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Discover the ease and
excitement of learning -
Electronics with

programmed equipment
When you train at hame with NRI, you train
sen s you with your hands as well as your head. You

learn the WHY of Electronics, Communica-
tions, TV-Radio the NRI pioneering **3-Dimensicnal’’ way. NRI training is the result c¢f 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 tc many,

many months of training on the job.

NRI—The 53 Year Leader in Electronics Training

APPROVED UNDER
NEW GI BILL .. ...

sirce January 31, 1955, or are in ser-
vice, check Gl line in postage-free card.

ACHIE VEMensy.
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Earn 35 or more an hour
spare or full time in

TV-RADIO
SERVICGING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainmemt equipment like portable
radios, tape recorders, hi-fi sets,
phonographs and auto radios. TV-
Radio servicing is one of ycur best
routes to spare-time earnings, a
good paying jobor abusiness of your
own. NR! not only trains you quickly
and expertly, but also snows you
how to get started in Serving soon
after ycu =znroll, earning as you
learn. MR! trairs you im today’s
methods of installing and -epairing
all Eleczronic equipment for the
home~including booming 2o or TV.
You even build, experimentwith and
keep to enjoy ycur own selid-state
radic and your choice of tzack-and-
white o~ Color TV recemer. Like
thousands of others, you can be
earning $5 or mare an hou “ extra ir
spare time starting soon.

There’s money and
success awalting you in

BROADCASTING —
COMMUNICATIONS

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 act.ially coing it. You
build and experimentwith test equio-
ment, ike a VTVM you ke=p. You
build aad operate amglicier circuits,
transmission line and antenna sys-
tems, even build and use a phone-cw
transmitter suitable for transmissicn
on the 80-m=zter amateur band.
Whichever of fiva NRI Communica-
tions courses you chosse, you pre-
pare fcr your FCC License exams,
and you must pess your FCC exams
or NRI refuncs your tuition in full.

Move ahead in America’s
fast growing industry as

ELECTRONICS
TECHNIGIAN

Electronicstouches everyone'slives.
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 to un-
derstand the functions of, today’s
miracle solid-state components like
printed circuits, diodes and transis-
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data p-acessing, ultrasonics,
telemetry. Wsatever your interest in
Electronics, M1 training can fill your
needs. Prove "o yourself what nearly
a million NRI ctudents could tell you
...thatyou gst more for your money
from NRI. Creck the postage-free
card ard mai it today for your FREE
NRI Color Catalog. No salesman will
call. NATIONA L RADIO INSTITUTE,
Electronics Zivision, Washington,
D.C. 2C016.

YOU GET MGRE FOR YOUR MONEY FROM NRI - sui, cest

explore, d scover. Everything vou see he e is included in one NR| course—inclucing Color TV. Other
courses equally compl=te. And you'll be surprised at the low tuition costs. Text “or text, kit for kit,

dollar for dollar—you ge~ more
for you* mrcney from M =1,

November, 1970

THE ONLY

COLOR TV

TOTALLY

ENGINEERED
FOR TRAINING
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Special introductory offer to new members (;f the

A494/754
ENGINEERING
MANUAL, 2/e
by R. H. Perry

PLb. price, $12.50
Ciub price, $.0.65

404/437
SOURCEBODK
OF ELECTRONIC
CIRCUITS

by J. Markus

Pub. price, $19.75
Club price, $14.75

A523/401
CHARACTERIS-
TICS AND
0>ERATION OF
MOS FIELD-
EFFECT DEVICES

by P. Rictmian

391/432
DISPLAY
SYSTEMS
ENGINEERING

by

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

Pub. price, $10.00
Club price, $8.50

AB37/604
DIGITAL LDGIC
AND COMPLTER
OPERATIONS

bv Baron &

P cciritli

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

D.GITAL
COMPUTER
USER’S
HANOBOOK

by M. Klerer &

C. A. Korn

PLb. price, $27.50
Club price, $23.3%

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

AL65/031
AMPLIFIER
HANDBOOKX

by R. F. Shea
Pib. price, $37.50
Ciub price, $29.50

Pub. price, $12.5¢
Club price, $10.65

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

ERE is a professional club designec specificelly to meel vour
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s servize is its publi-
cation, the Flectronics and Control Engineers’ Boox Club
Bulletin, which brings you news of books in your field. Sont to
members without cost, it announces and deseribes in dezail the
Club's featured book of the month as well as alternate sele:tior.s
which are available at special members’ prices.

When you want to examine the Club’s feature of the month,
vou do nothing. The book will be mailel to you £s & regulay parc
of your Club service. If you prefer oae of the alternate selee-
tions—or if you want no book at all fa that month-—you notify
the Club by returning the convenier.t 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 annmually 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
fi-st club selection

A126/070
PRINTED

A637/377
TRANSISTOR

CIRCUIT CIRCYUITS
DESIGN HANDBOOK

by Texas by
Instruments, 1 C. F. Coombs,
inc.. Staff Jr.

Pub. price, $16.50
Ciub price, $13.95

A610/037

Pub. price. $17.75
Club price, $14.95

A259/607

MODERN COMMUNICA-
COMMUNICA- TION SYSTEM
TION ENGINEERING
PRINCIPLES HANDBOOK

by Stein & by

Jones D. H. Hamsher

Pub. price, $29.50
Ciub price, $24.95

Pub. price, $15.00
_Club price, $12.75

MAIL THIS COUPON TODAY

ELECTFONICS AND CONTROL EBGINEERS 300K CLUB
S8z Pr.rceton o0ad, Hightstown. W.J. 08520

Mese 2nroll me as a member of the Electcnies and Control Engi-
qesrs 3ook Club and send me the two bocks indicated below. I am

recs ve the honus for just § .00, and my first selection at the
cpeciz Club price shown. Thes> books ave to be shipped on ap-
sreval, and I may return them both withoat cost or further obliga-
01 T decide to keep the bioks, | afrec to purchase as few
a= four additional books during the next two years at special Club
wices  approximatety 157 ¢ below tist).

Wr te Code No. of Wr te Code No. of

bonus book fret selection
L | i
Name e re—— -
Address_
Jiwy_ —
State____ Zip.

!
|
1
i
|
|
|
|
|
1
|
| here here
|
|
|
1
|
|
|
1
|
|
1

CIRCLE NO. 23 ON READER SERVICE PAGE

November, 1970
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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 turntoble — Dual. In fact,
most professionals (who have access to
any equipment) use a Dual in their own
stereo component systems. And not
always the highest priced mode.

Sothe question for you to consider
isn’t which Dual is good enough, but
how much more than“good” 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.

CIRCLE NO. 31 ON READER SERVICE PAGE
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Marketing Manager
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|

FURMAN H. HEHEB
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Electronics and Photographic
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212 §79-7200
Midwestern Office
The Pattis Group, 4761 West Touhy Ave.,
Lincolnwood, iliincis 50646, 312 679-1100
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9025 Wilshire Boulevard, Beverly Hils, California 90211
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DIRECT (& CURRENT

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 PopuLar 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 unanswerad:

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
deal 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 zuthor
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., etc.

The above skims the surface of the problem and is written
to show that we are aware of the need for a quick advisory
service. The staff aittempts 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
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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.................. $3.95

ABC’s of Electrical Seldering
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-heatsguns.
2.95

Order 20627, 0nly.. ..o

Hi Projests
- Hubln it !

§

48 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. . .................... $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......... .. $3.5

Order from any Electronic Parts Distributor,

| or mail to Howard W. Sams & Co., inc. Dept. PE-110

4300 W. 62nd St., Indianapolis, Ind. 46268
Send the following books: Nos.

$ __enclosed

l Name

I Address

CIRCLE NO. 27 ON READER SERVICE PAGE

INTERFACE

THE “NEW LOOK’’—PRG AND CON

Congratulations! I had long ago decided
that you people thought that your readers
were either idiots, senile, or hoth. 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 Hirsth-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. TavLor
Lincolnton, N.C.

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

J. A. StauHS, WA2ENF
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! PopuLirR ELEC-
TRONICS has taken a posture much like the
professional journals in elecironics. 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, 11l

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

R. R. HaLL
Madison, Tenn.

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

8 POPULAR ELECTRONICS
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Suddenly
ere a
household word.

COBRA 25

SWR MOD POWER S NOISE LIMITER

SWR CAL SQUELCH VOLUME P

M A CB
X 4 - @ 2 ¢
DYNASCAN CORPORX TION ' Off

M
New Cobra 25 CB Base Station

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

Why? Because we've come up with cverything you've been asking for in a CB
radio cesigned for the home (or for that matter, 2ny place a base station is used).

It's callcd the Cobra 25. You have to sce it to belicve it. Hear it and you’ll be
convinzed.

“ TUNE H

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

And exclasive Dynaboost speech compression puss your message through crisp
and shars, even when others are garbled and undear.

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 ultirr.ate in solid state circuit design with selective daal-conversion superhet receiver.
Ceramic ~lter. 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 great=st gain in the smallest space /\ with lifetime dependability. Exclusive
Dynaboost speech compression. Sepa rate power and SWR meters. 5 watts
input. 10Z% modulation. PA system. } 23 channels with crystals included.

Cobra 25 Product of DYNASCAN CORPORATION

$228.0Q 0 b ra 1801 W. Belle Plaine Chicago. lllinois 60613
The Biggest Voice in CB Radio

CIRCLE NO. 10 ON READER SERVICE PAGE
November, 1970 9
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tential subscriber group since the entire issuc
sayvs to me, “To hell with you stupid people,
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. ORFORD
Rochelle, I11.

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. Fracaxs
Tallula, Il

To J. Gordon Holt: Welcome! Welconie!
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'RyanN
Northfield, Ohio

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

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

I conglatulate vou and vour dolleagues on
the “New Look.” T am especially pleased with
vour entxy into the experimental areas of
digital and computer equipment. I hope that
vour “Direct & Current” editorial series will
occasionally wax philosophic and deal with
the problems related to broadcasting, such
as definition, establishments, ' recognition,
maintenance, protection of rights, etec.

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 sec Roger Legge's
material put back in the magagzgine.

S. KaRKLIN
Peppédr Pike, Ohio

Just received your Septemb¢r 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. Wakp
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

(Conlinued on page J’)

n L

GIVEAWAY

. ® Gettwo TDK SD cassettes free when you take home a
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 ai midnight,
November 30, 1970.

I D K World’s leader in tape technology since 1932,

TDK EI_ECTRONICS CORPF.
® LONG ISLAND CITY, NEW YORK 11103
CIRCLE NO. 30 ON READER SERVICE PAGE
10 FOPULAR ELECTRONICS
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CIRCLE NO. 14 ON READER SERVICE PAGE
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To obtain a copy of any of the catalogs or
leaflets described below, fill in and maii the
Reader Service blank on page 15.

A colorful, six-page brochure available fromh
Elpa Marketing Industries, Inc., covers the
entire line of Thorens Transcription Turn-
tables. Listed are the new TD-150 MKII and
the full line of TD-125’s. The brochure also
lists the company’s line of turntable bases,
dust covers, mounting frames, tonearm
mounting boards, and Thorens maintenance
equipment. Each item is illustrated and ex-
plained.
Circle No. 75 on Reader Service Page 15

All International Rectifier semiconductor de-

“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 silicorl 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 cpmplete alpha-
numeric cross-reference index of individual
IR device numbers to the corresponding Di-
gest page.
Circle No. 76 on Reader Service Page 15

A “Quick Delivery Identification” system,
featuring a three-level popularity grading
guide to automatically forecast the avail-
ability and required lead time for major com-
ponent items, is highlighted in a new 36-page
shortform catalog, No. 300B, published by
Ohmite Mfg. Co. The comporients described
in the catalog include resistpbrs, rheostats/
potentiometers, trimmer pots| tap switches,
variable transformers, relays, solid-state
power controls, r-f chokes and|various design
aids. The new identification system utilizes
bold- and light-face type ard parentheses
to indicate product availability based on
nationally exhibited usage patterns. Also
available with the catalog is a copy of the
“Manufacturer’s Price Schedule,” No. MS-100.

vices are presented in a new publication titled

Circle No. 77 on Reader Service Page 15

< MAKING *
@ 71 CADENCE—the musical instrument speakers
G i .
Kn:? A JTES .\ et s, ~ Making better, clearer, amqlified sound waves
a1 st 7 N ‘- reeh s the THING Cadence does. . . better than
&yl 7 anything else in the industry. Cadence Speakers are built
I\ to withstand heat from sustained notes at a high power

level 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 instruments.

If making beautiful, clear spund waves is your

thing, ask for CADENCE SPEAKERS,

For complete information and the name of your

Cad}ence Dealer, write:
WNM}AV‘/J\V\’V

CIRCLE NO. 32 ON READER SERVICE PAGE
12 POPULAR ELECTRONICS

tah-American Corporatio
1124 Egst Franklin Street
Huntington, Indiana 46750

HTAH ELECTRONICS tl}lwlSlON
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manual

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. Includirg thousands
of unretouched diagrams and 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 o 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.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

November, 1970

“Electrifying”
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sir_u:lail— PROJECT 60

o W EE R 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: 2-30, 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 installation
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: 314 x 214 x 14 inches
Z-30 $15.95 Z-50 $18.95

The Stereo 60 module is a matching unit in perform-
ance for use with the 7-30/50 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: 8Y4 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

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 15 amps for use with Z-30s when maximum
RMS power is required $23.95
PZ-8: A regulated supply for use with the Z-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. f your dealer does not yet stock
Sinclair products, order direct from Audionics.

| AUDIONICS, INC.,

| 9701 S.E. Mill Street, Portland, Oregon 97216I

Please ship the following:

|

I {J #1 Two Z-30's, PZ-5 and Stereo 60........$74.95
O #2 Two Z-30's, PZ-6 and Stereo 60. . . .. ... 8495

| 0 #3 Two z:50's, PZ.6 and Stereo 60 . .. 90.95

| O #4 Two Z-50's, PZ-8 and Stereo 60........ 104.95

| Other.

| Name:_

| Address:__

| city: State: Zip:

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

CIRCLE NO. 1 ON READER SERVICE PAGE

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 circuit problem| or an analysis
circuit problem, and questigns covering the
material. Throughout ihe bopk, 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., 383 Madison Ave., New |York, NY 10017.
Hard Cover. 379 pages. $10.50.

SERVICING MODERN HI-FI 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, Blue Ridge Sum-
mit, PA 17214 224 pages. $§7.95 hardbound;
$4.95 soft cover.

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

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

1
POPULAR ELECTRCNICS
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free information service:

Here's an easy and convenient wey for you to get additional infcrmation about
products advertised or mentionad editorially (if it has a ““Reader Service
Number'’) in this issue. Just fcllow the directions below...and the materlal
will be sent to you promptly and free cf charge. E

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-
tien that is of interast 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, Philadeiphia, PA 19101.

note- i1f 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. 19016. Inquiries concerning circulation
and subscriptions should be sent to POPULAR
ELECTRONICS, P.O. Box 109€, Flushing, N.Y. 11352,

Void after December 31, 1970

Popular Electronics sz ...

1 2 3 45 6 7 8 91011121314151617 181920
21222324 252627 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 7071 727374757677 78 79 80
81 82 83 84 85 85 87 88 89 90 91 S2 93 94 95 96 97 98 99 100

NAME (Frint clearly)

ADDRESS
CiITy STATE__

ZIP CODE

November, 1970
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CB gets a first ever from Turner

Il

ll”[lll‘f “‘l‘lnnll” M“[ l”l.l

',lill‘””l‘ ilhl 1,.»

T |
GUARANTEED ||

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 instaliation, 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 both tubes and transistors,

One of the special features ig 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 defailed coverage
is given to thin-film and semiconductor tech-
niques.

Published by McGraw-Hill Bogk Co., 330 West
42 St., New York, NY 10036. Hard cover. 709
pages. $11.95.

FILTER SYSTEMS AND DESIGN:
ELECTRICAL, MICROWAVE, AND
DIGITAL

by Yale Jay Lubkin

Using an informal but basircally 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 enginesr 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 suiiable for senior
and graduate level courses con filter theory
or as a supplementary text in courses on net-
work analysis.

Published by Addison-Wesley Publishing Co.,
Inc., Reading, MA 01867. Hurd cover. 212
payes. $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 field
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 lis in terms of
circuit theory, but he takes cire to show the
links with field theory. This book will aid
physicists, microwave enginzers, 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.

POPULAR ELECTRONICS
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UNIVERSITY JUST MADE YOU A
SOUND INSTALLATION EXPERT

University just invented TCS — Totally Coordinated
Sound systems so painstakingly pre-engineered anyone
can install them. Everything you need comes with each

TCS = Totally
Coordinated Sourd
systems you

can install yourself.

November, 1970

system: speakers, amplifiers, microphones, color-coded

cables, plus assembly and installation instructions. All
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.

Write for details today about how you can
install your own PA sound system tomorrow.

UNIVERSITY SOUND

CIRCLE NO. 34 ON READER SERVICE PAGE
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NTS puts a whole new world at vour ﬁii’!irlins.

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 ali 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-
mentyou’ll actually use onthe 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

wwWw americanradiohistorvy com

spare time and an interest in
electronics.

Each year, men are moving into
important new jobs, or their own
businesses, straight out of
NTS 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
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We pack vour electronics course with kits to make
vour training fast. You'll eniov every minute of it.

NTS COLOR TV
SERVICING

—————

COLOR TV
295 SQ. IN. PICTURE

NTS training provides an easy way
to become a professional 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,
Fieid-Effect Transistor Volt-Ohm-
meter, and Electronic Fube 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. _a

Exclusive new
Compu-Trainer

l‘" card is missing

check coupon and

mail for free color

catalog and sample N
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

NTS offers a sclid grounding in com-
puter operatian, wiring, data pro-
cessing and programming. One of
the 10 important kits included is our
exclusive Compu-Trainer®. It's a fully
operational ccmputer logic trainer
— loaded with integrated circuits —
the first ever offered in home study.
It introduces you quickly to how,
what, when ard why of computers
... from theory to practical servicing
techniques. This unit is capable cf
performing 50,000 operations per
second.

NTS ELECTRONICS
COMMUNICATIONS

Choose from iwo exciting courses
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 Two-Way-
Radio). Either Communications
program qualifies you for your FCC
First Class Commerciatl 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
refunded. Kits inciude an Amateur-
Phone 6 Meter VHF Transceiver —
NTS exclusive, 6 transistor Solid-
State Radio, Volt-Ohmmeter (fully
transistorized).

5 Watt AM Transmitter/
Receiver

Master Course in Color TV Servicing
Color TV Servicing
Master Course in TV & Radio Servicing
] Practical TV & Radio Servicing
~] Master Cours2 in Electronic Comm.
FCC License Course
[} Master Coursz in Electronics Tech.
[} Industrial and Automation Electronics
[] Computer Electronics
[ Basic Electronics

wwwne americanradiohistorvy com

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 experimentatl laboratory —a
complete workshop that simplifies
learning about solid-state, miniature
and integrated circuits.

o gL e

5" Oscilloscope

CLASSROOM TRAINING
AT LOS ANGELES

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

NATIONAL G5 SCHOOLS

WORLD-W!DE TRAIN NG SINCE 1908

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

APPROVED FOR
VETERANS

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

[] Check if interested in Veteran Training under
new G.I. Bill

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

|
Name__ _Age {
Address — S _ I
|
City State. Zip |
|
|
|

Dept. 205-110

1
e e e e e e e e e e e e e e e e o e o e e o e e e J
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Additional information on prbducts described

% in this section is available from the manu-
NEw facturers. Each new product is identified by
a corresponding number on the Reader Service
s Page. To obtain additional information on any

of them, circle the number on the Reader Ser-
vice Page, fill in your name and address, and
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 = 1
can also be used as an extension for a reversible ratchet- _—._.ﬁ.é

ing handle. The ratchet handle (with a fully enclosed
mechanism) fits into a socket on top of the plastic driver.

A conventional 2”7 extension fits on the ratchet on either = ==

end of the spinner/extension so that the reach of the Iy
. = ” P —

assembled components can be varied from 1%” to 9%4”. [ e

Nine sockets have hex sizes from 3/16” through %”. Two oL

dual-purpose sockets, with openings of %4 ” and 5/16” fit ko =l

both square and hex nuts, bolts, pipe plugs, etc. The No.

1001 set comes in a snap-lock molded plastic case. - W—a

Circle No. 78 on Reader Service Page 15 e

TANDBERG STEREO TAPE DECK—For thdse who want
a quality tape recorder but are willing to forego some of
the frills and doodads to get it at a moderzte price, Tand-
bery 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 gpecial 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 dilfivers which re-

22 POPULAR ELECTRONICS
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MALLORY

CIRCLE NO. 19 ON READER SERVICE PAGE
November, 1970
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THEY CAN TURN

ALASKA
Anchorage
Team Electronics
%04 E. Fireweed Lane
ARIZONA
Phoenix
Eleck and Ryan
2645 East Washington St.
“arts Electronic of Arizona
“310 North Seventh St.
Yuma
‘uma Electronics Supply
£:h and Orange Ave.
ARKANSAS
Fayetteville
Tavid White Electronics
©17 West Rock St
Little Rock
Davic White Electronics
1222 Main St
Texsrkena
-svender Electronics
518-520 East 4th St
CALIFORNIA
Eurbank

Ziectronic City, inc
<001 W. Burbank Bivd.
Canoga Park
Sandy's Electronic Supply
21305 Saticoy St
Gaiets
Zow of Goleta
“857 Holtister St.
Hellywood
ale Radio Electric Company
#5416 Sunset Blvd.
Ls Puente
=Gausner Eiectronics, Inc,
"5<18 Fairgrove Ave.
Los Angeies
aoro Products Sales
501 South Hill St.
=CA4 Distributing Corporation
7051 Telegraph Road
213) 478-7868
n Burbank, call (213) 842-8155
In Culver Crly call {213)
676

in Glendora. call {213) 963-6817

In Hawthorne, call (213)
676-9088

in Hunringion Beach, call {714)
$68-332

In impenal Beach, cali (714)
424-5121
n La Habra, call (714) 697-6751
n Lancaster, call (805} 942-8444
n Pasadena, call (213) 795-5951
n San Bernatdmo call (714)
889-977
In San Dlego, call (714) 324-3201
In Tustin, cali (714) 838-1122
in Van Nuys, cali (213) 786~4410
in Wilmington, call {213)
835-3209
in Yucaipa. call (714) 797-1907
Oxnard
Dow of Oxnard
€21S Oxnard Blvg
Pasadena
Dow of Pasadena
2759 E. Coteorado Bivd.
Sacramento
Dunlap Electronics
~8C0O 18th St.
San Frencisco
Haver Electronic Supply
281 Ninth St
San Dlego
Jow/Sound Cily
3686 E1 Cajon Blvd.
Sania Barbara
Lombard's Electronic Supply
5152 Hollister Ave,
Santa Marja
Lombard's Electronic Supplv
1935 South Broadway
South Gate
Mac's Electronics
3351 Tweedy Blvd.
Thousand Oaks
Sandy's Electromc Supply
369 Hampsmre
coL ORADO

Arvada

Team Electronics

Arvada Plaza Shopping Center
€222 West 58th Avenue
Boutder
Eurstein-Applebee Co.
Basemar Shopping Center
Colorado Springs

Team Electronics

3102 Gomer Ave.

Denver
Eurstein-Applebee Co.

26

CONNECTICUT
Norwalk
Arrow Etectronics, Inc.
18 Isaac St.
DELAWARE
Dover
Standard Electronics of
Delaware, IncC.
1277 So. Governors Ave.
Wilminglon
Radio Electric Service Co. of
Delaware
3601 No. Market 5t
FLORIDA
Tallahassee
Lafayette Radio Electronics
Assoc. Store
Northwood Mall
ILLINOIS
Chicago
Allied Electronics Corporation
2400 W. Washington Blvd
Howard Electronic Sales, inc.
4573 S. Archer Ave
Joseph Electronics, Inc
1733 N. Harlem Ave
North Central Etectronic
Supply Co
3412 W. Bryn Mawr
Viking Sales Corp.
8300 W. Addison Street
Decalur
Klaus Radio & Electric Co.
370 E. Cerro Gordo
Des Plaines
RCA Distributing Corporation
424 £ Howard Ave
Downers Grove
Heathkit Electronic Center
224 Ogden Ave
Evanston
Tri-State Electronics Corp
707 West Howard St.
LaSalle
Kiaus Radio & Electric Co.
1055 1st Street
Niles
Joseph Electronics, Inc.
8024 N. Milwaukee Ave.
Peoria
Klaus Radio & Electric Co.
8400 N. Pioneer Parkway
Quincy
Klaus Radio & Electric Co.
1101 Broadway
Rock Island
Team Electronics
1714 Sth Avenue
Waukeegan
Badger Electronics, Inc.
1105 Washington St
INOIANA
Anderson
Seybert's Electronic Supply
14 & Main Streets
8loomington
H. A Williams & Son
204 South Rogers Street
Evansyilte
Ohio Valley Scund. Inc
20 E. Sycamore St.
Fort Wayne

Fl. Wayne Electronics Supply, Inc

3606 E. Maumee Ave
indianapolis

Graham Electronics-Glendale Inc.

