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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends VOU Ui o o e

learn the WHY of Electronics, Communica-
tions, TV-Radio the NRI pioneering “3-Dimensional’ way. NRI training is the result of more than
half a century of simplifying, organizing, dramatizing subject matter, and providing
personal services unique for a home study school. You get the kind of technical
training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NRI—The 53 Year Leader in Electronics Training

APPROVED UNDER
NEW GI BILL . ... ......

since January 31, 1955, or are in ser-
vice, check Gl line in postage-free card.
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Earn $5 or more an hour
spare or full time in

TV-RADIO
SERVICING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainment equipment like portable
radios, tape recorders, hi-fi sets,
phonographs and auto radios. TV-
Radio servicing is one of your best
routes to spare-time earnings, a
good paying joborabusiness of your
own. NRI not only trains you quickly
and expertly, but also shows you
how to get started in Servicing soon
after you enroll, earning as you
learn. NRI trains you in today's
methods of installing and repairing
all Electronic equipment for the
home—including booming Color TV.
You even build, experiment with and
keep to enjoy your own solid-state
radio and your choice of black-and-
white or Color TV receiver. Like
thousands of others, you can be
earning $5 or more an hour extra in
spare time starting soon.

There’s money and
success awaiting you in

BROADCASTING —
COMMUNIGATIONS

The experience you gain from in-
tensely practical NRI training in
Complete Communications equals
as much as two years of training on
the job. With NRI, you can train fora
choice of careers ranging from mo-
bile, marine and aviation radio to
TV broadcasting and space commu-
nications. You learn how to install,
maintain and operate today's re-
markable transmitting and receiving
equipment by actually doing it. You
build and experiment with testequip-
ment, like a VIVM you keep. You
build and operate amplifier circuits,
transmission line and antenna sys-
tems, even build and use aphone-cw
transmitter suitable for transmission
on the 80-meter amateur band.
Whichever of five NRI Communica-
tions courses you choose, you pre-
pare for your FCC License exams,
and you must pass your FCC exams
or NRI refunds your tuition in full.

Move ahead in America’s
fast growing industry as

ELECTRONICS
TEGHNICIAN

Electronics touches everyone's lives.
This vast field of opportunity is open
to you with NRI training. Industrial/
Military Electronics training—like all
NRI courses—prepares you quickly,
thoroughly the practical **hands on’’
way. You build with, and learn toun-
derstand the functions of, today's
miracle sclid-state components like
printed circuits, diodes and transis-
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data processing, ultrasonics,
telemetry. Whatever your interest in
Electronics, NRI training can fill your
needs. Prove to yourself what nearly
amillion NRI students could tell you
...thatyou get more for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NR1 Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI —s.ic, st

explore, discover. Everything you see here is included in one NRI course—including Color TV. Other
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit,

dollar for dollar—you get more
for your money from NRI.
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‘Special introductory offer to new members of the

404/437
SOURCEBOOK
OF ELECTRONIC
CIRCUITS

by J. Markus

Pub. price, $19.75
Club price, $14.75

A494/754

ENGINEERING
MANUAL, 2/e
by R. H. Perry

Pub. price, $12.50
Club price, $10.65

A523/401
CHARACTERIS-
TIGS AND
OPERATION OF
MCS FIELD-
EFFECT DEVICES
by P. Richman

Pub. price, $10.00
Club price, $8.50

391/432
DISPLAY
SYSTEMS
ENGINEERING

by

H. R. Luxenberg
& R. L. Kuehn
Pub. price, $16.50
Club price, $11.95

A037/604
DIGITAL LOGIC
AND COMPUTER
OPERATIONS
by Baron &
Picclelili

A286/507
SOLID-STATE
ELECTRONICS
by R. G. Hibberd

Pub. price, $9.50

Club price, $7.95 Pub. price, $14.50

Ciub price, $11.95

350/434

DIGITAL
COMPUTER
USER'S
RANDBOOK

by M. Klerer &
C. A. Korn

Pub. price, $27.50
Ctub price, $23.35

389/608
PRINCIPLES OF
DATA COM-
MUNICATION

by Lucky,
Weldon & Salz
Pub. price, $14.50
Club price, $11.60

A347/506
ELECTRONIC
DIGITAL
TECHNIQUES

by P. M. Kintner

£565/031
AMPLIFIER
HANDBOOK
by R. F. Shea

Pub. price, $37.50

Pub. price, $12.50 Club price, $29.50

Club price, $10.65

Save time and money by joining the
Electronics and Control Engineers’ Book Club

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

How the Club operates: Basic to the Club’s service is its publi-
cation, the Electronics and Control Engineers’ Book Club
Bulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club's featured book of the nmonth as well as alternate selections
which are available at special members’ prices.

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

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

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

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

A126/070
PRINTED

AB37/377
TRANSISTOR
CIRCUIT CIRCUITS
DESIGN HANDBOOK

by Texas by
Instruments, C. F.Coombs,
Inc., Staff Jr.

Pub. price, $16.50
Club price, $13.95
A610/037

MODERN
COMMUNLCA-

TION
PRINCIPLES
by Stein &
Jones

A259/607
COMMUNICA-
TION SYSTEM
ENGINEERING
HANDBOOK

by
D. H. Hamsher

Pub, price. $15.00
Club price. $12.75

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
582 Princeton Road, Hightstown, N.J. 03520

Please enroil me as a member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to reccive the bonus for just $1.00, and my first selection at the
special Club price shown. These books are to be shipped on ap-
proval, and 1 may return them both without cost or further obliga-
tion. If I decide to keep the books, 1 agree to purchase as few
as four additional books during the next two years at special Club
prices (approximately 157 below list).

Wrlte Code No. of Write Code No, of

bonus book firsl selection
here here
L || |
Name_ = —
Address_
City ——
Stale Zip

E-33146

Pub. price. $17.75
Club price, $14.95

Pub. price, $29.50

Club price, $24.95

CIRCLE NO. 23 ON READER SERVICE PAGE
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Every record
you buy is
one more reason
to own a Dual.

If you think of your total investment in
records — which may be hundreds or
even thousands of dollars — we think
you'll agree that those records should be
handled with the utmost care.

Which brings us to the turntable,
the component that handles those
precious records. Spinning them on a
platter and tracking their fragile grooves
with a diamond stylus, the hardest
substance known to man.

For many years, serious music lovers
have entrusted their records to one make
of automatic turntable — Dual. In fadt,
most professionals (who have access to
any equipment) use a Dual in their own
stereo component systems. And not
always the highest priced mode.

So the question for you to consider
isn't which Dual is good enough, but
how much more thangood” your
turntable has to be.

This question can be answered in our
literature, which includes complete
reprints of independent test reports. Or
at any of our franchised dealers.

United Audio Products, Inc.,

120 So. Columbus Ave., Mt. Vernon,
New York 10553. M

Dual 1209, $129.50.
Other models from $99.50 to $175.00.
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DIRECT (& CURRENT

_J

Third in a Monthly Series by Oliver P. Ferrell, Editor
ABOUT READER MAIL

Several years ago, an associate proposed a unique solution
to the problem of how to handle reader mail—never answer
a single letter! Undoubtedly he was embittered by the seemingly
endless flow of letters from PopuLArR ELECTRONICS readers.

Trying to answer reader mail is admittedly a moral obligation
for the magazine—especially in regard to published material.
However, all readers may not be aware that, as much as the staff
would like to help solve reader problems, it is frequently
impossible. Permit me, on behalf of the staff, a moment to review
the problem and explain why some inquiries go unanswered:

1 Cost. Answering the average inquiry costs more in manhours
than the magazine recoups from a one-year subscription.

2 Validity. The average inquiry wants us to change into
something else something that has already been published;
frequently an incredibly complex redesign of the entire project.

3 Out of Date. An amazingly high percentage of inquiries
dea!l with material published 3 to 10 years ago involving projects
using components no longer available and lacking substitutions.

4 Referrals. The average inquiry is addressed to the author
and an answer is expected over the author's signature. Only one
out of 20 authors has the time and research facilities to answer
reader inquiries; as much as he may appreciate the interest
in his work.

5 Volume. Last year, PoPULAR ELECTRONICS received an average
of 900 letters and postcards each month that might be categorized
as reader inquiries. (We are not referring here, of course, to
the use of the Reader Service Pages.)

In one recent batch of mail, the inquiries included the
following samples: design of a recording studio fader console;
comparison of various CB transceivers; pleas for free subscriptions;
detailed theoretical analysis for a Science Fair project;
complaint about absence of Carl & Jerry series; 17 modifications
of the “*Mini-DVM'", 9 requests for clarification of JK flip-flop
article; plans for 14 different speaker enclosures; etc., efc.

The above skims the surface of the probtem and is written
to show that we are aware of the need for a quick advisory
service. The staff attempts to answer as many inquiries as time
will permit, but those answered are still a fraction of the
incoming mail. Any suggestions?

November, 1970 7




SAMS BOOKS

ESPECIALLY FOR THE BUILDER
Hi-Fi Projects for the Hobbyist

Easy-to-build projects include: rumble filter, noise
filter, high-gain antenna, transistorized microphone
preamp, etc. Also explains how to improve existing
high fidelity systems and how to check them out for
optimum performance. Order 20222, only ..$2.95

101 Easy Ham Radio Projects
A selection of easy-to-build, inexpensive circuits
for a variety of worthwhile ham devices. Provides
brief descriptions, construction hints, diagrams,
and parts lists; includes substitution guide appen-
dix. Order 20674, 0nly.........ccvvuun.. $3.95

ABC’s of Electrical Soldering

An invaluable book on the art of soldering—what
it is and does, how to make a good connection,
how to make solder repairs. Explains solder alloys,
fluxes, soldering irons, and instant-heat guns.
Order 20627, 0nly...c.covuieinininnnnnn. $2.95

| ik Pemjesls
i Vot |

49 Easy Transistor Projects
Provides simple, easy instructions, schematic dia-
grams, and parts lists for building a-m and fm
radios, light relay controls, audio amplifiers, code
practice oscillators, and test equipment, using in-
expensive parts. Order 20617, only....... $1.75

How to Build Electronics Projects
Provides complete description of methods and tools
used in construction. Discusses proper circuit lay-
out, metal chassis and panel layout, and drilling
and punching. Also includes information on semi-
conductor and etched-circuit boards construction.
Order 20670, 0nly. . ..covveiinnninn... $2.95

101 Easy Audio Projects
Furnishes complete instructions for building sim-
ple, inexpensive audio projects with the imagina-
tive use of many spare parts found in old radio and
TV chassis. Includes intercom systems, wireless
microphones, phono and power amplifiers, and
a-m tuners. Order 20608, only........... $3.50

r-—HOWARD W. SAMS & CO., INC, -7

Order from any Electronic Parts Distributor,
or mail to Howard W. Sams & Co., Inc. Dept. PE-110
4300 W. 62nd St., Indianapolis, ind. 46268

I Send the following books: Nos.

$ enclosed

Name

Address
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THE “NEW LOOK"”"—PRO AND CON

Congratulations! I had long ago decided
that you people thought that your readers
were either idiots, senile, or both. I am glad
to see you doing articles more ambitious than
how to add an S-meter to your radio. I es-
pecially like the idea of Hirsch-Houck Lab-
oratories checking out all audio projects. One
of my pet peeves has always been the very
sketchy, incomplete or nonexistent specifica-
tions on preamps and power amps.

Double congratulations to Mr. Holt on the
““Stereo Scene.” I was beginning to think that
I was the only person who considered most
American-cut discs not worth buying. I long
ago switched to EMI and London pressings.
I had also dropped all of my audio-type maga-
zine subscriptions since I was getting weary
of reading ““good buy” test reports for every-
thing on the market.

R. T. TAaYLOR
Lincolnton, N.C.

The new format is cold and seems to be
a collection of news releases. Missing is the
friendliness that we have known for so many
years. The typography is excellent, but to this
reader it is just plain cold type.

J. A. STAUHS, WA2BNF
Belleville, N.J.

The new “Product Gallery” makes more
sense than reproduction of a lot of slick,
insipid press releases from the pen of some
brainless continuity writer. Go to it!

C. T. WEATHERFORD, JR.
Roscoe, N.Y,

The new cover design is sharp, but the
editorial content is insipid! PorpuLArR ELEc-
TRONICS has taken a posture much like the
professional journals in electronics. If the
September issue is an example of the plans
for the future, your magazine is of no more
use to me.

W. C. GANSCOE
Chicago, I11.

I am pleased with the new look and format,
especially the new “Communications’” column
and your regular column, “The Product Gal-
lery.” I feel that PepuLAR ELECTRONICS is worth
its weight in gold.

R. R. HaLL
Madison, Tenn.

Changed format? Yeah, you’ve done that
all right and apparently changed the po-

8 POPULAR ELECTRONICS




Suddenly
WETE a

household word.

SWR MOD POWERS NOISE LIMITER

SWRCAL SOUELCH VOLUME

X New Cobra 25 CB Base Station 3

As if we weren’t famous enough already. Now we’re a household word.

Why? Because we’ve come up with everything you’ve been asking for in a CB
radio designed for the home (or for that matter, any place a base station is used).

It’s called the Cobra 25. You have to see it to believe it. Hear it and you'll be
convinced.

Ultramodern new solid state circuit design gives you the biggest talk power in
the industry—full 5 watts input, maximum legal output up to 4 watts.

And exclusive Dynaboost speech compression puts your message through crisp
and sharp, even when others are garbled and unclear.

The word is spreading fast about the new big talking Cobra 25. Shouldn’t you
have one for your household or communications center?

See your dealer or write us for complete details.

The ultimate in solid state circuit design with selective dual-conversion superhet receiver.
Ceramic filter. New' Delta Tune control to reduce off-channel interference. FET’s in the
critical mixer stage to eliminate cross talk. New integrated circuit (IC) in the IF stage
for greatest gain in the smallest space 2= with lifetime dependability. Exclusive
Dynaboost speech compression. Sepa rate power and SWR meters. 5 watts
input. 100% modulation. PA system. _, 23 channels with crystals included.

Cobra 25 O br a ¢ b Product of DYNASCAN CORPORATION

$228 00 1801 W. Belle Plaine Chicago, llinois 60613

The Biggest Voice in CB Radio

CIRCLE NO. 10 ON READER SERVICE PAGE
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tential subscriber group since the entire issuc
says to me, “To hell with you stupid pcople,
now all of us brilliant electronics M.A.’s and
PhD's are going to communicate with all of
our brilliant colleagues.”
You had a good thing, and, like I said, you
blew it!
R. B. ORrForD
Rochelle, 111

The “New Look” is great ! ! !
Jay CARPENTER
Berryville, Va.

I must tell you that your ‘“New Look” is
a big disappointment. You have apparently
decided to eye the well-padded pocketbook
of the hobbyist with more money than know-
how.

J. FEAGANS
Tallula, I11.

To J. Gordon Holt: Welcome! Welcome!
At last someone is saying the things I would
like to say in the way I would like to say
them. Bravo! Don’t change a thing!

Jack O'RyYAN
Northfield, Ohio

I have recad and subscribed to PopPULAR
ELECTRONICS for years for two reasons, Hank
Bennett's and Herb Brier's columns. Now you
simply tell us non-builders to go jump in the
lake.

Dr. C. SCHWARTZBARD, WB2IWH
Clifton, N.J.

I congratulate you and your colleagues on
the “New Look.” I am especially pleased with
your entry into the experimental areas of
digital and computer equipment. I hope that
your “Direct & Current” editorial series will
occasionally wax philosophic and deal with
thc problems related to broadcasting, such
as definition, establishments, recognition,
maintenance, protection of rights, etc.

N. E. ANDREWS
Eastonton, N.J.

I have two complaints about your “New
Look.” First, I like the idea of more unique
and sophisticated construction projects, but
would like to see one or two simple ones
tossed in from time to time.

Secondly, I would like to see Roger Legge’s
material put back in the magazine.

S. KARKLIN
Pepper Pike, Ohio

Just received your September issue and
I'd just like you to know how much I en-
joyed it. I was debating whether or not to
continue my subscription after it ran out.
Not only do I like the new format style, but
also appreciate the new content.

D. R. Warp
Middlebury, Conn.

I thoroughly detest your “New Look” for
it leaves no great interest to the beginning
experimenter. I think you should devote at
least one project article in each issue to the

(Continued on page 95)
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GIVEAWAY

® Gettwo TDK SD cassettes free when you take home a

_=r | handy 10-pack, either C60SD or C90SD~you pay for eight

only! The two free cassettes are our 25% bonus to you—

our chance to make you a fan of TDK Super Dynamic tape,

the finest available anywhere, by proving that your ears

will hear the difference. The specially formulated oxide

_coating and binder extend your recorder’s high-frequency

‘response, cut down background noise, increase sound

® |evel and reduce distortion. Act while these special 10-for-8
giveaway packs last. This offer expires at midnight,

November 30, 1970.

I D KWorld's' der in tape technology since 1932.
®

TDK ELLECTRONICS CORP.

LONG ISLAND CITY, NEW YORK 11103

®
CIRCLE NO. 30 ON READER SERVICE PAGE
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NO UHF

UHF STRONG

UHF WEAK

UHF VERY WEAK

NO VHF YHF STRONG VHF MODERATE VHF VERY WEAK

AN 70-V14

s

VHF WEAK

§34.95

Al Prices Subject to Change

70-29B
$100.00

,,}
L

NOTE: Each model above is also avaflable with 75 ochm~coauial cable downlead and compact behind-the-sel batun-sphtter 1o match antenna system to proper set lerminals,

Select the antenna for your area from this chart

The set cho

Q
Q
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Q
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=
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=
O
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%
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o

the antenna cho

Send for iree Catalog 20-556

FINCO . i

34 West Interstate St., Degl. PE-11

Bedford, Ohio 44146

COMPANY

ZIP.

STATE

ADDRESS.

CITY.

CIRCLE NO. 14 ON READER SERVICE PAGE

11

November, 1970



“Semiconductor Device Digest.” The 20-page,
full-color, illustrated “short form” Digest re-
flects International Rectifier’s in-depth pro-
duct capability. Devices listed include SCR’s,
selenium rectifiers, zener regulators, power
logic triacs, high-power silicon rectifiers, sili-
con rectifier assemblies, light-sensitive de-
vices, etc. Each category of semiconductor
devices is presented in compact tables and
charts that give ratings, parameters, and
other important specifications. An additional
feature of the Digest is a complete alpha-
numeric cross-reference index of individual
IR device numbers to the corresponding Di-
gest page.
Circle No. 76 on Reader Service Page 15

To obtain a copy of any of the catalogs or o . . N
leaflets described below, fill in and maij the A “Quick Delivery Identification” system,
Reader Service blank on page 15. fea'turmg a three'-]evel popularity gradu}g
guide to automatically forecast the avail-
ability and required lead time for major com-
A colorful, six-page brochure available from ponent items, is highlighted in a new 36-page
Elpa Marketing Industries, Inc., covers the shortform catalog, No. 300B, published by
entire line of Thorens Transcription Turn- Ohmite Mfg. Co. The components described
tables. Listed are the new TD-150 MKII and in the catalog include resistors, rheostats/
the full line of TD-125’s. The brochure also  potentiometers, trimmer pots, tap switches,
lists the company’s line of turntable bases, variable transformers, relays, solid-state
dust covers, mounting frames, tonearmm power controls, r-f chokes and various design
mounting boards, and Thorens maintenance aids. The new identification system utilizes
equipment. Each item is illustrated and ex- bold- and light-face type and parentheses
plained. to indicate product availability based on
Circle No. 75 on Reader Service Page I5 nationally exhibited usage patterns. Also
available with the catalog is a copy of the
All International Rectifier semiconductor de- “Manufacturer’s Price Schedule,” No. MS-100.
vices are presented in a new publication titled Circle No. 77 on Reader Service Page 15

CADENCE —the musical instrurﬁwent speakers _

Making better, clearer, amplified sound waves
- is the THING Cadence does.. . better than
anything else in the industry. Cadence Speakers are built
to withstand heat from sustained notes at a high power
tevel and the vibrations and stresses which are continually
placed upon them. Cadence is guaranteed one full year
at the power level specified. This proven speaker
family has been selected by the manufacturers of most
of the world's fine amplified music instrumenis.

If making beautifut, clear sound waves is your
thing, ask for CADENCE SPEAKERS.

For complete information and the name of your
Cadence Dealer, write:

W UTAH ELECTRONICS DIVISION
Utah-American Corporation
7/ 1124 East Fronklin Street
Huntington, indiana 46750

" CIRCLE NO. 32 ON READER SERVICE PAGE
12 POPULAR ELECTRONICS




i N
ving Tubes « Prcure ubes ‘e ECG S:cond rE
]

The long awaited and newly revised Sylvania
Technical Manual is out. Complete and unexpur-
gated. The fantasy of every Independent Service
Technician. Written anonymously by an agile team
of Sylvania engineers. 32,000 components de-
scribed in breathtaking detail. Including thousands
of unretouched diagramsand illustrations. Discover
the unspeakable thrill of new color TV Tubes, listed
as never before. The ecstasy of 28,000 ECG Semi-
conductors.

From exotic Deflection Oscillators to a lurid ac-
count of Transistors and Rectifiers.

This book has what you want. Components for
the man who knows what to do with them.

The 14th Edition of the Sylvania Technical Man-
ual is not available in any bookstore. Your Sylvania
Distributor is discreet. Speak to him.

ANIA

GENERAL TELEPHONE & ELECTRONICS

November, 1970

“Electrifying”
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ssimci=ir- PROJECT 60

Sinclair Proj-
ect 60 mod-
ules may be
used together
or separately
in home or
professional
applications
requiring high
performance
at modest

- cost. Complete
Project 60 systems come supplied with necessary
hardware to enable you to easily install the modules
in cabinet or enclosure of your choice. The Project
60 modules are fully guaranteed for TWO YEARS. A
stereo FM tuner will be available shortly. If you have
not found the amplifier which meets your installa-
tion or performance requirements, the PROJECT 60
SYSTEM by Sinclair may be your answer.

The Sinclair Z-30/50 audio amplifier modules are of
advanced design, using silicon epitaxial planar tran-
sistors for ruggedness and reliability. The Z-50 is
basically the same as the Z-30 but uses higher cur-
rent output transistors. The Z-30/50 may be used in
numerous audio applications such as electronic
music and instruments, sound reinforcement and
laboratory work in addition to home stereo.

POWER OUTPUT: Z-30, 15 watts RMS; Z-50, 30 watts
RMS; Both into 8 ohm loads.

FREQUENCY RESPONSE: 20 Hz* to 300 KHz +1 db
at normal level. *adjustable to meet instaliation
requirements.

DISTORTION: Less than .02% at 1 KHz at any level
up to maximum rated output.

OUTPUT IMPEDANCE: 3 to over 16 ohms. . .. May be

«used with electrostatic speakers.

SENSITIVITY: 250 mV high impedance.

OPERATING VOLTAGE: As low as 8 Vdc with reduced

output.

SIZE: 3Y5 x 214 x Y inches

Z-30 $15.95 Z-50 $18.95
The Stereo 60 module is a matching unit in perform-
ance for use with the Z-30/50 modules but may be
used with other amplifiers. The Stereo 60 features
low distortion (less than .05%), three inputs, tape
output, RIAA equalization within 1 db on magnetic
input and operates over a wide voltage range from 9
to 50 Vdc. Size: 84 x 1!%; x 4 inches. $29.95

The Sinclair ACTIVE FILTER UNIT may be used with
the Project 60 systems plus specialized applications
requiring a continuously variable rumble and scratch
filtering system. The AFU uses SALLEN & KEY active
filter stages to provide rapid rejection of unwanted
frequencies (12 db per octave).

HF FILTER: Variable 5 KHz to 28 KHz.

LF FILTER: Variable 25 Hz to 100 Hz,

SINCLAIR ACTIVE FILTER UNIT ponaoanacaoa $20.95

POWER SUPPLIES
PZ-5: A standard 25-30 Vdc supply for use with the
Project 60 modules ........ ... .. . . . .. . . . 13.95
PZ-6: A regulated supply providing 35 Vdc (adjustable)
at 1145 amps for use with Z-30s when maximum
RMS power is required ,.............. ... $23.95
PZ-8: A regufated supply for use with the Z2-50 mod-
ules only when maximum power is required. 35-50
Vdc at 3 amps (adjustable) .............. $37.95
SINCLAIR PROJECT 60 SYSTEMS are available from
many dealers, If your dealer does not yet stock
Sinclair products, order direct from Audionics.

| AUDIONICS, INC.,

] 9701 S.E. Mill Street, Portland, Oregon 97216{

I Please ship the following:

| 0 #1 Two Z-30's, PZ-5 and Stereo 60.. ... ... $74.95
0 #2 Two Z-30’s, PZ-6 and Stereo 60. . ... ... 84.95

| O #3 Two Z-50's, PZ.6 and Stereo 60. . ...  90.92 |

| O #4 Two 2.50's, PZ-8 and Stereo 60. . . .. .. . 104.95 |

| Other.

| Name:

| Address

ICitye . state: Zip:

| All shipments F.0.B. Portiand, Oregon pe |

CIRCLE NO. 1 ON READER SERVICE PAGE
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SEMICONDUCTOR PULSE CIRCUITS
WITH EXPERIMENTS
by Brinton B. Mitchell

The technician must have a firm understand-
ing of circuit theory no matter what his
position. This book, then, provides the design,
analysis, and synthesis information of basic
pulse and switching circuits, introducing
these circuits in their simplest forms. The
text is organized into 20 chapters, each of
which presents a typical basic circuit. Cir-
cuit discussions include such information as
prerequisite theory, a design example, an
analysis example, an experiment consisting
of a design circuif problem or an analysis
circuit problem, and questions covering the
material. Throughout the book, the material
is geared to a technician level with emphasis
on the semiconductor active device as a
switch.

Published by Holt, Rinehart and Winston,
Inc., 388 Madison Ave., New York, NY 10017.
Hard Cover. 379 pages. $10.50.

SERVICING MODERN HI-F1 SYSTEMS

by Norman Crowhurst

This is a practical guide to repairing such
hi-fi items as tuners, amplifiers, receivers,
tape recorders, etc. The author developes a
rational and logical method of trouble-shoot-
ing virtually any type of hi-fi equipment to
find the cause of trouble. Beginning with an
analysis of modern system design in compari-
son with older concepts, new servicing tech-
niques required for solid-state devices, test
equipment requirements, testing procedures
for components, etc., are then introduced. To
aid the technician who is constantly faced
with a variety of component types, a chapter
is devoted entirely to transistor and diode
interchangeability. Also, to provide a thor-
ough understanding of the causes of compo-
nent failure, another chapter is devoted to
protection circuits.

Published by TAB Books, Rlue Ridge Sum-
mit, PA 1721} 224 pages. $1.95 hardbound;
$4.95 soft cover.

ELEMENTS OF ELECTRONICS,
Third Edition
by HY. Hickey & W.M. Villines, Jr.

This is an ideal book for technician-level
electronics survey courses with a communica-

POPULAR ELECTRONICS




Popular Electronics

free information service:

Here's an easy and convenient way for you to get additional information about
products advertised or mentioned editorially (if it has a “Reader Service
Number™) in this issue. Just follow the directions below.- .and the material
will be sent to you promptly and free of charge.

1 On coupon below, circle the number(s) that
B corresponds to the key number(s} at the bot-
tom or next to the advertisement or editorial men-
tion that is of interest to you. (Key numbers for
advertised products also appear in the Advertisers'
Index.) Print or type your name and address on the
lines indicated.

2 Cut out the coupon and mail it to: POPULAR ELECTRONICS,
m P.0. Box 8391, Philadelphia, PA 19101.

note- 1t you want to write to the editors of
B POPULAR ELECTRONICS about an article
. on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inguiries concerning circulation
and subscriptions should be sent to POPULAR
ELECTRONICS, P.O. Box 1096, Flushing, N.Y. 11352,

Void after December 31, 1970

Popular Electronics sz oo
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CB gets a first ever from Turner

Get the most out of your base rig. Put some-
thing new into it. Buy a Turner Modulation
Indicator and be sure of full modulation
every time. There’s no other way to keep a
steady eye on your signal. And nothing
could be easier to operate. Just work the
volume control on your Turner +2 or +3
microphone until the indicator shows 100%.
You'll get a clearer signal. You'll send it a
lot farther. Buy now. Be among the first to
own this handsome instrument with a black-
lucite and brushed-aluminum finish. Works
with all CB sets, comes with complete oper-
ating instructions. Features solid state con-
struction, plug-in installation, self-contained
standard 9-volt battery operation. CB users
net price $39.50. Manufactured in the United
States by the Turner Company, A Subsidiary
of Conrac Corporation, 909 17th Street N.E.,
Cedar Rapids, lowa 52402.

The Turner Company

CIRCLE NO. 33 ON READER SERVICE PAGE

tions emphasis. In its Third Edition, it is
one of the few books that provide detailed
discussions of bath tubes and transistors.
One of the special features is the inclusion
of a complete and self-contained chapter on
the theory, use, and basic circuitry of com-
puters, representing possibly the first time
computers have ever been dealt with in an
introductory-level textbook. And integrated
circuits are explained and detailed coverage
is given to thin-film and semiconductor tech-
niques.

Published by McGraw-Hill Book Co., 330 West
42 8t.,, New York, NY 10086. Hard cover. 709
pages. $11.95.

FILTER SYSTEMS AND DESIGN:
ELECTRICAL, MICROWAVE, AND
DIGITAL

by Yale Jay Lubkin

Using an informal but basically thorough
approach, this book is written to extend the
working engineer’'s knowledge of electrical
filters and to provide him with tools he can
use immediately. The text presents the funda-
mental concepts of filters; why and how the
various kinds originated; what types of prob-
lems they solve; and filter limitations. Some
of the concepts developed in this book have
never before appeared in print, and, while
they are rather advanced in nature, they are
nevertheless presented in an understandable
manner, Aimed at the engineer with curiosi-
ty, a job to do, and not much time in which
to do it, the book requires little math sophis-
tication. This book is also suitable for senior
and graduate level courses on filter theory
or as a supplementary text in courses on net-
work analysis.

i Published by Addison-Wesley Publishing Co.,

Inc., Reading, MA 01867. Hard cover. 212
pages. $11.50.

THE PHYSICS OF TRANSMISSION
LINES AT HIGH AND VERY HIGH
FREQUENCIES, Volume 1

by P. Grivet

From the scientific point of view, a trans-
mission line is an unusual structure in which
a variety of seemingly contradictory qualities
are united. It is especially valuable as a model
because it forms a simple, general example
in which travelling, standing, pure, and at-
tenuated waves can all be treated clearly and
thoroughly using both circuits and fleld
theory. Although these two dissimilar theories
are often regarded as antagonistic, the author
believes that a harmonious and fruitful as-
sociation between them is desirable. His gen-
eral approach in this book is in terms of
circuit theory, but he takes care to show the
links with field theory. This book will aid
physicists, microwave engineers, and elec-
tronics engineers who want familiarization
with new elements of circuit theory.

Published by Academic Press, Inc., 111 Fifth
Ave.,, New York, NY 10003. Hard cover. 451
pages. $22.50.
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UNIVERSITY JUST MADE YOU A
SOUND INSTALLATION EXPERT

-""":g University just invented TCS — Totally Coordinated
Sound systems so painstakingly pre-engineered anyone

‘can install them. Everything you need comes with each
» system: speakers, amplifiers, microphones, color-coded
pables, plus assembly and installation instructions. All

i ‘sg pre-engineered, pre-matched, pre-sized, for hundreds

of applications.

If you can twist a wire, screw a screw, push a plug into
a socket — congratulations! University just made you
a sound installation expert.

TCS = Totally Write for details today about how you can

Coordinated Sound nstall your own PA sound system tomorrow.

can nstall yoursel UNIVERSITY’SOUND

A CrviSiCn CF LTV LIRS L0 TIC.

CIRCLE NO. 34 ON READER SERVICE PAGE
November, 1970




NTS home training can put a
whole new way of life in the palm
of your hand. A new, exciting job,
a much bigger income is now
easily within your reach.

NTS training is something spe-
cial. We provide all the kits you
need for the most effective train-
ing. National Technical Schools
sends kits with every course, and
teaches you to build and test a

18

wide range of professional equip-
ment — the same kind of equip-
ment you'll actually use on the job.
That's the NTS “Project Method”
— training that's practical and
in-depth. You learn everything
from fundamentals to the latest
innovations. From beginning
to end, NTS makes it fas-
cinating and fun to learn this
way. And all you need is a little

\

NTS puts a whole new world at vour finuertins.

spare time and an interest in
electronics.

Each year, men are moving into
important new jobs, or their own
businesses, straight out of
NTS3 electronics training. NTS is
what's happening to men every-
where. Check the coupon. Take
hold of the career you want most.
Do it now. No obligation. No
salesman will call.

POPULAR ELECTRONICS



We pack vour electronics course with kits to make
your training fast. You'll eniov every minule of it

NTS COLOR TV
SERVICING

COLOR TV -
295 SQ. IN. PICTURE

NTS training provides an easy way
to become a protessional home-
entertainment service technician.
You receive a big screen Color TV
with many unique features. The unit
even includes self servicing equip-
ment that permits you to make all
normal test operations. No addition-
al test equipment is needed for ad-
justing your set. In_addition you get
an AM-SW radio, Solid-State radio,
Field-Effect Transistor Voit-Ohm-
meter, and Electronic Tube Tester.
You learn about Electronic princi-
ples and trouble shooting, hi-fi,
multiplex systems, stereo, and color
TV servicing.

NTS COMPUTER
ELECTRONICS

This is the future. And it's happen-
ing now. The number of computers
will increase many times in the next
few years.

Exclusive new
Compu-Trainer®

[ e e e T S T Y o
If card is missing

check coupon and
mail for free color
catalog and sample
lesson. Now.

National Technical Schools
4000 S. Figueroa St, Los Angeles, Calif. 90037
Please rush Free Color Catalog and
Sample Lesson, plus information on
course checked below. No obligation.
No salesman will call.

November, 1970

Receiver

NTS offers a solid grounding in com-
puter operation, wiring, data pro-
cessing and programming. One of
the 10 important kits included is our
exclusive Compu-Trainer®. It's a fully
operational computer logic trainer
— loaded with integrated circuits —
the first ever offered in home study.
1t introduces you quickly to how,
what, when and why of computers
... from theory to practical servicing
techniques. This unit is capable of
performing 50,000 operations per
second.

NTS ELECTRONICS
COMMUNICATIONS

Choose from two exciting ccurses
to get into the big-paying fields of
transmitting and receiving equip-
ment: (1) The FCC License Course.
(2) The Master Course in Electronic
Communications (more comprehen-
sive, with Citizens’ Band Twa-Way-
Radio). Either Communications
program qualifies you for your FCC
First Class Commercia! Radio-Tele-
phone License — NTS assures you
will pass this FCC exam within six
months after successfully com-
pleting your course or your tuition is
retunded. Kits include an Amateur-
Phone 6 Meter VHF Transceiver —
NTS exclusive, 6 transistor Solid-
State Radio, Volt-Ohmmeter (fully
transistorized).

%; “%Z ?§ .

5 Watt AM Transmitter/

[ Master Course in Color TV Servicing
[ Color TV Servicing

[ Master Course in TV & Radio Servicing
] Practical TV & Radio Servicing

(] Master Course in Electronic Comm.
J FCC License Course

(] Master Course in Electronics Tech.

(] Industrial and Automation Electronics
[ Computer Electronics

[ Basic Electronics

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems Automation
is rapidly becoming the emphasis of
modern industry. Your NTS training
in automation electronics includes
equipment like a 5” wide band Oscil-
loscope. You also get the new NTS
Electronics Lab. It's an exclusive
NTS experimental laboratory —a
complete workshop that simplifies
learning about solid-state, miniature
and integrated circuits.

- @geeee

5" Oscilloscope

CLASSROOM TRAINING
AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million dollars in facilities devoted ex-
clusively to technical training. Check box

in coupon,
NATIONAL &0 SCHOOLS

WORLO-WIDE T

4000 South Figueroa Street
Los Angeles, Calif. 90037, U.S.A.

APPROVED FOR
VETERANS

Accredited Member: National Associ-
ation of Trade and Technical Schools;
Nztional Home Study Council.

_________________ —_

ame _ Age
Address _ —— e —
City State Zip

[ Check if interested in Veteran Training under
aew G.l. Bill

[3 Check if interested only in Classroom Train-
ing at Los Angeles

Dept. 205-110
d
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Additional information on products described

b in this section is available from the manu-
NEW facturers. Each new product is identified by
a corresponding number on the Reader Service

Page. To obtain additional information on any

| PRODUCT s of them, circle the number on the Reader Ser-
vice Page, fill in your name and address, and
o= mail it in accordance with the instructions.

