supply diodes must be increased. After
a certain power output level, this cir-
cuit becomes impractical and uneco-
nomical. If this is the case, a ring
counter can be used to trigger Triacs
much in the same way as described
in the next section.

Fig. 2 shows a chaser circuit with
three stages. Just like the circuit of
Fig. 1, more stages may be added
between the dotted lines. If in Fig. 1,
the commutating capacitors were left
out and some means were provided to
turn all the SCR’s off after SCR3 had
been turned on, the circuit would func-
tion as a chaser.

*Now employed by Fairchild Semiconductor in Mountain View, Calif.
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Chasers are primarily used in adver-
tising signs where a string of lights is
turned on sequentially to produce the
effect of a “moving sign”. Presently,
this function is performed by a motor-
driven cam, actuating heavy silver con-
tacts, with its attendant drawbacks.

When power is turned on initially,
all the SCR’s will be in the “off” state.
The free-running unijunction oscillator
receives its power from the bridge rec-
tifiers, D1-D4, and filter capacitor C1.
At the end of the time delay, de-
termined by the setting of R1, the
UJT will fire and the pulse at base 1
will only turn on SCR1l (D5-D8 are
reversed-biased). When the UJT fires
again, SCR3 will turn on, thus firing
Triac 1. The two new pulses will turn
on SCR4 and SCR5, in that order, fir-
ing Triacs 2 and 3. The following pulse
will fire SCR2 which will commutate
off SCR1, SCR3, SCR4, and SCR5,
removing the gate drive to all the
Triacs. The next pulse will start the
cycle again, turning SCR1 “on” and
SCR2 “oft.”

With this arrangement, the “off” time
takes two pulses; in other words, if
the UJT pulses are spaced one sec-
ond apart, the “off” time takes two
seconds, whereas there is only one sec-
ond between the time Triac 1 and Triac
2 come on. This is due to the addi-
tional stage introduced because of
SCR2. Increasing the “off” time makes
the function of the circuit more ap-
pealing to the eye. If this additional
stage is not required, SCR1 and its
associated components can be left out
of the circuit to provide a starting
pulse to SCR3. It will be noted that
the circuit of Fig. 2 as shown can also
be used as a 4-stage chaser by merely
adding a 150-ohm resistor from the
anode of SCRI to the gate of another
Triac. Under these conditions the “off”
time will be reduced and the added
Triac will turn on first, followed by
Triacs 1, 2, and 3.

The circuit of I'ig. 3 is an extension
of the circuit shown in Fig. 2. In addi-
tion, it provides a separate timing ad-
justment for each stage of the chaser.
Here, instead of Triacs, SCR’s are used
to drive the loads. When power is ap-
plied to the circuit, all the SCR’s are
in non-conducting state. Q1 starts tim-
ing and, at the end of the time delay
set by R1, fires SCR4 which energizes
the reed-switch coil.

The reed-switch contact then con-
nects the d.c. supply to the remaining
portion of the circuit and at the same
time applies a d.c. drive to the gate
of SCRI, turning it on. The closure
of the reed contact starts Q2 timing
which, at the end of its time delay,
as set by R2, fires SCR6 which, in
turn, fires SCR2. This sequential firing
continues down the line until Q4 fires
which causes SCR5 to turn on and
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Fig. 2. A solid-state chaser circuit with only three stages is shown in diagram.

SCR4 to turn off. The reed-switch coil
de-energizes causing all the SCR’s (ex-
cept SCR5) to turn off thus resetting
the circuit. At the same time that
SCR4 is tumed off, Q1 starts timing
and the cycle repeats.

The 1-megohm resistor (R13) across
the reed-switch contact is to prevent
SCR6 and SCR7 from triggering be-
cause of the rate of rise of voltage
when the contact closes. The anodes
of these two SCR’s essentially see the

d.c. supply voltage even when the reed
switch opens but these SCR’s turn off
because the SCR current does go
below the holding current level. It is
interesting to note that the reed switch
draws very little current (less than 20
mA per stage) and yet is capable of
turning on and off several hundred
watts of power. This, of course, is pos-

-sible because of the capability of the

semiconductor switches in turning on
with a small signal at their gates. A

Fig. 3. A chaser circuit providing separate timing adjustment for each stage.
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R1,R2,R3,R4-500,000 ohm pot

R5.R6,R7—750 ohm, 15 W res.

R8,R9—1000 ohm, Y2 W res.

R10,R11—33 ohm, /5 W res.

R12—470 ohm, V2 W res.

R13—1 megohm, 145 W res.

R14,R15,R16,R17—330 ohm, 15 W res.

C1-500 ¢F, 25 V elec, capacitor

C2, C3, C4, C5—2 uF, 10 V elec. capacitor

C6—0.22xF, 100 V capacitor

Reed Sw.—Use G-E 2DR15 (1 amp) or
G-E 2DR30 (3 amp)

Reed Sw. Coil—10,000 t. #39 wire (825 ohms)

D1, D2, D3, D4—AI13A diode (G-E)

SCR1, SCR2, SCR3—C20B silicon controlled recti-
fier (G-E)

SCR4, SCR5, SCR6, SCR7—Cl06Y silicon con-
trolled rectifier (G-E)

Q1, Q2, Q3, Q4—2N2646 unijjunction transistor
(G-E)

Loads—550 W each

Note : Additional stages may be inserted
between dashed lines.
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ARE YOU CASHING-IN
ON THE PROFITABLE
2-WAY RADIO SERVICE BUSINESS ?

Y% Motorola will train you for this rewarding, elite profession

% Send for our FREE EVALUATION EXAM. Prove to yourself that
you are ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited.
B Just one of the hundreds of successful Motorola Service
Stations writes, ‘‘we would be pieased to interview any graduate
of your school that has received some training in 2-way radio
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com-
petent technicians.”” @ Get all the facts today. There is no
obligation and no salesman will call.

¥

MOTOROLA TRAINING INSTITUTE

4545 West Augusla Blvd, « Chicago 51, Illinois « Deptl. AEF 736

0] Send me FREE entrance exam.
D Send full details on Home Study Course on FM 2-way Radio

Servicing

0] Send me details on how you can help me prepare for an FCC
License.

Name. Occupation

Address

City. Zone. State

CIRCLE NO. 102 ON READER SERVICE CARD

A SELECTION OF

ANNUALS STILL AVAILABLE

FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES

15T NiPoxT
WTORS Z0RT
TEEM BFYES 0%
|ME 1997 £4RS

CAR & DRIVER YEARBOOK

A complete buyers guide covering vir-
tually every car available in the United
States , .". Road tests . , . Technical
specifications . . Accessories and
performance equipment buying guide
. . . Guide to racing with action-
packed photos.

1967 — $1.50.....40
1966 — $1.25.....#15
1965 — $1.25..... 317

PHOTOGRAPHY
£5 DIRECTORY
2 BUYING GUIBE

PHOTOGRAPHY DIRECTORY
World's most complete
photographlc buying guide.

1967 — $1.25......#41
1966 — $1.25. .. #22

TAPE RECORDER ANNUAL

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

Order by number from Ziff-Davis Service Division, 595 Broadway, N.Y., N.Y. 10012,
Enclose add’l 15¢ per copy for shlppin; & handling (50¢ for orders outside U.S.A.)

STEREQ HIF
DIRECTORY .-

STEREO/Hi Fi DIRECTORY

Complete buyers guide for virtually
every Hi Fi component manufactured.

1967 — $1.25........ 45
1966 — §1.25....... 29

Report on RTCMS
(Continued from page 48)

number of vessel-stations outside the range of your vessel-
station.

But four papers presented at the RTCM Assembly con-
cerned themselves directly with a concept which, if imple-
mented, might possibly destroy this unique ability of the
v.h.f./FM marine band to keep edch area’s signals where
they belong and not cause interference hundreds of miles
away in the manner of 2-3-MHz communications. These
presentations, without exception, were well researched, in-
telligently conceived, and excellently written and all dedi-
cated to the concept of dramatically extending the range of
v.h.f. marine communications by the use of satellites.

This philosophy, if enlarged to include the whole of the
v.hf./FM maritime service, could end this band’s useful-
ness as a highly efficient, local-range communications tool.

Medium-range and long-range marine communications
are adequately served already. Single sideband will stretch
these capabilities even farther. There is no need to hitch
v.I.f.’s wagon to an electronic star.

Single-Sideband Proposals

Of a total of 34 papers delivered before the RTCM assem-
bly, 25 were concerned with some phase of the projected
(FCC docket #17295) expansion of the v.h.f./FM marine
band. Four were devoted to comments on the various pro-
posals to introduce single-sideband emission to the 2-3-MHz
marine frequencies. This band is the one used by the major-
ity of pleasure boaters. In the high-frequency marine band,
the use of double sideband (AM) on the bulk of these
“above 4 MHz” frequencies is already prohibited after Jan-
uary 1, 1974 in FCC R&R 83.132(a)(2). Here is the
American SSB proposal which we will present at Geneva:

It is proposed:

1. To discontinue the installation of double-sideband
equipment on ship stations by January 1, 1970.

2. Discontinue the use by coast stations of double-side-
band emission by January 1, 1970.

3. Discontinue use by ship stations of double-sideband
emission and by coast stations of full carrier (A3H) emission
on January 1, 1975, except that coast stations shall retain the
capability of operating with class A3H emission on 2182
kHz. (Item 3 bears the footnote that the date of January 1,
1975 may be extended to January 1, 1977.)

4. During the period of transition from double sideband
to single sideband, coast stations and single-sideband ship
stations shall have the capability of using full carrier (A3H)
emission to permit communications with both double-side-
band and single-sideband radiotelephone stations.

In the comments and proposals by Canada, the United
Kingdom, Denmark, France, and Italy the dates for “dis-
continuance of installation” ranges from “already imple-
mented” (by Canada) to 1973. The discontinuance of dou-
ble-sideband (AM) emission bore dates from 1974 to 1980.

One thing should be pointed out, however: in the past the
United States has not always followed point-by-point what
has been set forth in International Conferences. In the
v.h.f./FM marine band, for instance, we have gone ahead
with our plans to expand the channels and services of this
156-162 MHz band without waiting for the rest of the world.
In a conversation with a high-ranking FCC official, the au-
thor was told that the Notice of Proposed Rule Making for
this single-sideband proposal was “already drawn up and
will possibly be released in a few weeks.”

The emphasis on v.h.[/FM and single sideband at the
Washington Assembly of the RTCM gives a very accurate
idea of what the major portion of the World Administrative
Radio Conference of the International Telecommunications
Union will be discussing. A
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THE YOLUME UNIT

J, ANY audio engineers do not under-

stand the volume unit (vu), for it
is a difficult unit to describe in words
Perhaps it would help to state what the
vu is not.

The vu is not a unit of measurement
for power or power level as are the watt
and dBm, The vu is not a unit of meas-
urement of loudness as is the phon. In
fact, the vu has no relationship to any
other unit of measurement encountered
in electrical communications.

Nevertheless, it is one of the most use-
ful tools of the audio engineer, as it is
used in the stating of the level of com-
plex, non-recurrent, and non-periodic
waves (music and speech) of electricity.

The vu should not be used for steady-
state waves, just as the dBm must not be
used for complex material. The vu and
the dBm are highly different units and
must be treated so.

Volume in vu is numerically equal to
the highest scale reading observed on a
standard vu meter during a short period
of time, added to the dB attenuation of
the attenuator network that precedes the
meter. Occasionally meter deflections of
unusually high level may be ignored.

From the above strict definition, sev-
eral things may be deduced. First, since
the meter reading is constantly chang:
ing, the ballistic characteristics of the
meter are of great importance. Second,
the vu is far from being a precise unit of
measurement because it depends on hu-
man interpretation of a constantly
changing condition.

A “standard vu meter” has a reference
point (marked “0”) near the upper end
of its scale. The ballistic characteristic
must be such that if a sinusoidal voltage
of such amplitude as to give reference
deflection under steady-state conditions
is suddenly applied, the meter pointer
must reach 99% deflection in 0.3 second.
The pointer must then overswing the ret-
erence point by at least 1.0% but not
more than 1.5%. When the signal is re-
moved, the pointer must fall with ap-
proximately the same characteristic that
it had when it was rising.

Unless a meter has the above dynamic
behavior, it cannot be used to deter-
mine volume in vu.

Many meter manufacturers mark
common a.c. voltmeters in va and then
call them “vu” meters. The use of such
instruments should be discouraged.

The attenuator preceding a va meter
is calibrated in dB and marked in vu. It
must be designed specifically for use
with the impedances stated by the meter
manufacturer. All American firms are
standardized on one set of impedances
and parameters.

This information appeared in the first
issue of Langevin Engincering Leiter. A
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Ham operators, hi-fi fans and
audio engineers all endorse famous
TELEX headsets; known for
top grade performance for more
than 25 years.

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.
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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.
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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-filled vinyl
earcushions. Designed for comfort,
adaptability and concert-quality sound
— anytime, anywhere.
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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.

Y acoustics

A DIVISION OF THE
TELEX CORPORATION

3054 EXCELSIOR BOULEVARD
MINNEAPOLIS, MINN. 55416
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photographs compiled by the editors
of Popular Photography.
212 pages—24 in full color.
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1966 — $1.25. ... #1
1964 — $1.25......#3
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TONE-SELECTIVE

SIGNALING
The New Look

By LESLIE SOLOMON

This new generation of frequency selective devices has high “(Q” enabling
a considerable number of control tones to be passed over an audio link.

HEN it is desired to control several functions at
‘/ s/ a distance but the intervening wiring or other
transmission medium is restricted in bandwidth,
then selective-tone signaling is usually used. Typical applica-
tions include selective CB or business radio transmissions
where a base station wishes to alert only one of several re-
mote stations, radio control of model planes or boats, “turn
on,/turn off” of remote electrically controlled equipment, or
personnel alert where each person has a particular frequen-
cy-sensitive signaling device. In essence, the technique can
be used in any application where a station at one point wishes
to selective-call or actuate a particular device at some remote
point using some form of narrow-band link capable of pass-
ing the conventional audio spectrum.

In such a signaling system, the sending end (encoder) uses
some form of audio tone generator which can be placed in
operation by a simple “on/off” switch. The tone is then passed
to the communications medium for transmission to the remote
receiver.

The receiver decoder consists of some form of frequency-
selective circuit that is activated (delivers some form of out-
put) when it receives a tone signal corresponding to the de-
coder’s preset frequency. It is of prime importance that the
decoder not activate when it receives tones of frequencies
other than the one to which it is preset. In some cases where
a single, false, accidental tone may trigger premature or un-
wanted response, the decoder may be arranged to require
two or more tones, in some form of sequence, before it acti-
vates.

At present there are three basic methods of selective-tone
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signaling reception. The first consists of a resonant-reed relay
that is mechanically “tuned” to respond to only one selected
audio frequency. However, because of the necessarily light-
weight mechanical reed required, the electrical contacts
must also be very light, thus severely limiting the amount of
current permitted to flow between these contacts. Because of
these limitations, resonant-reed relay circuits usually use the
reed contacts to activate a larger, power-handling relay that
does the actual external power switching.

The second system uses some form of feedback oscillator,
kept just under the point of oscillation, which can be trig-
gered on by application of the correct audio tone. This os-
cillator, when it operates, activates another electronic circuit
which in turn supplies the necessary switching power. How-
ever, the bulk of these all-electronic circuits are subject to
frequency drift with aging of components and changes in
applied voltage.

The third approach uses some form of passive LC filter,
tuned to a particular audio frequency, that activates a device
such as a transistor or vacuum tube, which in turn controls
some external function. Typical examples of this latter ap-
proach can be found in the remote-control systems used in
some TV sets. The major drawback of this system is that the
low “Q” of such circuits requires a large frequency spacing
between the tones to prevent mutual interference. Unless
the connecting link frequency is raised far above the audio
range, only a couple of tones can be used. For example, the
TV control uses ultrasonic frequencies to transmit only a half
a dozen control signals.

Within the past year, two new frequency-selective devices
have been introduced to simplify selective-tone signaling
systems. Neither of these devices uses any form of mechanical
contacts, both are inherently stable, and only simple elec-
tronic circuitry is required to put them to work.

The “Minitone”

Developed and patented by Motorola, the “Minitone” is a
minjature, lightweight, resonant-reed device capable of oper-
ation at any one of 200 preselected frequencies between 67
and 3150 Hz. Tolerance is 0.1% between 57 and 230 Hz, and
0.05% between 230 and 3150 Hz. Bandwidth ranges from
1 Hz at 67 Hz to 3 Hz at 3150 Hz, while input and output
impedance is 400 ohms.