6101 N. Keystone Ave.

Graham Electronics Supply, Inc.

133 §. Pennsylvania St

Meunier Electronic Supply, Inc.

3409 E. Washington St.

Jeffersonville

Moakler Electronics

500 E. Chestnut St.

Lafayette

Lafayette Radio Supply. Inc

408 E. North St

Muncie

Muncie Electronic Supply, Inc

222 North Madison St

South Bend

Radio Dlsmbunng Company, inc.

1212 South Righ

Terre Haute

Midwest Suppiy Electronics. inc.

2015 Gartield Ave

Vincennes

QOhjo Valley Sound. Inc.

202 Main St
IOWA

Cedar Raplds

Team Electronics

216 8th Street. S E

Davenport

Klaus Radio & Electric Co.

322 E 4th st.

TCR Distributors

1205 East River Drive

Des Moines

Radio Trade Supply Co.

1013-17 High S

Team Eleclromcs

1718 6th Ave.

Dubuque

Team Electronics

20 South Main St.

Fort Dodge

Team Electronics

2307 51h Ave., South

Mason City

Team Electronics

30 First Avenue, S W.

Sioux City

Team Electronics

2015 4th St

Waterloo

Team Elecironics

1310 Headford Avenue
KANSAS

Garden City

Team Electronics

215 W. Kansas Avenue

Hutchinson

Acme Radio & TV, Inc.

313 N. Main

Team Electronics

14 South Main St

Overland Park

Burstein- Applebee Co.

Pittsburg

Pittsburg Radio Supply

212 South Broadway

Wichita

Amateur Radio Equipment Co . Inc.

1203 East Dougias St
Team Electronics
784 North West Street
Team Electronics
812 S. woodlawn
KENTUCKY
Bowling Green
Randoiph, Hale & Meredith, Ing
98 State St
Louisvlile
P 1 Burk’s Company. Inc
842 South Seventh St
Peerless Elecironics Equipment
[of

0
1815 So. 7th St
Owensboro
Ohio Valley Sound inc.
600 West 3rd St
LOUISIANA
Metairie
Pelican Electronic Supply Co.
3321 Division St
New Orleans
Southern Radio Supply Co.
1809 Tulane Ave
Shreveport
B & S Electronics, Inc.
2618 Southern Ave
MAINE
Portiand
Commercial Distributors
8 Somerset St
MARYLAND
Aberdeen
Harca Electronics, (nc
Carsins Run—Rt 22
Hyattsville
Mark Electronics, inc
3003 Hamilton St
Salisbury
Standard Electronics
Supply Co.. Inc
701 Snow Hilt Road
MASSACHUSETTS
Boston
DeMamtro Radio Supply Co.
1095 Commonwealth Ave
AW Mayer Co., inc.
895 Boylston St
Sager Electrical Supply Company
172 High St
Brockton
Ware Radio Supply Corp:
913 Cenlre St
ynn
Land Etectronics Supply Co.. Inc.
9R Franklin St.
Metlrose
Melrose Sales Company, Inc.
166 Tremont St.
New Bedford
C. E. Beckman Company
11-35 Commercial St.
MICHIGAN
Adrian

Wwedemeyer Etectronic Supply Co.

2921 Treat Road

www.americanradiohistorv.com

INTO A MULTI-

Ann Arbor
Wedemeyer Electronic Supply Co.
2280 Industrial Highway
Benton Harbor
Colfax Co
1485 M-139 Bldg. =2
Clawson
Radio Supply and
Engineering Co. Inc
1203 West 14 Miie Road
Detroit
Heathkit Electronic Center
18645 West 8 Mile Aoad
Radio Specialties Co |, Inc.
12775 Lyndon
Rissi Electronic Supply Co.
14405 Wyoming Ave
Ferndate
Migway Electronics Supmy
990 West 8 Mile Road
Flin
Shand Electronics. inc
2401 South Dort Highway
Jackson
Wedemeyer Electronic Supply Co.
1617 E. Michigan Ave
Lansing
Wedemeyer Electronic Supply Co.
800 Merrill Ave.
Menominee
Team Eiectronics
M & M Plaza. P.O. Box 212
Roseville
Radio Specialties Co., Inc.
27882 Gratiot Ave
Saginaw
Morley Brothers, Inc.
4375 Holland Road
Wyandotte
Radio Speciaities Co., Inc.
2953 Fort Street
MINNESOTA
Duluth
Team Electronics
2954 Miller Trunk Hwy.
Eveleth
Team Eleclronics
306-312 Grant Avenue
Hibbing
Team Electronics
112 E. Howard St
Mankato
Team Electronics
Madison East
Minneapolis
Team Electronics
337 E. Hennepin Avenue
Team Electronics
2640 Hennepin Avenue
Team Eiectronics
6413 Lyndale Ave. South
Team Electronics
720 29th Avenue S. E.
Moorhead
Team Electronics
115 8th St. South
Rochester
Team Electronics
102 4th Street S, E.
St. Cloud
Team Electronics
117 5th Avenue, South
St. Paul
Team Efecironics
455 Rice Street
Team Eifectronics
1534 White Bear Avenue
Willmar
Team Electronics
920 E Litchiieid
MISSISSIPP]
Gultport
E A, Helwick Slectronics
2214 25th Ave
Hattiesburg
Gillilands Electronics
216 South Main St
Jacksan
Swan Electronics, Inc
342 North Gallatin St
Teague Electronics
716 S. Gallatin St
MISSOURI
Columbia
Missouri Cable Co ne.
107 North 7th S
Joplin
Teleradio, Inc
1610 Main St
Kansas City
Burstein-Applebee Co.
Team Elecironics
10117 State Line Road
Lee’s Summit
Eurstein-Applebee Co.
244 North Ofgham Parkway

POPULAR ELECTRONICS
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St. Ann

Radonics Electronics

10525 St Charles Rock Road

$I. Josep|

St Joseph Radio & Supply Co

720 South Ninth St

Sadalle

Radio & Television

Supply Co |, Inc

321 E. Man St

Springtield

Burstein-Applebee Co.

1304 South Glensione Blvd
ONTANA

Billings
Team Etecironics
2501 Grand Avenue
Boramen
Team Electronics
235 West Main Street
Great Falls
Team Electronics
718 13th Street, NOrth
Wissouta
Team Electronics
1805 Soulh Avenue, West
NEBRASKA
Lincoin
Team Electronics
2055 "0 Sireet
Norih Platte
Corr & Jonns Radio &
TV Supply Co
108 E. Front S1
Omaha
Team Electronics
3901 Leavenworth St.
Team Elecironics
12100 west Center Road,
Bel Air Plaza
NEVADA
Las Va
Electronic Supply Company
1112 So. Casino Center Bivd.
NEW HAMPSHIRE
Concord
Evans Radio, Inc
Box 893

NEW JERSEY
Atlantic Clty
Rad-o Electric Service Company

1 N.J
452 No. Albany Ave
Bertin
Midstate Radio Supply Co
157 W. White Horse Pike
Bridgaton
Migstate Radic Supply Cc
653 N, Pearl S
Burttngton
Rein Distributors. Inc
Rt 130 & Wood St.
Camden
General Radio Supply Co.. Inc
527 Cooper St
Radio Electric Service Co. of Pa
21t Muhel S
Cape
Mylvon Elcclv‘m cs Corporation
1400 Texas Ave
M1 Holly
Radio Electric ServiCe Company
ot N.J
192 Rancoces Road
Springtield
Route Eleclronics, Inc
Echo Plaza —R1. 22
Totowe
Arrow Elecironics, Inc
225 Route 46 W
Unlon City
NIDISCO Inc
2812 Kenncdy Blvd
NEW MEXICO
Farmington
Lektronix Supply Co.
1817 E. 20th S1
NEW YORK
Bethpage
S & R Electronics
4020 Hempstead Turnpike
Bultslo
Summit Dlslnuulors inc
916 Main
Farmin dull
Arrow Electronics, Inc
900 Route 110
Hempstead
Etectronic Equipment Co.. Inc.
741 Peninsula Biva
Standard Parts Corporation
277 No. Franklin St
Hornall
Hornell EleCironics
286-288 Maln St

November, 1970

Lindenhurst

Barslan Electronics

26-28 East Sunrise Highway
Mineola

Arsow Electronics. InG.

525 Jericho Turnpine
Nenuet

Arrow Electronics, Inc

195 W. RAt. 59

Naw York

Arrow Electronics. Inc

97 Chambers Stireet

Dale Elecironics Corp.

244 West 141h St

Harvey Radio Group

2 West 451h St

Rochester

Rochester Radio Supply Co.
140 West Main St

Troy
Trojan Electronic Supply Co., Inc
15 Middieburg St
NORTH DAKOTA
Blamarck
Team Eiectronics
2304 East Broadway
Grand Forks
Team Electronics
1503 11th Ave. No.
Minot
Team Electronics
209 V1Ih Avenue S. W
OHIO
Akron
Fox Raagio Parts Co
300 Akron Square Shopping
Center, 1615 Arlington Street
Canton
The Elecironic Center, Inc
1300 Nofth Cherry Ave
Cincinnati
Hughes-Peters. Inc
4865 Duck Creen Road
Onio Appliances. Inc
7624 Reinhold Drive
United Radio. Inc
Summit Road & Reinhold Drive
Ciavaland
Fox Audioc Center
3736 Rocky River Drive
Hughes-Peters. InC
481 East 11th Ave
Main Line Cleveland, Inc
1260 East 38th St
Columbus
Hughes-Peters, tnc
481 East t1th Ave
Onlo Appliances, Inc
1171 West Goodale Bivd
Thompson Electronic
Supplies, Inc
182 East Long St
Whitehead Radio Co.
124 North Grant Ave
Daylon
Ohio Appliances. Inc
1611 Troy St
The Stotts-Friedman Company
108 N Jefferson St
Elyrls
EL-A.Co Electronics. Inc
235 Lodi S
Manstield
Fox Radio Parts Co
1225 Park Avenue West
Servex Electronic
Distribuling. Inc.
775 Springmill Road
Merlon
Servex Electronic
Distributing. Inc.
224 N. Prospecl St
Perrysburg
Main Line Distelbutors. Inc.
Willis Day Industrial Park
Springfleld
Eberic’s Radlo Supply. Inc
522 west Main St
Thtin
Hutch & Son
278 No wasn ngton
Toledo
Hillebrand Electronic Supply
4665 West Bancroft
Tsnesvilte
Thompson Radio Supplies
110 Soulh 6th St
LAHOMA
Muskogee
Sooner Radio & TV
110 Caltahan St
ulss
Radio. Inc.
1000 South Main St
S & S Radio Supply
537 South Kenosha

PENNSYLVANIA
Alleniown
RESCO of LV
425 Hanover Ave.
Braddock
M Lefl Radio Parts Co., Inc
225 Braddock Ave
Drexel HINl

Kass Electronics Distributors, Inc

2502 Township Line Road
Eeston

RESCO of LV

1700 Northampion St.
Elkins Park

A G. Radio Parts Co.

939 Township Line

Erie

Mace Electronics

2631 West Bin Street
Hazetion

Moyer Eiectronic Supply Co
758 N. Locust 5t

C{emlalu Electronic Supply Co
Washington Ave
Norristown
Pnila Electronics. Inc
624 W, Airy St
Philadeiphia
Herbach & Rademan, Inc
401 E. Eric Ave
Phila Electronics, Inc
1225 vine St
Radio Electric Service Co. of Pa.
6587 Roosevelt Bivd
Radio Electric Service Co. of Pa.
7th and Arch Streets
Steinberg Electronics, Inc
2520 No. Broad St
Eugene G Wile
218 South 11th St
Pittsburgh
Camerad.o Co
2801 Liberty Ave
Reading
Barbey Electronics
333 North 4th St
Upper Darby
Radio Electric Service Co. of Pa.
7911 Wesichester Pike
SOUTH CAROLINA
Charleston
Wholesale Rnd 10 Supply Co
3701 Rivers A
Columbls
Dixie Radio Supply Co
1900 Barnwell St
SOUTH DAKOTA
Rapid City
Team Electronics
1101 Omaha Street
Sioux Fells
Team Electronics
613 West 415t St
V/arren Radlo Supply
196 E. 6In St
Watertown
Team Etectronics
223910 Ave. S. E
TENNESSEE
Memphi:

Biutt Clly Distributing Co
234 East Sireet
Nashville
Electra Distributing Company
1914 west End Ave
UniomClly
Blutt Bty D stributing Co
306 South 2nd St
TEXAS
Austin
WModern-Elcctrotex
9I4 W 1218 St
g Electronics. Inc
1712 Lavaca
Corpus Chrisil
Modern-Electrotex
1800 Ayers St
Dalies
Adleta Electronics Co
1914 Cedar Sps nas
Soumwcsl Ragio Supply Co
1820 N Harwood St
Greenville
Lavender Electronics
2311 Washington
Houston
Electrotex
2300 Richmond Ave.

Sterling Electronics

4201 Southwest Freeway
Sterting Home Electronics
3118 Smith

Sterling Home Electronics
8402 Winkler Drive
Lubbock

Nunn Eleuuc Supply Corp
1817 4th

1]

a
Midland Specialty Company
2|0| Andrews Highway
Paris
Lavender Elecironics
250 Soulh Main St
San Antonlo
Modern-Electrolex
910 W. Laure!
Sterling Electronics, Inc
4600 San Pedro Ave
Sherman
Lavender Electronics
308 E. Houston St
Tyler
Lavender Eiectronics
503 €. Oakwood St.
victorla
Madern-Electroter
1007 North William
UTAR

Ogaden
Ballard Supply Corporation
3108 Washington Blvd
Salt Lake City
Team Elecironics
6237 South Highland Drive
VIRGINTA
Charlottesvilla
Graves Electronics, inc.
1700 Allred St
Norfolk
Avec Electronics Corpoaration
711 Granby St.
Priest Eleclromcs' Inc
6431 Tidewater Drive
Richmond
Avec Electronics Corporation
2002 Staples Mill Road
ROanOke
M. C. Baker Sales Co., Inc
17-19 Franklin Road
WASHINGTON
Seattle
Weslern Electronics Co
717 Dexter Ave No
WEST VIRGINIA
Beckiey
Halley Electronics, Inc
713 South Oakwood Ave
Charleston
Eelctronic Materials Corporation
1106 Central Ave
Mountain Electronics. Inc
1605 Fourth Avenue
Huntingion
Eleclronic Supply, Inc.
222 Tth Avenue
Van Zandt Supply Company
1123 4th Avenue
WISCONSIN
Appleton
Team Electronics
1828 West Wisconsin Avenue
Eau Claire
Team Electronics
2321 E. Clawremonl Pkwy
Green Bay
Team Etectronics
821 Military Road
Le Crosse
Team Electronics
1505 Losey Bivd. So
Masdison
Team Electronics
3365 East Washington Avenue
Milwaukee
Amateur Electronic Supply
2828 West Fond du Lac Avenue
Heathkit Elecironic Center
5215 West Fond du Lac Avenug
Team Electronics
3819 West Fond du Lac Rvenus
Manitowoc
Team Etectronics
1801 Marshail St
Schotield
Team Eiectronics
725 Grand Avenue

For the facts, turn the page...
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IC Project Kit
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Aircraft Band

|c Project Kit j
“Ham,Gov't. &Space
Research Band !
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|c Pro;ect Kit

~Maritime, Mobile, |
Fire, & Police Band

-~ ® Rea
IC Project Kit
Pblice & Fire

COnVerter Converter Converter Bhnd Converter
KCeto? KC4008 KC4009 KC{010

5 T e ezt S ——— ek Sy L] 1 g
Build this 118-136 MHz Band Burid this 134-150 MH2z Band VHF " Build this 148-164 MHz Bana i Bulid thus 160-174 MHz Band | 'a
VHF Converter Kit anc receive Converler Kit and recerve ham, VHF Converter Kit and receive ¥ i VHF Convertes Kit and receive
aircraft and otner broadcasts government space research. ana mantime. motile (e, police. police. lire. and olher p-oad-

other croadcasts on your AM

|
radio (See other side for more ca:ts on your AM radio }

{ (Sele other side for more
{ VHF Converter Kits }

n your AM radio. her
on your radio. {See otha: AMt sadio. (See other side tor

more VHF Comule’ Kits.}

side for more VHF Converter { i VHE Gonverler Kits §

Kits.}

; i and other broadcasts on your

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-ownars, hobbyists,
tape tfans 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.
8 POPULAR ELECTRONICS

*optional distributor resale prices
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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.

I-./\'J‘E IN WORLD WAR IT when first fre-
quently veported by military fliers, jet
streams were dismissed by ground-based me-
teoroloeists as delusions. Eavher, “air pock-
ct=s” that aviators of the 1940's said they hit
had been ehalked up fo over-active imagina-
Lions,

Now elear air turbulence, or CAT, hLas
mushiroomed into the world spotlight. Tt's
definttely linked with jet streams, lee waves
created by monntain ranges, and orlier siill-
mysterious kinds of turbulenee. ven the basie
coneept of the “air paocket” has heen revived
—with its Tabel chaneed to “microeosmie atmo-
splierie eell.”

INFRARED OR LASERS FIND CLEAR AIR TURBULENCES?

Government ageneies, private indusiry, and
researeh organizations are all trying to zero
mon CAT.

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

In Deecmber, 1966, the U.S. Department of
Commerce brought toeether a National Com-
mittee for Clear Air Turbulenee. Meteorolo-
cists, pilols, physicists, and safety officials
immediately found they didn’t even agree on a
definition of therr target. From their parley
came au olticial deseription: CAT consists of
“all turbnlence in the free atmosphere of in-
terest 1n acrospace operations that is not In or
adjacent {o visible econveetive aetivity.”

Less precise but more vivid descriptions
come from veteran pilots who have liad several
houts with severe CAT. One deseribes the
enconnter as “like having a pnenmatie jaek
hammer work on vour plane.” Another savs
that a jet in the paws of CAT reacts like a
car roaring over a cobblestone street at high
speed.

Many but not all oecurrences of CA'T stem
from interaction of two dilferent kinds of
wind shear. One 1s horizontal—cansed by frie-
tion between masses of air movine side by

BY WEBB GARRISON

November, 1970
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WIND
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{KNOTS)
75

o

150

SEECm s

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 1s created by frietion between two air
masses (again moving at different speeds)
that flow in relatively distinet levels, one above
the other.

When first reeognized to be real rather than
imaginary, CAT was thonght to be met at
altitudes between 20,000 and 40,000 feet. Now
it is known to be found as low as 6,000 feet
and as high as 80,000.

New interest in it stems partly from the fact
that more sophisticated instruments are just
now beginning to show how deadly it can he.
As late as 1964, it was suspected of having
cansed some spectacular crashes hut had not
been convieted. Last yvear CAT was impli-
cated in at least eleven crashes by c¢ivilian
planes. Its most formidable threat to military
eraft is linked with air-to-air refueling opera-
tions.

Costly programs aimed at detecting CAT
and diseovering what forces produce it, and
why, aren’t based on the relatively few erashes
it now eauses, however. More and more small
planes are being flown by private individuals
and corporations. These eraft are particularly
vulnerable to sudden assaults by CAT.

30

There's every indieation that tle supersonic
transport (SST) will also be vulnerable in
ways different in degree and kind from today’s
planes. Rapid eyeles of vibration are likely to
be set up in the SST by choppy jolts and se-
vere lateral gusts that would siniply buffet a
B-32. Supersonic transports willl be espeeial-
ly likely to encounter CAT during elimb and
descent—roughly 209, of the flight profile.
Struetural failure can result urless stresses
assoeiated with CAT are fully un'lerstood and
taken into consideration by designers.

As a resnlt the CAT whieh nevier purrs has
become the subject of an all-out search. An-
swers are being songht to questions on sub-
Jeets ranging from the nature of| atmospheric
energy exclianges to the optimum wavelength
at whiclt to capture radiation emitted by CO..

Lacking the hardware produeqd by today's
clectronic teelinology, neither the quest for
basic understanding of CAT nor attempts to
deteet it gniekly and aceuratelv could be un-
dertaken.

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

POPULAF ELECTRONICS
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tried to toeate it with radar. Their efforts were
futile.

A break came in 1962, RCA teehnicians
tracking missiles with C-band radar sets op-
erating above 5,000 MIIz noticed that they
were getting substantial backscatter on some
days when skies were clear. Could these nn-
expeeted echoes point to areas where CAT is
Tound 7

Working with U.8. Ariny meteorologists at
Fort Monmonth, N.J., engineers added a low-
noise amplifier to their radar. Farly resnlts
made them jubilant; a elear, rapidly chauging
line on radarscopes seemed to mark the tracks
of the CAT.

A press release of this era gloated that
“Onee they are eertain they have cornered
CAT, avoiding its dangerous attack will be a
simple matter for the carvelnl pilot.”

In praciice, it has proved to be anvthing
but simple. Part of the ditfienlty lies i the
size of the zone in which CAT hides. Tt's likelv
to be 400 to 500 miles long, more then 100
miles wide and two or three miles thick, A
tvpical CA'T region, on the other hand, is
minute in global terms. Tt ix seldom move than
50 to 100 miles Tong, 10 to 20 miles wide, and
a mere 1,500 to 2,000 l'cel thick.

CGronnd-based radars

such as the ultra-

sensitive ones at Wallops Island, Virginia, do
pick up clear-air echoes. Sueh echoes pre-
sumably stem from seattering eansed by vari-
ations in the refraetive index and henee point
to atmospheric levels associated with CAT.

INTENSITY | Y
OF “
BACKSCATTERED
LIGHT

A world-wide network of radar faeilities
cqual to or better than those on Wallops Is-
land would be necessary for ground-based re-
mote detection of CAT. Even if sueli a network
were available, computer systems with whieh
to retrieve data in time to warn a jet pilot
are far in the future. Radar’s ehiet contribn
tion will probably be in the area of basic un-
derstanding off CAT rather than location of
turbulent arcas.

This spring at the National Center for At-
mospheric Researcll, Boulder, Colorado, fine
metal chall’ was dropped into the path of
winds blowing over the mountains. Two Dop-
pler radars, pointed nto turbulent areas at
dilferent angles, were used to gain data. Phys-
ieist Roger Lhermitte hopes eventually 1o
build up a three-dimensional pieture of the
dyvnamie strueture of the atmospliere in target
areas stidied.

Outeome of the trial won’t be known until
all the data have been analvzed. [f Lhermitte
and his colleagnes succeed in finding just how
a turbulent area reacts, eroundwork for more
preeise detection will have heen faid.

Alr-borne radar has proved useless in {he
scarell for CAT. No matter how violent its
currents mav be, elear air includes no solids
of sufficient size to reeister on sets small
enough to be mounted in aiveraft.

Thermal Sensors Employed. Many rap-
1dly moving aiv currents, ineluding the jet
streams, vary from the temperainre of sur-

SMOKE
OUTLINING
VORTEX FLOW

TS S S NN NS

Schematic diagram of the laser doppler tectnique used for remote measurement of wind velocity; trailing
vortex detection experiment. Varying wind velocities are one of the chief causes of CAT. (NASA diagram.)

November, 1970
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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-
necring Company have tossed their hats in the
ring in a race to develop a workable thermal
sensor. Both eompanies had prototype systems
in operation by 1967.

Electronies engincer Edward Flint of North
American developed a compact infrared
sensor suitable 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 carbon dioxide 20
to 40 miles awayv.

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

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

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

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

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

New Role for Laser. Some pioneer cearch-
ers for CAT deliberately rejected attempts at

32

detection by means of temperature variations.
They set out, instead, to find wiys by which
atmospherie discontinuities may be direetly
observed. Laser radar, now ecommonly ealled
lidar (LIght Detection And Ranging) seemed
to offer intriguing possibilities.

At Stanford Research Institure, M. G. II.
Ligda developed pulsed-ruby-laser radar es-
pecially for atmospherie rescarell. His system
didn’t perform as expected, sb the Navy
awarded Stanford a contraet for/a more com-
plex one that employed four-headed lidar.