XCELITE SOCKET WRENCH SET—An interesting and
quite useful innovation in socket wrenches is a new set
from Xcelite Inc., in which a plastic-handled nutdriver
can also be used as an extension for a reversible ratchet-
ing handle. The ratchet handle (with a fully enclosed
mechanism) fits into a socket on top of the plastic driver.
A conventional 2” extension fits on the ratchet on either
end of the spinner/extension so that the reach of the
assembled components can be varied from 1%~ to 91~
Nine sockets have hex sizes from 3/16” through 1%”. Two
dual-purpose sockets, with openings of 4”7 and 5/16” fit
both square and hex nuts, bolts, pipe plugs, etc. The No.
1001 set comes in a snap-lock molded plastic case.
Circle No. 78 on Reader Service Page 15

TANDBERG STEREO TAPE DECK—For those who want
a quality tape recorder but are willing to forego some of
the frills and doodads to get it at a moderate price, Tand-
berg of America, Inc. has introduced a new Model 3000X.
With four heads (record, playback, erase, and crossfield),
it operates at 1%, 3% or 7% in/s. For the highest speed,
the frequency response is 40 to 20,000 Hz +2 dB, and wow
and flutter are better than 0.07% rms. Crosstalk attenua-
tion at 1000 Hz, stereo, is 50 dB. The crossfield system
uses a separate bias head that thoroughly magnetizes and
reduces the on-tape recording zone as well as wavelength
dependability losses in the function.
Circle No. 79 on Reader Service Page 15

UNIMETRICS MULTI-BAND RECEIVER—For the boatman,
hunter, or pilot trying to home in on a signal, the Omni-
band-VI, made by Unimetrics, Inc., has a 180° rotating
radio directional finder antenna. The solid-state receiver
has six bands: 180-380 kHz (longwave); 540-1600 kHz
(standard AM); 1.6-4.0 MHz (AM marine); 88-108 MHz
(standard FM); 108-136 MHz (VHF/AM aircraft); 147-174
MHz (VHF/FM marine, weather, public service, etc.).
Variable squelch, battery/ac power, 4” speaker, and bat-
tery strength indicator are also included.
Circle No. 80 on Reader Service Page 15

BITRAN DIGITAL READOUTS—Ready-to-use seven-seg-
ment digital readout devices from Bitran are available
with 2 through 8 digits as well as several special symbols.
Model 400 readouts have one side of each lamp common
and the other terminated at printed circuit board. Model
500 includes the RCA CD2503E decoder drivers which re-

POPULAR ELECTRONICS
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NEW PRODUCTS CONTINUED FROM PAGE 22

quire four line BCD inputs (8421 code) DTL or TTL logic
level. Model 600 has decoder drivers and a resettable
TTL decade up counter. Two-digit unit is 3%~ long with
1”7 added for each additional digit.

Circle No. 81 on Reader Service Page 15

L4
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BRITISH INDUSTRIES HI-FI/STEREO—New to the United
States is the BIC/LUX line of receivers, amplifiers and
tuners from British Industries Co. Six components are
now available: Two AM/FM stereo receivers, an AM/FM
stereo amplifier, a stereo amplifier, and two AM/FM
stereo tuners. The premium set is Model 71/2R AM/FM
stereo receiver which has tuning via computer for com-
plete noise suppression, 4 gang FET cascode varactor
tuner, and a ‘‘center tune light” to indicate best tuning.
Output is 150 watts rms (both channels driven) with a
frequency range of 10 to 50,000 Hz and power bandwidth
of 15 to 30,000 Hz at a THD of 0.5% =1 dB.
Circle No. 82 on Reader Service Page 15

WORKMAN AC ADAPTER—Some portable radios and tape
recorders require a “plus” dc supply—others take a ‘“neg-
ative” supply. The Workman Model BC9 AC Adapter has
a polarity-reversing plug which makes it usable with any
type of system. It also has a four-way plug which makes
it compatible with 3.5-mm plugs, 3.5-mm jacks, 2.1-mm
coax power plugs, 2.5-mm coax power plugs, and 2.5-mm
miniature plugs. Input is 117 volts ac; output either 6 or
9 volts de.
Circle No. 83 on Reader Service Page 1§

MURA STEREO HEADSET—Private stereo listening gets a
boost with a headset which has volume and tone controls
for each ear and a stereo/monaural switch and adjust-
able padded leatherette headbands. This is Model SP-104
from Muwra Corp. It also has oversized foam-filled ear-
pieces which completely surround the ear to eliminate
external noise and give greater comfort, Other models
in the line (SP-103, -102, -101) have, progressively, fewer
refinements and, hence, lower costs. All four have a fre-
quency range of 20 to 20,000 Hz and an impedance of 8
ohms. Maximum input of the SP-104 is 300 mW and maxi-
mum output is 3 watts.
Circle No. 84 on Reader Service Page I5

ANTENNA SPECIALISTS MOBILE CB ANTENNA—Out-
doorsmen who use citizens two-way radio (CB) will wel-
come the new Model M-189 from The Antenna Specialists
Co. It can be mounted on almost any level or slanted sur-
face because of a special swivel base and full 90° vertical
adjustment. Thus it is easy to install on campers, trailers,
trucks, buses, etc. The antenna has a high-efficiency load-
ing coil, is completely weatherproof, and has a tapered
stainless steel whip.
Circle No. 85 on Reoder Service Page |5
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VARIABLE BALANCE STEREO
HEAO PHONE

Unique “Sound Level” control on
sach sarpiece permits adjustment.
Frequency range: 20 to 20,000 +
cps. 64 cord with sterec plug.
Impedance 4 to 16 ohms.

Cat No. Q4-132 $17.95 Net

AUDIO ADAPTORS

‘¥ Audio Adaptor has a phono pin
jack on one end and dual phono
pin plugs on the other.

Cat. No. Q4-288 $.99 Net

CALECTR

R_

)

HOBBYIST'S SOLDERING AND

TOOL KIT

Diagonals, long nase pliers, solder-
ing iron and solder, solder aid tool,
heat-sink, and screwdriver. An ideal
gift item.

Cat, No. H3-378 $7.95 Net.

= .

TWO STATION WIRELESS
INTERCOM

Just plug into aay electrical outlet.
Completely portable. Expand sys-
tem anytime with additional units.
Two unit system complete in dis-

play pack.
Cat. No. NA-110 $34.95 Net

{
LS P
{f
TAPE RECORDER MICROPHONE

Outs’anding performance on music
and speech for the price. Low im-
pedance matches jate modei =old
state recorders, Removable desk
stand; 414" cord with dual miugs
that fit most modeis. Freq. Re-
sponse: 100-8k Hz. Output; — 77

4B. impedance: 200 ohms
Cat. No. Q4-146 $4.95 Net

MINIATURE LAMPS

Type PR2 » 2.5 volt - 0.50 amp +
Cat. No, E2-430 - Phg. of 2 $.29 Net
Type PR3 » 3.6 volt « 0.50 amp. »
Cat. No. E2-431 » Pkg. of 2 $.29 Net

RESISTORS

Attractively packaged 2 per pack,
showing values, color codes. and
formulas.

STANDARD 1000 VOLT CAPACITOR

High quality, compact and reliable.

G-C ELECTRONICS <'>
N

A DIVISIGN OF

400 SO. WYMAN ST, ROCKFORD, ILLINOIS 61101

EXPERIMENTER'S CIRCUIT

BOARD KIT

Contains a 33" x 4" perforated
board, 15 terminals (No. J4-636)
and 4 mounting feet w/screws.
Build small circuits, hobby and
science projects, etc.

Cat. No. }4-660 $.98 Net

THE “GC CALECTRO HOBBYIST
HANDBOOK"

The “GC Calectro Hobbyist Hand-
book"™ is available at your nearest
Calectro Electronic Supermarket.
One is located near you. WRITE
TODAY and we'll rush you the name
and address of your nearest Calec.
tro Supermarket.

HYDROMETALS, INC,



THEY CAN TURN
INTO A MULTI-

ALASKA
Anchorage
~eam Electronics
04 E. Fueweed Lane
RIZONA
Phoenix
Elack and Ryan
2645 East Washington SI.
Parts Electronic of Arizona
“310 North Seventh Si,
Yuma
“Yuma Electronics Supply
Eth and Orange Ave
ARKANSAS
Faysttoville
David White Electronics
917 West Rock St.
Little Rock
Cavid While Elecironics
° 222 Main St.
Texarkana
Lavender Electronics
£18.520 East 4th St.
CALIFORNIA
Burbank

Eleclronic Cily, Inc.
4001 W, Burbank Blvd.
Canoga Park
Sandy's Electronic Supply
21305 Salicoy SI.
Golela
Dow ol Goleta
5857 Hollister Si.
Hollywood
Yale Radio Eleclvh: Company
6616 Sunset Blv
La Puente
Klausner Electronics, Inc.
<5418 Fairgrove Ave.
Los Ang.
Radio on ucts Sales
150t South Hill SI,
RCA Distribuling Corporation
6051 Telegraph Road
(213) 478-7668
n Bulblnk call (213) 842-8155
in (;ulvet Clly. call {213)
1

in Glendou call (2|3) 963-6817
in H;wlhome cali (213)

In Huntington Beach, cali (714)
968-3329

+ in tmperial Beach, call (714)
424-5121

bra, call {714) 697-6751

ster, call (805) 942-8444
call (213) 795.5951
In San Bemlvdlno. call {714}

tn San Diego call (714) 324.3201
In Tustin, call (714) 838.1122
In Van Nuys cali {213) 786-4410
In Wislmlnmon, call {213}
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In Yucaipa, call {714) 797-1907
Oxnard
Dow of Oxnard
!21 S, Olnll’d Bivd.
saden

Dow of Plndonl
1759 €, Colorado Blvd.
Sacramento
Dunlsp Eleclvonics
1800 18th
Sen Funclu:o
Hauer Electronic Supply
281 Ninth St.
San Diego
Dow/Sound City
3686 EI Cl]on Bivd.
Santa Ba
Lombard’s Elaclmmc Supply
5152 Hollister Ave.
Sants Maria
Lombard's Electronic Supplv
1935 South Broadway
South Gate
Mac's Electronics
3351 Tweedy 8ivd.
Thousand Oaks
Sandy's Elecironic Supply
369 Hampshire Rd.

OLORADO

Atvada

~eam Electronics
4rveda Plaza Shopping Center
£232 West 58th Avenue
Boulder
Burstein-Applebes Co.
Basemar Shopping Cenier
Coloudo Springs

Team Etectronics
3102 Gomer Ave.
Denver
Burstein-Applebee Co.
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CONNECTICUT
Norwalk
Arrow Elecironics, Inc.
18 Isaac St
DELAWARE
Dover
Slandard Eleclronics of
Delaware, Inc.
1277 So. Governors Ave,
Wilmington
Radio Electric Service Co. of
Delaware
3601 No. Market St.
FLORIDA
Talla

Lafayetie Radio Elecironics
Assoc. Stor
Northwood Mall
ILLINOIS

Chicago

Allied Elecironics Corporation

2400 W. Washington Blvd.

Howard Etectronic Sales, Inc.

4573 S. Archer Ave,

Joseph Elecironics, Inc,

1733 N. Harlem Ave.

Norih Ceniral Electronic

Supply Co.

3412 W, Bryn Mawr

Viking Sales Corp.

8300 W. Addison Sireet

Decatur

Klaus Radio & Eleclric Co.

370 E. Cerro Gordo

Des Plaines

RCA Dlsmbulmg Colpoulion

424 €. Howard A

Downers Grove

Heathkit Elaclronlc Center

224 Ogden A

Evansion

Tri-Stale Electronics Corp.

707 West Howard St.

LaSalle

Klaus Radio & Electric Co.

1055 tsi Street

Niles

Joseph Electronics, Inc.

8024 N. Milwaukee Ave.

Peoria

Klaus Radio & Electric Co,

8400 N. Pioneer Parkway

Quincy

Ktaus Radio & Electric Co.

110t Broadway

Rock Island

Team Electronics

1714 51h Avenuve

Waukeegan

Badger Eleclronics, Inc.

1105 Wumnnlon Si.
INDIANA

Anderson

Seybert’s Electronic Supply

14 & Main Streets

Bloomington

H. A. Williams & Son

204 Soulh Rogers Sireet

Evansviile

Ohio Valley Sound. Inc.

20 E. Sycamore St.

Fort Wayne

Fl. Wayne Electronics Supply, Inc.

3606 E. Maumee Ave,

Indianspolis

Graham Elecironics-Glendale Inc,

6101 N. Keystone Ave.

Graham Elecironics Suvoly. Inc.
133 S, Pennsylvania St,

Meunier Elecironic Supply. Iru:
3409 E. Washinglon St.
Jelfersonvlite

Moakier Electronics

500 E. Chestnut SI.

ette
ayette Rldio Supply, inc,
406 E. No
Muncie
Muncie Eieclronic Supply, Inc.
222 Norilh Madison St.
South Bend
Radio Dislribulmg Company, Inc.
1212 South High 5t.
Terre Haute
Midwest Supply Elecironics, Inc.
2015 Garlield Ave.
Vince
Ohio Vllley Sound, Inc.
902 Main St.

1OWA

Cedar Rapids

Team Electronics

216 B8th Sireet, S. E.
Davenport

Klaus Rldlo & Electric Co.
322 €. 4th St.

TCR Dislrbutors

1205 East River Drive

Des Moines

Radio Trade Suvvly Co.

101317 High

Team Elecllomcs

1718 61h Ave.

Dubuque

Team Electronics

20 South Main S|,

Fort Dodge

Team Eleclronics

2307 5th Ave., South

Mason City

Team Electronics

30 First Avenue, S W,

Sioux City

Team Electronics

2015 4th S

Waterloo

Team Eleciromics

1310 Headlord Avenue
KANSAS

Garden City

Team Elecironics

215 W. Kansas Avenue

Hutchinson

Acme Radio & TV, Inc.

313 N. Main

Team Electronics

4 South Main S1.

Overland Park

Burstein- Applebee Co.

Pittsburg

P-llsburg Radio Supply

212 Soulh Broadway

Wichita

Amateur Radio Equipmenl Ca., Inc.

'203 East Douglas SI.
Team Electronics
784 Norlh West Streel
Team Electronics
812 S. Woodlawn
KENTUCKY
Bowling Green
Randolph, Hale & Meredith, inc,
88 State St.
Louisvitle
P 1. Burk's Company, Inc
842 South Seventh St
Peevlass Elecironics Equipment

18‘5 So. 7th St.

Owensboro

Ohio Valley Sound Inc.

€00 West 3rd St
LOUISIANA

Metairie

Pelican Elecironic Supply Co.
3321 Duwvision St
New Orleans
Soulhern Radio Supply Co.
1909 Tulane Ave.
Shrevepori
B & S Elecironics, Inc.
2618 Soulhern Ave.
MAINE
Portiand
Commercial Distribulors
8 Somerset St
MARYLAND
Aberdeen
Harco Electronics, inc.
Carsins Run— Rt 22
Hyattsvitle
Mark Electronics, Inc.
3003 Hamilton St.
Salisbury
Standard Electronics
upply Co . Inc.
701 Snow Hill Road
MASSACHUSETTS
Boslon

DeMambro Radio Supply Co.
1095 Commonwealth Ave,
A. W. Mayer Co., Inc.
595 Boylston S
ger Elec\ucal Supply Company
High
Bvocklon
Ware Radio Supply Corp.
913 Centre §
ynn
Land Electronics Supply Co., Inc.
9R Franklin St.
Melrose
Melrose Sales Company, inc.
166 Tremont St.
New Bedtord
C. E. Beckman Company
11-35 Commercial S1.
tCHIGAN
Adrian

Wedemeyer Electronic Supply Co.

2921 Treat Road

Ann Arbor

Wedemeyer Eleclronic Supply Co.

2280 Industnal Highway

Benton Harbor

Coltax Co.

1485 M-139 Bldg. =2

Clawson

Radio Supply and
Engineenng Co., Inc.

1203 West 14 Mile Road

Detroit

Heathkit Electronic Cenler

18645 West 8 Mile Road

Radio Specialties Co , Inc.

12775 Lyndon

Ressi Electronic Supply Co.

14405 Wyoming Ave.

Ferndale

Midway Electronics Supply

990 Wesl 8 Mile Road

Shand Electronics, Inc.

2401 Soulh Dorl Highway

Jackson

Wedemeyer Electronic Supply Co.

1617 E. Michigan Ave.

Lansing

Wedemeyer Electronic Supply Co,

800 Merrdl Ave.

Menominee

Team Electronics

M & M Plaza, P.O. Box 212

Roseville

Radio Speciallies Co , Inc

27882 Gratiot Ave.

Saginaw

Morley Brothers, Inc.

4375 Holland Road

Wyandoite

Radio Speciallies Co.,

2953 Forl Street
MINNESOTA

Duluth

Team Eleclronics

2954 Miller Trunk Hwy,

Eveleth

Team Elecironics

306-312 Grant Avenue

Hibbing

Team Eleclronics

112 E. Howard SI.

Mankato

Team Electronics

Madison East

Minneapolis

Team Elecironics

337 E. Hennepin Avenue

Team Eleclronics

2640 Hennepin Avenue

Team Electronics

6413 Lyndale Ave. Soulh

Team Eiectronics

720 29th Avenue S. E.

Moorhead

Team Electronics

115 81h S1. South

Rochesler

Team Electronics

102 41h Street S. E.

$t. Cioud

Team Electronics

117 5th Avenue, Soulh

St. Paul

Team Electronics

455 Rice Street

Team Electronics

1534 White Bear Avenue

Willmar

Team Efectronics

920 €. Litchheld
MISSISSIPPI

Gultport

A. Helwick Electronics

2214 25th Ave.

Hattlesburg

Gilhlands Electronics

216 South Main St.

Jackson

Swan Elecironics, Inc.

342 North Gallatn St.

Teague Elecironics

716 S. Gallaun St.

MISSOURI

Columbia

Missoun Cable Co., Inc

107 North 7th Si,

Jopiin

Teleradio, Inc.

1610 Main S1.

Kansas City

Burstein-Applebee Co,

Team Electronics

10117 Stale Line Road

Lee's Summit

Bursiein-Applebee Co.

244 North Oldham Parkway
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St. Ann
Radonics Elecironics
10525 St. Charles Rock Road
St. Joseph
St. Josaph Radio & Supply Co.
720 South Ninth St.
Sod-nn
o & Television
Supply Co., Inc.
321 E. Main 8t
Springlield
Burstein-Applebee Co.
1904 South Glenstone Blvd.
MONTANA

Billings

Team Electronics

2501 Grand Avenue

Bozeman

Team Electronics

235 West Main Street

Great Falls

Team Electronics

718 13th Street, North

Missouie

Team Electronics

1805 South Avenue. West

NEBRASKA

Lincoin

Team Electronics

2055 O~ Street

North Platte

Cotr & Johns Radio &

TV Supply Co.

108 E. Front St.

Omashs

Team Electronics

3901 Leavenwarth St.

Team Elecironics

12100 West Center Road,

Bel Air Plaza

NEVADA

Las Vegas
Elaclronlc Supply Complny
1112 So. Casino Center Btvd.

NEW HAMPSHIRE
Concord
Evans Radio, inc.
Box 893

NEW JERSEY

Atlaniic City
Radlo Eleclnc Service Company

452 No Alblny Ave.

Mldsllle Radio Supply Co.
157 W. White Horse Pike
Bridgelon

Midstate Radio Supply Co.
653 N, Pearl St.

Buriington

Rein Distributors, Inc.

R1. 130 & Wood St

General Radio Supply Co., inc.
527 Cooper St.

Radio Elaclnc Service Co. of Pa.

n Mukel St.

Cape r

Mytron Elecironics Corporation
1400 Texas Ave.

Mt. Holly

Radlo Eleclnc Service Company

192 Rlncocus Road

Springtieid

Route Electronics. Inc.

Echo Plaza—Rt. 22

Totowa

Arrow Electronics, Inc.

225 Route 46 W

Union City

NIDISCO Inc.

2812 Kannody Bivd.
NEW MEX!CO

Farmington

Loklronlx Sugply Co.

1817 E. 20th
NEW YORX

Belhpage
S & R Electronics
4020 Hempstead Turnpike
Buffalo
Summll Distributors. Inc.

Main St

Arrow Eleclronics, Inc.

900 Route 110

Hempsiead

Electronic Equipment Co., Inc.
741 Peninsula Bivd.

Standard Parts Corporation
277 No. Franklin St.

Hornetl

Hornell Electronics

286-288 Main St.

November, 1970

Lindenhurst

Barsian Electronics

26-28 East Sunrise Highway
Mineola

Arrow Electronics, Inc.

525 Jericho Turnpike
Nanuet

Arrow Electronics, Inc,

195 W. Rt. 59

New York

Arrow Electronics, Inc.

97 Chambers Street

Oale Etactronics Corp.

244 Wes! 14th St.

Harvey Radio Group

2 Wesl 45th St.

Rochester

Rochester Rnduo Supply Co.
NO Wasl Main

Tw]un Electronic Supply Co., inc.

15 Middleburg St.
NORTH DAKOTA
Bismarck

Team Electronics

2304 East Broadway

Grand Forks

Team Electronics

1503 11th Ave. No.

Minot

Team Electronics

209 11th Avenue S. W.
OHIO

Akron

Fox Radio Parts Co. .
300 Akron Square Shopping
Center, 1615 Ariington Street
Canton
The Elecironic Center, Inc.
1300 North Cherry Ave.
Cincinnatl
Hughes-Peters, lnc.
4865 Ouck Creek Road
Ohio Appliances, Inc.
7624 Rainhold Drive
United Radio, Inc
Summit Road & Remhold Drive
Cisvsiand
Fox Audio Center
3736 Rocky River Drive
Hughes-Peters, Inc.
481 East 11th Ave.
Main Line Cleveland, inc.
1260 East 38th S1.
Columbus
Hughes- Poleu. Inc,
481 East 111h Ave,
Ohio Appliances. inc
1171 West Goodale Bivd.
Thompson Electronic
Supplies, Inc.
182 Easl Long St
Whitehead Radio Co.
I24 North Grant Ave.

Dayton

Ohio Appliances, Inc,

1611 Troy St.

The Slous Friadman Company

108 N. Jefferson St.

Elyria

EL-A-Co Electronics. inc.

235 Lodi St.

Mansfield

Fox Radio Parts Co.

1225 Park Avenoe West

Servex Electronic
Distributing, tnc.

775 Springmill Aoad

Marion

Servex Electromic
Distributing, Inc.

224 N. Prospect St.

Perrysburg

Main Line Distributors, Inc.

Willis Dly Industrial Park

grln
Eberle’s Rudlo Supply. Inc.
522 Wesl Main S1.

Huich & Son
278 No. w.:n-nglon
Toledo
Hillebrand Electronic Supply
4665 West Bancroft
Zanesville
Thompson Radio Supplies
110 South 6th St

KLAHOMA
Muskog

Soonar Rld-o TV
110 Callahan St
Tulsa

Radio, Inc.

1000 South Main St.
S & S Radio Supply
537 South Kernosha

PENNSYLVANIA
Allentown
RESCO of LV
425 Hanover Ave.
Braddock
M. Lelf Radio Parts Co., Inc
225 Braddock Ave.
Drexel HIlI

Kass Electronics Distributors, Inc.

2502 Township Line Road
astan

RESCO of LV

1700 Northampion St.

Elkins Park

A. G. Radio Parts Co.

939 Township Line

Erie

Mace Electronics

2631 West 8th Street

Hazeiton

Moyer Electronic Supply Co.
758 N, st St.

Locu
Hyd
Cteartield Electronic Supply Co.
Wasbington Ave.
Norrtstown
Phila Elec"omcs Inc.
624 W. A t
Philiadeip! h
Nerblch & Rldeman. inc.
401 E. Erie Ave
Phila Electronics, Inc.
122§ Vine St,
Radio Electric Service Co. of Ps.
6587 Roosevelt Blvd.
Radio Electric Service Ce. of Pa.
71h and Arch Streets
Steinberg Electronics, ing.
2520 No. Broad St.
Eugene G. Wile
218 South 111th S1.
Pittsburgh
Cameradio Co.
280t Liberty Ave.
Reading
Barbey Eloclwmcs
333 North 4ih St.
Upper Darby
Radio Electric Service Co. of Pa.
7911 Westichester Pike

SOUTH CAROLINA

Charlesion
Wholesale Radio Supply Co.
370t Rivers Ave
Columbia
Oixie Radio Supply Co.
1900 Barnwell S1.
SOUTH DAKOTA
Rapid City
Team Electronics
1109 Omaha Sireet
Sioux Falls
Team Electronics
614 West 41s1 St.
Warren Radio Supply
196 E. 6th S
Watertow
Team Ellctwnics
223 9th Ave. S. E.
TENNESSEE

Memphis
Biutf City Distributing Co.
234 East Street
Naushville
Electra Dlslnbulmq Company
1914 Wesl End Ave,
Unlo
Bfuft ly Dulubuling Co.
306 South 2nd
TEXAS

Austin
Modern-Elecirotex

914 W, t2th St.

Sterling Electronics. Inc.
1712 Lavaca

Corpus Christt
Modern-Electrotex

1800 Ayerl St

Mleu Electronics Co.

1314 Cedar Springs

Southwest Radio Supply Co.
1820 N. Harwood St.

Greenviile

Lavender Electronics

2311 Washington

Houston

Elecirotex

2300 Richmond Ave.

YOUR AM RADIO
BAND RECEIVER!

Sterling Electronics

4201 Southwest Freeway
Sterling Home Electronics
3118 Sm

Sterling Home Electronics
8404 Winkler Drive
Lubbock

Nunn Eleciric Supply Corp.
:,N'I 4th S1.

Mi nd Specialty Company
2101 Andrews Highway
Paris
Lavender Electronics
250 South Main St.

San Antonlo
Modarn-Elecirotex
910 W. Laurel
Sterling Electronics, Inc.
4600 San Pedro Ave.
Sherman
Lavender Electronics
308 E. Houston St.
Tyler
Lavender Electronics
503 €. Oakwood St.
Viciorla
Modern-Electrotex
1007 North William
UTAH

Ogden

Ballard Supply Corporation

3109 Washington Blvd.

Salt Lake City

Team Electronics

6237 South Highland Drive
Gl

Cherlottesville

Graves Electronics, inc.

1700 Allled St.

Norfolk

Avec Elcclromcs Corporation

711 Granby

Prigst E|ecuonics. Inc,

643t Tidewaler Orive

Richmond

Avec Eleclron-cs Corporal-on

2002 Stapln

Roanok:

H.C. Baku Sales Co., Inc

17-19 Franklin Road
WASHINGTON

Seattie

Western Electronics Co.

717 Dexler Ave. No.
WEST VIRGINIA

Becklsy

Halley Elecironics, Inc.

713 South Qakwood Ave.

Chariesion

ic Materials Cor
1106 Central Ave,
Mauntain Electronics, Inc.
1605 Fourth Avenue
Huntington
Electronic Supply. Inc.
222 T1h Avenue
Van Zandt Supply Company
1123 4th Avenue

WISCONSIN

Appleion

Team Electronics

1828 Wes! Wisconsin Avenue
Eau Claire

Team Elecironics

é32| E.BCIliumont Pkwy.

r
Team Electronics

821 Military Road

La Crosse

Team Electronics

1505 Losey Blvd. So.

Madison

Team Electronics

3365 East Washington Avenue
Milwaukes

Amateur Electronic Supply
4828 West Fond du Lac Avenue
Heathkit Electronic Center
5215 Wes| Fond du Lac Avenue
Team Electronics

3819 West Fond du Lac Rvenue
Manltowoc

Team Electronics

1801 Marshall St.

Schotleid

Team Electronics

725 Grand Avenue

For the facts, turn the page...
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Turn any AM radio into a multi-band receiver! Sophisticated in design,
but so easy to build, these RCA Integrated Circuit Converter Kits “take
you where the action is!” You'll monitor your local police and fire
departments, tune into aircraft, ship-to-shore, ham, and even space
research stations! Without interconnecting wires. Without interfering with
AM reception! And, only $10.95* each.

KC4007 Aircraft IC Converter Kit—tunes any AM radio to 118-136 MHz.
KC4008 Ham, Government & Space Research IC Converter Kit (134-150 MHz).
KC4009 Marine, Mobile, Fire, & Police IC Converter Kit (148-164 MHz).

KC 4010 Police & Fire IC Converter Kit (160-174 MHz).

Also available for home-owners, hobbyists,
tape fans and students (from under $5.00* ):
KC4006 Fire Alarm IC Kit.
KC4005 Intruder Alarm IC Kit.
KC4001 2-Channel Mixer IC Kit.
KC4002 Audio Oscillator IC Kit.
KC4003 Amplifier/Oscillator IC Kit.
KC4004 9-V Regulated Power Supply IC Kit.
KC4000 Mike Preamplifier IC Kit.
Plus the KC4500, a handsome, sturdy case
for any RCA IC Kit, complete with input
and output jacks, switch and hardware!
Now available at any of the distributors
listed on the preceding pages.
*optional distributor resale prices

RGA
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Everyone associated with flying—including
the passengers —expects and knows how to
avoid air turbulences associated with changes
in barometric pressures such as storm
centers. Most such disturbances are accom-
panied by clouds and are visible. Not so with
other turbulences which have plagued air travel
for years and for which some sort of solution
is only now beginning to appear.

ATE IN WORLD WAR II when first fre-
quently reported by military fliers, jet
streams were dismissed by ground-hased me-
teorologists as delusions. Earlier, “air pock-
cts” that aviators of the 1940’s said they hit
had been chalked up to over-aetive imagina-
tions.

Now clear air turbulence, or CAT, has
mushroomed into the world spotlight. It’s
definitely linked with jet streams, lee waves
created by mountain ranges, and other still-
mysterions kinds of turbulence. Even the basie
concept of the “air pocket” has been revived
—with its label changed to “microcosmic atmo-
spheric cell.”

INFRARED OR LASERS FIND CLEAR AIR TURBULENCES?

Government agencies, private industry, and
research organizations are all trying to zero
imon CAT.

Just what is this unscen phenomenon that
bears a feline title?

In December, 1966, the U.S. Department of
Commeree brought together a National Com-
mittee for Clear Air Turbulence. Mecteorolo-
gists, pilots, plhysicists, and safcty officials
immediately found they didn’t cven agree on a
definition of their target. From their parviey
came an oflicial description: CAT econsists of
“all turbulence in the free atmosphere of in-
terest in acrospace operations that is not in or
adjacent to visible conveetive activity.”

Less precise buf more vivid deseriptions
come from veteran pilots who have had several
bouts with severe CAT. One describes the
cneounter as “like having a pneumatie jack
hammer work on your planc.” Another says
that a jet in the paws of CAT reacts like a
car roaring over a cobblestone street at high
speed.

AMany but not all occurrences of CAT stem
from interaction of two different kinds of
wind shear. One is horizontal—cansed by frie-
tion between masses of air moving side by

BY WEBB GARRISON

November, 1970
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At left is a cross section of the jet
stream where different layers of air
move in the same direction but at dif-
ferent speeds. Greatest turbulences oc-
cur where the layers are close together.

Disturbances occur if two air streams
of different temperature and velocity
are flowing in different directions,
one above the other, such as slow wes-
terlies near ground under jet stream.

THREE
KINDS
OF

CAT

Favorite spot for CAT to hide is on the
lee side of mountain ranges. Thus they
may be found, for instance, up and down
Atlantic Coast, east of Appalachians,
and east of Rockies where plains begin.

side at different speeds. The other is vertieal
and is c¢reated by friction between two air
masses (again moving at different speeds)
that flow in relatively distinet levels, one above
the other.

When first recognized to be real rather than
imaginary, CAT was thought to be met at
altitndes between 20,000 and 40,000 feet. Now
it is known to be found as low as 6,000 feet
and as lugh as 80,000.

New interest in it stems partly from the faet
that more sophisticated instruments arve just
now beginning to show how deadly it can be.
As late as 1964, it was suspeeted of having
caused some spectacular erashes but had not
been eonvieted. Last vear CAT was impli-
cated in at least eleven erashes by civilian
planes. Its most formidable threat to military
ceraft is linked with air-to-air refueling opera-
tions.

Costly programs aimed at deteeting CAT
and discovering what forces produce it, and
why, aren't based on the relatively few erashes
it now causes, however. More and more small
planes are being flown by private individuals
and corporations. These craft are partienlarly
vulnerable to sudden assaults by CAT.

30

There’s every indieation that the supersonie
transport (SST) will also be vulnerable in
ways different in degree and kind from today’s
planes. Rapid eveles of vibration are likely to
be set up in the SST hy ehoppy jolts and se-
vere lateral gusts that would simply buffet a
B-52. Supersonie transports will be espeeial-
ly likely to encounter CAT during elimb and
descent—roughly 209 of the flight profile.
Structural failure ean result unless stresses
associated with CAT are fully understood and
taken into consideration by designers.

As a result the CAT which never purrs has
heeome the subject of an all-out seareh. An-
swers are being sought to questions on sub-
Jeets ranging from the nature of atmospheric
energy exehanges to the optimum wavelength
at which to capture radiation emitted by CO..

Lacking the hardware produeed by today’s
cleefronic technology, neither the (uest for
basic understanding of CAT nor attempts to
detect it quickly and aceurately eould be wn-
dertaken.

Radar Tried First. Before the existence of
CAT as a special meteorological phenomenon
was positively established, some searchers

POPULAR ELECTRONICS



tried to locate it with radar. Their cfforts were
futile.

A break came in 1962. RCA technicians
tracking missiles with C-band radar sets op-
erating above 5,000 MHz noticed that they
were getting substantial backscatter on some
days when skies were clear. Could these un-
expected cchoes point to arcas wheve CAT is
found ?

Working with U.S. Army mcteorologists at
Fort Monmouth, N.J., engineers added a low-
noise amplifier to their radar. Early results
made them jubilant; a clear, rapidly changing
line on radarscopes seemed to mark the tracks
of the CAT.

A press release of this cra gloated that
“Once they are certain they have cornered
CAT, avoiding its dangerons attack will be a
simple matter for the careful pilot.”

In practice, it has proved to be anything
but simple. Part of the difficulty lies in the
size of the zone in which CAT hides. It’s likely
to be 400 to 500 miles long, more than 100
miles wide and two or three miles thick. A
typical CAT region, on the other hand, is
minute in global terms. It is seldom more than
50 to 100 miles long, 10 to 20 miles wide, and
a mere 1,500 to 2,000 feet thick.

Ground-based radars such as the ultra-
sensitive ones at Wallops Island, Virginia, do
pick up clear-air echoes. Such cchocs pre-
sumably stem from seattering cansed by vari-
ations in the refractive index and henee point
to atmospheric levels associated with CAT.
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A world-wide network of radar facilities
equal to or better than those on Wallops Is-
land would be necessary for ground-based re-
mote detection of CAT. Even if such a network
were available, computer systems with whieh
to retrieve data in time to warn a jet pilot
are far in the fature. Radar’s chicf contribn-
tion will probably be in the arca of basic un-
derstanding of CAT rather than location of
turbulent arcas.

This spring at the National Center for At-
mnospheric Research, Boulder, Colorado, fine
metal chaff was dropped into the path of
winds blowing over the mountains. Two Dop-
pler radars, pointed into turbulent areas at
different angles, were used to gain data. Phys-
icist Roger Lhermitte hopes cventunally to
build up a three-dimensional picture of the
dynamic strueture of the atmosphere in target
areas studied.

Outeome of the trial won’t be known until
all the data have been analyzed. Tf Lhermitte
and his colleagues suceced in finding just how
a turbulent area reacts, groundwork for more
precise deteetion will have been laid.

Air-borne radar has proved uscless in the
searel for CAT. No matter how violent its
currents may be, clear air includes no solids
of sufficient size to register on sects small
cnough to be mounted in aireraft.

Thermal Sensors Employed. Many rap-
idly moving air currents, including the jet
streams, vary from the temperature of sur-

QUTLINING
VORTEX FLOW

AN/ ANN/Z AN/ AN/ AN/ OO/ ANV/ZA\

Schematic diagram of the laser doppler technique used for remote measurement of wind velocity; trailing
vortex detection experiment. Varying wind velocities are one of the chief causes of CAT. (NASA diagram.)
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rounding air masses by a few degrees. At least
in theory, air-borne infrared sensors should
pinpoint such differences—effectively sub-
duing CAT.