Operation, as shown in Fig. 1, appears similar to the tun-
ing fork oscillator commonly used to generate stable audio
frequencies. The resonant reed has one end mounted to a vi-
bration-damping boot, which in turn is affixed to the chassis.
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The reed is mechanically resonant to the
predetermined frequency. A rod-shaped
permanent magnet is mounted through
and mechanically attached to the free
end of the reed with each end of the
magnet protruding into a coil on each
side. When the input coil is supplied
with an audio current of the same fre-
quency as the mechanical resonance of
the reed, the reed begins to vibrate in
sympathy with the excitation frequency.
This action is similar to the operation of
a loudspeaker.
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As the reed vibrates, the magnet also A
vibrates in and out of the output coil. A =
voltage of exactly the same frequency as
the reed vibration is then induced into
this coil. By electrically connecting the coils properly, the
input and output signals will always be in-phase.

An application is shown in Fig. 2. The incoming audio line
can be the terminals of the wire line, or the audio output of
the radio receiver used. This signal is applied to the resonant-
reed device (T1) where the audio frequency is selected. The
tone signal is amplified by Q1, detected, and used to activate
Schmitt trigger Q2-Q3. When the Schmitt operates, transistor
Q4 is turmed on and current flows through the load R;. Load
Ry, can be some combination of lights for use as a visual sig-
naler, or a latching relay to maintain a continuous output once
the tone has been received. This output relay can be used to
operate a bell or buzzer for alerting purposes, or activate
some other form of electrical device as required for a parti-
cular application,

A companion transmitter using a “Minitone” is shown in
Fig. 3. Here, the resonant-reed device is connected in a
feedback oscillator consisting of Q1 and Q2, with the tone
frequency dependent on the particular reed device used.
Transistor Q3 is used as an emitter-follower to match the
relatively high output impedance of the oscillator to the load
(telephone line or modulator of an r.f. transmitter).

The “Twintron”

This second frequency-selective element came about be-
cause some engineers felt that the “Q” of the resonant-reed
relay was being seriously affected because the vibrating reed
was damped by its necessary physical attachment to the
mounting base and damping material. One answer to this
problem is the “Twintron” developed by the H.B. Engineer-
ing Corp. This electromechanical resonator claims a “Q” of
up to 8000 and can be used to select, reject, or generate audio
frequencies from a frequency as low as a fraction of a hertz
up to 20 kHz.

As shown in Fig. 4A, this device is an H-shaped metal
structure with the two larger vertical sections connected by a
slender horizontal web. The structure is supported by a pair
of axles located at the two large structure nodal points. The
two parallel H-sections are balanced, each about its own
nodal point, and therefore the motion of each about its own
pivot produces no lateral motion on that pivot. The web that
interconnects the two large masses locks the pair together so
that any motion of the web causes an out-of-phase motion of
the two masses.

This electromechanical resonator can be physically excited
by any means that imparts a rotational movement about either
axis. In this case, a piezoelectric ceramic wafer is bonded to
one surface of the horizontal web and, when voltage is ap-
plied to this wafer (with the metal mass acting as the ground
lead), it causes the web to elongate during one half cycle and
compress during the other half cycle. See Fig. 4B for opera-
tion of the device.

This arrangement causes the web to flex up and down with
the applied audio electrical signal to the piezoelectric wafer,
thus causing the two large masses to try to rotate about their
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Fig. 2. A typical frequency selective receiver using a Minitone.

25pF
+ TI:DESIRED RESONANT REED

»+2V
330k03 47k0
103
k03
E
25pF
047 == - our
WF ZNngs ’—IF’
82N
f00kn Zse0n
220 b
.
n Y
Fig. 3. Here, a Minitone is used as the frequency determin-
ing element of the audio oscillator used as the transmitter.
Fig. 4. Basic operation of Twintron. A signal applied to the
piezoelectric wafer causes the two large arms to flex. The
resonant frequency is determined by the mass of the arms.
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nodal axes. This moment of rotation occurs only when the
clectrical signal frequency correspouds exactly to the natural
meclunical resonant frequency of the masses. Siuce the sys-
tem is completely symumetrical and in balance at all times
(but in opposite pliase), no mechanical reaction exists outside
of the system,

If another piezoelectric wafer is bonded to the other sur-
face of the web, it will generate an electrical output signal at
the frequency of the natural resonance of the H-shaped
masses.

Since the electrical input and output are piezoelectric
erystals, hoth the input and output impedance is high, typi-
cally 200,000 olms.

Some applications are shown in I'ig. 5. A simple series-pass
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filter is shown in Fig. 5A. This circuit can be connected be-
tween a pair of amplifiers and will pass only the filter fre-
quency, rejecting all others. By connecting a resistor across
the device (Fig. 5B), it then becomes a reject filter passing
all frequencies except that of the device. By replacing the
single output piezoelectric wafer with a pair of wafers, each
isolated from the other, it is then possible to create a com-
bined reject and pass filter such as shown in Fig. 5C.

Since the piezoelectric wafer is bonded directly to the
flexing web of the device, it becomes part of the spring char-
acteristics of the web. It is a characteristic of the piezoelectric
material that its compliance, or spring stiffness, varies as the
electrical load across the voltage generator. Therefore, if one
portion of the dual wafer (either in the primary or secondary
circuit) is connected to ground via a variable resistor, varia-
tions in the resistance will cause a change in the mechanical
resonance of the system, in some cases controllable up to 50%
of the fundamental frequency. Such a circuit is shown in Fig.
5D.

A very stable audio oscillator can be made using the circuit
shown in Fig. 5E. The amplifier output has a —45° phase-
shift network (at the operating frequency) in its input and
a +45° phase-shift network at its output. When combined
with the “Twintron”, the frequency of oscillation and stabil-
ity are determined only by the “Twintron” and not on any
external circuit element parameter variation. If the oscillator
shown in Fig. 5E is changed to that of Fig. 5F, then the out-
put frequency will be a function of the value of the resistor
used across one of the wafers in the device. This variable
resistor can be a thermistor, or any resistor that varies in value
with the desired function. This particular application will find
many uses in telemetry.

By using the “Twintron” in an arrangement that results in
a differential output, an ultra-narrow FM discriminator can
be created (see Fig. 5G). The linear portion of the S-shaped
FM discriminator curve can be as narrow as one to two Hz
between peaks. Such circuits will find wide application in
both medical electronics and servomechanism areas.

Intrusion Alarm

Suppose that you want to know the condition of a number
of remote monitoring devices (a large number of windows,
doors, gates, etc., in a large plant for example), and you want
to know instantly when one of these devices is activated
(meaning in this case that a window or door has been op-
ened). By conventional means, a large number of intercon-
necting cables must be used to isolate each sensor from the
others and, also, a relatively complex switching circuit will
have to be used to rapidly determine the state of each remote
sensor. Fig. 5H shows a typical application of an extremely
simple system using these new devices.

w—]| [—our -

The outputs of a number of tone generators (continuously
operating) are connected in parallel and supply one side of
a transmit-receive switch. An equivalent number of decoders
{matching the encoders in frequency) are connected in par-
allel to form the receive portion of the same switch. Each
decoder supplies a signal to some form of external signaling
device.

From the rotor portion of the transmit-receive switch, a
single cable is stretched around the premises to be protected.
At intervals along this cable, a “Twintron” is connected, in
series with a simple “on-off” switch, activated by opening a
door or window, etc. When the switch is closed, that particu-
lar “Twintron” is connected to the cable. When the transmit-
receive switch is placed in the transmit position, the multitone
signals from the tone generators are passed down the cable.
The switch is then immediately placed in the receive position.
The audio tones rapidly traverse the cable, and if they en-
counter a closed switch, the pertinent tone excites its remote
“Twintron”. As the “Twintron” continues to oscillate for a
considerable part of a second after removal of the audio
stimuli, the signal generated by it will pass back up the cable
and excite its companion “Twintron” at the monitoring con-
sole. As the monitor device is excited it, in turn, causes its
signaling device to operate. Because of the high “Q” of the
“Twintron”, any number of devices can be attached to the
cable and one, or all, can be operative at the same time.

Summary

When the engineer starts thinking about filters for the
audio frequency spectrum, he knows that he will be faced
with either poor selectivity, unwieldly sizes, and possibly
high cost. In general, if low selectivity (the ability to react
to one specific frequency and not to other frequencies close
by) is acceptable, electronic filters of either the RC or LC
type, with or without active elements, are satisfactory. How-
ever, because the period of time constants at the low frequen-
cies must, of necessity, be large, so must component values.
In many cases, tolerance levels are excessive.

1f the application requires good selectivity, the problem
may be compounded due to the relationship between physi-
cal size and component value and, often, tolerance range.

Mechanical filters such as the tuning fork, have been used
for many years—in fact since they were invented in 1711.
However, at the low audio frequencies required, these forks
become unwieldly in size.

Now, with the advent of the new generation of electro-
mechanical filters covered in this article, engineers can design
frequency-selective networks that are physically small, use
very little power, have a broad range of applications, while
their high “Q” enables them to use many audio frequencies
over one link without any noticeable interaction. A
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Fig. 5. Some basic Twintron applications. (A) Series-pass
filter. (B} Reject filter. {C) Combined pass and reject filter.
(D] Tunable filter. (E) Audio oscillator. (F] Telemetry trans-
mitter. (G) Narrow-band FM detector. (H) Intrusion alarm.

(6)
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THE COMMON
SLIDE RULE FOR
REACTANCE CALCULATIONS

By GLADDEN B. HOUCK, Jr.

Hirsch-Houck Laboratories

HERE are many engineers who use

special slide rules for calculating in-
ductive and capacitive reactance. Such
rules as those from Boonton Radio and
Shure are easy to use, but their accuracy
is limited. A few marks added to the
common slide-rule scales can make this
operation easier to perform on these
rules.

An index mark at 1.5915 (1/2=) is
used to obtain the 27F factor common
to both the inductive and capacitive re-
actance formulas. The mark can be
scribed on the D scale (and DF scale).
The scale labels “L or C” can be added
to the D scale. The “F” label as well as
the “Xt” label should be added to the
C scale. The CI scale is labeled “Xc”.
These few marks will make the opera-
tions quite obvious after solving a few
problems.

To obtain capacitive reactance, the
frequency on the “F7 (C) scale is set
opposite the 1/2x index mark on the D
scale. The reactance is read on the “X¢”
(CI) scale opposite the capacitance on
the “L or C” scale (D). Inductive react-
ance is also a simple procedure, The
only difference is that the reactance is
read on the “X;” (C) scale.

The system can be varied somewhat
if the slide rule has other scales that are
similar in operation. For example, the
folded scales can save the off-the-end
operation that the simpler rules require.
An additional mark should be added
to the DF scale for this purpose.

The mark for the 1/2r index can be
scribed on the plastic type rules and
filled with a contrasting ink from a
Magic Marker. To fill a line, one marks
the swrface and erases the excess from
the surface around the mark. A stiff
eraser will work. Try it on the edge to
practice the technique.

Some slide rules lack space near the
scales for the label of the index marks
added by the engineer. Often the edge
of the rule can be used for this purpose
if the mark is deeply engraved so the
slider does not wear off the ink,

Example: What is the inductive re-
actance of a 0.3-mH coil at 1.27 MHz?
First, set the frequency on the C scale
opposite the 1/2x index mark on the D
scale. Then, move the hairline indicator
to the inductance value on the D scale.
The reactance can now be read directly
on the C scale as 2390 chms.

A little practice with a few problems
will demonstrate how time-saving this
technique is.
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Now, for men in electronics
—‘‘a whole new era
of quick calculation”

“rTYHERE MUST BE THOUSANDS OF PEOPLE in
electronics who have never had the marvelous adven-
ture of calculating problems with a single slide rule; other
thousands have had to content themselves with a slide
rule not specifically designed for electronics. For both
groups, the new slide rule designed and marketed by
Cleveland Institute of Electronics and built for them by
Pickett will open a whole new era of quick calculations.
“Even if you have never had a slide rule in your hands
before, the four-lesson instruction course that is included
takes you by the hand and leads you from simple calcula-
tions right through resonance and reactance problems
with hardly a hitch. If you already use a slide rule, you’ll
find the lessons a first-rate refresher course. And it ex-
plains in detail the shortcuts built into this new rule.”

From an article in
Radio Electronics Magazine

Want complete details about this time-saving new Electronics Slide
Rule? Just mail coupon below,..or write Cleveland Institute of Elec-
tronics, Dept. EW-143,1776 East 17th St., Cleveland, Ohio 44114.

1

Mail this
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FREE BOOKLET
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How to Solve Electronics Problems in Seconds [

With wew Elscironics Slide Rula and lnstructien Colrse

Cleveland institute of Electronics
1776 E. 17th St., Cleveland, Ohio 44114

scribing the CIE Electronics Slide Rule and Instruction Course.
Also FREE if I act at once: a handy pocket-size Electronics
Data Guide.
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Accredited Member National Home Study Council
A Leader in Electronics Training. .. Since 1934 EW-143 A

City
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Enjoy the “music-only” programs
now available on the FM broadcast
band from coast to coast.

e NO COMMERCIALS ¢
e NO INTERRUPTIONS e

it's easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex 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 betwsen selections,
permits reception of popular background music
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%" . Shipping weight approx. 7 Ibs.

KIT $4950

{with pre-tuned coils, no alignment necessary)

wirep $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations wnll scA
2uthorization

MUSIC ASSOCIATED

65 Glenwood Road, Upper Moniclair, New Jersey
Phone: (201)-744-3387

;\7\;\_4\\\4 Whe7 e Uy oy WG a7 B[Wey Qa7 a7 W e 78 a7 Yy w7

CIRCLE NO. 100 ON READER SERVICE CARD

N view of the unusual interest in

last year’s technical seminars held
during the New York Hi-Fi Show,
Walter Stanton (President of the Insti-
tute of High Fidelity) has announced
that this vear’s theme would be di-
rected toward broadening consumer
understanding through an increased
number of seminars.

In addition to the eight sessions held
in 1964, 1965 and 1966 on the tech-
nical and semi-technical aspects of hi-fi

7:30-8:30 p.m. “Tape and Tape Recorders”

8:30-9:30 p.m. “‘The Classical Recording Scene”

Other panelists to be announced

6:30-7:30 p.m. Novice Symposium (as above)

8:30-9:30 p.m. Decor Group

HI-FI SHOW SEMINARS PROGRAM

September 21-24, 1967
Statler Hilton Hotel, 7th Ave. & 32nd St., New York, N.Y.

reproduction, there will be separate
sessions on “Decor” and “Musicology”.
Three outstanding authorities will dis-
cuss the use of components in decorat-
ing with sound, and NARAS (National
Academy of Recording Arts & Sciences),
under the direction of George Simon,
Secretary, will present four sessions on
the theory behind the most popular
musical art forms. Listed below are
complete program details covering the
entire period of the Show. A

THURSDAY, SEPTEMBER 21, 1967
6:30-7:30 p.m. Novice Sympasium: “Introduction to Hi-Fi Components”
Leonard Feldman, Engineering Vice-President, Crestmark Electronics

Moderator: Milt Snitzer, Technical Editor, Electronics World

Panefists: Joe Kempler, Technical Services Dept. Manager, Audio Devices
Paui Bunker, Magnecord Division Product Mgr., Telex Corp.

Moderator: David Hall, Director, Library of Performing Arts at Lin-
coin Center; former Music Editor, HiFi/Stereo Review; 1st
Vice-President, (N.Y. Chapter) and National Trustee, (NARAS)

Panelists: Martin Bookspan, former Program Director, WQXR

FRIDAY, SEPTEMBER 22, 1967

7:30-8:30 p.m. “Cartridges, Turntables and Changers’’
Moderator: Bill Stocklin, Editor, Electronics World

Panelists: Jim Kogen, Chief Engineer, R&D, Shure Brothers
Bud Childs, President, Elpa Marketing Industries (Thorens)

Albert Herbert, President, Albert Herbert Design

SATURDAY, SEPTEMBER 23, 1967
2:00-3:00 p.m. “The Pop Scene”
Moderator: George Avakian, former Supervisor, Album Production, Colum-
bia and Victor Records; National President of NARAS
Panelists: David Kapp, President, Kapp Records
Bob Crewe, Bob Crewe Productions
Tom Dowd, Chief Engineer, Atlantic Records
3:00-4:00 p.m. “Amplifiers and Tuners”
Moderator: To be announced
Panelists: George Meyer, Product Manager, Fisher Radio Corp.
Larry Fish, Chief Engineer, H.H. Scott Inc.
4:00-5:00 p.m. Decor Group
Bill Leonard, President, William L Associates (designers)
6:30-7:30 p.m. Novice Symposium (as above)
7:30-8:30 p.m. “Stereo and the listener”
Moderator: To be announced
Panelists: Abe Cohen, Manager, Acoustics, Instrument Systems Corp.
Vic Brociner, Asst. to the President, H.H. Scott Inc.
8:30-9:30 p.m. “The Successful Recordings (Let's Look at The Record)”
Moderator: Goddard Lieberson
Panelists: Ernie Atschuler, V.P. and A & R Director, RCA Victor

Phil Ramane, Vice President, A & R Recording Studios
(recording artist to be announced)

SUNDAY, SEPTEMBER 24, 1967
2:30-3:00 p.m. Decor Group
Viadimir Kagan, President, Kagan Dryfuss (designers)
3:00-4:00 p.m. Novice Symposium (as above)
4:00-5:00 p.m. “The Jazz Recording Scene”
Moderator: Father Norman J. O'Connor, author, radio-TV personality;
has own TV show “Dial M for Music” (Channel 2); President
(N.Y. Chapter) NARAS
Panelists: lohn Hammond, Director of Talent Acquisition, Columbia
Records; and National Trustee of NARAS
Bob Thiele, Art/Repertoire Director, ABC Paramount and
Impulse Records
Billy Taylor, jazz pianist, disc jockey (WLIB); head of
lazz Interaction; Treasurer (N.Y. Chapter) NARAS

Our 1968 catalog of
precision quartz crystals
and electronics for
the communications industry
is now available.

