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Discover the ease and
excitement of learning
Electronics with |
programmed equipment
NRI] sends YOU i ims ot o

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

NRI—The 53 Year Leader in Electronics Training

APPROVED UNDER
NEw GI BILL if you served

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

ACH[W[MFM
@ wemonc/ 8



Earn $5 ar more an hour
spare or full time in

-RADIO
SERVICING

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

There's money and
success awaiting you in

BROADCASTING —
COMMUNIGATIONS

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

Move ahead in America’s
fast growing industry as

ELECTRONICS
TECHNICIAN

Electronics touches everyone's lives.
This vast field of opportunity is open
to you with NRf training. Industrial/
Military Electrenics 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 processing, ultrasonics,
telemetry. Whatever your interest in
Electronics, NRI training can fill your
needs. Prove to yourself what nearly
a million NRI students could tell you
...thatyou getmore for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NRI Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YGUR MONEY FROM NRI - c.ic, ces:,

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

dollar for dollar—you get more
for your money from NRI.

May, 1969

THE ONLY

COLOR TV

TOTALLY

ENGINEERED
 FOR TRAINING
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Tom Geary, Automation Robert Kastiger, Broadcasting

These 4 successful men all got started the
same way: they sent in a coupon like this
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r 1
DE VRY INSTITUTE OF TECHNOLOGY . PE.5Z

B oo onco wun ] Nuclear Instrumentation Testing ]

Automation

: ﬂ BELLs HOwELL SCHOOLS 8 B:-jogdcaaging/telecasting :
Please send free booklets and information about (] Radar

] careers in electronics. | am interested in the following . . [ |

§ fields (check one or more). [0 TV-radio service I

: Name Age :

J Address Apt. ]

| City State County Zip Code ]

] ]

O Veterans: Check here. If you were discharged after Jan. 31, 1955, the *G. I. Bill** may cover the entire cost of your tuition. 118
-------------------------------------J

Why don’t you?

Accredited Member, National Home Study Councit

De VRY INSTITUTE OF TECHNOLOGY

4141 BELMONT AVE,, CHICAGO, ILL. 60641

IF¥ BeLLe HOWELL SCHOOLS
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If you plan to
spend less than $79.50
fora record changer,
you're reading the
wrong maqazme.

Most of the people who read
this magazine know that you can't
get high fidelity sound from a cheap
record changer. Or the peace of
mind that comes with knowing that
your records are being handled
with precision and care.

If you spend less them $79.50
(the price of the Dual 1212) you won't
get a changer that will track a
high-compliance cartridge at one
gram, flawlessly. Or compensate
precisely for skating.

Cheaply made record changers

tend to be plagued by audible rumble,

wow and flutter. (Rumble, wow and
flutter of the Dual 1212 easily surpass
NAB stahdards for broadcast
turntables.)

And no cheap changer includes
a feathertouch cueing system. Or a
variable-speed pitch control that lets
you “tune’ any record overa
half-tone range.

So if you want a high fidelity
record changer, and you're willing
to spend a few extra dollars to get
one, you've justread the right ad.

United Audio Products, Inc.

535 Madison Ave.,
NewYork N.Y.10022.

<
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BUILD
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COMPLETE
INSTRUCTIONS
ENCLOSED

i RCA | Electronic Comaonents | Harrison, N.J.

i

EXPERIMENTER'S '
IC'VARIETY PACK

428180

Experimenters
Hobbyists
Servicemen

Whatever your direction, let RCA show you the way

...with RCA’s New Linear IC Vari-
ety Pack—KD2117

Here's a great way to extend your in-
tegrated circuit know-how —Kit
KD2117 provides a basic introduction
to practical applications of these in-
triguing devices and an inexpensive
way to build useful projects. The pack
includes 2 KD2114 transistor arrays; 1
KD2115 audio amplifier; 2 KD2116
transistor arrays. Also, instructions for
12 useful circuits, schematics, parts
lists, etc,

May, 1969

...with New Crystal and Zener
Diodes

In addition to its quality line of SK re-
placement transistors, rectifiers, and
integrazed circuits, RCA now offers 4
zener diodes and 5 crystal diodes!

... with RCA Hobby Circuits News,
HCN-3900

This is an exciting new publication
toaded with interest for hobbyists and
experimenters...published periodi-
cally.
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...with KD Experimenter’s Kits,
Manuals, and Publications

Your RCA Distributor can be your one-
source headquarters for Experiment-
er's Kits, Hobby and Experimenter
Manuals, Hobby Circuits News, and

RCA's Solid-State Replacement Guide,

SPG-202G, a cross reference for al-
most 13,000 solid-state devices that
RCA's SK's replace. Available from
your RCA Distributor. RCA Electronic
Components, Harrison, N.J, 07029




If your record player
today still has
a heavy turntable.
it must have yesterday's motor

Why did Garrard switch from heavy turntables {which
Garra'd pioneered on automatics) to the scientifically
corrext low mass turntabie on the SL 957 Simply be-
cause the synchronous Synchro-tab™ Motor has elimi-
nated the need for heavy turntables, developed to
compersate {by imparting flywheel action) for the speed
fluctumticns inkerent in induction motors. The light,
fuil L134" zlumminsm turntable on the SL 95 relieves
weight on the c2ntar bearing, reduces wear and rumble
and g v2s recorcs proper edge support.

The Synchro-Lab Motor has also made variable
speec controls 3s obsolete as they are burdensome to
use. Tre synchsonous section of the motor locks into
the rigidly comtrolled 60 cycle current (rather than
voltaged to guarantee constant speed regardless of
voltage, warm vup, -ecord load and other variables. This
means unwezvering musical pitch. And the induction
secticn provides instant starting, high driving torgue
and fse2com from rumble.

At $129.50, the SL 95 is the most advanced rec-
ord playing uniz available today. For Comparator Guide
descr bing all models, write ‘Garrard, Dept. AS138,
Westlury, N.Y. 11530.

WORLD'S FINESTYT

Briish Industries Co., division of Avnet. Inc.

CIRCLE NO. 17 ON READER SERVICE PAGE

letters

FROM OUR READERS

LET THERE BE PEACE

I was certainly surprised to find an article
such as C.H. Allen’s “The Hatfield Hams and
the CB McCoys,” but my surprise rapidly
turned to digust finding it in such an out-
standing magazine as PoPULAR KELECTRONICS
(February 1969). The article seems to lack
purpose and, in my opinton, was poorly pre-
sented. Why anyone wants to picture hams
and legitimate CB’ers as hillbillies is way be-
yond my comprehension. Also, how any CB'’er
could possibly be able to handle emergency
traffic when 22 out of the 23 CB channels are
being used illegally at any given instant is
another enigma that defies an answer.