North American Aviation and Barnes Engi-
neering Company have tossed their hats in the
ring in a race to develop a workable thermal
sensor. Both companies had prototype systems
in operation by 1967.

Electronies engineer Edward Flint of North
American developed a compact infrared
sensor suttable for mounting on top of a plane.
Capable of scanning 45° on each side of the
flight path, the instrument could detect tem-
perature variations of less than one degree
Fahrenheit in atmospherie earbon dioxide 20
to 40 miles away.

Using a Canadian T-33 jet trainer, Barnes
flight-tested an instrament that used a therm-
istor bolometer as the sensing element.
Scannning was acecomplished by means of the
rocking ctalon assembly of a Fabry-Perot
spectrometer.

Both devices worked—up to a point. Each
revealed changes of temperature within dis-
tant air masses. Neither came anywhere near
the then-desired range of 25 miles. Both suf-
fered from a defect that hasn’t yet been over-
come: the infrared signal is passive. That is,
it conveys no information abont intensity of
turbulence or size of the area affected. Greatly
refined and reeently patented, the Barnes in-
strument has logged enough hours on Pan Am
and other commerecial planes to demonstrate
that it can be of great help to pilots.

Stable data were first obtained in May,
1969. That month the Barnes IRCAT was
used on two long-distance flights: PA72 from
New York to Frankfurt on the 20th; PA ONE
from London to New York on the 29th.

In the joint program between Barnes and
Pan Am, the approach utilized has been the
straight lhorizontal forward look in the 15-
micron CO, band of the infrared region at a
volume of air ahcad of thc aireraft. Very
recent findings indiecate that a “two color”
system tuned in’to both CO, and Oj would
probably give more aceurate information
about defamation of the tropopause by verti-
cal air mass movement. Before such a system
can be put to test, additional new instrumen-
tation will be required.

Range of the best detectors being used at
present is far short of that required for an
SST cruising at 2000 mph.

New Role for Laser. Some pioneer search-
ers for CAT decliberately rejected attempts at
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detection by means of temperature variations.
They set out, instead, to find ways by which
atmospheric discontinuities may be directly
observed. Laser radar, now commonly ecalled
lidar (LIght Detection And Ranging) seemed
to offer intrigning possibilities.

At Stanford Research Institute, M. G. H.
Ligda devcloped pulsed-ruby-laser radar es-
pecially for atmospheric research. His system
didn't perform as expected, so the Navy
awarded Stanford a contract for a more com-
plex one that employed four-headed lidar.

From this instrument and its sucecessors,
NASA’s Marshall Space Flight Center moved
to a laser-Doppler technique. Small particles
that are canght up in a turbulent air mass
create a Doppler effect by which the fre-
quency of scattered light is shifted a trifle be-
fore it returns to a receiver.

At Marshall, physicist Robert M. Huffaker
has developed an optical Doppler system
which he says has proved itself in feasibility
studies. He hopes fo have an airborne version
in operation ecarly in 1971. The system oper-
ates on mueh the same principle as conven-
tional Doppler radar. Instead of radio
frequeney, however, it employs a colerent

Sensing head of the Barnes infrared system for
spotting CAT in cockpit of a Pan-Am Boeing 707.
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Infrared sensor of the Barnes
tRCAT is mounted on the top of
Pan.Am plane to spot CAT. So
far data gathered looks good.

pulse [rom a earbon dioxide laser. As a result,
the resolution of the instrument is about 10,-
000 times better than that of todaxy’s conven-
tional Doppler radar on aiveraft. Radiation

Low-frequency infrasonic waves, created when en-
ergy is released into air by various causes, is
used by General Telephone & Electronics and Wash-
ington State U. to get data that will find CAT.
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empioved is at 10.6 microns—out of the visible
speetrum.

Most other laser systems aimed at CAT de-
teetion have been dismissed, sayvs Hulffaker,
becanse they “just would not work.” e ex-
peets to find the CO, laser-Doppler far more
celfective than “passive” syvstems that scek to
infer turbulence trom an indirect measure-
ment such as temperature or intensity of baek
scattered light.

Error-producing Factors. Past experi-
ence suggests the possibility or even proba-
bility that the latest deviee aimed at trapping
CAT will run into unexpected complicating
factors. That has heen the case with all equip-
ment produced =0 Far.

At first it was hoped that CAT could be
trapped by means of conventional instru-
ments vseld to measure veloeity of ordinary
kinds of wind. This approach proved vastly
oversimplified : instruments distorted the flow
to such an extent that interpretation of re-
sults was uncertain ceven after a plane had
passed throngh CAT in scarch of data.

Radiosonde networks, extremely wseful in
many branches of meteorology. proved inef-
feetive with CAT. Because this kind of
turbulence is essentially o small-scale phe-
nomecnon, it usnally cludes the wide-meshed
radiosonde network.

TFven jet streams have proved uncoopera-
tive. Farly tests with a heavily instrumented
T-33 were scheduled to take place from a base
in Alberta, Canada. Hich-altitude streams are
commonly found at this latitude in mid-an-
tamn. However, operations had to be shifted
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to California because the jet strcam abruptly
changed its course. s

Radiometric detection, the most promising
technique that has been flight-tested, has its
problems, too. Unless temperature inversions
are tilted with respeet to the sensor, it usually
fails to respond to them. Cumulonimbus
clouds render present models of the IRCAT
blind.

A great many false alarms, some of them
produced by exhausts of jets that were miles
away, indicated to Barnes engineers that they
were using a wavelength too far away from
the center of absorption of CO,. Now the
chosen wavelength is centered at approxi-
mately 14.1 microns. This increases attenua-
tion and minimizes detection of phenomena
not associated with turbulence—but also short-
ens the range of the instrument.

Early tests of North American Autonetics’
system (infrared) produced a great many
false readings. Examination showed that some
of them were produced by bodies of inscets
that splattered on the sensor window during
climb and descent.

A relatively small mass of air whose tem-
perature differs from that of air around it
may not be sensed by the best infrared equip-
ment now available. That’s because the in-
strument integrates contributions from a vol-
ume of air thirty to forty miles ahead of the
plane rather than measuring temperature at
a given distance. When positive and nega-
tive contributions cancel one another, IRCAT
can’t spot microscale disturbances that are
linked with CAT.

Even sharp pitching or banking so that in-
frared sensors looked toward the ground pro-
duced a high percentage of false alarms in
early tests. This factor has been largely con-
trolled by use of an automatic deactivation
circuit that operates from aircraft attitude
gyro signals. After four or five “generations”
of refinement, even the best infrared detectors
do not meet needs expected to become in-
creasingly urgent as planes become faster.

Single Solution Unlikely. No one is ab-
solutely sure that the shock wave ahead of an
SST won’t destroy the coherence of a laser
beam. Growing evidence suggests that cven
if the laser-Doppler instrument now in de-
velopment performs as well in flight as in
wind tunnels, it probably won’t defeat CAT
singlehandedly.

Until that instrument or others on the draw-
ing board are operational, the general consen-
sus is that the Barnes IRCAT remains the
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most effective detector available. Though it
can perform as a remote sensor when eclear
conditions exist along the flight path, it too
has limitations.

Presently, even IRCAT doesn’t give navi-
gators a clear picture of how far ahead tem-
perature-linked turbulence is—or how severe
it may be. Clouds and haze reduce the optical
path length of the IRCAT and cut its range of
detection. Under hazy conditions produced by
ice the range becomes very short.

To make things worse, CAT probably isn’t
universally linked with temperature gradients.
Atmospheric electrical phenomena, still large-
ly shrouded in mystery, may be associated
with many turbulent areas too clear for de-
tection by air-borne radar.

Australian scientists have suggested (but
haven’t conclusively demonstrated) that, when
CAT occurs in a thermally stable environ-
ment, gravity waves or Helmholtz waves some-
how break down inta random turbulent eddies.
No detectors now in use are designed to pin-
point energy changes of this sort.

Inflight remote detectors, regardless of type,
will probably have to be supplemented by
ground-based CAT detectors. Bigger and big-
ger information networks will have to be de-
veloped. Ultimately, a global system continu-
ally receiving and rapidly processing data
from great numbers of satellite-borne CAT
detectors may become essential.

Some of these things are far in the future.
But by refining and combining a variety of
systems, experts in government and industry
hope for a major break-through in the 70’s.
When it comes, small private craft and big
supersonic ones will receive warnings in time
to avoid the CAT that strikes from its in-
visible lair. —Bo-

PARTS
TALK

POPULAR ELECTRONICS




Light-emitting Diodes

-

NEW SEMICONDUCTORS FOR READOUT AND COMMUNICATION

011e of the least known but most faseinating

of semiconductor deviees is the light-emit-
ting diode (LID). Until quite recently, these
devices were too expensive for widespread
use; liowever, teehmological advances in their
fabrieation now make possible moderately
low prices <o that they ave attractive to the
clectronies experimenter.

The first recorded instanee of light being
generated by a “diode” was in 1907 when 1. J.
Round touehed a pair of battery wires to a
erystal of silicon carbide. Much to lis surprise,
flashes of vellow light were emitted at the con-
tact region of one of the batterv wires—he had
aceidentally  discovered the LED. Unfortu-
nately, his discovery was forgotten and not
until the early 1950’s did scientists once again
study semiconductor light emission. At that
time several patents were applied for covering
LED's made from silicon or germanium-—eom-
mon semiconduetor materials, One of these
patents not only deseribed the prineiple of the

LED but listed several faseinating uses for
the deviee. Among them were light-beam com-
munieation systems, light “radar”, and light-
beam alignment deviees.

Unlike the 1907 silicon carbide cat whisker
diode, the 1950's LED's emitted infrared light
(sec Fig. 1). The invisible beam was desirable
but rescarcliers began a coneentrated effort to
fabricate LED’s in the visible range. The first
company to market anv kind of LED was
Texas Instrnments, Ine. Their diodes included
infrared emitters made from.gallium arsenide
(GaAs) and visible emitters made of gallinm
arsenide phosphide (GaAsP). These diodes
were expensive; but their appearance on the
commereial market in 1962 whetted the ap-
petites of design engineers—and of ecourse was
of great interest to other semieonduetor manu-
facturers. While seientists at IBM and 13ell
Telephone performed basie researel on the
deviees (especially visible emitters), General
Eleetrie, Monsanto, Electro-Nuelear Labora-

COVER STCGRY BY FORREST M. MIMS, IH
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“He’s a good worker:
I'd promote him

right now if he had
more education

1n electronics.”

Could they be talking about you?

You'll miss a lot of opportunities if you try to get along
in the electronics industry without an advanced edu-
cation. Many doors will be closed to you, and no
amount of hard work will open them.

But you can build a rewarding career if you supple-
ment your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.

Going back to school isn't easy for a man with a
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full-time job and family obligations. But CRE! Home
Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.

CRE! Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fils your career objectives.
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You're eligible for a CRE| Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid card
for your copy. If card is detached, use coupon at right
or write: CREI, Dept.1211A, 3224 16th St., N.W.,Wash-
ington, D.C. 20010.

£

Foonded 1927

CRET

Acciediind Mender of the Natianal Nowe Siudy Covacll

November, 1970

IN-DEPTH
COVERAGE OF
SOLID STATE
ELECTRONICS
.including

intsgrated cirouits!

CREI, Home Study Division
McGraw-Hilf Book Company
Dept.1211A,3224 Sixteenth Street, N.W.,
Washington, D.C. 20010

Pleas2 mail me FREE book describing CREI Programs. |
am emp oyed in electronics and have a high school education.

NAME. AGE

ADDRESS.

CITY. STATE ZIP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK O G.l. BIiLL

| am interested in

D Electronic Engineering Technology O Computers

D Space Electronics O Nuclear Engineering Technology

O Industrial Automation 0 NEW! Electronics Systems
Engineering

APPROVED FOR TRAINING UNDER NEW G.l. BILL




VISIBLE IR
LEDS

e —

- f LTRA-VIOLET VISIBLE
X-RAYS Ul APt

INFRARED /

Fig. 1. Most infrared LED's emit light at a wavelength of about 0.9
microns of the electromagnetic spectrum. Visible LED's may emit from
0.53 microns to the limit of visible region at about 0.75 microns.

MICROWAVE S

tories and others began competing with TI.

Sinee the LED has an almost unlimited
lifetime and because of its low operating enr-
rent, many claims were made for its potential
in flat sereen television, indicator lamps, night
lights, and even as a souree of room lighting.
The extremely fast modulation capability of
the LED made possible several demonstrations
of voice communications permitting two
partics to converse over a beam of invisible in-
frared light for clear weather distances of
several miles.

How Does It Do I1t? The LED is different
from conventional incandescent lamps becanse
the latter give off light as a byproduet of heat.
That is, the filament must first be heated to
incandeseence before light is produced. This,
of course, is the reason for placing incandes-
cent filaments in evacuated or gas-filled glass
bulbs. If the filament were exposed to oxygen,
it would quickly be consumed. Not so with
LED’s; they operate with or without the pres-
ence of air. In fact, the main reason LED’s
arc placed in containers is to protect the rather
delicate contact wires. Often, in fact, the LED
is simply protected by a layer of clear epoxy
which serves both as a protective cover and a
lens. Since the LED produees far more light
than heat, it is a more efficient source of light
than the incandescent lamp.

Production of light by an LED comes un-
der the broad heading of “clectro-lumines-
cence.” Lumineseence deseribes light produced
by means other than ineandescence. Sinee lu-
minescing bodies are generally at the tempera-
ture of their environment, they are sometimes
referred to as sources of “cold light.” Fireflics,
many species of fish, rotting wood, marsh gas,
and many other objects are sources of Iun-
minescent light.

Light from an LED is the result of stimu-
lation by a small cleetric enrrent. As is the
case with all luminescent bodies, the light is a
result of sub-atomie events. The canse of these
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events may he chemieal, as with the firefly, or
cleetrical as with the LED.

Light Generation. In the LED, emission
of light is called “pn junetion luminescence.”
As shown in Fig. 2, light is emitted at the
junetion of an LED when eleetrons which have
been stimulated to lngher than normal cnergy
levels move across the junction and fall back
into their normal places. The energy loss re-
sulting when an electron reoccupies its normal
slot in an atom is accompanied by the emission
of a photon of light at a wavelength related
to the difference in cnergy between the two
bands. Since junction luminescence involves
the combination of eleetrons with holes, physi-
cists often refer to the effect as “recombina-
tion radiation.”

The sub-atomie physies of semiconductor
light cmission ean be highly efficient. But the
mechanisms of bringing the light to the sur-

CONDUCTION BANO

INJECTED LIGHT
ELECTRON e
/ N p
A}
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A CE JUNCTION
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\/‘ T
(/5:91_ . \'\Qﬁs
Fig. 2. Light is emitted when an electron

crosses the np junction interface and falis
from the excited to the unexcited state.
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face and the application of electrical eurrent
to the diode can be terribly inefficient. Sources
of inefficiency are:

1. Internal absorption of light within
the p or n region of the semiconduetor fol-
lowing its emission at the junetion.

2. Reabsorption of light which is re-
flected back into the diode due to the
“critical interface” problem.

3. Resistance at the electrical contacts
and in the semiconductor.

Many of these inefficiencies have been
partially resolved as a result of years of re-
search. Consider, for example, the critical in-
terface problem. Since most semiconductors
have a high index of refraction, they tend to
reflect light at air-semiconductor interfaces.
The effect is similar to that of an observer
looking through a glass window and secing his
own reflection as well as objects on the other

side of the window. The effect results in the
loss of light that is generated at the junction.

An ingenious solution to the problem was
suggested by early research and was first used
commercially by Texas Instruments. It con-
sists of forming the light emitting region of
the diode into a deme. Since the light is only
bent and not reflected back into the diode, all
light reaching the surface is emitted (see Fig.
3). Unfortunately, the dome approach does
have its drawbacks—the longer path that the
light must travel before being emitted causes
more internal absorption than in planar emit-
ters. Also, grinding domed diodes is an expen-
sive process.

In an effort to gain the benefits of both
planar and domed diodes, many manufac-
turers now coat planar diodes with a trans-
parent dome of epoxy which essentially serves
the same purpose of the semiconductor dome.

Modern atomic physics tells us that elec-
trons within the confines of a particular atom
are allowed to occupy only discrete energy
levels or bands. Energy levels between the
outer two bands, the valence and conduction
bands, are separated by a region called the for-
bidden gap. Under special conditions of dop-
ing, an electron may occupy one or more levels
within the forbidden gap for relatively brief
periods of time. The forbidden gap plays an
important role in semiconductor light emission,
since transitions from the conduction to the
valence band provide the mechanism for pho-
ton generation.

An efficient way to cause transitions be-
tween the valence and conductien bands is to
pump or inject electrons into the n region of
a semiconductor diode. If a sufficient number
of electrons is injected, the potential barrier
at the junction of the n and p regions will be
overcome and current will flow through the
diode. Having crossed the junction barrier,
the injected electrons seek their equilibrium
point and drop from their excited position
in the conduction band to the valence band.
In essence, the electrons drop into holes or
regions in a band where there is an electron
deficiency.

The act of electrons combining with holes
is called recombination and results in the
magic of pn junction electroluminescence or
light emission. An electron falling from a
high to a low level releases the energy which
propelled it over the junction as heat, light,
or some of each. Heat emission is accompanied
by vibrations in the crystal lattice and if

PHYSICS OF LIGHT EMITTING DIODES

left uncontrolled, results in thermal destruc-
tion of the diode. Heat emission predominates
in indirect band gap semiconductors such as
silicon and germanium. The forbidden gap in
such materials permits an electron falling from
the conduction to the valence band to loiter
briefly at one or more levels. Transitions be-
tween the various levels in the forbidden gap
may result in either light or heat emission.

It is interesting to note that an ordinary
silicon or germanium diode emits a minute
quantity of infrared light when forward biased.
However, light emission in such diodes is far
less efficient than heat production and develop-
ment of practical semiconductor light emitters
followed research with direct band-gap mate-
rials.

Gallium arsenide GaAs is normally a di-
rect band-gap material. Since electrons in-
jected into a GaAs diede recombine with holes
without pausing at intermediate levels within
the forbidden gap, light emission is very effi-
cient and production of heat is generally
limited to contact resistance and bulk absorp-
tion of some of the emitted light within the
semiconductor.

GaAs diodes are so efficient as light emitters
that scientists chose them as candidates for
early work concerning the feasibility of fab-
ricating semiconductor lasers. In the fall of
1962, researchers at G.E., IBM, and MIT an-
nounced almost simultaneously lasers made
from specially prepared GaAs diodes. In a
future issue of PoruLar ELECTRONICS, the op-
erating principles and characteristics of the
diode laser will be described.
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Fig. 3. The critical interface
problem. Much more light is
emitted by hemispheric diode
but some is lost in the thick
n-region. Some planar emitters
are provided with a reflector
to give greater light output

How Are They Made? As mmentioned earli-
er, the LED usually consists of a pn junetion
of one type of semiconductor, the most com-
mon being gallium arsenide. A typical diode
may consist of a small wafer of positively
charged (p) material in intimate electrieal
contact with a metal header similar to a tran-
sistor case. Before it is mounted on the header,
the wafer is given a thin top layer of neeative-
ly charged (n) GaAs by cither diffusion or epi-
taxial growth. The p portion of the finished
wafer is connected to one of the wire leads of

Fig. 4. In practical applications,
the LED is mounted within a metal
enclosure, similar to a transistor,
for mechanical protection. A trans-
parent window permits the light to
exit from one end of the enclosure.
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the header, resulting in a trme pn junction
diode.

To collect the light output frem the wafer
in an efficient mauner, a metak can with a lens
or {lat window at one end is welded to the
header. The can also serves as protection (see
Fig. 4).

How Are They Used? Now that we know
something about the history, physics, and me-
chaniecal construction of the LED, what are its
applications other than those found in the lab-
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oratory ? Espeeially, how can the experimenter
use these tiny sourees of “cold light.”

An important military use of the LED is
as a covert source of illumination for night
vision devices. The usefulness of the Army’s
starlight seope is greatly enhanced by invisible
infrared illumination supplied by one or more
LED’s. Another military use is in covert com-
munieations. The Navy, for example, has sev-
cral types of infrared, linc-of-sight LED voice
communicators for ship-to-ship and ship-to-
shore.

Recently, commercial applieations of the
LED have been revealed at an unprecedented
rate. Several companies are mass producing
tiny alpha-numeric displays consisting of ar-
rays of LED’s. These displays operate at a
much lower voltage than conventional me-
chanieal, incandescent, cathode ray, or gas-
discharge displays.

One manufacturer has demonstrated a com-
plete VOM in a probe! Using several of the
new numeric displays, the futuristic unit is
similar in size to a standard scope probe. Volts

MORE INFORMATION

For more information about commercial
light emitting diodes, write to one of the follow-
ing manufacturers:

Electro-Nuclear Laboratories

115 Independence Drive
Menlo Park, CA 94025
Miniature Lamp Department
General Electric Company
Nela Park
Cleveland, OH 44112
Monsanto Electronic Special Products
10131 Bubb Road
Cupertino, CA 95014
Radio Corporation of America
Electronic Components and Devices
Harrison, NJ 07029
Texas Instruments
Semiconductor-Components Division
Box 5012
Dallas, TX 75222
Fairchild Semiconductor
313 Fairchild Drive
Mountain View, CA 94040
Hewlett-Packard
1501 Page Mill Road
Palo Alto, CA 94304
Motorola Semiconductor Products
Box 20912
Phoenix, AZ 85036
Sharp Electronics Corporation
178 Commerce Road
Carlstadt, NJ 07072

An excellent booklet on LED's is sold by the
General Electric Company for $2.00. Called
the ‘‘Solid State Lamp Manual,” it describes in
detail theory, characteristics, and applications.

November, 1970 -

and ohms are read directly from the small
light display. The Hamilton Watech Company
will market a digital wateh using LED numer-
ic displays, and Bell Telephone is hard at work
on new types of blue, green, vellow, and red
LED’s for use in home tclephones. Infrared
LED’s are being used in several types of new
intrusion alarms. One company cven markets
a complete line of LED voice communicators
and burglar alarms.

One of the most unusual applications of the
infrared LED is as a light source for small
mobility aids for the blind. Such devices may
eventually be marketed at a price comparable
to most hearing aids.

An important result of all these new uses
for LED’s is a large drep in price. LED’s are
available for under $2.50 each in small quanti-
ties. This price is competitive with that of
miniature, long-life indicator lamps. And of
course, the LED offers sturdier packaging, a
million-hour lifetime, and far less current con-
sumption.

Only a vear ago, the cheapest infrared LED
retailed for $18.00. At least five manufac-
turers now offer GaAs LED’s for under $7.50.
These devices are far more efficient than
visible LED’s and are therefore usable in ex-
periments in seeret communications.

To sum up then, the LED is superior to the
conventional filament lamp in the following
ways:

1. Response time is extremely fast—
most LED’s operate in a fraction of a
second rise and fall times. Some LED’s
can reach a speed of 100 MHz.

2. Because it is a solid-state device, an
LLED has no warm-up time, is completely
frec of microphonies, is just about im-
pervious to mechanical vibration and
other environmental conditions, and is
usually of very small size and weight.

3. The LED light output is nearly
monochromatie—far from being a laser—
but close enough to have most of its light
in a relatively narrow bandwidth. This
makes it possible to mse optical filters to
reduce ambient noise.

4. The LED is a low-impedance device
with forward characteristics similar to
those of a conventional silicon diode and
it ean be driven from ordinary low-vol-
tage supplies with conventional transistor
circuitry.

Elsewhere in this issue you will find a
unique construction artiele for a low-cost LED
communicator. Other projects using LED's
will appear in future issues. o
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? OPPORTUNITY <
d AWARENESS .

Thoughtful Reflections On Your Future

Eighth in a Monthly Series by David L. Heiserman

The Sacred Club of Engineers

I am sick and tired of losing out on good
engineering assignments and promotions be-
canuse 1 dow’'t have a college degree. Six
years ago, 1 earned an Associate Degree
from a two-year technical college. I gradu-
ated 1with bonors, but since I don't have a
bachelor's or master's, the job openings that
I go for seem to be smapped up by junior
engineers with 10% of my experience. Sure,
I am making a living wage, but 1 am also
at a dead end. How do I break into the
sacred club?

® Since you have kept abreast of the field
with specialized home study courses, I must
assume that you have no aversion to further
scholastic endeavors. Have you attempted to
convince your employer to subsidize your
college education ? Many employers are per-
fectly willing to give their people time off to
attend college classes. Some of them pay part
or all of the tuition.

It is an unfortunate situation, but at the
moment, it appears easier for employers to
screen out people who might not be able to
do the job than to test and interview people
who might do the job predicated on lesser
education, but more experience.

It’s sad, but the only way around the prob-
lem at this moment is to pick up some more
“formal” credentials. Besides getting your
bachelor’s degree, a fine credential is a Pro-
fessional Engineer's certificate from your
state. Many states don’t require Professional
Engineers to have a college degree, since
they are given an examination—which you
should find relatively easy to pass. Also con-
sider membership in the Institute of Elec-
trical and Electronics Engineers and other
professional societies.

In his new book, Education and Jobs: The
Great Training Robbery, Ivar Berg says that
an ever increasing percentage of workers
spend their time on jobs requiring less formal
education than they have. This may be true.
Statistics are beginning to show that the
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less educated, but more experienced em-
ployees have a lower turnover rate and a
better aptitude for the job than the over-
educated engineer.

Which School is Best?

I want to take a home-study course in elec-
tronics. However, all of the home-study
schools claim that they are the best in terms
of training, laboratory materials, job place-
ment, etc. Isn't there some way to rate.these
schools?

® If you read between the lincs in the
school advertisements, you will see subtle
differences. Ang, it is because of these differ-
ences that is is impossible to objectively
“rate’” one school above another.

The best electronics home study school for
you is the one that has a teaching objective
that matches your career goal. You should
try to make up your mind exactly what you
want to study before contacting the home
study schools. Then, write for literature from
the schools that advertise lessons to fit your
objective. If you have a firm goal in mind,
you can narrow down the number of possible
schools that can be of any help.

Note that one home study school may em-
phasize radio and TV repair as its primary
teaching objective. Another school will at-
tempt to reach a different kind of student;:
possibly one already employed in electronics.
The course outlined for the latter school may
not even mention television. A third school
may emphasize communications and may be
aiming at helping you get an FCC license.

If you know what you want to study be-
forehand—which is not as impossible as it
may sound—there will be a much smaller
chance that you'll be swayed from your con-
viction by flashy sales literature or the some-
times over-eager sales representative.

As far as a school’s business reputation
is concerned, you can always depend on a
school that has been approved by the Na-
tional Home Study Council.

POPULAR ELECTRONICS
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TR N SR A

AN LED COMMUNICATOR-—

THE OPTICOM

PRIVATE COMMUNICATIONS VIA

This optical communications system is a very
practical and useful application of the light-
emitting diode, the theory of operation of
which is discussed elsewhere in this issue.
The communicator operates at 9400 ang-
stroms and has a range of over 1000’ in dark-
ness. Both the transmitter and receiver are
simple to build and use relatively easy-to-find
components.

Looking for a totally private, jam-proof,
interference-free communications system ¢
Try the “Opticom,” the low-cost younger
brother of the Popurar ELECTRONICS Laser
Communicator.

Using a light-emitting diode (sece the article
on page 35) in the transmitter and photo-
transistor in the rceeiver, the Opticom is a

November, 1970

BY FORREST M.

AN INVISIBLE LIGHT BEAM

voice-modulated infrared optical communiea-
tor. It operates at 9400 Angstroms and has a
range of over 1000 feet in darkness. The range
is eonsiderably less in daylight; but, depend-
ing on the angle of the sun and the cloud cov-
er, it can casily reach 100 feet without the use
of special filters or light shields.

The key to the amount of range obtainable
is in the lenses used at the transmitter and
receiver. In the prototype, simple, low-cost
lenses were used. Employing a pair of binocu-
lars or a low-cost telescope at each end would
greatly inerease the operating range.

Transmitter. The eircuit of the transmit-
ter is shown in Fig. 1. During voice operation,
@1 and Q2 provide amplification and impe-
dance matching between the 20-mV signal
from the erystal mierophone and @3. The am-

MIMS, It AND HENRY E. ROBERTS

45



3

=2

k.
AR
n

=]
x

A

3

Q! 047 Q2
MPS6514 J T F MPS6E514
cl
O47uF F ‘5
E
[])mc 1
3R7 RS
320k 2000
3

<

R2: 3RS R6S -
3 10K 3 180K  3.9K3

C

sl

L)

PARTS LIST
TRANSMITTER

B1—9-volt battery
B2—Tuwo 1%-volt C cells
C1.C2—0.047-uF, 10-volt capacitor
| C3—4.7uF, 10-volt electrolytic capacitor
CC4—0.0047-yF, 10-volt capacitor
DI—Light-emitting diode ( GE SSL-5C)*
R1,R5—180,000-0hm, %-watt resistor
R2—10.000-0hm. ¥-watt resistor
R3—30,000-0hm, Y%-watt resistor
RA—1000-0hm. Li-watt resistor
R6,R10—23900-0hm. Y%-watt resistor
R7T—20.000-0hm, Y%-watt resistor
R8—200-0hm, Y%-watt resistor
RO-—10.000-0hm, 1-watt potentiometer
(Mallory MLC 14L or similar)
R11—I10-0hm. Y-t resistor
R12—1700-0hm, Y-1catt resistor

c4 RI3
L0047uF 56K

Fig. 1. The LED transmitter consists of a two-stage audio amplifier driving
a Darlington modulator. When S1 is depressed, the audio amplifier is con-
verted to an audio oscillator, used for making the original optical setup.

R13—56,000-0hm._ Y%-watt resistor

SI—Normally open pushbutton switch

S2—Dpst slide or toggte switch

Q1.Q2—MPS6514 or HEP728 transistor

Q3—Darlington transistor ( Motorola
MPSA12)

Misc.—Suitable chassis, miniature crystal
microphone. lens. battery holders. batrery
clips. mounting hardware, cement, wire,
solder, etc.

*Available from Miniature Lamp Department,
General Electric Co., P.O. Box 2422, Cleve-
land, OH 44112, $7.05, plus postage.

Note—The following are arailable from MITS,
4809 Palo Duro N.E., Albuquerque, NM
87110: etched and drilled PC board, $2.50;
PC hoard and all electronic items except
switehes. microphone. and hatteries, $12.00 ;
complete kit of all parts including lens,
chassis, siitches, and microphone, $17.00;
all postpaid.

plifier formed by Q1 and Q2 is coupled to
provide a low-frequeney eutoff to minimize
GO-ITz response. Darlington emitter follower
Q3 supplies bias eurrent to the LED from B2.
Potentiometer 119 provides an nnmodulated
current-level adjnstment for the LED and
shonld be set so that 15 volt is read across 11,
From Ohms law, ¥4 volt across 10 ohms in-
dicates a enrrent level of 50 milliamperes.
This is well below the 100-mA capability of
the SSL-5C LED withont a heat sink.
Tone operation is provided by connecting
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the feedback cirenit comprised of 113 and C4
to the input of Q2 throngh S1. With S1 de-
pressed, the amplifier formed by Q1 and Q2
oscillates at abont 500 Hz and supplies 100%
modulation to the LED.

The transmitter circnit is assembled on a
printed cirenit hoard as shown in Fig. 2. In
installing the semicondunctors, use care—par-
ticularly with the LED, whose leads shonld
have a leat sink attached while soldering.
Make sure that the window of the LED is
parallel to the PC board.

POPULAR ELECTRONICS
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Fig. 2. The PC board foil pattern is shown actual size. When installing the components,
use a heat sink on the LED (D1) and make sure that the window is facing the component
side of the board. Make the board larger than the foil pattern to atlow mounting holes.

ADJUSTABLE
SPACERS

TN
NN
BATTERIES

Assemble the transmitter on four adjustable
spacers so that the window of the LED can
be placed at the focal point of the lens.
When assembling complete chassis be sure
to mount the batteries so that they do not
obstruct light path between the LED and
the lens. Although the prototype has the
microphone on chassis, a remote mike can
be used. Even S2 can be mike-mounted push-
to-talk switch. Oscillator switch S1 is rare-
ly used, so can remain mounted on chassis.
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In assembling the transmitter, arrange the board
and lens mounting so that the LED window is on
the center line of the lens. The text explains
how to adjust the board to make the lens focus at
the window of the light-emitting diode on board.

Receiver. A schematic of the receiver cir-
cuit is shown in Fig. 3. Phototransistor Q1
passes a current proportional to the light in-
tensity at its active surface. In essence, light
replaces Q1’s base lead. Sinee @1 is quite light
sensitive, even a moderate level of ambient
illumination will drive it into saturation.
Transistors @2 and @3 provide a dynamic
load for @1, preventing saturation or cutoff
and extending useful daylight receiving range.
The FET, @4, matches the high impedance of
the deteetion cirenit to the audio amplifier
formed by @5 and Q6. The complete receiver
cirenit provides a voltage gain of about 400.

A foil pattern and component layount for
the receiver printed cireuit board are shown
in Fig. 4. Be very careful when installing
phototransistor @7 because it has a plastic
package and the leads are fragile. The col-
lector of this transistor is indieated by a small
arrow on the bottom. Place the transistor
through the 0.175” hole at the eenter of the
receiver board (domed window to the com-
ponent side), be sure the leads are properly
oriented, and then solder them to the correct
points. Use a clip-on heat sink when installing
all semiconductors.

Assembly. Once both boards have been
completed and checked for possible wiring
errors, the system is ready for packaging. You
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The receiver must be assembled in a manner simi-
lar to the transmitter—with the window of Q1 at
the focal point of the lens. In both receiver and
transmitter, once the focus has been attained, a
drop of cement on screws will prevent slippage.

can usc the arrangement described here or you
can strike out on your own. If, for example,
you nced only a 15-to-20-ft. range, an optical
system is not reqmired. All you have to do
is aim the two boards at each other, depress
the transmitter Test pushbutton, and align
the two units. Then relecase the button and
talk.

If you want a night range of up to 1000,
you must use a lens at both transmitter and
reeeiver. Obtain two low-cost magnifying
lenses at least onc inch in diameter and remove
the lenses from their housing or frames.
Measure the focal length of cach lens by plae-
ing it in the beam of a fairly distant light
source. The sun is ideal, but an overhead lanp,
about 10 feet away will do. The focal length
is determined by placing the lens at a distance
from a piece of wlite paper so that the small-
est rccognizable image is displayed on the
paper. Measure the distanee between the lens
center and the paper—this is the focal length.
The chassis to be nsed should be long enongh
so that, with the lens mounted at one end and
the PC board carrying the LED or photo-
transistor at the other, the distance between
the two can be adjusted to the focal length
of the lens,

The chassis used must have a cover so that
the interior is dark when the system is in use.

Drill four holes for mounting the PC board

POPULAR ELECTRONICS
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Fig. 3. Consisting of an audio amplifier driven by a phototransistor circuit, the
receiver can use either two or three audio stages for day or night operation. There
is no actual base connection to Q1 as this function is performed by light from LED.

PARTS LIST
RECEIVER

B1—9.volt buttery

C1,C2,04,C6—0.1-uF, 10-volt capucitor
(C3—0.001-uF, 10-volt capacitor
(C5—2.2-pF, 10-volt electrolytic capacitor
(07,0.8—35-pF, 10-volt electrolytic capucitor
J1—Earphone juck and plug
Q1—HEP312 phototransistor
(2,(03—2N3906 or IIEPT 15 transistor
()4—2N5458 or 11 EP801 FET
035,06—MPS6514 or HEP728 transistor
R1.R12—1500-0hm. Y4-1eatt resistor
R2—2.4-megohm, Yi-watt resistor
R3,R4—4.7-megohm, Y-watt resistor
R3—4700-0hm, %-watt resistor
R6,R13—10.000-0hm, Y%-watt resistor
R7—150,000-0hm, %-watt resistor

R8—22.000-0hm, Y-watt resistor

R9—3900-0hm, Y%-1catt resistor

R10—=200-0hm. li-1catt resistor

R11—75.000-0hm, Y4-1catt resistor

RI14—100-0hm. Yi-watt resistor

S1—Spst slide or toggle swcitch

S2—Spdt slide or toggle switch

Misc—Suitable chassis. lens, battery con-
nectors, hattery clips, mounting, hardware,
cement, earphone (250 ohms or more),
solder, wire. etc.