It will cost you nothing.
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Temp.-Depth Measurements
(Continued from page 36)

The increase in time constant results
from the additional pressure protection
required. The 10,000 psi aluminum
housing increases size and weight as
does the addition of the oscillators and
mixer to the probe.

The fact is that, as oceanographic
sensors go, this probe is quite small
and light (1% pounds). Since the
probe output is from 0-40 kHz instead
of at 28 MHz, the cable connecting it
to the electronic counter can be as
much as 5 miles long.

The quartz thermometer has an ab-
solute accuracy on the order of =0.01°
C and a usable resolution of = 0.0001°
C. Neither the reversing thermometer
nor Ben Franklin’s bucket can match

this. A

-~ —

Fig. 8. The probes of this quartz thermo-
meter each contain an LC-cut type crystal.
They are connected by coaxial cable to the
electronic chassis. The cables carry 28-MHz
signals. (Dymec Div., Hewlett-Packard)

Fig. 9. The oceanographic quartz ther-
mometer probe contains an AT-cut crystal,
LC-cut crystal, reference oscillator, tem-
perature oscillator, and mixer. The pres-
sure case at left withstands 10,000 psi.

’No, this is the assembler—
that’s the marking station.’”
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WHYrisk your reputation

with “just-as-good’’ capacitors?

When you pay little or no attention to quality in tubular
replacement capacitors, you leave yourself wide open for
criticism of your work . . . you risk your reputation . . .

you stand to nse customers. It just doesn’t pay to take a
chance on capacitors with unknown or debatable performance
records when it’s so easy to get guaranteed dependable
tubulars from your Sprague distributor!

There's no "maybe”
with these 2 great

SPRAGUE DIFILM TUBULARS!

The ultimate in fubular capacitor construction. Dual
dielectric . . . polyester film and special capacitor tissue . ..
combines the best features of both. Impregnated with HCX®,
an exclusive Sprague synthetic hydrocarbon material which
fills every void in the paper, every pinhole in the plastic

film before it solidifies, resulting in a rock-hard capacitor
section . . . there’s no oil to leak, no wax to drip. Designed
for 105°C (220°F) operation without voltage derating.

DIFILM® ORANGE DROP® Dipped Tubular Capacitors

A '"'must" for applications where only radial-lead
capacitors will fit . . . the perfect replacement for
dipped capacitors now used in many leading TV
sets. Double-dipped in rugged epoxy resin for posi-
tive protection against extreme heat and humidity.
I | No other dipped tubular capacitor can match
“ ﬂ Sprague Orange Drops!

SPRAGUE

.05 MFD.210%
600K8C

DIFILM® BLACK BEAUTY® Molded Tubular Capacitors

The world’s most humidity-resistant molded capacitors. Tough, protec-
tive outer case of non-flammable molded phenolic . . . cannot be
damaged in handling or installation. Black Beauty Capacitors will with-
stand the hottest temperatures to be found in any TV or radio set, even
in the most humid climates.

For complete listings, get your copy of Cata-
log C-617 from your Sprague distributor, or
write to Sprague Products Company, 51

Marshall Street, North Adams, Massachusetts.

W(l!il;g'nsl LARGEST MANUFACTURER OF CAPACITORS

SPRAGUE

THE MARK OF RELIABILITY
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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-
pon on the Reader Service Card.

COMPONENTS e TOOLS ® TEST EQUIPMENT e HI-FI @ AUDIO ® CB ® HAM e COMMUNICATIONS

POWER SWEEP GENERATOR
The Model 6550-1 power sweep generator pro-
duces triangular, square, and sine waves at 100-
watt levels with selectable sweep rates or manual
control for use in performing conducted audio
frequency susceptibility tests per MIL-1-26600,

MIL-1-6181D, MIL-STD-826A, etc. The genera-
tor is useful in making transient studies of passive
networks, square-wave testing of amplifier sys-
tems, and as a source of 400 Hz or other power
frequency supply to test samples.

Frequency range is 15 Hz to 150 kHz. Sweep
rates are one per minute, ten per minute, or
manual dial. The output is adjustable up to 100
watts into a 2-ohm load. The generator is 8%&"”
x 9”7 x 14%48".

Complete specifications and prices will be sup-
plied on request. Solar

Circle No. 126 on Reader Service Card

HYBRID IC’s FOR TV

Five new hybrid integrated circuits for TV,
radio, and phonograph applications have just been
introduced.

The HC1001 is an FM sound-system module
which combines a wide-band i.f. amplifier, an FM
detector, and an audio preamp in a 0.5 x 0.5 x
0.2-inch package. This complete sound system
meets all current TV design requirements whether
tube, solid-state, or hybrid combinations, black-
and-white or color, line-operated or portable.

The series of audio hybrid IC’s, HC1003,
HC1004, HC1005, and HC1006, include both
low-input-impedance circuits for AM radios and
high-input-impedance units for FM radios and
phonographs.

These new hybrid IC’s combine discrete semi-
conductors with thick-film resistor-fabrication
techniques. A thermally conductive ceramic sub-
strate serves as the base for screened-on, thick-
film resistors and conductors. The semiconductor
chips are coated with glass, providing an effective
moisture barrier.

Specs sheets on these new hybrid IC’s will be
supplied on request. Texas Instruments

Circle No. 127 on Reader Service Card

TEN-TURN POTENTIOMETERS

Multi-turn potentiometers providing less than
one second resolution with output smoothness
levels to 0.01% and useful operating lives up to
200 million revolutions are now available.

The Model 7813 with rear terminals and the
Model 7814 with radial terminals incorporate in a
78" diameter alnminum case a true helical resis-
tive element of smooth plastic film, multiple-
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fingered precious metal wipers, gold-plated slip
rings, and precision ball bearings at both ends.
Resistance range is 5000 ohms to 1.5 megohms
with a best linearity of 0.05%.

Complete specifications and additional informa-
tion on these pots will be forwarded on request.
Computer Instruments

Circle No. 128 on Reader Service Card

PHOTOELECTRIC CONTROL

A sensitive photoelectric control unit which
turns lights on at sunset and off at sunrise is
being marketed as the “Lampliter”.

Completely automatic, the unit is secured to the
windowsill by means of its suction cup and then
plugged into any a.c. outlet. The lamp to be con-
trolled is plugged into the socket on the “Lamp-
liter”. The unit is guaranteed for three years and
carries the UL seal. Four T’s Co.

Circle No. T on Reader Service Card

1000-WATT DIMMER

A three-way, 1000-watt dimmer with “push-
on/push off” switch to control 1000 watts of in-
candescent lighting from two different control
locations is now available. The unit easily fits a
single-gang wall box and has a 5” x 5” double-
gang faceplate. The new unit is the Model D-
103P. Lutron

Circle No. 2 on Reader Service Card

TV CONVERTER
A new converter designed to eliminate double-
image pickup in strong TV areas has been intro-
duced as the “Imagicon”.
The new unit converts CATV, MATV, and off-

the-air v.h.f. signals to an unused channel on the
TV receiver to provide clear color or black-and-
white TV picture reception. The basic unit
consists of a transistorized TV tuner, a fixed-
frequency converter, and a power supply. The
tuner selects and converts any of the standard
v.h.f. channels to 40 MHz. The fixed-frequency
converter converts the 40-MHz signal to one un-
used channel, 12 or 13, through the output con-
nection to the TV receiver. The TV receiver is
left permanently tuned to one channel and chan-
nel selection is made at the Imagicon unit. Un-
wanted station signals, no matter how strong,
cannot interfere with the picture reception. Stand-
ard Kollsman
Circle No. 3 on Reader Service Card

HANDY COLOR-TV SERVICE AID

A “Color Viewer” that separates the three pri-
mary colors in a color-TV tube and magnifies
them for easy analysis has been introduced as an
aid to TV technicians. Measuring approximately
2" x 2” and equipped with a small handle, it is
constructed from a portion of a picture tube
shadow mask.

In use, the technician places the viewer on the

picture tube face plate and rotates it until the dot
pattern achieves the desired magnification of in-
dividual colors. The “Color Viewer” is especially
useful in visually demonstrating the need for re-
pair or adjustment to the color-TV set owner.
Sylvania

Circle No. 4 on Reader Service Card

CD IGNITION SYSTEM
A new capacitive-discharge ignition system
which is designed to increase mileage, cut point

and plug wear, and provide improved enginc per-
formance and acceleration, is now available in
both kit and assembled versions.

The “Mark Ten” installs in minutes on any
car, jeep, truck, camper, farm vehicle, or competi-
tion racer by attaching to coil terminals without
any change in wiring or components.

In operation, voltage is stored in a capacitor un-
til needed. Applied battery voltage converts from
12 volts to 400 volts by means of the converter
circuitry. This power supply delivers full energy
to the capacitor at engine speeds over 8000 r/min.

Full details on both versions of the CD ignition
system will be forwarded upon request. Delta
Products

Circle No. 5 on Reader Service Card

INDUSTRIAL INSPECTION KIT

The “Major Kit” is a new, wide-range indus-
trial inspection kit used for close examination of
equipment not normally accessible to the naked
eye. The kit consists of an assortment of varying
length probes into which are fitted miniature elec-
tric lamps and lenses. When used in conjunction
with the kit’s adjustable mirrors and magnifying
fittings, illumination and inspection of the most
inaccessible spots through the smallest apertures
becomes possible.

The kit can be used for the inspection of wave-
guides, cavities, pumps, dies, valves, printed-cir-
cuits, small motors, relays, and other electronic
components. All 21 working elements in the kit
are interchangeable and interlocking. All are
housed in a fitted, black hardwood case.

Further information and a spec sheet will be
forwarded on request. Jensen Tools
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HUMIDITY-PROOF TRIMMER
A humidity-proof %s” square trimmer which
performs to the requirements of MIL-STD-202B
is now available as the Model 3610.
The square design of the trimmer permits a
longer mandrel than is used in a rectangular trim-
mer with up to 131% better resolntion, according

ELECTRONICS WORLD



to the company. The unit can be specified for any
circuit requiring a maximum temperature of 125°
C and a power rating of 0.5 watt at 40°C. The
PC pins of the 3610 fit the cards of any standard
%" or ¥2” square trimmer. It is only 0.200” high
for low card space applications. Resistances are
available from 100 to 20,000 ohms.

A slide-rule type selection guide covering the
company’s line of wirewound and metal-film
trimmers and a data sheet on the 3610 are avail-
able. Amphenol Controls
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REGULATED D.C. SUPPLY

A compact, three-in-one supply, the Mode] KG-
664, is now available in either kit or assembled
form.

The unit serves as a “B-|-”, filament, and d.c.
supply to meet the need for the multiple voltages
required in circuit development, test, and repair.
It delivers 0-400 volts of regulated d.c. power at
up to 200 mA continuously; 0-100 volts d.c. at
1 mA regulated for line variation, plus 6.3 volts
a.c. at 6 A and 12.6 volts a.c. at 3 A for filament
supply voltages. Two front-panel meters con-
tinuously monitor voltage and current.

The circuit combines tubes and semiconductors
and quality components are used throughout. The
specially designed voltage regulation circuitry per-
mits less than 1% variation in output voltage
from no load to full rated load. Input regulation
allows less than 1% variation for +10 volts

variation at 120-volt a.c. input. High voltage out-
put provides 8-watt capacity. There are ten iso-
lated 5-way binding posts on the front panel to
provide maximum flexibility in ground polarity
connections.

The unit measures 734" x 1434” x 934" and is
designed for 110-130 volts, 50-60 Hz. Allied
Radio
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SHIELDED MATCHING TRANSFORMERS

A new line of low-level shielded matching
transformers, designated as the M-S series, has
just been announced.

These transformers are of double high-nickel
alloy shielded to provide approximately 65 dB of
shielding to minimize stray magnetic pickup.
They are available in a wide range of impedances
for applications such as chopper, microphone, and
line-matching.

Designed for miniaturized equipment, the
transformers are 1174” high x 114" in diameter
and weigh only 3 ounces. Although developed
primarily for industrial applications, they meet
MIL-T-27B Grade 6 Class R requirements. Micro-
tran
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ALPHA-NUMERIC READOUT

The “Alpha-Lite” is a microminiature, modu-
lar, multi-filament, alpha-numeric readout display
with added features for greater versatility. In ad-
dition to the initially developed units with pigtail
leads, the “Alpha-Lite” is now being produced
with a microminiature plug-in termination allow-
ing for mixed use with modular “Midgi-Lites”.
Separate plug-in decimal point units are available
in all “Midgi-Lite” sizes.

Character height is only Y4”, over-all depth is
§16”, and over-all height is 3&”. Width of the
Model 43 “Alpha-Lite” is 0.335” while the Model
04-30 “Midgi-Lite” is only 0.275”. Each “Alpha-
Lite” contains a complete alphabet, complete
digit, and numerous symbols.

Further information on both standard and cus-
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tom models in the line is obtainable on request.
Pinlites
Circle No. 131 on Reader Service Card

RECHARGEABLE “‘D’’ CELL

A “D” size rechargeable sealed silver-zinc cell
for use in industrial and consumer products has
just been developed.

The SPD-5 “Spiracel” has a wide range of ap-
plications because of its higher ampere-hour ca-
pacity and energy than any other type of re-
chargeable “D” cell and because it maintains its
capacity over a long cycle life, according to the
company. The cell is capable of hundreds of dis-
charge—recharge cycles when charged at an over-
night rate, with each charge yielding more than
two and a half times the energy density of an
ordinary nickel-cadmium “D” cell. Yardney

Circle No. 8 on Reader Service Card

SILICON POWER TRANSISTORS

The 2N4348 “n-p-n” silicon power transistor is
now available in production quantities. Essentially
a high-voltage version of the 2N3772, the 2N4348
meets all JEDEC registered parameters and, in ad-
dition, is given a free-air power test of 150 watt-
seconds as a production test. The pulse power test
insures full power capabilities without secondary
breakdown throughout the active rcgion.

Housed in the TO-3 package, the transistor is
suitable for use in computers, power supplies,
audio systems (mono and stereo), and wherever
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reliable high power characteristics are required. A
spec sheet giving full charaeteristics will be for-
warded on request. Solitron

Circie No. 132 on Reader Service Card

POWER SUPPLIES FOR IC’s
A response to overvoltage of less than 10 us is
featured in a new series of power supplies for in-
tegrated circuits recently introduced.
Features of the new WRE Series include adjust-
able overvoltage proteetion, output resolution as

low as 1.4 millivolts, and the absence of “on-off”
overshoot. The supplies are highly regulated.

Five models are available. Two are 10-volt
modular units with amperage of either 0-2.2 or
0-3.7. The others are 7.5-volt bench or rack units
with amperage of 0-10, 0-20, or 0-50. Voltage
regulation (line and load combined) is ==0.005%
or 0.2 millivolts for the modular models and
+0.01% or 0.4 millivolts for the bench or rack
models. Output resolution is typically 28 milli-
volts for the inodular units and 1.4 millivolts for
the bench units. Raytheon/Sorensen
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DIGIT DISPLAY MODULE

The new Model D-100 low-cost digit display
module is designed for use in high-speed electron-
ic counters and readouts. The unit accepts four-
line BCD input code for single digit display on a
neon glow tube. The module comes complete
with rectangular end-view tube.

The compact design of the D-100 makes it
readily adaptable as a building block for computer
input/output, numerical control displays, and a
wide range of digital instrumentation require-
ments. Offering monolithic integrated circuitry,
an encapsulated package, and printed wiring with
etched connections, the units are physically and
electronically interchangeable with coinpetitive
models. They operate on a supply of 4.75 to 7
volts and 200 volts for tube anodes. Integrated
Circuit Electronics
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INDUSTRIAL TRIMMER

A new commercial/industrial wirewound trim-
mer which stands less than a quarter-inch above
the PC board is now available. A special cover
equips these single-turn devices for either instant
fingertip or screwdriver control.