The time to clean up the 1ll-meter mess
should be now, with some articles advising
CB’ers on how to operate in a legitimate man-
ner before the FCC orders all CB activity on
the band to come to a halt.

J. HANLEY, WNS8ZJP
Rochester, Mich.

I became interested in radio communica-
tions a few years ago when I received a set of
walkie-talkies as a Christmas present. You
can imagine how happy I was being able to
speak via radio to a friend a few yards away
and being able to pick up skip from Colorado.
This whetted my appetite and, with the help
of two friends, I took the test and passed
my Novice license a year ago at age thirteen.
So far I have made many friends over the air,
having met only two of them “in the flesh.”
I have worked many hams who also hold CB
licenses, and I respect them all. And in many
ways I envy them the two licenses (I plan to
get my CB license when I turn 18). This short
autobiography is provided to show my active
interest in ham and CB radio—and set the
stage for throwing in my two-cents worth.

The article “The Hatfield Hams and the CB
McCoys” brought out many of the things that
are wrong with some hams and CB’ers. Sure,
I feel that the FCC should crack down on
illegal operations on the CB band—but just
bhecause these conditions exist is no reason to
blame all CB’ers for them. But if the CB’er
can help the police and the community-at-
large, by all means let him do so. After all,
I'm sure that no ham is so proud that he
wouldn’t let the CB'’er step in after a hurri-
cane has put him off the air.

JaMes H. PeLoiaN, WN5SKKD
Cutler, Calif.

The Hatfields and McCoys were used in the
article only to bring home a point—that a

POPULAR ELECTRONICS



Pump up your mobile installation performance with this

Professional
“SPRING”
TUNE-UP!

Here's the professional touch to dress up
and power up your mobile rig! Famous
high-performance, low-noise A/S base

J loaded design . . . 17-7PH stainless steel
o ,m——‘-*z _ whip (bend it in a full circle, snaps back to
| MAGG' f perfect vertical) . . . fine-tuning adjustment

| [ built-in. Functional stainless steel shock

i n {(%ﬁ : spring adds a handsome, professional touch.
l' Famous ''Quick-Grip’'® trunk mount—no

{ ‘QUIGK-GRIP’ : holes to drill, cable completely hidden,

S RASRESEES § permanent installation yet removable!

MODEL M-176 “MAGGIE MOBILE"

CB antenna. Suggested resale: $21.95

Famous Quick

in® el - .
g;;npps mondp = the antenna specialists co.
no holes to drill Div. of Allen Electric and Equipment Co.
e 12435 Euclid Ave., Cleveland, Ohio 44106

.. no soldering . . .
cable completely
hidden!

® ‘‘Stripes of Quality''®
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NEW AND IMPORTANT

SAMS BOOKS

ALL-NEW EDITION OF THE FAMOUS

AUDIO CYCLOPEDIA

Completely revised 2nd Edition—the most comprehen-
sive reference now available on audio—by the renowned
authority, Or. Howard W. Tremaine. Fully covers every
phase of the subject, including all the latest develop-
ments, right down to the newest solid-state and inte-
grated circuits. Contains authoritative, concise explan-
ations of thousands of topics in the fields of acoustics,
recording, and reproduction. Virtually a complete refer-
ence library on the audio art in a single volume.

Order 20875, only. ... ii e iiinnnnnnn, $29.95
Special Pre-Publication Offer. Save—special pre-pub-
lication price only $26.95 (until July 1, 1969)

Transistor Substitution Handbook. New 9th Ed.
Fully updated. Lists thousands of direct substitutions;
includes basing diagrams and polarity indications. Cov-
ers manufacturers of all transistor types, providing sub-
stitutions for U.S. and foreign home entertainment,
industrial, and military types. Order 20705, only..$1 .95

Know Your VOM-VTVM. 2nd Ed.
Explains VOM's, VTVM’'s and solid-state electronic
voltmeters in language anyone can understand. In-
cludes full explanations of the circuitry, uses, care
and repair of the instruments. Exptains how to under-
stand electrical measurements. Order 20676, only.$3.50

73 Dipole and Long-Wire Antennas
Describes virtually every type of wire antenna; includes
dimensions, configuration, and construction data for 73
different types, plus appendices describing construction
and operation of noise bridges and antenna line tun-
ers, measuring data, etc.

Order 65071, (Editors & Engineers) only......... $4.50

Using and Understanding Unijunction Transistors
Explains the construction, operation, and characteris-
tics of the unijunction transistor (UJT). Shows applica-
tions and circuits employing UJT's. Separate chapters
describe the use of UJT’'s as oscillators, voltage con-
trols, time delays and flashers, and in sensing circults.
Order 20720, ONIY . v ittt ittt $2.50

RTL Cookbook

Explains the principles and use of RTL (Resistor-Tran-
sistor Logic) digital integrated circuits. Provides the
experimenter with an understanding of RTL integrated
circuits as they are used in everyday electronic proj-
ects. Shows how these circuits work and how to design
with them. Order 20715, only.........oovvvun. $5.25

RECENT BESTSELLING BOOKS
Tube Substitution Handbook. 12th Ed. 20700....$1.75
How to Build Speaker Enclosures. 20520........ 3.50
Citizens Band Radio Handbook. 3rd Ed. 20569....4 25
Color-TV Servicing Guide. 20358............... 25
Tape Recorders—How They Work. 2nd Ed. 20445. 4 50
How to Repair Major Appliances. 20650.......... 4.95
Short-Wave Listener's Guide. 3rd Ed. 20695...... 2.25

———-HOWARD W. SAMS & (0., INC.————

Order from any Electronic Parts Distributor, or
mail to Howard W. Sams & Co., Inc., Dept. PE-5,
4300 W. 62nd St., Indianapolis, Ind. 46268

Send the following books: Nos

| |
| |
| |
| |
| |
| $ enclosed |
: O Send FREE 1969 Sams Book Catalog :
| Name |
| |
| Address |
i |
| City. State. Zip. |
e e e e —_d
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LETTERS (Continued from page 8)

very real and often serious feud exists be-
tween hams and CB’ers. So why not use the
best-known example, familiar to all of us, as
our analogy ?

The CB’er—the one who abides to the letter
by all the rules—has more at stake than the
ham does when it comes to cleaning up the
11-meter mess. The mess is right on his front
doorstep, giving him a bad name he really
doesn’t deserve.

One gratifying thing: as your editor sifted
through the mailbag, it soon became evident
that some of the staunchest supporters of the
legitimate CB’ers were hams (as Jim’s letter
demonstrates). And this isn’t the first time
that’s happened—which just goes to show
that inroads are being made to resolve the
feud.