From this instrument and its suecessors,
NASA’s Marshall Space Flight (fenter moved
to a laser-Doppler technique. Small partieles
that are eaught up in a turbulént air mass
creatc a Doppler cffect by which the fre-
queney of scattered light is shifted a trifle be-
fore it returns to a recciver.

At Marshall, physieist Robert M. Huffaker
has developed an optieal Dojylpler system
whieh he says has proved itself in feasibility
studies. He hopes to have an airliorne version
in operation carly in 1971. The syvstem oper-
ates on much the same principle as eonven-
tional Doppler radar. Instead of radio
frequeney, however, it employy a coherent

Sensing head of the Barnes infrared system for
spotting CAT in cockpit of a Pan-Am Boeing 707.

POPULAR ELECTRONICS
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Infrared sensor of the Barnes
tRCAT is mourted on the top of
Pan-Am plane to spot CAT. So
far data gathered looks good.

pulse from o carbon dioxide laser. As a resnlt,
the resolution ol the instrument i= about 10,-
000 times heiter than that of today’s conven-
tional Doppler radar on aireralt. Radiation

Low-frequency infrasonic waves, created when en-

ergy is released into air by various causes, is
used by General Telephone & Eiectronics and Wash-
ington State U, to get data that will find CAT.
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employved is at 10.6 microns—out of the visible
speetrun.

Most other Taser syvstems aimed at CAT de-
tection llave been dismissed, savs Huffaker
beeause they “just wounld not work.” He ex-
peets to find the CO. laser-Doppler far more
effective than “passive” systems that seek lo
infer turbulence from an indireet measnre-
ment such as temperaiure or intensity of back
seatiered light.

Error-producing Factors. Past experi-
cnce ~suggests the possibility or even proba-
bility that the latest, deviee aimed at trapping
CAT will ran into unexpected compliearing
Tactors. That has been the case with all equip-
ment produced <o far.

At fivst it was hoped that CAT could be
trapped by means of conventional instru-
ments u=ed to measure velocity of ordinary
kinds of wind. This approach proved vastly
oversimplified : instruments distorted the flow
to =uel an extent that interpretation of re-
sults was uneertain even after a plane had
passed through CAT in =earch of data.

Iradiozonde networks, extremely useful it
many bhranches of meteorology, proved inef-
feetive with CAT. Beeause this kind of
turbnlence 1s essentiallv o small-seale phe-
nomenon, it nsually eludes the wide-meshed
radiosonde network.

Fven jet streams have proved uncoopera-
tive. Tarly tests with a heavilv mstrumented
T-33 were scheduled {o take place from a base
i Alherta, Canada. ITieh-altitude streams are
commonly found at this latitnde in mid-an-
tumn. However, operations had to he shifted
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to California beeause the jet stream abruptly
changed its eourse.

Radiometrie detection, the most promising
technique that has been flight-tested, has its
problems, too. Unless temperature inversions
are tilted with respect to the sensor, it usually
fails to respond to then. Cumnlonimbus
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 cngineers 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 mierons. This inercases attenua-
tion and minimizes deteetion of phenomena
not associated with turbulenee—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 beeause 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
cean’t spot microseale disturbances that are
linked with CAT.

Even sharp pitehing or banking so that in-
frared sensors looked toward the ground pro-
duced a high pereentage of false alarms in
early tests. This factor has been largely con-
trolled by use of an automatic deactivation
cireuit that operates from aireraft attitude
gvro signals. After four or five “gencrations”
of refinement, even the best infrared detectors
do not meet needs expeeted to become in-
creasingly urgent as planes beecome 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 evidenee suggests that even
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 dvaw-
ing board are operational, the general consen-
sus is that the Barnes IRCAT remains the
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most effeetive deteetor available, Though it
can perform as a remote sensor when eclear
conditions exist along the flight path, it too
has limitations.

Presently, even TRCAT doesn't give navi-
gators a clear pieture of how far alead tem-
perature-linked turbulenee is—or how severe
it may be. Clouds and haze reduce the optieal
path length of the IRCAT and ent its range of
detection. Under hazy eonditions produneed by
ice the range becomes very short.

To make things worse, CAT probably isn’t
universally linked with temperature gradients.
Atmospherie clectrieal phenomenp, still large-
ly shrouded in mystery, may he associated
with many turbulent areas too ¢lear for de-
tection by air-borne radar.

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

Inflight remote detectors, regarlless 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 systemn continu-
ally reeciving and rapidly prdeessing data
from great numbers of satellité-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-througlh in the 70%.
‘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, —30—

. TALK
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Light-emitting

NEW SEMICONDUCTORS FOR READOUT AND COMMUNICATION

O ne of the least known but most fascinating
of semiconductor devices is the light-cmit-
ting diode (LED). Until quite recently, these
devices were too expensive for widespread
use; however, technologieal advances ‘n their
fabrieation now make possible modervately
low prices so that they are aftractive to the
clectronics experimenter.
The first reeorded instance of light being
generated by a “diode’™ was in 1907 when 1. J.
Yound touched a pair of battery wires to a
cerystal of silicon carbide. Mueh to his surprise,
lashes of vellow light were emitted at the con-
tact region of one of the battery wires—he had
acceidentally discovered the LED. Unfortu-
nately, his discovery was= forgotten and not
until the early 1950's did seientists onee again
study semiconduetor light emission. At that
time several patents were applied for covering
LID’s made from silicon or eermanium—com-
mon semieonduetor materials. One of these
patents not only described the prineiple of the

LIED but listed several faselnating uses for
the deviee. Among them were light-heam eom-
munication systems, light “radar”, and light-
heam alignnient deviees.

Unlike the 1907 xilicon earbide cat whisker
diode, the 1950’s LIED’s emiited infrared light
(see Tig. 1). The invisible beam was desirable
but researchers began a concentrated effort to
fabricate LED's in the visible range. The first
company to market any kind of LED was
Texns Instruments, Ine. Their diodes included
infrared emitters made from gallinm arsenide
(GaAs) and visible emitters made of gallinm
arsenide phosphide (GaAs[®). These diodes
were expensive; but their appearanee on the
commercial market in 1962 whetted the ap-
petites of design engineers—and of course was
of great interest to other semiconduetor manu-
tacturers. While scientixts at IBM and Bell
Teleplione performed basie researeh on the
deviees (especially visible emitters), General
Eleetrie, Mons=anto, Eleetro-Nuclear Labora-

COVER STORY BY FORREST M. MIMS, Il
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“He's a good worker:
I'd promote him
right now ifhe had
more education
in 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 CREI Home
Study Programs make it possible for you to get the
additional education you néed 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.

CREI 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 fits your career objectives.

POPULAR ELECTRONICS

wwWw americanradiohistorv com


www.americanradiohistory.com

IN-DEPTH
COVERAGE OF
5OLID STATE
ELECTRONICS
..including

integrated circuits!

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

Please mail me FREE book describing CREI Programs. |
am =mployed in electronics and have a high school education.

NANE. AGE

|

|

|

|

|

|

i

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

tronics and have a high school education. Qur FREE 1
book gives complete information. Mail postpaid card | o STATE 2P CODE_

1

|

|

|

I

|

|

ADDRESS

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.

EMFLOYED BY.

TYPE CF PRESENT WORK O G.t. BILL

| am interested in

O Electronic Engineering Technology 2 Computers

O Space Electronics O Nuclear Engineering Technology

O Industrial Automation O NEW! Electronics Systems
Engineering

Fovaded 1927

APPROVED FOR TRAINING UNDER NEW G.1. BILL

Accrediied Membe: ol the Naianal Home Siudy Councr
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VISIBLE IR
LEDS LEDS

T T ——

ULTRA-VIOLET VLISGIBLE

s
X-RAYS SIoLE

B e ey
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.

MICROWAVES

tories and others began competing with TT.

Sinee the LED has an almost unlimited
lifetime and beeause of its low operating cur-
rent, many elaims were made for its potential
in flat sercen television, indieator lamps, night
lights, and even as a source of room lighting.
Tle extremely fast modulation capability of
tlie LED made possilie several demonstrations
of voiecec communications permitting two
parties to converse over a beam of invisible in-
frared light for elear weather distances of
sceveral miles.

How Does It Do Ht? The LED is different
{rom conventional ineandescent lamp= because
the latter wive off light as a byproduct of heat,
That is, the filament must first be heated to
Incandescence before light is produced. This,
of course, is the reason for placing incandes-
eent filaments in evaenated or gas-filled glass
bulbs. If the filament were exposed to oxvgen,
it would quickly be eonsumed. Not so with
LED’s; they operate with or without the pres-
ence of air. In faet, the main reason LED’s
are placed in eontainers is to protect the rather
delicate contact wires. Often, in fact, the LED
is simply protected by a laver of clear epoxy
which serves both as a protective cover and a
lens. Sinee the LED produees far more light
than heat, it is a more eflicient souree of light
than the incandeseeut lamp.

Produetion of light by an LED comes un-
der the broad heading of “electro-lumines-
cence.” Lumineseence deseribes light produeed
by means other than incandescence. Sinee lu-
mineseing bodies are generally at the fempera-
ture of their environment, theyv are zometimes
referred to as sourees of “cold light.” Fireflics,
many speeies of fish, rotting wood, marsh gas,
and many other objeets are sources of In-
mineseent light,

Light from an LED is the result of stimu-
lation by a small eleetrie eurrent. As is the
case with all lumineseent bodies, the licht is a
result of sub-atomic events. The causc of these
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events may he chemical, as with the firefly, or
clectrieal as with the LED.

Light Generation. In th: LED, cmission
of light is ealled “pn junction huninescence.”
As shown in Iig. 2, light is emitted at the
Jjunetion of an LED when electrons which Linve
been stimulated to lugher than normal clergy
levels move across the junetibn and fall baek
into their normal places. The enerey loss ve-
sulting when an cleetron reoctupies its normal
slot in an atom is acecompaniell bv the emission
of a photon of light at a wdvelength related
to the difference i energy hetween tlie two
bands. Sinee junetion lumirieseence involves
the combination of electrons with loles, phyvsi-
cists offen refer to the cffeei as “recombina-
tion radiation.”

The sub-atomie physies of scemiconductor
light emission can be Lighly pfficient. But the
mechanisms of bringing the lieht to the sur-

CONDUCTION BAND
INJECTED LIGHT
ELECTRON \ —
N F
s
1
1}
- 1
o
VALENCE JUNCTION
BAND HOLE
LIGHT
<
\'\(’Q\‘\ 7S
| = -
(/6‘4’/‘ \,\(’\g\
Fig. 2. Light is emitted when an electron
crosses the np junction intéerface and falls
from the excited to the uUnexcited state.

POFULAR ELECTRONICS
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face and the application of eleetrieal eurrent
to the diode can be terribly inefficient. Sourees
of inefliciency are:

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

2. Reabsorption of light whieh is re-
fleeted back into the diode due to the
“eritical interface” problem.

3. Resistance at the eleetrieal contacets
and in the semiconductor.

Many of these incflicieneies have been
partially resolved as a result of years of re-
search. Consider, for example, the eritieal in-
tertface problem. Since most semiconductors
have a high index of retraction, they tend to
refleet light at air-semiconductor interfaeces.
The effeet 1s similar to that of an observer
looking through a glass window and seeing his
own reflection as well as objeets on the other

side of the window. The effeet results in the
loss of light that is generated at the junection.

An ingenious solution to the problem was
suggested by early research and was first used
commerelally by Texas Instruments. It con-
sists of forming the light emitting region of
the diode into a dome. Sinee the light is only
bent and not refleeted back into the diode, all
light reaching the surface is emitted (see Iig.
3). Unfortunately, the dome approach does
Liave 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-
S1VE Process.

In an effort to gain the bencfits of both
planar and domed diodes, many manufae-
turers now coat planar diodes with a {rans-
parent dome of epoxy whieh essentially serves
the same purpose of the semiconduetor 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 eonduction to the
valence band provide the mechanisin for pho-
ton generation.

An eflicient way 1o cause transitions be-
tween the valence and conduction bands is to
pump or iunject electrons into the n region of
a semiconductor diode. If a suflicient number
of electrons is injected, the potential barrer
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
dehiciency.

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 accompaniad
by vibrations in the erystal 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 germaniumm 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.

Gullium arsenide GaAs is normally a di-
rect band-gap material. Since electrons in-
jected into a GaAs diode recombine with holes
without pausing at intermediate levels within
the forbidden gap, light emiszion is very efli-
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 scientist~ chose them as candidates for
carly 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 ELicTRONICS, the op-
erating principles and characteristics of the
diode laser will be deseribed.

November, 1970
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PLANAR
EMITTER
HEMISPHERICAL
EMITTER

Fig. 3. The critical interface
problem. Much more light is
emitted by hemispheric diote
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? Asinentioned carli-
cr, the LED usunally consists of a pn junetion
of one type of semiconductor, the most com-
mon beine gallinm arsenide. A tyvpical diode
may consist of a small wafer of poxitively
charged (p) material in intimate cleetrical
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 negative-
ly charged (n) GuAs by either diffusion or epi-
taxial growth. The p portion of the finished
wal'er 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 mecharical 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 frue pn junetion
diode.

To colleet the light output| from the wafer
n an efficient manner, a metal ean with a lens
or ilat window at one end is welded fo the
header. The can also serves as protection (sce
Fig. 4).

How Are They Used? Now that we know
something about the listory, physies, and me-
chanieal eonstruction of the LED, what ave its
applieations other than those found in the lab-

POPULAR ELECTRONICS
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oratory ¢ Espeeially, how ean the experimenter
use these tiny sourecs of “cold light.”

An mmportant military use of the LED 1s
as a covert source of illumination for night
vision devices. The usefulness of the Army's
starlight scope 1s greatly enhanced by invisible
infrared illumination supplied by one or more
LED’s. Another military use 1s in covert com-
munications. The Navy, for example, has sev-
cral types of infrared, line-of-sicht LED voice
communicators for ship-to-ship and ship-to-
shore.

Reeently, ecommercial applications of the
LED have heen revealed at an unpreeedented
rate. Several eompanies are mass producing
tiny alpha-numerie displays eonsisting of ar-
ravs of LIID's. These displays operate at a
much lower voltage than conventional me-
chanieal, ineandescent, eathode ray, or gas-
discharge displays.

One manufacturer has demonstrated a 2om-
plete VOXM in a probe! Using several of the
new numerie displays, the futuristie unit is
similar in size to a standard seope probe. Volts

MORE INFORMATION

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

Electro-Nuclear Laboratories

115 Independence Drive
Menlo Park, CA 84025
Miniature Lamp Department
General Eiectric 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 i

An exceilent 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 Watelh Company
will market a digital wateh using LED numer-
ie displays, and Bell Telephone is hard at work
on new types of blue, green, vellow, and red
LED’s for use in home telephones. Infrared
LED’s are being used in several types of new
intrusion alarms. One company even markets
a complete line of LED voice eommuniecators
and burglar alarms.

One of the most wnusual applieations of the
infrared LED is as a lieht souree for small
mobility aids for the blind. Sueh deviees 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 drop in price. LED’s are
available for under $2.50 cacl in small quanti-
ties. This price is competitive with that of
miniature, Jong-lite indicator lamps. And of
course, the LIED offers sturdier packaging, a
million-hounr lifetime, and far less eurrent eon-
sumption.

Only a yvear aco, the chieapest infrared LTI5D
retailed for $18.00. At least five manufae-
turers now offer GaAs LED’s for nnder $7.50.
These deviees are far more efficient than
visible LD's and are therefore usable in ex-
periments mn seeret eommunieations.

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

1. Response time is extremely fast—
most LED’s operate in a fraetion of a
seeond rise and fall times. Some LED’s
can reach a speed of 100 M1z,

2. Beeanse it i1s a solid-state deviee, an
LIZD has no warm-up time, is completely
free of micerophonies, 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 elose enongh to have most of its light
in a relatively narvow bandwidth. This
makes 1t possible to use optieal filters to
reduce ambient noise.

4. The LED is a low-impedance deviee
with forward characteristies similar to
those of a conventional =ilicon diode and
it ean be driven from ordinary low-vol-
tage supplies with eonventional transistor
eirenitry.

Iilsewhere in this issue vou will find a
unique construction ariiele for a low-cost LD
communicator. Other projeets using LID's
will appear in [uture issues. —30-
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OPPORTUNITY
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-
caise 1 doi't have u college degree. Six
years ago, I earned an Associate Degree
from a two-year techuical college. I gradu-
ated with honors, bit since I don't bave a
bachelor’s or master’s, the job openings that
I go for seem to he snapped up by junior
engineers with 109 of my experience. Sure,
L am making a living wage, brt I am also
at a dead end. How do I break into the
sacred club?

@ Since vou have kept abreast of the field
with specialized home study courses, I must
assume that you have no aversion to further
scholastic endeavors. Have yvou 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 emplovers 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 ekperienced em-
ployees have a lower turnciver 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, a4ll of the home-study
schools claim that they are the best in terms
of traiing. laboratory muatenials, job place-
ment, etc. Isu't there some way to rate these
schools?

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

The best electronics home study school for
vou is the one that has a teaching objective
that matches your career gpal. You should
try to make up your mind ekactly what you
want to study before contszicting the home
study schools. Then, write for literature from
the schools that advertise leksons to fit yvour
objective. If you have a firin goal in mind,
you can narrow down the number of possible
schools that can be of any hélp.

Note that one home study |school may em-
phasize radio and TV repait 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 vou know what you want to study be-
forehand—which is not as fimpossible 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 repre¢sentative.

As far as a school’s business reputation
is concerned, you can always depend on a
school that has heen apprdved by the Na-
tional Home Study Council. ~30—
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ASSEMBLE 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.

I-n()king for a totally private, jam-proof,
interference-I'ree communieations syvstem?
Try ihe “Opticom,” the low-eost younger
brother of the Poruvnar Errcrroxics Laser
Communicator.

Using a light-emitting diode (see the article
on page 35) in the transmitter and photo-
transistor in the reeceiver, thie Opticom s a

November, 1970

AN INVISIBLE LIGHT BEAM

voice-modulated infrared optieal communiea-
tor. It operates at 9400 Angstroms and has a
range of over 1000 feet in darkness. The range
1s considerably less in davlight; but, depend-
ing on the angle of the sun and the ¢loud cov-
er, it can easily reach 100 feet without the use
of special filters or light shields.

The key to the amount of range obtainable
s In the lenses nsed at the transmitter and
receiver. In the prototyvpe, simple, low-cost
lenses were used. Employing a pair of binocu-
lars or a low-cost telescope at each end would
zreatly Inerease the operating range.

Transmitter. Tle cireuit of the transmit-
ter is shown in Fig. 1. During voice operation,
Q1 and Q2 provide amplification and impe-
dance mateling between the 20-mV signal
from the crystal mierophone and @3. The am-

BY FORREST M. MIMS, Il AND HENRY E. ROBERTS
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PARTS LIST
TRANSMITTER

Bi—9-volt battery
B2—Tuwo 1%-volt C cells
C1C2—0.047-pF, 10-volt capacitor
C3—AL.7puF. 10-volt clectrolytic capacitor
CI—0.0017-pF, 10-voli capacitor
Dl—Light-emitting diode (GE SSL-5C)*
R I.R5—180,000-o/1m, Ya-wwatt resistor
R2—10.000-0hm. Yi-watt resistor
R3—30,000-0hm, Y-wart resistor
RI—1000-0hm. "i-watt resistor
R6.R10—3900-0hm. 4-1vatt resistor
U —20.000-0hm, Yi-watt resistor
R8-—200-0hm, Y-att resistor
RO—10.000-0hm, I-watt porentiometer
(Maullory MLC 14L or similar)
P H—10-0hm_ Vewars resistor
RI2—1700-0hm, Y-1catt resistor

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.

RI13—56,000-0hm, %-watt resistor

SI—N ornmllv open pushbution switch

S2—Dpst slide or toggle switch

Q1.Q2—MPS6514 or HEP728 transistor

Q3—Duarlington transistor (Motorola
MPSAI12)

Misc—Suitable chassis, minidture crystal
microphone. lens. batterv holders. battery
clips. mounting hardware, cement, iire,
solder, etc.

*Available from Miniature Lamp Department,
General Eleciric Co.. P.O. Box 2122, Cleve-
land, OH 41112, S7.05, plus postage.

Note—The jollowing are arailubly from MITS,
4809 Palo Duro N. E., Albuquerque, VM
87110 etched and drilled PC hoard, $2.50 ;
PC hoard and all electronic jitems except
switches. microphone. and hatderies. $12.00 ;
complete kit of all parts uuludm ¢ lens,
chassis, switches, and microphone, $17. 00;
all ])05[/)1:1(1

vlifier formed by Q7 and Q2 is coupled to
provide a low-fregueney entoff to minimize
0-11z response. Darlington emitter follower
(2.7 supplies bias ecurrent to the LI2D from B2.
Potentiometer 129 provides an unmodulated
current-level adjustment for the LED and
<hould be set so that 14 volt is read acvoss [771.
From Olms aw, Y5 volt across 10 olms in-
licates o enrrent level of 30 milliamperes.
Thix is well below the 100-mA capability of
the SSL-5C LED without a heat ~ink,
Tone operation 1s provided hy comneeting

46

the feedback eircuit comprised of 1’73 and ¢4
to the input of Q1 through S7. With S7 de-
pressed, the amplifier formed by Q1 and Q2
oscillates at about 500 11z and supplies 1009
modulation to the LED.

The rransmitter civenit is gssembled on a
printed cirenit board as =hown in Fie. 2. In
installing the semiconductors, nse eare—par-
ticulavly with the LED, whose leads shonld
have a hear ~ink atrached while soldering.
AMake snre that the window of the LED is
parallel to the PC hoard.

POPULAR ELECTRONICS
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Fig. 2. The PC board foil pattern is shown actuat 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 allow mounting holes.

ADJUSTABLE
SPACERS

\ BATTERIES . e

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 prctotype 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.

November, 1970
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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 eir-
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 @ 1’s base lead. Sinee Q1 1s quite light
seusitive, even a moderate level of ambient
illumination will drive it into saturation.
Transistors Q2 and @3 provide a dynamic
load for Q1, preventing saturation or cutoft
and extending useful daylight reeciving range.
The FET, @4, matches the high impedance of
the detection ecircuit to the audio amplifier
formed by Q5 and Q6. The complete receiver
eireuit provides a voltage gain of about 400.

A foil pattern and component lavout for
the receiver printed eirenit hoard are shown
in Fig. 4. Be very ecareful when installing
phototransistor Q7 beeause it has a plastie
package and the leads are fragile. The col-
leetor of this transistor is indicated 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 correet
points. Use a elip-on heat sink when installing
all semiconduetors.

Assembly. Once both boards have been
completed and checked for possible wiring
errors, the svstem is ready for packaging. You

48

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 use the arrangement deseribed here or you
can strike out on your own. If, ior example,
you need only a 15-to-20-ft. range, an optical
system 1s not required. All you have to do
is aim the two boards at cach other, depress
the transmitter Test pushbutton, and align
the two wnits. Then release the button and
talk.

If you want a night range of up to 10007,
you must use a lens at both trapsmitter and
receiver. Obtain two low-cost magnifying
lenses at least one ineh in diameter and remove
the lenses from their housing or frames.
Measure the foeal length of eacli lens by plae-
ing it in the beam of a fairly distant light
source. The sun is ideal, but an overhead lamp,
about 10 feet away will do. The foeal length
is determined by placing the lens at a distanee
Trom a piece of white paper so that the small-
est recognizable image is displayved on the
paper. Measure the distance between the lens
center and the paper—this is the foeal fength.
The chassis to be used should be/long enough
so that, with the lens mounted at one end and
the PC board carrving the LED or photo-
transistor at the other, the distanece between
the two can be adjusted fo the foeal 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

CLE2.04.06—0.1-ul’, 10-volt capacitor
C3—0.001-pI7. 10-volt capacitor
(:5-—2.2-uk, 10-volt electrolyiic capacitor

R8—22.000-0hm, i-1catt resistor
R9—3906-0hm, Yi-watt resistor
RIO—200-0lim. 1i-1catt resistor
RIET—75.000-0hm, 5-wcait resistor
RII—I106G-0hm. "i-icatlt resistor

ST—Spst slide or toggle siciteh

S2—Spdt stide or toggle switeh
Misc—Suitable chassis. lens. bhattery con-

C7.08—35-ul. 10-rolt electrolytic capacitor
H—FEarphone juck and plug
O1——1EP312 phototransistor
Q2.03—2N3906 or IEPTI5 transistor
O4—2N5138 or 1112P801 FIT
05.06--MPS6311 or 1HEPI28 transistor
RERI2—1500-0hm. 'i-icatt resistor
R2—2.d-megohm. 'i-wcatt resistor
R3,RA—1.7-megohm, li-wait resistor
R5—1700-0hm, Ti-wwatt resistor
R6,R13—10000-0hm, Yi-watt resistor
R7—150,000-0hm, Vi-icatt resistor

nectors. hattery olips. mounting, hardiware,
cement. earphone (230 ahms or more),
solder, wire. etc.