Lightweight phenolic cases with molded-in
terminal pins resist adverse effects of automatic
soldering and subsequent board cleaning. Stand-
ard printed-circuit spacing is used for the ter-
minals.

Designated Type 500, the new trimmers are
rated 0.5 watt at 25°C and are available in all
standard intermediate resistance values from 10
ohms to 50,000 ochms *+10%. IRC
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WIRING ACCESSORY KIT
A complementary kit of wiring accessories for
prototype and test use is now being offered to en-

gineers. The kit contains samples of the six sizes
of self-locking “Sta-Strap” cable ties, including
the new intermediate unit for diameters up to
1%4” and the new extra-long, heavy-duty strap
for diameters to 8”. Also in the kit are “Pan-
Rings” for automatically threading the straps into
their self-locking heads.

Other products in the kit are “Pan-Poles” for
stand-off wiring, adhesive mounts, clamps, iden-
tification markers, and conneector rings. Panduit
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PROFESSIONAL V.T.V.M.

The new professional v.t.v.m., Model V-95, in-
corporates an exclusive solid-state power supply
replacing the batteries normally required in a
v.t.v.m.’s ohmmeter section.

Features include a rugged 7” mcter movement
with mirrored scales to eliminate parallax; spe-
cially calibrated scales for reading low-voltage
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measurements during transistor analysis in the
0.5, 1, 1.5 and 5-volt ranges; and simplified peak-
to-peak and dB scales.
Complete specifications on the V-95 will be
forwarded on request. Precision Apparatus
Circle No. 9 on Reader Service Card

HI-FI—AUDIO PRODUCTS

TURNTABLE PACKAGE

The McDonald 500 automatic turntable is now
being offered in combination with an Empire 808
cartridge and a walnut finished base/plastic dust
cover as the 500 /808 package.

Not only is the cartridge fitted and tested but
the turntable is mounted on the base ready for im-
mediate use. The new package offering is de-
signed to save time and trouble for audiophile
and dealer alike. BSR
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SLOW-SPEED TAPE

A new slow-speed, low-noise, audio-range mag-
netic tape featuring the “Crystalined” process is
being marketed as the *“Star Series”.

The new tape has been especially designed for
stereo tape recorders by providing extended fre-
quency response and dynamic range, improved
signal-to-noise ratio, and high fidelity. It is being
offered on 1.5-mil acetate, 1.5-mil Mylar, and 1-
mil Mylar base materials on 5 and 7” reels. The
tape has a colored leader and trailer on each reel.
Grecentree
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80-WATT AM-FM RECEIVER

A new all-silicon, 80-watt AM-FM receiver is
now on the market as the Model S-7600-FET.

Among the features of this new receiver is a
low-distortion linear FM detector which was es-
pecially designed for the set; selected field-effect
transistors in the r.f. and mixer stages to provide
—95 dB of cross-modulation rejection; and 1.8-
uV FM sensitivity.

The Model S-7600-FET will deliver 80 watts of
IHF dynamic power to two pairs of 8-ohm speak-
ers. Front-panel rocker-action switches permit the
two pairs to be played independently or simul-

taneously. Dynamic power is 80 watts at 4 ohms
and 50 watts at 8 ohms. Power bandwidth is 12-
35,000 Hz.

Available for custom mounting, or in a walnut-
grained leatherette case, the receiver measures
15V5" x 12” x 4Y2" high. Full technical specs are
available on request. Sherwood
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PORTABLE 4-TRACK STEREO UNIT

The Sony Model 230 “Stereo Compact” is a
completely portable 4-track stereo record and
playback system featuring a built-in solid-state
stereo control center, with amplification providing
20 watts of total dynamic power.

The stereo control center has complete input
and switching facilities for the connection of ex-
ternal hi-fi components to play through the 230’
amplifier and speaker system. The unit has split
speakers which form the carrying case lid. Each
speaker is self-contained, having a tweeter and
woofer in each unit. The speakers may be placed
up to 15 feet apart.

The recorder provides three tape speeds, 7Y%,
3%4, and 173 in/s; has a retractomatic pinch roller
for threading ease; automatic end-of-reel shut off;
and a digital tape counter. It also has two vu me-
ters; a stereo hcadset jack; and includes two car-
dioid dynamic microphones. Superscope
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CASSETTE PLAYERS & RECORDERS

A new line of tape players/recorders for home
and portable use has been introduced as the “Mi-
cro Series”.

The new line includes stereo systems for the
home and a battery-powered model for portable
listening or recording—all employing cassettes.
The “Micro 20” is a combination a.c.-d.c./battery-
powered portable mono recorder in a case measur-
ing 12Y5"” x 8” x 2%4” and weighing 6 pounds.
The “Micro 50” is a walnut encased stereo player/
recorder deck designed for use with any stereo
system. It has preamps and a power supply. All
solid-state, it measures 14%%” x 824” x 314" and
weighs 8 pounds.

The “Micro 85” is a complete system including
a walnut encased player/recorder with dual power

amplificrs, preamplifiers, matching walnut speak-
ers, and two omnidirectional microphones.

The cassettes measure only 4”7 x 215" x 1A”
and record or play back for up to 90 minutes at
17/ in/s. The company is developing a recorded
cassette line of more than 500 albums from 17
different labels which will be availablc by the end
of the year. Ampex

Circle No. 14 on Reader Service Card

STEREO CARTRIDGE

The new 999VE professional stereo cartridge is
capable of tracking 30 cm’s at less than 1 gram,
according to its maker.

The cartridge features a 4-pole, 4-coil, 3-mag-
net design for maximum efficiency. Stereo separa-
tion is 30 dB at 1000 Hz and as much as 20 dB at
20,000 Hz. Complianee is 30 x 10°® cm/dyne for
wide excursion bass notes.

The cartridge has an all-diamond stylus which
is ground, lapped, polished, then inspected 14
times. Empire

Circle No. 15 on Reader Service Card

REEL-CHANGING RECORDER
A new tape recorder with an automatic reel
changing mechanism that allows up to five reels
of pre-recorded tape to be stacked on a spindle
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and played in automatic sequence has just been
announced as the Sony Model 760.

In addition to the reel changing mechanism,
the new recorder features automatic reel thread-
ing, automatic reel reversing, and the ejection of
the completed reel after hoth sides have been
played. The new unit will handle reels from 3” to
7" in diameter which may be intermixed. There
are also solenoid push-button controls for manual
operation.

The solid-state 760 is 2 deck model operating at
7V, 3%4. and 17& in/s. It will be marketed in two

x a

versions: one for playback only and the other for
recording and playback. Superscope
Circle No. 16 on Reader Service Card

CASSETTE CHANGER

Among the new items which have been recently
announced is an automatic cassette changer, the
Model 2502.

An a.c. stereo playback unit, the 2502 provides
up to 4% hours of continuous music and is de-
signed to be used in conjunction with existing hi-
fi systems. It permits loading up to six cassettes
for playback. Eech is successively dropped into
playing position and, when completed, automati-
cally moves into a storage compartment within
the teak cabinet. The low-profile unit has push-
button controls, a pilot light, and digital counter.

Other items in the new line are the Model 2500,
a single-play a.c. stereo playback unit; the 2200,

a cordless playback unit for the youth market; the
2600, a stereo cassette player for cars; the “Conti-
nental 1757, a battery-operated portable mono
cassette recorder; and the Model 4408, a three-
speed, four-track stereo recorder. Norelco

Circle No. 17 on Reader Service Card

FLUTTER METER
An all-solid-state flutter meter which makes
precision r.m.s. measurements on any magnetic
tape recorder has been announced as the Model
398.
The internal oscillator develops a 3-kHz refer-

ence tone which is recorded on tape. Speed varia-
tions (flutter) in the recorder’s drive mechanism
is then sensed during playback by the unit’s high-
sensitivity pulse averaging discriminator and dis-
played on a large dual-range panel meter. A pre-
calibrated scope output permits viewing the flutter
waveform directly. Video Research
Circle No. 18 on Reader Service Card

90-MINUTE TAPE CASSETTE

The new C-90 tape cassette contains 450 feet of
BASF recording tape and can be played for a full
hour and a half (45 minutes in each direction).
The cassette is designed to be used with General
Electric, Norelco, Wollensak, and all other com-
patible cassette recorders. Computron

Circle No. 19 on Reader Service Card

AMPLIFIED HEADPHONES

Two new amplified headphones have just been
introduced as the “Amplitwin” and the “Ampli-
tone.”

The high-fidelity “Amplitwin” is a stereo head-
phone with separate amplifiers in each ear cup.
Each amplifier features a volume control and has
a low-level and a high-level input. Two shielded
cords with phono jacks are included. The amplifi-
ers operate on 9-volt transistor radio batteries. The
“off” switch preserves battery life and converts the
unit to a conventional headphone.

The “Amplitone” is a guitar headset which is
offered in either mono or stereo versions and pro-
vides private listening for the teen set. Telex

Circle No. 20 on Reader Service Card

POWERED SPLITTER

A new solid-state amplified splitter, called the
“Homer”, is designed to improve FM or TV re-
ception on up to four sets operating from a single
antenna. The new unit incorporates a unique in-
ductively coupled emitter feedback circuit on
which a patent is pending.

The new circuit delivers the maximum dynamic

NEW ZENITH

Why not sell

LOG-PERIODIC

ANTENNAS built to
the quality standards of
Zenith original parts

Advanced designs . . . developed by the Antenna
Research Laboratories of the University of
Illinois. Model 973-49 (right) works like a
powerful, multi-element Yagi. It offers superior
Color or B&W reception on all channels.

And it delivers better FM /Stereo FM
performance in metropolitan areas.

Other Zenith quality periodic antennas are
specially designed for UHF, VHF, FM and
FM stereo, or planar helical UHF reception.

the best

Order Zenith antennas and all genuine
Zenith replacement parts and accessories
from your Zenith distributor.

The quality goes in before the name goes on
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range from the transistor used and is said to be
effective in defeating cross-modulation, harmonic
interference, windshield-wiper effect, hash, her-
ringbone, and beat patterns. Interset isolation is
14 dB.

According to the company, the amplified split-
ter nearly triples TV or FM signals (9 dB) when
operating two sets from a single antenna and
doubles the signal (6 dB) gain with four sets.
Blonder-Tongue

Circle No. 21 on Reader Service Card

CARTRIDGE TAPE PLAYER

A stereophonic cartridge tape player which in-
corporates six exclusive features has just been in-
troduced as the TP-8.

The new features include an automatic tape in-
sertion and locking device, straight-line vertical
movement of the tape head, dual guides for prop-
er tape alignment, and virtually noiseless low-
power switching between channels, a choice of

continuous play or automatic shut-off after the
fourth channel, and an unlocking device which
prevents cartridge damage by automatically re-
leasing pressure when the player is not operating.

The solid-state cartridge player weighs 7
pounds and measures 10” x 7”7 x 414", It is de-
signed to play 8-track stereo cartridges through
external speaker systems. Sylvania

Circle No. 22 on Reader Service Card

BATTERY/A.C. TAPE RECORDER

The Sony “ServoControl 860" is a solid-state
battery/a.c. portable recorder which incorporates
a special motor that electronically corrects for
speed variations and maintains precise timing ac-
curacy.

The dual-track 860 works on household a.c.
current or flashlight batteries, without the need
for an adapter. It operates at 334 and 1% in/s and
can accommodate up to 5” reels. The unit has an
auxiliary high-level input for recording from TV,

100

telephone, radio, or other high level sources, as
wel] as a digital tape counter, push-button eon-
trols, and a remote stop/start microphone. Su-
perscope

Circle No. 23 on Reader Service Card

TAPE-RECORDER LINE

Five new reel-to-reel tape recorders, two cas-
sette models, plus compatible 4 & 8 track and
straight-8 car stereo tape players have been re-
cently introduced.

The portable cassette tape recorder, the Model
2602, features keyboard controls, automatic level
control, provision for voice actuation, pop-up but-
ton for easy cassette ¢jection, and a no-erase safety
lock for pre-recorded cassettes. The unit is battery
operated and is equipped with a battery life indi-
cator and a.c. adapter jack. Craig Panorama

Circle No. 24 on Reader Service Card

CB-HAM-COMMUNICATIONS

MOBILE/PERSONAL CB UNIT

An all-solid-state CB transceiver, designed to
be used in all types of mobile and personal appli-
cations, is being marketed as the “Pace-Mate”.

This 3-channel, 2-watt transceiver features a
double-conversion superhet receiver teamed with
a rugged all-silicon transistor transmitter. There
is a six-section tuned i.f. filter for maximum adja-
cent-channel rejection, shaped push-pull audio
design for sharp voice reproduction, automatic
noise limiting and tapered squelch control for
quiet operation, and a full stage automatic gain
control.

The unit comes equipped with a detachable
helical coil antenna, a “snap-back” power pack
for operation on penlight cells, or rechargeable
“Nicad” pack. The transceiver measures 234" x
1 ¥%4” x 7%4"” and weighs 1% pounds. Pace

Circle No. 25 on Reader Service Card

MARINE CB ANTENNA

A new high-performance, omnidirectional ma-
rine CB two-way antenna with an exceptionally
low angle of radiation for maximum over-water
range is now being marketed as the ASM-23 “Sea-
Hook”.

The 27-MHz antenna is a full electrical half-
wave radiator with an over-all length of 97 inches.
It has a cycolac base with a built-in foldover
feature which allows instant retraction of the an-
tenna when negotiating bridges or other low ob-
stacles.

No ground plate is required since link-cou-
pling is employed, thus simplifying installation.
All critical parts are solid brass with chrome plat-
ing for additional protection. The loading coil is
precision wound and enclosed in white weather-
proof plastic with chrome-plated end caps. Imped-
ance is 50 ohms and v.s.w.r. is said to be better
than 1.5:1. Antenna Specialists

Circle No. 26 on Reader Service Card

MOBILE TRANSCEIVER WITH IC’s

The new 23-channel Model HB-525C mobile
transceiver features integrated circuits for high
sensitivity and low power drain. A frequency
synthesizer includes crystals for all 23 CB chan-
nels. The duval-conversion receiver has a 455-kHz
mechanical filter, 3-position delta tuning, series-
gate noise limiting, and variable squelch circuits.

The full 5-watt-input transmitter uses range-
boost modulating stages to increase effective talk
power and offers full public address provisions
with input and output jacks. A built-in 3” x 5”
speaker with directive louvered grille provides
clean, clear sound reproduction.

The transceiver operates on 12 volts d.c., nega-
tive or positive ground. Three optional power
supplies permit operation on 117 volts a.c., 6
volts d.c., or as a portable battery-operated unit.
The unit measures 234” x 6%2” x 8” and comes
with a mounting bracket, fused power cable, and
push-to-talk microphone. Lafayette

Circle No. 27 on Reader Service Card

ANTENNA MATCHING NETWORK
The new “CB Matcher” provides a v.s.w.r. of

1.1:1 when inserted between the antenna and a
CB transmitter. For calibration, a bridge or meter
can be inserted between the transmitter and
matching network and can be left in the line if
desired.

Finished in black and gold, the “CB Matcher”
measures 134" x 2Y4" x 334" over-all. Gold Line

Circle No. 28 on Reader Service Card

25-50 MHz TRANSCEIVER

The “Broadcaster I” is a completely solid-
state transceiver for the 25-50 MHz Jand mobile
radio service for either mobile or base station use.

The transceiver measures 5%4” wide x 2” high
x 734" deep. Current drain from a 12-volt d.c.
power source ranges from 30 mA to Y2 A when
receiving and only 1 A when transmitting.

The receiver employs a four-element crystal
filter in a double-conversion superhet circuit.
Sensitivity is better than 1 x4V for 12 dB $4+N/N;

the 6-dB bandwidth is 6 kHz and selectivity is
better than 50 dB down at =8 kHz of center
frequency. Image and spurious rejection is
greater than 70 dB. Audio output is 3 watts.
Full technical specifications will be provided
on request. Unimetrics
Circle No. 29 on Reader Service Card

COMPACT CB RIG

A new 5-channel solid-state CB transceiver has
just been introduced as the TR-5. Measuring a
compaet 5%4” x 6Y%"” x 178", the transmitter
uses silicon transistors which have been especially
manufactured to a higher peak voltage than be-
fore. The TR-5 features zener diode protection,
100% modulation, an illuminated channel select-
or, transmit indicator, auxiliary speaker jack,
single-knob tuning, a modulation indicator, and
a special “safety circuit” to protect against mis-
matched antenna, incorrect polarity, and overload.
Courier

Circle No. 30 on Reader Service Card

CB TRANSCEIVERS

Two new CB transceivers have been introduced
recently as the “Skylark”, an 11-channel unit and
the “Skyhawk Mark II”’, a 23-channel model.

The “Skylark” employs all-solid-state circuitry,
tantalum capacitors, filtered power leads, glass
epoxy circuit board, zener diode voltage regulator,
and an enclosed plug-in relay. It is equipped for
use as a paging system and an external speaker
jack is provided. It measures 254" x 62" x 9Y4”
and weighs 7 pounds.