CHARACTER-TO-CODE CONVERTER

In reference to KEd Petersen's letter
(“Letters From Our Readers,” July 1968), I
thought I would mention that I built a char-
acter-to-code converter that your readers
might be interested in reproducing. I built my
prototype three years ago for a science fair,
but it still works very well. The translator
sends code at a clear, crisp 16 words/min.
The keyboard is a simple wood-and-switch
assembly employing plastic keys. And the
“memory"” circuit consists of a matrix of 96
inexpensive diodes (I used silicon top hats
in my prototype, but signal diodes selling for
as low as $1.59 per hundred will work just
as well),

For a small fee of fifty cents to cover copy-
ing and postage, I will gladly supply any in-
terested reader with completed plans, sche-
matic diagram and parts list. The cost of all
the electronic components together should
average between $50 and $70, depending on
where you buy—but you'll find that your in-
vestment is well worth it if you work CW
a lot.

STEVEN K. ROBERTS, WN4KSW/WPE4JCC
9908 Old Six Mile Lane
Jeffersontown, Ky. 40299

MANUFACTURER REPLY

While reading through the “Letters From
Our Readers” column in the December, 1968,
issue, I noticed that one of your readers was
asking about an electric shock eliminator. I
thought I woul pass along the information
that the Rucker Electronics “Safety Sentry
Fault Circuit Interrupter” is just what Mr.
Campbell is looking for. This device has been
approved for sale by Underwriters’ Labora-
tories, the Canadian Standards Association,
and other leading testing labs.

WILLIAM S. GERRIE
Rucker Electronics
747 Bancroft Way
Berkeley, Calif. 94710

Any reader interested in obtaining informa-
tion concerning the Rucker Safety Sentry,
contact Rucker Electronics direct,

POPULAR ELECTRONICS




Talk about electronic

PRGDUCTS

for every
household use!

TEST EQUIPRENT — TOOLS
EXPERIMENTERS & LAB SUPPLIES

Autematic Timer
‘ ™~ On-0ft Switch

Convenient remote
conteol unit for any
appliance, timer controt
sets for any mterval

up o 60 Minutes.
Beautiful green and
while case, extra-long

ELECTRONIC ACCESSORIES

MIKES — PHINO & TAPE ACCESSORIES
SPEAKERS & AUOI0 ACCESSORIES
RESISTORS 5 CONTROLS @ CAPACITORS
METERS — COILS — RELAYS — TRANSFORMERS
SWITCHES — LAMPS @ WIRE — CABLES
ANTENNA HRRDWARE

12 fo3t cord.
Instailed in seconds.
plugs nto any

wak outlet.

Ask for Catalog

Ne. N4-005

3595

PLUGS ~ JAZKS — BATTERY HOLDERS

Now at each lacation. hundreds and
hundreds of it2ms for everyone . .
hobbyist. enthastast. amateur,
home-owner. executive. do-it-yourselfer.
See the SELF-3ERVICE G-C CALECTRO
display at your CALECTRO ELECTRONIC
SUPERMARKET TOOAY!

Telephone Amplifier
for Group Listening

Pertect tor lamity calls at home, conference
calls at the office, or ""hands-free” operation
when taking orders or instructions by phone.
Suction cup pickup attaches to outside

of phone, brings in conversations loud and
clear. Built-in volume controt governs

Dynamic Microphone
with switch

For twgh fidelty recording Of
wOrds and music, Built-in on-
off switch. Folding desk top
stand. Dual plug for most tape
recovder inputs,

Ask tor Catalog No. Q4-186

all over the country

vern 1395 and Canada

A k';’;"dé":s{ Barl‘levpa‘n 1‘3'3 Frenwency Response: §0 8000 cps See your electronic parts distributor

S Ll phgd | i Impedance: 200 ohm, Senwtwity: ~$6CH and SAVE!
2 399
,/’ A
\‘ tn the Yellow Pages under “Electronics
CLECYRONICY

\ - R e e and call your Calectro source.
1 z ] HANDBOOK™* is avsilable at G-C
4

CALECTRO ELECTRONIC SUPER-
e | MARKETS, WRITE TODAY and we'l
1 @'ve you the name of your nesrest.

CALECTRO

GC ELECTRONICS

Divisson of Hydromelah, tne

400 SO, WYMAN ST,
ROCAFORD. ILLINGIS 6110}

v

2
()
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THE TRUTH
about the complete line of
ElellioYores

HIGH FIDELITY
loudspeakers and electronics.

Over 50 different high fidelity
products, including tuners,
amplifiers, receivers, speaker
systems, and component loud-
speakers. Write today.

ELECTRO-VOICE, INC., Dept. 594P
630 Cecil Street, Buchanan, Michigan 49107

Send my FREE product folder on the complete line of
Electro-Yolce high fidellty components,

Name.

Address.

Clty ____ State_______Zlp__.
CIRCLE NO. 15 ON READER SERVICE PAGE

TAKE ONE

== NIEW
literature

apout (e
compiete ling of

EleitivYores ¢

MIGROPHONES

Capsule listings of over 85
microphones for recording,
communications, sound
reinforcement and radio-
TV broadcasting. Send
today for this helpful 6&
product folder,

ELECTRO-VOICE, INC,, Dept, 502P
630 Cecli Street, Buchanan, Michigan 49107

Send my free product folder on the complete line of
Electro-Volce microphones,

To obtain « copy of any of the catalogs
or leaflets desc~ibed below, simply fill in
and mail the coi:pon on page 15.

Now available from Sencore, Inc., is a 12-page
catalog listing the company’s complete line of
advanced electranic test equipment for serv-
ice and industry. The catalog (No. 458) de-
scribes five completely new test instruments
including a sweep and marker generator,
combination oscilloscope/vectorscope, color
bar generator, and two transistor/FET in-
or out-of-circuit testers. The other instru-
ments described are field effect meters, tube
testers, CRT testers, field-strength meter, and
a series of special-purpose instruments. Com-
plete performance data and price listings are
provided.

Circle No. 75 an Reader Service Page 15

“The Pacer,” a new magazine dedicated to
the continuing education of the techno-engi-
neering community and to the distribution of
knowledge is now available from Interna-
tional Correspondence Schools. Each issue of
the new ICS magazine will be devoted to a
specific subject in a three-phase format—
fundamentals, current applications, and
future potentials—by three qualified author-
ities. “The Pacer” is a bi-monthly publication.
It is available for $15/yr at subscription rates,
$3 in single copies.

Circle No. 76 an Reader Service Page 15

Three groups of fixed and mobile antennas
for monitor radio recently introduced by Hy-
Gain Electronics Corp. are described in a new
four-page brochure designated Catalog “D.”
Listed in the catalog are three mobile and
one base antenna for the high band between
130 and 174 MHz, two fixed and one mobile
antenna for the low band between 25 and 50
MHz, and three antenna models designed to
cover both bands. Models in each group dif-
fer mainly in the method of mounting em-
ployed. The entire line includes Models MR-1
through MR-9, all of which are factory pre-
tuned for optimum performance across all
bands specified.