Note—The following are arailuble from MITS,

1809 Palo Duro N.[.. Hhayuerque, NM
87110: etched and drilled PC board. 82.75 ;
PC hocrd and dll electronic rems except
switches, earphone and batteries, S11.00:
complete kit of «ll purts including lens,
chassis, switches, and earphone, $15.00; all
postpaid.

in one end of the chassis. Temporarily mount
the chassis with four serews and nnts to altow
for adjustments. Make measurcments to de-
termine the location of the eenter of the ioht-
sensitive semiconductor with respeet 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}” smaller in diameter than
the lens.

The ervsial mierophone 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 tc inside
of the chassis to prevent accidental looszning.

November, 1970 49
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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
J large common foil adjacent to the Q1 hole.
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end as the I’C board on the transmitter chas-
sis. Cut a elean hole for acoustie aceess to the
mierophone, which is cemented to the inside
of the chassis. The battery c¢lips are mounted
within the ehassis, in a loeation where the bat-
teries do not interfere with the light path
from the lens to the LED.

On the reeeiver chassis use similar loca-
tions for the two switeles and the carphone
Jjack. Before mounting any components on the

chassis, make sure that all mounting holes
have heen drilled and deburred; and, if de-
sired, paint the chassis. Mount {he 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 eomplefie and before
mounting the lenses, test the units by aiming
(Continued on page 98)

ADJUSTABLE
SPACERS

Like transmitter, assemble receiver board on four adjustable spacers so that the windo
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.

IHE PRIMARY PURPOSE of most clee-
tronic measuring instruments i= o provide

a numerical indication of the level or value of
the quantity being measured. Tt mafters little
whether the measurement is in volts, amperes,
ohms, Iz, or elap=ed time; onlv the acenracy
of the measurement 1= imporiant. Shiee the
readont device and the measuring instruments

do not necessarily hiave {o be eonneeted, why
not have a “modutarized” type of mea=ure-
nient syvstem—with a lughly aecurate digital
readont (with a power supply) on a main
Irame and measuranent modules that can he
plieeed in?

The “Digital Measurements Lab” is sueh
a svstem; and its hallmarks arve ececonomy, ae-
curacy and flexibil v, In this issue of or-
vrar ELzerroNics, are assembly instruetions
for the main {rame. which houses Lhie readont
and power supply, and one measurement
modnle, a 20-MHz Frequeney Counter. In
Mture articles, other modnles, whieh ean be
added at Dhttle additional coxt, will be de-
~cribed. These will include a Dual-Slope Volt-
Olmmeter and a Capacitance Meter.

The Digital Measurementz Lab employs

BY DANIEL MEYER
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Fig. 1. Except for point marked
+200, all other indicated points
route through 15-contact connec-
tor to various circuits that make
up Measurements Lab. The +200
(volt) point goes directly to
DCU board. Also, S1 is an inte-
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PARTS LIST
MAIN FRAME

C1—6000-uF, 10-volt electrolytic capacitor
C2—12-uF, 250-volt electrolytic capacttor
C3,C1—610-uF, 25-volt electrolytic capacitor
C5,06—3500-uF. 15-volt electrolytic capacitor
D1-D8—100-PIV, I-ampere silicon rectifier
(IN5060 or similar)
D9-DI11—DHD800 (General
IN9 14 silicon rectifier
DI12.D13—IN4740 zener diode
Fl—I-ampere fuse
QI—2N5129 iransistor
ductor or Fairchild)
02—MJ3055 transistor (Motorola)
RI,R6,R7—150-0hm, ¥-watt, 10% tolerance
resistor
R2—220-0hm, %-watt, 10% tolerance resistor
R3,R5—100-ohm, %-watt, 10% tolerance re-
sistor
R4—100-0hm printed circuit type potentiome-
ter

Electric) or

(National Semicon-

‘ ®

S1—Spst switch (see Frequency Cournter Parts
List)

T1—Power transformer (117-volt [primary/
280-volt, center-tapped (at 20 mAj; 30-volt,
center-tapped (at 100 mA,;; and 12.6-volt,
center-tapped (at 1.5 ampere) sebondaries

I—“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 rélief; fuse
holder; 15-contact socket ; solid and strand-
ed hookup wire; machine hardiware; spac-
ers; solder; etc.

Note—The following items are availuble 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 314.55 plus postage on < 1b; com-
plete main frame kir. including chassis and
cowling, display time control, reset switch,
etc., but minus readont assembly. No. 170-
CP for $19.55 plus postage on 8 1b; “Uti-
logic” display-counter kit No. MNX-1 for
$49.50.
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transistor-transistor-loeie (TTL) intecrated

arenits and other modern design fechniques
o provide maximum aceuracy and reliability
lie readout system consists of decoders,
rivers, and Nixie® ncon-glow tubes to pro-
de 3% decades and, thus, 3-place acenraey.
The cost of the parts for the main frame i=
stimated at less than $75: while the IFre-
eney Counter module is about $42.

November, 1970

The Main Frame. The Digital Measure-
ments Lab can be built around almost any
tvpe of decimal eounting system capable of
responding to 20 M1Iz or more. For example,
vou can use either of the two deeoder/driver
systems that have previously appeared in
Portvrar ErectroNics (see “Build Nmmerie
Glow Tube DCU,” Feb. 1970 and “Assembling
The Popular Electronies Mini DVML” 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 T1 are con-
nected to circuit boerd (holes at near left).
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- “"CIE training helped pay
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F YOU LIKE ELECTRONICS—and are

trapped in a dull, low-paying job—
the story of Eugene Frost’s success
can open your cyes 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 ata college in Dayton. But
evenso, l 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 1 did, there
scemed 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-

54

£ 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.

- for my new house,”

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 | liked the relationship
with my instructor. He made notes on
the work I sent in, giving me a clear
cxplanation of the areas where I had
problems. It was even better than tak-
ing a course in person because 1 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, | 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 ClE 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!”

Currently, Mr. IFrost reports, he’s
an inspector of major electronic sys-
tems, checking the work of as many
as 18 men. “I dan’t lift anything
heavier than a pencil,” he says. “It’s
pleasant work and work that [ 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 M:. Frost. “We also
have a color TV &nd two good cars
instead of one old ione. 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 clectronics
course has really paid off. Every min-
ute and cvery dollar I spent on it was
worth it.”

Why Traininq is Important
Gene Frost has disdovered what many
others never learn until it is too late:
that to get ahead in electronics today,
vou nced to know more than solder-
ing connections, tcsting circuits, and

POPULAR ELECTRONICS

wwWw americanradiohistorvy com

says Eugene Frost
of Columbus, Ohio


www.americanradiohistory.com

replacing components. You need to
rcally know the fundamentals.

Without such knowledge, you're
limited to “thinking with your hands”
... Iearning by taking things apart and
putting them back together. You can
never hope to be anything more than
a scrviceman. 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
qualified for assignments that are far
beyond the capacity of the “screw-
driver and pliers” repairman.

The future for trained technicians
is bright indced. Thousands of men
arc desperately needed in virtually
cvery field of clectronics, 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
nced to cash in on this booming de-
mand? Gene Frost found the answer
in C1E. And so can you.

November, 1970

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 propertraining. And it 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

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, usc the
coupon below.

ENROLL UNDER G.I. BilL.L
All CIE courses are available under
the new G.I. 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

Ci

1776 East 17th Street, Cleveland, Ohio 44114

__________________ -
V£w | Cleveland Institute of Electronics |
{ 1776 East 17th Street, Cleveland, Ohio 44114 |
COLLEGE-LEVEL CAREER | Please send me without cost or obligation: I
COURSE FOR MEN WITH I 1.gourf§g;<pa%: bp%k “Howt ToAtsucqeeEdI mtEIeF"otnidcs” [
escribing the job opportunities in Electronics today,
Pm%lé:—::g:ﬁ:gi | and how your courses can prepare me for them. i
ELECTRONICS ENGI 2. Your book on '‘How To Get A Commercial FCC License."” |
NEERING coyers. | am especially interested in: I
steady-state and [ Electronics [ Broadcast O First Class |
transient network | Technology Engineering FCC License
theory, solid state | | O Electronic O Industrial 3 Electronics |
physics and circuitry | | Communications Electronics Engineering [
puise techniques, | T - T - |
computer logic and ame — :
mathematics through T (Piease Printy |
calculus. A college- | | A99r€ i
level course for men i t i
already working in I City . Zip— l
Electronics. | 03 Check here for G.1. Biil information. PE-10 JI
e e e S
CIRCLE NO. 6 ON READER SERVICE PAGE
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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 “Utilogie” three-
and-a-halt-digit display and connter assembly
was designed speetfically for the Lab's main
frame, its use is reeommended (sece Main
Frame Parts Tast).

The first step in putting together the main
fraune is to assemble the readout svstem from
he plans provided in a previous issne or with
hie “Utilogic™ kit. Next, assemhble the power
supply ecireutt, the schematic diagram for
which is shown in Fig. 1, on its printed eir-
it hoard. Tn the event vou plan fo eteli and
Irill yvour own eirenit board, an actual size
efehing guide and components location and
orientation diagram are given in Fig. 2. When
assembling the power supplv civeuit hoard,
pay close attention to the orientations of the
fiodes, transistors, and eleetrolytic capacitors.
U=e bare #22 hookup wire for the three
jumpers.

Once the boards are assembled, they mmnst
be wired to each other and 1o a 13-contaet
conneetor. The conneetor provides n means
for routing the ~ignal and power lines to and
fromn the plng-in modules: The wiring pro-
cednre 1s areatly simplified by the fact that all
wiring holes in the eirenit boards ave assigned
a letter-code designation. This eode Is set up
so that Jike letters mate with cach other and
with the coding on the connector as shown in
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Ilig. 3. Between the boards, you ean use ~olid
Lookup wire, but between the haards and con-
nector, it iy recommmended that vou use
stranded wire.

After the wiring is completed, bolt the read-
out cireuit board to the chassis with maehine
hardware and #y” spacers. Then use # 6 hard-
ware to bolt the power transformer (77) to
the floor of the main frame’s chassis (see Fie.
4) and temporarily set the power supply
board in its appropriate location. Measure
the secondary leads from T7 to their respeetive
holes in the power supply board. Add about
an inch to each measurement and trim away
any excess lead lengths. Striplaway 147 of
insulation from eaeh lead, push the leads
through the holes in the power supply board,
and solder them to the foil pattern.

Mount the raTE eontrol aund the ResET

THEORY OF POWER SUPPLY DESIGN

The power supply used in|:he Digital
Measurements Lab and shown :chematically
in g, 1 is designed to provide all of the
voltages required by the circuits that make up
the Lab. The 4-200-volt outpul is used for
firing the readout tubes and neon lamps in the
multi-decade readout assembly.| This output
is not critical and is, therefore, unreguluted.

The various transistor circnith in the Lab
are powered by the ~10- and —10-volt outputs
which are vollage regulaied by zener diodes
D12 and DI3. or the more critical demands
of the 1Cs the +5-volt outpyt is derived
from a special regulator cireuit that main-
tains the output voltage within 5% of the 5
volt level at point K. The regulator circuit
consists of series-pass transistor 02 and error
amplifier vansistor Q7. In operation. a sample
of the output voltage is applied {o the base of
(1 by the wiper of voltage level control R4.
I{ any loading condition attemptk to force the
ontput voltage lo increuse. the hase voltage of
Q1 will also increase sliehtly und cause Q/
to draw more collector cnrrent. The increase
in collector current then causes a decrease in
the base voltage of Q2 of sufficient magnitude
to maintain the output voltage it its original
+5-volt level. If. on the other hand, loading
conditions attempt to decreasd the output
voltage level below 5 volis at [point K, the
opposite action will occur.

The poxitive and negative 1#-volt outputs
are obtained from the bridee rectiher assembly
made np of diodes D3-D6 and hlier capacitors
(4-C6. The +200-volt output is ohtained from
a ~eparate Tl secondary windiug. diodes D/
and D2, and filter capacitor C2|

The +5-volt output is obtained from a third
secondary winding, 7 and D8, and C1. Poten-
tiometer RY is a voliage level coptrol. capable
of varying the output voltage between approx-
imately 4 and 6 volis. Thiz ¢ontrol would
normally be =et to provide a 5-\1)11 output.

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

= - ¥ - -
swileh on the front panel ot the main frame.
Then, on the rear apron, mount the fuse holder
and pass through its entry hole the ac line
eord and fasten it in place with a strain relief.
Then finish wiring the power supply primary
cireuit, referring back to Fig. 1 and Fig. 3
for details.

November, 1970
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oCuy
ASSEMBLY

POWER
SUPPLY

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

Solder one end of a length of hookup wire
to one of the lugs on the rusET switch; the
other end goes to hole M on the DCU board.
Cut a length of stranded hookup wire to size,
and conneet and solder its ends to the same
lug on the reskr switeh and contact M on
the connector. Then conneet and solder a final

59

www americanradiohistorvy com



www.americanradiohistory.com

=}
© [
+? T '_g @
2
o
i~ X
VYWY —
o
© e
S
L——.._-{n 03 w NY
5] £l 5
© . 3 &2

o
3
Ll
i

&

<«
NP .
S5 .
1
> 0 v | xd
o
o] - h[ &l
« ]
0 X <o
& EQS @ o 2
N WYYV — AW —
=K

—— Wi
=3 2 .
~ wid b:
- Cy P
a p:
=
o
-
°2 ) y
N o~ o 1
2 = mia ‘
YRy -y 2 80 ef2 |———ey
< ] =
05 P ]
sz Ham D O ¥
SO0 MK :"
g% g HiHH e _—
z
Tx = 2% |
L / VVYWWA- N E: _}
=23
P2) =
5] b 83 ML
o z _——| (——4 l =H
~N +
Ny AR !
o T N
4 | ————
X
© g ot e
0 w
39 "‘ ) X ]
o p—— WY ]|l
_ o+
© r{ _g
AR
p- WWWW o
-2 O 55 L8
@ 3
[ = @—'wvww-li———i (—
o xZ b
A58
EO%O-I 'l
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 ito these points.
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ICI-IC4 (MC7490P) ALL
CONNECT TO Q2 CIRCUIT
AND RANGE SWITCH AS
Iy SHOWN

Q! 1K N
Cl ce
2N5129 TUF
C
R2 == —
B 1K - -
)/’ —— A
E

Fig.

N
CONNECTOR

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

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

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

Locate the 15-contact conneetor ard pass
it through the cutout in the eenter wall of the
main frame'’s chassis so that 11 s casily acees-
sible through the plug-in compartment. Then
neatly lace together the wiring.,

Testing the Main Frame. Temporarily
conneet o jumper wire hetween the two 81

confacts on the conncctor (see Fig. 3). Plug
the line cord into a convenient 117-volt, (0-
Hzacoutlet. Use avolimeter to cheek the -10-
volt, —10-volt and -+200-volt outputs from
the power supply. Your readings should be
within 10% of these values. Then conneet the
meter to point K in the power supply and
chassis ground and adjust /¢4 for an cxaet 5-
volt reading.

Now, cheek the front panel of the main

PARTS
FREQUENCY

Time Base:
BPI1.BP2—Five-way binding post (one bhlack,
one red)
C1—10-ut, 15-volt electrolviic capucitor
C2.C1—0.1-uF, 12-volt disc capacitor
C3—1-uF . 15-volt electrolytic capacitor
C5—0.01-pF. 12.w0lt disc capaciter
C6—50-uF . 15-volt electrolvtic capacitor
DI1-D3—IN914 diode
IC1 IC1—LU322B integrated circuit
netics)
1C2—1.U380A integrated circuit (Signetics)
I1C3—LU321A integrated circuit (Signetics)
Q1—TIS58 transistor (Texas Instruments)
Q2.05—MPS65606 transistor (Motorola)
03.04-—2N5139 rransistor (Fairchild)
(06—2N1870 or 2N 1871 unijunction transistor
Q7—2N5129 transistor { Fairchild)
RI1—I-Megohm
R2—1700-0hm
R1IR5.R7.RI6.
RI18.R19—1000-0hm
R6,R9 R 13—220-0hm
R8.R12-—10.000-0hm
RI10—100-0hm
R11—170-0hm

(Sig-

All resistors %-
watt, 109 tolerance

RI14-—190-0hm
R15—2200-0hm
RI7—1700-0hm p

LIST
COUNTER

R3—5000-0hm linear-tuper potentiometer

S§1—10-position, 4-deck non-shorting rotary
switch with spst switch attachment for Si
in power supply

S('il er:

C1.C2—0.1-pF  10-voli disc capacitor

IC1-1C4—MCTI90P integrated circuit (Mo-
torola)

Q1—2N5129 transistor ( National Semiconduc-
tor or Fairchild)

RI1,R2—1000-0hm, Y-watt, 10% tolerance re-
sistor

Misc—Time Base and Scaler printed circuit
houards: 33,000-0hm. Y-watt, 10% tolerance
resistor (see text); control knobs (2): L
bracket chassis; 15-contact plug to match
SO1 in main frame;: 4-40 machine hard-
ware; %4"-long spacers (8) ; solid and strand-
ed hookup wire: solder; etc.

Note—The following items are available from
Southwest Technical Products Corp., Box
16297. Sun Antonio. TX 78216: complete
Time Base kit. including circuit board, No.
TB-2, for 8$17.50: Complete Scaler kit. in-
cluding circuit board, No. S-110 for $14.95.
both kits plus chassis and 15-contact plug,
No. FC-2 for $34.95 plus postage on 3 lb.

November, 1970
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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 s$older bridges
between closely spaced condugctors after all
components are solderad to circuit boards.
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Fig. 8. When mounting electrolytic capacitors, L RY \o. “f'/' l S
diodes, IC’s, and transistors on circuit boards ° 1 04 1\@ [ °
carefully orient them exactly as shown here. -0

frame: with power applied, the readour tubes
and neon lamps should glow. If o, depress
and release the ResSET ~witeh., 1f the main
frame ix operating properly, all tubes should
immediately reset to “0”. Then set the main
frame aside.

Frequency Counter Module. As men-
tioned earlier, the first in the series of inte-
grafed plug-in construetion plans is a 20-MHz
Fregneney Counter. The module, employing
TTL integrated eircuits, consists of two basie

62

cireuit aszemblies: one is the Time Base and
the other is the Sealer, shown =chematically
m Fig. 5 and Fig. 6, respectively. IFor mini-
mum loadimg on the cirenit under test, the
counter module 1s equipped with a high-im-
pedance sonree-follower tield eftpet transistor
mmput eiventt.

The Frequency Counter modnle has full-
scale ranges of 1000 Hz, 10 kllz, 100 kllz,
1 MHz, and 10 M1z with a 100 fpercent over-
range capability. This means that it will eount
pulses up to a frequency of 19.99 MHz direet-

POPULAR ELECTRONICS
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Fig. 9. Time Base anc Scaler connect
to each other and main frame via ro-
tary switch and connactor assembly.
Note legend at lower left of drawing.

IC4/5C
AJICI/EC

T8 (a)zcessc
;
A)1ca (B)zcr/sc °®®
/s¢ ON PLUG
e
% i
°
° SID(SI IN
I POWER SUPPLY}
I e
BRI BP2
@ ook O i
T8 1c2/sc B 2w —
TB=TIME BASE -
SC=SCALER
Iy when the module is used with the main Assembling the Module. Tle usc of inte-

r

frame. Also, the eounter has a built-in TesT  grated cirveuits in the Time Base and Sealer
cirveuit to which vou can switeh at any time snba.sbcmbhcs makes it neeessary that the eir-
to elieck the operational status of the Lab. (Continued on page 96)

SCALER

SHIN
POWER
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 (l4,-watt) is used to limit
current through decimal point in readouts. Wires connect to foil sides of boards.

November, 1970 63
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NUMBERS

GAME

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

In 1961, POPULAR ELECTRONICS turned
toose 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.

O THOSE SYMPTOAIS of national mad-
ness, such as the tulipmania eraze in the
1600°s, most knowledgeable audio enthusiasts

nsually add the multiple-cheap gpeaker epi-
demie of the carly 1960's. PorvLirk Firec-
TRONICSY?  instigated the consiruetion of
thonsands of speaker systems, cach contain-
ing 16, or more, small 3 permanent magnet
speakers. Although the lievdav of the eraze
has abated, hundreds of these syvstenis are
still being eonstructed—usually for the wrong
reasons.

Aceording to the builders of {he multiple
speaker systems, the obvious advantaces
could be summarized as follows:

AL The system produees noticeably

BY DAVID B WEEMS
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lower distortion becanse the amplifier

power is divided between many speak-

ers.

13. The use of multiple speakers ex-
tends the bass range since mutnal eoun-
pling permits all speaker cones 1o
work together i unison at the lower
{requencies,

(. The «lips and peaks in the re-
sponse of individual 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 syvstem  insures the
generation of a good treble vesponse.

I5. The multiple small speaker sys-
tem does not vequire a erossover net-
work and tlms eliminates phase shift
clfeets.

I°. There is a noticeably “hicoer”
sound due to the expanded area of the
SOUree.

G. The multiple small speaker svs-
temn ean be butlt for a verv low dollar
fivmre.

All ol the above qualities represent worthy
coals, The reasons supporting cach coal seem
clear and logieal. Yet, the manufacturers of
hizh fidelity speaker svstems have failed {o
exploit. the use ot muldtiple eheap speakers.
It s natwral to ask why. A hard look at the
various concepts and the advantages elaimed
for them may disclose the answer.

Distortion. Tle sound outpuf from a
loudspeaker 1s nsnally not a {rue representa-
fion of the eleetrical signal input. The pro-
duction of harmonie and interinodulation dis-
tortion are mentioned most often in consider-
ing towmlspeaker system performance,

Harmonie distortion, frequeney doubling,
triphing, ete., ean be produced in a speaker
by cither a nonlinear cone suspension or a
nonmiiform magnetie field surronnding the
votce coil. Most speaker cone suspensions
exert an inereasing foree on the eonc as the
cone moves away from its rest position. Dy
intentional dexign, the suspension of a high-
quality speaker tends to exert the same re-
storing foree on the cone throughout its nor-
mal movement range. The magnet and voice
coll strueture of' a good speaker is usually
deep enough to always keep the voice coil
operating in a field of uniform flux density.

Cheap speakers are made for applieations
where the normal power handling require-
ment ean he measured in a fraetion ot a watl.
At sueh sonnd intensity levels the eone move-
ment—and distortion—is kept within tolerable
limits. Since an array divides the power be-
tween all speakers, harmonie distortion should
nat he a major problem in normal use. At the
very least, harmonie distortion will generally
be lower than if one cheap speaker were
u=ed in the syv=tem.

Iowever, if the speaker arrav is used to
generate a high tevel of sound intensity at
low frequencies, the cone movement ean be-
come excessive—prodneing distortion. In this
case, the nonlinear suspension ean be relieved
ot part of its distortion produeing effeets by
installing the speaker array in a sealed en-
closure. The captive air in the enclosure acts
as a restoring foree and fends to limit cone
movement. Unfortunately, the creation of
this “pressure box” treatment ¢anses another
problem that is discussed later on in {this ar-
ticle.

Intermodulation distortion is the mod-

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 frequeney by another
audio frequeney. Low frequencies can modu-
late high frequeneies when both are being
produced by the same speaker. High quality
speaker systems reduee intermodulation dis-
tortion through the separation of bass and
treble ranges. Thus, these two-way or three-
way svstems are also not as severely limited
in their power handling capaecity through a
limitation of cone movement. Execessive cone
movement aggravates and inereases inter-
modulation distortion.

Bass Response. Tl bass responsc of any
speaker falls off below the frequeney of the
fundamental cone resonance. The frequency
of cone resonance is lowered as the eom-
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 eone resonance frequeney.