The “Skyhawk” uses 25 transistors and 9
diodes. Electrical characteristics and physical size
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are the same as for the “Skylark” except that it

has 23-channel capability. Both models are avail-

able with a choice of colored front panels. Kaar
Circle No. 31 on Reader Service Card

PORTABLE FM TRANSCEIVER

The Model HH-300 is a hand-held portable
v.hf. FM transeciver designed for service in the
132-174 MHz band. Completely solid-state and
weighing only 30 ounces, the new transcciver has
a carrier power .of more than 2 watts and offers
five separate crystal-controlled channel capability.

Other features include continuous tone squelch,
plug-in circuit modules, rechargeable quick-
change nickel-cadmium battery, and various op-
tional accessorics. The unit is completely water-
proof. Du Mont/Gonset

Circle No. 32 on Reader Service Card

SIX-CHANNEL CB UNIT
A new solid-state, six-channel mobile CB radio
with built-in “S” meter is now available as the
Model 100. This low-cost transceiver has a double-
conversion receiver for maximum sensitivity,
coupled with noise limiting circuitry, and full
modulated five watts of talk power. The set comes
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equipped with the channel-11 crystal installed. Up
to five more channels may be added for business
or personal use.

Designed specifically for mobile use, the Model
100 is packaged in a walnut-grained metal case
with polished chrome front panel. The all-silicon
circuit is mounted on a glass fiber circuit board.
Pace
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MANUFACTURERS’ LITERATURE

MEASURING FM

A new 17-page application note (No. 87)
describing the many ways that wide-band FM
discriminators can be used for the measurement
of FM and PM has been published.

The illustrated booklet covers basic frequency-
modulation theory and discusses a wide range of
discriminator applications, including direct FM,
down-converted FM, measurement of small de-
viations and flutter, swept-frequency measure-
ment, and signal bursts and chirped pulses.

Featured in the note is a complete description
of the company’s Model 5210A,B frequency
meter/FM discriminator, along with accessories
and other instruments suitable for nse with the
meter/discriminator. Hewlett-Packard
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SPEAKER SYSTEMS

A new 6-page illustrated brochure on a line
of high-fidelity loudspeakers has been issued.
Featured are the Cornwall, Heresy, and Model
H designs, along with the La Scala system in-
tended for theater and commercial use.

Included in the booklet is an insert price list,
which contains an extensive bibliography of pa-
pers and articles on loudspeakers and related
topics. Klipsch
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ELECYROLYTIC CAPACITORS

Complete technical specifications on the new
Types MTA and MTV molded aluminum elec-
trolytic capacitors are contained in a new 12-page
illustrated bulletin (No. 4-74B). Included are
performance characteristics, typical life test data,
dimensional drawings, and a size and rating
chart. Mallory

Circle No. 138 on Reader Service Card

TEST EQUIPMENT
Described and illustrated in a new 8-page
quick-reference catalogne (No. 67D) is a com-
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plete line of clectroric o 2auipment. Included
are color-bar generators, CRT testers, oscillo-
scopes, signal and sweep generators, transistor
and tube testers, v.o.m.’s, and v.t.v.m.’s. Hickok
Circle No. 35 on Reader Service Card

PRINTED CIRCUITS
A new 12-page illustrated booklet entitled “A |
Buyer’s Guide to Printed Circuits” has been made |
available. Covered in detail are the specific steps |
followed by the company in production planning \
and actual fabrication, along with a discussion
of cost and the numerous factors affecting it. \
Lockheed Electronics
Circle No. 139 on Reader Service Card

COMPONENTS CATALOGUE

A wide linc of minjature devices, including
electronic switches, remote-control 1clays, read-
out indicators, pilot lights, and ceramic terminal
strips, is presentcd in a new 12-page illustrated
catalogue.

Entitled “Design Idcas for Engincers,” the
booklet contains complete specifications for all
products listed. Alco
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SILICON TRANSISTORS

A new 16-page product selector for industrial
small-signal devices has been published. Listed in
the booklet are r.f. and i.f. amplifiers, oscillators,
saturated switches, general-purpose and differ-
ential amplifiers, and diodes.

Included in the publication is a complete list-
ing of the more than 800 different 1N and 2N
silicon diodes and transistors manufactured by
the company. Fairchild Semiconductor
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CONNECTOR CATALOGUE

Described and illustrated in a new 12-page
catalogue (No. 4-674) is a line of miniature
high-voltage r.f. coaxial-cable connectors, recep-
tacles, and adapters.

The booklet also contains a cable and cross-
reference chart, mounting diagrams, and a de-
tailed description of cabling procedures. Kings
Electronics

Circle No. 142 on Reader Service Card

SEMICONDUCTOR CATALOGUE

A new 57-page semiconductor catalogue (No.
640:13) has been made available. Included are
silicon economy transistors, tunnel diodes, SCR’s,
triacs, and thyrectors.

In addition, the catalogue contains a listing of
available application notes and reprints from
technical journals covering general applications
for signal and power semiconductors, SCR and
test circuits, tunnel diode and unijunction appli-
cations, and transistor circuits. General Electric
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READOUT DEVICES
A complete line of single-plane rear-projection
readout devices is described and illustrated in a
new 44-page catalogue (No. 202). Units range
in size from the microminiature Series 345
through the Series 80 which is capable of dis-

playing characters 334 inches high.
In addition, the catalogue discusses operating

principles and lamp sclection. IEE
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AEROSOLS FOR ELECTRONICS

A new “family” of aerosol products specially
formulated for electrical and electronic manu-
facturing and maintenance is presented in a new
2-page data sheet.

The line includes cleaners, demoisturants,
lubricants, and protective and insulating coatings,
as well as such special-purpose items as a circuit
cooler, an anti-static spray, and a cutting Auid.
Sprayon
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MICROPHONE CATALOGUE
A complete line of dynamic, dynamic cardioid,
and ceramic microphones is described and illus-
trated in a new 12-page catalogue. Featured in
the booklet, entitled “A Microphone for Every

BACK ISSUES

AVAILABLE

Use this coupon to order back issues of

ELECTRONICS WORLD

We have a limited supply of back issues that
can be ordered on a first-come, first-served
basis. Just fill in the coupon below, enclose
your remittance in the amount of 75¢ for
each copy ordered.

ZIFF-DAVIS SERVICE DIVISION
Dept. BCEW, 595 Broadway

New York, New York 10012

ELECTRONIES WORLD

. to cover cost of

I am enclosing . L
the magazine, shlppmg and handlmg

I
I
i
Please send the following back issues of l
|
i
|
|

Year ... i
Month ... Year I
Month ......... Year I
Name ... I
Address ... I
City I

i
i
|
|
i
i
i
I Momth s i i
i
i
i
i
i
|

State ...

I-. Payment must be enclosed with order pgpm

WORLD'S
FINEST

MULTICORE

ONLY 69¢

BUY IT AT RADIO-TV PARTS STORES

MULTICORE SALES CORP., WESTBURY, N.Y. 11590
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Dreaming
about
winning
first prize

ina

photo contest?

Well, whether you’re a perplexed be-
ginner, a serious hobbyist—or some-
one who just likes to take pictures—
everything you need to know about
getting the best out of your camera is
now clearly defined in one concise,
eagy-to-understand guidebook.

The all-new 1967
INVITATION TO PHOTOGRAPHY!

Produced by the editors of POPULAR
PHOTOGRAPHY, INVITATION is a
unique 124 page ‘“course” in better
picture taking.

Including:

® a primer of photographic terms ® color wizardry
® choosing the equipment you really need ® girls and
glamor @ suiting the film to the occasion ® creative
composition ® using the right light ® which lens for
you @ starring the kids ® darkroom procedure simpli-
fied ® not-so-simple-pictures from simple cameras
® eliminating the hocus-focus from portrait, action
and night shots.

Plus an extra BONUS—

Lights, camera, action! A complete 28
page section on movie making...movie
cameras...creative and technical film-
ing procedures.

Over 20 complete sections in all! Each
written by an expert to help you
progress quickly, easily, confidently.
So_whether you're aiming at profes-
sional blue ribbons, or professional-
quality photos for your family album
—take the first important step now.
By ordering your INVITATION TO
PHOTOGRAPHY! Only $1.25

INVITATION TO PHOTOGRAPHY is also
available in a handsome deluxe edition. Rugged
Leatherflex cover provides lasting protection
yet is softly textured and gold-embossed for
the look of elegance. A collector’s item — a
superb addition to your permanent photo refer-
ence library. And it's yours, for just $3 post-
paid, when you check the appropriate box on
the order form.

ZIFF-DAVIS SERVICE DIVISION « DEPT. IP
l 595 BROADWAY « NEW YORK, N. Y. 10012

YES! Please send my copy of the 1967 INVITA-

TION TO PHOTOGRAPHY as checked below:

[] $1.25 enclosed, plus 15¢ for shipping and
handling. Send me the regular edition. ($1.75
for orders outside the U.S.A.)

[] $3.00 enclosed. Send me the Deluxe Leather-
flex-bound edition, postpaid. ($3.75 for orders
outside the U.S.A.) Allow three additional
weeks for delivery.

Print Name EW-97

Address

City

State Zip Code
PAYMENT MUST BE ENCLOSED WITH ORDER
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Purpose,” is the new slim-line DM70 series for
taping, p.a. systems, and music combos.
Also included is a listing of accessories and
replacement parts. Sonotone
Circle No. 36 on Reader Service Card

POTENTIOMETER SELECTOR

A handy reference guide for selecting potenti-
ometers to meet specific voltage-measuring re-
quirements is now available. Listed on the
pocket-sized plastic card are ranges, accuracies,
resolutions, and thermal characteristics of the
company’s laboratory and portable potentiom-
eters. Honeywell
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ELECTRONIC HARDWARE
A complete line of electronic hardware is de-
scribed and illustrated in a new 88-page 1967
engineering standards manual. Included are
terminal boards, and tube retainers.
Highlighted is an 8-page section devoted ex-
clusively to self-punching components. USECO
Circle No. 147 on Reader Service Card

STANDARD CONNECTORS

Complete specifications on more than 50 types
of standard connectors are contained in a new
180-page illustrated handbook. Listed are minia-
ture, subminiature, environmental, and removable
crimp/solder contact rectangular connectors; sub-
miniature and miniature round devices; printed-
circuit connectors, including wire-wrap; and
special-application types, including underwater,

tube sockets, and relay sockets. Winchester
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IMPEDANCE MEASUREMENT

Presented in a new 11-page illustrated applica-
tion note (No. 77-3) are techniques for deter-
mining impedance (R + jX), referenced to
50 ohms, in the frequency range from 1 to 1000
MHz with the company’s Model 8405A vector
voltmeter.

The booklet covers basic theory, presents
practical measurement examples, and discusses
accuracy considerations. Hewlett-Packard
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RECHARGEABLE BATTERIES

Complete technical information in a line
of sintered-plate rechargeable nickel-cadmium
sealed battery cells is presented in a new 4-page
illustrated brochure (No. BA-125).

Discharge and charging characteristics are
given, along with a cutaway diagram explaining
construction and a table listing the physical and
electrical characteristics of 20 types of cells. Sono-
tone
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VARIABLE INDUCTORS

A new 16-page engineering handbook de-
scribing the new Type NV communications-
grade variable inductors has been issued. De-
signed for circuit-board mounting, the devices
have a recommended frequency range of 800 Hz
to 100 kHz.

The illustrated booklet (No. 5103) gives
nominal inductance values, tuning ranges, and
d.c. resistances for several hundred standard ver-
sions of the Type NV. In addition, the publica-
tion contains mounting diagrams, performance
curves, and several pages of technical informa-
tion. Sangamo
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TV PICTURE TUBES
Technical information on 750 types of black-
and-white and color-TV picture tubes is con-
tained in a new 42-page illustrated reference
book. Included are comparisons of various pic-
ture-tube protection systems, basing diagrams,
interchangeability data, and information on the

handling of picture tubes. Sylvania

Circle No. 38 on Reader Service Card

TAPE RECORDING
A new 16-page combination catalogue and
tape-recording handbook is now available. En-

titled “The Tape Recording Omnibook,” the il-
lustrated booklet discusses tape-recorder uses,
such as sound for slides and home movies, tape
correspondence, and learning a language; how to
select a tape recorder; tape splicing, editing, and
handling; selection of a microphone and micro-
phone characteristics; and how to get the most
out of a tape recorder.

The catalogue portion of the handbook lists
various Revox, Editall, and Beyer products. Elpa
Marketing

Circle No. 39 on Reader Service Card

INDUSTRIAL FASTENERS

Described and illustrated in a new 36-page
catalogue is a broad line of plastic and metal
industrial fasteners. Applications include shelf
supports in refrigerators, locks in electronic
equipment and carrying cases, devices for joining
removable panels, and pressure-tight fasteners
for missile containers.

Complete mounting, installing, and securing
instructions are provided for all products listed.
Simmons

Circle No. 151 on Reader Service Card

MEASURING VIBRATION

A new 24-page illustrated catalogue (No.
797-]) that describes a line of sound- and vibra-
tion-measuring equipment and accessories has
been released.

Among the new instruments presented in the
booklet are a tape data recorder, a sound-level
calibrator for instrument microphones, and a 1%-
bandwidth wave analyzer. Other devices listed
include sound-level meters, an impact-noise
analyzer, a graphic level recorder, and a motion
analyzer and tachometer. General Radio

Circle No. 152 on Reader Service Card

PIHOTO CREDITS

Page Credit
O, mcr i — Allied Radio Corporotion
e T NASA

24, 25 {top & center) ........ U.S. Air Force Photo
25 (bottam) ........ Pan American World Airways
28 {top), 29 (bottom left) ...... RCA Loboratories
28 (center)
28 (bottom) .......... Westinghouse Electric Corp.
29 (top)
29 (center)

29 (bottom right)
...................... Sylvania Electric Products Inc.

..Steel Products News Bureav

3M Company

38 Kahl Scientific Instrument Corp.
Hydro Products
Barnes Engineering Co.

Sippican Corp.
Ercona Carp.

Hewlett-Packard

Answer to Crossword Puzzle
appearing on page 81
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ELECTRONICS

ARKET 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%

for 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.

GENERAL lN.FOR-MATlON: Fir’st 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 .sub‘ect 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—Surplus, 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.

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,

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. |llustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair multimeters. 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. lntercontinental, 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.

600 PIV @ 1.5 Amps. Tophats, includes bypass
capacitors and resistors, 10 for $3.00 postpaid
U.S.A. fully guaranteed. East Coast Electronics,
iigzgt. Boniface Rd., Cheektowaga, New York

DIAGRAMS, SERVICE MANUALS, $1. Technical
Services Associates, Box 1167, Berkeley, Cali-
fornia 94701.

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.IL,, 3123 Gillham
Road, Kansas City, Missouri, Telephone WEI-
5444, (SARASOTA) R.E.l, 1336 Main Street,
Sarasota, Florida 33577, Telephone 955-6922.
HIGHLY—effective home study review for FCC
commercial phone exams. Free literature!
COOK'S SCHOOL OF ELECTRONICS, P.O. Box
36185, Houston, Texas 77036.

METAL-TREASURE Detectors, transistorized,
lightweight. $39.95 to $89.95. Free Catalog.
JETCO INSTRUMENTS, Box 2880-E, Huntsville,
Texas 77340.

September, 1967

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.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383. 1
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 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.

FCC LICENSE training by correspondence. Low
cost, pay-as-you-go plan. Free particulars. The
Willard Foundation, Department EW, P.0. 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.

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, spe-
cial-purpose types until you get our price list!
Lowest prices in U.S.A. 5,000 types—Guaran-
teed Brand New. Send postcard for TV-Special
Purpose Price List. UNITED RADIO COMPANY,
P.0. BOX 1000, NEWARK, N.J. 07101,

GOVERNMENT SURPLUS

JEEPS Typically From $53.90. . . Trucks From
$78.40. . . Boats, Typewriters, Airplanes, Eiec-
tronics Equipment, Photographic Equipment,
used. 100,000 Bargains Direct From Govern-
ment. Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan
49423.

FREE ARCTURUS CATALOG
A trusted name in electronics since 1925
Electronic parts, tubes. Wholesale.
Thousands of items. Unbeatable prices.

ARCTURUS ELECTRONICS CO.
502-22nd St., Dept. EW, Union City, N.). 07087

(y]

RECTIFIERS, TRANSISTORS
& COMPONENTS

6 tube Amplifier, New 4 Ibs.
L4 Walt Resistors, asstd. ..
1 Watt Resistors, asstd. ..
2N4138 Sil. Chopper To-46 NPN
Precision Resistors, asstd.
Pots, 2-4 Watt, asstd.

2N1724 Sil, Pow. 50 W. 80 V. Stud.
2N1047B Sil. Pow. 80V. To-57
Tantalum Capacitors, asstd.