Circle No. 77 on Reader Service Page 15
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e : FCC Type Accepted

You be the Judge.

Is it unfair competition for Johnson to produce a 23-channel
solid state unit with the incomparable Johnson “talk-power”
for less money than you had to pay yesterday for a 12-channel
unit with crystals ?

Is there a law against operating a rig whose specifications are

close to theoretical perfection—such as 0.4 microvolt sensitivity ... .

and sharply filtered 7 kHz selectivity ?

Is it a crime to build in a special speech compression circuit for
unsurpassed voice intelligence ? Or the famous Johnson
high-efficiency noise limiter that virtually wipes out ignition and
other extraneous radiated interference ?

We think you'll agree . For sheer value, Messenger 123 is the
exception to the rule.

E.F.JOHNSUON-COMPANY

WASECA, MINNESOTA 58093

CIRCLE NO. 20 ON READER SERVICE PAGE
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Get
Turner's
i +27 series:

+2 base station mike (List Price:
$55.00) and M+2/U mobile mike
(List Price: $39.50). Up to 50 times
the modulation of other mikes. No
more fade outs. No more static.
(Even at great distances). Both
**+2’" series microphones use a

-~ two - transistor
pre-amp and
work with all
transistor and
tube sets. See
them at your CB
dealer or distrib-
* utor soon. And
get the last word.

TURNER

919-17th Street N.E.,
Cedar Rapids, lowa 52402
In Canada: Tri-Tel Associates, Ltd.

CIRCLE NO. 55 ON READER SERVICE CARD
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POPULAR TUBE & TRANSISTOR SUBSTITUTE
GUIDE

If you've ever been confronted with the prob-
lem of finding a substitute tube or transistor
that is out of production or is available only
in a foreign country, you know how welcome
a good substitution guide is. Sandwiched be-
tween its covers, this book lists some 99% of
the tubes and transistors that ever need re-
placement—along with their substitutes, both
foreign and domestic. The book consists of
eight sections, equally divided between tubes
and transistors. The sections are headed, in
numerical order, Popular Receiving Tubes;
Industrial and Commercial Tubes; American
Substitutes for Foreign Tubes; Tube Circuit
and Base Diagrams; Popular Transistors;
American Substitutes for Foreign Transis-
tors; General Purpose Transistor Substi-
tutes; and Transistor Base Diagrams and
Manufacturer Abbrevations.

Published by Tab Books, Blue Ridge Summit,
Pa. 17214. 160 pages. 34.95 leatherette, $2.95
paper cover.

LABORATORY COURSE IN PULSE CIRCUITRY
by Joseph B. Berkley, Sr.

This book is especially written to supple-
ment a one-semester sophomore-level course
in pulse circuit theory. After a brief pre-
sentation of theory, the student is led
through a series of experiments requiring
observation, comparison, deduction, and
conclusions. Then the results of the experi-
ments are reviewed through a series of ques-
tions and by the student’s completion of
reports which test his perceptiveness in re-
lating experimental results to theory and
objectives. In effect, the format of the man-
ual forces the student to make decisions and
practice logical deduction—both of which are
necessary in actual troubleshooting and
laboratory work.

Published by Prentice-Hall, Inc., Englewood
Cliffs, N.J. 07632. Soft cover. 206 pages. $7.95.

TRANSISTOR AND DIODE LABORATORY
COURSE
by Harry E. Stockman

Structured on engineering concepts and facts,
this book develops the course material pro-
gressively with preparatory explanations,
general discussions, and review questions
accompanying each experiment. In the first

(Continued on page 98)
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free information service:
Here's an easy and convenient way for you to get additional information about
products advertised or mentioned editorially (if it has a “Reader Service

Number’’) in this issue. Just follow the directions below. . .and-the material
will be sent to you promptly and free of charge.

1 Print or type your name and address on the

lines indicated. Circle the number(s) on
the coupon below that corresponds to the key
number(s) at the bottom of the advertisement or
editorial mention(s) that interest you. (Key num-
bers for advertised products also appear in the

. Advertisers' Index.)

2 Cut out the coupon and mail it to the
® ,ddress indicated below.

3 This address is for our product ‘“‘Free
B information Service' only. Editorial in-
quiries should, be directed to POPULAR ELEC-
TRONICS, One Park Avenue, New York 10016;
circulation inquiries to Portland Place, Boulder,
Colorado 80302. )

o d
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..........................................................................
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New Kits For Home And Hobby...

NEW
Kit GR-58

$4795*

Kit 1G-28

$7995*

NEW '
kit $B-500

$17995*

NEW
Kit GD-28

$5995+

Heathkit GR-58 Solid-State AM /FM Clock Radio

An easy way to get up . . . choose news & weather on AM or
the bright sound of FM music. AFC for easy FM tuning. Use
“Auto” position for only radio, or the “Alarm” setting for
alarm & radio. The clock-controlled accessory AC socket will
even perk coffee for you in the morning. The “Snooze™ button
turns off the alarm for 10 minute periods until you move the
function switch . . . lets you wake up gradually. Easy circuit
board construction. For an easy way to get up, order yours
now. 8 lbs. ’

Heathkit GR-48 Solid-State AM /FM Tahle Radio

An ideal table radio for any room in the house. All solid-state
circuitry delivers the same excellent sound as the GR-58 above,
but without the clock and alarm functions. An Automatic Fre-
quency Control position on the mode switch locks that FM
station in and makes tuning easy. Designer-styled avocado grecn
cabinet with matching grille cloth. Fast, simple circuit board
construction. 5 lbs.

Heathkit 1G-28 Solid-State Color-Bar—Dot Generator

The new Heathkit 1G-28 is the most advanced instrument of
its type available . . . at any price. Computer-type integrated
circuitry eliminates divider chain adjustments and instability —
no flutter, jitter or bounce . . . ever. Delivers 12 patterns —
standard 9x9 dots, cross-hatch, vertical & horizontal lines, color
bars & shading bars . . . plus the exclusive Heath ““3 x 3" display
of all patterns . . . plus a clear raster so nccessary for purity
adjustments. Also features variable front panel tuning for chan-
nels 2 through 6, front pancl sync output, two front panel con-
venience outlets, variable positive or negative video output,
built-in gun shorting circuits and grid jacks and vectorscope
display capability. 8 lbs.

Heathkit SB-500 2-Meter Transverter

The new SB-500 allows owners of Heathkit models SB-101,
SB-110A, HW-100 and the SB-301/401 combination to op-
crate on 2-meters without having to buy a complete new rig.
It gives complete, reliable SSB & CW facilities from 144 to
148 MHz and features a husky 50 watts output, fast, easy tuning
and a 0.2 uV receiver sensitivity. A built-in meter monitors final
plate current or relative power..Internal relays eliminate cable
changing when switching from LB gear to the SB-500. Step up
to ““2” now, with the SB-500. 19 lbs.