Note—The following are available from MITS,
4809 Pualo Duro V.E.. Albuquerque, NM
87110: etched and drilled PC hoard, $2.75;
PC hourd and all electronic items except
switches, earphone und batteries, $11.00:
complete kit of «all parts including lens.
chassis, switches, and earphone, $15.00; all
postpaid.

in one end of the chassis. Temporarily monnt
the chassis with fonr serews and nuts to allow
for adjustments. Make measnrements to de-
termine the location of the eenter of the light-
sensitive semicondnetor with respect to its lo-
cation on the chassis wall.

The center of the lens must be in the same
position on the opposite end. Make the hole
for the lens about 1/4” smaller in diameter than
the lens.

The crystal microphone and two switches
for the transmitter are mounted on the same

The lens hole should be slightly smaller than the
lens. Use epoxy cement to mount the lens to inside
of the chassis to prevent accidental loosening.

November, 1970 49




B
2

Fig. 4. When mounting Q1 make sure the win-
dow is facing the component side of the PC
board. Connect collector to the foil that
goes to R3 and Q1, and the emitter to the
large common foil adjacent to the Q1 hole.

end as the PC board on the transmitter chas-
sis. Cut o clean hole for acoustic aceess to the
wicrophone, whicl is cemented to the inside
of the ¢hassis, The battery clips are mounted
within the chassis, in a location where the bat-
feries do not interfere with the light path
from the lens to the LED.

On the receiver chassis use similar loeca-
tions for the two switehes and the earphone
Jack. Before mounting any components on the

chassis, make sure that all mounting holes
have been drilled and deburred; and, if de-
sired, paint the ehassis, Mount the PC boards
with long serews to permit adjustment of
focus. Put nuts on the serews on both sides
of the boards to permit making the adjust-

ment and locking the board in place.
When the wiring is complete and before
mounting the lenses, test the units by aiming
(Continued on page 98)

ADJUSTABLE
ACERS

Like transmitter, assemble receiver board on four adjustable spacers so that the window
of Q1 is at the focus of the lens. Once again, make sure batteries do not obstruct light.
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ASSEMBLE A

DIGITAL MEASUREMENTS LAB

MAIN FRAME POWER SUPPLY AND READOUT

WITH 20-MHz FREQUENCY COUNTER MODULE
(MORE PLUG-IN MODULES TO COME)

This article is the first in a series on the con-
struction of an integrated, modern, digital
readout instrument having a common main
frame ( with power supply and readout) which is
capable of accepting a variety of individual
plug-in units. The use of the plug-in module
concept makes it possible to have digital test
equipment of high accuracy at a very econom-
ical cost.

HE PRIMARY PURPOSE of most clee-
tronic measuring instruments is to provide

a numerical indication of the level or value of
the quantity being measured. It matters little
whiether the measurement is in volts, amperes,
olms, Iz, or elapsed time; only the accuracy
of the measurement is important, Sinee the
readout deviee and the measaring instruments

do not necessarily have to be connected, why
not have a “mwdularized” type of measure-
ment system—witl a highly aceurate digital
readont (with a power supply) on a main
frame and measurement modules that can he
plugged in?

The “Digital Measurements Lab” is such
a syslem; and its hallmarks are economy, ac-
curacy and flexibility, In this issue ol Poe-
rrAkr ELEcTRONICS, are assembly instructions
for the main frame, whiel houses the readout
and power supply, and one measnrement
madule, a 20-M11z Frequeney Counter. In
furure articles, other modules, which ean be
added at little additional cost, will be de-
seribed. These will inelude a Dual-Slope Volt-
Ohmmeter and a Capacitance Meter.

The Digital Measurements Lab employs

BY DANIEL MEYER
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+200

PARTS LIST
MAIN FRAME

C1—6000-pF, 10-volt electrolytic capacitor
C2—12-pF, 250-volt electrolytic capacitor
C3,C4—640-pF, 25-volt electrolytic capacitor
C5,66—500-pF, 15-volt electrolytic capacitor
DI1-D8—400-P1V, 1-ampere silicon rectifier
(IN5060 or similar)
D9-DI11—DHD800 (General
IN914 silicon rectifier
DI12,D13—IN4740 zener diode
Fl—I-ampere fuse
QI1—2N5129 transistor (National Semicon-
ductor or Fairchild)
Q2—MJ3055 transistor (Motorola)
RI1,R6,R7—150-0hm, Y%-watt, 10% tolerance
resistor
R2—220-0hm, %-watt, 10% tolerance resistor
R3,R5—100-0hm, %-watt, 10% tolerance re-
sistor
R4—100-ohm printed circuit type potentiome-
ter

Electric) or

+10
st FI~ Bk DI2
1A IN4740
17
VAC DI3
%OH: BLK IN4740 -10
D9-DIi=IN9I4
Q2 +5
MJ3055
—c K
N e 9
/ ——
Zri R23  3R3
3150 2200 000
rn af >
2N5129
B 3Ra
z 1000
Fig. 1. Except for point marked gIOOOpF
+200, all other indicated points 3
route through 15-contact connec- 5>R5
tor to various circuits that make D9 Zwon
up Measurements Lab. The +200 T
(volt) point goes directly to Dlo
DCU board. Also, S1 is an inte-
gral part of all modules in Lab. (&) ’ N ©

—
—
-—

SIL—Spst switch (see Frequency Counter Parts

ist)

T1—Power transformer (117-volt primary/
280-volt, center-tapped (at 20 mA); 30-volt,
center-tapped (at 160 mA); and 12.6-volt,
center-tapped (at 1.5 ampere) secondaries

1—"Utilogic” 3%-digit display and counter kit

Misc.—Main frame chassis and cowling; con-
trol knob; power supply printed circuit
board; ac line cord and strain relief; fuse
holder; 15-contact socket; solid and strand-
ed hookup wire; machine hardware; spac-
ers; solder; etc.

Note—The following items are available from
Southwest Technical Products Corp., Box
16297, San Antonio, TX 78216: power sup-
ply circuit board No. 170-Pb for $2.85; com-
plete power supply kit, including board, No.
170-C for $14.55 plus postage on 4 lb; com-
plete main frame kit, including chassis and
cowling, display time control, reset switch,
etc., but minus readaut assembly, No. 170-
CP for 819.55 plus postage on 8 lb; “Uti-
logic” display-counter kit No. MNX-1 for
$49.50.
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{ransistor-transistor-logie (TTL) integrated
cireuits and other modern design techniques
o provide maximum aceuracy and reliability.
The readout svstem eonsists of decoders,
drivers, and Nixie® neon-glow tubes to pro-
vide 314 decades and, thus, 3-place aecuracy.

The cost of the parts for the main frame is
estimated at less than $75: while the Fre-
queney Counter module is about $42.

K

+ £

0 SEThual

November, 1970

The Main Frame. The Digital Measure-
ments Lab can be built around almost any
type of decimal counting svstem capable of
responding to 20 MIIz or more. For example,
vou ean use either of the two deeoder/driver
systems that have previously appearved in
PortLar ELEcTrROXICS (see “Build Numerie
Glow Tube DCU,” Feb. 1970 and “Assembling
The Popular Electronies Mini DVAL” Sept.

Fig. 2. Actual size etching guide for pow-
er supply printed circuit board is provided
above. At left is components location and
orientation diagram. Carefully follow color
coding when secondary leads of Tl are con-
nected to circuit board (holes at near left).
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“CIE training helped pay

says Eugene Frost
of Columbus, Ohio

SRR TR

IF YOU LIKE ELECTRONICS—and are
trapped in a dull, low-paying job—
the story of Eugene Frost’s success
can open your eyes to a good way to
get ahead.

Back in 1957, Gene Frost was
stalled in a low-pay TV repair job.
Before that, he’d driven a cab, re-
paired washers, rebuilt electric mo-
tors, and been a furnace salesman.
He'd turned to TV service work in
hopes of a better future—but soon
found he was stymied there too.

“I'd had lots of TV training,” Frost
recalls today, “including numerous
factory schools and a semester of ad-
vanced TV at a college in Dayton. But
even so, I was stuck at $1.50 an hour.”

Gene Frost’s wife recalls those days
all too well. “We were living in a
rented double,” she says, “at $25 a
month. And there were no modern
conveniences.”

“We were driving a six-year-old
car,” adds Mr. Frost, “but we had no
choice. No matter what I did, there
seemed to be no way to get ahead.”

Learns of CIE

Then one day at the shop, Frost got
to talking with two fellow workers
who were taking CIE courses. .. pre-
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Gene Frost was ‘‘stuck’ in low-pay TV
repair work. Then two co-workers sug-
gested he take a CIE home study
course in electronics. Today he’s living
in a new house, owns two cars and a
color TV set, and holds an important
. technical job at North American Avia-
. tion. If you'd like to get ahead the way
- he did, read his inspiring story here.

paring for better jobs by studying elec-
tronics at home in their spare time.
“They were so well satisfied,” Mr.
Frost relates, “that 1 decided to try
the course myself.”

He was not disappointed. “The
lessons,” he declares, “were wonder-
ful—well presented and easy to under-
stand. And I liked the relationship
with my instructor. He made notes on
the work 1 sent in, giving me a clear
explanation of the areas where I had
problems. It was even better than tak-
ing a course in person because I had
plenty of time to read over his com-
ments.”

Studies at Night

“While taking the course from CIE,”
Mr. Frost continues, “I kept right on
with my regular job and studied at
night. After graduating, I went on
with my TV repair work while look-
ing for an opening where I could put
my new training to use.”

His opportunity wasn’t long in
coming. With his CIE training, he
qualified for his 2nd Class FCC Li-
cense, and soon afterward passed the
entrance examination at North Amer-
ican Aviation. “You can imagine how
I felt,” says Mr. Frost. “My new job
paid $228 a month more!”

for my new house,”

i
- T

Currently, Mr. Frost reports, he’s
an inspector of major electronic sys-
tems, checking the work of as many
as 18 men. “I don’t lift anything
heavier than a pencil,” he says. “It’s
pleasant work and work that I feel is
important.”

Changes Standard of Living

Gene Frost’s wife shares his enthusi-
asm. “CIE training has changed our
standard of living completely,” she
says.

“Our new house is just one exam-
ple,” chimes in Mr. Frost. “We also
have a color TV and two good cars
instead of one old one. Now we can
get out and enjoy life. Last summer
we took a 5,000 mile trip through the
West in our new air-conditioned
Pontiac.”

“No doubt about it,” Gene Frost
concludes. *My CIE electronics
course has really paid off. Every min-
ute and every dollar I spent on it was
worth it.”

Why Training is Important
Gene Frost has discovered what many
others never learn until it is too late:
that to get ahead in electronics today,
you need to know more than solder-
ing connections, testing circuits, and

POPULAR ELECTRONICS
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replacing components. You need to
really know the fundamentals.

Without such knowledge, you're
limited to “thinking with your hands”
...learning by taking things apart and
putting them back together. You can
never hope to be anything more than
a serviceman. And in this kind of
work, your pay will stay low because
you're competing with every home
handyman and part-time basement
tinkerer.

But for men with training in the
fundamentals of electronics, there are
no such limitations. They think with
their heads, not their hands. They’re

Send for Free Book
Thousands who are advancing their
electronics careers started by reading
our famous book, “How To Succeed
In Electronics.” It tells of the many
electronics careers open to men with
the proper training. And il tells which
courses of study best prepare you for
the work you want.

If you'd like to get ahead the
way Gene Frost did, let us send
you this 44 -page book free. With

=y
- T

it we'll include our other helpful
book, “How To Get A Commer-
cial FCC License.” Just fill out
and mail the attached card.

If the card is missing, use the
coupon below.

ENROLL UNDER G.l. BILL
All CIE courses are available under
the new G.1. Bill. If you served on ac-
tive duty since January 31, 1955, or
are in service now, check box on
reply card for G.I. Bill information.

Cleveland Institute of Electronics

cCi

1776 East 17th Street, Cleveland, Ohio 44114

B 8 P e —————ee——————— =9
qualificd for assignments that are far ”fw | Cleveland Institute of Electronics |
beyond the capacity of the “screw- 1776 East 17th Street, Cleveland, Ohio 44114 |

driver and pliers” repairman. COLLEGE-LEVEL CAREER| , Please send me without cost or obligation:

The future for trained technicians
is bright indeed. Thousands of men
are desperately nceded in virtually
cvery field of electronics, from 2-way
mobile radio to computer testing and
troubleshooting. And with demands
like this, salaries have skyrocketed.
Many technicians earn $8,000, $10,-
000, $12,000 or more a year.

How can you get the training you
need to cash in on this booming de-
mand? Gene Frost found the answer
in CIE. And so can you.
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COURSE FOR MEN WITH
PRIOR EXPERIENCE
INELECTRONICS

ELECTRONICS ENGI-
NEERING . . . covers
steady-state and
transient network
theory, solid state
physics and circuitry
pulse techniques,
computer logic and
mathematics through
calculus. A college-
level course for men
already working in
Electronics.

e — e —— —
CIRCLE NO. 6 ON READER SERVICE PAGE

1. Your44-.page book "“How To Succeed In Electronics” |
describing the job opportunities in Electronics today, |

and how your courses can prepare me for them. |

2. Your book on **How To Get A Commercial FCC License.” |

| am especially interested in: |

O Electronics [ Broadcast O First Class |
' Technology Engineering FCC License
| O Electronic Industrial O Electronics

| Communications Electronics Engineering |

| - |

Name (Please Print) |

| Address |

| city State zip— |
| O theck here for G.1. Bil Information. PE-10

—— ——— ] — v ——— — —
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Fig. 3. Power supply (PS) and readout (DCU) boards
and 15.contact connector are wired together as
shown. Potentiometer R20 is display time control.

1970). Ilowever, since the “Utilogic” threc-
and-a-hall-digit display and counter assembly
was designed speeifically for the Lab's main
frame, its use is recommended (see Main
Frame Parts List).

The first step in putting together the main
frame is to assemble the readont svstem Irom
the plans provided in a previous isstie or with
the “Utilogie” kit. Next, assemble the power
supply cirenit, the schematic diagram for
which is shown in Fig. 1, on its printed eir-
cuit hoard. Tn the event you plan to eleh and

drill your own eirenit hoard, an actnal size
etehing guide and components location and

orientation diagram ave given in Iig. 2. When
assembling the power supply circnit hoard,
pay close attention to the orientations of the
diodes, transistors, and electrolytic capacitors.
Use bhare #22 hookup wire for the three
jumpers.

Once the boards are assembled, they must
be wired to each other and to a 15-contact
connector. The eonnector provides a means
for ronting the signal and power lines to and
from the plug-in modules. The wiring pro-
cedure is greatly simplified by the fact that all
wiring holes in the cirenit boards are assigned
a letter-code designation. This eode is set up
so that like letters mate with cach other and
with the coding on the connector as shown in
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Fig. 3. Between the boards, you can use solid
hookup wire, but between the boards and con-
nector, it is recommended that you use
stranded wire,

After the wiring is completed, bolt the read-
ont cirenit board to the chassis with machine
hardware and #” spacers, Then nse #6 hard-
ware to bolt the power transtormer (T1) to
the floor of the main frane’s chassis (see Fig.
1) and temporarily set the power supply
hoard in its appropriate location. Mcasure
the secondary leads from T7 to their respective
holes in the power supply board. Add about
an ineh to each neasnrement and trim away
any excess lead lengths. Strip away 14”7 of
insulation from ecach lead, push the leads
throngh the holes in the power supply board,
and solder them to the foil pattern.

Mount the rate control and the RrESET

THEORY OF POWER SUPPLY DESIGN

The power supply used in :he Digital
Mcasurements Lab and shown schematically
in Fig. 1 is designed to provide all of the
voltages required by the circuits that make up
the Lab, The +4-200-volt output is used for
liring the readout tubes and neon lamps in the
mnlti-decade readout assembly. This output
ix not critical and is. therefore, unregulated.

The varions transistor circuits in the Lab
are powered by the +10- and —10-volt outputs
which are voltage regnlated by zener diodes
DI2 and DI3. For the more critical demandsx
of the 1Cs the 45-volt output is derived
from a special regulator circuit that main-
tains the ontput voltage within 5% of the 5-
volt level at point K. The regulator circuit
consists of series-pass transistor Q2 and crror
amplifier transistor Q1. In operation. a sample
of the output voltage is applied to the base of
Q1 by the wiper of voltage level control Rd.
H any loading condition attempts to force the
oulput voltage to increase, the base voltage of
Q1 will also increase slightly and cause QI
1o draw more collector current. The increase
in collector current then causes a decrease in
the base voltage of Q2 of sufficient magnitude
to maintain the outpnt voltage at it original
+5-volt level. M. on the other hand, loading
conditions attempt to decreaze the output
voltage level below 5 volts at point K, the
opposite artion will occur.

The positive and negative 10-volt outputs
are obtained from the bridge rectifier assembly
made up of diodes D3-D6 and filter capacitors
(4-C6. The +200-volt output iz ohtained from
a separate Tl secondary winding. diodes D/
and D2. and filter capacitor C2.

The +5volt output i< obtained from a third
secondary winding, D7 and D8, and CI. Poten-
tiometer R4 i< a voltage level control, capable
of varving the output voltage between approx-
imately 4 and 6 volts. This control would
normally he set to provide a 5-volt output.

POPULAR ELECTRONICS




Locations of power supply (right) and
31, .digit decoder/driver assembly, re-
set switch, and display time control
(below) are shown mounted on respec-
tive sections of main frame chassis.

SLFPLY

DISPLAY
TIME
CONTROL

A 15-contact Malex ‘connector is recom-
mended for use in Digital Measurements
Lab for positive electrical contact.

- e vl YRS ‘
switell on the front panel of the main frame. Solder one end of a length of hookup wire
Then, on the rear apron, mount the fuse holder  to one of the lngs on the RESET switch; the
and pass through its entry hole the ac line  other end goes to hole M on the DCU board.
cord and fasten it in place with a strain relief.  €ut a length of stranded hookup wire to size,
Then finish wiring the power supply primary  and eonnect and solder its ends to the same
circuit, referring back to Fig. 1 and Fig. 3 lug on the RESET switch and eontact M on
for details. the connector. Then eonneet and solder a final
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Fig. 5. By connecting D to D’ and B to C, basic Time Base circuit shown
can provide single 2000-Hz range. To obtain full 20-MHz, five-range capa-
bility, Scaler/switching arrangement would be connected to these points.
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ICI-IC4 (MC7490P) ALL
CONNECT TO Q2 CIRCUIT
AND RANGE SWITCH AS
SHOWN

Fig.

length of wire between the free lug of the
switeh and ehassis ground.

Loeate the 15-contact conmector and pass
it through the cutout in the center wall of the
main frame's chassis so that it is easily acces-
sible through the plug-in compartment. Then
neatly lace together the wiring.

Testing the Main Frame. Temporarily
comect a jumper wire between the two S1

ON
CONNECTOR

6. Four 7490 IC's, logic diagram for only one of

which is shown in Scaler circuit, connect to Q1 stage.

contacts on the conncetor (see Fig. 3). Plug
the line cord into a convenient 117-volt, G0-
1z acontlet. Use a voltmeter to cheek the 4-10-
volt, —10-volt and +200-volt outputs from
the power supply. Your readings should be
within 109 of these values. Then connceet the
meter to point K in the power supply and
chassis ground and adjust 104 for an exaet 5-
volt reading.

Now, check the front panel of the main

PARTS
FREQUENCY

Time Base:
BP1 BP2—Fiveway binding post (one black,
one red)
C1—10-pF, 15-volt electrolytic capacitor
C2,C4—0.1-uF, 12-volt disc capacitor
C3—I1-pF, 15-volt electrolytic capacitor
C5—0.01-pF, 12-volt disc capacitor
C6—50-pF, 15-volt electrolytic capacitor
D1-D3—1N914 diode
IC1,]C4—LU322B integrated circuit (Sig-
netics)
1C2—LU380A integrated circuit (Signetics)
1C3—LU3214 integrated circuit (Signetics)
Q1—T1858 transistor (Texas Instruments)
02,05—MPS6566 transistor (Motorola)
03,04—2N5139 transistor (Fairchild)
(Q6—2N4870 or 2N4871 unijunction transistor
Q7—2N5129 transistor (Fairchild)
R1—I-Megohm 3
R2—4700-0hm
R4,R5,R7,RI6,
RI8.R19—1000-0hm
R6,R9,R13—220-0hm
R8,R12—10,000-0hm
RI10—100-0hm
R11—470-0hm
R14—190-0hm
R15—2200-0hm
R17—4700-0hm J

LAll resistors ¥-
watt, 10% tolerance

LIST
COUNTER

R3—5000-0hm linear-taper potentiometer

S1—10-position, 4-deck non-shorting rotary
switch with spst switch attachment for Sl
in power supply

Scaler:

C1,02—0.1-uF, 10-volt disc capacitor

IC1-1C4—MC7490P integrated circuit (Mo-
torola)

QI1—2N5129 transistor (Nationel Semiconduc-
tor or Fairchild)

R1,R2—1000-0hm, ¥%-watt, 10% tolerance re-
sistor

Misc—Time Base and Scaler printed circuit
boards; 33,000-ohm, ¥-watt, 109% tolerance
resistor (see text); control knobs (2): L
bracket chassis; 15-contact plug to match
SO! in main frame; 4-40 machine hard-
ware; %"-long spacers {8) ; solid and strand-
ed hookup cire; solder; etc.

Note—The following items are available from
Southwest Technical Products Corp., Box
16297, San Antonio, TX 78216: complete
Time Base kit, including circuit board, No.
TB-2, for $17.50; Complete Scaler kit, in-
cluding circuit board, No. S-410 for $14.95.
both kits plus chassis and 15-contact plug,
No. FC-2 for $34.95 plus postage on 3 lb.
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06/6006406/060
B AR B \A
Fig. 8. When mounting electrolytic capacitors,

diodes, IC’s, and transistors on circuit boards
carefully orient them exactly as shown here.

frame; with power applied, the readout tubes
and neon lamps should glow. If so, depress
and release the REseT switch, If the main
frame is operating properly, all tubes should
immediately reset to “0”. Then set the main
frame aside.

Frequency Counter Module. As men-
tioned ecarlier, the first in the series of inte-
grated plug-in construction plans is a 20-MHz
Frequeney Counter. The module, emploving
TTL integrated cireuits, consists of two basie
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Fig. 7. Actual size etching guides for Time
Base and Scaler printed circuit boards are
shown at left and above, respectively. Use
etching guides to check for solder bridges
between closely spaced conductors after all
components are soldered to circuit boards.
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cirenit assemblies: one is the Time Base and
the other is the Sealer, shown sehematieally
in Fig. 5 and Fig. 6, respeetivelv. For mini-
nuun loading on the cireuit nnder test, the
counter module is equipped with a high-im-
pedance source-follower field effeet transistor
mput cirenit.

The Frequeney Counter module has full-
scale ranges of 1000 Hz, 10 kHz, 100 kllg,
1 M1Iz, and 10 M1z with a 100 percent over-
range eapability. This means that it will count
pulses up to a frequeney of 19.99 MIIz direet-

POPULAR ELECTRONICS



sC
Fig. 9. Time Base and Scaler connect
to each other and main frame via ro-

tary switch and connector assembly.
Note legend at lower left of drawing. —O (P_ O
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(A 1cisc I ___________
(8)Te
T8 (A)x1ce/sc —
A)1cs (8)1ci/sc (&)zcssse 0@ @
rs¢ ON PLUG
*—e * o
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L4 ®
f ] SID (S IN
./[ .A LO POWER SUPPLY)
8Pl B8pP2
® B
T8 1c3/sc T8 R i
TB=TIME BASE —
§C= SCALER
ly when the module is used with the main Assembling the Module. The use of inte-

frame. Also, the counter has a built-in TEsT  grated circuits in the Time Base and Scaler
cireuit to which you can switeh at any time subassemblies makes it necessary that the eir-
to check the operational status of the Lab. (Continued on page 96)

z Ao s SUPPLY)

Fig. 10. Time Base and Scaler circuit boards fasten to chassis with 4-40 ma-
chine hardware and spacers. A 33,000-ohm resistor (},-watt) is used to limit
current through decimal point in readouts. Wires connect to foil sides of boards.
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NUMBERS

GAME

IF FOUR IS BETTER THAN TWO, IS SIXTEEN BETTER THAN EIGHT?

In 1961, POPULAR ELECTRONICS turned
loose an avalanche and has lived through a
storm of brickbats and bouquets. At that
time, the ‘““Sweet Sixteen’’ represented a hi-fi
system that many readers wanted to build
and find out first hand if the multiple-speaker
idea would work. Sometimes it did, many
times it didn’t. In this article, our specialist
on speaker systems tells why.

TO THOSE SYMPTOMSR of national mad-
ness, sieh as the tulipmania eraze in the
1600°5, most knowledgeable audio enthusiasts

usuaily add the multiple-cheap speaker epi-
demie of the early 1960°s. PPopurLar FLic-
TrRONICS!? instigated the ronstruetion of
thousands of speaker systems, eaeh contain-
ing 16, or more, small 5” permanent magnet
speakers. Although the hevday of the eraze
has abated. hundreds of these systems are
still being eonstruneted—usuatly for the wrong
TRASONS,

According to the builders of the multiple
speaker systems, the obvious advantages
could be summarized as follows:

A. The system produees notieeably

&4

BY DAVID B WEEMS
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lower distortion beeause the amplifier

power is divided between many speak-

ers.

B. The use of multiple speakers ex-
tends the bass range sinece mutual eou-
pling permits all speaker cones to
work together in unison at the lower
frequencies.

C. The dips and peaks in the re-
sponse of individnal speakers are av-
eraged out and the overall frequency
response of the system is very smooth.

D. The use of small eones in the
multiple speaker system insures the
generation of a good treble response.

E. The muitiple small speaker sys-

. tem does not require a crossover net-
work and thus climinates phase shift
cffeets.

F. There is a noticeably “higeer”
sonnd due to the expanded area of the
souree.

G. The mmltiple small speaker svs-
temn ean be built for a very low dollar
ficure.

All of the above qualities represent worthy
eonts. The reasons supporting each goat scem
clear and logieal. Yet, the manufacturers of
high fidelity speaker systems have failed to
exploit the use of multiple cheap speakers.
Tt is natural to ask why. -A hard look at the
various councepts and the advantages claimed
for them may disclose the answer.

Distortion. The sound output from a
londspeaker is usnally not a true representa-
tion of the electrieal signal input. The pro-
duetion of harmonic and intermodulation dis-
tortion are mentioned most often in consider-
ing loudspeaker system performance.

Harmonie distortion, frequency doubling,
tripling, cte., can be produced in a speaker
by either a nonlinear cone suspension or a
nonuniform magnetie ficld surrounding the
voice coil. Most speaker conc suspensions
exert an increasing foree on the cone as the
cone moves away from its rest position. By
intentional design, the suspension of a high-
¢nality speaker tends to exert the same re-
storing foree on the cone throughout its nor-
mal movement range. The magnet and voiee
coil strueture of a good speaker is usually
deep enongh to always keep the voiee coil
operating in a field of uniform flux density.

Cheap speakers are made for applications
wlere the normal power handling regnire-
ment can be measured in a fraction of a watt.
At suel sound intensity levels the eone move-
meni—and distortion—is kept within tolerable
limits. Since an array divides the power he-
tween all speakers, harmonie distortion shonld
not be a major problem in normal use. At the
very least, harmonie distortion will generally
be lower than if one cheap speaker were
used in the system.

ITowever, if the speaker array is used to
generate a high level of sound intensity at
low fregnencies, the cone movement can he-
come excessive—producing distortion. In this
ease, the nonlinear suspension ean be relieved
of part of its distortion produeing cffeets by
installing the speaker afray in a sealed cn-
closure. The captive air in the enclosure acts
as a restoring foree and tends to limit cone
movement. Unfortunately, the creation of
this “pressnre box” treatment causes another
problem that is diseussed later on in this ar-
ticle.

Intermodulation distortion is the mad-

N

RELATIVE RESPONSE (dB)

/

Generalized response curve of a
cheap speaker in a sealed box has
a resonance peak at 245 Hz. Amp-
litude of peak would depend upon
speaker and enclosure properties.
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ulation of one audio trequency by another
audio frequency. Low frequencies can modu-
late high frequencies when both are being
produced by the same speaker. High quality
speaker systems reduce intermodulation dis-
tortion through the separation of bass and
treble ranges. Thus, these two-way or three-
way systems are also not as severely limited
in their power handling capacity through a
limitation of cone movement. Excessive cone
movement aggravates and increases inter-
modulation distortion.

Bass Response. The bass response of any
speaker falls off below the frequency of the
fundamental cone resonance. The frequency
of cone resonance is lowered as the com-
pliance and mass of the cone are inereased.
The simplest and most obvious method of
obtaining extended bass response has always
been to choose a speaker with a low funda-
mental cone resonance frequency.

The idea of using a number of speakers to
generate low audio frequencies at very high
power levels was suggested as early as 1931.3
Because of this suggestion, there have been
claims that mutual coupling extends the bass
response to a degree that is limited only by
the number of speakers used. However, snb-
sequent to the publication by PopuLar
EvrecTroNICS of the “Sweet Sixteen” system,
James F. Novak® presented a mathematical
analysis showing that coupling oceurs at cer-
tain bands of frequencies and that these
bands arc determined by the separation be-
tween individual speakers. For example,
when the center-to-center spacing between
speakers is less than % wavelength, the air
mass offers a reactance to the sound output.
For the usnal separation—about 6” to 8”—
this puts a lower limit of about 200 Hz on the
coupling range of an array of small speak-
ers. To lower this frequency, the speakers
should be moved farther apart; but confus-
ing the issue, to make the coupling more
effective, speakers must be close together.

Besides contending with the problem of
spacing between speakers, the builder must
also decide whether the cnclosure holding the
speaker array is to have an open back or be
built as a sealed enclosure. Since mutual
coupling increases the air load, the cffec-
tive mass of the speaker cones is inereased
tending to lower the resonant frequency of
the array below that of a single speaker.
However, when the array of speakers is
mounted in an airtight enclosure, the funda-
mental resonance of the speaker system is
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Effect of changing listener position from, L1,
‘on-axis with two speakers, to L2, off-axis.’
Difference in sound path lengths at L2 makes
phase shift. Cancellation occurs if differ-
ence is % wavelength (phase shift of 180°).

raised. In this trade-off, if the enclosure is
small enough to add some restoring force to
the cones and reduee distortion, it will also
have the effect of raising the array resonance
probably far above the original frequency
of an individual speaker. Theoretically, a
cheap speaker in a sealed enclosure should
have its amplitude of peak resonance vary
inversely with the damping on the speaker
(sec illustration). Cheap speakers are no-
toriously poorly damped, both electrically
and mechanically. Of course, the point of
resonance can be lowered by omitting the en-
closure back, but the distortion increases and
the frequency response eurve of the speaker
system becomes dependent on the shape of
the open-backed box.

A large, shallow open-backed box pro-

el B nE T

Off-axis listener to multiple speaker system
~ is at different path lengths from various
speakers. Differences change as he moves from
location to location. (Drawing not to scale.)
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duces less peak amplitudes and more extend-
ed response than a small, deep open-backed
box. Unless distortion becomes a major prob-
lem, the back should always be removed
from the enclosnre of a multiple cheap
speaker system to improve the bass response.

Synthetic Bass. Distortion, especially that
eansed by driving the speakers to the limits
of their suspensions or magnetic fields, may
produce the illusion of more bass frequency
response. Griffiths® experimented with elec-
tronically induced distortion and seems to
have confirmed the existence of this illnsion.

In the Griffiths experiment, clipping and
distortion, similar to that produeed by over-
driven cheap speakers, was purposely de-
signed into an andio system with a 200-Hz
low-end cutoff. The percentage of distortion
was controlled by the listener nntil the bass
was thonght to be “cqual” to that produced
by a low-distortion full-range audio system.
T\])Cllmelltal results indicated that most lis-
teners heard more “bass” when the distortion
in the filtered svstem was inereased to certain
arbitrary values.

Another kind of synthetic bass oeenrs in
speaker systems that have a prominent res-
onance. A resonant frequency in the upper
bass range—say about 250 Hz—may make the
system sound full and bassy, although music
1»].1\(\(1 throngh it has a distinet onec-note
quality. The (‘al‘]l(‘\t vacnun-tube amplifier
jnke boxes were noted for their genecrous
bass response—most of it at one frequency.

listeners can also be deeeived into hearing
bass frequency response that isn’t there in
the first place! A land line telephone system
doesn’t reproduce the fundamentals of a
known voiee, but the harmonie structure is
recognized by the listener and the ear and
brain supply the mlssmg information. This
tendeney to hear the missing fnndamental
notes often leads the owner of a miniature
transistor radio receiver with a 2”7 speaker to
compliment the produet on its “fine tone.”

Some types of synthetie bass may sound
satisfactorv—even impressive—at first hear-
ing. But if the listener becomes acenstomed
to hearing trme fundamental bass response,
e won't be happy with synthetic bass again.

Smooth Response vs Phase Shift. Onc
of the qualities attributed to the multiple
speaker system is that of a smoothed response
—considered to be an absolute reguirement
for high-fidelity sound reproduetion. How-
ever, many authorities elaim that a medinm-
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range system with a smooth response is pret-
crable to a wide-range system that has nn-
merous peaks and dips in the andio response
curve. And, peaks are worse than dips.

It is now well accepted that a speaker's
response curve is always smoother when the
speaker is operated at a reduneed volnme
level.8 For example, a 107 full-range speaker
may have a high-level response enrve cm-
bracing the speetrmn between 40-20,000 Hz
at =12.5 d13. When the inpnt is reduced by
75%%, the response enrve is within £5.0 dB.
Presumably, operating a number of speakers
at low volume shonld flatten the overall re-
spanse curve. Unfortunately, what sonnds
good in theory does not prodnece aceeptable
results in practiee.

The andio enthusiast who has built several
muitiple-speaker svstems soon realizes that
the results are fairly unpredietable. A system
nsing only four speakers may sound pretty
good, aithough the builder has a feeling that
the sonnd could be improved. The nnmber of
speakers is doubled, but the sound is still not
right. The number is donbled again and the
svstem sounds terrible. The faunlts ave nu-
merons, but they are diffienlt to identify—ex-
cept for some obvions peaks in the midrange.

The mid-range peaks are dne to mutunal
conpling between ﬁ])oakcrs. The maximum
coupling and boost is at the sound frequencey
corresponding to a separation of one-quarter
wave length. In a nmltiple-speaker =ystem
with eenter-to-center spacing of 77 to 87, the
conpling peak is at about 500 I1z. This peak
is insidions and cven if not immediately
noticeable, makes the system sound “lond”
even at low volume levels and eventnally
proves quite tiring to the listener.

The problem is amplified when speakers
are mounted so that there are many identical
center-to-center distances and for this reason
the square pattern of mounting multipie-
speakers is one of the worst possible arrange-
ments. This also hielps explain why larger
nmbers of smaller speakers sometimes sound
mueh worse than a similar system with only
four to six speakers.

In addition to the boost in the mid-range
by the mnultiple-speaker system, the same
arrangement prodnees sharply defined peaks
and dips at the higher frequencies. These
upper-range deviations are noticeable to the
listener who is sitting off axis of the system.
They occur at frequencies where the sound
waves from adjacent speakers reach the lis-
tener at varions phase angles (sece illustra-
tions). Rescarcher Joel Julie? ealenlated that
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Speakers of different sizes permit unequal spacing
between speakers and staggered resonances, allevi-
ating two of worst faults of multiple speaker sys-
tems. But problem of restricted fundamental bass
response and high-frequency dispersion remains.

for a listener 10° off axis of two speakers
separated by center-to-center distance of
only 8”, the 180° phase shift oceurs at 4200
Hz. As the listener moves farther off center,
the frequency of cancellation decreases and
at 30° it is down to 1650 Hz.

For the two listening positions ecited above,
the listener would also receive in-phase sound
boosting at 8400 Hz and 3300 Hgz, respee-
tively. At frequencies other than those speci-
fied, the sound waves mix with varying de-
grees of phase shift and the result is
sound-wave phase distortion.

Since the broad results represent what
happens with only two speakers, the reader
can imagine that the phase interference sit-
uation becomes ineredibly complex in a mul-
tiple-speaker situation.