2N1722 Sil. Pow. 50W. 80V. To-53 . A5
2N2944 Sil. Chopper To-46 . 1.00
50W. Zeners 10 to 19 Volts . .. 1.00
Thermistor head, 1200 ohm. .. 2/1.00
2N1021, Ger. Power, 7amp, 100V., To —3.... .60
2N456A, 7A. 40V. Ger. Power To —3 ... .. A5
2N1718, Sil. Power, 10W., 60V., Heatsink ....3/1.00
70 amp Stud. 50P1V—$2.50; 100PV................. $3.50

SILICON CONTROLLED RECTIFIERS
AM[’S 30 OPRV. 5

Pots, 1W. 100K or 1LW. 500K
Surprise Kit, 10 Ibs. components ...
Epoxy Hi- Vol diode, 200ma, 3000PIV
Computer Board, TO-3 Power, Heat Sink .
1.C., TO-5, untested
1.C.. Dual-inline, untested
2N389,85W 60 V. T053 .
2N3707-11 Asstd. Plastic S
2N3704-3706, Asstd. Plastic Sil.
2N2151, Sil. Power Xister . ..
2N1009 Ger, Min. Xister untes!
3N35 Tetrode, NPN, untested ..
Ger. Diodes, Asstd.
2N458A, 7A. 80V. Ger. Power,
Sil. Diodes, Switching, Signal,
2N118, Silicon, NPN ..o
2N1149, Silicon, NPN, untested ...
2N1300, Untest. PNP & NPN,
2N1714, Silicon Power 10W, 50V, g
Computer Boards, Parts Free, per transistor .... .05
Germanium Power, 2N457A, 7A; .50
Silicon Power 40 W, 2N1047, TO 57 .
Tophats 750 ma., 200PIV-8¢, 400, 12¢
1N34A
Varicaps, 27, 47, or 100 p Ak
2N1038, Germanium 20 W. 40V ... ....4/1.00
With any $10.00 Order any $1.00 item Free. On
$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 70821

Xisters'

Asst.
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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 losd; uses tubes 128K7
RF 2SA7 converter,
2/125K’7 IF A., 1258Q7 de-
tector BFO, 12A6 oscillator,
12A6 audio Amp 456 KC IF
Freq. Large vernier & spin dial, audio gain, AVC, BFQO
und all controls on the front panel. Voltages requxred
2 VDC & approx. 220 VDC 100 MA, Size:
11% x 1135 x IJJ”’. Wt.: 37 lbs. USED:
Ch ecked for Operation—$10.00 extra.

NAVY TCS TRANSMITTER AM

1.5 MC to 12 MC in three (3) bands, CW 40 watls,
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-
doublex 4/1625 in modulator & power amplifier stages,

= » meters for PA Plate 0-200 DC RF meter 0-3, all
bunmg and operating controls on front panel. Volcages

éequxrlelc}] 12 1\:{DC 1:6;53 ?’00 -440 VDC 200 MA. W/tuib_’es
ize: X 1 X 5
Wt.: 41 lb ............................................ USED'$34'

Checked for Op

Antenna Loading Coil #47205 ... AL103 d: §6.95
Remote Control Box—v. ‘Speaker #23270 Re-New: 9.95
Dual Dynamotor I'ower Supply I

12 V. .} .Re-New: 14.95
D-401 Travsmitter Dynamotor 12 v New: 6.95
D-102 Receiver Dynamotor 12 V. | New: 4.95
('ABLE—Receiver to Power Supply .. ew 2.75
CABLE—Transiitter to Iower Supp e\\' 2.75
Connector Plugs f/Remote meul B o

A C TOWER SUPPLY—I115 V., 60 cycle (Not (.0\ (o]

Smplus
Receiver: $20.00 — Transmitter: $35,00
Shock Mounting for Receiver or Transmitter Used:
Nvuise Limiter Conversion Kit-—W/6H8 tubes ..
PARTS available for Rec. & Trans. Advise us your needs!
For CATALOG—Send 25¢ in stamps or coins,
and receive 50¢ CREDIT on your order!
Address Dept. EW e Prices F.O0.B. Lima, O, ¢
259%, Deposit on C.0.D.'s

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 « LIMA, OHIO * 45802

1

frequency discounts, closing dates, etc.

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms,

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).
WANTED TO BUY—-TV tuners. Any make, any
quantity. Write, J. W. Electronics, Box 51B,
Bloomington, Indiana 47401.

RELAYS—Sigma 80030. Any quantities. ALARM
RELAY SUPPLY, 20725 Burbank Blvd., Woodland
Hills, Calif. 91364.

TAPE AND RECORDERS

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, Hialeah, Fla.
33012.

STEREO TAPES. Save up to 60% (no member-
ship fees, postpaid anywhere USA). Free 60-
page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans ‘‘not un-
dersold,” as the discount information you sup-
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Wash-
ington, D.C. 20009.

RENT Stereo Tapes—Over 2,500 Different—all
major labels—free brochure. Stereo-Parti, 1616
—E. W. Terrace Way, Santa Rosa, California
95404.

TAPE RECORDER SALE. Brand new, nationally
advertised brands, $10.00 above cost. Arkay
Sales, 1028-B Commonwealth Avenue, Boston,
Mass. 02215.

HiI-F1 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 (LT) East 149th Street, New York 10451.
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Insert time(s) Total Enclosed $
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ADDRESS

CITY STATE ZIP
SIGNATURE

WORD COUNT:

Include name and address. Name of city (Des Moines) or of state (New York) counts as one word |

(Publisher reserves right to omit Zip Code if space does not permit.) Count
initial, single figure or group of figures or letters as a word. Symbols such as 35mm, COD, PO,
AC, etc., count as one word. Hyphenated words count as two words.

EW-967 |

' to order yours today!

35 fascinating ways
to spend your next

250 spare hours

Announcing the Spring 1967 edition of the
“'what-to-do-with-your-spare-time’” prob-
lem-solver: the ELECTRONIC EXPERI-
MENTER’S HANDBOOK!

Roll up your sleeves, heat up the iron
and get set to meet 35 of the most chal-
lenging, fun-to-build electronics projects
you've ever seen . . . or assembled with
your own two hands!

Included are: a transistorized auto-light
minder e a $2 intrusion alarm e a tape
recorder echo chamber (for under $10!)
¢ a powerhouse 2-tube SW receiver o a
solid-state scope calibrator e and even a
supercharged salt shaker!

You get complete schematics, illustra-
tions, parts lists and easy-to-follow

instructions . .

PLUS expert tips 'n techniques designed
to build your electronics skill. You’ll keep
up with the latest advances in the field,
learn many valuable professional meth-
ods and short-cuts . . . and develop that
extra technicai know-how that comes only
from practical, firsthand experience.
Don’t chance missing your copy of the
Spring 1967 ELECTRONIC EXPERIMENT-
ER’S HANDBOOK. Use the coupon below
only $1.25

Get the handsome LEATHERFLEX-
BOUND edition for just $3 postpaid!
The Spring 1967 ELECTRONIC
EXPERIMENTER'S HANDBOOK s
also available in a splendid deluxe
edition. Rugged Leatherflex cover
provides lasting protection yet is
softly textured and gold-embossed
for the look of elegance. A collector’'s
item—a superb addition to your elec-
tronics bookshelf. And it's yours, for
just $3 postpald, when you check the ’
appropriate box on the order form.

| ZIFF-DAVIS SERVICE DIVISION @ DEPT. EEH-S

I 595 Broadway @ New York, N. Y. 10012

| g)l((;Egle'u%ﬁi;EtgesaI}I{Rﬁv[«;gggm(; 1967 ELECTRONIC

[ {1 $1.25 enclosed, plus 15¢ for shipping and han-

| dlodng Senddmehtha gegu;ar edition. ($1.75 for

orders outside the

| 71 $3.00 enclosed. Send me the Deluxe Leatherflex-
bound edition, postpald. ($3.75 for orders out-

| side the U.S.A.) Allow three additional weeks

1

|

I

i

|

name please print EW.97

address

|
|
|
|
|
|
|
for delivery. i
|
1
l
1

city state zip

=== PAYMENT MUST BE ENCLOSED WITH ORDER =]
Boy, do | have spare time! Send me the big Fall ,
1966 edition, too! | want the [ regular edition |
1 Deluxe Leatherflex-bound edition. (Prices same
as above.)

ELECTRONICS WORLD



p— GET IT from GOODHEA

DO-IT-YOURSE _F SOMETHING NEW FOR VHF SWL’s
Brand new VHF rcvis in original cartons; look
gx:éctly 131‘? I]t.he t‘amgli'arwgcl-s‘is% Coxlﬂland Revrs
PROFESSIONAL ELECTRONICS PROJECTS — Rt o ded gy USRI L
very easy to power & contrel witheut touching
$1.00 up. Catalog 25¢. PARKS, Box 255658B, anything inside the unit; you can even connect
Seattle, Wash. 98125. an S-Meter externally. We furnish schematic and
complete instructions on all pin connections and
also a spline tuning knob, A.R.C. Type No. RI3B.

G&G CATALOG!

24 Pages Military Electronic Gear
SEND 25¢ - Refunded with first order

- No tuning dial; usc graph of freq. vs Lknob turns
AN/APR 4Y FM & AM RECEIVER PR'NT'NG 2 uV sensitivity. 2 RIF, 3 II* stages. §hpg wt 9 il;s
“FB"” FOR SATELLITE TRACKING! fob Los Angeles .. / BRAND N sz

High precision lab instrument, for monitoring and Seaine b“t“_ adjustable squelch ........

megzlgéngdgre&u%niﬂn?;\g :;ll_lzé_té;le ﬁ(l)tgnﬂl stren%tk::yéilg FREE Booklet — ““Secrets of Cutting Printing TRANSISTORIZED LV REGUL. PWR SPLIES

AC. Built-in power supply, Orlglnal clreult 50 Cost”, Dept. 1, 305 S. 4th, Springfield, Illinois Univ.TQ36-1: Dual 0-50 vde, 1A, metered

dlagram included. Checked out, peu‘ect. $ 62701 Dres-Barnes 62-143: 14-32 vde, 154, metered ....129.

LIKESNEW §5 00 s oo . e s i L Dres-Barnes 62-121: 1%-36 vde, 15‘\ metered ....149.50

All Tuning Unlts Avallable for Above - T NEW ARRIVALS IN GOOD SCOPES

Tekt. 335 sq corners w/53C dual-trace plugin & 2

BC-929 3-Inch Scope, with all tubes, HIGH FIDELITY hook: :;tteu probe, all w/ NBS-t ble calib.
LIKE NEW . $16. certificates dated June 1967 ... 85.00
SoBb000000nenaraBaaIBRonae 58S /rouud coruers, blue, w/ dual-trace plugin,

Conversion instructions, with diagram, FREE! Send for money saving stereo catalog gg?;éh‘}?dlle‘;sgﬂd e S‘H)lil(){;{'h:(‘)ylld te qéfgs?n({g
for 110 V AC operation ................ $ .65 #E9W and lowest quotations on your indi- w/#74-14 Time-Base plugin 1 us to 2 sec/div. &
vidual component, tape recorder or system re- }lt\‘olglll]llll)lllg‘ and \Lv/dula’l utdbde #76t021{0 1)/1'11113111

A . 0 Ine s5, sensit. calibrated § mv V.

BC-221 FREQ. METER. Accurate, reliable crystal cali- quirements. Electronic Values Inc., 200 West b A S e e ol 4 e e

trated, for 125 to 20,000 KC range. Complete with 20th Street, N.Y., N.Y. 10011. ?\RIT}, rmrlm of chea.‘]’)el scobes and of Samplers

'tEubes. calibration book. Checked out. $19. 50 HI-FI Components, Tape Recorders at guaran- O T 5 gretons unito 1000 iuo
xc. Used, unmodulated . Y teed “We Will Not Be Undersold” prices. 15- DZ-1 Superhet revr 15-70 & 100-1500 Ike. d

Exc. Used, Modulated P . R- 23/ RC-5 Command revr 190-550 ke. L

1000 Kc crystal for above . day money-back guarantee. Two-year warranty. A.R.C. 12 #22 Command revr 540-1600 ke, 17.95

No Catalog. Quotations Free. Hi-Fidelity Cen- /)“SR-‘}Y '\x}l/F“ Reve modotg 115 v 50/60 i

LM FREQ. METER, Modulated, 125 to 20,000 Ke. | |ter, 239 (L) East 149th Street. New York 10451. | | BV 2% A R aners 38-1000 e s e

With calibration book like new ... $79.50 HIFI EQUIPMENT—Get Our “ROCK BOTTOM" éPUR;lYm\vltth CV- 29.;75 Tt T VB 4

X ifi TG s -U.R. for Yunem 00 an 4000 me.

T-23/ARC-5 TRANSMITTER, 100 to 156 Mc. Less prices on NAME BRAND amplifiers—tu AU ply good for ART-15 w/data 49.50

tubes and crystals, Used ...........cccoooeviiiiriernnnns $5.95 tape-recorders — speakers FRANCHISED — 59 RA AC pwr sply for SCR-522, only

s . DG \nm 4") W o A2, A3, 115-156 me.
YEARS IN BUSINESS. Write for this month's TDZ amir 30 W Po A2 A3 995 400 ne.

R-4/ARR-2 RECEIVER, 234-258 Mc, Tunable, Com- specials—NOW! Rabson’s 57th St., Inc., Dept. LM-14 freq. meter, .01% 125 ke-20 n
plete with 11 tubes, NEW oo $11.95 569, 119 W. 57th St., New York, New York 10019. E(S: %ﬁ/sl.lgl(heq mseé.ex 020 ﬁ?mr;:’c"
Dynamotor (24VDC) for ARR2 .........c..ccoovveennnee. $2.45 LOW, LOW quotes: all components and re- ALL-BAND ssa"";“c'vn BARGAIN: Halllcrafters R-d5/
corders. Hi-Fi, Roslyn, Penn. 19001. QI%QV’L a“gge‘l;c zouliaa :Ivu/:bggxll‘tlngfil; VolcFe,.s CV\SI.
?c'?_’“ TRA%S{;EIVE]RJEIS 0 500 Mc,c %"""eé“blg HI-FI components, tape recorders, sleep learn heten. cgg}ggs“’nﬁghsa;ﬁ 3 pon-xtl ‘séice- 149 50
HUICEIG i R 6'31335 equipment, tapes. Unusual Values. Free cat- 60 oy ‘pwr sply: 380, SSH product ‘detector: $20
Dynamotor, Antenna, Plugs, All accessories available. :{I;)gé E:;sr;\le,rY’, 1151‘%?:10'? Jericho Turnpike, New el At i S RIRR Lk P 10%
1 i Abﬂ"EerlON Bulylers ol“LAB Test lEq.ulI'_:)meig!' tThe
SCR'274'N1 ARC-5 COMMAND SET HQ- gvg:‘enggoaaﬂw\‘r: We want. &1&:}:‘00351 ‘!slcx;g:e':s. wﬁ:&ﬂﬁ'
AL SCR-274N [li=s HYPNOTISM AN Mty Communi cations of 21 Winds, ©
COMMAND

and FREE Hypnotism, Self-Hypnosis, Sleep Learning. R. E. GOODHEART CO. INC.
Catalog! Drawer H400, Ruidoso, N.M. 88345. 1 Box 1220-A, Beverly Hills, Calif. 90213
Fred. Exd. BRAND FREE TRIAL! Sensational self-hypnosis record Phones: Area 213, office 272-5707, messages 275-5342
::'égEeIVERS g, O hused NEW kit improves memory, concentration, personal- | cjRCLE NO. 113 ON READER SERVICE CARD
» Complete wi Tubes 1 o i )
190-550 Kc...... BC-453 ..,$18.9S...... $23.50 ity. Results guaranteed! Forum, 333-AA9, Mich
3-6 .B 4 . '2{2'32 ...... g'ﬂ.gg igan, Chicago 60601. > 3
.7 —""1.lll.s2150 | | HYPNOTIZE FEMALES!—Unnoticed! Instantly! 1 WJi |
TRANSMITTERS, Complgte with Tubes Nerves! Exciting! Send $2.25. Research Enter - & s
) : rises, 29-SN21 Samoset, Woburn, Mass. 01801.
E GIANT WEATHER BALLOONS
FEMALE HYPNOTISM! Easily! Instantly! Secret »  Balls of fun’ for kids, traffic stoppers
MODULATOR, Complete with 3 Tubes Nerve Centers! $2.20. Brugenheimer Publishers. for stores, terrific for amateur meteor-
VoI T | metile el BC-456 ...$ 2.75 Box 158-E30, Lexington, Mass. tollgﬁm?} 1g;fatl(;acwhnggllb‘;ﬁll;ourli: \scs;ﬁ»l-;
GLICONITn ) Sef AveaRbbriaain Stadh bheach attr: .i\ctlon \Ialde of llea\\1 duty
neoprene. Inflate with vacuum cleaner
EE S FTELD PHONES. Exc. Used, Each ' $15.99 AUTHORS' SERVICES or auto air hose; or locally available
BC-1206-C Beacon Recvr, 200-400 Kc, NEW. . $12.95 helium for high =
SCR-§22 Transmitter-Recelver, Like New. ..$39.50 =60, 56BAK (B  diam) ............¢c00vu.nn $2 Ppd.
: AUTHORS! Learn how to have your book pub- =60, 63MK (16’ dlam) ................... $7 Ppd.
T D e e $24.50 | | iished, promoted, distributed. FREE booklet NEW, LOW-COST GEM TUMBLER
FEGS L 5o AV 00 OBb.I6 06 6.4 BOR000 5o $18.95 “ZD,” Vantage, 120 West 31 St.,, New York 10001, | Become a rockhound! Fascinauing _
Practise Tapes avallable, with Keyer ........ P.U.R. POEMS WANTED for new song hits and record- | suve, easy. Make iewelry of all kinds s
ings by America’s most popular studio. Tin | [—decorative bookends, table tops.
Please include 25% Deposit with order—Bal- Pan Alley, 1650-ZD Broadway, New York 10019. | 25, Sioby  tembie .f"'fl’:f,‘eu',e,ﬂffs'f;
ance C.0.D., or Remittance in Full. 50¢ Han- G e e
dling Charges on a]l orders under $5.00. All i) BoTdes kit st 39T} CAnh e T "
shipments F.0.B, Our Warehouse, N.Y.C, All o g ‘
Merchandise subject to Prior Sale and Prlce RUBBER STAMPS R T P
Change. times its prlce, Full instructlons, -
? T Stock NO. TOBTAAK. ... ...ccoiinonsi.n. $10.75 Ppd.
[ X WY VIR IR A Ae) VY'Y | RUBBER ADDRESS STAMP $1.50. SIGNATURE | 6B ROCK AS$ORTMENT (10 tpes)
Telephone: (212) CO 7-4605 $2.88. FREE CATALOG. JACKSON PRODUCTS, | Stock No. 70.888AK. . ... ... . ..-..-.- $9. pd.
1433 WINNEMAC, CHICAGO, ILL. 60640. NEW SURPLUS NI-CD BATTERIES