Heathkit GD-28 8-Track Cartridge Tape Player

The new GD-28 is an ideal addition to any home music system.
Plays pre-recorded tapes through any system with a Tape
Recorder, Tuner or Auxiliary input. Just push in the 8-track
sterco cartridge . .. it starts and changes tracks automatically
... even shows which track is playing. Changes tracks instantly
with the front panel switch too. Goes together quickly on onc
circuit board, and the playing mechanism is preassembled &
adjusted. Attractive wood-grained polyurcthane cabinct in-
cluded. Order yours now. 10 lbs.

POPULAR ELECTRONICS




From The Leader

Now There are 4 Heathkit Color TV's...
All With 2-Year Picture Tube Warranty

NEW Deluxe “681” Color TV With Automatic Fine Tuning ki, gr-681

The new Heathkit 681" is the most advanced color TV on the $49995*
market. Compare the GR-681 against any other set available,
at any price . . . there isn’t onc that has all of these advanced (less cabinet)
featurcs . . . Factory assembled Automatic Fine Tuning on all
83 channels that locks in the best color picture in the industry
. Push-button Power Channel selection on VHF . . . Built-in
cable-type remote control for turning set on and offand changing
VHF channels . . . Provision for adding Wireless Remote Control
at any time . . . Bridge-type low voltage power supply for su-
perior regulation . . . plus the sclf-servicing featurcs standard
on all Heathkit color TV’s . . . plus all the features of the GR-295
below. Compare the 681" against the rest . . . ard be convinced.
135 Ibs.

GRA-295-4, Mediterranean cabinet Shown. .....covvvuveivenneans $119.50°
Other cabinets from $62.95°

Deluxe “295” Color TV... Model GR-295

The GR-295 is packed with performance . . . a top quality
Amcrican brand 295 sq. in. color tube with improved phosphors
and a boosted B + supply deliver brighter, livlier color . .. Auto-
matic degaussing . . . Exclusive Heath Magna-Shield . . . Auto-
matic Color Control & AGC for pure, flutter-free pictures under
all conditions . . . preassembled 3-stage IF . . . Deluxe VHF
tuncr with *memory” fine tuning . . . hi-fi sound output . . .
300 & 75 ohm VHF antenna inputs . . . plus exclusive Heath

HMEATIHEIT

Kit GR-295

44995

(less cabinet)

self-servicing features that can save you hundreds of dollars. Kit GR-227
131 Ibs. $ =
GRA-295-1, Walnut cabinet shown ... ...c.oooviniviinirnnsnsnensens $62.95° 39 995
Other cabinets from $99.95° (less cabinet)

Deluxe ““227" Color TV...Medel GR-227

Has same high performance & built-in self-servicing features
as ‘295", except for 227 sq. in. screen. And, like the “295",
it can be installed threc ways — in one of the beautiful Heath
factory assembled cabinets, your own custom cabinet or in a
wall. 114 lbs.

GRA-227-1, Walnut cabinet shown... . ... iiiiinnrnninnnnnnnees $59.95°
Other cabinets from $36.95°

Deluxe “180” Color TV ... Model GR-180

The “180" features the samc remarkable perfo rmance and built-
in self-servicing facilities as the “295" cxcept for 180 sq. in.
viewing arca. Feature for feature, the **180™ is casily your best
buy in color TV, 102 Ibs.

GRS-180-5, table model cabinetand cait. . .......cvinivinnninanas $39.95°
Other cabinets from $24.95°

Now, Wireless Remote Control For Heathkit Color TV's
New Wircless Remote Control turns your Heathkit color TV on 4 B New Wireless
& off, changes VHF channels, adjusts volume, color and tint — i . - TV Remote Control
all by sonic control. Installs on any rectangular tube Heathkit ' -‘;1 LRl
Cotlor TV, even if you built it yecars ago. Circuit board/wiring ; ‘6995
harness construction. New Wireless
Kit GRA-681-6, 7 lbs., for Heathkit GR-681 Color TV's . . .......... $59,95° EignemotelContcy
Kit GRA-295-6, 9 Ibs,, for Heathkit GR-295 & GR-25 TV's. ., .......$69.95° = 35,95

Kit GRA-227-6, 9 Ibs., for Heathkit GR-227 & GR-180 TV's........$69.95°

NEW ST Someli, D Lo
FREE 1969 CATALOG!

0O Enclosed is § plus shipping.
HNow with more kits, more color,

Please send model (s)
Fully deseribes these along with

Kit GR-180

$3499-

(less cabinet)

t

[

|

|

| O Please send FREE Heathkit Catalog.
ower 300 kits for stereo/hi-fi, - | O Please send Credit Application.
colar TV, clocmmcnuans elec- | Name
tric guitar & amplifier, amoteur
radin, marine, educational, CB, |
home & hobby, Mail mpon ot |
write Heath vmp;og Benton
Harbor, Michigan & i |

Address,

City State, Zip.
*Mal order prices: F.0.B. factory. Prices & spnlllullons subject to change without notice. CL-35

L
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How to getinto

One of the hottest money-making
fields in electronics today-
servicing two-way radios!
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TV RADIO « STEREOQ - HI-FI
CITIZEN AND BUSINESS BAND
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HE'S FLYING HIGH. Before he got his CIE training and FCC License, Ed Dulaney’s only professional skill was as a com-
mercial pilot engaged in crop dusting, Today he has his own two-way radio company, with seven full-time employees. “1 am
much better off financially, and really enjoy my work,” he says. Read here how you can break into this profitable field.

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

OW WOULD YOU LIKE to start col-

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

Your best bet today, especially if you
18

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

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

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

Why You'll Earn Top Pay

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

POPULAR ELECTRONICS




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

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

Be Your Own Boss

There are other advantages 100, You can
become your own boss—work entirely
by yourself or gradually build your own
fully staffed service company. Instead
of being chained to a workbench,
maching, or desk all day, youll move
around, sce lots of action, rub shoulders
with important potice and fire officials
ind business executives who depend on
two-way radio for their daily operations.
You may cven be tapped for a big job
working for one of the two-way radio
manufacturers in ficld service, factory
quality control, or laboratory rescarch
and development.
How To Get Started

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

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

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

3. As soon as you've carncd a reputa-
tion as an expert, there are several
ways you can go. You can move out
and start signing up and servicing
your own customers. You might be-
come a [ranchiscd service represen-
tative of a big manufacturer and then
start getting into two-way radio sales,
where one sales contract might net

May, 1969

you $5.000. Or you may even be in-

vited to move up into a high-prestige

salaried job with one of the major
manufacturers cither in the plant or
out in the ficld.