Phase interferenee can occur in an ordi-
nary two-speaker woofer-tweeter arrange-
ment, but only at frequencies near the cross-
over point where both the woofer and tweeter
are producing the same tones. Phase shift in
crossover networks may be more of a prob-
lem than generally recognized, but it could
hardly produce the nightmare that is gen-
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erated from multiple speakers mounted on a
single baffle.

The Big Sound. The feeling of spacious-
ness from a sound souree depends, in part at
least, upon good dispersion. Large speakers
are notoriously directional devices at the
ligher audio frequencies. At frequencies
above that at which the wavelength of the
sound is equal to the diameter of the speaker
cone, the dispersion is poor. Thus, when sev-
eral speakers are mounted on a square baffle
and all of them reproduce the high audio
frequencies, the source is spread over the
baffle, and dispersion suffers.

Cost. Since the introduction of the “Sweet
Sixteen” in the early 1960's, the cost of
building such a system now mitigates against
its construction. Numerous manufacturers
now offer a varicty of woofers with resonant
frequencies and prices far under comparable
models available 10 years ago. Meanwhile, the
cost of plywood and other lnmber has sky-
rocketed and wlhen this material cost is added
to the price of obtaining 16 speakers, the
multiple-speaker array is no longer cheap.

To make snch an investment in an essen-
tially cheap speaker system defeats one of
the main purposes of assembling a multiple-
speaker system.

It would be unfair not to mention in this
article that there are useful purposes to be
served by multiple speaker systems. Several
good-quality woofers in a multiple system
will handle far more power with mueh lower
distortion than a single woofer. The use of
multiple speakers in a line radiator provides
good horizontal dispersion and the omni-
directional speaker system can frequently be
used to definite advantage.

The ordinary multiple-speaker system has
seen its day. It was a good idea—but, the facts
of life are catching up with it. 30
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OUR-CHANNEL STEREO is here.

Whether it is liere to stay is questionable;
but one thing certain is that, the less it costs
the consumer, the better are its chances of
survival.

Ideally, four-channel stereo should be re-
produced nsing a four-channel tape play-back
machine, a four-channel preamplifier, two
stereo amplifiers, and four londspeakers. This
will be expensive, even if you are prepared to
swap four medinm-fi channels for two hi-fi
channels. Tt will also mean a permanent com-
mitment to tape, which is persistently costlier
than dises and makes vour dise collection ob-
solete if for no other reason than that you
just won't buy anymore dises.

The high cost of fonr separate ehannels is
not likely to dismay the home equipment
manufacturers. But if recording studios and
broadeasters have to serap some of their
present equipment and duplicate the rest of
it in order to switeh to four channels, they
will drag their feet; and that, plus consumer
resistance, conld quash quadrasonies before it
ever gets off the ground. Under the eirenm-
stanees, it is hardiy surprising that there is
considerable interest in the possibility of go-
ing four-channel without having to go all the
way.

A number of people are working on ways
of reproducing four channels via two chan-
nels; and at the time this was written there
had been demonstrations of two sueli systems:
one developed by Peter Sehieiber and the other
promoted by David Ilafler of Dynaco—who
points out that he did not invent it. (The
“Iafler system™ and some interesting varia-
tions thercof have been in use in some Enro-
pean countries for at least four years.) There
will be otliers demonstrated in the future; and
the industry will take caveful note of ecach
heeause one of them may determine the fnture
(or lack of it) of four-channel sound.

The problem facing these designers is that
there is simply no way, at any “state of the
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art,” of making two channels earry as much
information as fonr channels. The thing that
offers some hope of success is the fact that,
most of the time, the two channels of a stereo
pair are not fully “occupied” by program
material; and when they are, there is usually
a substantial duplication of material in both
channels. Thus, the hope is to use the “gaps”
between unduplicated signals to carry infor-
mation for the other two channels or to find
a way of preventing material from wasting
space.

Both the Schieiber and Ilafler systems arc
based on the latter approaeh, using matrixing
to suppress duplicated material in sueh a way
that a later *“comparison” between the chan-
nels from which it was removed allows it to be
reeonstituted. Matrixing, by the way, simply
refers to a process whereby differences in the
intensity and electrical polarity of two or
more sienals are used to cancel out unwanted
material and strengthen the desired material.

In the Groove. The casicst way to visu-
alize how matrixing works in the Scheiber and
Hafler systems is in terms of stylns motion in
a dise groove. The solid arrows in Fig. 1 show
the direction in which the stylus tip vibrates
in a conventional two-channel recording, as
viewed from the front of the pickup. Modula-
tions in the left and right channels are at a
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Fig. 1. Stylus motions in two-channel disc groove.
Dotted arrows are resultants of left/right axes.
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‘15-degree angle to the horizontal and at right
angles to each other. The right-angle relation-
ship is important as it permits the stylus to
move along one axis without changing its posi-
tion along the other axis, to provide theo-
retically perfect channel separation.

The dotted horizontal arrow in Fig. 1 repre-
sents the direction of stylus motion when both
sterco channels carry identical in-phase in-
formation (that is, both move simultancously
at 45 degrees to left or right). The average
motion then is horizontal, at 45 degrees to each
axis, separation is only 50% and each main
channel reproduces half of the resulting signal
in-phase. This eondition causes the sound to
“appear” midway betwecen the side speakers,
directly in front of the listener. Normally, it
is a “phantom” center, since it scems to be
coming from a loudspeaker where there is no
loudspeaker, but if a third speaker is con-
nected so as to receive the combined signals
from the left and right channels, the resulting
“matrixed” signal will appear from that
speaker twice as loud as from either side
speaker. This effectively derives a third chan-
nel from the original two.

459

= FRONT

LEFT RIGHT

REAR.

Fig. 2. Hafler system derives signals from sum/
difference axes to drive front and rear speakers.

The difference information in a stereo
groove comes through as vertical modulations
(dotted vertical arrow). If a signal is equal in
both channels but out of phase, difference
(vertical) information will be at a maximum,
the front-center adding channel will “see”
equal plus and minus polaritics, and complete
cancellation of the signal will oceur. The
center speaker will be dead, while the side
speakers will each reproduce half of the total
signal out of phase.

Now, suppose we add a fourth loudspeaker,
connected so as to respond only to difference
signals. Equal out-of-phase signals will then
be reproduced through that speaker, twice as
loud as through the side speakers, while the
front center speaker will remain “dead.” This
is how the Hafler four-channel svstem works.
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Figure 2 shows how these four channels are
represented by groove modulations. Note that
the front and rear modulations are at right
angles to one another (providing 1009 po-
tential stereo separation) but adjacent chan-
nels are 45 degrees apart so separation be-
tween these cannot be better than 50%. Thus,
while it is possible for a perfectly balanced
signal to cut one channel off completely, the
other three channels will continue to be active,
and the center one of those will be twice as
loud (4-3 dB) as the flanking channels. This
is enough “separation” to provide a strong
impression that the sound is coming from that
center speaker, as long as you sit roughly in
the middle of a four-speaker rectangle. A
closer seat to any one of the three active
speakers will make it predominate even when
one of the others is 3 dB louder.

But Is It Compatible? Mr. Hafler claims
that his system is “completely compatible with
normal two-channel stereophoniec reprodne-
tion,” which is almost but not quite true. On
a two-channel system, a point-source rear sig-
nal would emerge out-of-phase from the side
speakers, producing the vague kind of imag-
ing normally expected from out-of-phase
speakers. This is hardly compatibility. Mono-
phonic playback would be even less satisfac-
tory, since the mixing of the out-of-phase rear
signals would cancel them out, neatly climinat-
ing from the music any instruments that were
located at the rear of the listener.

There are some definite advantages to the
Hafler system, not the least of which is its
extreme simplicity. The playback dematrixing
of the four channels from two can be done
without electronic hardware. All it takes is
four (preferably identical) loudspeakers con-
nected as shown in Fig. 3. You can in fact dis-
pense with the front center speaker if the side
speakers are able to produce a firm and defi-
nite “phantom center” by themselves. The fact
that the consumer will not have to buy decod-
ing devices may, however, account for some
of the industry’s current lack of enthusiasm.

Another nice thing about the Hafler system,
at’least as far as the consumer is concerned,
is that it can be used with some existing two-
channel recordings to derive a legitimate rear-
ambience signal. The theory here is that any
natural ambience, having been reflected sev-
eral times from the walls and ceiling of the
recording hall (upholstered seats minimize
floor reflections), has random phasing, of
which roughly half at any given moment is
out-of-phase energy that will be reproduced
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by the rear loudspeaker. Beeanse of the
limited separation between the rear speaker
and thie side speakers, some side-channel in-
formation comes through the rear speaker
along with the ambience, but there is enough
pire ambience in many recordings fo add an
Impressive sense of spaciousness to the sound,
and to make two-channel reproduction sound
disturhingly “fat” by comparison.

As Dave laller points out, the effect conld
he greatly heightened il the recording ecom-
panies actnally added extra ont-of-phase am-
bienee to their two-channel recordings, instead
of depending on random-phase pieknp tfrom
{lieir present mike setups. 1lis snggestion has
not been met with overt enthusiasm from the
major American recording companies, but
indnstry seuttlebutt has it that some Euvo-
pean companies are already doing this, and
four-channel playback of some recordings (a
Ia Haller) would secem to confirm this rumor.
I have not heard of any dise mauunlactorer
who is making—or even contemplating—four
channel  ping-pong  recordings  for Iafler
playback, althongh this would be possible with
the separation and compatibility limitations
mentioned previously.

Poter Scheiber has not, to my knowledge,
made any claims for the compatibility of his
system. In fact it is less compatible than the
Ilafler proposal. The Scheiber system iwses
exactly the same matrixing procedures as
Hafler, but with two significant differences.
One of these is shown in Fig. 4, where it will
be noted that the stylus axes for the fonr
channels lie midway betareen the axes nsed by
the Hafler system. It is as though the whole
arrangement had heen rotated 2214 degrees.
Thisx initial phase rotation or *‘encoding”
{akes place in a cirenit that is a masterpiece
of simplicity, involving only a handful of
resistors.

Something Extra. The dematrixing de-
coder tor the Seliciber system playback does
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Fig. 3. Dynaco's recommended loudspeaker hook-
up for Hafler four-channel playback. All speak-
ers should be identical, and the two stereo
channels should be madified to provide 6 dB of
separation (uniess a separate summing amplifier
is used to drive the front center loudspeaker).

exactly the same thing in reverse, but be-
canse the axes of adjacent channels are at 45°
angles to cach other, the adjacent-channel
scparation is no better than from the Hafler
system. Scheiber carried things a bit farther,
though, by adding to the basic decoder cirenit
a pair of variable-gain control amplifiers and
sensing cirenits. Now, when a signal is sup-
posed to appear in one channel only, the de-
vice sonses the very large separation between
that channel and the opposite one and auto-
matically shuts off the fwo adjacent channels
where crosstalk is appearing. At the same
time, the levels of hoth the “speaking™ channel
and its opposite (which has nlimited separa-
tion) are inereased to overcome the 3-dB de-
matrixing loss. The eontrol action is almost
instantancons so it can operate sclectively
within the struetnral details ol a complex sig-
nal, *picking out” cach eyele and routing it to
the proper speaker.

22-12°

REAR REA

R
LEFT RIGHT

Fig. 4. Scheiber system produces moduiation axes
2214 ° rotated from those used in Hafler's system.

TUnlike the ITafler system, the Seheiber ean
reproduee fonr-channel ping-pong effects, and
this is in faet its strong point. At the demon-
stration 1 attended, T was not able to tell any
difference whatsoever between a tour-channel
tape of ping-pong-times-two material and the
Scheiber playback, but T wasn't so sure abont
how it behaved with more complicated pro-
aram material, Perhaps complex signals such

(Continued ap pge 100)
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Look! You get 25 kits...

more than ever before at no extra
cost...for your practical “hands-
on’’ learning of electronics and
TV with RCA Institutes Home
Training! Send postcard today!
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Now, RCA supplies 25 kits in its home-
study career program—at no extra
cost! Be sure to compare this with
other home-study electronics pro-
grams. And note, you never have to
take apart one kit to build another
piece of equipment because there are
literally thousands of parts making up
the kits. Information on them is in-
cluded in the catalogue which you'll
get when you mail in the reply post-
card or the coupon.

Absolutely practical, your kits are
used to build such permanent, profes-
sional and useful equipment as an
oscilloscope, a signal generator, a
multimeter, and a fully transistorized
breadboard superheterodyne AM re-
ceiver. They will give you years of
valuable service.

In addition, an easy way to learn—the
career programs are all based on the
easy, step-by-step AUTOTEXT
method. AUTOTEXT is unique and ex-
clusive with RCA Institutes. Math and
circuitry problems simply melt away!
So check the wide range of elec-
tronics and TV career programs.
Eleven Career Programs: Television
Servicing (including color TV and
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CATV) * FCC License Preparation *
Automation Electronics * Automatic
Controls ¢ Industrial Electronics *
Nuc ear Instrumentation * Electronics
Drafting * including these four all-new:
Semiconductor Eilectronics * Digital
Electronics * Solid State Technology *
Communications Electronics.

Also check the new Computer Pro-
gramming course—trains you to work
on today's largest data processing
systems including |BM/360 and RCA
Spectra 70, the Third Generation Com-
puters.

You get tuition plans as flexible as you
wish: pay-as-you-order or pay-by-the-
month...you choose! No interest
charges! No other electronics home
study school offers both these
choices.

Classroom training also available —
day and evening coeducational
classes start four times a year. No
previous training required—you can
take preparatory courses if you
haven't completed high school,
Placement service, too—with RCA
Institutes classroom training, you get
the full benefits of the RCA Job Place-
ment Service. RCA Institutes grad-

' |

uates are now with companies that
include Bell Telephone, GE, Honey-
well, 1IBM, RCA, Westinghouse, Xerox,
and major radio/TV networks. This
placement service is also available to
Home Study Graduates.

Veterans: enroll now —all courses are
approved under the Gl bill

Accredited Member National Home
Study Council.

1f reply postcard has been removed, mail this coupon.

.

+ RCA INSTITUTES, INC, o
+ Home Study Oep!. 694-011-0 O
320 West 31 Street, New York, N.Y. 10001 .
. .
« Please send me free illustrated career o
* catalog, :
5 Age 0
. .
. .
s Name .
M (please print) .
+ Address :
. .
. .
s City 8
. .
. .
¢ State Zip .
¢ For Gl information, check here O O
OOIOOOOIOOOI0.00000000..OOO.
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THE PRODUCT GALLERY

Third in a Monthly Series by ‘“The Reviewer*’

AS A GENERAL RULE I would prefer not
to discuss a couple of allied products in
the same column, but the summer months
provided the opportunity to take a close look
at CB (Citizens Radio Service). As a result,
I am devoting much of this column to a CB
antenna that has been around for several
years and a 5-watt input mobile CB trans-
ceiver that apparently typlifies current
trends in circuit design and performance.

The Avanti “Astro-Plane.’”’ There is no
textbook explanation or analysis of the un-
usual physical configuration of the Astro-
Plane. It is a CB antenna totally unlike
every other base station antenna. To a minor
extent the Astro-Plane might be thought of
as an inverted colinear with vastly short-
ened radials and a trombone matching sec-
tion. But even this supposition is not entirely
correct, although maximum signal radiation
appears to come from the 4’ “clear” section
beneath the capacity-hat or top-loading
radials.

Power to the Astro-Plane is introduced
to one leg, is divided at the bottom of the
antenna and passes to the other leg going
up to the “grounded” side of the coaxial line
(gamma matching ?) and is balanced in the
top-loaded section against the lower section
of the antenna. The manufacturer claims a
vertically polarized 4.4-dB gain over an iso-
tropic dipole and an SWR of less than
1.4:1.

Installation. The Astro-Plane is shipped
disassembled in 15 pieces sans supporting
mast. The supporting mast section should
be at least 12’ long in order to provide a 4’
clearance between the bottom of the Astro-
Plane and all other surrounding objects
(metallic tower, other antennas, etc.). A
coaxial cable feedline must be provided by
the user and should be 52-ohm cable. The
manufacturer recommends the use of
RG-8/U cable for runs longer than 30-35'.
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The smaller diameter cable—RG-58/U—
may be used for short runs.

Assembly time will vary according to
what provisions you have available for
mounting the supporting mast section. Bolt-
ing together the Astro-Plane itself will re-
quire under one hour and should be done
in an open area where supports can be pro-
vided to keep the bottom closed loop and the
top-loading radials off the ground.

The antenna itself is lightweight (31
Ib) and is physically well-balanced around
the supporting mast. Although it doesn’t
look it, wind loading is minimal and no
bending or distortien has been observed at
wind gusts up to 40 mi/h.

On the Air. Switching over to the Astro-
Plane from a colinear produced several im-
mediate surprises. The background noise
level took a nose dive, long range (1000-plus
miles) skip signals were stronger and close-
in skip (400-500 miles) was weaker. The
decrease in background noise level was ad-
mittedly disturbing and a check was made
on the SWR with the following favorable
results:

Channel Number SWR
1 1.5:1
4 14:1
7 1.4:1
10 1.35:1
13 1.3:1
16 1.3:1
19 1.25:1
22 1.2:1

Candidly, the exact reason for the reduc-
tion in background noise level has not been
determined at this writing and may be due
to a variety of contributory causes. How-
ever, the skip effects appear at first view to
verify the manufacturer’s claim of greater
signal concentration (lower angle of radia-
tion) close to the horizon. The Astro-Plane
is strongly polarized vertically and in com-
parison with other CB antennas seems

POPULAR ELECTRONICS




to attenuate horizontally polarized signals
on the order of 24 to 26 dB.

Mounted at the legal height for CB an-
tennas, signals have been heard on ground
wave out to 45 to 50 miles. Sky wave signals
(both double-hop sporadic-E and F2 layer)
have been heard at distances exceeding 2000
miles. As far as can be determined, the hori-

The Avanti Astro-Plane may be thought of as in-
verted colinear with short radials (top, above)
and a trombone matching section below. Shortened
top-loading radials are made of pre-bent seamless
aluminum tubing. Liberal use of lock washers (see
photo at right) practically eliminates the possi-
bility of wind or ice loading bending the radials.

zontal pattern of the Astro-Plane is omni-
directional and the SWR does not change
radically when operating the CB base sta-
tion in a rain shower. After eight weeks of
use, I am still pleased with the results and
will report further on this antenna during
the summer of 1971 after it has been sub-
jected to a winter in the northeastern states.

Don’t forget to caulk coax cable plug when it is attached to
the Astro-Plane input connector. The liberal use of caulk-
ing prohibits moisture from corroding the silver plating on
the connector and keeps it from entering the coaxial cable.

(More Product Gallery overleaf)

Movember, 1970

77



Product Gallery continued

The B & K Cobra 24. This CB transceiver
(5 watts input) can be operated on any one
of the assigned 23 channels. The unit is
designed for mobile operation (positive or
negative ground—up to 14 volts dc input)
and a 117-volt ac power supply is available
as an optional extra for $32.95. The re-
ceiver circuit is dual-conversion with a first
i-f of 10.595-10.635 MHz and a second i-f
of 455 kHz. A ceramic mechanical filter to
provide adequate adjacent channel rejection
is used in the first 455-kHz i-f stage and
an integrated circuit is used in the second
stage. The first mixer is a FET, but the
r-f stage is a bi-polar transistor.

A full-time series-gate noise limiter is
included in the receiver circuit and the
squelch is adjustable (see below). The re-
ceiver circuit makes use of amplified agc
and bootstrap secondary agc to minimize
breakup and overloading when in the im-
mediate vicinity of a very strong signal.
The transmitter and receiver are fed from
a 1l4-crystal frequency synthesizer with
tolerances exceeding FCC requirements.
The modulation is hi-level with audio filter-
ing and speech compression—called “Dyna
Boost.” The output is rated at 3.5 watts
into 50 ohms. Antenna loading may be op-
timized by adjusting one section of the out-
put network (rear panel insulated screw-
driver adjustment).

A switch on the front panel disables the
transmitter and feeds the modulator audio
output to an external PA speaker. The PA
volume is adjustable using panel volume
control.

Laboratory Tests. The Cobra 24 tested
by POPULAR ELECTRONICS was equal to or
better in terms of sensitivity, selectivity
and rejection than the manufacturer’'s pub-
lished specifications. Absolute AM sensi-
tivity was 0.5 ¢V for 10-dB (S+N)/N and
the squelch threshold operated at the same
level. The squelch range is limited (tight)
and will not cut off signals exceeding 200
#V input.

Selectivity was measured at just under
7 kHz wide at 6 dB down and 18 kHz wide
at 60 dB down. On the test model the sec-
ond i-f had ended up on 452 kHz instead
of 455 kHz which resulted in a lopsided
adjacent channel rejection equalling the
manufacturer’s claimed 50-dB rejection on
the high-frequency side and over 70-dB re-
jection on the low frequency side. Rejection
of interference possibly breaking through
on the first i-f exceeded 90 dB.

The agc characteristic for a variation of
r-f input of 80 dB was about 8 dB. This is
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within the specifications supplied by the
manufacturer who estimates the variation
to be £5 dB (?) with an input change of
5 uV to 0.5 V.

The measured power output (carrier only,
unmodulated) with 13.6 volts dc¢ input was
3.25 watts. Modulation is 1009 with absence
of clipping and distortion although the built-
in compression circuit limits only positive
peaks.

On the Air. The Cobra 24 was air-tested
for several weeks as a mobile unit and per-
formed better than average (if there can be
such a thing) CB transceiver. Base-to-mo-
bile transmissions were regularly carried
out to distances of 15-plus miles using the
Avanti Astro Plane antenna (see above)
and the Antenna Specialists M-125 mobile
antenna. Modulation from the Cobra 24 as
received at the base station was crisp and
even a woman's voice appeared to modulate
the carrier to 90-100%. The noise limiter in
the mobile unit was effective.

Electronically, the Cobra 24 is an exam-
ple of the circuit refinements now seen in
many Japanese top-quality imports. Per-
sonally I would have liked to see the addition
of delta tuning to clear up reception of the
CB’ers operating slightly off frequency. The
thumb wheels on the squelch and volume
controls are sufficiently unusual to be a little
awkward to handle. Inside the Cobra 24 all
parts appear to be well-mounted and pre-
sumably the transceiver can withstand road
shock for a long time to come.

Work in Progress. Quite a few unusual
products are scheduled for review in the
next few issues. They include the new Heath-
kit solid-state color TV, an Ungar IC de-sol-
dering kit, various pieces of test equipment
and several audio/stereo items. In addition,
I am making up a column of smaller product
reviews that will include a couple of things
that just barely stay on the right side of
the line from being fraudulently advertised.
I have been fascinated by ludicrous products
and frequently wonder if people really buy
things that just couldn’t possibly live up to
their advertised claims. As much as I detest
the idea of giving some people free publicity,
I nevertheless feel that it is the purpose of
this column to bring some of the phonies to
your attention. It'll make interesting read-
ing.

My personal thanks to the many readers
who wrote suggestions and constructive
criticisms. Your letters were answered and
your thoughts appreciated.
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The Cobra 24 is one of the slightly deeper mobile
CB transceivers. This may present a mounting prob-
lem in some automobiles. To be on safe side, allow
a minimum of 12" (including the coax cable connec-
tor) if you don't want a transceiver that projects
too far out from under the dashboard of your car.

Meter indicating incoming signal strength and rela-
tive power output is small and uncalibrated. This
is of minor importance in mobile operation where
visibility is limited and a rough indication is all
that is required. However, as a base station, a
true, accurate S-meter might be more desirable.

Your reviewer had some mixed
feelings about the thumb wheels
on the volume and squelch con-
trols. They are unmarked, can-
not be reset and require more
than a little '‘getting used to."”

FOR MORE INFORMATION

Astro Plane—Circle No. 86 on Reoder Service Poge 15.
Cobra 24—Circle No, 87 on Reader Service Page |5.
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SHORTWAVE LISTENING

WWYV Time Booklet Available —The 1970 edition of “NBS Frequency and
Time Broadcast Services, Radio Stations WWV, WWVH, WWYVB, and WWVL”
is now available from the Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402 for 25¢. This 16-page booklet
contains detailed information on all the major services provided
by the National Bureau of Standards through the WWYV chain of stations.
Catalog coding for this Special Publication 236 is SD Catalog No.
C13.11:236. A copy is invaluable for interpreting the propagation
forecast and geophysical alerts.

CITIZENS RADIO (CB)

German CB—Citizens Radio in the Federal German Republic is
a farce, according to a first-hand report by Dave Dunwaodie, KDM3144,
published in the *7-11 Monitor,” Spokane, Washington. Dave says
that there are two classes of CB license—one limited to 2 watts input
and a second limited to 30 watts input. Licenses are good for one
month (!) and you get no callsign, but pay a minimum of $10
depending on the number of mobile units. All outdoor antennas are
illegal and operation on channel 17 is frowned upon since it is
supposedly used by the ambulance services. Working skip is legal
and you can yak your heart (and pocketbook) away.

TELEVISION

TV Channels Go Land Mobile—T be Federal Communications Commission has
finalized a new plan to permit sharing of TV channels 14, 15, 16,17, 18 and 20
with public safety (police/five), land transportation, industrial and domestic
public radio services. Restricted to certain cities (nrban areas) the plan
permits land mobile operation in the spectrum occupied by TV channels 14 and 15
in New York/northern New Jersey; 14 and 20 in Los Angeles; 15 and 16 in Detroit;
16 and 17 in San Francisco/Oakland; 14 and 16 in Boston; 17 and 18 in Wasbington;
14 and 18 in Pittsburgh; and 14 and 15 in Cleveland. Allocations for Chicago
and Philadelphia are to be made in a few months. TV viewers will now be
treated to a hash of public safety signals—as an entertainment bonus.

SHORTWAVE LISTENING

Changes at BBC?—The External Service of the BBC is in for a rough
time according to a press report in the London Sunday Telegraph
(August 16). International shortwave broadcasting costs about
$28,500,000 per year and the Foreign Office is unhappy about spending
that much money without having a bigger say of how it is to be spent
and how the External Service is run. Should the Foreign Office
put the External Service under its Central Office of Information,
the “image” of the BBC'’s objective news coverage will be lost
forever. Shades of Radio Moscow!
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CITIZENS RADIO (CB)

And in New Zealand—The information is confusing; but, in response
to inquiries about weak phone signals: yes, there is a Citizens Band
in New Zealand! The maximum power input is 1 watt and the channels
(in numerical order) are: 26,425; 26,450; 26,475; 26,500; 26,525;
26,550; and 26,575 kHz. Sample location prefixes are: AK, Auckland;
CH, Christchurch; IN, Invercargill; DN, Dunedin; and WN, Wellington.
More specific information about licensing and equipment would be
appreciated by the Editors.

AMATEUR RADIO

Hamfest Directory—A Directory of 1971 Hamfests is being
prepared by Art Collatz, KO9JZM. Distribution will be nationwide.
‘Amateur radio elubs are urged to appoint a representative to notify
Art about their hamfest plans by Dec. 1, 1970. Address: Art Collatz,
K9JZM, 2127 Market St., Blue Island, IL 60406.

TELEVISION

One More Try For Phonevision—Is late August, the Federal Communications
Commission granted Zenith Radio Corporation approval to proceed with its
Phonevision system, Zenith Radio and Phonevision (now a misnomer) bave been
advocating a form of subscription television since 1947. The system was tested
over the air via station WHCT (TV ), Hartford, Conn. from July 1962 to February
1969. Phonevision is a means of scrambling a TV picture and sound so that
it cannot be received via a non-customer’s receiver. Subscribers rent a special
decoder to unscramble the signal and pay only for those programs that they
want to watch—in contrast to cable TV . Zenith radio bas given options to RKO
General, Teco, Kaiser, and Field Enterprises to use the Phonevision system
in selected cities. Subscription-type Phonevision is expected to start in late 1971.

SHORTWAVE LISTENING

Radio Free Europe and Radio Liberty—There is a strong
possibility that both Radio Free Europe and Radio Liberty will
discontinue part of their services to eastern Europe within the next
few months. The West German government has reportedly made informal
inquiries to the United States about cessation of broadcasts until
after the 1972 Olympic Games. RFE has cut back on its New York City
staff (probably an uncorrelated action) and there are indications
that Radio Liberty may reduce its hours of operation. If true,
the excessive Soviet block jamming would cease—hut heaven help
the Communist Chinese when all that surplus jamming equipment
is transferred fo Siberia.

BROADCAST BAND

King David—A new pirate AM broadcasting station went on the air at 6:00 a.m.
(GMT ), September 1. Calling itself “Capital Radio,” this pirate is operating
several miles off the Netherlands coastline aboard the trawler "King David.”

The operating frequency is 1115 kHz with 10-kW output power and a daily
schedule from 6:00 a.m. to 2:00 p.m. Instead of the top-heavy mast used by many
pirate broadcasters—to their grief (see “Radio Hauraki,” September issue)—
Capital Radio uses a ring-type antenna that is claimed to radiate no sky wave!
NRC and IRCA DXers take note!

RESEARCH

It Looks Like a Boo-Boo—Broadcasters—both AM and FM—have
begun a campaign to force General Motors (Delco Radio Division)
(Continued on page 102)
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One Hundred Seventy-Fourth in a Monthly Series by Lou Garner

ITH ROCK-AND-ROLL enthusiasts de-

manding multi-hundred-watt amplifiers,
industrial engineers needing multi-kilowatt
power controls, and communications special-
ists seeking higher and higher powers at
ever-increasing frequencies, it is not surpris-
ing that nearly all semiconductors manufac-
turers are devoting major efforts to creating
more powerful solid-state devices. But, it
may come as a mild shock that most of these
same manufacturers have smaller, but equal-
ly devoted, engineering groups assigned to
developing devices with minute power re-
quirements.

Actually, absolute power levels are rela-
tively unimportant in most signal-handling,
signal-processing, instrumentation, logic and
computational applications, except where
physical work must be performed. Electro-
mechanical devices such as solenoids, loud-
speakers, and motors require substantial
power, naturally, as do induction and dielec-
tric heaters, microwave ovens, and ultrason-
ic cleaners and machine tools. And, of course,
relatively high powers may be required for
long-distance data transmission and com-
munication to compensate for fairly large
line and radiation losses, but information
handling circuits do not, in themselves, re-
quire much power. After all, one of the most
effective of all information processing and
control systems, the human brain, is a rela-
tively low-power device.

The development of effective low-power
circuits and equipment designs, then, offers
a fertile and challenging field for the serious
hobbyist wishing to push the state-of-the-art
to its lower limits. A powerless functioning
circuit, while a theoretical ideal, would be a
virtual impossibility, but circuits with power
requirements measured in the microwatt
range are not only theoretically possible, but
within practical reach.

An advanced experimenter tackling micro-
power projects for the first time should find
the following guidelines of value:

® Use only low-leakage active and pas-
sive devices—i.e., high-quality silicon rather
than germanium transistors, and ceramic or
mica capacitors instead of electrolytics.
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® Where possible, avoid the use of power-
robbing bleeder networks.

® Series diode chains rather than resis-
tive voltage dividers are preferred for stage
biasing.

® Design for the minimum bandwidth
compatible with application requirements.

® Employ series and/or complementary
circuits where feasible, and Darlingtons
where high gain is needed.

® Use high-value load resistors to achieve
maximum gain per stage.

@ If practicable, use class B or class C
amplifier stages in preference to class A
designs.

@ Optimize the circuit stage-by-stage.

® Seek the minimum output voltage
swing consistent with reliable operation in
the intended application—that is, don’t
“‘overdesign.”

On the commercial level, at least two ma-
jor firms are now offering microwatt IC am-
plifiers as off-the-shelf products-—Fairchild
Semiconductor (313 Fairchild Drive, Moun-
tain view, CA 94040) and Solitron Devices,
Inc. (Semiconductor Division, 8808 Balhoa
Ave., San Diego, CA 92123).

A monolithic operational amplifier requir-
ing only 100 W standby power when operat-
ed on a *3 volt dc supply, Fairchild’s pA735
utilizes a direct-coupled, three-stage circuit
featuring twenty-one transistors and sixteen
thin-film silicon-chromium resistors. Six of
its transistors are diode-connected. The de-
vice furnishes an output voltage swing of
only *+1.2 volts when powered by a low-
voltage source, but can supply swings of
*+12 volts when a *+15 volt power source
is used. At the higher supply voltage the
nA735's standby power is raised to 6 mw.
The device’s large-signal voltage gain ranges
from 20.000 with a low-voltage supply to
over 40,000 when higher source voltages are
used. As is typical of operational amplifiers,
its frequency response is dependent on the
type(s) of compensation network used, but
a suitable choice of external feedback com-
ponents will extend the response to over 100
kHz.

Solitron’s UC4250 is a general-purpose

POPULAR ELECTRONICS




operational amplifier designed for use with
power supplies of from =1 to =*=18 volts.
With a =1 volt dc source and its quiescent
current adjusted to 10 zA the device has a
standby power requirement of only 20 «W.
The UC4250 can furnish a gain of 100,000
into a 10,000-ohm load when operated on a
+6 volt supply, with its quiescent current ad-
justed to 30 pA.

In tests at Solitron, two miniature elec-
tronic watch batteries were used to power a
square wave oscillator using the UC4250.
The circuit’s load current checked out at a
mere 100 pA, thus indicating that the oscil-
lator should be able to run continuously for
30 morths on one set of batteries. Unfortu-
nately, the actual operational battery life is
somewhat less, for these small cells have a
rated shelf life of only a little over 15 months.
The circuit’s power drain is so small, then,
that its power supply batteries would fail
chemically long bhefore they are exhausted
electrically. How about that for low power?

Micropower circuits are particularly use-
ful in medical electronics, biological and geo-
physical telemetry, portable instrumenta-
tion, long-term monitoring, and miniature
computers. A recent development in another
field may make such circuits of even greater
value in medical appliances.

Working with selective catalysts, Drs.J. H.
Fishman and J. F. Henry at Leesona Corpo-
ration’s Moos Laboratories Division (Great
Neck, N.Y.) have developed experimental
fuel cells using human blood as a source of
both fuel and oxygen: In practice, two elec-
trodes are immersed directly into the blood
stream, one of which reacts with glucose and
dsimilar organic materials, the other with
oxygen, to produce electric power. The ex-
perimental units tested to date yield approx-

imately 5 uW for each square centimeter of
electrode area. Although this power yield
may be improved considerably as techniques
are refined, it is already sufficient to operate
circuits comparable to Solitron’s UC4250.

Looking to the future, one day we may see
implantable solid-state heart pacers and sim-
ilar aids which are powered by the patient’s
own blood stream.

Your editors would be intcrested in hear-
ing of any micropower circuits developed by
our readers. If of general interest, we may
find a place for it here.

Reader’s Circuit. A practicing engineer
as well as an enthusiastic experimenter,
reader Eugene Richardson (310 East Mason
Ave., Alexandria, VA 22301) feels that the
programmable unijunction transistor, or
PUT, has not received the attention it de-
serves and, therefore, is not as widely used
by most hobbyists as are such familiar de-
vices as transistors. SCR'’s, diodes and con-
ventional unijunctions. As he points out, the
PUT is an exceptionally versatile device.

Essentially an anode-gate thyristor, the
PUT is functionally equivalent to standard
unijunction devices, but has a number of
superior features. Its stand-by and holding
currents are much lower, its on resistance
considerably lower, and its peak current rat-
ing much higher. Further, its firing thresh-
old can be either programmed or made varia-
ble and, in addition, its inherent regenerative
action gives it a fast-acting characteristic.

As evidence of the PUT's versatility, Eu-
gene has submitted the sweep/frequency
divider circuit illustrated in Fig. 1 for con-
sideration and possible use by other experi-
menters. Capable of delivering either saw-
tooth or pulse waveforms, its output can he
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Fig. 1. Programmable unijunction transistor, Q3, is used in sweep/frequency divider cir-
cuit to deliver either sawtooth or pulse waveforms synchronized with an external signal.
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synchronized with an external signal. He
suggests that the circuit can be used as a
general purpose waveform or pulse genera-
tor or, if preferred, incorporated into other
equipment, such as an oscilloscope as a
linear sweep, or in a counter as a pulse fre-
quency divider.

In the circuit, the PUT, @8, is used as a
modified relaxation oscillator, with Q1 serv-
ing as a bias control device and emitter-
follower @2 as a sync amplifier/buffer. In
operation, @8's anode-cathode capacitor
(C1, C2, or C8.) is slowly charged toward
source voltage through a series resistor
(E1 and E2), forming the leading ramp of
a sawtooth waveform. During this period,
@3's gate is maintained essentially at source
voltage, because @1, (part of the gate bias
voltage-divider consisting of B4, R5 and Q1’s
emitter-collector resistance), is operated
without base bias and acts as an open circuit.
Under these conditions, the PUT cannot
“fire” (i.e., switch to a conducting state).