Save more than 309! Long life—

75-77 Leona rd St.,

New York, N.Y. 10013
e— X 1 accept 300 charge and discharge
1.25 AMP cles. 1. ".)) Volts peru;ellz—’-yolo
{GLASS AMPS) mlllhmper hours capacity. ce.
silicon Control Rectifiers A controlled ava- Top Hat & IN I EGRATED charwe retention. Hermetlcally

RV 3A A 20A 1anche rectifier in Epoxy 750 MA cexaled y Indeﬁx}llte §‘°éa‘¥“bmé fgo
11 ded eries—easlly cul om
. 50 | 35 50 80 "md‘"“t’he hga‘el;g APRVISS) S cIRculTs ?(I)‘:'xlx?pl'altervco /s v(\iul!;lx e,‘ lll;A/g3 )x;lzi Spee. price for 100 up.
2 > = ceeded wnhou( 100 | .07 Low-cost charger separate
100 | .50 .70 1.35 the rectifier |00 | .09 order 3 Cells DC Volt. Price Ppd.
200 | .75 1.05 1.90 breaking down. 200 12 40,986AK 1 1.25 $ 1.50
300 t 1.25 1.60 2.45 PRV | 600 20 40,887AK 2 250 2.75
= 6 3,75 3.80
400 1.50 | 2.10 [ 2.85 “H00 12 800 35 S9ie3ann i 5.00 a.80
500 1.75 2.80 | 3.50 200 .15 1000 .50 70,812AK Tricklie Charger (1-10 cells) 10.95
€00 2.00 3.00 200 .20 = = = =
700 2.25 3.50 600 25 ::gg gg SR_Clocked Flip Flops ... Edmund Scientific Co., Barrington, N.J. 08007
1000 5.00 = w5 SRT Flip Flops .........
soo | 35| |Tieoo oo | §T TR IS i MAIL COUPON for FREE CATALOG
: = JK Filp Flops ........... p
Terms: FOB Cambridge, Mass. Send check or Money Duai Nand Nor Gates .. ISEND FOR FREE CATALOG AK

1 T0-85 flat pack. Guarantead to work.
Order. Include Postage, Average Wt. per package 15 They come complete with schematic, Completcly new 1067 cdition, New items,
Ib. Allow for C.0.D. Minimum Order $3.00 elect. charactaristic sheet & some | pages wackea wit? ne?rly 4000 wogsual items.
typical applications. parts, aggcssoric?cam:;rlgou:legeggg?gr:‘e ot
POST OFFICE Box 748 Silicon Power Rectifiers Iulars, Magnmers, \1agnct¥‘"£cnses le}llsx;gg-
SOMERVILLE, MASS. 02143 —PRCT 3% TIa TS0 LB =pc‘nly chifye DRl T A Y 6
1 . catalog ** L case Include your Zip
featuring transistors, rectifiers and |_2001 .20} .60 1.50 | 7.50 |
400 ] 25 l BO NAME
components 600 13571 1.20 | |
SEND FOR OUR LATEST CATALOG | oo0 =asiisorsiooy 7| || 4 APDRESS
|_1000 | .65 | Q s CITY. STATE
CIRCLE NO, 88 ON READER SERVICE CARD CIRCLE NO. 118 ON READER SERVICE CARD
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U.S. GOV'T ELECTRONIC SURPLUS

® Nationaily Known-World Famous SURPLUS CENTER offers
{inest, most expensive, Government Surplus electronic units and
components at a fraction of their original acquisition cost.

ORDER DIRECT FROM AD or WRITE FOR CATALOGS
LABORATORY EXPERIMENTAL KIT
FERFORM 100'S OF
FASCINATING

ELECTRICAL
EXPERIMENTS

Gov't Aquisition
Cost Of Parts

Over $50.00 )@ !
F.0.B. s *,_\”_ o T
o (ITEM HA222 ) -~ Amazing Value! \nlnnhle gifl for son or
husband. aches modem elecs

tronic theory and pracucc Easy, lnl(‘l(‘slhlu Ma\ lO lu\m

MAIL SERVICES

HERMITAGE—most SECRET mail forwarding.
Unique plus FREE GIFTS. $3/month, 25¢/
singles. HERMITAGE HOUSE (EW), 2783 Market,
San Diego, California 92102.

RECORDS

LOWEST prices. New records. All labels. Harvey,
Box 1402, Newport News, Va. 23601.

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.

E -pl » gne TCe
ORI huxul:\r Lkl rolay cncnus, rectification, (est circuils,

e Kit Contains: DC motor, AC motor, electro-magnetic coils, ac
and dc relays, set of lab capacilors, compass, tesi bulbs, plating
chemicals, stlicon diodes, germanjum diode, burglar alarm actualor,
carbon microphone cavesdropping element, ac test sockets, permanent
magnels, tclephone handsct, cords, test clips, wire, and other ilems.
Over 35 pieces. Includes fine Experimental Manual with drawings, pros
cedures, clc., written by professional engineers,

® Also fumished with each kit our nnnular honk Home Laboratory
Bench and Experimental Procedures. ( Reg, $1.00). Shows how to build
wonderful home Iaboratory lest bench, and Im Lo gel the most out of
Your experimenial work. (12 Jbs.) Parts cost gov't over $50.00.

AC PROGRAM TIMING CLOCK _

® (ITEM #158 ) - - Zenith 113-VAC program
timer. Use for periodic signalling, work hreaks,
schoul classes, tum on radio for newscaslts, elc,
Adjusiable clips pemit swilching On or OII any-
Ume during 24-hour perijod, Sufficient clips lnr
multiple programing. Also has ** skip-a-day’
feature. Contacts can handle up to 15-amps,
' x 6%’ x 4. Wt. 8 Ibs. Gov’t CoslL Over

e r.00. $9.49

AUTO-PILOT GYROSCOPE

o {ITEMAII5)-- DC motor driven,
gimbal mounted gyroscope, Ullra-expensive
Brecision anid used o stéer* farge, multis
engine planes, Deviation Irom established
plane sends sig-

Instructions Furnished.

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.

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 92% effective. Details
free. ASR Foundation, Box 7021EG Henry Clay
Station, Lexington, Kentucky 40502.

nals (o being about change in other motors.
Unit can be used as sulo-pilot for hoals,
Wonderful class room unit to demonstrate

and sty gyro ncllnn \Ilsslles plan:s

iEitel =
F.C.B. $1 2.47 Ronlsl l::lsus%osl Gov' l 0\er s:og 00.
STANDARD DIAL TELEPHONE
. (ITEM H‘II.’:)-- Standard,  commercial
sed U.S.A, Altrac

tive Dollshcd blnck Ilkc new (-ondlllon Usc as
extension phone lo privale systems or connect
several phones mrvulcr far local intercom sys-

tem. Full instructions are fumnished, W, 9 Ibs. 5
F.0.8,

Otiginal Cost §24.30.
STEP-BY-STEP AUTOMATIC SWITCH

® (ITEMH738)-- Amazing ‘*‘up-and-around",
electro-magnetic lelephone switch, Dial any bank
pRIr from 1 to 100. Make your own telephone System,
Can also be used Lo remotely control up (o 100 cirs
cuits nver a single pair of wites,

One of our FOUR STAR bargains, (‘omcs com-
plclc Mllh dllﬂ om.‘ dllll and one line bank. Size,
T x 18", WL, . Cost Gov't Over <'l:5 00,

F.0.8. $99

Camplete; Swll.ch cover,
dial. line bank, instruetions...,..

"*ﬁ@

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,

GREGORY ELECTRONICS

Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for New ’67 Catalog

Voice Commander

132 to 172 MC, 1W 9.5” x
5.3” x 1.7" Lowest price
ever, including brand New
Rechargeable Nickel Cad-
mium Battery Pack

$148

If crystal & tuning is de-
“sired add $45.00

Battery charger for these
units $16.00

Write for Quantity Prices

' : VOICE COMMANgER
| Monitor Receiver only—
S i b ¥ 18

GE RECEIVER
4ER6 30-40 MC, 40-50 MC, 6 or 12 Volis
3 Coil 1. F. $
4 Coil I. F

MOTOROLA P33 Series Pack Set 5 Watt 150-
170 MC with Nicad Supply and Nicad $05.00
Batteries 95

MOTOROLA T41GGV 30-50mc 6/12 V,

30 watt vibrator power supply fully narrow
banded complete with accessories $]48
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. $] 98
Fully narrow banded (TX & RX)

Above price include accessories less cryskals and an-
tenna (less accessories, deduct $30.00)

To tune unit to desired frequency inciuding
new antenna add $45.00

GE 2-Piece unit—6 volt or 12 volt 4ER6—
4ET5, 30w 30-40, mc.—40-50 mc. Wide
8

EEUTIE foromsc.” 8% ool | =4 @ J 0o oD% - $4
Fully narrow band (TX+RX) ......... $68
Complete Accessories
4ER6—4ET6, 60w 30-40 mc—40-50 mc.
Wide Band ............... .00t $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 ]98
complete with accessories
Add $40.00 for crystals and tuning and new antenna.
G.E. PACERS—EG43SA6 150-170 rnc Transis-
torized Power Supply 13-15 watts,
12 v Fronthount Colmpletde ac-
cessories, less crystals and an-
WEIER] WA oA A BB w bbb b 0 AL A6 2 ﬂﬂBW

® (ITEM #1683 ) - - Stepvolige upor down,
i1as many uses. Will step 113-volts up to 230+
volts or step 230-volts down to 113-volts, Wil
:lbo Imnsl(mm l|l3| \(I!ll.s to 53-vol(s. Raled 1,75
mps. oulput w S-watl capacity. Size,.,
%" x 3’("’ 2", Wi, 4 1bs, Gov't Cost $12,75.

ros $4.99

TYPICAL BUYS FROM OUR 1967 CATALOGS
$ 350.00 - Geared 2-hp Battery Golf Car Motor ....
§ 15,00 - Westinghouse DC Ammeter, 0 to 300
$ 40.00 - Vacuum/Pressure Pump, 12-VBC
= 80-MW Walkie-Talkies, Per Pair .....
- Deluxe, Multi-Range, AC/DC Tester ..
$4000,00 - Carrier Telephone Amplifier System ......

SPECIAL SALE

Correspondence
Course In
ELECTRICAL
S H l' $10,7! P
ENGINEERING sc Ty $8 79 Postpaid
& (ITEM HAI81 ) - - Wonderful chaunce lo obtain technical train-

ing at Amazing Low Cost! Lincoln Enilncellm: School has suspended
its Correspondence Courses because ol increased operating costs, We

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,
N.Y. 10038.

EMPLOYMENT INFORMATION

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
secrnome=o. CORPORATION

249 RT. 46, Saddle Brook, N.J., 07662
Phone: (201) 489-9000

T GREGORY =

CIRCLE NO.112 ON READER SERVICE CARD

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.

FOREIGN EMPLOYMENT. Construction, other
work projects. Good paying overseas jobs with
extras, travel expenses. Write only: Foreign
Service Bureau, Dept. D, Bradenton Beach,
Florida 33510.

offer 2 limited number of the school’s complete Electrical
Course bul without the examination paper grading service, The course
consists ol 14 lesson unil books, Each book has the regnlar exams, and
in a separate seclion, “Standard Answers®! to eachi exam question,

Coursie is well wrilten, easy to understand, profusely illustraled.
Reader’s Digest size, easy to carry and study in spare time. Many Lin-
coln Engineering School sludents holdhm excellent jobs 2s a result of

mining. Course coniains latest information on transisiors, sil-
lcnn diod(‘\ elc. Additional book on how (o hulld and operale & “Home
L and E: Bench® th each course.

SEND 25¢ COIN OR STAMPS FOR 3 MAIN CATALOGS
All items FOB Lincoln  Money Back Guaranfee

SURPLUS CENTER

DEPT, EW-097 LINCOLN, NEBR. 6860i

CIRCLE NO. 91 ON READER SERVICE CARD
106

PLANS AND KITS

TEACHERS—Students build visual aid. Four
tube regen. RCVR.; four individual etched
printed circuits, 3“x5"” ea., connectors, plans
$3.00. Plans 50¢. Teacher, 1751 Greek Dr.,
San Jose, Calif. 95125.

INTEGRATED CIRCUIT KITS; COMPUTER LOG-
IC; parts; others. Catalogue free. Kaye Engineer-
ing, Box 3932, Long Beach, California 90803,

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-9, 6801 Hillcrest, Dallas,
Texas 75205.

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton. Dallas, Texas 75201.

IMPROVE YOUR BUSINESS OPPORTUNITIES BY
ADVERTISING IN THESE COLUMNS. Reach the
largest audience of Electronics Professionals
any medium can make available. A low cost ad
here (70¢ per word, minimum $7.00) can vir-
tually guarantee a profitable return in additional
mail order sales responses for you. Use the
handy order coupon printed in this section.
Mail it today to: Hal Cymes, Classified Ad Mgr.,
ELECTRONICS WORLD, One Park Avenue, New
York, New York 10016.

ELECTRONICS WORLD



l e S A N A A | A i
ALL NEW! |\
CHOOSE
pndretti Gops . ANY
usio Cub Lo \ sy00 \

$ WORTH OF I .

B TRANSISTORS
\ fREST | Tem
= oiooes x i1 FREE

Add 25¢ for handling | ing

.BOTH FREE WITH ANY $10 ORDER
5" $1 SEMI-KON-DUCTORS

TESTED

[]2—85 WATT 2N424 PLANAR, silicon. TO-53 npn $1
[IDUAL TRANSiSTORS [] PNP (2N2807) [0 NPN
2N2060

[J4 2N170 TRANSISTORS, by GE, npn for gen’l rf ..$]
[J10 3 Amp RECT's, slud: silicon, to 800 V no test $1
[]4-——2N255 POWER TRANSISTOR EQUALS. $1
[110 PNP SWITCHING TRANS'TRS. 2N404.
[]2N3088 **N'' Channel FET'S Very High Input Z . .$1
[15 2N107 TRANS'TRS, by.GE, pnp, pop, audio pak $1
D'3—2N1613 3W NPN SIL. 120 mc, by ‘“Rheem’’ . .$1

[ 3—45 AMP POWER RECTIFIERS, stud, silicon. ..$1

RRGLUIE siticon RecTiFiERs |
&,

FIRST TIME
EVER
PUBLISHED!