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

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

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

ment makes possible the famous CIE
warranty: you'll pass the FCC Exam
upon complelion of your course or your
tuition will be refunded in full.

Ed Dutancy is an outstanding cxam-
ple of the success possible through CIE
training, Before he studied with CIE,
Dulaney was a crop duster. Today he
owns the Dulancy Communications
Service, with seven people working for
him repairing and manufacturing two-
way cquipment, Sayvs Dulancy: I found
the CIE training thorough and the les-
sons casy to understand. No question
about it—the €1E course was the best in-
vestment | ever made.”

Find out nrore about how to get ahcad
in alt ficlds of electronics, including two-
way radio. Mail the bound-in postpaid
reply card for two FREE books, “How
To Get A Commercial FCC License”
and “How To Succeed In Electronics.”
If card has been removed, just mail the
coupen below.

ENROLL UNDER NEW G.L BILL

All CIE courses are available under
the new G.I. Bill. If you served on
active duty since Januvary 31, 1955,
OR are in service now, check box
on reply card for G.I. Bill infor-
mation.

Cleveland Institute of Electronics

&
Cli

A Leader in Eleclronics Training...Since 1934 » Accredited Member National Home Study Council

2 New
CIE CAREER
COURSES

cense.’

1 BROADCAST (Radio & TV)
ENGINEERING...now in-
cludes Video Systems, Moni-

Color Transmitter Operation
and CATV.
Name

Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost ar obligation:

Your 40-page bock "How To Succeed In Electronics™
describing the job opportunities in Electronics today,
and how your courses can prepare me for them.

Your book on "How To Get A Commercial FCC Li.

| am especially interested in:
O3 Etectronics Techmology [ Electronic Communications

] Broadcast Engineering [J Industrial Electronics
[ First Class FCC License [J Etectronics Engineering

1776 East 17th Street, Cleveland, Ohio 44‘_!14

2 ELECTRONICS ENGI-

NEERING. .. covers steady-
Address

(PLEASE PRIN

state and transient network
theory, solid-state physics

and circuitry, pulse tech- City

niques, computer logic and
mathematics through calcu-

lus. A college-level course State.

zZip Age

for men already working in
Electronics.

I
]
I
I
]
|
[
[
I
I
|
tors, FM Stereo Multiplex, {
[
|
|
]
I
|
|
]
I
|
]

O check here for G.I. Bill information.

L
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NEW
PRODUCTS

Additional information on products cov-
ered in this section is available from the
manufacturers. Each new product is
identified by a code number. To obtain
further details on any of them, simply fill
in and mail the coupon on page 15.

AM/FM STEREO RADIO SYSTEM

An AM/FM stereo receiver and two separate
6'%” wide-range speaker systems in matching
walnut wood enclosures are featured in La-
fayette Radio Electronics’ new Model LR-20
Stereo Radio System. The receiver features
automatic stereo switching and a steree in-
dicator light. It has a full complement of

controls, including a function selector for
AM, FM, FM a.f.c, and Phono/Aux.; vol-
ume/balance; stereo-mono mode switch;
tuning; power; and loudness compensator
switch. Technical Specifications: 12-watt (6
watts per channel at 8 ohms) output power;
540-1600-kHz AM and 88-108-MHz FM tuning
ranges; 7-4V sensitivity; 36 dB at 400 Hz
stereo separation.

Circle No. 78 on Reader Service Page 15

LONG-RANGE ANTENNA FOR (B

Antenna Specialists Company has just re-
leased its new Model M-195 quad antenna
designed expressly for CB’ers who desire
long-range communjcations. The antenna,
dubbed the ‘“Square Rigger,” employs a
matching system that does not require stubs
or ferrites in the element; so rain, snow, or
ice do not detune the antenna, and gain
remains constant in weather extremes. The
unique matching system provides a 30-dB
front-to-back ratio. Forward gain of the an-
tenna is a true 7.5 dB, while the VSWR is
maintained at 1.3-to-1 or better at band
edges, approaching unity at band center for
maximum power transfer. The radiating ele-
ment spreader is 13’ long, while the reflect-
ing element spreader is 13°4” long. Use of a
134”-diameter boom provides a conservative
100 mi/hr wind rating. The M-195 Square
Rigger antenna has a power rating of 1000
watts.

Circle No. 79 on Reader Service Page 15
22

AMATEUR RADIO SSB TRANSCEIVER

According to Galaxy Electronics, their Model
GT-550 transceiver creates a whole new
level of performance standards in amateur
radio communications equipment. The five-
band transceiver is designed for both fixed-
station and mobile use. And although it
measures only 1114”7 X 123%” X 6” and weighs
only 17 pounds, the GT-550 puts out a pow-

T~ wtuw R B | e

erful 550 watts on SSB, 360 watts on CW.
Also available with the GT-550 is a com-
plete line of accessory equipment including
a linear amplifier, r.f. console, remote VFO,
and speaker console (all shown in photo).
Other optional equipment—a.c. power sup-
ply, mobile power supply, phone patch, CW
filter, VOX accessory, calibrator, mobile
mounting bracket, and a floorboard adapter.

Circle No. 80 on Reader Service Page 15
CARTRIDGE-TYPE TUNERS

Three new universal plug-in tuners designed
by Stereo Magic Division of Eastern Special-
ties Corp. fit all 4- and 8-track mobile
and home-type stereo tape players, convert-
ing the players to FM, FM/
AM, or FM stereo re-
ceivers. Each “Stereo Mag-
ic” tuner is the size of a
conventional tape car-
tridge and is plugged into
the tape player in a similar
manner. Operation is in-
stantaneous, and reception
is said to be strong and clear as a result of
using miniature solid-state circuits. The
tuners are supplied with antenna connectors
and batteries and they range in price from
$30 to $50.

Circle No. 81 on Reader Service Page 15

VHF-FM RADIOPHONE

The Model SR-C801S, available from Stan-
dard Communications Corp., is the first all-
new VHF-FM Radiophone with features that
comply with present and projected FCC re-
quirements. The two-
way radio provides
the full benefits of
marine communica-

tions in the new
156-162-MHz band.
Twelve available
channels for com-

plete coverage of the
marine band with
“capture effect” reception provide interfer-
ence-free communications. Technical speci-
fications: =:0.0005 frequency stability; 25-
watt output power with facility for reduc-
tion to 1 watt for close-range communica-
tions; mechanical i.f. filter; 156-162-MHz tun-

CIRCLE NO. 30 ON READER SERVICE PAGE—>»>




World'’s

largest selling
mobile/base CB rig!
*199.