Tlhe idea of using a number of speakers to
generate low audio frequencies at veryv high
power levels was suggested as carlv as 19313
Beeause 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, sub-
sequent to the publication by Porrrar
EvecTroxIcs of the “Sweet Sixteen” system,
James F. Novak® presented a mathematieal
analvsis showing that ecoupling occurs at cer-
tain bands of frequencies and that these
bands are determined by the separation be-
tween individual speakers. For example,
when the eenter-to-center spaecing between
speakers is less than %s wavelength, the air
mass offers a rcactance to the sound output.
For tlhe usual separation—about 6” to 87—
this puts a lower limit of about 200 ¥z on the
coupling range of an avrayv of small speak-
ers. To lower this frequeney, the speakers
should be moved farther apart; but confus-
ing the issne, to make the coupling more
cffective, speakers must be elose together.

Besides contending with the problem of
spaeing between speakers, the builder mmst
also decide whether the enclosure holding the
speaker array is to have an open back or be
built as a scaled enclosure. Sinee mutual
coupling inereases the air load, the effee-
tive mass of the speaker cones is inercased
tending to lower the resonant frequenev of
the array below that of a single speaker.
ITowever, when the array of speakers is
mounted in an airtight enclosure, the funda-
mental resonance of the speaker system is

66

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. Canceliation occurs if differ-
ence is 15 wavelength (phase shift of 180°).

raised. In this trade-off, if {lie enclosure is
small enough to add some rektoring foree to
the cones and reduce distortion, it will also
have the effeet of raising the array resonance
probably far above the orizinal 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 lon the speaker
(sec illustration). Cheap speakers are no-
toriously poorly damped, both cleetrieally
and mechanieally. Of course, the point of
resonanee ean be lowered by omitting the en-
closure back, but the distortion inereases and
the frequency response eurve of the speaker
svstem becomes dependent on the shape of
the open-backed box.

A large, shallow open-backed box pro-

Off-axis listener to multiple speaker system
is at different path lengths from various
speakers. Differences change 25 he moves from
location to location. (Drawing not to scale.)

POPULAR ELECTRONICS
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duces less peak amplitudes and more extend-
ed response than a small, deep open-hacked
hox. Unless distortion becomes a major prob-
lem, the back should alwayvs be removed
from the enclosure of a nultiple cheap
speaker svstem to improve the hass response.

Synthetic Bass. Distortion, especially that
caused by driving the speakers to the limits
ol their suspensions or magnetic fields, may
produee the illusion of more bass requencey
response. Griftiths® experimented with elee-
tronieally induced distortion and seems to
have confirmed the existence of fhis illusion

In the Griffiths experiment, clipping and
distortion, similar fo that produced by over-
driven cheap speakers, was purposely de-
siened into an andio syvstem with o 200-I1z
low-end eutoff. The percentage of distortion
was controlled by the hstener until the hass
was thonght to be “equal” to that produced
by a low-distortion full-range awdio system.
Fxperimental vesults indicated that most lis-
teners lieard move *bass” when the distortion
in the filtered system was inereased to certain
arbifrary values.

Another kind of svnthietic bass ocenrs in
speaker svstems that have a promineni ves-
otance. A resonant frequeney in the upper
hass range—say about 230 Hz-—may make the
svstem sonnd full and bassy, although mmnsic
plaved through it has a distinet one-note
quality. The earliest vaenum-tube amplifier
inke boxes were noted for their generous
bass response--most of it at one I'requerey.

Listeners can also be deceived into hearing
hass frequeney response that isn't theve in
the first place! A land line telephone =v=tem
doesi’t reproduce the tfundamentals ol a
known voiee, but the harmonie structure is
recognized l)_\r the listener and the car and
brain supply the missing information. This
tendeney to hear the missing fundamental
notes often leads the owner of o miniature
transistor radio receiver with a 27 <speaker to
compliment the product on its “fine tone.”

Some types of synthietie bass mav sound
satislactorv—even impressive—at first hear-
in"' But if the listener hecomes accustomed

v hearing (e fundanmental bass res ponse,
ho won't be happy with synthetie hass again.

Smooth Response vs Phase Shift. One
of the qualities attributed to the mmltiple
speaker system is that of & smoothed response
—considered to bhe an absolute requirement
for high-fidelity sound reproduction. ITow-
cever, many anlhorities elaim that a medium-

November, 1970

range system with a smootl response is pref-
crable to a wide-range system that has nu-
nierous peaks and dips in the audio respousce
curve. And, peaks ave worse than dips.

It is now well aceepted thar a speaker’s
response curve ix alwavs smoother when the
speaker is operated at a redweed volume
level.® For example, a 107 full-range speaker
may lhave a high-level response curve cm-
bracing the speetrum between 40-20,000 1z
at 22125 dB. When the input is redueed by
5%, the response curve is within *=35.0 d13.
Presumably, operating a number ot speakers
at low volunme <hould Hatten the overall re-
spon=e crve. Unforinmately, what sonnds
2ood in theory does not produee aeceptable
results i practice.

The andio enthusiast who has built several
multiple-speaker svstems soon vealizes that
the results arve fairly unpredietable. A svstem
nsinge only four speakers may sound prefiyv
cood, althougeh the builder has a feeling that
the <ound conlil be improved. The number of
speakers is doubled, but the sound is still not
rieht. The number is doubled aoain and the
vatem sounds fervible. The faults are nu-
merous, but they are diflienlt 1o identifv—ex-
copt for some obvions peaks in the midranege.

The mic-range peaks are due to muinal
coupling between speakers. The maximum
coupling and boost is at the sound frequency
corresponding to a sepavation of one-quarter
wave leneth. In a multiple-speaker svstem
with eenter-fo-center spacing of 77 to 87, the
((m])lum peak s at about 500 I1z. This peak
15 insidions and even if not immediately
notiecable, makes the =yvstem sound “lond”
even at low volume levels and eventunally
proves guite tiring to the listener.

The problem ix amplified when speakers
are monnted so that there are many identical
center-to-cenfer distanees and for this reason
the square pattern ol monnting multiple-
speakers is one of the worst possible arrange-
menis. Thix also helps explain why larger
munbers of smaller <peakers sometimes sound
nueh worse than a similar svstem with only
four o ~ix speakers.

In addition to the boost in the mid-range
by the multiple-speaker svstem, the sime
arrancement produces <harply defined peaks
and dips at the higher frequencies. These
upper-range «deviations are noticeable to the
Listener who is sitting ofl axis of the =ystem.
They oeenr at frequencies where the sound
waves from adjacent =peakers reach the lis-
tener at various pliase ancles (see illustra-
tion=). Researcher Joel Julie® ealeulated 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”7, the 180° phase shift oceurs at 4200
Hz. As the listener moves farther off center,
the frequeney of cancellation deereases and
at 30° it is down to 1650 Hz.

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

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

Phase interference ean oecur in an ordi-
narv two-speaker woofer-tweeter arrange-
ment, but only at frequencies near the eross-
over point where both the woofer and tweeter
are produeing the same tones. Phase shift in
crossover networks may be more of a prob-
lem than generally recognized, but it eould
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 source depends, in part At
least, upon good dispersion. Large speakers
are notoriously directional |deviees at the
higher audio frequencies. At frequenecies
above that at whieh the wavelength of the
sound is equal to the diameter of the speaker
cone, the dispersion is poor. T."hu:s. when sev-
eral speakers are mounted o1l a square baffle
and all of them reproduce fthe high aundio
frequencies, the source is spread over the
battle, and dispersion suffers.

Cost. Since the introduction of the “Sweet
Sixteen” in the early 1960's, the cost of
building such a system now nlitigates agninst
its eonstruetion. Numerous | manufacturers
now offer a variety of woofers with resonant
frequencies and prices far urder comparable
models available 10 vears ago! Meanwhile, the
cost of plvwood and other lumber has sky-
rocketed and when this material cost is added
to the price of obtaining 1/ speakers, the
multiple-speaker array is ne longer cheap.

To ake sueh an investment in an essen-
tially cheap speaker syvstem defeats one of
the main purposes of assemlbling a multiple-
speaker system.

1t would be unfair not to mention in this
article that there are useful purposes to be
served by multiple speaker svstems. Several
good-quality woofers in a mulliple 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 land the ommni-
directional speaker system cedn frequently be
used to definite advantage.

The ordinary multiple-spenker system has
seen its day. It was a good idda—but, the facts
of life are catehing up with/ it.
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F()UII—CHA.\'.\‘FL STEREO is heve.
Whether it is here 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 <hould be ve-
produced usine a fonr-channel {ape plav-back
machine, a four-channel preamplifier, two
stereo amphfiers, and four loudspeakers. This
will be expensive, even it you are prepaved to
swap four medium-fi channels for twe hi-i
channels. It will also mean a permanent eom-
mitment to tape, which is persistently costlier
than dises and makes vour dise colleetion oh-
solete i For no other reason than that yon
Just won't bny anvmore dises.

The high cost of fonr separate ¢hannels is
not likely to disinay the home equipment
manutacturers, Buy it recording studios and
broadeasters have to scrap their
present equipment and duplicate the rest of
it in order to switell ta fonr ¢hannels, they
will drag their feet; and that, plus consumer
resistance, could quash qnadrasonies hefore i
ever gefs olf the cround. Under the eireum-
stanees, 10 is havdly surprising rhar there is
considerable intevest 1 the possibility ol go-
mg four-channel without havine ta co all the
way.

A number of people are working on wayvs
of reproduciue four channels via 1wo ehan-
nels; and at the time this was written there
hadd been demonstrations of two sueh svaiems:
one developed by Peter Selieiber and the oiher
promoted by David Tlafler of Dynaco—who
points out that he did not invent it. (The
“Hatler <ystem™ and =ome interesting varia-
tions thereol have been in use in <ome Furo-
pean countries for at teaxt four vears.) There
will he others demonstrated in the fature: and
the industry will take careful note of each
hecanse one of them may determine rhe tuture
{or lack ol it) of fonr-channel ~ound.

The problem facing these desicners is that
there is simply no way, at any “xiaie of the

some of

November, 1970

Third in a Monthly Series by J. Gordon Holt

art,” of making two channels earry as mueh
mformatton as four ¢hannels. The thine that
olfers some hope ol snecess is the faet thar,
most of the time, the two channels of a =iereo
pair are not fully “ocenpied” by program
material; and when they are, there is usually
asabstantial duplication of material in hoth
channels. Thus, the hope is 1o use the “gaps”
between unduplicated signals to carry infor-
mation for the other two ehannels or to find
a way ol preventing matertal from wasting
space.

Both (he Scheiber and IIafler systems are
hased on rhe latter approach, using matrixing
to suppress duplicated material in sneh a wav
that a later “comparison” between the ehan-
nels from which it was removed allows it to he
reconstitnted. Matrixing, by the way, simply
reters to a process wlierehy differences in the
imtensity and eleetrical polarity of {wo or
more signals are used to cancel out unwanted
material and strengthen rhe desived material.

In the Groove. The casiest way to visi-
alize low marrixing works in the Seheiber and
Hatler systems is in terms of stvlns motion in
adise groove. The solid arrows in Fig. 1 show
the direetion in whiel the stylns tip vibraies
m-a convenfional two-channel recorvding, as
viewed from the front of the pickup. Moduala
trtons in the lett and right channels are at a

+ POLAR|TY =t = = = ==w—pSUM  —POLARITY
: [CENTER)
]
H
1
LEFT [ RIGHT
CHANNEL * CHANNEL
DIFFERENCE

Fig. 1. Stylus motions in two-channel disc groove.
Dotted arrows are resultants of left/right axes.
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45-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 ehanging its posi-
tion aloug the other axis, to provide theo-
refically perfeet channel separation,

The dotted horizontal arrow in Fig. 1 repre-
sents the direetion of stylus motion when both
stereo ehannels earry identical in-phase -
formation (that is, both move simultaneously
at 45 degrees to left or right). The average
motion then is horizontal, at 45 degrees to each
axis, separation is only 509 and each main
channel reproduees half of the resulting signal
in-phase. This condition eauses the sound to
“appear” midway between the side speakers,
directly in front of the listener. Normally, it
is a “phantom” eenter, since it scems to be
coming from a loudspeaker where there ¢s no
loudspeaker, but if a third speaker is con-
nected o 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 ehan-
nel from the original two.

4 5‘/

FRONT

LEFT RIGHT

REAR.

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

The ditference information in a stereo
groove eomes through as vertical modulations
(dotted vertieal arrow). It a signal is equal in
both channels but out of phase, difference
(vertical) mformation will be at a maximum,
the front-center adding channel will “see”
equal plus and minus polarities, and ecomplete
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 eenter speaker will remain “dead.” This
1s how the Hafler four-channel system works.
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Fieure 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 sterco separation) but adjacent ehan-
nels are 45 degrees apart so separation be-
tween these cannot be better thdn 509. Thus,
while it is possible for a perfeetly balanced
signal to cut one channel off ecompletely, the
other three ehannels will continye to be active,
and the center one of those will be twiee as
loud (43 dB) as the {lanking ‘hannels. This
is enough “separation” to provide a strong
impression that the sound is coming from that
center speaker, as long as vou 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 loudet.

But Is It Compatible? Mr, 1Tafler claims
that his systiem is “eompletely edmpatible with
normal two-channel stereoplichie reprodue-
tion,” which is almost but not (pute true. On
a two-channel system. a point-spurce 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-
phonie plavback would be even less satisfae-
tory, sinee the mixing of the oui-of-phase rear
signals would eancel them out, rleatly eliminat-
ing from the music any instrunients that were
loeated at the rear of the listener.

There are some definite advantages to the
Iafler svstem, not the least of which is its
extreme simplieity. The playbatk dematrixing
of the four channels from two ean be done
without clectronie hardware. All it takes is
four (preferably identical) loydspeakers eon-
nected as shown in Fie. 3, You can in fact dis-
pense with the front center speaker if the side
speakers are able to produee 4 firm and defi-
nite “phantom center” by themselves. The faet
that the eonsumer will not have to buy deeod-
ing devices may, however, acrount for some
of the industry’s current lack of enthusiasm.

Another nice thing about the Hatler system,
at’least as far as the consumdr is concerned,
1s that it ean be used with sonie existing two-
channel reeordings to derive a legitimate rear-
ambicnee signal. The theory liere 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

POPULAR ELECTRONICS
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{GND Fig. 3. Dynaco's recommended loudspeaker hook-

SN/ o, up for Hafler four-channel playback. All speak-

REAR FRONT ers should be identical, and the two stereo

b [CENTER]  channels should be modified to provide 6 dB of

separation (unless a separate summing amplifier

— is used to drive the front center loudspeaker).
GND

OUTPUT 4

HOT|
HOT

by the rear londspeaker. DBecanse of the  exactly the ~ame thing in reverse, hat he

inited separation between the rear speaker
and ihie side speakers, some side-channel -
ormation comes through the rear =peaker
alone with the ambienee, but there is cnongh
pure sunbience inomany recordings to add an
mpressive sense of spaciousness fo the sonnd,
atdd 1o make two-channel reproduction sound
t=tirbigly “tlag’ hy compari=on.

A= Dave Hatler points ont, the effeet could
be creatly heiehiened it the recordinge com-
pravntes actually added extra ont-of-phase am-
nenee to their two-chianmel recordines, imstead

depending on random-phase pickup rom

wir present mike setups. His sugeestion has
not been met with overt enthusiasm from the
wagor  Ameriean recording  companies, but
ndistry seuttlebutt has it that some Enro-
pean companies are already doing this, and
‘onr-channel plavhack ol ome recordings (a
o lafter) would <eem fo confirm this rumor.
I have not hieard ol any dise manufaetioeer
who s makine--or even vontemplatine— onr
Jianwel ping-pong recovdings tor  Lafler
playhack, although thix wounld be possible with
the =eparation and compatibility Jimitations
mentioned previously.

Peler Scheiber has not, to my knowlelee,
nmade any elaims Yor the compatibility ol his
svstem. I Taet if s less compatible than the

[aller proposal. The Schetber svsiem  ases
exaetly the same matrixing  procedures s
Iafler, but with two sientficant dilferences.
One ol these 1s shown in Figs 4, where it will
e noted that rhe stvlns axes for the four
Ahanmels Tie mdway belieeen the axes nsed hy
he HaHer svstem. [t is as thoneh the whole
vaneement had been rotated 221, decrees,
Thi= initial rofation or “encoding”
akes place in o civentt that = a masierp cee
I <naphicity, involving only a handil ot
PESISTOTS,

phiase

Something Extra. The dematrinine de-
coder for the Scheiber ~ystem plavhack coes

November, 1970
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canse the axes ol adjacent channels are at 45°
anvles to cach other, the adjacent-chiannel
separarion is no better than from the Ilaller
svstenn. Scheiber earvied things a bit further,
thonehy by adding to the basic decoder clvent
a pair ot variable-cain control amplifiers and
sensing crenits. Now, when a signal is sup-
posed to appear in one channel only, the de-
viee senses the very lavoe separation hetween
that channel and the opposire one and auto-
matically shuts off the two adjacent channels
where erosstalk 1< appearing. At the =ame
time, the levels ol both the speaking™ channel
and its opposite (which has nnlimited separa-
tion) are merea<ed {o overcame the 3-d13 de-
matreixing foss. The control action is almost
Histantaneous <o it ean operare selectively
within the <tructural details o a complex sig-
nal, “pieking out’ each evele and vouting it to
the proper speaker,

REAR
LEFT

REAR
RIGHT

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

Unlike the Tlatler svstem, the Scheiber can
reproducee fonr-channel ping-pong effeets, and
this 1= in taet it strong point. A the demon-
“tration 1 attended, | was not able to tell any
dilference whatsaever hetween a lour-channel
rape of ping-pong-times-two material and the
Sehieiber plavback, bur T wasn't <o sure abont
how it hehaved with more complicated pro-
o material, Perhaps complox signals sueh

(Contined an pege 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 catatogue which you'll
get when you mail in the reply post-
card or the coupon

Absolutely practical, your kts are
used to build such permanent, protes-
sional and usetful 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 leam —the
career prcgrams are all based on the
easy, step-by-step AUTQTEXT
method. AUTOTEXT is unique and ex-
clusive with RCA Institutes. Math and
circuitry probiems simply meit away!
So check the wide range of elec-
tronics and TV career programs.
Eleven Career Programs: Television
Servicing (including color TV and

November, 1970

CATV) * FCC License Preparation -
Automation Electronics * Automatic
Controls * Industrial Electronics *
Nuclear Instrumentation ¢« Electronics
Drafting * ir.cluding these four all-new.
Semiconductor Electronics « Digital
Electronics + Solid State Technology *
Communications Electronics

Also check the new Computer Pro-
gramming course—1rains you to work
on today's largest data processing
systems including 1BM/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
cha-ges! No other electronics home
study scrool offers both these
choices.

Classroom training also available—
day and =vening 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 benetits of the RCA Job Place-
ment Service. RCA Institutes grad-

wapana o oricanradinhictan, com

uates are now with companies that
include Bell Telephone, GE, Honey-
well, IBM, 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.

If reply postcard has been removed, mail this coupcn
ceecssessscessessscescensnn
RCA INSTITUTES. INC.

Home Study Oept. 694.011-.0
320 West 31 Street, New York, N.Y. 10001

Please send me free illustrated career
catalog.

.
.

o

o

.

.

o

o

.

: AGe
.

.

o Name - -

$ (please print)

: Address

g
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.
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o

For Gl information, check here [
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THE PRODUCT GALLERY

S 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 bhottom 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 eable- -RG-58/U—
may be used for short runs.

Assembly time will vary according to
what provisions you have =vailable for
mounting the supporting mast section. Bolt-
ing together the Astro-Plane itself will re-
quire under one hour and shduld 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-balcnced around
the supporting mast. Although it doesn’t
look it, wind loading is min'mal and no
bending or distortion has been observed at
wind gusts up to 40 mi/h.

On the Air. Switching over fo 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
il, 15:1
4 14:1
T 14:1
10 1.35:1
13 1.3:1
16 1.3:1
19 1.25:1
22 1.2:1

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

FOPULAR ELECTRONICS
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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 e¢xceeding 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.

Con’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 entzring the coaxial cable.

(More Product Gallery overileaf)

November, 1970
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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 ceramiic 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 veryv strong signal.
The transmitter and receiver are fed from
a 1l4-crystal frequency svnthesizer 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 4V 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
v-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
54V to 0.5 V.

The measured power output (carrier only,
unmodulated) with 13.6 volts dc input was
3.25 watts. Modulation is 100% 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 mobhile unit and per-
formed hetter 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 90-1009. The ncise 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 bheen 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 sonie 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.

POPULAR ELECTRONICS
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The Cobra 24 is one of the slightly deeper mobile
CB transceivers. This may present a mounting prob-
lem in same 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 cn Reader Service Page IE.
Cobra 24—Circle No. 87 on Reader Service Page 5.
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SHORTWAVE LISTENING

WWV Time Booklet Available —The 1970 edition of “NBS Frequency and
Time Broadcast Services, Radio Stations WWV, WWVH, WWVB, 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 Catalcg No.
C13.11:236. A copy is invaluable for interpreting the propagation
forecast and geophysical alerts.

TELEVISION

CITIZENS RADIO (CB)

German CB—Citizens Radio in the Federal German Republic is
a farce, according to a first-hand report by Dave Dunwoodie, 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.

TV Channels Go Land Mobile—T/)e 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/fire), land transportation, industyial and domestic
public radio services. Restricted to certain cities (urban arcas) the plan
permits land mobile operation in the spectvim occupied by TV chaunels 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 Washington;
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 g 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!

POPULAR [ELECTRONICS
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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, K9JZM. Distribution will be nationwide.
Amateur radio clubs 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—1Is late Augnst, the Federal Communications
Commission granted Zenith Radio Corporation approval to proceed with its
Phonevision system. Zenith Radio uid Phorevision (now a misnomer) have been
adrvocating a form of subscription television since 1947. The system was tested
over the air via station WHCT (TV ), Hartford, Coun. 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 vent a special
decoder to unscramble the signal and pay only for those programs that they
want to watch—in contrast to cable TV. Zeuith vadio bas given options to RKO
General, Teco, Kaiser, and Field Enterprises to use the Phonevision system
in selected cities. Subscription-type Phoncvision 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—but heaven help
the Communist Chinese when all that surplus jamming equipment
is transferred to Siberia.

BROADCAST BAND

King David—A new pirate AM broadcasting staiion went ou the aiv 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-EW 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—io their grief (sce “Radio Hawuraki,” September issue)—
Capital Radio uses a ving-type antenna that is claimed to radiaie no sky ware!
NRC and IRCA DX’ers 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)

November, 1970 81

wwWw.americanradiohistorv.com



www.americanradiohistory.com

71

{
|
{

SOLID STATE

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 signai-handling,
signal-processing, instrumentation, logic and
computational applications, except where
physical work must be performed. Electro-
mechanical devices such as solenoids, loud-
speakers, and imotors regquire 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 bhe 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.

82

® ‘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 minimuni bandwidth
compatible with application requirements.

® Employ series and/or coriplementary
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 preferencel to class A
designs.

® Optimize the circuit stageby-stage.

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

On the commercial level, at ldast two ma-
jor firms are now offering micrcwatt 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 Balboa
Ave.,, San Diego, CA 92123).

A monolithic operational amiyilifier requir-
ing only 100 W standby power when operat-
ed on a =3 volt dec supply. Fairchild’s x1A735
utilizes a direct-coupled, three-stage circuit
featuring twenty-one transistors and sixteen
thin-film silicon-chromium resistors. Six of
its transistors are diode-connedted. 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 piower source
is used. At the higher supply| voltage the
1AT35s standby power is raised to 6 mW.
The device’s large-signal voltage gain ranges
from 20.000 with a low--\'oltaé‘e supply to
over 40,000 when higher source voltages are
used. As is typical of operational amplifiers,
its frequency response is deperident 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 gerneral-purpose
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operational amplifier designed for use with
power supplies of from —1 to *+18 volts.
With a =1 volt de source and its quiescent
current adjusted to 10 A the device has a
standby power requirement of only 20 .
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 months 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 hatteries would fail
chemicallv long hefore they are exhansted
electricallv. How ahout that for low power?

Micropower circuits are particularly use-
ful in medical electronics. hiological 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 l.aboratories 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 hlood
stream, one of which reacts with glucose and
similar organic materials, the other with
oxygen. to produce electric power. The ex-
perimental units tested to date yield approx-

imately 5 W 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 tuture, 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 he interested in hear-
ing of any micropower circuits developed bv
our readers. If of general interest, we mav
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 hobhyists as are such familiar de-
vices as transistors, SCR’s, diodes and con-
venlional 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 dare 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-
hle 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 cutput can he

SAWTOOTH
OUTPUT

SYNC
INPUT

5

PULSE OUTPUT

W

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.