\

1]

[013—40W NPN SILICON MESA 2N1648, transistor $1)

no test $1

st MOVIN'

ale

6-MONTHS’ GUARANTEE

Poly Paks, the only company of its kind in the world

due to its tremendous purchasmE power, quality and

;asct%)‘llEtReTsltslré% ?rocgdures GUARANTEES  all items
or 6 months or you

A ‘FIRST' ANYWHERE ey, e

& Qﬂ Sale -“'TEXAS"
0 7 INTEGRATED
sranD New CIRCUITS

A ‘FIRST' ANYWHERE

and USAC winners, and personality wrap-
ups on the top drivers in every category
of racing.

SILICON POWER STUD RECTIFIERS

Sale PIV  Sale PIV  Sale
() with data chare.
e it e i’ 1(533 H ;: l;&? 8 33: ;ggg H ,920 1 sN7360 Quadruple 2-input NAND/NOR Gate m
200 [] 9¢ 1200 [J 59¢ 3000 T[] 1.90ofl )} SN7400 Quadruple 2-inputPositive NAND Gate
These are the men who made the head- 400 [0 11¢ 400 [ 694 4000 O 2.5 BSN'SOJJ Dual 4-input Expander Y
lines in 1966—the top drivers who walk- 600 [ 19¢ 1600 (| 89¢ JL1SN15832 Dual 4-input Expandable Buffer b
ed off with the big prizes! And this year, 5 =T L1 SN15846 Quadrupie 2-input NAND Gate “ ool
there’s a new headline-maker that's re- O1o pN:?"svff??S‘H“?’Nc“r’?zﬁ‘ﬁsﬁ'?'éns b 1 S 13 Planar diode array
quired reading for racing enthusiasts! 1 4 2N43 OUTPUT TRANSISTORS, by GE, pnp, TOG .§1 _ % —
It's the CAR and DRIVER RACING AN- ] 1—IGNITION SWITCHING TRANSISTORS, 10 AMP §1 L] SN7304 Dual JK Flip-flop. Preset/Clear
NUAL—the first one ever published! (] 25 GERMANIUM & SILICON DIODES. no test . .. .$1 [] SN7453 Quad AND/OR Invert s O
) [ 25 TOP HAT RECTIFIERS, silicon, 750 ma, no test $1 L1 SN7473 puat Master/Slave Flip-flop £ Q
It contains complete box scores of every ] 2—1000 MC-TRANSISTOR 2N918 NPN SILICON . .§1 [ SN7490N Decade Counter Q e T
major event in this country and abroad, 14 2N333 NPN SILICON transistors, Transitron . .$1 [T sN7481 9.bit Shift Register XN o
i ; i i []4 BIDIRECTIONAL TRANSISTORS, 2N1641 ¥ - 8 J
including order of finish, equipment and 1 To “NPNISW : [| SN13848 Fast-rise-time J-K/R S ¥Ub-tiop Q
official times . . . over a dozen feature 2Bl Loyt R Sty L ‘ =
stories of individual races—Indy, Day- £115 NPN TRANSISTORS, 2N85, 170, 440, no test §$1 [ VISIT OUR BARGAIN ‘RETAIL' STORE
tona, LeMans, Watkins Glen, the Nation- [ 30 TRANSISTORS, f, If, audio osc-ifs, TO5 no test $1 p
al Drags—all of them . . . plus the cham- ‘[jllgoF?RNAgus K722 TRANSISTORS, pan no test . .47 211 ALBION ST., WAKEFIELD, MASS.
] 1 v audlo, no test, TO3 no test H

pions of the year, FIA, SCCA, NASCAR I i -';Rsxg's‘sms i) g A z: Across_Transitron

WORLD’S
MOST POPULAR

$1 PARTS PAKS

ZIFF-DAVIS SERVICE DIVISION e DEPT. RA

595 Broadway, New York, N.Y. 10012

YES! Send me the new CAR and DRIVER RACING ANNUAL. !

{1 $1.25 enclosed, plus 15¢ for shipping and handling.
Send me the regular edition. ($1.75 for orders out-
side the U.S.A.)

[ $3.00 enclosed. Send me the Deluxe Leatherflex-hound
edition, postpaid. ($3.75 for orders outside the U.S.A.)
Allow three additional weeks for delivery.

yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412.

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 310 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-

e TG e SEARCH, ZD-3, Box 669, Mineola, N.Y. 11501.
address STOP BURGLARS THE EASY WAY! Affix au-
- thentic ‘‘Protected by Electronic Sentry Alarm”
city Decals to auto windows, doors & windows of

< home, retail stores; vending machines, etc.
state Zip code Whether you have an alarm or not—thieves stay

PAYMENT MUST BE ENCLOSED WITH O_RDER
00000000000000000000000000
September, 1967

away! Only $1.00 for each set of two. J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432. Dept. EW.

' AMPS . ctor¥ 50 PIV 100 PIV 2
The RACING ANNUAL is an almanac of 3 fgfw O 7¢ 0O ¢ Doo ,’7')’ [] 30 “‘YELLOW'® MYLAR CONDENSERS, asstd val $§1
competition information covering the 15 O 22¢ 0 40¢ 0 65¢ LI 60 CERAMIC CONDENSERS, discs, npo’s, to .05 $1
entire year of 1966—as a reference book 45 i 0 75¢ [J 90¢ O 1.25 [ 60 TUBULAR CONDEN'RS, to .5 mf, to 1 Kv, asst $§1
Py 5 f 160 LSS [J 2.50 0 2.95 ] 4.05 [J 40 DISC CONDENSERS, 27mmf to .06mi to 1Kv $1
it's the finest, most complete manual o I es Al =%
: - h H . 250 O 4.50 O s5.50 [] e.89 [ 60 TUBE SOCKETS, receptacles, plugs, audio, etc. $1
its kind—as a thriller, it brings every ; [] 30 POWER RESISTORS, 5 to 50W. to 24K ohms §1
suspenseful heat back to life with lavish AMPS 400 PIV 600 PIV 800 PIV 1000 PIV [J] 65 HALF WATTERS, asst incl: A.B., 5% too! . ..$]
use of dramatic photos, and words that G T2l MY {a 40¢ E s;; S 60 %?Uﬁsugkskgﬁ 1, z;v, 1% &5 ,; \'nl'ucs :
S L inish! 15 90¢ [] 1.35 1.59 1. 10 E CONT to 1 meg, switch too! ..
Tl B Tl 45 B 1.5¢ O 190 [0 2.50 [J] 2.95 [J 10 ELECTROLYTICS, to 500mf, asst FP & tubulars $1
Better order yours now . . . without the 160 [J 575 O 7.50 [0 9.25 [J 10.95 [J] 50 RADIO & TV KNOBS, asst. colors & styles . . .$§1
RACING ANNUAL, you're buried at the 250 [] 9.59 [J 12.50 [J 15.00 [J 19.95 [J] 4 TRANSISTOR TRANSFORMERS asst. worth $25 $§1
tarti i With it re really with [] 40 PRECISION RESISTORS, %%, 1, 2W; 1% values $§1
pSragtingyineguvtfLEy ol y [ 40 CORNING *'LOW NOISE' resistors, asst. - . . §]
it! Use. the coupon below to get your o SILICON SILICON [ ] 10 PHONO PLUG & JACK SETS, tuners, amps ...$§)
-copy with the utmost speed—after all, i w\, CONTROLLED TUBE SPECIALS 50 TERMINAL STRIPS. 1 to 8 solder lug types . .$1
speed is what you’re going to get! ¥ie
p y going to g ¢ ;REC1;|FIERS []BU4GB . ... 239 MAIL  ORDER  ADDRESS
6
PRV als amsanis 10O¢ OR OUR “VXMAS” ' BARGAIN CATALOG ON:
50 48 707] 80 ¢ I Semi(sndu('eu [J Poly Paks [ Panis
R e 200 Hi.05 31 Sar 70 Y ESeimntmek noey
ED} A i e—a
and DRIVE;rRIXéI G ANNUAL is I|SD°IVII|- [ s 300 1.60 ;gg ;;g o L per p'\k 1 l . Rated, net 30 days.
able in a splendid deluxe edition. Rugged = = 400 2‘10 . Do
Leatherflex cover provides lasting protec- f - Z 300]2.70 2 Am P O BOX 942W
fon e ity tstred 1od it oc: S 800 D300 53000330001 4 A L |
S S or o "
I:ctoers item—a superb addition to your / 0 03 30L.13.90 1000 PIV PAK-KING'' of the Worl
Kiﬁ"'?t"?"§o’ﬁ§TTQ£'?u§i"§§"ﬁg%73 i ; CIRCLE NO. 99 ON READER SERVICE CARD
when you check the' appropriate”box § TEN Winemaking Recipes and Winemaking Sup-
T / _J' by MISCELLANEOUS plies catalog. 10¢. Country Winemaker, Box
. i h s
WINEMAKERS: Free illustrated catalog of 24P EGAAFeningoNiBMassachusetisA08173

GENUINE DIGGER AUSTRALIAN ARMY SLOUCH
HATS! Sizes 61, to 8% ”. Cost & Post. $10. A.
Unger, “The Ranch"”, Alectown, N.S.W. Australia.

AS YOU SCAN THESE COLUMNS, more than
185,000 monthly buyers of ELECTRONICS
WORLD are doing the same. These men are all
Electronics Professionals—individuals involved
actively in electronics from a business or hobby
viewpoint—they are doubly interested in those
advertisements which will enhance their careers
or their leisure hours. They look to the pages
of the ELECTRONICS MARKET PLACE for prime
sources of products and services of interest to
them. They will buy from you if your advertising
appears regularly in their favorite magazine.
Use the handy order form printed in this section
or write today to: Hal Cymes, Classified Adver-
tising Manager, ELECTRONICS WORLD, One
Park Avenue, New York, New York 10016. RE-
MEMBER: November issue, on sale October
19th, closes September 1st.
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READER READER
|] SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.
|
125 Allied Radio ....ococeereveeriiericnennnn. 53, 54 102 Motorola Training Insfitute ............ 86
American Institute of Engineering 101  Multicore Sales Corp. ..ccovvevverrrvernan 101
& Technology ....cooovviiiiiiiiinnnn, 66
e _— Arcturus Electronics Co. ooovviiniennns 103 100  Music Associofed ...coicviiiiiiennn, 94
, ) .
: > : - 124 Belden Corporation 78, 79 . . :
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| |
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‘--._@_—--- @ % 122 Cleveland Institute of Electronics QLR
R | ) . S e vt e | L 62, 63, 64, 65
=i - ‘_’l"] - 196 Power Designs, Inc. ..cocovviccennnnnnne 108
ek < ! " 121 Cleveland Institute of Electronics .... 67
RCA Electronic Components and De-
. ! VACES e o egten. S g FOURTH COVER
120 Cleveland Institute of Electronics .... 93
CI RCUIT 119 Delta Products, Inc. .oooevveeveiirinriennnnns 55 RCA Institutes, Inc. .......... 72, 73,7475
118 Edmund Scientific Co. wooooooovooerre.. 105 G e | e M L el
CoLp = Lo mll. L R 1
POWER SOURCE ||| . Noice, Inc .. SECOND
175 sefortice JigW IS REONIL oY 97 Sams & Co., Inc., Howard W, ... 12
0-6VDC, 0-3A : -
1 o W
L§™ Elsciignis Chemisel Corn & 123 Seniry Manufacturing Company .... 94
NEW 115 Electronic Components .........ccccouuu. 103 S ure B S a7 b Bhe s 17
Fals Radio 8dias ... b qiigat e i 104 .
88 Solid State Sales ......ccccoeivrivirennnnne 105
Overvoltage
& overcurrent Vg DHEYSLMPETTRINE. .o it JIeTe 94 Sonar Radio Corporation ................ 81
crOWbar PrOteCtIOI‘I (2% ORI SueRh CdiiRaty ;.. 103 93 Sony/Superscope, Inc, ....ccoovieieeene 68
113 Goodheart Co. Inc,, RE. .oociveeennnn. 105
Avoids damage to delicate integ- 92 Sprague Praducts Company ............ 95
DE CIrC.UItS due to intemal power 112 Gregory Electronics Corporation ....106 91 Surplus Center wovicvrereverivunrieneenans 106
supply failure or load current runa-
WPk 111 Heath COMPANY -..ccvvevivoerverrrreiorenn 82,83 1997 Syivan e n S L L 5
e .01% plus 1 MV regulation
Institute of High Fidelity ................ 7 Q0  Sylvania ...ooeveciiienccinenee e 14, 15
¢ 1 MV peak-to-peak ripple
e Continuously adjustable current 110 International Crystal Mfg. Co., Inc. 13 RO NAILE W e L 87
limiter
109 Jensen Manufacturing Division ...... 6 198 Texas Crystals ....cooccocvvvrieeineiiiennnne 67
e Coarse and fine voltage adjust-
ment with 1 MV resolution, 1 ' io Electronics ....... 1 2181 eigiHleetricgl InSitsn s
08 Lafayette Radio Electronics .......01, 92 o THIRD COVER
;(iDj'ngs(;) 107 Lampkin Laboratories, Inc. ....c.cc.... 66 87 Universily Sound
200 Lesa of America Corp. ............ Valparaiso Technical Institute ........ 60
FOB -WESTBURY, N.Y.
106 Magnecord Sales Department ........ 76 86 2 ViKind™ <idl oreen 1 - i e sl 0 60
| il ' b
I]' I 105 Mallory & Co. Inc, P.R. i, 2 85 Weller Eleciric Carporation ............ 71
104  Microflame, Inc. .oooeeevricviiniienereene. 81 84 Xcelite, Inc. .ooeverevrnniicrenenee e 4
POWER DESIGNS, INC.
1700 SHAMES DRIVE ¢ WESTBURY, N. Y. Morhan National Sales ..........cccc...... 69 831 LZanifhy ... Tl N 77
516 EDgewood 3-6200 TWX: 510-222-6561
POWER DESIGNS PACIFIC, INC. 103 Mosley Electronics, Inc. covieccvinnnnns 69 B2 Zenithyarm. ... oomeitiee then s s 0, e 99
3381 JUNIPERO SERRA ¢ PALO ALTO, CALIF.
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ONE MILLION OHMS PER VOLT

V=0=M

Model 630-M
VOLT-OHM-MICROAMMETER

$210.00

Suggested U.S.A. user net

Triplett Mode! 630-M features the input imped-
ance of a VTVM with the convenience of a V-O-M.
The 630-M’s sensitivity is derived from the singular
achievement of its basic O-1 D.C. microampere
movement. The 630-M incorporates no amplifiers,
no warm-up, and no power requirements. Model
630-M is a true V-O-M whose engineering excell-
ence is based on 60 years of instrument manufac-
turing, and contains the top quality associated
only with Triplett,

AT 1MW
:ﬂmlﬂ

vy B TAYE ST

et ' ! 1 1,000,000 ohms per volt D.C. for greater
HIGH - accuracy on high resistance circuits.
VOLTIIR: , 20,000 ohms per volt A.C.

PROBE e 12 " 1 ua Suspension Meter Movement. No
B 0. - “:f;:v:;\ < 2 pivots, bearings, or rolling friction. Ex-

FAUTION LA yoh tremely rugged. Greater sensitivity and
repeatability.

3 61 ranges, usable with frequencies
through 100KC. Temperature compen-
sated. 1%2% D.C. accuracy, 3% A.C. in
horizontal position.

L INSTRUMENT COMPANY, BLUFFTON, OHIO

1RCLE NO. 95 ON READER SERVICE CARD

TRIPLETT ELE(Z'I"RI\'.'.!Ac



Build your own
motor speed control

with RGA experimenter

-
—
INCREASE
R

Control Motors With Name Plate Ratings Up to 6 Amperes. Lor0 ol A0 e
Available from Your RCA Distributor

Now, using two RCA Silicon Controlled Rectifier Experi-
menter Kits (KD2105) together with additional passive com-
ponents, you can build a motor speed control for ac/dc uni-

versal motors
6 amperes.

RCA’s twin-kit circuits offer you flexibility in that you may o™
control any one of many individual tools or appliances such as

. . . . o -==c3‘ Rg R
half-inch power drills, jigsaws, buffers, floor polishers, and 0gi0s Tesour %470 sex
mixers.

.00 ueF]
k02103 ~[Kn2103

cz2l WP g
KD210C |0,01 uF] KD2103 | [KD2103

(series wound) with name plate ratings up to

The RCA Experimenter Twin-Kits are part of a complete
program fully explained and illustrated in the new 136-page

Experimenter’s Manual KM-71 on sale at your RCA Distrib-
utor. In it you'll find detailed information on more than 24

=
RCA wm e o
Experimenter's
Manual

Technica) Series KM-71

RCA Electronic Components and Devices, Harrison, N.J. 07029

The Most Trusted Name in Electronics

®

different and useful circuits you can build in-
cluding 6- and 12-Volt battery chargers, lamp
dimmers, audio frequency operated switches,
and heat and light-operated switches.

Check with your RCA Distributor on RCA
Experimenter’s Kits. Select the kit or kits for
the solid-state circuits you have in mind. Do
it today.

......
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