If, at this time, a positive-going sync pulse
is applied to Q1’s base, the transistor starts
conducting, dropping the PUT’s gate voltage
below its anode voltage and causing it to
fire, discharging the anede-cathode capaci-
tor through cathode resistor R3 and develop-

ing a sharp output pulse. With the capacitor
discharged, @$8’s anode voltage drops and
the device switches back to a non-conduct-
ing state, permitting the cycle to repeat.

For optimum operation, the sync pulse
rate should be at a frequency comparable to
or higher than the relaxation oscillator's
“natural” frequency, as determined by the
supply voltage and its anode-cathode RC
time constant (R1-R2 and C1, C2 or C8). In
fact, the sync pulse rate may be several
times higher than the circuit’s natural fre-
quency, for the PUT will not fire until its
anode voltage reaches a pre-established
peak value. Since the output pulse rate
(across R8) can be an integral fraction of
the sync frequency, the circuit may be used
as an effective frequency divider.

In practice, 81 serves as a frequency range
control, selecting various capacitor values
and thus changing the relaxation oscillator’s
RC time constant. Similarly, variable resis-
tor R1 acts as a “fine frequency” control. Po-
tentiometer R7 provides an adjustment of
sync amplitude.

Eugene has not specified component values
for his circuit, indicating that these will be
determined by the individual devices used,
by the dc supply voltage, by the desired

OUTPUT
Ql
MSA8508 S
c6
INPUT -4-40pF
@—Hp TTT s
cl S 2
1.5~ 20pF
47.
—L il }.o4
=y
T s
.4-40pF 4-40pF

+6v

Fig. 2. R-f power amplifier employing npn VHF silicon power transistors can be used in either hand-
held, base station, or mobile applications. Operating frequency can be changed by varying LC values.

¢ Direct Frequency Dialing ¢ All Solid State
* Programmable Coverage e FET Circuitry

COMMUNICATIONS RECEIVER

For more details write: R.L. DRAKE COMPANY, 540 Richard St., Miamisburg, Ohio 45342

A general purpose receiver, the SPR-4 may be pro-
grammed to suit any interest: SWL, Amateur, Labora-
tory, Broadcast, Marine Radio, etc. Frequency Coverage:
150-500 KHz plus any (23) 500 KHz ranges,.500 to 30 MHz.

FEATURES: @ Linear dia! with 1 KHz readout ® 4-
pole crystal filter in first IF ® 4-pole LC filter in
second IF @ Three bandwidths: 0.4 KHz, 2.4 KHz, and
4.8 KHz for: CW, SSB, AM @ Superior cross-modulation
and overload performance ® Power: 120 VAC, 220 VAC,
and 12 VDC ® Crystals supplied for LW, BC and seven
SW bands @ Built-in speaker ® Notch Filter.

ACCESSORIES: 100 Khz calibrator, noise blanker,
transceive adapter (T-4XB), DC power cord, loop an-
tenna, crystals for other ranges.

CIRCLE NO. 9 ON READER SERVICE PAGE
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repetition rate(s) (frequency), and similar
factors. However, he has suggested that the
PUT can be GE types D13T1 or D13T2, or
Motorola types MPU131 to MPU133. The
other transistors (@1, @2) should be low-
leakage, general purpose npn silicon devices.
A relatively low value (under 50 ohms)
resistor should be used for R3 to insure a
sharp output pulse and short discharge time.

Manufacturer’s Circuit. Originally de-
signed for operation in the Land Mobile Com-
munications band, the r-f power amplifier
circuit in Fig. 2 was abstracted from a bro-
chure published by Fairchild Semiconductor
to illustrate the use of their MSAS8506-08
series of npn VHF silicon power transistors.
Hams should find the circuit of particular
interest, for it can be used in either hand-
held, base station, or mobile applications. A
complete transmitter may be assembled by
adding a suitable crystal-controlled FM os-
cillator/buffer, an antenna, and a dc power
supply to the basic amplifier. The circuit's
center operating frequency (175 MHz) may
be shifted to other bands simply by changing
its LC component values, although the tran-
sistors specified in the design are character-
ized for optimum performance at from 150
to 175 MHz.

The circuit is a straightforward arrange-
ment with two cascaded npn common-emit-
ter stages, @7 and @2. Broadband coupling
is used throughout to insure satisfactory
operation with FM signals. Adjustable input
(C1-C2, L1-L2) and output (C5-C6, L5-L6)
networks are included to provide efficient
coupling to the driver and antenna, respec-
tively, while a tapped coil, L3, insures a
match of interstage impedances.

Referring to Fig. 2, @1 and Q2 are Fair-
child type MSAB8508. Capacitor C17 is a 1.5-20
pF Arco type 402; C2, C5, and C6 are 0.4-40
pF Arco type 403; C3 and C4 are 8-60 pF
Arco type 405; C7 and C8 are 0.47 yF ceram-
ic discs; C9 a 47 pF mica capacitor; and C10
and C11 are 1000 pF feedthrough types. Re-
sistors B! and R3 are 47-ohm, 4 -watt, 5%
resistors; while R2 is a 330-ohm, 4-watt,
5% unit.

Both hand-wouné and commercial coils
are used in the amplifier. L1, L5 and L6 each
consist of 2 turns of #18 wire, 14" diameter;
L8 consists of 3 turns, #18, %" diameter,
with a tap at 11 turns; L2 and L} are 33 yH
chokes: while L7 and L8 are small ferrite
chokes (Ferroxcube #200-10-3B).

In common with most VHF projects, lay-
out and lead dress are reasonably critical.
Good r-f wiring practice must be observed
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ANTENNA
FORYOU...

HUSJLER

If you are hard to please—if you
want optimum performance—
it's the HUSTLER TLA-27-L
trunk lip mounted fiberglass
antenna—only 48" talil—ready
for easy installation: no holes to
drill, cable to trim or solder (a
Hustler exclusive). Complete,
including 17’ coax cable with
connectors and priced $4 below
—vyes four dollars below any
similar competitive model.

it’'s HUSTLER for any re-
quirement — choose from
118 models covering
citizens-band, amateurradio
and monitoring.

i CB MOBILE
MODEL TLA-27L

$1495

COMPLETE

RUSH CATALOG O CB OO HAM
NAME

HUSTLER
EXCLUSIVES

ZIP
15800 COMMERCE PARK

| NEW- TRUNIL‘S CORP.

BROOK PARK, OHIO 44142_‘

McGEE RADIO Co.

WORLD'S BEST SELECTIONS
AND LOWEST PRICES

SPEAKERS

ALMOST EVERY SIZE FROM 11/, TO 18 INCH
WOOFERS—TWEETERS—CROSSOVERS
MANY HIGH FIDELITY KITS
McGEE’S 176 PAGE 1971 CATALOG
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NORELCO HI-FI SPEAKERS

McGEE HAS ADDED A FULL LINE OF NORELCO
HI-FI SPEAKERS FOR THE SYSTEM BUILDER.

McGee ships orders all over the U.S. When requesting
our catalog please give name, address and zip code.
Our 41st year in Kansas City. Catalog offers every-
thing for Hi-Fidelity audio P.A. systems. All kinds of
microphones. Names such as Shure, Bogen, Electro-
Voice, University, Altec, Ampex, G.E. Tubes and Tran-
sistors. All kinds of parts, Everything for Educational
and Industrial electronics. Write for your catalog today.

McGEE RADIO CO.—1901—PE

McGee St., Kansas City, Mo. 64108

CIRCLE NO. 22 ON READER SERVICE PAGE
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(Continued from page 85)

when duplicating the circuit, with signal
leads kept short and direct and common
ground points used in each stage.

According to Fairchild, the basic circuit
will deliver 5 watts r-f output when driven
by a 200 mW signal and operated on a 6-volt
dc source. The design is not critical with re-
spect to either drive or supply voltage, how-
ever, and, within reasonable limits, both
higher and lower drives as well as dc volt-
ages may be used without changing compo-
nent values. With a 12-volt power supply
and 400 mW drive, for example, the amplifier
should deliver over 8 watts.

R.F. Preamp. We discovered the sche-
matic illustrated in Fig. 3 in the back
of a catalog recently issued by Teledyne
Crystalonics (147 Sherman St., Cambridge,
Massachusetts 02140). Although relatively
simple, the design should have numerous
potential applications in r-f instrumentation
and communications as a general purpose
preamplifier.

Featuring a type CP651 n-channel JFET
in a grounded-gate configuration, the pre-
amp could be duplicated easily in a single
evening by any hobbyist with average skills.
Standard components are used throughout,
with C1 and C2 small ceramic capacitors,
R1 a half-watt resistor, and L1 a 2 mH. r-f
choke. Inductor T1 is a 200:50-ohm untuned
impedance matching r-f transformer. A 20-
volt dc power supply is required, with the
unit drawing 30 mA.

Crystalonics indicates that the preamp
has a bandwidth extending from 500 kHz to
40 MHz and can furnish 10-dB voltage gain
with a dynamic range of 140 dB. It will ac-
cept input signals of up to 3 volts p-p and
has a noise figure of only 2.5 dB. Its cross-
modulation characteristics are quite good.
With 1-volt, 3-MHz and 5-MHz test signals,
the 3rd order product is down 44 dB, while
0.25-volt signals reduce the 3rd order prod-
uct to a low —80 dB.

Device News. Two new MODEM IC’s, the
MC1488L, and MC1489L, have been an-
nounced by Motorola Semiconductor Prod-
ucts, Inc. (P.O. Box 20912, Phoenix, AZ
85036). Supplied in 14-pin dual in-line ce-
ramic packages, both devices are DTL/TTL
compatible monolithic integrated circuits
designed to provide systems interfacing be-
tween communication networks and data
terminal equipment. According to the manu-
facturer, these two new units are the fore-
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runners of a planned line of MODEM system
circuits.

The MC1488L is a quad line driver consist-
ing of four NAND gates: three two-input
gates and a single input gate. Its output
current is limited to 10 mA to comply with
an applicable EIA standard.

The MC1489L is a quad line receiver in-
cluding four special two-input NAND gates,
with each containing three inverting stages.
One input of each gate can be used as a re-
sponse control node, and feedback is pro-
vided from the second to the first stage of
each. With the response control input open,

CP65I1

LOUIPMENT
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Jo1 THANSMUTTER
il O ._)

e
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(Continued on page 94)

Fig. 3. An n-channel JFET in grounded gate

configuration (left) has applications in

r-f

instrumentation as a general purpose preamp.

500} ouTPUT

New MODEM IC's from Motorola include a quad
line driver containing four NAND gates (below
left) and a quad line receiver which contains
f@ir two-input NAND gates. Both are DTL/TTL.

New
TravellerII

Sleek and sassy, it's

the world’'s smallest 23 channel
CB radio. Instant warm-up, solid-state depend-
ability, 100% modulation. All chrome cabinet
and diecast face. One year warranty. $1 3995

New

Classic II

A legend in its
own time, it's a

sleek mobile rig
with equally good
base station capabilities. Built-in AC power
supply and P.A. function. 23 channels with
100% modulation. llluminated S meter, slide
controls, ANL delta tuning. One year warranty.

31999

New

Base Station Mike BMT-1
Improve the performance of your
CB, AM, FM or SSB transceiver
with our base station mike with
built-in pre-amp. Only $2995

New

Ranger 23

Great performance,
great value. Features cascode front end

for greater sensitivity, nuvistor mixer for im-
proved S/N ratio and full-time range expand.
S-RF meter. Complete with all crystals for 23

channel operahon . $1 9995
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New from Heath...in time

New Heathkit® solid-state
modular color TV

The result of over five years in research and development, these
sets represent one of today's greatest color TV values. Here's
why: a total of 45 transistors, 55 diodes, 2 silicon controlled recti-
fiers, 4 IC's containing another 46 transistors and 21 diodes plus
2 tubes (picture and high voltage rectifier) combine to deliver
performance and reliability unequalled by any conventional tube
sel. Other features include: MOSFET VHF tuner; high-gain 3-
stage. solid-state IF; emitter-follower output; automatic fine tun-
ing; VHF power tuning; built-in degaussing plus manual
degaussing coil; automatic chroma control; adjustable noise
limiting and gated AGC; "instant-on". . . sound instantly, picture
in seconds; bonded-face, etched glass picture tubes; adjustable
tone control; exclusive hi-fi outputs; and 48-hour factory service
facility for modules. The sets are designed to be owner-serviced

.the only sets on the market with this exclusive feature. A
bum in dot generator, volt-ohm meter, and modular snap-out
epoxy circuit boards make routine adjustments and service a

e Modular plug-in circuit board construction

snap . . . virtually eliminating service calls and offering significant
savmgs over the life of the set. It all adds up to the color TV buy ® MOSFET VHF tuner and 3-stage IF
of a lifetime in the GR-270 and GR-370. . . ready now for Christ- P
mas giving! ® Pushbutton channe! advance
Kit GR-270, 227" 20V tube, 114 1bs. ................ s4ss.95*  © Hi-fi sound outputs — for amplifier
Kit GR-370, 295" 23V tube, 127 1bs. . ............... $559.95° o Designed for owner-servicin
Kit GR-370MX, GR-370 with RCA matrix tube, ane © 9
127 DS, ettt e e $569.95*
. , 1 Exclusive check-out meter
3 Exclusive modular design 2 Tilt-out convergencej secondary contral panel

3 Gun shorting switches

4 3-stage IF assembly

§ Plug-in AGC/Sync circuit board

6 Plug-in 158 MHz oscillator circuit board
7 Plug-in Chroma circuit board

8 Plug-in Luminance circuit board

9 Service and Dots switches

10 10 Pluﬁ in Mlideo Output circuit board

11 High voltage power supply
12 Plug-in Vertical Oscillator circuit board
13 Plug-in Horizontal Oscillator circuit board

12 14 Plug-in Pincushion circuit board

15 Conservatively-rated power supply components

13 16 Circuit breaker protection

17 Plug-in Sound circuit board

18 Master control panel

19 Hi-fi sound output

20 Plug-in wiring harnesses and connectors
for faster assembly

Choice of factory-assembled cabinets

3 models in 295 sq. in.

Luxurious Mediterranean .
factory assem. |

Cabinet, ..

bied of fine furniture
grade hardwoods and
finished in a flawless
Mediterranean pecan.

Statuary bronze trim
hand{! 30- '/,," H x 477

Assemblu GnA-:M .23,
78Ms. ..., $129. a5e

3 models in 227 sq. in.

Exciting Mediterranean
Cabinet.. assembled us-
ing fine Turniture tech-
niques and finished in
stylish Mediterranean
pecan, Accented with
s(atuary bronze handle,
213%," H x 417%" W x

o o
Assembled GRA- 20220,
85 Ibs. $1i

88

Deluxe Early American
Cabinet...factory assem-
bled of hardwoods & ve-
neers and finished in
classic Salem Maple
9;2,” H x 371" W

Assembled GRA- a03.23
s, ...l $114.95¢

Contemporary Watnut
Cabinet and Base Com-
bination. Handsome wal-
nut finished cabinet sits
on a3 matching walnut
base. Cabinet dimen-
sions 209%,” H x 314"
W x 18%” D. Base di-
mensions 7%” Hx27%"
Wx 18

Auemhled GRA 203-20
Cabinet, 46 Ibs. $49.95°
GRS-203.6 above cab.
w/malchlnz base,

s, ....... $59.95*

Contemporary Walnut
Cabinet...factory assem-
bled of fine veneers &
solids with an oil-rubbed
walnut ilmsh 294" §
X I5'%." W x 197%” D,

Assemhled GRA-301.23,

60 Ibs. ....... $74, 95«

Handy Roil-Around Cart
and Cabinet Combina.
tion. Features the GRA.
203-20 walnut cabinet
plus a walnut-trimmed
wheeéled cart with stor-
age shelf.

Assembled GRA-203.20
Cabinet, 46 Ibs. $49.95*
GRA-204-20 Roll-Around
Cart, 19 ibs. ..$19.95*
GRS-203-5 Cart & Cabi.

POPULAR ELECTRONICS



for Christmas giving

New HeathKit
Electronic Oven

..only $399.95*

Now, through the miracle

of microwave energy, a cooking
revolution that frees you from
conventional kitchen drudgery forever!

Imagine a baked potato in 4 minutes; baked beans in a little over 6
minutes; a five-pound roast in 45 minutes. This is the miracle of
microwave cooking. And now Heath brings you this modern miracle
for the first time in money-saving, easy-t0-assemble kit form. For
busy families on the go, meal preparation is a matter of minutes.
You can cook on china, glass, or even paper dishes since only the
food becomes hot. Your cooking dish can be your serving dish.
Frozen foods can be defrosted in minutes for quick spJr-cf-the-
moment frozen meals cooked right in their own containers. And
there is nol the slightest cause for concern about the satety of your
Heathkit electronic oven. Exclusive door design prevents micro-
wave leakage from the oven cavity. And with a SAFETY INTERLOCK
SYSTEM UNIQUE IN THE INDUSTRY, not only does the oven stop
cooking if the door is opened, but the door can’t be opened unless
the interlock is operating properly. A second independent door
interlock is also provided for maximum protection. And all interlock
mechanisms are tamperproof. Assembled in accordance with the

What do you do for an encore after you've created the solid-state
GR-270 and GR-370 big-screen sets? Simple. Make them porta-
ble. That's virtually what's been done in the new Heath<it GR-169
solid-state portable color TV. Heath engineers look the same cool-
running solid-state circuitry from the large screen chassis and
packaged it in an easy-to-assemble compact chassis...with the
same nine plug-in glass epoxy circuit board modules used in the
big sets. In fact the only difference is the smaller preassembled
horizontal deflection and high voltage power supply. The same
MOSFET tuner and high gain 3-stage IF found in the big sets offer
superlative color performance. And, as in the larger sets, complete
owner-service features are provided by inclusion of built-in dot
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o Big set performance, portable convenience
¢ MOSFET VHF tuner & 3-stage IF

e Modular, self-service design

e 102",14 V picture tube

manual, the GD-29 meets all the new federal standards for safety
and radio interference. Ne special precautions are required when
operating. The Heathkit electronic oven is as sale as your conven-
tional oven! Quality components are used throughoul: magnetron
tube by Litton, the uncontested leader in the field; avalanche Ci-
ode circuitry for longer tube life; simplified wiring harness with
push-on quick-connectors for reliability and ease of assembly. GO~
29 prototypes endured grueling “life-tests' equivalent to over 60
years of continuous service...further assurance of uncompromised
reliability. Another feature is portability: the Heathkit electronic oven
operates on regular household current. Plug it in anywhere...on a
countertop, a wheeled cart, in the kitchen, on the patio, at the
cottage...anyplace a grounded 120V AC power outlet is available.
Make this a Christmas to remember by putiing a Heathkit etectronic
oven under the tree. It's a gift your wife will thrilt to... and a present
the whole family will enjoy...meal after meal after meal.

Kit GD-29, 801IDS. ...0vvevneveeneronnenanconnnnon $399.95¢

New Heathkit portable
solid-state color TV

generator and degaussing along with an exclusive volt-ohm check-
out meter. 48-hour factory service facilities for modules are also
provided with the GR-169. Other features include: built-in anten-
nas and connections for external antennas: instant picture and
sound: complete secondary controls available behind the hinged
door on the front panel: high resolution circuitry for sharp, crisp
pictures; adjustable noise limiting to keep external interference 1o
a minimum. If you're looking for big set color fidelity and perform-
ance with portable convenience ... put the new Heathkit GR-169 on
your Christmas shopping list now!

Kit GR-169, 481bS. ........ccvvrerraronnns 0000000 $349.95¢
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New Heath-gift ideas... for

AM-FM-FM stereo tuner

This is the feature-packed tuner section of the famous Heathkit AR-29
stereo receiver ... now available as a stereo “'separate.” The pre-
assembled, factory-aligned FM tuner boasts 1.8 uV sensitivity for
whopping station pulling power using FET design for superior over-
load characteristics. Three IC's in the IF section offer superior AM
rejection, hard limiting, temperature stability, and outstanding reli-
ability. Other features include a computer-designed 9-pole L-C
filter for greater than 70 dB selectivity; new “blend’’ and "mute"
functions; and a built-in AM rod antenna that swivels for best re-
ception.

Kit AJ-29, 19 Ibs., less cabinet ...................... $169.95*
Assembled AE-19, oiled pecan cab., 9tbs. ............. $19.95*

New Heathkit® AA-29
100-watt stereo amplifier

Power-packed amplifier section of the Heathkit AR-29, the AA-29
stereo "‘separate” marks another milestone in superior Heathkit
amplifier design. Its 70-watts of continuous power is more than
enough to drive even the most inefficient speaker systems. A mas-
sive, fully-regulated and filtered power supply, 4 conservatively
heat sinked output transistors and the best IM and harmonic dis-
tortion specifications in the industry add up to sound fidelity you
never expected 10 hear outside the theater. Modular plug-in circuit
boards make assembly easier...snap out in seconds for future
servicing.

New Heathkit® floor model

speaker systems

New Heath
stereo equipment

credenza

In the new Heathkit AS-101 and AS-102 speaker systems, Heath engineers
have combined the best of both worlds of sound and beauty. The AS-101
Heath/Altec-Lansing 2-way system features a 15” woofer and sectoral horn
delivering from 35 to 22,000 Hz with uncompromising accuracy. The AS-102
Heath/Bozak 3-way system uses a 12" woofer, 6” mid-range, and two 22"
tweeters in an infinite baffle design to produce clean natural reproduction
from 4010 20,000 Hz. Both systems are housed in assembled Mediterranean
pecan cabinets, 29%"” H x 27%" W x 19%" D.

Kit AS-101, 53 1DS. .. ....ovint it $259,95*
Kit AS-102, 39 IbS. ......ovvviiiiiiii $259.95*

Romantic Mediterranean styling in wife-pleasing one-piece con-
sole design ... yet with plenty of room for your favorite separate
stereo components. Six-and-a-half feet of solid craftsmanship
executed in North American Hickory veneers and solid oak trim,
finished in oiled pecan. Completely assembled and finished, ready
for installation of Heath or other components. Speaker enclosures

90

are ducted port reflex design, pre-cut for 12” speakers. An adjust-
able shelf has room for stereo receiver, cartridge or cassette tape
player or separate tuner and amplifier. Below the shelf is room for
your turntable and record storage. Accessory matching drawers on
ball bearing slides are available for turntable and tape player.

Model AE-107,90 Ibs..........viniinninennerennenns $189.95*
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home, shop and ha

New Heathkit® IC15 MHz
frequency counter...199.95*

A highly accurate, low cost frequency meter for anyone requiring
accurate frequency measurements. Compare these features to
counters selling for over twice this low price: accurate counting, 1
Hz to over 15 MHz; integrated circuilry; automatic trigger level for
wide range input without adjustment; five digit readout with Hz/kHz
ranges and overrange indicators for eight digit capability; high in-
put impedance; storage circuitry for non-blinking, no-count-up
readout; computer-type circuitry, no divider chain adjustment; tem-
perature-compensated crystal lime base oscillator; BNC input with
cable; double-sided, plated-thru circuit board with sockets; three-
wire, removable line cord; heavy-duty aluminum case handle/tilt
stand and die cast zinc front panel; no special instruments required
for accurate calibration.

Kit IBaT0T, 7 IDS. « e v vt et e ee e et e ee e $199.95°

See these and 300 other
Heath-gift suggestions at one of the
following Heathkit Electronic Centers:

Anaheim, Calif. 92805 Milwaukee, Wisc. 53216

330 E. Ball Road 5215 W. Fond du Lac

Boston Area Minneapolis Area

Wellesley, Mass, 02181 Hopkins, Minn. 55343

165 Worcester St. 101 Shady Oak Road

Chicago, illinois 60645 New York, N.Y. 10036

3462-66 W. Devon Ave. 35 W. 45th Street

Chicago Area Philadelphia, Pa. 19149

Downers Grove, ll. 60515 6318 Roosevelt Bivd.

224 Ogden Avenue Pittsburgh, Pa. 15235

Cleveland, Ohio 44129 3482 William Penn Highway

5444 Pearl Road St. Louis, Mo. 63123

Dallas, Texas 75201 9296 Gravois Ave.

2715 Ross Avenue San Diego Area

Denver, Colorado 80212 LaMesa, Calif. 92041

5940 W. 38th Ave. 8363 Center Drive

Detroit, Michigan 48219 San Francisco Area

18645 W. 8 Mile Road Redwood City, Calif. 94063

Fair Lawn, N. J. 07410 2001 Middlefield Road

35-07 Broadway (Rt. 4) Seattle, Wash. 98121

Houston, Texas 77027 2221 Third Avenue

3705 Westheimer Washington, D. C. Area

Los Angeles, Calif. 90007 Rockvitle, Md. 20852

2309 S. Flower St. 5542 Nicholson Lane

All Heathkit Electronic Centers are units of Schlumberger Products Corporation.
Heathkit Electronic Center Prices Slightly Higher,

During 1971, consult Heathkit Catalog Supplements and focal

newspapers for announcements of new Heathkit Electronic Cen-

ters opening in these places:

Los Angeles Area
Woodland Hills, California
Atlanta, Georgia

Long Island Area
Westbury, New York

Miami, Florida
San Francisco Area
El Cerrito, California

Prices listed are factory mail order.
Cincinnati, Ohio

Retail prices are slightly higher.

...orsend foryour FREE
factory mail order catalog

it

n)shack

18-101 SPECIFICATIONS: Frequency Range: 1 Hz to grealer than 15 MHz.
Accuracy: 1 counl * lime base stabilily. Gate Times: 1 millisecond or
1 second with aulomatic resel. Input Characteristics: Sensitivity: 1 Hz to 1
MHz, less than 100 mV rms. 1 Mz 10 15 MHz, less than 250 mV rms. After
30 minutes warmup. Trigger Level: Automatic. Impedance: 1 Meg ohm shunted
by less than 20 pf. Maximum Inputz 200 V rms, DC-1 kHz. Derate at 48 V per
frequency decade. TIME BASE: Frequency: 1 MHz, crystal controlled. Aging
Rate: Less than 1 PPM/month aites 30 days. Temperature: Less than 2 parts
in 107/degree €. 20 to 35 degrees C alter 30 minutes warmup. :+.002% Irom
0 to 50 degrees C. GENERAL: Readout: § digits plus overrange. Temperature
Range: Slorage: —55 1o 80 degrees C. Operating: 0 1o 50 degrees C. Power
Requirements: 105-125 or 210-250 VAC. 50/60 Hz. B watts. Cabinet Dimensions:
8 W x 3¥s” H x 9" D not including handle, Net Weight: 4': Ibs.

New HeathkKit® HW-101
SSB transceiver

The Hams at Heath have done it again ... with an uprated version
of the Heathkit HW-100, one of the most popular pieces of ham
gear on the market! The HW-101 fealures improved receiver cir-
cuitry resulting in better than 0.35 uV sensitivity for 10 dB S+N/N.
Image and IF rejection are better than 50 dB. Other improvements
are a new 36-t0-1 ball-bearing dial drive; new selectable SSB or
CW filters and attractive new front-panel styling.

Kit HW-101, 23 1bS. ... cvviniive i imiiiiiieinaeens $249.95*

New Heathkit
wattmeter/SWR bridge

Two switch-selected ranges allow measurement
of RF output from 10-200 W and 100-2000 W.
Built-in calitrator permits 10% accuracy through-
out the 80-12 M ham bands.

Kit HM-102, 31Ibs. ......vvvnivn.n.n $29.95°

AT = s
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| MEATH COMPANY, Dept. 10-11 |
| Benton Harbor. Michigan 49022 & Schiumberger Company ]
(=) is $ plus ]
| Please send model (s) I
| [ Please send FREE Heathkit Catalag. [J Please send Credit Application. |
] Name 1
| Address |
I city State 7ip I
| *Mail order prices; F.0.B. factory. |
i Prices & specifications subject to change without notice. CL-384R |
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GENERAL
PURPOSE
SPEAKER

CATALOG

The newest, largest
selection of General
Purpose, Musical
Instrument and
Special Application
speakers. Anywhere!

Send for your FREE copy today!

Send aiso [] Hi-Fi Catalog
3 Commercial Sound Catalog

Jensen Manufacturing Division, The Muter Company
5655 West 73rd Street . Chicago, lllinois 60638

Name

Address

s-——_————.———c——--——c—.-.-—-.——-——-——-—.—

State Zip 4

- —— i v — s —— -
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SYDMUR

The Last Word in “'CD"’ Ignition Systems

SAVE
MONEY
on GAS! COILS!
SPARK PLUGS!
TUNE-UPS!

NEW heavy duty solid state ‘‘CD'" ignition systems
available. Take advantage of the latest technology . . .
get the most out of your car’s engine

+ Increased mileage

+ Greatly extended spark plug life

+ Fast cold weather starting

» Fewer tune ups
Well built, conservatively rated components.
Every Sydmur part is pre-tested and guaranteed. The
easy to install Sydmur is fully adaptabie; 6 or 12
voit systems, positive or negative ground
Fly-away assembled $60.00 prepaid

Fly-away kit 44,50 prepaid
Compac assembled $34.75 plus $1.00 handling
Compac kit 24.95 plus $1.00 handling

Or Build Your Own—Free Instructions!!

Power Transformer plus detailed instructions
SPC-4 (6 and 12 volt) $14.95
As deseribed in June 1965 Popular Electronics
(New York State residents add sales tax)
Recommended by many of the world's leading auto-
motive manufacturers. Send check or money order

today.
For free literature and parts list write:

SYDMUR ELECTRONIC SPECIALTIES
1268 East 12th Street Brooklyn, NY 11230
CIRCLE NO. 29 ON READER SERVICE PAGE

SOLID STATE

(Continued from page 87)

the receiver has a typical turn-on threshold
of 1.25 volts and a turn-off of 1.00 volts.
Thus, a 250-mV hysteresis is provided to
prevent possible oscillation from noise oc-
curring during the rise and fall times of a
slow input waveform.

Although MODEM circuits are used pri-
marily in data transmission systems, the
versatile characteristics of these new Mo-
torola devices could be of real value to all
serious experimenters working with digital
projects.

A series of six new high-voltage npn tran-
sistors is being offered in plastic packages
by Fairchild Semiconductor (313 Fairchild
Drive, Mountain View, CA 94040). Featur-
ing excellent beta linearity from 1.0 mA to
50 mA, these new units are registered as
types 2N5964-65 and 2N5830-33. The first
two are supplied in 700 mW dissipation TO-
105 packages, the latter four in 310 mW
TO-106 packages. All six are complements
to the 2N4888-89 pnp types.

Both the input capacitances and the leak-
age currents of Fairchild’s new devices are
quite low—only 4 pF maximum capacitance,
while leakages are but 10 nA for the 2N5833
and 50 nA for the others in the series. The
2N5833 and 2N5965 operate with an LVeuo
of 180 volts while their companion units
range in sustaining voltage from 100 to 150
volts.

The TRW Semiconductor Division (14520
Aviation Blvd., Lawndale, CA 90260) has
recently announced a number of new high-
frequency transistors, including the 2N5773-
76 series, the PT6738, and the PT6729. Of
these, the 2N5773-76 series is a family of
four broadband transistors for use in the
200- to 500-MHz range; power output levels
range from 1.5 watts for the 2N5773 to 40
watts for the 2N5776.

A new SSB transistor furnishing 30 watts
PEP across the 1.5-to-18-MHz band, the
PT6738 has a power gain of 13 dB, with its
intermodulation distortion guaranteed at
—30 dB or better. Designed for operation on
a 28-volt dc source, thé unit is packaged in
a TO-59 case. \/

The type PT6729 is claimed to be indus-
try’s most powerful 150-MHz communica-
tions transistor. Delivering 120 watts r-f
power output with 6 dB gain when operated
on a 28-volt dc power supply, this new device
is packaged in a 4-lead diamond configura-
tion case.

That concludes our Solid State story for
November . .. until next month and the Holi-
day Season, keep cool. —Loun
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INTERFACE

(Continued from page 10)

serious beginner with a limited budget.
C. Jarosz
Baltimore, Md.

Congratulations on your “New Look.” The
upgrading is a welcome change and seems
to signal increased confldence on your part
in your readership.

R. BUNGER
Los Angeles, Ca.

It must have been coincidence that I picked
up your ‘“New Look” September issue and
found it so interesting. Probably very few of
your readers were aware of Olson’s live or-
chestra/filter test and I was particularly
happy to have this historical fill-in. The
article on building small audio transformers
was a bonus. However, the greatest satisfac-
tion was the return of Gordon Holt to print.
He and I had mutual friends in the 1950’s and
I found him very honest and fair.

I would be happy to swap information on
disc recording which is a hobby of mine and
not a profession.

A. R. JOURDAN
Meriden, Conn.

Whether they liked it or not, the Editors ap-
preciated the time that several hundred read-
ers took to write us about the “New Look.”
Some readers sorely missed the old monthly
departments, but most were willing to wait
and see what PoPULAR ELECTRONICS looked like
in the months to come. The majority of letters
and postcards (and telephone calls) were in
favor of the changes and improvements.

Boy, | sure hope they bring some more

of these on their next trip up here!

November, 1970

M-25
$19.95

M-27
$24.95

COLOR ORGAN KITS

Two channel, perform with brilliant ever-changing colored
light patterns, which rise & fall with the tone & intensity
of the music: used with AM-FM radio, tape decks, Stereo,
musical instruments, etc.

M-25 HEIGHT 24"
WIDTH 12" ALL SIDES

M.27 HEIGHT 24~
WIDTH 12” ALL SIDES
FOUR DIFFERENT

[WORDIFFERENT PRISM_PLATES
PRISM PLATES TOP & BOTTOM ARE
FOR 3D EFFECT PRISM PLATES

4 SQUARE FEET MAY BE PLACED ON SIDE
OF VIEWING 10 SQUARE FEET

SURFACE OF SURFACE
Usually Sold in Pairs—Send Check or Money Order to

ELECTRONIC LIGHT CO.

BOX 413 LAGUNA BEACH, CA. 92652
CIRCLE NO. 12 ON READER SERVICE PAGE

CAN YOU QUALIFY
—LPLCEIIILL -
FOR MORE {RESPOMNSHBHATY

AS A CIRCUIT DESIGNER?

{f you have a degree in engineering or formal
training in electronics and work in the electron-
ics industry, the Center for Technical Develop-
ment’s DIGITAL DESIGN PROGRAM (DDP-1)
can make you more valuablie as a trained circuit
designer. DDP-1 is a new concept in practical
home study courses designed to give you use-
able know-how fast. YOU CAN'T AFFORD TO
WAIT ANOTHER DAY . . . WRITE FOR
FULL DETAILS NOw!

We'll also send you information on our IC Log-
ic and Power Supply courses.

Write Director, Dept. PE-110
THE CENTER FOR TECHNICAL DEVELOPMENT, INC.
517 East Main Street « Louisville, Ohio 44641

CIRCLE NO. 35 ON READER SERVICE PAGE
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Lafayette’s
1971 Golden
Jubilee

Catalog
P 1] N

f } Your Ist Guide To
\\\a”ﬂivel'Sﬂﬂ 47 Everything in Electronics

® Stereo/Hi-Fi Components e Musical Instru-
ments and Amplifiers e Photography Equip-
ment e Ham and CB Gear e Public Address
Systems o Tools and Test Equipment e Edu-
cational and Optical Equipment e Black and
White/Color Televisions @ Police and Fire Mon-
itor Receivers o Books and Parts

Plus Thousands of Additional items

Lafayette Radio Electronics Dept. 35110
P. 0. Box 10, Syosset, L. I, N. Y. 11791

Send Me the Free Lafayette
Golden Jubilee 1971 Catalog 710

1 Name ... .o e

Address ...
Veiy
i State ... ..o i

| (Please inciude your zip code)

35110
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EVERYTHING IS COMING UP ASTRO PLANES

6010

AVANTI RESEARCH & DEVELOPMENT, INC
THE PACESETTER IN HIGH PERFORMANCE ANTENNAS
CIRCLE NO. 2 ON READER SERVICE PAGE
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MEASUREMENTS LAB

(Continued from page 63)

cnits be assembled on printed cireunit boards.
If you want to make your own boards, you can
do so with the aid of the ctehing guides given
m g, 7.