November, 1970
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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-
guency divider.

In the circuit, the PUT, @3, is used as a
modified relaxation oscillator, with @1 serv-
ing as a bias control device and emitter-
follower Q2 as a sync amplifier/buffer. In
operation, @3&s anode-cathode capacitor
(C1, C2, or C3.) is slowly charged toward
source voltage through a series resistor
(R1 and R2), 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 R4, 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 @1’s base, the transistor starts
conducting, dropping the PUT’s gate voltage
below its anode voltage and causing it to
fire, discharging the anode-cathode capaci-
tor through cathode resistor R3 and develop-

ing a sharp output pulse. With ithe capacitor
discharged, @3’s anode voltage drops and
the device switches back to a non-conduct-
ing state, permitting the cycle Lo 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 deterinined by the
supply voltage and its anode-cathode RC
time constant (R1-R2 and C1, 2 or C3). 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 R3) can be an integral fraction of
the sync frequency, the circuit may be used
as an effective frequency divider.

In practice, S1 serves as a fréquency range
control, selecting various capacitor values
and thus changing the relaxatipn oscillator’s
RC time constant. Similarly, variable resis-
tor R1 acts as a “fine frequencs;” 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
al Saso
MSAB508 MSA8o08 2
cé
INPUT .4-40pF
CRTRN N ;
ci 5 :
1.5-20pF i
RI 3
470 3
A ] é
> cs
4-40pF 4240pF

+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.

COMMUNICATIONS RECEIVER

A general purpose receiver, thel 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 dial with |1 KHz readout ® 4-
pole crystal filter in first IF @ 4-pole LC filter in
second IF @ Three bandwidths: (.4 KHz, 2.4 KHz, and
4.8 KHz for: CW, SSB, AM @ Sup-*rior cross-modulation
and overload performance ® Powr;r: 120 VAC, 220 VAC,
and 12 VDC @ Crystals supplied for LW, BC and seven
SW bands ® Built-in speaker ® MNotch Filter.
® Direct Frequency Dia[ing e All Solid State ACCESSORIES: 100 Khz calibrator, noise blanker,

N N transceive adapter (T-4XB), DC power cord, loop an-
* Programmable Coverage ® FET CirCuitry o ervsals tor other tanmas. )

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

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 he GE types D13T1 or I313T2, or
Motorola types MPU131 to MPU133. The
other transistors (Q1, @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 hand. 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 MSA8506-08
series of npn VHFE 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 mayv 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, @1 and @2. Broadband coupling
is used throughout to insure satisfactory
operation with FM signals. Adjustable input
(C1-C2, L1-L2) and output (C35-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, Q1 and @2 are Fair-
child type MSA8508. Capacitor C7 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 C% are 0.47 xF ceram-
ic discs; C9 a 47 pF mica capacitor; and C10
and C71171 are 1000 pF feedthrough types. Re-
sistors R7 and R3 are 47-ohm, !43-watt, 5%
resistors; while R2 is a 330-ohm, 14 -watt,
5% unit.

Both hand-wound and commercial coils
are used in the amplifier. L1, L5 and L6 each
consist of 2 turns of #18 wire, 1 ” diameter;
L3 consists of 3 turns, #18, 14”7 diameter,
with a tap at 11, turns; L2 and L4 are 33 «H
chokes; while L7 and L& 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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There’s Only One

ANTENNA

FORYOU...

ui.l

HUSHLER)

If you are hard to please—if you
want optimum performance—
it's the HUSTLER TLA-27-L
trunk lip mounted fibergiass
antenna—only 48" tall—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.

CB MOBILE
MODEL TLA-27L

' $
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"E!/_TEU_'QU_S_CQEP_’BE%ES oA i ars |

CIRCLE NO. 36 ON READER )ER SERVICE PAGE

: I

STREET |
I

|

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
SENT FREE ON REQUEST

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
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SOLID STATE

(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 L7 a 2 mH. r-f
choke. Inductor T'1 is a 200:50-ohm untuned
impedance matching r-f transformer. A 20-
volt de 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 tp 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 irtegrated -circuits
designed to provide systems interfacing be-
tween communication networks and data
terminal equipment. According to the manu-
facturer, these two new Hmits are the fore-
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runners of a planned line of NMODENM system
circuits.

The MC1488L. is a quad line driver corsist-
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

The MC1489L is a guad 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 feedhack is pro-
vided from the second to the first stage of

an applicable EIA standard. each. With the response control input open,

(Continued on page 94)

¢l CPESI

Tl Fig. 3. An n-channel JFET in grounded-gate
configuration (left) has applications in r-f
instrumentation as a general purpose preamp.

5C0) ouTPUT

4 r
2 +20V
Cé;r gleon 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-@.r two-input NAND gates. Both are DTL/TTL.

UATA COMMUNICATIONS
EQUIPMENT

o al

& MC 14891

i

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 operation.

New
TravellerlI

If you're swmhed on to (B, swn‘ch up to Couner

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. $13995

$ 95
New L 199
Classic I Special Offer! Y
A legend in its 17" x 22" CB
own time, it's a Psychedelic Posters
sleek mobile rig In Full Color
with equally good

base station capabilities. BU|[t -in AC power
supply and P.A. function. 23 channels with
100% modulation. Itluminated S meter, slide
controls, ANL delta tuning. One year warranty.

$199¢
New

=0
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

Courler Communications -
100 Hoffman Place, Hillside, New Jersey 07205

r
|
|
1
1
|
|
|
: Plezse send me more information on:
[}
[}
[}
[}
]
]
]
[}
1
]
]

O Traveller I1* O Classic Il*
O Ranger 23 Plus 0O BTM-1 Mike

* Erclose $1 each and we'll send you a 177 x 22” full
coler psychedelic CB poster featuring the sensational

new [J Classic |l [ Traveller I (check one or both)

Dept. PE-11

CIRCLE NO. 7 ON READER SERVICE PAGE
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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 controlied 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
set. Other features include: MOSFET VHF tuner: high-gain 3-
stage solid-state IF; emitter-follower output, automatic fine tun-
ing; VHF power tuning; buiit-in degaussing pius 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
built-in dot generator, volt-ohm meter, and modutar snap-out |
epoxy circuit boards make routine adjustments and service a
snap . .. virtually eliminating service calls and offering significant

e Modular plug-in circuit board corktruction

savings over the life of the set. it all adds up to the color TV buy e MOSFET VHF tuner and 3-stage iF
of a lifetime in the GR-270 and GR-370. . . ready now for Christ-
mas giving! e Pushbutton channe! advance
Kit GR-270, 227" 20V tube, 114 dbs. .. ...... ... .. .. sago.95*  ® Hi-fi sound outputs — for amplifier
Kit GR-370, 295” 23V tube, 127 Ibs. ............... $559.95* o Designed for owner-servicing
Kit GR-370MX, GR-370 with RCA matrix tube,
127 IDS. 3w 3R Z0E - e 5E B AE Ao el 12wl o @ h $569.95*
. 1 Exclusive check-out meter
3 Exclusive modular design 2 Tilt-out convergence/ secondaty control pane

3 Gun shorting switches
4 3-stage IF assembly
Plug-in AGC/Sync circuit board
Plug-in 3.58 MHz oscillator circuit board
Plug-in Chroma circuit board
: Plug-in Luminance circuit boaid
il ! S Service and Dots switches
20— ¥ : am 10 10 Plug-in Video Output circuit byard
X \ 11 High voltage power supply
1 12 Plug-in Vertical Oscillator cirquit board
3 g ] 13 Plug-in Horizontal Oscillator circuit board
18 — i . 12 14 Plug-in Pincushion circuit board
=7 e i 15 Conservatively-rated power supply components
13 16 Circuit breaker protaction
17 Plug-in Sound circuit board
18 Master control panel

19 Hi-fi sound output
_ i4 20 Piug-in wiring harnesses and ‘onnectors
for faster assembly 1

Choice of factory-assembled cabinets

W ~am e

Deluxe Early American
Cabinet...factory assem-
bled of hardwoods & ve-
neers and finished in
classic Salem Maple.
Mediterranean pecan. : S | € 2‘3"/,," H X 37t W x
Statuary bronze trim | 183" D

handle. 30-%,” H x 477 | Assembled GRA- 303 23
Wx17%” 0. 731bs. ...... $n
Assembled GRA- 304 23

78 Ibs. ... %12

Contemporary Walrut
Cabinet.. factory assem-
bled of fire veneersj &
solids with an oil-rubtied
walnut finish. 29V, H
X 35'%" W x 19%" O
Assembiled GRA- 30143

(15[, LIS 5*

finished in a flawiess

Contemporary Walnut
Cabinet and Base Com-
hination. Handsome wal-

Handy Roll-Around Cart
and Cabinet Combiha-

Exciting Mediterranean
Cabinet...assembled us-
ing fine furniture tech-
nigues and finished in
stylish Mediterranean
pecan. Accented with
statuary bronze handle.

27V%," H X 417" W x

199,
Assemhled GRA- 202 20
85 Ibs, $11

88

nut finished cabinet sits
on a matching waltnut
base. Cabinet dimen-
sions 20°%,” H x 317"
W x 185%s” D. Base di-
mensions 73/ " Hx273%"
W x 18%"

Assembled GRA 203-20
Cabinet, 46 Ibs. $49.95*
GRS-203.6 above cab.
w/matching base,
SONDERE B s $59.95*

tion, Features the GRA-
203-20 walnut cabinet
plus a walnut-trimried
whee)ed cart with stor-
age shel

Assembled GRA-203-20
Cabinet, 46 Ibs. $49.85*
ERA-204~ZU Roll-Around
Cart, 19 [3s. ..$19.85*%
GRS-203-5 Cart & Cabi-
net Comho, I 14
65 Ibs. .......$59.95*

POPULAR ELECTRONICS
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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-to-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 spur-of-the-
moment frozen meals cooked right in their own containers. And
there is not the slightest cause tor concern about the safety of your
Heathkit electronic oven. Exciusive 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
nterlock 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 Heathkit GR-169
solid-state portable color TV, Heath engineers took the same cool-
running solid-state circuitry from the large screen chassis ard
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 offar
superlative color performance. And, as in the larger sets, comple:e
owner-service teatures are provided by inclusion of built-in dot

November, 1970

o Big set performance, portable convenience ?';}
o MOSFET VHF tuner & 3-stage IF
o Modular, seli-service design

e 102", 14 V picture tube

vata ]

manual, the GD-29 meets all the new federal standards for safety
and radio interference. No special precautions are required when
operating. The Heathkit electronic oven is as safe as your conven-
tional oven! Quality components are used throughout: magnetron
tube by Litton, the uncontested leader in the field; avalanche di-
ode circuitiy for longer tube life; simpiified wiring harness with
pust-on guick-connectors for reliabifity and ease of assembly. GD-
29 prototypes endured grueling “life-tests’ equivalent to aver 60
years of continuous service. . further assJrance of uncompromised
reliability. Another feature is portability: the Heathkit electronic oven
operates on reguiar household current. Piug it in anywhere.. . on a
countertop, a wheeled cart, in the kitcnen, on the patio. at the
cottage...anyplace a grounded 120V AC power outlet is available.
Make this a Christmas to remember by putting a Heathkit electronic
oven under the tree. It's a gift your wife will thrill to...and a present
the whole family will enjoy ... meal after meal after meal.

Kit GD-29, B0 1bs. ... . ...t $399.95*

New HeathKit portable
solid-state color TV

I

generator and degaussing along with an exclusive volt-ohm check-
out meter. 48-hour factory service faciliies for modules are also
provided with the GR-169. Other features :nclude:; 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 to
a minimum. It 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, 48 IDS. s move . sas st a50e 5 osmsssimasasan $349.95*

89
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New Heath-gift ideas... for

New HeathKit® AJ-29
AM-FM-FM stereo tuner

This is the feature-packed tunersection of the famous Heathkit AR-29
stereo receiver ... now available as a stereo “separate.” The pre-
assembled, factory-aligned FM tuner boasts 1.8 u¥ 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 & computer-designed 8-pole L-C
filter for greater than 70 dB seiectivity; new "blend" and “mute”
tunctions; 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 pecancab., 9lbs. ............. $19.95*

New HeathkKit® A A-29
100-watt stereo amplifier

Power-packed amplifier section of the Heathkit AR-29, the AA-29
stereo "separate” marks another milesjone 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 to hear outside the theater. Modular plug-in circuit
boards make assembly easier ... snap jout in seconds for future
servicing.

Kit AA-29, 27 Ibs., less cabinel ..................... $149.95*
Assembled AE-19, oiled pecan cab., Slbs. ............. $19.95*

| —1 KRN

New HeathKit® floor model

speaker systems

|

In the new Heathkit AS-101 and AS-102 speaker systems, Heath engineers
have combined the best of both worlds of sounii and beauty. The AS-101
Heath/Aitec-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 tiean natural reproduction
from 40 t0 20,000 Hz. Both systems are housed infassembled Mediterranean
pecan cabinets, 29%" Hx 27%" W x 197" D.

Kit AS-101,531ibs. .......................

.............. $259.95*
... $259.95*

Kit AS-102, 39 Ibs

New Heath
stereo equipment

credenza

Romantic Mediterranzan 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 Hizkory veneers anc solid oak trim,
finished in oiled pecen. Comple ely 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 separzte tuner and amplifier. Below the sheif is room for
your turntable and record storage. Accessory ma-ching drawers on
ball bearing slides are available for turnfable and tape player.

Model AE-101,901bs. .. ... ... o $189.95*

POPULAR ELECTRONICS
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home, shop and ham shack

s §

New HeathKit® IC15 MHz
frequency counter...199.95"

A highly accurate, low cost frequency meter tor anyone requiring
accurate frequency measurements. Compare these features to
counters selling for over twice this low price: accurate countirg, 1
Hz to over 15 MHz; integrated circuitry; automatic trigger level for
wide range irput 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 time 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
tor accurate calibration.

KitIB-101, 7ibs. .. ... .. ... ... ... $199,95*

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

Anaheim, Calif. 92805
330 E. Ball Road
Boston Area

Wellesley, Mass. 02181
165 Worcester St.
Chicago, Illinois 60645
3462-66 W. Devon Ave.
Chicago Area

Downers Grove, lIl. 60515
224 Ogden Avenue
Cleveland, Ohio 44129
5444 pPeart Road
Dallas, Texas 75201
2715 Ross Avenue
Denver, Colorado 80212
5940 W. 38th Ave.
Detroit, Michigan 48219
18645 W. 8 Mile Road
Fair Lawn, N. J. 07410
35-07 Broadway (Rt. 4)
Houston, Texas 77027
3705 Westheimer

Milwaukee, Wisc. 53216
5215 W. Fond du Lac
Minneapolis Area
Hopkins, Minn. 55343
101 Shady Oak Road
New York, N.Y. 10036
35 W. 45th Street
Philadelphia, Pa. 19149
6318 Roosevelt Blvd.
Pittsburgh, Pa. 15235
3482 William Penn Highway
St. Louis, Mo. 63123
9296 Gravois Ave.

San Diego Area
LaMesa. Calif. 92041
8363 Center Drive

San Francisco Area
Redwood City, Calif. 94063
2001 Middlefield Road
Seattle, Wash. 98121
2221 Third Avenue
Washington, D. C. Area
Los Angeles, Calif. 90007 Rockville, Md. 20852
2309 S. Flower St. 5542 Nicholson Lane

Ali Heathkit Electronic Centers are units of Schlumberger Products Corporatian.
Heathkit Electronic Center Prices Stightly Higher.

During 1971, consult Heathkit Catalog Supplements and local
newspapers for announcements of new Heathkit Electronic Cen-
ters opening in these places:

Long Island Area
Westbury, New York
Miami, Florida

Los Angeles Area
Woodland Hills, California

Atlanta, Georgia
San Francisco Area
El Cerrito, California

—— i Prices listed are factory mail order.
Cincinnati, Ohio

Retail prices are slightly higher.

... orsendforyour FREE
factory mail order catalog

T

1B-101 SPECIFICATIONS: Frequency Range: 1 Hz to greater than 15 MHz.
Accuracy: =1 count = time base stabihly. Gale Times: 1 millisecond or
1 second with automatic reset. Input Characleristics: Sensitivity: 1 Hz to 1
MHz. less than 100 mV rms 1 MHz 1o 15 Az, less than 250 mV rms. Afler
30 minuies warmup. Trigger Level: Automatic. Impedance: 1 Meg ohm shunted
by less than 20 pi. Maximum Input: 203 V rms, DC-1 kHz. Derate at 48 V per
frequency decade, TIME BASE: Frequency: T Adilz, crystal controlled. Aging
Rate: Less than 1 PPM/month after 30 days Temperature: Less than +2 parts
in 107/degree C. 20 to 35 degrees C ailer 30 minutes warmup. *.002% trom
0 1o 50 degrees C. GENERAL: Readout: 5 digits plus overrange. Temperature
Range: Storage; —55 to 80 degrees C. Operating; 0 to 50 degrees C. Power
Requirements: 105-125 or 210-250 VAC, 50/60 Hz, 8 watis. Cabinet Dimensions:
8.7 W x 375" H x9” D not including handle. Net Weight: 4'/2 Ibs.

G
o

.

?.I

s 0

New HeathKit® 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 features 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-301; 23 1057 6 mww v i 5 b E @5 808 6 ais I B 6 € 60 $249.95*

New HeathkKit
wattmeter/SWR bridge

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

Kit HM-102, 3 1bs. . ................. $29.95*

HEATH COMPANY, Dept. 10-11
Benton Harbor, Michigan 49022

[J Enclosed is $.

Please send mode! (s}
[J Piease send FREE Heathkit Catalog.

|
|
|
!
|
| Name _
|
|
|
|
3

a Schiumberger Company

—, plus

[J Please send Credit Application.

CIRCLE NO. 16 ON READER SERVICE PAGE

November, 1970

Address
City State Zip
*Mail order prices: F.0.8. factory.
Prices & specifications subject to change without notice. CL-394R
____________________________ .
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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 also [] Hi-Fi Catalog
[J Commercial Sound Catalog

Jensen Manufacturing Division, The Muter Company

5655 West 73rd Street . Chicago, lllinois 60638
Name

Address

\ A A
‘Cny State Zip 7
~ 4
-~ /
P e e T T N o T T T s o)

N_.__o_‘___—...___._———_-——.—.—_-—._—

CIRCLE NO. 17 ON READER SERVlCE PAGE .

SYDMUR

The Last Word in “"CD” Ignition Systems

Bl on GAS! COILS!
| SPARK PLUGS!
R 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 adaptable; 6 or 12
valt 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 pius $1.00 handling

Or Buifd Your Own—Free Instructions!!

Power Transformer plus detailed instructions
SPC-4 (6 and 12 volt) $14.95
As described in June 1965 Popular Electronics
{New York State residents add sales tax)
Recommended by many of the world’s feading 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 paye 87) l

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 MODENDM 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-v altage 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
tvpes 2N5964-65 and 2N5830-33. The first
two are supplied in 700 mW dissipation TO-
105 packages. the latter four in 310 mWwW
TO-106 packages. All six are complements
to the 2N4888-89 pnp types.

Both the input capacitanc:s and the leak-
age currents of Fairchild’s pew 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 LVcro
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 Fhe PT6729. Of
these, the 2N5773-76 series’is a family of
four hroadband transistors for use in the
200- to 500-MHz range; power output levels
range from 1.5 watts for the 2N3773 to 40
watts for the 2N57786.

A new S8B transistor furnishing 30 watts
PEP across the 1.5-t0-18-AIHz 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, the unit is packaged in
a TO-59 case.

The type PT6729 is claimed to be indus-
tryv’s most powerful 150-AMHz communica-
tions transistor. Delivering 120 watts r-f
power output with 6 dB gain when operated
on a 28-volt dec 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. —Lou

POPULAR ELECTRONICS
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| INTERFACE

\ (Continued from page 10)

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

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

R. BUNGER
Los Angeles, Ca.

It must have been coincidence that I picked
up vour “New Look” September issue and
found it so interesting. Probably very few of
your readers were aware of Olson’s live or-
chestra/tilter test and 1 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. JoURrRDAN
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 conme. The majority of letiers
and postcards (and telephone calls) were in
favor of the chanyes and improvements.

Boy, | sure hope they bx;ing some more
of these on their next trip up here!

November, 1970

awaany amaricanradinhictans, cam

M-25
$19.95

BOX 413

M-27
$24.95

COLOR ORGAN KITS

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

M-27 HEIGHT 24"
WIDTH 12" ALL SIDES
FOUR DIFFERENT
PRISM PLATES
TOP & BOTTOM ARE
PRISM PLATES
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.

LAGUNA BEACH, CA. 92652
CIRCLE NO. 12 ON READER SERVI!CE PAGE

M-25 HEIGHT 24
WIDTH 12 ALL SIDES
TWO DIFFERENT
PRISM PLATES
FOR 3D EFFECT
4 SQUARE FEET

CAN YOU QUALIFY
LNCEINR -
FOR MORE RESPONSHBHATY

AS A CIRCUIT DESIGNER?

If 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 valuable 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 FQR 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

i
204,
@ Your Ist Guide To
anpiversaty Everything in Elecironics

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

Plus Thousands of Additional Items

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

D D O D I W D W S WS S WS e e

Send Me the Free Lafayette 35110
Golden Jubilee 1971 Catalog 710 1
Name ... 1
II\ddress iy I
City S— R
| State ce Lip o . I
l {Please include your zip code) l

Gl GE OB U0 Gh G UD G) G0 SR 00 00 G0 e eE an
CIRCLE NO. 18 ON READER SERVICE PAGE

Avanti

EVERYTHING {S COMING UP ASTRO PLANES

- 33-35 WEST FULLERTON AVENUE,
ADDISON. ILLINGIS 60101

AVANTI RESEARCH & DEVELOPMENT, INC.
THE PACESETTER IN HiGH PERFORMANCE ANTENNAS

CIRCLE NO. 2 ON READER SERVICE PAGE

| MEASUREMENTS LAB j]

(Continued from page 63)

cuits be assembled on printed cireuit boards,
If you want to make your own boards, you can
do o with the aid of the eteching guides given
in g, 7,

Mount the components on their respective
circuit boards (see Fig. 8), paving careful
attention to the orientarions of the IC’s, tran-
sistors, diodes, and clectrolytie capacitors.
Wilien vow linish soldering, examine the foil
sides of the boards, comparing them against
the guides in Flig. 7, to determine if any solder
bridges exist hetween the elosely spaced foil
conductors. If vou loeate a salder bridge, re-
heat the conneetion adjacent to it and remove
the excess solder.

Now, referring to I'ig. 9, wire up range
selector switelh 87, and make all necessary
connections  between 87, tlie two  civenit
boards, and the 15-contact plug. (Note: Make
absolutely certain that the wiring to the plug
conforms with the wirine to the socket in the
main trame. Use siranded hookup wire ro and
from the socket.) Then monnt the cireuit
boards, TRIGGER LEVEL control, range switel,
and input binding posts on the L bracket
chassis as shown in Fig. 10. Bdfore tightening
the hex nut on 87 (in the module) position
it so that lngs 1 and 11 point upward; this
way the mdex on the control knob will con-
forin with the dial imarkings. Wire the TrIGGER
LEvEL eontrol and binding posts into the eir-
cnit. 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 n the
main {rame and turn on the poiwver by rotating
the range switeh (o the 1000-Hz position.
Rotate the prseray raTe control on the main
Erame to its fully clockwise position and ob-
serve the readont dixplay. With no inpnt sig-
nal to the module, the readout tnhes shonld
reset to “0” as soon as the reset pulse ocenrs,
Now, apply an input signal of 0.1 volt or more
to the binding post input on the module and
again observe the readout dispiay. A I'ter a dis-
crete inferval, determined by the setting of the
DISPLAY RATE control, the 1cadout system

POPULAR ELECTRONICS
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THEORY OF COUNTER DESIGN

The 20-MHz Frequency Counter Modul= is
divided into two basic sections—the Time
Base circuit shown in Fig. 5, and the Scualer
circuit in Fig. 6. The Time Base circuit =m-
ploys a high-impedance source-follower FET
input stage {Q!) to minimize loading the cir-
cuil under test. The signal, fed first throngh
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-Q1 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 {all
times. This is necessary to prevent false counts
on low-frequency <ignals. Although the 1TTL
gates and flip-flops in IC1, 1C2, 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 muh ple
counts.