Courier 23 — the most popular mobile/base CB transceiver ever built! A greater
value than ever before, with 10094 modulation featuring Courier’s exclusive
Modulation Sampler® — boosts your talk power electronically! Dollar for dollar,
offers more of what you want in CB: 23 crystal-controlled channels, dual con-
version, built-in solid-state 12v mobile power supply, illuminated S-RF meter and
channel selector, PA system, modulation indicator, full-time Range-expand, adjus-
table noise limiter, super efficient squelch. Heavy-duty triple-plated chrome cabinet
with stainless steel front panel. Just $199 complete with crystals for all 23 channels.

:\\\

"

BN (( Mt__;) COURIER COMMUNICATIONS, INC.

~——" 439 Frelinghuysen Avenue, Newark, N.J. 07114
a WP niccaror Company

Yes! I'd like to know all about the Courier 23 —
world’s largest-selling CB rig!

COURIER ROYALE [] Send me data on COURIER ROYALE

I

All the performance mcney will |

buy, no matter what you're willing I Name

to spend. The ultimate in power, ' PE-95

selectivity, sensitivity, quietness. Address
All 23 channels, with all crystals
supplied. "Complete $299

(and we mean complete)

City County.

State Zip.




PRODUCTS (Continued from page 22)

ing range; all solid-state construction, in-
cluding MOSFET r.f. amplifier. The SR-
C801S is supplied with a remote speaker
and hand-held microphone. In addition, a
full line of compatible accessories is avail-
able.

Circle No. 82 on Reader Service Page 15

FOUR-BAND PORTABLE RECEIVER

The Model RA-116 solid-state portable re-
ceiver available from Olson Electronics, Inc.,
contains one feature few modern multi-band
receivers have—it
tunes in the sound-sig-
nal-only portion of TV
broadcasts on chan-
nels 2 through 13. The
TV band is divided in-
to two switch-select-
able portions—chan-
nels 2-6 and channels
7-13. In addition, the
RA-116 receiver is
equipped to pull in police broadcasts on the
147-174-MHz band and Standard FM on the
88-108-MHz band. The receiver, housed in a
leatherette case, comes complete with tele-
scoping antenna and earphone jack. It can
be operated on battery or line power.

Circle No. 83 on Reader Service Page 15

REGULATED D.C. POWER SUPPLY

Automatic protection against overloading is
featured in Lafayette Radio Electronics’ new
lab-type regulated d.c. power supply, stock
No. 99-5077. Designed
specifically for bench
use, the power supply
is good for servicing
portable and automo-
bile transistor radios
and for recharging
small batteries. Techni-
cal Specifications: 5-13
volts and 12-20 volts
dual-range, continuous-
ly variable d.c. output;
up to 2 amperes output
current; less than 5§ mV
r.m.s. ripple at full load; *1% regulation;
115 or 230 volts a.c. =109, 50/60 Hz input
requirements. The supply includes two
D’Arsonval movements that continuously
monitor output voltage and current.

Circle Na. 84 on Reader Service Page |5

CUBICAL QUAD ANTENNA FOR (B

“The Big Gun” is a new four-element cubi-
cal quad antenna designed by Hy-Gain Elec-
tronics Corp. especially for Citizens Band
base stations. It is furnished with a three-
position switch that allows selection of hori-
zontal or vertical polarity, or a separate
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omni-directional antenna. Also featured
are extended-aperture elements. Technical
Specifications: 26.3-dB power multiplication
factor; 14.2-dB gain; 38.7-dB front-to-back
ratio; 18-dB forward polar selectivity gain;
1.24:1 standing wave ratio at resonance; 52-
ohm coax feed; 18-dB vertical-horizontal
separation. The Big Gun is provided with
a 20’-long by 2”-diameter metal boom that
has a wind-survival rating of 90 mi/hr.

Circle No. 85 on Reader Service Page 15

PSYCHEDELIC COLOR ORGAN KIT

Science Workshop’s Model LO-103 color or-
gan kit, when assembled and connected to a
suitable audio source, converts sound into a
continuously changing pattern of vari-col-
ored lights. The ‘“psychedelic” color organ
employs three fre-
quency-selective net-
works, each contain-
ing an SCR that
drives a specific col-
or light. Incoming
sounds are split into
low-, medium-, and
high - frequency
bands, which trigger the SCR’s. The result
is a light display that flickers and changes
color, at times blending colors, according
to the tempo and pitch of the signal. The
kit includes only the electronics; power
supply and lamps must be obtained separ-
ately. However, tke instructions provided
show the user how to assemble a complete
system. Technical Specifications: 300-mV sen-
sitivity; 3000-ohm input impedance; l-am-
pere output current per SCR; 16 volts a.c.
at 3 amperes input power required for lamps,
11 volts a.c. at 20 mA required for circuit.
Circle No. 86 on Reader Service Page 15

AUTOMOBILE BURGLAR ALARM SYSTEM

The Vehicle Alarm System made by Astro-
Dynamics Electronics is a burglar alarm
device that protects any car equipped with
it from tampering or
theft. It is tripped sim-
ply by opening a door,
the hood, or the trunk
of the protected vehicle.
Once tripped, it pul-
sates the horn and head-
lights of the car to pro-
vide an unmistakable
warning signal. And to
prevent battery run-
down, the alarm system is timed to shut down
and reset itself after 3-5 minutes. The all-
silicon-transistor system is easy to install in
any vehicle, requiring just five connections
and using the car’'s switches as sensors. The
system is supplied with a burglar-proof alarm
lock switch—featuring some 80,000 different
key combinations—wire, terminal connectors,
miscellaneous hardware, easy-to-follow in-
structions, and, best of all, a five-year war-
ranty.

Circle No. 87 on Reader Service Page 15
CIRCLE NO. 7 ON READER SERVICE PAGE—)
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CON STRUCTION projects and kits for
making high-fidelity audio pream-
plifiers come in many shapes and sizes.
Most of them give very good results but
none has the quality of the “FET Pre-
amp’’ described here. Much of the excel-
lent performance obtainable from this
preamp is due to the use of silicon field-
effect trangistors in the amplifier stages.
These transistors operate at impedance
levels similar to those in vacuum-tube
circuits but they have much lower noise
and far less distortion than either tubes
or conventional junction transistors.
The sensitivity and output impedance
of the FET Preamp are suitable for use
with almost any power amplifier and full
power output can be obtained from
any low-level magnetic-cartridge signal
source.
A high-power audio amplifier, specifi-
cally designed for use with this preamp,

May, 1969

BY DAN MEYER

will be described in a forthcoming issue
of POPULAR ELECTRONICS.

Six pushbutton switches are used to
select the desired input, while there are
rocker switches for control of volume-
loudness, high- and low-frequency fil-
tering and the 117-volt power supply. A
front-panel tape output jack and a mi-
crophone input jack are also provided.
With the exception of some exotic de-
tails, such as phase reversal, every pos-
sible useful function has been included
in the preamplifier, whose schematic is
shown in Fig. 1.