Mount the components on their respective
circuit boards (see Fig. 8), paving careful
attention to the orientations of the IC's, tran-
sistors, diodes, and electrolytie capacitors.
When you finish soldering, examine the foil
sides of the boards, comparing them against
the guides in Fiz. 7, to determiue if any solder
bridges exist between the closely spaced foil
conductors. 1f you locate a solder bridge, re-
heat the eonmection adjacent to it and remove
the exeess solder.

Now, referring to Fig. 9, wire up range
selector switeh 87, and make all neeessary
connections  between S1, the two  cireuit
boards, and the 13-contact plug. (Note: Make
absolutely certain that the wiring to the plug
conforms with the wiring to the socket in the
main frame. Use stranded hookup wire to and
from the socket.) Then mount the cireuit
boards, TRIGGER LEVEL control, range switeh,
and input binding posts on the L bracket
chassis as shown in Fig. 10. Before tightening
the hex nut on 87 (in the module) position
it so that lugs 1 and 11 point upward; this
way the index on the control knob will con-
form with the dial markings. Wire the TrIGGER
LEVEL control and binding posts into the eir-
cuit. Then neatly lace together the wiring and
put the control knobs on the shafts of the two
controls,

Testing the Counter Module. Connect
the plug on the module to the socket in the
main frame and turn on the power by rotating
the range switch to the 1000-Hz position.
Rotate the prseLaY RATE control on the main
frame to its tully elockwise position and ob-
serve the readout display, With no mpnt sig-
nal to the module, the readount tubes shounld
reset to “0™ as soon as the reset pulse oceurs,
Now, apply an input signal of 0.1 volt or more
to the binding post input on the module and
again observe the readout display. After a dis-
crete interval, determined hy the setting of the
DISPLAY RATE econtrol, the readout system

POPULAR ELECTRONICS




THEORY OF COUNTER DESIGN

The 20-MHz Frequency Counter Module is
divided into two basic sections—the Time
Base circuit shown in Fig. 5, and the Scaler
circuit in Fig. 6. The Time Base circuit em-
ploys a high-impedance source-follower FET
input stage (QI) to minimize loading the cir-
cuit under test. The signal, fed first through
Q1, is direct-coupled to Q2 where it is ampli-
fied to a level sufficient to drive the Q3-Q4
Schmitt trigger. The driving signal level to the
Q3-Q4 circuit is primarily a function of the
TRIGGER LEVEL control R3.

The purpose of the Schmitt trigger is to
condition the signal, giving it fast rise and fall
times. This is necessary to prevent false counts
on low-frequency signals. Although the TTL
gates and flip-flops in ICI, IC2, and IC4 will
operate at almost any frequency, the gates can
produce multiple counts if the signal passes
through the trigger point too slowly. The
Schmitt trigger, as a result of shaping the sig-
nal, eliminates the possibility of inultiple
counts.

Every time the input signal at the base of
Q3 fires the Schmiitt trigger, the output at the
collector of Q4 changes state, producing a
series of square waves. After this, the square-
wave pulses are amplified by Q5 and fed to the
sync circuits.

To obtain a readout in Hertz, the signal must
be gated into the counter for a specific period
of time. This is accomplished with the time
base made up of IC3 and half of IC4. The
time base network is a divide-by-six circuit
that counts down from the 60-Hz power fre-
quency (applied at point R and obtained from
one side of the 12.6-volt secondary winding in
the power supply) to provide at point B a
series of pulses that occur every 0.1 second.
Diode DI clips the negative alternations of the
6.3-volt input, and capacitor C3 filters out any
high-frequency noise that might Le present on
the ac line.

The output at point B can be directly
coupled into the sync circuit at point C to pro-
vide a single counting range of 1000 Hz. Or,
it can be coupled through the Scaler subassem-
bly (see Fig. 6) through SI for further divi-
sions to provide the 10-kHz, 100-kHz, 1-MHz,
and 10-MHz ranges. The signal can now be
applied to point C in the sync circuit.

In the sync circuit, the input and timing
signals are synchronized in such a manner that
the count always starts at the same point in
the input cycle to avoid any “one count” am- !
biguities in the reading. The “one and only !
one” circuit formed by IC1, when armed with
a pulse, allows only one timing cycle to occur.

The display time setting of R20 determines
the firing rate of unijunction transistor Q6.
When Q6 fires, a sharp pulse appears across
R13. After amplification through Q7, this pulse
is applied to the S input of the R-S flip-flop in
IC1, causing the Q output to go to “high”. The
high signal is next applied to the J input of
the JK flip-flop in IC1, setting the flip-flop to
change state with the next clock pulse from
the time base network.

The first clock pulse that occurs after the
display time circuit is fired switches the JK
flip-flop. The Q output goes to high and is fed
into the K input of the same flip-flop. This
will result in the flip-flop going back to its
original state on next clock pulse. The not Q
output goes to low (0 volt) on the first clock
pulse, since it is the Q output’s complement,
and resets the S-R flip-flop and sets the sync
switch of IC4 to switch with the next clock
pulse. The clocking pulse in this case is the
input signal.

Now, the following occurs: On the first
negative-going pulse that occurs in the input
signal, IC4 switches so that the Q output goes
to low and opens the gate in /C2 for signals
to pass into the counter. The negative-going
pulse that switched the flip-flop is inverted
before being applied to the gate so that it
becomes a positive-going pulse that does nct
pass through the gate to the counter.

The first count occurs on the next negative
pulse of the input signal. When the “one and
only one” circuit receives the second clock
pulse from the time base, it swilches back to
its standby state to await another display gen-
erator pulse. This causes the sync switch to
close on the first megative-going input pulse
that occurs after the inputs change state. The
leading edge of the pulse that opens the syn-
chronizing circuit is applied to the inverter
through C5 to the reset buss in the counter,
resetting the counter just before the next pulse
train to be counted is applied to point A.

- EREE mtlﬁnsh CATALOG and FM DIRECTORY

Get all the newest and latest information on the
new Mcintosh Solid State equipment in the

Mclntosh catalog. In addition you will receive an SEN D To DAYI
FM station directory that covers ali of North -

America. (E———mISe —
I Mclintosh Laboratory iInc. |

2 Chambers St., Dept. PT-1170 !

Binghamton, N.Y. 13903 i

: NAME :

| ADDRESS ]

FM/FM STEREO TUNER | i

MX 114 and STEREQ PREAMPLIFIER LClT—Y— - —S—TiTF Al ]
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REE

Ccatalo9g

Fill in coupon for a FREE One Year Subscription
to OLSON ELECTRONICS' Fantastic Value Packed
Cataleg — Unheard of LOW, LOW PRICES on
Brand Name Speakers, Changers, Tubes, Tools,
Stereo Amps, Tuners, CB, and other Values. Credit
plan available.

NAME
ADDRESS
ey STATE____
GIVE ZIP CODE

If you have a friend interested in electronics send
his name and address for a FREE subscription also.

OLSON ELECTRONICS

DEPT, IK, 260 S. FORGE STREET, AKRON, OH|O 44308
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-~
DISCOVER HIDDEN
TREASURE

WITH A JETCO ELECTRONIC

METAL
A powerfully DETECTOR
sensitive instrument —
detects gold, sitver, colns,

relics, otc,  Fully tested ~
transistorized ~ guaranteed.

Send for Free Catalog 329-95
JETCO, P.0.Box 132 PEM, Huntsville, Texas 77340

1 The knl‘h tor
unting

] nl.hlnz and

Mirror

oll-hed im-

GUARANTEED K rted stalnless

steel blade honed
to a razor's edge.

ed. Opens wl::

g
F of ger.
i L position. Blade will not close
)’ _;, use. Press button In
' hanﬂlesto close. Sale?' ﬂnler
..

/ - JFuar ure-grip Bal.
i - ced for ur;et throwing. 1F BROKEN
" WITNIN 10 YE E WILL REPLACE AT

..:

2457 MO CMARGE! Use 30 days, Money back If not

i pleased. Special 1c $Sale. REG. PRICE $1.98.

¥ Send 31.99 & receive 2 knlves. Add 49c poat-
- age. handitng. Remit TOTA L 32 48 Oor 2 knives.
ORDER NOW! Midwest Knife Co.. 8043 S. Western

Ave., Dept. LDD.2, Chicago, lll 60820. Est. 1836.

wn ELECTRONICS

V.T.1, training leads to success as technicians, field engi.
neers, specialists in communications, guided misailes, com-
puters, nn-r. automation. Basic & advanced courscs. Elec.

ronic ccrlnf Technology and Electronic Terhualm-y
rurrlfula both available. Aasociate dexree In 29 mo:

ahtainable. approved. Start September. Febm-ry
arms. t'!mlvua ngh school graduate or equivaleni, Cataloz.

VALPARAISO TECHNICAL INSTITUTE

DEPARTMENT PE, VALPARAISO, INDIANA 46383
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should display the frequency of the applied
signal. Let the instrament reset itself several
times and it the numerical indication remains
the same for two of the three significant
figures, this range is oper: ating properly.

Test cach of the remaining ranges individu-
ally as deseribed, using an appropriate fre-
quency signal to produce a readont display.
Then, on any of the rvanges, feed in a signal
that exceeds the range ¢ apability by more than
100 percent and check to see that the over-
range indicator lamp glows.

Finally, set the range switeh to the TEST
position and observe the readont display. You
should obtain a $0-1[z reading ev ery time the
instrument  antematically resets itself. If
everything cliecks ont, vou ean start nsing
vour froquom\ :-()untel on the job. —@—

OPTICOM

(Continued from page 50)

the active elements at each other. Tum on the
transmitter and measnre the voltage across
£'11. Adjnst 1'9 vntil this voltage is 15 volt.
With both units operating, dcple.ss the trans-
mitter pushbutton S7 and move the receiver
slightly until a loud tone is heard in the ear-
phone. If no tone is heard, test the receiver by
aiming it at a 117-volt ()0 Hz light. 1f the re-
cciver is operating properly, vou should hear
a distinet 60- or 120-Hz hum. If vou do not,
troubleshoot the recciver. Onee it is w orking,
and yon still get no signal from the transinit-
ter, troubleshoot it.

With both nnits working, monnt the lenses
using a commereially available sealant. Mount
them on the inside of the chassis so that they
cover the holes and their centers are in line
with the light-sensitive semiconductor cle-
ments on the PC boards.

Optical Alignment. Hold cach wnit in the
beam path of a relatively distant light souree.
DONXN'T wse the sun for this step—a common
light bulb about 10 feet away will do. Align
the chassis so that the light falls on the window
of the aetive aptical clement. Move the PC
board back and forth until the light comes to
a sharp focus on the element window. Onee
this position hax been loeated, lock the mount-
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ing screws; and, though it is not necessary,
place a spot of cement on the serews to insure
permanence. Onee both units have been
aligned optically, check that the batteries are
firmly mounted and assemble the chassis
covers.

Range Testing. Placc the transmitter on
a level mount and point it along a path un-
impeded by obstacles for at least several
hundred feet. With the Test pushbutton (S7)
cither depressed or temporarily shorted, walk
about 10 or 15 fect away from the front of the
transmitter carrying the reeciver. Turn on the
receiver and point it toward the transmitter,
varying the aim until you hear the tone. You
will notice the extreme directionality of the
system. This is what makes it so private—you
must be on the beam to get the signal. In day-
light, the range will not be as great, but it can
be improved by switehing the reeeiver Day-
Night switch (S82) to the Night position. If
you find the tight beam too counstraining, you
can de-foeus the receiver by moving the PC
board slightly in toward the lens. One side
effect of doing this is a reduction in range.

Of course, if two systems have been built
for two-way communication, do not execed the
range of the worst pair,

Operation. If vou are using a pair of com-
municators as a network, the transmitter at
one end should be aimed at the receiver of the
other end and the transmitter Test button
pushed to tone-modulate the transmitter. Both
ends should be positioned until the tone at
cach end is heard loud and clear. Once the
link has been established, the pushbutton is
released and the microphone is used for speech
communication. Manipulation of the receiver
Day-Night switch (S2) will affect the range
and volume.

Modifications. There are numerous modi-
fications and variations that ean be used with
the Opticom. Telescopes or binoculars at
cither, or both, ends greatly increase the
range. Even low-cost plastic Fresnel lenses
may be used. Since the light eollecting area of
a cireular lens is proportional to the square
of the diameter, a small inerease in diameter
results in a significant increase in the effective
area. For example, a lens three inches in di-
ameter has more than twice the light collecting
area of a two-inch lens.

Sinee a diverging beam of light follows an
inverse square law and produees a light energy
density dependent on the square of the dis-
tance from the light source, doubling the lens
light avea will, in theory, double the range
of the Opticom. Of course, operation in day-
light or over paths having varied thermal econ-
ditions will limit the range. Longest ranges
can be obtained on elear, cool nights, with a
telescope at cach end.

The Opticom systemn may also be used as a
short-distance rangefinder. Mount a bicyele
reflector on the target and aim the tone-modu-
lated transmitter at it. From a short distance
away from the transmitter, aim the receiver
at the reflector until the transmitter tone can
be heard. The transmitter, target and receiver
should form a triangle. Onee the tone has been
heard], simple geometry can be used to solve
the triangle and ealculate the distance.

Daylight range can bhe improved if the
interior of the receiver chassis is painted flat
black. Also, a long focal plane lens can be
used to narrow the field of view and reduce
background illumination. This tightens the
beam and makes more accurate alignment
necessary. Also consider the use of a black
interior tube or shicld promuding from the
lens to reduce ambient light to the phototran-
sistor.

SMALL PACKAGED MOBILE POWER

LINEAR R.F. POWER AMPLIFIER

ADDED MOBILE POWER WHEN

YOU NEED ADDITIONAL COVERAGE
FOR CLEAR COMMUNICATIONS

oL BR-2898. Covers greatar distances with increased transmit  power.

MRS oan AMPLIFIER Ma i Can be used with SONAR BR20, FM40 or any similar FCC

o - approved equipment with 1-15 wakt output. Designed with
e 5™ top performance and dependable service when you need it. .

‘} o Automatic standby/transmi switching » Covers 25-50MHz

® | range * transistorized power supoly — negative ground. s
Used on amateur 28MHz for FM-AM-SSB. Small, compact,.-

rugged design. Size: 2°H » 6"W x3"D. Wt. 3 (Ibs.i12/ 1
|

SONAR RADIO CORP., 73 Wcrtman 8venue, Bklyn, N.Y. 11207

Please send information on Model BR 2906 Linear Amplifier. |

c
voLTs 2 LY
Né:ﬂw: GROUNC S

=3 170 WATT INPUT

Complete with remote Dept. 110 |
power switch and indi- $ 95 Name . . |
cator control panel plus

mounting brackets. 12vDC Address o - I
FCC TYPE ACCEPTED ; ; 1
Parts 89, 91,93 City . State E Zip |
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BUILD YOUR OWN

LASER.

Ride into the future on a beam of coherent light! Our HeNe
gas laser kits are lab-quality, easy to put together, and use
in holography, interferometry, laser optics, communication,
many others.

Metrologic Instrument, Inc.

. 143 Harding Avenue, Bellmawr, N.J. 08030 n’l
Dear laser-makers. =&
The whole dea of a hight that turns me on is fascinating. And I'd

like to get started on building my own. Please send me the things

I've checked below.

Basic Laser-Building Equipment
Complete laser kit contains laser tube, power supply and
housing . . . . . . $79.50

D 60-203 Transceiver Kit.* Use your laser for communica-
tions. Transmit-receve® . ., . . ., L, . . $74.25

D 60-708 Laser Optics Experiment Kil.® Lenses, prisms,
mirrors, diffraction gratings, polanzers, beam splitters, inter-
ferometer, labmanual . . . ... ... L, $40.00
60-625 Laser Holograph Kit.* Contains all critical optics,
film, and chenucals $34.75

Laser not nclucded.
D Information oniy. Complete catalog and prices.

D Please enclose check or money order for the total amount.

Name,

Address.

State. 2.

City.
L----------------
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MISSILE BATTERY
THE ONLY LIFETIME BATTERY

SURPLUS—NI-CAD PLASTIC SINTERED-PLATE BATTERY
CELLS AT APPROX. 10% OF GOVERNMENT COST

Counnect these 1.2 V., cells in serles to make batteries
of any voltuge. (Example: 10 cells = 12 V. Batt,). or
size to repluce storage battertes on autos. motorcycles,
boats, radin. etec. All the good characteristics not
nossessed by lead-acid and other alkaline batteries
such as: Lifetime service, lighter wgt.. constant vol-
tage. high discharge rate (approx. 10 times AH cap.).
operate at 1005; cap. in temp. range —65° to +165°F.,
ot harmed by storage. discharge. overcharge, or freez-
ing. May be charged thousands of times with the only
maintenance of addlng distilled water and keeping
clean, Select cell sizes to fit your application below.

ESSE AMP DIMENSIDNS INCHES WGT.

TYPE HR HIGH WIDTH DEEP 0z. COST
AH4 4 6 2 Va 6 1.48
AH4 4 6 2 Ya 6 2.95 New
AHGS 6 4 2. 43 3 1.79
AHG 6 4-% 2.% Ya 3 1.79
AH6R 6 4.2 2.5 15 8 2,95 New
AHI10 10 4-¥% 2.% 1% 16 2,29
AHI10 0 1-34 2.3, 1.5% 16 4.95 New
AHI12 12 3-% 2% 1-3Y i3 2.79
AH34 34 9.Y 3-% 1-3% 52 4.95
AHG60 60 11-Y 5 1.33 104 5.95

SPECIAL CLOSE ouT!

Metal cased Ni-Cad cells, ideal for motor starting.
30AHM—30 AH, 8-7y x 3 x 1-%, Wgt. 3-Y; Ibs.
52AHM—52AH, 9 x 3 x 1-%, Wgt. 4.1, Ibs.

Send for complete list Inciuding made-up batterles.
guaranteed for satisfaction or money back, All cells not marked
new are used but serviceable. Include postage on parcel post

shipments.
ESSE RADIO COMPANY
Dept. PE-11 368 S. Meridian St.

Indianapolis, Ind. 46225
CIRCLE NO. 13 ON READER SERVICE PAGE

STEREO SCENE

(Continued from page 71)

as symphonic musie, with a high degree of
“sharing” hetween channels and a lot of ran-
dom-phase content may confuse the decoder
for I had the impression that the stereo locali-
zation of instrnments between the front
speakers was rather less definite from the
Seheiber playback than from the original
tape, and that the rear ambicnee, although
definitely coming from heliind, lacked some of
the spaciousness of the four-channel original.
It there are indeed some weaknesses in the
Scheiber system, only time will tell whether
they are inherent or can he “worked out.”

As for compatibility, it is cvident from
TPig. 4 that the modulation axes for the rear-
left and rear-right sienals are not far removed
from the vertieal axis, whieh means those
signals would virtnally disappear in mono-
phonic playback. A two-channel reproduetion
would place them out of phase at hoth side
speakers, but hecanse each axis is displaced
from the vertical toward one side channel, its
sound would be reproduced toward one side or
the other, and the misphasing would not be
conspicnous. More serions, though, is the loss
of cffective left-right separation, whieh would
be reduced to a maximum of 75% (only 8 AR).

The cost to the consumer of a Scheiber de-
coder is something that seems rather indefinite
at the moment. A spokesman for Advent
Corporation, whicl is licensed to convert the
basic Scheiber system into “marketable con-
simer producets,” said that the decoder conld
be “very inexpensive or quite costly,” depend-
ing on its effectiveness! The intimation was
that several versions wonld be made available;
and, as far as performance was concerned, the
buyer would get what he paid for. It scems
reasonable to assume that the demonstration
was condueted with the best version that conld
then be made and that cheaper versions would
exhibit more or less the characteristies of a
Haller playback.

In view of the similarity between the two
systems, it will be interesting to sce how mu-
tnally compatible they arve. Will a Scheiber-
encoded recording play back on a Hafler “de-
coder” and vice versa, with the apparent
sound sources appearing midway between the
speakers? Counld a Scheiber eontrol amplifier
allow the ITafler system to produce single-
source ping-pong cffcets? I will have some
of the answers at a later date, ~Bo-
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Let your uncle send you
~ through school.

Thousands of young men
today are getting top-notch
training in rewarding career fields.

And they have an uncle
footing the bill. B}

The Army is giving these

_ young men a valuable

education in work ranging from
aircraft maintenance to radar
to communications because it
needs skilled soldiers.

If you’re a high school
graduate who qualifies, you can
have your choice of hundreds
of job-training courses with your
selection guaranteed in writing
before you enlist.

If you're not a high school
graduate, you can earn a high
school equivalency certificate
while you’re in the Army which
will qualify you for further
education at the Army’s expense.

Find out more. Talk to an-
Army Recruiter.

Use the coupon or write to
Army Opportunities,
Department 200A, Hampton,

Virginia 23369. :

See what your uncle can do e e
fOI' a nephew. I I'd like to know more about my educational I
Your future, your decision. | gpporiusities in the Army. Please send me your |
ChOOSC ARMY I Name Date of Birth_____ I
: I 'Address I
| City___ County : I
| State > Zip, . Phone I
. I Education, — 11-70" I



NEW
Short-Wave Listening
VERTICAL

ANTENNA |
Model SWV- |

For 11,13,16,19,25,31 and 49 meter bands
Cramped quarters keeping you from ip-
stafling an SWL antenna? Your problem is
solved! Model SWV-7 mounts easily on the
roof or on the ground and stands just 13 ﬂ
ft., 3-5/8 in. tall.

Extensive field testing confirms that this
antenna measures up to Mosley’s high
standards of performance. Construction is
of the finest material to bring you years
of trouble free listening pleasure. Complete
with installation instructions.

Get the facts from your Mosley dealer, or

write factory direct, for detailed brochure.
Dept. 202

”as/e Ebtron2s S

4610 N, LINDBERGH BLVD BRIDGETON, MO. 63044 ?
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—Hey! B
Hams, Engineers, Hobbyists

MARK LIKE

Any surface * ¥
can be marked with
DATAK'S
DRY TRANSFER
titles and symbols.
The results are
professional,
it looks like the
finest printing!

Write for your FREE

SAMPLE and Catalog,

listing hundreds of

letter sheets and
symbol sets.

Order from your distri.
butor or directly from:

* $ From =K-64 ¥4" letters
and numerals . . . $1.50 7]
Also available 29581
professional title E
set for electronic

equipment . .. $5.95 I:DHFlﬂFlAﬂDN
85 Highland Ave. / Passaic, New Jersey 07055

COMMUNICATIONS

(Continued from page 81)

to take a hard, second look at its wind-
shield radio antenna. Technically a fine-
wire dipole imbedded in the windshield
glass, the new antenna apparently has all
of the advantzges and drawbacks to be
expected from an FM dipole—no gain and
directionality. Although motorists acknowl-
edge that the imbedded antenna curbs van-
dalism, both AM and FM reception are
significantly deteriorated and broadcasters
claim that the imbedded dipole cuts the
FM reception area by two thirds! Some
motorists claim that reception is worse
during rain and snow storms whenever it
becomes necessary to use the wipers; they
say that signals bounce up and down in
strength following the motion of the
wipers.

AMATEUR RADIO

‘Tain’t Necessarily So—Contrary to a no-
tice in a summer ARRL Director’s Let-
ter, the FCC has not altered its amateur
radio Rules and Regulations—nor is there
a disagreement between Chairman Burch
and the FCC staff. With a little double-
checking, interested parties would have
discovered that someone is crying ‘‘wolf.”
Obviously, the FCC could not condone the
“student takeover” or the solicitation of
funds during spring upheavals at various
universities. Neor could it grant ham li-
censes to fraternal organizations for the
purposes of establishing communications
networks. Both actions violate Part 95.39
of the Rules. There is no reason to suspect
that the FCC was ‘“clamping down” on
voluntary communications for events such
as parades, sports car rallies, the Eye
Bank Network, and so forth.

OUT OF TUNE

CIRCLE NO. 8 ON READER SERVICE PAGE
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“An Improved Four-Way Flasher”
(August 1970). In the diagram on page
80 the unit specified for the flasher is a
Tung-Sol type 535. This is a 3-terminal,
6-volt unit which will not work in this
circuit. Instead, use Tung-Sol type 552, a
heavy-duty 12-volt, two-terminal flasher.
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ELECTRONICS MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial
products or services. $1.25 per word (including name and address).
Minimum order $12.50. Payment must accompany copy except when
ads are placed by accredited advertising agencies. Frequency dis-
count: 5% for 6 months; 109% for 12 months paid in advance.
READER RATE: For individuals with a personal item to buy or seil.
80¢ per word (including name and address). No Minimum! Payment
must accompany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no
extra charge. All copy subject to publisher’s approval. Closing Date:
1st of the 2nd month preceding cover date (for example, March
issue closes January 1st). Send order and remittance to: Hal Cymes,
Fl’gg:JGLAR ELECTRONICS, One Park Avenue, New York, New York

FOR SALE

FREE! Giant bargain catalog on transistors, diodes, rectifiers, SCR’s,
zeners, parts. Poly Paks, P.0. Box 942, Lynnfield, Mass. 09140.
GOVERNMENT Surplus Receivers, Transmitters, Snooperscopes, Ra-
dios, Parts, Picture Catalog 25¢. Meshna, Nahant, Mass. 01908.

ROCKETS: Ideal for miniature transmitter tests. New illustrated
catalog. 25¢. Single and multistage kits, cones, engines, launchers,
trackers, rocket aerial cameras, technical information. Fast service.
Estes Industries, Dept. 18-L, Penrose, Colorado 81240,

LOWEST Prices Electronic Parts. Confidential Catalog Free. KNAPP,
3174 Bth Ave. S.W., Largo, Fla. 33540.

EUROPEAN and Japanese bargains catalogs. $1 each. Dee, 10639E
Riverside, North Hollywood, Calif. 91602.

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, Phonevision, Legal Connector, Auto Dialer,
Central Dial System. TELEVISION: $35.00 Color Converter, Tape Re-
corder, 3DTV. $25.00 Camera. DETECTIVE: Infinity Transmitter, Tail
Transmitter, Police Radar Detector. HOBBYIST: Electron Microscope,
96 Hour Tape Music System, Ultrasonic Dishwasher, Radar-Oven,
Electronic Tranquilizer. Plans $4.95 each. COURSES: Telephone
Engineering $39.50, Detective Electronics $22.50, Anti-Detective
Electronics $27.50. NEW SUPER HOBBY CATALOG AIRMAILED
$1.00. Don Britton Enterprises, 6200 Wilshire Blvd., Los Angeles,
Calif. 90048,

WEBBER LAB's. Police & Fire Converters, Catalog 25¢, 72 Cottage
Street. Lynn, Mass, 01905,

INVESTIGATORS, LATEST ELECTRONICS AIDS. FREE LITERATURE.
CLIFTON, 11500-L Nw 7th AVE., MIAM{, FLORIDA 33168.

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values—
Lowest Prices. Fertik’'s, 5249 *’D'’, Philadelphia, Pa. 19120,
MUSIC LOVERS, CONTINUOUS, UNINTERRUPTED BACKGROUND
MUSIC FROM YOUR FM RADIO, USING NEW INEXPENSIVE ADAPT-
OR. FREE UITERATURE. ELECTRONICS, 11500-Z NW 7th AVE.,
MIAMI, FLORIDA 33168.

SPACE-AGE TV CAMERA KIT! Terrific for Experimenters, Industry,
Education. Solid-state, Only $116.952 Starter kits: $18.95 up.
Plans 25¢ up. Catalog FREE. Phone: 402.987-3771. Write: ATV
RESEARCH, 1301 Broadway, Dakota City, Nebr. 68731.

BURGLAR ALARM SYSTEMS and accessories. Controls, bells, sirens,
hardware, etc. OMNI-GUARD radar intruder detection system, kit
form or assembled. Write for free catalog. Microtech Associates,
Inc., Box 10147, St. Petersburg. Florida 33733.

PRINTED CIRCUITS. Magazine projects and experimental, Free
listing. Vico, Box 1590, Los Angeles, Calif. 90053.

SENCORE, B&K TEST EQUIPMENT UNBELIEVABLE PRICES. FREE
CATALOG AND PRICE SHEET. FORDHAM RADIO, 265 EAST 149TH
STREET, BRONX, N.Y. 10451.

AMATEUR SCIENTISTS, Electronics Hobbyists, Experimenters, Stu.
dents . . . Construction Plans—all complete, including drawings,
schematics, parts lists with prices and sources . . . Radar—Build
your own ultrasonic doppler radar. Detect motion of people, auto-
mobiles, even falling rain drops. Transistorized, uses 9 volt transistor
battery—$4.50 . . . Long-Range *‘Sound Telescope' —This amazing
device can enable you to hear conversatians, birds and animals, other
sounds hundreds of feet away. Very directional. Transistorized, Uses
9V battery—$3.70 . . . Robot Man—Moves hands and arms—$3.50
... Or send 25¢ coin (no stamps) for camplete catalog. Other items

lude Psychedelic strobes, light shows, lasers . . . 46 different

LINEAR AMPLIFIERS: '‘Hawk—25 watts output—$59.95; ‘'Hornet’’
_50 watts—$98.50; ‘‘Raider’’—100 watts—$139.95; ‘'Maverick.
250''—250 watts—$244,95; AM/SSB. “'Scorpion’’ 50 watt 12 voit
mobile—$99.95; ‘‘Bandit 1I'* 100 watt mobile—$169.95. 20-35
megacycles. (Illegal Class D 11 Meters.) Dealer inquiries invited, D
& A Manufacturing Co., 1217 Avenue C, Scottsbluff, Nebraska 69361,
ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cata-
log $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.

RADIO—T.V. Tubes—33¢ each. Send for free catalog. Cornell, 4213
University, San Diego, Calif. 92105,

ULTRA-SENSITIVE AND POWERFUL METAL DETECTORS—join the
many who are finding buried coins, minerals, relics and artifacts.
Don’t buy till you see our FREE catalog of new models. Write Jetco,
Box 132-PE, Huntsville, Texas 77340,

LASER parts catalog 60¢. Moynihan, 107 North Brighton, Atlantic
City, New Jersey 08401,

PSYCHEDELIC catalog. Posters, lighting, stc. Send 50¢ for handling
to Hole tn The Wall, 6055PE Lankershim, North Hollywood, Calif.
91606.

projects. Techmical Writers Group, Box 5994, State College Station,
Raleigh, N.C. 27607.

ANTIGRAVITY, EXPERIMENT AND THEDRY; rushed—$1.00. U.S.
Inquiries. Intertech.7A3, Box 5373, Station.F, Ottawa, Canada.
SWL'S, Ham's, CB'ers—Rotary QSL File CB.8. MB Sales, 1917
Lowell, Chicago. llinois 60639.

RADIO CHASSIS'S NEW. Postpaid with SCHEMATIC. AM/FM 10
TRANSISTOR $5.20 each. AM 6 Transistor $2.65 each. Information
15¢. Union Supply; Box 32; Niles, lllinois 60648.

ELECTRONIC COMPONENTS—Distributor prices, Free catalog. Box
2581, El Cajon, California 92021,

STROBES, color organs, the incredible Strobit. Electric Candles,
Remote Switch, Touch Switch. All in KIT and ASSEMBLED forms,
Send 25¢ for complete catalog. Teletronics, Box 1266, South Lake
Tahoe. California 95705.

CHEMICAL FORMULAS and preparation instructions when possible.
Send self-addressed stamped envelope and $3.50 to Chemtronics,
Box 1266, South Lake Tahoe, California 95705.

THE ART OF DE-BUGGING—$5.95. TRON-X PUBLICATIONS, P.O.
BOX 38155, HOLLYWOOD, CALIFORNIA 90038.

CONSTRUCTION PLANS: LASER . . . $2.00. Listening Devices—
two F.M. Mike Transmitters . . . $1.00. Tail Transmitter . . . $1.00.
Sound Telescope . . . $2.00. Infinity Transmitter . . . $2.00.
Equipment and kits available, Howard, 20174 Ward, Detroit, Mich-
igan 48235.

CLEARANCE SALE rectifiers, transistors, 1000’s other items. Catalog
15¢. General Sales Company, 254 Main, Clute. Texas 77531.

SEMICONDUCTORS and parts catalogue free over 100 pages. !, & J.
Electronics, Box 1437, Winnipeg, Manitoba, Canada. U.S. Trade
directed.

November, 1970

JAPAN & HONG KONG DIRECTORY. Electronics, all merchandise.
World trade information, $1.00 today. Ippano Kaisha Ltd., Box
€266. Spokane, Washington 99207,

PLANS-PARTS-KITS A wide range of the unusual for the experimenter,
hobbyist and amateur scientist, Many psychedelic items; STROBES,
color organs. ELECTRIC CANDLES, Touch Switches, LIGHTNING
GENERATORS. Complete line of COMPONENTS. Air Mail Catalog 50¢.
Teletronics, Box 1266, South Lake Tahoe, Calif. 95705.

CITIZEN BAND Radios, SSB, AM, Swan CB, Amateur. Accessories,
Free Catalogue. Dealers send letterhead fer factory prices. Call 714.
894.7555, ‘‘Baggy's’’ Radio, 6391 Westminister Avenue, West-
minister, Calif, 92683.
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CAPACITORS 140mfd 450 WVDC Electrolytics Brand New, ten for
$9.50. Mehaffey, 6835 Sunnybrook Lane, N.E., Atlanta 30328.

RESISTANCE decade box, featuring power, precision, convenient
size. Six decades, constructed with 5 watt 1% resistors in 4x64
case. Modestly priced. $44.50. Request literature. Telectric Com-
pany, Box 264, Hicksville, N.Y. 11801.

TIME BASE CRYSTAL OVEN. Center temp. 75° C. Cycling .05° C.
115 VAC. 1Y%,” dia. x 3" tall. Octal base. Holds HC-6/U xtal. Made
by Ovenaire. Replacement for Berkley Counters. $10.00 includes
shipping. Never used. Guaranteed. Yellow Cab Radio Dept., POB
587, Kansas City, Mo. 64108,

TV TUNER REPAIRS—Complete Course Details, 12 Repair Tricks,
Many Plans, Two Lessons, all for $1. Refundable. Frank Bocek,
Box 833, Redding, Calif. 96001.

QUALITY PRINTED CIRCUIT: Epoxy Glass! 295 drilled holes! QOut-
lined for three 16 pin D.1.P., plus components. 2” x 81%". Tinned
for solderability. Send $3.00. DIVERSIFIED ELECTRONIC TECH-
NOLOGIES, 1529 Buffalo Road, Rochester, New York 14624.

ELECTRONIC CD lignitions, RPM Limiters, Precision Timers. Send
$ .50 for complete Christmas catalog. AREpe, P.0.B. 9562, San
Jose, California 95117.

SCA music adapter for commercial-free FM background music. Con-
nects easily to any FM tuner, 6-transistor circuit uses standard com-
ponents. Plans and 3 x 414 etched circuit board $4.50. Component
kits also available, Wallace Enterprise, Inc., 83-15 98th Street,
Woodhaven, N.Y, 11421,

BUILD your own electronic COMPUTER. New book explains theory,
practical details. $2.25 postpaid. Cinnamon Press, Box 8453-A,
Minneapolis, Minnesota 55408.

KITS $2.99. Buy two, one free. Free information. Aline, 434 West
4th Street, West Islip, New York 11795,

CONSTRUCTION DIAGRAMS, include olive transmitter, infinity trans-
mitter, telephone room bugs, tailing devices, debuggers, radar jam-
mer. Send $2.00. Matusak, 5115 S. Campbell, Chicago, !llinois
60632,

PHOTOGRAPHY sink, Plywood fiberglass. Plans, instructions $5.00.
G. Miller, 9307 St. Lo Road, Houston, Texas 77033.

INTEGRATEO CIRCUIT KITS: COMPUTER, OPTOELECTRONICS, AU-
DIO. Catalog free. KAYE ENGINEERING, Box 3932-A, Long Beach,
California 90803.

COLOR Organ Kits $7.50. Power Supplies $2.75. Catalog. Murphy,
204 Roslyn Ave., Carle Place, New York 11514,

OIAGRAMS—Radios $1.50, Television $3.00. Give make and mod-
el. Diagram Service, Box 1151PE, Manchester, Conn. 06042.

ELECTRONIC Ignition. Various Types. information 10¢. Anderson
Engineering, Epsom, N.H. 03239,

COLOR converter for black and white television. New patented sys-
tem. Do-it-yourself electronic kit, for hobbyists and experimenters.
Write for free brochure. Bele Electronics Corp., P.O. Box 2469,
Main Office. Miami, Fla. 33101.

EXPERIMENTERS—Use any transistor radio for simple Radio Control
Experiments. Complete Plans $2. Creative Electronics, Box 4943A,
Austin, Texas 78751.