Every tiine the input signal at the base of
Q3 fires the Schmitt trigger, the output at the
collector of Q4 chdn"e: state, producingz a
series of square waves. After this, the square-
wave pulses are amplified by Q35 and fed to the
syne cirenits.

To obtain a readout in Hertz, the signal ntust
be gated into the counter for a :pecnﬁc 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-byv-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 anv
high-frequency noise that might be present on
the ac line.

The output at point B can be direzily
coupled into the sync circuit at point € to pro-
vide a single counting range of 1000 Hz Or,
it can be coupled through the Scaler subas=2m-
bly (see Fig. 6) through S/ for further civi-
sions to provide the 10-kHz. 100-kHz. 1-MHz
and 10-MHz ranges. The signal can now be
applied to point € in the sync circuit.

In the sync circuit, the input and timing
signals are synchronized in such a manner that
the count always slarls 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 ICI, 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. Afier amplification through @7, this pulse
is applied to the S input of the R-S flip-ilop in
IC1. causing the Q output to go to “high”. The
high signal is next applied to the J input of
the JK ltip-tlop in IC1, setiing the {lip-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-lop. The Q output goes to high and is fed
into the K input of the same flip-flop. This
will result in the (lip-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 {lip-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, JC4 switches so that the Q output goes
to low and opens the gate in IC2 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 tlie “one and
only one” circuit receives the second clock
pulse from the time base, it switches back to
its standby state to await another display gen-
erator pulee. This causes the sync switch to
close on the first negative-going input pulse
that occurs after the inputs change state. The
ieading edge of the pulse that opens the syn-
chronizing circuit is applied to the inverter
throngh C5 to the reset buss in the counter,
rveselting the counter just before the next pulse
train to be counted is applied to point A.

FREE Jlltlnfosh caraLoc and em piRECTORY

Get all the newest and latest information on the

new Mcintosh Solid State equipment in
Mclntosh catalog.

the
In addition you will receive an

FM station directory that covers all of North

SEND TODAY!

America. I_ ML e el
| Mclntosh Laboratory Inc. l
2 Chambers St., Dept. PT-1170 !
| Binghamton, N.Y. 13903 ]
|
i NAME }
| ADDRESS 1
FM/FM STEREO TUNER | ]
MX 114 and STEREO PREAMPLIFIER LCITY SILAIE ALy 1
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ELECTRONICS

FREE

catalog |

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

NAME
ADDRESS
CITY_
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 5. FORGE STREET, AKRON, OHIO 44308

STATE

CIRCLE NO. 26 ON READER SERVICE PAGE

e 1
DISCOVER HIDDEN
TREASURE

WITH A JETCO ELECTRONIC

A powertully
sensitive instrument —
detects gold, sitver, colns,
relics, etc.  Fully tested —
transistorized ~ guaranteed,

Send for Free Catalog

*p The knlle for
hunting

‘/ %, fishing and

] un around

se, Mirror

pollshed im-

rted stainless

sleel blade honed

y w a razor's edge.

& ed. Opens with

) flick ur ﬁnger Locks into

[ 74 poqlllon Blade will not close

{," L en in use. Press button in

hmdle to clow Safety finger

!-.,.1, U ¢-grip handle. Bal-

e ed for larget (hrowlnl IF BROKEN

WITKIN 10 YEARS WE WILL REPLACE AT

NO CHARGE! Use 30 days. Money back 1f not

pleased. SPe:laI lc Sale. REG. P

Send $1.9

age, handling. Remit TOTAL $2.48 'nr 2 knives.

ORDER NOW! \!ld\‘»est Knife Co.. 904 - Western

Ave., Dept. LDD.2 Chlcagu 111, 60620 1'~t. 1936,

GET N
INTO
V.I.I. Llraining leads to success as tcchnicians, field engi-

neers, spectallsts in communications. gutded missiles, com.
pulers, radar, automatlon. Basic advanced courses, Elc e
ironic Engineering Technology and FElectronic Technolc

curricula both mallahle Associate desree in 29 months. B. Q
ohtainable. G.T. pPPTOYe: eptember, February,
Dorms, campus. mzh school graduate or eguivalen{, Catalog.

VALPARAISO TECHNICAL INSTITUTE

DEPARTMENT PE, VALPARAISO, INDIANA 46383
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should display the frequency of the applied
signal. Let the instrument reset itself several
times and if the numerieal in/lication remains
the same for two of the ihree significant
figures, this range is operatinlg properly.

Test cach of the remaining ranges individu-
ally as deseribed, nsing an appropriate fre-
queney signal to produce a readout display.
Then, on any of the ranges, feed in a signal
that exceeds the range capability 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 readout display. You
should obtain a 60-Hz reading everv time the
Instrument automatically vesets itself. If
everything cheeks out, you iean start using
your frequeney counter on the job. 30~

OPTICOM

(Continued from page 50)

the aetive clements at each other. Turn on the
transmitter and measure the voltage across
111, Adjust R9 until this voltage is 5 volt.
With bhoth nnits operating, depress the trans-
mitter pushbutton 87 and move the receiver
slightlv until a loud tone is heard in the ear-
phone. 1f no tone is heard, tedt the receiver by
aiming 1t at a 117-volt 60-Hz light. If the re-
eeiver is operating properly, vou should hear
a distinet 60- or 120-Hz hunt. If vou do not,
troubleshoot the recciver. Once it is working,
and vou still get no signal from the transmit-
ter, troubleshoot it.

With botlh nnits working, mount the lenses
using a commercially available sealant. Mount
them on the inside of the chassis so that they
cover the lholes and their centers are in line
with the light-sensitive semiconductor ele-
ments on the PC boards.

Optical Alignment. [lold cach unit in the
beam path of a relatively disiant light souree.
DOXN'T use the sun for this step—a common
light bulb about 10 feet awidy will do. Align
the chassis so that the light falls on the window
of the aetive optical elemerit. Move the PC
board back and forth until the light comes to
a sharp focus on the element window. Once
this position has been loeated, loek the mount-

POPULAR ELECTRONICS
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ing serews; and, though it is not necessary,
place a spot of cement on the serews to insure
permanence. Once both nnits have been
aligned optieally, eheck that the batteries are
firmly mounted and assemble the ehassis
covers.

Range Testing. Place the transmitter on
a level mount and point it along a path un-
impeded by obstacles for at least =everal
hndred feet. With the Text pushbutton (81)
either depressed or temporarily <horted, walk
about 10 or 15 feet away from the front of the
transmitter carrving the receiver. Turn on the
receiver and point it toward the transmitter,
varving the aimt until yvoun hear the tone. You
will notice the extreme direetionality of the
svstem. This is what makes it so private—you
must be on the bea to cet the sicnal. In day-
light, the range will not be as areat, but it can
be improved by switehing the recciver Day-
Night switeh (82) to the Night position. If
you find the tight beam too umstmmmb, von
can de-foeus the receiver by moving tlhe PC
board slichtly in toward the lens. One side
clfect of doing this iz a reduction in ranze.

Of course, if two svstems have been built
for two-wav connnunication, do not exeead the
range of the worst pair.

Operation. If yvou arc using a pair of com-
munieators as a network, the (ransmitter at
one end should be aimed af the reeciver of the
otlier end and the transmiiter Test Lutton
pushed to tone-modalate the {ransmitter. Both
ends should be positioned until the tone at
cach end is heard loud and elecar. Once the
link has been established, the puslibutton is
released and the mierophone is used for speeeh
communication. Manipulation of the rezeiver
Dav-Night switeh (52) will affeet the range
and volume.

Modifications. There are numerous modi-
fieattons and variations that can be used with
the Opticom. Telescopes or binoculars at
either, or bhoth, cnds greatly increase the
range. Fven low-cost plastic Fresnel lenses
may be used. Since the light colleeting avea of
a circular lens 1= proportional to the sguare
of the Jdiameter. a small inerease in diauneter
results in a signifieant inerease in the effective
arca. For example, a lens thiree inches in di-
ameter has more than twice the light eollecting
arca of a two-inch lens.

Sinee a divereine beain of light follows an
inverse square law and produnees a light energy
density dependent on the square of the dis-
tance from the light somree, doubling the lens
light area will, i theory, double the range
of the Opticom. Of course, operation in day-
light or over paths having varied thermal con-
dition~ will limit the range. Longest ranges
can he obtained on elear, cool nights, with a
telescope at each end.

The Opticom system may also be used as a
short-distance rangefinder. Mount a bieyele
retleetor on the target and aim the tone-modu-
lated transniitter at it. From a short distance
away from the transmitter, ain the reeceiver
at the refleetor until the {ransmitter tone ean
be heard. The transmitier, target and receiver
should form a 1viangle. Onee the tone has heen
heard, stmple geometry can be used to solve
the triangle and ealenlate the distance.

Davhight range e¢an be improved if the
interior of the receiver chassis is painted flat
black. Also, a long focal plane lens ean be
used to narrow the ticld of view and reduce
background illumination. This tightens the
beam and makes more accurate alignment
necessary. Also consider the use of a black
interior {ube or shield promuding from the
lens to reduee ambient Light to the phototran-
sistor.

ADDED MOBILE POWER WHEN
YOU NEED ADDITIONAL COVERAGE

SMALL PACKAGED MOBILE POWER

LINEAR R.F. POWER AMPLIFIER

Covers- greater distances with jncreased transi

Can be used with SONAR BR20, FM40 or any.si 'F 1
approved equipment with 1-15 watt output. De gned w “‘131
top performance and dependable service when_y

Automatic standby/transmit switching ¢ Covers 25 SOMHz'
range- ¢ transistorized power supply—-—negatlv 1
Used an amateur 28MHz for FM-AM-SSB. Smal

rugged des:gn Size: 2"H x 6"W.x 8”D. Wt 53,

SONAR RADIO CORP., 73 Wortman Avenue, Bklyn NY. 11207 l

Please send mformat:on on Mode! BR 2906 Linear Amplifier. |
Dept. 110 §

FOR CLEAR COMMUNICATIONS

LIFIER

LINEAR AMP!

outPuY

LT LY
Né:ﬂ:‘l"g/ GROUND =

170 WATT INPUT

Complete with remote
power switch and indi-
cator control panel plus
mounting brackets.

FCC TYPE ACCEPTED
Parts 89, 91,9

Name

1292%...
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BUILD YOUR OWN

SER.

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.

r----------------1
Metrologic instrument, Inc
143 Harding Avenue. Bellmawr, N.J. 08030

Dear laser-makers, L

The whole 1dea of a light 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

[] compiete Iaser kit contains laser tube, power supply and
housing . $79.50
60-203 Transceaver Kit.® USe your 1ase( for communica-
tions. Transmit-receive .. . §74.25

D 60-708 Laser Optics Expenment Klt * Lenses, prisms.
mirrors. diffraction gratings. polarizers, beam splitters, inter-
ferometer, lap manual $40.00

D 60-625 Laser Holograph Kit.* Contains all critical optics,
film, and chemicals $34.75

Laser nat er

D Information only Complete catalog and prices.

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

Address —

City. State. Zip.

----------------
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MISSILE BATTERY
THE ONLY LIFETIME BATTERY

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

Connect these 1.2 V. cells in series to make batteries
of any voltage. (Example: 10 cells = 12 V. Batt.). or
size to replace storage batteries on autos. motorcycles,
boats. radio. etc. All the good characteristics not
possessed 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 1007¢ cap. in temp. range —65° to +165°F.,
not harmed by storage. discharge. overcharge, or freez-
ing. May be charged thousands of times with the only
maintenance of adding distilled water and keeping
clean. Select cell sizes to fit vour application below.

ESSE AMP DINMENSIONS INCHES WGT.

TYPE HR  HIGH WIDTH DEEP 02Z. CcOSsT
AH4 4 6 2! Ve 6 1.49
AH4 4 6 2 iy 6 2.95 New
AHSES 6 4 2-1% 13 8 1.79
AH6 6 1-%% 2-5% 34 8 1.79
AH6R 6 1Y 2.5 18 8 2.95 New
AHI0 10 % 2.% 1-% 16 2.29
AHI0 10 1.3 2.3 (5 16 4.95 New
AHI2 12 5.3 2-4% [ 18 2.79
AH34 34 9-Ya 3.ty i-35 52 4.95
AHGO 60 1-Ya 5 134 104 5.95

SPECIAL CLOSE ourT!

Metal cased Ni-Cad cells, ideal for motor starting.
30AHM—30 AH, 8-7% x 3 x 1-%, Wgt. 3-1% ibs.
52AHM—52AH, 9 x 3 x 1-%, Wgt. 4-% Ibs. ..

Send for

complete list including made-up batteries.

All cells
guaranteed for satisfaction or money back. Al 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 page71)

as symplonic musie, with a hieh degree of
“sharing’ between channels ahd a lot of ran-
dom-phase content mav confise the decoder
for I had the impression that the sterco loeali-
zation of Instruments between the front
speakers was rather less definite from the
Scheiber plavback than from the original
tape, and that the rear ambienee, although
definitely coming from behind! lacked some of
the spaciousuess of’ the four-channel original.
It there are indeed some weiknesses in the
Scheiber svstem, only time will tell whether
they ave inherent or ean be “vorked out.”

As for compatibility, it it evident from
Fig. 4 that the modulation axps for the rear-
let't and rear-rieht sienals are not far removed
from the vertical axis, whidh means those
signals would virtnally disappear in mono-
phonie playback. A two-channel reproduetion
would place them out of phase at hoth side
speakers, but beeause cach axis is displaced
from the vertieal toward one side ehannel, its
sottrud would he reproduced toward one side or
the other, and the misphasiug would not be
conspicuous. More serious, though, is the loss
of elfective left-right separatign, whieh would
be reduced to a maximum of 75 (only 8 dB).

The cost to the consumer ot a Scheiber de-
coder is something that seems sather indefinite
at the moment. A spokesman for Advent
Corporation, which is lieensed to eonvert the
hasie Scheiber system into “marketable con-
sumer products,” said that the deeoder eould
he “very inexpensive or quite vostly,” depend-
g on ifs effectiveness! The lintimation was
that several versions would be nade available;
and, as far as performance was eoncerned, the
huver would eet what he paid for. It scems
reasonable to assume that the demonstration
was conducted with the hest version that eould
then be made and that eheaper versions would
exhibit more or less the chaaeteristics of a
Hatler playvback.

In view of the similarity letween the two
svstems, it will be interesting to sce how mu-
tually compatible they are. Will a Seheiber-
encaded recording play back on a Hafler “de-
coder” and viee versa, \vitll the apparent
sound sonrces appearing midway between the
speakers? Could a Seheiber ¢pntrol amplifier
allow the Hafler system to produee single-
source ping-pong effeets? 1 will have some
of the answers at a later date. 36—
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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.

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
eraduate 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
for a nephew.

Your future, your decision.
Choose ARMY.

Army Opportunities
Dept. 200, Hampton, Va. 23369

Date___

I'd like to know more about my cducational
opportunities in the Army. Please send me your
free book.

BN NN GG EEENE T Mem—

Name_____. . DateofBirth_______
Address_ L —— B ————
City_ County.

State.. . Zip Phone
Education

2PE 11-70 I

www americanradiohistorvy com



www.americanradiohistory.com

NEW |
Short-Wave Listening
VERTICAL

ANTENNA
Model SWV-7

For 11,13,16,19,25,31 and 49 meter bands
Cramped quarters keeping you from in-
stalling an SWL antenna? Your problem is
solved! Model SWV-7 mounts easily on the
roof or on the ground and stands just 13 A
ft., 3-5/8 in. tall.

Extensive field testing confirms that this
antenna measures up lo Mosley’s high
standards of performance. Construction is
of the finest material to bring you years
of trouble free listening pleasure. Complete
with installationinstructions.

Get the facts from your Mosley dealer, or
write factory direct, for detailed brochure.

Mosley 2 9 7

4610 N. LINDBERGH BLVD BRIDGETON, mO. 63044 $
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Hey!
Hams, Engineers, Hobbyists

MARK LIKE

e /.(“ MA
. ) . 1

Abenananie: SASII0]

Any surface
can be marked thh
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.

Otrder from your diatri-
butor or directly from:

* § From TK-64 V4" letters
and numerals . . . $1.50 w
Also available =gsg1
professional title E
set for electronic

equipment . . . $5.95 CORPORATION

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 advantages 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 {ipole cuts the
FM reception area by tw) 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 1thotion 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 Regulatioris—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 riot condone the
“student takeover” or the! solicitation of
funds during spring upheajals at various
universities. Nor could it grant ham li-
censes to fraternal organizations for the
purposes of establishing {ommunications
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 vparades, sports car rallies, the Eye
Bank Network, and so forth.

GUT OF TUNE

CIRCLE MO. 8 ON READER SERVICE PAGE
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“An  Improved Four-Way Flasher”
(August 1970). In the diggram on page
80 the unit specified for the flasher is a
Tung-Sol type 535. This it a 3-terminal,
6-volt unit which will not work in this
circuit. Instead, use Tung-$ol type 552, a
heavy-duty 12-volt, two-terminal flasher.

POPULAR ELECTRONICS
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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).
Winimum order $12.50. Payment must accompany copy except when
ads are placed by accredited advertising agencies. Frequency dis-
count: 5% for 6 months; 10% for 12 months paid in advance.
READER RATE: For individuals with a personal item to buy or sell.
80c per woid (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,
ngUGLAR ELECTRONICS, One Park Avenue, New York, New York
10016,

FOR SALE

FREE! Giant bargaln 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. 01308.

ROCKETS: Ideal for miniature transmitter tests. New illustiated
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 8th 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-Cven,
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 Bivd., Los Angeles,
Calif. 90048.

WEBBER LAB's. Police & Fire Converters. Catalog 25¢. 72 Cottage
Street, Lynn, Mass. 01905.

INVESTIGATORS, LATEST ELECTRONICS AIDS. FREE LITERATIIRE.
CLIFTON, 11500-L NW 7th AVE., MIAMI, FLORIDA 33168.
LINEAR AMPLIFIERS: "Hawf—zs 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 volt
mobile—$99.95; ‘‘Bandit II'" 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, Cali 92105. B

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 7734(!4

LASER parts catalog 60¢. Moynihan, 107 North Brighton, Atlantic
City, New Jersey 08401. -

PSYCHEDELIC catalog. Posters, lighting, etc. Send 50¢ tor handling
to Hole In The Wall, 6055PE Lankershim, North Hollywood, Calif.
91606. ) B

THE ART OF DE-BUGGING—$5.95. TRON-X PUBLICATIONS, P.O.
BOX 38155, HOLLYWOOD, CALIFORNIA 30038.

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 recti?ierrs, !ransistrms, 1000°s other items. Cata_lo_g

15¢_ General Sales Company, 254 Main, Clute. Texas 77531.

SEMICONDUCTORS and parts catalogue free over 100 pages, J & ).
U.S. Trade

Electronics,
directed.

Box 1437, Winnipeg, Manitoba, Canada.
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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 LITERATURE. ELECTRONICS, 11500-Z NW 7th AVE.,
MIAMI, FLORIDA 33168.

SPACE-AGE TV CAMERA KIT! Terrific for Experimenters, Industry,
Education. Solid-state. Only $116.95! Starter kits: $18.95 up.
Plans 25¢ up. Catalog FREE. Phone: 402-987-3771. Write: ATV
RESEARCH. 1301 Broadway, Dakota Clty, 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
!isting. Vicoi Box 1590. Los Angeles, Calif. 9005§.

SENCORE, B&K TEST EQUIPMENT UNBELIEVABLE PRICES. FREE
CATALOG AND PRIiCE SHEET. FORDHAM RADIO, 265 EAST 149TH
STREET, BRONX, N.Y. 10451,

AMATEUR SCIENTISTS, Electronics Hobbyists,
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 voit transistor
battery—$4.50 . . . Long-Range '‘Sound Telescope' —This amazing
device can enable you to hear conversations, birds and animals, other
sounds hundreds of teet away. Very directional. Transistorized. Uses
9V battery—$3.70 . . . Robot Man—Moves hands and arms—$3.50

Or send 25¢ coin {no stamps) for complete catalog. Other items
include Psychedelic strobes, light shows, lasers . . 46 different
projects. Technical Writers Group, Box 5994, State College Station,
Raleigh, N.C. 27607.

ANTIGRAVITY, EXPERIMENT AND THEORY; rushed—$1.00. U.S.
inquiries. Intertech-7A3. Box 5373, Station-F, Ottawa. Canada.

SWL’S, Ham's, CB-8. MB 1917

Experimenters, Stu-

CB'ers—Rotary QSL File CB-8. MB Sales,
Lowell Chlcago Illmors 60639.

RADIO CHASSIS’'S NEW. Pustpald wnth SCHEMATIC AM/FM 10
TRANSISTOR $5.20 each. AM 6 Transistor $2.65 each. information
15¢. Union Supply Box 32, Niles, Illinois 60648.

ELECTRONIC COMPONENTS—Dlsmbutnr prices,
2581, El Calon Callfornla 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 preparatlon instructions when possible.
Send self-addressed stamped envelope and $3.50 to Chemtronics,
Eox 1266, South Lake Tahoe, California 95705.

JAPAN & HONG KONG DIRECTORY. Electronlcs all merchandlse
World trade information. $1.00 today. Ippano Kaisha Ltd., Box
£266. Spokane Washmgton 99207

PLANS PARTS KIIS A wide range of the unusual for the experlmenter
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 for factory prices. Call 714
894.7555, ‘‘Baggy’s’’ Radio, 6391 Westminister Avenue, West-
minister. Calif. 92683.

Free c_a;alog. Box
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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 4x61}
case. Modestly priced. $44.50. Request [iterature. Telectric Com-
pany, Box 264, Hicksville, N.Y. 11801.

TIME BASE CRYSTAL OVEN. Center temp. 75° C. Cycling .05° C.
115 VAC. 115" dia. x 3" tall. Qctal 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! Out-
lined for three 16 pin D.I.P., plus components. 2 x 814" Tinned
for solderability. Send $3.00. DIVERSIFIED ELECTRONIC TECH-
NOLOGIES, 1529 Buffalo Road, Rochester, New York 14624.

ELECTRONIC CD Ignitions, RPM Limiters, Precision Timers. Send
$ .50 for complete Christmas catalog. AREpe, P.0.B. 9562, San
Jose, California 95117.

DIAGRAMS—Radios $1.50, Television $3.00. Give make and mod-
el. Diagram Service, Box 1151PE, Manchester, Conn. 06042.

Y1LECTRONIC Ignition. Various Types. Information 10¢. Anderson
Engineering, Epsom, N.H. 03239.

SCA music adapter for commercial-free FM background music, Con-
nects easily to any FM tuner. 6-transistor circuit uses standard com-
ponents. Pians and 3 x 4% " etched circuf; 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 defails. $2.25 postpaid. Cinnamon Press, Box 8453-A,
Minneapolis, Minnesota 55408.

KITS $2.99. Buy two, one free. Free infdrmation. 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, Iliinois
60632.

PHOTOGRAPHY sink, Plywood fiberglass. Plans, instructions $5.00.
G. Mitler, 9307 St. Lo Road, Houston, Tetas 77033,

INTEGRATED 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.

COLOR converter for black and white television. New patented sys-
tem. Do-it-yourself electronic kit, for hohbyists and experimenters.
Write for free brochure. Bele Electronics Corp., P.0. Box 2469,
Main Office. Miami, Fla. 33101.

EXPERIMENTERS—Use any transistor radio for simple Rar;o 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, I1I. 60617.

RADIOACTIVITY experiment, see light flashes. Material with in-
structions §$1.00. Hamels, Box 453, Lafayette, Ind. 47502.

FOLLOW THAT CAR. ELECTRONIC TRAILING EQUIPMENT. FREE
LITERATURE. CLIFTON, BOX 220, MIAMI, FLORIDA 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 8023A, Sacramento, California 95818.

NEW! PHONE PATCH with automatic switch. Now you can record
those important conversations automatically. ONLY $19.95. Cheico
Electronics, 11835 Wilshire Blvd., Los Angeles, Calif. 90025.

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-iab, Box 572Z,
South Norwalk, Conn. 06856.

PACEMATE CB 2-way radio 2 watts 3 channel $39.95. Regﬂ?y
$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 inciuded. Monsanto Company, Hobby Section, 10131
Bubb Road, Cupertine, California 95014.

RIK-TRONICS LITE ALERT with its exciting new Electronic Sound
starts beeping immediately when the ignition is turned off if the
headlights remain on. Installs in 2 minutes. List $11.95, you send
$9.95. Rik-Tronics, Box 625, Franklin Pk., 11l. 60131.

COMPUTER for sale. Best offer over $150. Send stamped, seif-
addressed envelope. Jon Paul, 1 Bogardus Pl., New York, New York
10040.

PLANS AND KITS

FIBRE OP-KITS, using the ‘‘magical optical fibers'' that transmit
light energy. FREE CATALOG. Scientific Devices, 211F Albion,
Wakefield, Mass. 01880.

FORTY Transistor Projects, $1.00. Sirens, treasure finders, morel
EDI, 1918B, 49th Street East, Palmetto, Florida 33561.

104

HIGH FIDELITY

FREE! Send for money saving stereo cataﬁiog # 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.

IOW. Low quotes: all components and | recorders, HiFi, Roslyn,
Penna. 19001.

HI-FI components. Tape Recorders, at guaranteed ‘‘We Will Not Be
Undersold"’ oprices. 15-day money-back guarantee. Two-year war-
ranty. No Catalog. Quotations Free. Hi-Ficklity Center, 239 (P) East
149th Street, New York 10451.

‘TAPE RECORDERS, Hi-Fi,_ components._S'eep LearnTng Equipment,
tapes. Unusual Values. Free Catalog. Dressner, 1523R, Jericho
Turnpike, New Hyde Park. N.Y. 11040.

DIAMOND NEEDLES AND STEREQ 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 PREPAID. LYLE CARTRIDGES, Dept. P, 265 East
149 Street, Bronx, New York 10451.

New BSR record changers; $13. McDT)nald 300-$18; 400-$20;
500-$25. AM/FM component system-$50.  Davis, Dept. 2737 Third
Ave., Bronx, New York 10451.

STEREO headphones—$20—Discounts avaijable. Write H & M, Box
474, Pt. Hueneme, Calif. 93041.

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'’, latest. Lists free. Stemmetz, 7519 Maplewood,
Hammond, Indiana 46324.

RECEIVING & [NDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians, Hobbyists, Experimenters—Request
FREE Giant Catalog and SAVE! IALYTRON, 469 Jericho Turnpike,
Mineola, N.Y. 11501.

'm)U—SANDS and thousands of types Dj electronic parts, tubes,
transistors, instruments, etc. Send for Free Catalog. Arcturus Elec-
tronics Corp., MPE, 502-22nd St., Union Cjty, N.J. 07087.

RADIO & T.V. Tubes—33¢ each. Send fo| free list. Cornell, 4213
University, San Diego, Calif. 92105.

PGPULAR ELECTRONICS
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fUBES—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 World! Send 10c for Catalog (tubes, eiec-
tronic equipment) Barry, 512 Broadway, N.Y.C. 10012.

TAPE AND RECORDERS

BEFORE Renting Stereo Tapes try us. Postpaid both ways—~no derosit
—immediate delivery. Quality—Dependability-—Service—Satisfaction
—prevaii here. If you've been dissatisfied in the past. your initial
order will prove this is no idle boast. Free Catalog. Gold Coast Tape
Library. Box 2262. Palm Village Station. Hialeah, Fla. 33012.

STEREO TAPES, save 20.309, and more. postpaid anywhere U.5.A.
We discount batteries. recorders. tape/cassettes. 80-page catalog
25¢. SAXITONE TAPES, 1776 Columbia Road. N.W.. Washingion,
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 RAD!O PROGRAMS on tape. Hundreds available. 2-hr. sample
$6.00, 4-hr. $9.00. Hobby Catalog for coilectars 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. Scotch ReE
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 lro-
chure. JW Electronics. Box 51C. Bloomington, Indiana 47401.

TELEVISION tuners, any make VHF or UHF. cleaned. repairea and
realigned per manufacturer’s specifications $9.50. One year guatan-
tee. Quality Tuner Repair, 526 West Busby Street, Lebanon, Indiana
46052.

PERSONALS

MAKE FRIENDS WORLDWIDE through international correspondence.
Itiustrated brochure free. Hermes. Berlin 11, Germany.

INVESTIGATORS, LATEST ELECTRONIC AIDS. FREE LITERATURE.
CLIFTON, 11500-K NW 7th AVE., MIAMI, FLORIDA 33168.

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all makes including
transistor. Experimental kit—trouble-shooting. Accredited NHSC,
Free Booklet. NILES BRYANT SCHOOL, 3631 Stockton, Depl. A,
Sacramento, Calif. 95820

FCC First Class License in six weeks—approved for Veberans Tramng:
Write Elkins Institute. 26038 Inwood Road, Dallas, Texas 75235.

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free.
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.

HIGHLY effeative home study courses in Electronics Engineering
Technology and Electronics Engineering Mathematics. Earn ydsur
Degree. Write for Free Descriptive Literature. Cook's Institute of
Electronics Engineering, (Dept. 15), P.O. Box 10634, Jackson,
Miss. 39209. (Established 1945).

F.C.C. FIRST CLASS LICENSE in three to four weeks. Write Amerizan
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 Beacb. Calif. 90266.

MORE salés through prope_r training. Pacific Institute of Programmed
Instruction. P.0. Box 1326, Seattie, Washington 98102.

Auto-

November, 1970

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. V/ilkinson programmed course
and LP player stays with beginners to license speed. $9.45 postpaid.
Florida residents $9.83. Details free. Wilkinson Laboratories, Box
14196. Gainesville, Fla. 32601.

WANT AN F.C.C. 1st CLASS LICENSE? WANT TO BECOME A DISC-
JOCKEY? REI has a school near you VA approved. Call toll free:
1-800-237-2251 or write REI, 1336 Main St., Sarasota, Florida
33577, Florida Residents call: 813-955-6922.

AMATEUR RADIO. Correspondence Sight-and-Seund 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 Blvd.,
Los Angeles, Calif. 90025.

INVENTIONS WANTED
INVENTIONS wanted. Patented: unpatented. Global Marketing Ser-
vice, 2420-P 77th. Oakiand. Calif. 34605.

PATENT Searches including Maximum speed. full airmail report and
closest patent copies, $6.00. Quality s2a:iches expertly administered.
Complete secrecy guaranteed. Free Invention Protection forms and
“‘Patent Information,’’ Write Dept. 3. Washington Patent Office
Search Bureau. 711 14th Street. N.W.. wWashington. D.C. 20005.

ThIVENTORS! Don't sell your |nventi?)n. patented or unpatented. until

you receive our offer. Eagle Development Company, Dept. 8, 73 Wall
Street. N.Y., N.Y. 10005.

FREE ''Directory of 500 Corporalions See‘ing New Products.’’ for
information regarding development. saie, licensing of your patented/
unpatented invention. Write: Raymond Lee Organization, 230-GR
Park Avenue. New York City 10017.

INVENTORS: Protect vyour ideas! Free “Recommendedr Pirocaue'\
Washington Inventors Service. 4227 Washington Building, Wash-
ington, D.C. 20005.

PATENT SEARCHES, including copies of relaird United States Pat-
ents. Inventors, attorneys. manufacturess 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:n Safeguardiné Your Inve_ntior;.j; \Vrite;
United States Inventors Service Company, 501-H Thirteenth Street
N.W., Washington. D.C. 20004.

GOVERNMENT SURPLUS

GOVERNMENT Surpius How and Where to Buy in Your Area. Send
$1.00 to: Surplus information PE. Headauarters Building, Wash-
ington, D.C. 20036.

JEEPS Typically From $53.90 . . . Trucks From $78.40 . . . Boats,
Typewriters, Airpfanes, Multimeters, Osciltoscopes. Transceivers,
Electronics Equioment. Wide Variety, Condition. 100.000 Bid Bar-
gains Direct from Government Natronwide Complete Sales Direc-
tory and Surplus Catalog $1.00. (Deductible First $10.00 Order).
Surplus Service. Box 820-J, Holiand. Michigan 49423

BIFFEI{ENT? You bet. Industrial and Government Efectronic 7Surplusi.
Get our latest list now. Startronics, Box 17127, Portland, Oregon
97217.

BOOKS
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 co_ming before Christ. 7WDnderful bibfe
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Rochester,
N.Y. 14619

INFORMATIO?{. Amazing Book. Swimsuits, jewelry. Write: LYN,ﬂBox
1573, Waco, Texas 76710

PSYCHOLECTRONICS Handbook. $14.95. (Sample pages Electrosex,
$1.00) Box 46156, Seattie 38146.

105

wassM amoricanradiohistans com



www.americanradiohistory.com

MAGAZINES RECORDS

JAPAN PUBLICATIONS GUIDE Business, pleasure, education. $5.00.  pQPULAR organ albums factory direct. Concert Recording, Lynwood,

INTERCONTINENTAL, CPO 1717, Tokyo 100-91. Calif. 90262.

(L) ATy baskials gy Seecify needs. Midtown, Box  SpECIAL interest records available, produced by the sditors of fhe
ol dYR00C, BUEWE erseY) : world's leading special interest magazines. Send for free catalog.

T ~ Record Catalog-PE, Ziff-Davis Publishing Company, One Park Ave-

AUTHORS’ SERVICES 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 PRINTING
10001.

OFFSET Printing. Free catalog. Speedy Print, 1906 Swede, Norris-

HYPNOTISM town, Pa. 19401.

QUALITY Printing—Both Letterpress and Dffset. Economicaily priced.
"‘MALE-FEMALE HYPNOTISM’’ EXPOSED, EXPLAINED! ‘‘SECRET  Speedy service. Free samples or request! Charles McCalister, 1222
METHOD’'—THEY NEVER KNOW! $2, RUSHED. GUARANTEED! 1SA- W. Sevier St., Clarksville, Arkansas 72830.

BELLA HALL, SIL\_IER _SPRINGS, FLORIDA 32688. —
SLEEP Learning. Hypnotic method. 92% effective. Details free. EMPLOYMENT INFORMATION

ASR Foundation. Box 702leg HC Station, Lexington, Ky. 40502. |
HYPNOTIZE PERFECT STRANGERS—EITHER SEX—SUCCESSFULLY! FOREIGN and USA job opportunities available now. Construction,
Secret Methods—they never know! illustrated Course and 10 inch all trades. Earnings to $3.000.00 monthly. Paid overtime, travel
Hypnodisk $2.00. RESULTS ABSOLUTELY GUARANTEED! pr. H. bonuses. Write: Universal Employment, Woodbridge, Conn. 06525.

Arthur Fowler, Box 4399, Woodbury, New Jersey 08096. EXCITING OVERSEAS I0BS. Directory $}.00. Research Associates,
Box 942-E, Belmont, California 94002.

“HOW to get jobs overseas"—WorIdwid; Lists Hiring Organizations

MAGNETISM (100) page script newly discovered magnetic principles Wt}ﬁgst::fesl\lexw;:fk ;r;f;gr;atlon—ﬂ_gh. Refundable. - Staydrype,
1$3.00). Jesse Costa, Box 26, Waquoit, Mass. 02536. ’ ) §

MAGNETS. All types. Special—20 disc magnets,_or 2 stick magnets, BUSINESS OPPORTUlelES

or 10 small bar magnets, or 8 assorted magnets, $1.00 Maryland
Magnet Company, Box 192E, Randallstown, Maryland 21133.

MAGNETS

| MADE $40,000.00 Year by Mailorder! Helped others make money!

PHOTOGRAPHY—F"—M, :;ir;gvlltgif;lo.oo—-ﬁee Proof. Torrey, Bax 318-N, Ypsilanti, Michi-

EQUIPMENT, SERVICES : == ——_N . _
FREE BOOK ‘999 Successful Little Knowh Businesses'’ Work home,
Plymouth 445-K, Brooklyn, N.Y. 11216.

SCIENCE Bargains Request Free Giant Catalog ‘‘CJ"'—148 pages—

Astronomical Telescopes, Microscopes, Lenses, Binoculars, Kits, $200.00 DALILY In Your Mailbox! _Your opportunity to do what mail-
Parts. War surplus bargains. Edmund Scientific Co., 300 Edscorp order experts do. Free details. Associates, Box 136-J, Holland,
Bldg., Barrington, New Jersey 08007. Michigan 49423.
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CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms, fiequency discounts,

closing dates, etc.
1 2 3 4 5
6 7 - 8 9 10
11 12 13 14 15
16 17 18 18 20
21 22 23 24 25
26 27 ) 28 29 30
31 32 33 34 35
@ 80¢ (Reader Rate) .
W°'ds; @ $1.25 (Commercial Rate) = s
Insert________time(s) Total Enclosed $
NAME. _ . i !
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. PE-1170
S §
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MAKE BIG MONEY raising chinchillas. rabbits, guirea 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-
phes. full instructions. Doolin, 2016 Canton, Dallas Texas 75201.
PRODUCE Housenold Products. Your trade name—our formulas.
Details 50¢. Thinker/Tinker, Box 205PE, Riverside, Conn. 06878.
FREE BOOK ‘'996 MILLIONAIRE Pians, Odd, Unusual, Little-Krown
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 commissions. Write
International Book. Dept. PE. Box 118, Wichita. Kansas 67201
PIANG TUNING learned quickiy at home. Tremendous field! Musical
knowledge unnecessary. G! Approved. information Free. Empire
School, Box 327, Miami, Florida 33145.

MAILORDER! Make big Tnoney working home. Free ieport reveals
millionaire’s trade secrets! Executive (IK11), 333 North Michigan,
Chicago 60601.

EASY to make plastic fishing worms. Costs 3¢. Seil for up to §i.00.
Big profits. Details and formula $2.00. Poco Plantation, Dept. 150,
P.0. Box 5046, Augusta, Ga. 30906.

MAKE MONEY in spare time.
Austin, Texas 78757.
$2000.00 MONTHLY possible.
Shermanoaks, California 91413.

Information write. Capitol, Box 9363,

Details. Ropchan, Box 5341 X,

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 H|ghway Freeport, N.Y. 11520

SHORTWAVE LISTENING

CONFIDENTIAL frequencies revealed! Over 450—spies. space, mili-
tary, $2.00. EDI, 1918B 49th 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 focation preferred.
Zip Code. please. UNITED FARM AGENCY, 612-EP West 47th St.,
Kansas City, Mo. 64112

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of yeasts, eguipment.
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.

Sem-

November, 1970

BAGGY’S RADIO

AM AND SSB (B 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

MAIJOR BRANDS
CB RADIOCS &

BAGGY S=

AADID CORP

ACCESSORIES.
USE FOR: MONITORS

POLICE
HOME FIRE
BOAT WEATHER
BUSINESS METAL DETECTORS
CAMPER ADAPT-A-MOUNTS
. VFO 11 METER
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 ol hand s SEMI-CONDUCTOR
SUPPLY, INC.

hour delivery on most

i to find spe-

e _end So b 20 Commerce Street
Springtieid, N.J. 07081

cialties? We have them!
Order direct and save.
CIRCLE NO. 25 ON READER SERVICE PAGE
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1000's OF UNUSUAL SCIENTIFIC BARGAINS heeleectereg,

& spfs,!éso,t',"}fvxfmsuwc,,t,,'ﬁn.rm&

STRONOMICAI. TELESCOPE
" See moon shots. orbits-stars, phases

of Venus, planets close up. 60 to
180X. New impraoved. aluminized &
overcoated 3”7 diameter f/10 primary
mirror. ventilated cell.” Equatorial

mount w/locks on_both axes. 60x
eyepicee. mounted Barlow. 8x finder

37 A

telescapc hard“ ood tripod. Inel
FREE: AR CHART"; 272.P.
SHAND OOI\" Inst.

Stock No. B5.050AV
$29.9 Ppd.
Stock No. 85. lossl;v 41/

Stock No. 55,086AV B Pelures, . . 5158, 23 £98:

0W. 120v reflector fload.

lamD (inel.\ —elements seem to flash

& off as colors fluctuate, Turns

ltore windews. posters. parties into
flashing.  pulsating ~ productions.
Convection cooled. Walnut cabinet.
Brass handle. Reg. house current.
{9%x10x61/4") $28.50 Ppd.

Stock No. 71.271AV

PSYCHEDELIC LIGHTING HANDBOOK
mation  packed pages!

Pullez explalns latest in psychedelic
1 equipment,  techniques,
develonments Covers all facets of
nsychedelle 1ight-show  production
Including = strobes, plack lilghts.
Projectors. crystals, organic slides,
mirrors, color polarized
color. light MusicVision.
ete. Shows how to ‘‘psychedelize’’
’\rties musical groups. shows or
up ‘‘electric trlps" for

814" 11"

prhate Zatherings.
looseleaf paPer for 8 rings.
............ .$3.00 Pod.
FIXTURE

i Extn-mely versatile, compactly de-

elgned, long wave (3200-4000 ang-
stroms) blac}. light (uitraviolet) fix.
att 110 V lamp with

and gas leakage—perfect for dis-

plays with fluorescent vaper. paints.
alk, crayons, trace powder. In

adjustable aluminum reflecmr

Mount vert hon- ., Of ol corner.
10° L. 16" w., 1147 H.
Stock No. 70.364AV . ... ...l $12.50 Ppd.
Stock No. 60,124AV REPLACEMENT BULB. .. .. $4.75 Ppd.

Terrific Buy! Top Qu'xlity Projects
hnnmm, sharp 4% mage
om &' using up o olor.
b&w illustrations. Rctains all orig-
inal colors. proportions. Knlarges
drawings. coins. maps. cte. lievolu-
tionary peanut-size quartz Halogen
famp (50 hr ). "OOmm anastig.
matic lens (f F.L.} \uuquc
internal reflecting svstem g
Imum brightness. cntire ficld focus
Can be used upside down. Turbo-
cooled. 514 ft. cord.
1134 ths) ... ..., $89.75 Pnd.

Yesteryear’s batlrooms eche in
mirrored lghts that richochet to
the beat of today’s discotherue.
Up to 1,000 lustrous, clear.
handmade glass mirrors on each
bail create fantastic lighting ef-
fects. JMotorized-—they cast re-
flections that blow the mind!
Ideat for light shows. displays,
restaarants. hotels, and modern

Stock No. $30.00 Ppd.
Stock Ne. .. $75.00 FOB
Stock No. 71.065AV [ $17.50 Ppd.

Order by Stock No.-—Check or M.O.-—Money-Back Guarantee
EDMUND SCIENTIFIC CO., 300 EDSCORP BLDG. BARRINGTON, N.J. 08937

Completely new edition. New
items. categories, illustrations.
148 easy-to-read pages paeked

with 4000 unusual items. Dozens
of eleetrieal and clectromagnetic
parts. accessorics. Enormous sc-
lection  of Astronomical Tele-
scopes. DMicroscopes. Bingeulars,
Magnifiers.  Magnets, Lenses

H 1s: Many war sur-
items; for hobbylsts, ex.
\worksixops' factory.
Write for catalog *

300 EDSCORP BLDG.
BARRINGTON, NEW JERSEY 08007
SEND. CHECK OR MONEY ORDER - MONEY- BACK GUARANTEE

CIRCLE NO. 11 ON READER SERVICE PAGE

EDMUND

-SCIENTIFIC C
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RCA Institutes, Ine. ..... ... . .72, 73, 74, 75
Sams, Howard W, & Co., Inc. |........ ... .. . . 8
Sonar Radio Corp. ... ... .. .. .. . ... . ... .. 99
Sydmur Electronies ... ......0 ... ... ... ... . 94
Sylvania Electric ..... ... . . ... ... ... .. 13
TDK Electronics Corp. . ...... ........ ... .. ... 10
Turner Microphone Co., The . ... ... . ... . .. 16
US. Army ... 101
United Audio Products (DUAL) .. .... .... .. 6
United Binocular ...... ... ... . . ... .. .. .. . 98
University Sound ... ... ... 0. . ... ... ... .. 17
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check
your CB rig’s
performance

10 ways. ..

ﬁ i

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...

o o =4
pe—
" (=
3 t Ve Em
el i 3,
CB MATCHBOX CB ANTENNA RECHARGER/BASE ANTENNA MATE (B MOBILE
ANTENNA TUNER METER $14.95 POWER SUPPLY FOR TUNER AND SWR SPEAKER $13.00
$15.95 HAND-HELDS $28.00 METER $29.95

E.F. JUHNSON COMPANY
el ®

WASECA MINNESOTA 56033

CIRCLE NO. 3 ON READER SERVICE PAGE
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Be creative-and thrlfty too!

Save up to 50% with EICO Kits and Wired Equipment.

)

/

/

NEW “TREASURE
HUNTER"” KIT
Finds metals, pipes several
« inches underground. EICO
% TH-30 Solid State Treasure
Hunter locates iron, steel,
tin, gold, silver, copper
etc. Beep pitch in-
creases as you near
object.

Battery oper-
ated. $29.95.

NEW “BULLHORN” KIT
Carries your voice up to 400 feet.
EICO BH-16 Solid State Bullhorn.
2% Ibs. light, is perfect for

all outdoors, camping, sports.
Battery-operated. $15.95.

new EICOGRAFT

The electronic science project kits
for beginners, sophisticates,
educators. 42 kits to date.

> | FM Wireless

Mike §9.95.

T
8 NEW EICOCRAFT KITS
Automotive "LIGHTGUARD" e
“VARIVOLT” DC Power Supply
e “MOODLITE” Light Dimmer
Contro] e “VARASPEED” Motor
Speed Control @ “LIGHTSHOW"
Sound/Lite Translator e
“ELECTRIC FIESTA" Audio Color
Organ & “SUPER MOODLITE"
Remote Control Light Dimmer
® “ELECTROPLATER” From
$2.50 to $14.95.

NEW
“FLEXI-CAB”’

COLOR IMES

Eiectronic Art in M "
t LESTIAL
HCHROMA- - q cE LISTEQ"
y
CUBE’ N l Constantly fiowing

Classic white 18" “
Cube features a
fantastic audio-
responsive light
display.

color images move
in rhythm to music.
24"x 24" x6".

5= GLIGHT FANTASTIC”
‘ y/ Translucent dome provides 3-
¥ dimensional worid of ever changing

light patterns in response to music. 38" high.

cortina2
STEREO KITS
The lowest-priced

” component quality

high fidelity!
s

@ ¢ EICO 3780 50-Watt

Siticon Solid State FET AM-FM Stereo

Receiver. Kit $109.95, wired $169.95

EICO 3080 50-Watt Silicon
Solid State Stereo Amplifier.
Kit $69.95, Wired $109.95

EICO 3300 Silicon Solid State
FET AM-FM Stereo Tuner.
Kit $69.95, wired $109.95

NEW SOLID STATE TEST INSTRUMENTS

The first and only solid-state test equipment guaranteed for 5 years!

Ui
g™l a opiia 2 A Tlds A K, LILIY

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.

Build your own custom
designed cabinet in
minutes!

Give your EICOCRAFT
and other projects
that finished pro-
fessional look with
decor-styled FLEXI-
CAB vinyl clad steel
cabinets. Fast, easy,
push-together
assembly. 3-sizes
from $3.49.

FREE 1970 EICO CATALOG Pt-11"

1Send me FREE catalog describing the full EICO
line of 200 best buys, and name of nearest dealer.

Name

EICO Electronic Instrument Co., inc.
283 Malta Street, Brooklyn, N.Y. 11207

CIRCLE NO. 4 ON READER SERVICE PAGE
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NOW YOU CAN SEE
TH MUSIC YOU HEAR.

Sound r’ Color

Color Organs, Translators,
Strobes

COLOR ORGANS
The now dimension
to music pleasure.
EICO|all electronic solid-state
Audis-Color Organs transform
sound waves into moving synchro-
nized color images.

MODEL 3450 Giant (30" x 12" x
10”) 4-Channels. Kit $79 95,
Wired $109.95.

MODEL 3445 (24" x 12" x 10")
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.
choobe, from $19.95 and up.

TRENSLATORS
The dlectronics you need to create
audis-stimulated light displays.

MODEL 3460
1 Channel.

| Kit$24.95,
Wired $39.95.

MODEL 3465
3 Channel.
Kit $39 95, Wired $69.95.

STHOBE LITES
Burst of white light fiash in
cadence of each beat of audio.

Modd! 3470
Adjustable Rate.
Kit $29.95,
Wired $39.95.
Modé! 3475
Audid Actuated.
Kit $89.95, Wired $59.95.

o]

2]

e AUTOMOTIVE
Eorryy EICO 889 Solid State
"=zl ¥ Capacitive Ignition

=/ System.

Boost gas mileage up to 25%,
life of|points, plugs to 100.000 miles;
Kit $9.95, Wired, $39.95.

EICO 888 Solid State
Universal Engine Analyzer.
Tunes ang troubleshoots
your car/boat engine, the
totally professional way.
Kit $49.95, Wired $69.95.
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