ROUTER bits 14" shank, hi-speed, used, excellent condition, $2.50
dozen postpaid. Lillians, Box 17165PE, Chicago, 1ll. 60617.

RADIOACTIVITY experiment, see light flashes. Material with in-
structions $1.00. Hamels, Box 453, Lafayette, Ind. 47902.

FOLLOW THAT CAR. ELECTRONIC TRAILING EQUIPMENT. FREE
LITERATURE. CLIFTON, BOX 220, MIAMI, FLORIOA 33168.

AVAILABLE NOW . . . Plans; Visible and infrared Solid State Lamps;
Matching receiving Photodiodes . . . investigate fascinating opto-
electronics field. Build profitable secret communications, surveil-
lance, alarm, control systems. Amazing possibilities! New 1971
Catalog, 25¢. Lundart, University Station 4008-E4, Tucson, Arizona
85711.

BURGLAR and FIRE ALARM SYSTEMS and supplies. INSTALLATION
MANUAL and catalog $1.00. Refunded first order. Electronic Sentry
Systems, P.0. Box B023A, Sacramento, California 95818.

NEW! PHONE PATCH with automatic switch. Now you can record
those important conversations automatically. ONLY $19.95. Cheico
Electronics, 11835 Wilshire Bivd., Los Angeles, Calif. 90025.

HIGH FIDELITY

FREE! Send for money saving stereo catalog # P11E, lowest quo-
tations on your individual component, tape recorder, or system re-
quirements. Electronic Values, Inc., 200 W. 20th St., New York,
N.Y. 10011.

LOW, Low quotes: all components and recorders, HiFi, Roslyn,
Penna. 19001.

HI-FI components. Tape Recorders, at guaranteed ''We Will Not Be
Undersold’’ prices. 15-day money-back guarantee. Two-year war-
ranty. No Catalog. Quotations Free. Hi-Fidelity Center, 239 (P) East
149th Street, New York 10451,

TAPE RECORDERS, Hi-Fi, components, Sleep Learning Equipment,
tapes. Unusual Values. Free Catalog. Dressner, 1523R, Jericho
Turnpike, New Hyde Park, N.Y. 11040.

DIAMONO NEEOLES AND STEREO CARTRIDGES at low, low prices
for Shure, Pickering, Stanton, Empire, Grado and ADC. Send for
free catalog and price sheet. We will be happy to quote on any
cartridge—Magnetic, Ceramic or Crystal, All merchandise brand
new and shipped PREPAIO. LYLE CARTRIDGES, Dept. P, 265 East
149 Street, Bronx, New York 10451,

BACKGROUND MUSIC, continuous commercial-free. Solid-state
MUSICON SCA ADAPTER plugs into any FM Tuner, Receiver. Line
powered. 5 year guarantee! Only $39. postpaid. K-Lab, Box 5722,
South Norwalk, Conn. 06856.

PACEMATE CB 2.way radio 2 watts 3 channel $39.95. Regularly
$99.95. Request information. American Comset, 1638 W. 135th
Street, Gardena, Calif. 90249.

NEW SEMICONDUCTOR LIGHT EMITTING DIODES——bright red
lights replace light bulbs. Typical life 100 years. Operate at 1.65
volts, 50 milliamps. Order 2 for $2.98 NOW. Data sheet and in-
structions included. M to Company, Hobby Section, 10131
Bubb Road, Cupertino, Cafifornia 95014.

RIK-TRONICS LITE ALERT with its exciting new Electronic Sound
starts beeping immediately when the ignition is turned off if the
headlights remain an. installs in 2 minutes. List $11.95, you send
$9.95. Rik-Tronics, Box 625, Frankiin Pk., il. 60131.

COMPUTER for sale. Best offer over $150. Send stamped, self-
addressed envelope. Jon Paul, 1 Bogardus Pl., New York, New York
10040.

PLANS AND KITS

New BSR record changers; $13. McDonald 300-$18; 400-$20;
500-$25. AM/FM component system-$50. Davis, Dept. 2737 Third
Ave., Bronx, New York 10451,

STEREO headph $20—Di t
474, Pt. Hueneme, Calif. 93041.

available. Write H & M, Box

WANTED

CASH PAID! Unused tubes, electronic equipment. Barry, 512 Broad-
way, NYC 10012.

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circular.
Mercury Terminal, Norwood, Mass, 02062,

TUBES

TUBES ‘''Oldies’’, fatest, Lists free. Steinmetz
Hammond, Indiana 46324.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. Al Brands—
Biggest Discounts. Technicians, Hobbyists, Experimenters—Request
FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turnpike,
Mineola, N.Y. 11501,

7519 Mapli d,

FIBRE OP-KITS, using the ‘'magical optical fibers'’ that transmit
light energy. FREE CATALOG. Scientific Devices, 211E Albion,
Wakefield, Mass. 01880.

FORTY Transistor Projects, $1.00. Sirens, treasure finders, more!
EDI, 1918B, 49th Street East, Palmetto, Florida 33561.
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THOUSANDS and thousands of types of electronic parts, tubes,
transistors, instruments, etc. Send for Free Catalog. Arcturus Elec-
tronics Corp., MPE, 502-22nd St., Union City, N.J. 07087.

RADIO & T.V. Tubes—33¢ each. Send for free list. Cornell, 4213
University, San Diego, Calif. 92105.
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TUBES—Lowest prices. Foreign-American, Obsolete, receiving,
special purpose, transmitting tubes, Send for tube, parts catalog.
United Radio Company, 56-P Ferry St., Newark, N.J. 07105.

TUBE Headquarters of Worid! Send 10c for Catalog (tubes, slec-
tronic equipment) Barry, 512 Broadway, N.Y.C. 10012,

TAPE AND RECORDERS

BEFORE Renting Stereo Tapes try us. Postpaid both ways—no deposit
—immediate delivery. Quality—Dependability—Service—Satisfaction
—prevaii here. If you've been dissatistied in the past, your initial
order will prove this is no idle hoast. Free Catalog. Gold Coast Tape
Library, Box 2262, Palm Village Station. Hialeah, Fla. 33012.
STEREO TAPES, save 20.30% and more, postpaid anywhere U.S.A.
We discount batteries. recorders, tape/cassettes, 80-page catalog
25¢. SAXITONE TAPES, 1776 Columbia Road, N.W., Washington,
D.C. 20009.

OLD radio programs on tape. 6 hours for $8.00. Catalog 50¢. Don
Maris, 1926 Cherokee. Norman, Okla. 73069.

CASSETTES—Cash in on a tremendous All-year round market.
Send for lowest pricing and details. include $1.00 for 2 cassette
samples. DICTATION PRODUCTS, PO Box 87 DPM, Hallandale,
Florida 33009.

OLD RADIO PROGRAMS on tape. Hundreds available, 2.hr. sample
$6.00, 4-hr. $9.00. Hobby Catalog for collectors of radio tapes, old
comics, movie serials, nostalgic items, only $1.25 or free with sam-
ple tape. NOSTALGIA, 9875 SW 212 St.. Miami. Fla, 33157.

ELECTRONICALLY Made Moogmusic 4 track stereo, Scatch Reels.
Send $2.50—3257 Menomonee Parkway, Milwaukee, Wisconsin
53222.

REPAIRS AND SERVICES

TV Tuners rebuilt and aligned per manufacturers specification.
Only $9.50. Any make UHF or VHF Ninety day written guarantee.
Ship complete with tubes or write for free mailing kit and dealer bro-
chure. JW Elestronics, Box 51C. Bloomington, Indiana 47401.

TELEVISION tuners, any make VHF or UHF, cleaned, repaired and
realigned per manufacturer's specifications $9.50. One year guaran-
tee. Quality Tuner Repair, 526 West Busby Street, Lebanon, indiana
46052.

PERSONALS

MAKE FRIENDS WORLOWIDE through international correspondence.
Illustrated brochure free. Hermes, Berlin 11, Germany.

INVESTIGATORS, LATEST ELECTRONIC AIDS. FREE LITERATURE.
CLIFTON, 11500-K NW 7th AVE,, MIAM1, FLORIDA 33168.

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all makes including
transistor. Experimental kit—trouble-shooting., Accredited NHSC,
Free Booklet. NILES BRYANT SCHODL, 3631 Stockton, Dept. A,
Sacramento, Calif. 95320.

FCC First Class License in six weeks—approved for Veterans Training.
Write Elkins Institute, 26038 Inwood Road. Dallas, Texas 75235.

LEAP! LEAP! LEAP! Into BIG Money; 150.000 Computer Program-
mers needed in 5 years. Diploma Home Study Course, Price
Breakthrough: only $9.95. Act Now. Money Back Guarantee. U.S.
Inquiries, Intertech-7G3, Box 5373, Station-F, Ottawa, Canada.

LEARN code from tireless teacher. Wilkinson programmed course
and LP player stays with beginners ta license speed. $9.45 postpaid.
Florida residents $9.83. Details free. Wilkinson Laboratories, Box
14196, Gainesville, Fla. 32601.

WANT AN F.C.C. Ist CLASS LICENSE? WANT TO BECOME A DISC-
JOCKEY? RE] has a school near you VA approved. Call toll free:
1-800-237-2251 or write REl, 1336 Main St., Sarasota, Florida
33577, Florida Residents call: 813-355-6922.

AMATEUR RADIO. Correspondence Sight-and-Sound no-textbook
courses for GENERAL, ADVANCED and EXTRA CLASS licenses—
complete Code and Theory. These are NOT memory courses.
AMATEUR RADIO LICENSE SCHOOL, 12217 Santa Monica Bivd.,
Los Angeles, Calif. 90025.

INVENTIONS WANTED

INVENTIONS wanted. Patented: unpatented. Global Marketing Ser-
vice. 2420-P 77th, Oakland, Calif. 945605.

PATENT Searches including Maximum speed, full airmail report and
closest patent copies, $6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention Protection forms and
*'Patent Information,'' Write Dept. 9, Washington Patent Office
Search Buteau. 711 14th Street. N.\W., Washington. D.C. 20005.

INVENTORS! Don't sell your invention, patented or unpatented, until

you receive our offer. Eagle Development Company, Dept. 9, 79 Wail
Street, N.Y., N.Y. 10005.

FREE ''Directory of 500 Corporations Seeking New Products.'’ For
information regarding development, sale, licensing of your patented/
unpatented invention. Write: Raymond Lee Organization, 230-GR
Park Avenue, New York City 10017.

INVENTORS: Protect your ideas! Free '‘Recommended Procedure’’.
Washington Inventors Service, 422T Washington Building, Wash-
ington, D.C. 20005.

PATENT SEARCHES, including copiss of related United States Pat-
ents. invertors, attorneys, manufacturers use our '‘World-Wide'
Airmail service Free: "'invention Record”’ form and '‘Information
Every Inventor Needs'', Hayward Company, 1029HR Vermont, Wash-
ington, D.C. 20005.

FREE PAMPHLET: ‘'Tips on Safeguarding Your Invention.”' Write:
United States Inventors Service Company, 501-H Thirteenth Street
N.W., Washington, D.C. 20004.

GOVERNMENT SURPLUS

GOVERNMENT Surplus How and Where to Buy in Your Area. Send
$1.00 to: Surplus Information PE, Headquarters Building, Wash-
ington, D.C. 20036.

JEEPS Typically From $53.90 . . . Trucks From $78.40 . . . Boats,
Typewriters, Airplanes, Multimeters, Oscilloscopes, Transceivers,
Electronics Equioment. Wide Variety, Condition. 100,000 Bid Bar-
gains Direct From Government Nationwide Complete Sales Direc-
tory and Surpius Catalog $1.00. (Deductible First $10.00 Order).
Surplus Service, Box 820-J, Holland, Michigan 49423.

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Auto-
suggestion, Box 24-ZD. Olympia, Washington 98501.

DEGREE in Electronics Engineering earned mostly by correspon-

dence. Free brochure. Dept. G-9, Grantham School of Engineering,
1505 N. Western Ave., Hollywood. California 90027.

DIFFERENT? You bet. Industrial and Government Electronic Surplus.
Get our latest list now. Startronics, Box 17127, Portland, Oregon
97217.

BOOKS

HIGHLY effective home study courses in Electronics Engi ing
Technology and Electronics Engineering Mathematics, Earn your
Degree. Write for Free Descriptive Literature. Cook’s Institule of
Electronics Engineering, (Dept. 15), P.0. Box 10634, Jackson,
Miss. 39209. (Established 1945).

£.C.C. FIRST CLASS LICENSE in three to four weeks. Write American
Institute of Radio, 2622 Old Lebanon Road, Nashville, Tennessee
37214 or 3986 Beach Boulevard, Box 16652, Jacksonville, Florida.

FCC FIRST CLASS LICENSE THROUGH TAPE RECORDED LESSONS.
Also RADAR ENDORSEMENT. Radio License Training, 1060D Duncan,
Manhattan Beach, Calif. 90266.

FREE catalog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Fallbrook, California 92028.

“UNUSUAL'’ Books! Catalog Free! International, Box 7798 (PE),
Atlanta, Georgia 30309.

FREE book prophet Elijah coming before Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Rochester,
N.Y. 14619.

INFORMATION. Amazing Book. Swimsuits, jewelry. Write: LYN, Box
1573, Waco. Texas 76710.

MORE sales through proper training. Pacific Institute of Programmed
Instruction. P.0. Box 1326, Seattle, Washington 98102,
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PSYCHOLECTRONICS Handbook, $14.95. (Sample pages Electrosex,
$1.00) Box 46156, Seattle 98146.
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MAGAZINES

RECORDS

JAPAN PUBLICATIONS GUIDE Business, pleasure, education, $5.00.
INTERCONTINENTAL, CPO 1717, Tokyo 100.91.

OVER 2,000,000 backdate magazines! Specify needs. Midtown, Box
917-PE, Maywood, New Jersey 07607.

AUTHORS’ SERVICES

POPULAR organ albums factory direct. Concert Recording, Lynwood,
Calif. 90262.

SPECIAL interest records available, produced by the editors of the
world's leading special interest magazines. Send for free catalog.
Record Catalog-PE, Ziff-Davis Publishing Company, One Park Ave-
nue, New York, N.Y. 10016,

AUTHORS! Learn how to have your book published, promoted, dis-
tributed. FREE booklet *‘ZD,’’ Vantage, 120 West 31 St., New York
10001.

HYPNOTISM

‘‘MALE-FEMALE HYPNOTISM'® EXPOSED, EXPLAINED! ‘‘SECRET
METHOD''—THEY NEVER KNOW! $2, RUSHED. GUARANTEED! {SA.
BELLA HALL, SILVER SPRINGS, FLORIDA 32688.

SLEEP Learning. Hypnotic method. 9205 effective. Details free.
ASR Foundation. Box 702leg HC Station, Lexington, Ky. 40502,
HYPNOTIZE PERFECT STRANGERS—EITHER SEX—SUCCESSFULLY!
Secret Methods—they never know! Illustrated Course and 10 inch
Hypnodisk $2.00. RESULTS ABSOLUTELY GUARANTEED! Dr. H.
Arthur Fowler, Box 4399, Woodbury, New Jersey 08096.

MAGNETS

MAGNETISM (100) page script newly discovered magnetic principles
(33.00). Jesse Costa, Box 26, Waquoit, Mass. 02536,

PRINTING

OFFSET Printing. Free catalog. Speedy Print, 1906 Swede, Norris-
town, Pa. 19401.

QUALITY Printing—Both Letterpress and Dffset. Economically priced.
Speedy service. Free samples on request. Charles McCalister, 1222
W. Sevier St., Clarksville, Arkansas 72830.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available now. Construction,
all trades. Earnings to $3.000.00 monthly. Paid overtime, travel
bonuses. Write: Universal Employment, Woodbridge, Conn. 06525.

EXCITING OVERSEAS JOBS. Directory $1.00. Research Associates,
Box 942.E, Belmont, California 94002,

‘"HOW to get jobs overseas'’'—Worldwide Lists Hiring Organizations
—143 pages inside information—$2.98. Refundable. Staydrype,
Whitestone, New York 11357.

MAGNETS. All types. Special—20 disc magnets, or 2 stick magnets,
or 10 small bar magnets, or 8 assorted magnets, $1.00 Maryland
Magnet Company, Box 192E, Randalistown, Maryland 21133.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

SCIENCE Free Giant Catalog ‘‘CJ’'—~148 pages—
Astr pes, Micr p Lenses, Binoculars, Kits,
Parts. War surplus bargains. Edmund Scientific Co., 300 Edscorp
Bldg., Barrington, New Jersey 08007.

Bargains Request
ical Tel

BUSINESS OPPORTUNITIES

I MADE $40,000.00 Year by Mailorder! Helped others make money!
Start with $10.00—Free Proof. Torrey, Box 318-N, Ypsilanti, Michi-
gan 48197.

FREE BOOK ‘999 Successful Little Known Businesses'’ Work home,
Plymouth 445-K, Brooklyn, N.Y. 11216,

$200.00 DAILY In Your Mailbox! Your opportunity to do what mail-
order experts do, Free details. Associates, Box 136-J, Holland,
Michigan 49423.

CLASSIFIED ADVERTISING ORDER FORM
Please refer to heading on first page of this section for complete data concerning terms, frequency discounts,
closing dates, etc.
1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

21 22 23 24 25

26 27 28 29 30

31 32 33 34 35

@ 80¢ (Reader Rate)
W°""s% @ $1.25 (Commercial Rate) - $
Insert time(s) Total Enclosed s
NAME ____
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 each. Zip Code
numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) Count each abbreviation, initial, single
figure or group of figures or letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words
count as two words. -1170

Gé
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_~ MAKE BIG MONEY raising chinchillas, rabbits. guinea pigs for us.

Catalog—25¢. Keeney Brothers, New Freedom, Pa. 17349.

SPARE TIME CASH—Sell advertising Book Matches—every business
a prospect—no investment—no experience needed—build steady
repeat business. Power house selling kit with new complete catalog
FREE. Quick sales and big cash commissions. Dept. T-1170,
Superior Match. 7530 S. Greenwood. Chicago 60619.

FREE CATALOGS. Repair air conditioning. refrigeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201.

PRODUCE Household Products. Your trade name—our formuias.
Details 50¢. Thinker/Tinker, Box 205PE, Riverside, Conn. 06878.
FREE BOOK ‘‘996 MILLIONAIRE Plans, Odd. Unusual. Little-Known
Businesses’’ on request. Work home evenings & Saturdays. National-
22. Kerrville. Texas 78028.

SELL HERTEL BIBLES—Part Time. Finest reference Bible available.
Demonstrator and supplies furnished. Excellent commissiens. Write
International Book. Dept. PE, Box 118, Wichita, Kansas 67201.

PIANO TUNING learned quickly at home. Tremendous field! Musical
knowledge unnecessary. Gl Approved. Information Free. Empire
School, Box 327, Miami, Florida 33145.

MAILORDER! Make big money working home. Free report reveals
millionaire’s trade secrets! Executive (1K11), 333 North Michigan,
Chicago 60601.

EASY to make plastic fishing worms. Costs 3¢. Sell for up to $1.00.
Big profits. Details and formula $2.00. Poco Plantation, Dept. 150,
P.0. Box 5046, Augusta, Ga. 30906.

MAKE MONEY in spare time. Information write. Capitol, Box 9363,
Austin, Texas 78757.
$2000.00 MONTHLY possible. Details. Ropchan, Box 5341 X,

Shermanoaks, California 91413.

TREASURE FINDERS

GOLD, SILVER, RELICS! Located with powerful Detectron Metal De-
tectors. Free information. Terms. Detectron, Dept. PE-11, Box 243,
San Gabriel, California 91778.

TREASURE FINDER locates buried gold. silver, coins, treasures.
5 powerful models. $19.95 up. Free catalog. Relco-A33, Box 10839,
Houston, Texas 77018.

FREE TREASURE GUIDE! Fact-filled collectors edition; send 50¢ for
postage. Also request free literature on ultrasensitive, professional
Fisher Detectors. FISHER RESEARCH, Dept. PE-11, Palo Alto, Cali-
fornia 94303.

MUSICAL INSTRUMENTS

309 DISCOUNT any name brand musical instrument. Free catalog.
Freeport Music, 127-N Sunrise Highway. Freeport, N.Y. 11520.

SHORTWAVE LISTENING

CONFIDENTIAL frequencies revealed! Over 450—spies, space, mili-
tary. $2.00. EDI, 1918B 4Sth Street East, Palmetto, Florida 33561.

RUBBER STAMPS

RUBBER ADDRESS STAMPS $2.00. SIGNATURE $3.50. FREE CAT-
ALOG. JACKSON'S, BOX 443.G, FRANKLIN PARK, ILLINOIS 60131.

REAL ESTATE

FREE . . 232-PAGE FALL-WINTER CATALOG! Describes and pic-
tures hundreds of farms, ranches, town and country homes. busi-
nesses coast to coast! Specify type property and location preferred.
Zip Code, please. UNITED FARM AGENCY, 612-EP West 47th St.,
Kansas City, Mo. 64112,

MISCELLANEOUS

WINEMAKERS: Free illustrated catatog of yeasts, equipment. Sem-
plex, Box 12276. Minneapolis. Minn. 55412.

DRIVER'S License, Birth Certificate. H.S. & College Diploma,
Marriage & Divorce Certificates—Blank Forms. Fill them in yourself.
Highest quality you can buy! Confidential 3 day service! $2.00
each; any four—$5.00, post-paid. Formco, Box 834-EB, Warren,
Mich. 48090.
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BAGGY’S RADIO

AM AND SSB CB RADIOS AND ACCESSORIES
SEND FOR FREE BIG BONUS CATALOG
P.O. Box 778, 6391 Westminster Ave.

Westminster, California 92683
714-894-7555

STINGER ANTENNAS
SWAN HAM RIGS

MAJOR BRANDS
CB. RADIOS &

A division ot
“BAGGY'S"

RADIO CORE

ACCESSORIES.
USE FOR: MONITORS

POLICE
HOME FIRE
BOAT WEATHER
BUSINESS METAL DETECTORS
caner a0
CAR SLIDER SCANNER
TRUCK AND MUCH MORE!

DEALERS SEND LETTERHEAD
FOR
FACTORY DIRECT PRICES

CIRCLE NO. 5 ON READER SERVICE PAGE

FREE

CATALOG
& PRICE LIST

SAVES BIG MONEY ON
ALL YOUR PARTS NEEDS!

Thousands of hand tested
parts in open stock. 24-
hour delivery gndmos(
items. Hard to find spe-
cialties? We have them! 20 Commerce Street
Order direct and save. Springtieid, N.J. 07081

CIRCLE NO. 25 ON READER SERVICE PAGE
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SEMI-CONDUCTOR
SUPPLY, INC.



1000's OF UNUSUAL SCIENTIFIC BARGAINS rr{f(f(luﬂ

E SPECIAL I.IHIQ[IE{?IY-\-‘%'EL!C LIGHTIHG

02 P Baokel. Sifeel VXN, 0ii1111 00
3" ASTRONOMICAL TELESCOPE

See_moon shots, orbits.stars, phnel
of Venus, planets close u to
180X, New improved, alum nlzed &
overcoated 3 diameter 1/10 primary
mirror, ventllated cell, Equltorlll
mount w/locks on_both axes, 60x
cyepiece, mounted Barlow. sx finder
telescope, hardwood tripod, Ineci.
FREE: "STAR CHART'’; 272.P,
SHANDBOOK'': Inst,
Stock No. 85, OSOAV’ 29,

95 Ppd.
3 Stock No. 85,108 AV. 4‘/4"n
Stock No. 8S,086AV . 67, . ... ;?33,33 (R

CHROMATIC “MACHINE-GUN"/ STROBE

Red, Green, Blue & White light
barrage the eyeballs cvery 6 sec-
onds with this low-.cost mechanical
:/llrthbent t:m ?nh rurln connngouuly

10! ear of urn 'll o e VAl
tating effects over 500 fi p . arca.

lnmp (Incl V~¢lements seem ta flash
off as colors fluctuate. Turns
:tore windows, palterl. partles into

fashin; puisa n{v produetions.
Convection_cooled. ulnut eabinet,
rass handle. Reg. house current.
Stock No. 71,271AV ....... (9%x10X63/4") ... ... $28.50 Ppd.

PSYCH!DELIC LIGHTING HANDBOOK
l-‘ull)v explaln:“;:tut in glychedellc

i developments. Covers all facets of
psychedellc  light-show production
i Including strobes, black lights,
projectors, crystals. organic slides
irrors, color organs, zed
. MusicVision,

etc. Shaws how to *‘psychedelize’’
rtles, musical groups, shows or
ow to set up "electrl: trlyu" Ior
rivate gatherings. B8la"
ooscleal paper for 3 rings.
$3.00 Ppd,

Extremely verntlle. compactly de-

ﬁx ve -4000 an,
ltruml) hlu llxht (ultraviolet) fix
ture. Has 6.w: 1 lamp with
BatiE i itersHmigates " harmia]
shorter wave ultraviolet rays. Use
to iden tlrz mlner-ll. fungi, bac-
terla-check for surface ﬂ-w-. oll
and gas leal kue—perrect for dls.
plny- with fluorescent paper, pulnu.
= alk, crayons, trace powder, Incl.
_ ldjunlhle aluminum reflector.
= Mount vert., horr Or _on Ccorner.
d : 10 L., 147 il H.
Stock NO. 70,364AV . .0, it u it it iet e, $12.50 Ppd.
Stock No. €0,124aV ... .., REPLACEMENT BULB..... $4.75 Ppd.

1st QUALITY OPAQUE UNDER $200

Terrific Buy! Top Quallty! Projeets
brmlan(. sharp /g ft. 3q. image
from 8’ using to 5”X5” color,
h&w llluslrnuons Retatns all orig-
inal colors, proportions. Enlarges
4 drawings. coins, Mmaps, cle, Revolu.
tionary peanut-size quartz llalogen
lamp (50 hr. lifc), 200mn anastig-
matlc lens (3.5, 8~ F.L.), unique
intcrnal reflecting sysicm give max.
imum brightness, entire ficld focus,
Can be uscd upside down. Tar
cooled. "/: ft. cord.

(Wi 1134 1bs) . ...... $89.7% Ppd.

MIRRORED BALLS BOUNCE LIGHT

Yesteryear’s ballrooms echo in
mirrored llzhts that richochet to
the beat of today's discotheque.
Up to 1,000 Ilustrous, clear,
handmade glass mirrors on each
bnll create fantasue lighting ef.
fects. Molorlized—they cast re.
flections that blow the mind!
Ideal for light shows. displays,
¥ restaurants, hotels, and modern

es.

Stock Ne. 71,066AV . . 1 Dlam.) ........ $30.00 Ppd.

Stock Na. 85.180AV . . o . . $75.00 FOB

Stock Ne. 71,06SAV ., . $17.50 Ppd.
ck No,—-Check or M.O0.——Money-Back Guarantee

by Sto
EDMUND SCiENTIFIC €0, 300 ‘:EDSCDRP BLDG. BARRINGTON, N.J. 08007

ANT FREE CATALOG ““AV“

Complctely new editlon, New
items, catcgories, lllustrauons.

000

of electrical and elcctromagnetic
arts, acccssorics. Enormous se.
e cctlon ﬁfi An.ranom;!c‘nl 'Il'elr-
! pes, croscones. noculars,
E.E"_."',,E 3 annmen Magrte! Lenses,
— sers, Prisms. M-ni war sur-
yists, ex.
perimenters, worhhom. factory.

Write for catalog *

EDMUND 5 300 epscore sLDG.
SCIENTIFIC CD. BARRINGTON, NEW JERSEY 08007

ORDER BY SRDCK NUMBER * SEND, CHECK OR MONET ORDER « MONET.BACK GUARANTES

CIRCLE NO. 11 ON READER SERVICE PAGE

108

READER
SERVICE NO. ADVERTISER PAGE NO.
Allied Radio Shack .......................... 85
I Audionies, Inc. ............ ... ... ... 14
2 Avanti Research & Development, Inc. .......... 96
5 Baggy's Radio ................cccovviiunnn.. 107
CREI, Home Study Div.,
McGraw-Hill Book Co. ........... 36, 37, 38, 39
6 Cleveland Institute of Electronics ....54, 55, 56, 57
35 Center for Technical Development .......... 95
7 Courier Communications ...................... 87
Datak Corp. .............ovvinniinnnnnannn, 102
9 Drake Company, R.L. ........................ 84
10 Communications Div., DYNASCAN CORP. ..... 9

4 EICO Electronic Instrument Co., Inc.

11 Edmund Scientific Co. .108
12 Electronic Light Co. 95
13 Esse Radio .................................. 100
14 Finney Co. ............oiiiiiiiiiinninnnn... 1]
15 GC Electronics (CALECTRO) ................. 25
16 Heath Co. .................. 88, 89, 90, 91, 92, 93
17 Jensen Mfg. Div., The Muter Co.

Jetco .......... ettt i e
3 Johnson Company, E.F............. THIRD COVER
18 Lafayette Radio Electronics ................... 96
19 Mallory & Co.,P.R. .......................... 23
20 Metrologic Instruments, Inc. .................. 100
21 Mosley Electranics, Inc. ...................... 102
22 McGee Radio ................................ 86
23 McGraw-Hill Book Co.,

Electronic & Control Engineers Book Club .. ... 5
24 Melintosh Labs .............................. 97

National Radio Institute . .SECOND COVER, |, 2, 3

National Technical Schools ......... 18, 19, 20, 21
25 New Jersey Semi-Conduetors .................. 107
36 New-Tronmies ...............

26 Olson Electronics

RCA
RCA

27 Sams, Howard W. & Co., Inc. ................. 8
28 Sonar Radio Corp.
29 Sydmur Electrenics

Sylvania Electric ............................

30 TDK
33 Turn

31 United Audio Preducts (DUAL)

34 University Souad ............................
32 Utah Electronies ............................ 12
Valparaiso Technical Institute ................ 98

CLASSIFIED ADVERTISING 103, 104, 10S, 106, 107

POPULAR ELECTRONICS
NOVEMBER 1970
ADVERTISERS INDEX

FOURTH COVER

Electronic Components & Devices .. .26, 27, 28
Institutes. Inc. ........... ..72, 73, 74, 75

Printed in U.S.A.
POPULAR ELECTRONICS

[P P



check

your CB rig’s

performance
10 ways. ..

Suggested list: $49.95

Johnson's new transceiver tester.

Does everything other testers do. ..
and more! Reads power output in
actual watts. Reads modulation
directly in percentage. And lets you
hear what your transmitted signal ac-
tually sounds like, with the headphone
monitoring jack! Also can be installed
to read received "'S” units. Constantly
monitors your rig while you're on-the-
air. Flip a switch and you can make

tests using the built-in dummy load.
There are built-in RF and audio gen-
erators, crystal activity checker, SWR
meter, and more—so you can pinpoint
problems like a professional. Battery
operated and portable, it even has a
field strength meter that's great for
making comparative checks at jam-
borees. No serious CBer should be
without it!

Other Johnson Accessories for the Advanced CBer. ..

NEW pr— b
— <
P o— =y
Ty - |
M-_’ - 9“(/ 3|
CB MATCHBOX CB ANTENNA RECHARGER/BASE ANTENNA MATE CB MOBILE

ANTENNA TUNER
$15.85

METER $14.85 POWER SUPPLY FOR

HAND-HELDS $28.00

! E.F. JOHNSON COMPANY

® WASECA MINNESOTA 5603913

CIRCLE NO. 3 ON READER SERVICE PAGE

TUNER AND SWR

SPEAXER $13.00
METER $29.85



Save up to 50% with EICO Kits and Wired Equipment.

-B‘e creative -and thrifty too!

NEW “TREASURE
HUNTER” KIT

Finds metals, pipes several
@« inches underground. EICQ
» TH-30 Solid State Treasure
Hunter locates iren, steel,
tin, gold, silver, copper
etc. Beep pitch in-
creases as you near
object.

L

NEW “BULLHORN’ KIT
Carries your voice up to 400 feet.
EICO BH-16 Solid State Bullhorn.
2¥2 Ibs. light, is perfect for

all outdoars, camping, sports.
Battery-operated. $15.95.

Battery oper-
ated. $29.95.

new EIGOGRAFT

The electronic science project kits
tor beginners, sophisticates,
educators. 42 kits to date.

FM Wireless
Mike $9.95.

‘(‘53&

8 NEW EICOCRAFT KITS
Automotive “LIGHTGUARD” e
“VARIVOLT"” DC Power Supply
® "MOODLITE" Light Dimmer
Control @ "VARASPEED" Motor
Speed Cantrol @ “"LIGHTSHOW"
Sound/Lite Translator
“ELECTRIC FIESTA™ Audio Color
Organ e "SUPER MOODLITE”
Remote Control Light Dimmer

® "ELECTROPLATER" From
$2.50tc $14.95.

NEW

“FLEXI-CAB"’

Build your own custom

designed cabinet in

minutes!

Give your EICOCRAFT

and other projects

that finished pre-

fessional lock with

decor-styled FLEXI-

CAB vinyl clad steel

cabinets. Fast, easy,
push-together

assembly. 3-sizes

from $3.49.

COLOR IMACES

Electronic Art in M 4 AL
“CHROMA- i CELEST!

o LITES"
CUBE” 7 - /

N ] = f Constantly flowing
Classic white 18 \ i 8o imakeslmove
Cube features a

z 3 in rhythm to music.
fantastic audio- 24% x 24" x 6~
responsive light ‘
display. = 4

“LIGHT FANTASTIC"

> Translucent dome provides 3-

e dimensiona! world of ever changing
light patterns in response to music. 38~ high.

NEW

cortina2
STEREO KiITS
The lowest priced
component quality

- high fidelity!

ce®® EICO 3780 50-Watt

Silicon Solid State FET AM-FM Stereo

Receiver. Kit $109.95, Wired $169.95

EICO 3080 50-Watt Sllicon EICO 3300 Silicon Solid State
Solid State Stereo Amplifier. FET AM-FM Sterec Tuner.
Kit $69.95, Wired $109.95 Kit $69.95, Wired $109.95

NEW SOLID STATE TEST INSTRUMENTS

The first and only solid-state test equipment guaranteed for 5 years!

fell
Agl¥
B Rt

EICO 240 Solid State FET-TVM. Kit $59.95, Wired $79.95.

EICO 379 Solid State Sine/Square Wave Generator.

Kit $69.95, wired $94.50.

EICO 242 Solid State FET-TVOM. Kit $69.95, Wired $94.50.

EICO 150 Solid State Signal Tracer. Kit $49.95, Wired $69.95.

EICO 330 Solid State RF Signal Generator.

Kit $59.95, wired $84.50.

FREE 1970 EICO CATALOG "E'!!

Send me FREE catalog describIng the full EICO
ine of 200 best buys, and name of nearest dealer.

State

/i
EICO Electronic Instrument Co.. Inc.
283 Malta Street, Brooklyn, N.¥Y. 11207
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NOW YOU CAN SEE
THE MUSIC YOU HEAR.

Sound n Color

Color Organs, Translators,
Strobes

COLOR ORGANS
The now dimension
to music pleasure.
EICQ all electronic solid-state
Audio-Color Organs transform
sound waves into maoving synchro-
nized colar Images.

MODEL 3450 Giant (30" x 12" x
107} 4-Channels. Kit $79.95,
Wired $109.95.

MODEL 3445 (24" x 12" x 107)
4.Channels. Kit $64.95,

Wired $99.95.

MODEL 3440 (10" x 15" x 16"}
3-Channels. Kit $49.95.

Wired $79.95. Other models to.
choose, from $19.95 and up.

TRANSLATORS
The electronics you need to create
audio-stimulated light displays.

MODEL 3460
1 Channel.
Kit $24.95,
.o | Wired $39.95.

© | MODEL 3465
===¥ 3 Channel.
Kit $39.95, Wired $69.95.

STROBE LITES
Burst of white light flash in
cadence of each beat of audio.

Model 3470
Adjustable Rate.
Kit $29.95,
Wired $39.95.
Model 3475
Audio Actuated.
Kit $39.95, Wired $59.95.

AUTOMOTIVE

&
Micornn EICO 889 Solid State
“emees ¢ Capacitive Ignition

# System.

Boost gas mileage up to 25%,
life of points, plugs to 100,000 miles;
Kit $29.95, Wired, $39.95.

EICO 888 Sclid State
Unlversal Engine Analyzer.
Tunes and troubleshoots
your car/boat engine, the
totally professional way.
Kit $49.95, Wired $69.95.