Construction. For a stereo system, two
preamplifiers are required. Each is as-
sembled on a printed circuit board whose
actual-size foil pattern is shown in Fig.
2. Once the board has been fabricated
(or purchased), mount the components
as shown in Fig. 3, being careful to ob-

27



Q6
MPSESE6

3 +

£ |(cusc

y 2.2yF
GND

C

MPSE566

Q3
TiS-58 b

28

serve the polarities of the electrolytic
capacitors and the identifying flats on
the semiconductors. When the boards are
assembled, put them aside and prepare
the chassis.

Although the author used a metal
U-shaped chassis 9”7 X 77 X 2%” (with
a suitable wooden cover), any other ar-
rangement can be used. In any case,
mount the 12-circuit phono jack assem-
bly (or 12 single phono jacks) on the
rear apron of the chassis. Label one set
of six jacks ‘“Channel 1” and the other
set of six “Channel 2.” Also mount a pair
of phono jacks for the outputs on the
rear apron, along with two conventional
117-volt power sockets and two through-
the-chassis strain reliefs (one for the
a.c. line and the other for the d.c. supply
to the preamp).

The front of the chassis can be pre-
pared as shown in the photos. On the left
side, cut a slot large enough to fit the
four rocker switches. Mount the switches
on a support such as that shown in Fig.
4 so that the four switches can be op-
erated easily from the front.

PARTS LIST

C1,C3,C8,C9,C10—0.047-uF capacitor

C2,018—30-pF, 6-volt clectrolytic capacitor

C4,C12,C17,C19—2.2-uF, 50-V clectrolytic ca-
pacitor

C5—47-uF, 50-V electrolytic capacitor

C6—5-uF, 15-V electrolytic capacitor

C7—4700-pF capacitor

C11—0.1-pF, 12-V capacitor

C13,14—3300-pF capacitor

C15--220-pF capacitor

C16—0.01-uF, low voltage capacitor

01,02,03,05—Field-eflect transistor (Texas In-
struments TIS58)

(04,06—Transistor ( Motorola MPS6566)

R1,R6,R15,R24—1.5-megohm )

R2,R7,R16,R25—22-megohm

R3.R8,R17,R21,R22,R23,R26—
100,000-0hkm

R4,R9,R13,R27—1000-0lm

R5,R10,R14,R19,R28,
22,000-0hm

R11—27,000-0km

R12—470,000-0hm

R18—2200-0km

R20—10,000-0hm J .

R30—10,000-0hm PC trimmer potentiometer

R32—47,000-0hm

Note—A printed circuit board (#156) is avail-
able from Southwest Technical Products Corp.,
219 W. Rhapsody, San Autonio, TX 78216 for
$2.40. postpaid. A complete kit of parts includ-
ing punched cabiunct for sterco version ($#156-
C ) is available from the same source for $42.50
plus postage for four pounds.

all resistors
14-watt

Fig. 1. Four of six semiconductors are low-noise
FET amplifiers, and two conventional junction tran-
sistors are used as interstage emitter followers.

POPULAR ELECTRONICS
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Cut a long slot at the bottom of the
front panel for the six pushbutton
switches. The switch assembly is held on
by a pair of mounting screws from the
bottom of the chassis. Next to the push-
buttons, install a pair of phone jacks
(one for the microphone input and one
for the tape output). The three variable
controls, BASS (R3}), TREBLE (R35),
and VOLUME (R33) are mounted above
the pushbutton switches.

In the photographs, the top rocker
switch is labeled STEREO-MONO. In the
author’'s final design, however, this
switch was used for LOUDNESS-VOL-

View of rear apron showing mounting details of the
12 input jacks and the location of the two resis-
tors used to load each of the phonograph inputs.

{
> J5-Ji6 L

I

Y T ) )

l Fig. 3. After making (or buying) the PC

board, install the components as shown

l:'l here, taking care to observe the polar-

”' 14 ity of semiconductors and electrolytics.

[ ]

11

UME and a s.p.s.t. switch was added to
the tandem volume controls for the
stereo-mono selection. The selection is
made by pulling out the shaft of the vol-
ume control. In this discussion, the top
rocker switch is the LOUDNESS-VOL-
UME control, S1I. The second rocker
switch from the top is the HI cut switch
(S2); the third is the LO cut switch
(S3); and the bottom one is the main
a.c. on-off switch (S5). The chassis com-

=—ni3/8"
j_ t'/ﬂ" - fus
N
H#27TDIA
¢_ (4)
2-5/(6"
b1,
E’./;i ia"
i va* T & _t
" BEND RELIEF T

i I
4 T
Fig. 4. Details of switch t N
support bracket. Two of “__I 2" ~#ZTDIA
these are required, one
for each side mounting.
May, 1969 29



NO
108 VALN
HIMOJ
208 §S
maoo_“ _ ﬂ_\m.z%u mq_,t
620
+
Mp+
L8Y 300§
k3 SEH
3INg344L
4f100° FLIAY
129 025
T

(or),
v @—0

LNdgd.LNno

¥00$
pEY
ssvg
%G1
9ty
390051
€29 &
_” g ON01/70A
- 1S

1X34 335,
£ 3

9s
Avdy¥yY NOLLING HSNd

xXNv

d.L

ZHO

{3IWNIOA'EEYH NO)
Ozos\ouzuwm

o

JoEzou_L

3WNT0A

0L

Fig. 5. Wiring of the front and rear panel components. The lettered circles are wired to similar lettered

terminals on the boards. The small, individual circuits at the top are the isolated component connections.
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BASS
CONTROLS |

Details of one corner of the
preamp. Shown here are
the tandem bass controls,
a portion of pushbuttor
array S6, and one rocker
switch support bracket.

PXSHBUTT N

RRAY

ponents are wired to the boards as shown
in Fig. 5.

Mount capacitors €23 and C24% and re-
sistor R36 between the proper terminals
on SI1; and mount C21, C22, and R31 on
the proper terminals of S2. Connect C20
between S3 and ground. (The compo-
nents and connections given in this para-
graph must be repeated for each channel
of a stereo system.)

Resistors R38 and R39 must be con-
nected between the magnetic cartridge

S6

input jacks and ground. The values of
these resistors should be as recommend-
ed by the cartridge manufacturer. Al-
though many values are specified by the
various manufacturers, 47,000 ohms is
the most common.

Onee all chassis components are
mounted, connect the various lettered
terminals on the PC boards (see Fig. 5)
to their respective controls in neat wire
bundles. Mount each PC board on four
standoffs, one at each corner.

PARTS LIST

C20—4.7-uF, low-voltage clectrolytic capacitor*

C21—0.001-uF capacitor*

C22,024—60-pF capacitor*

('23—1500-pF capacitor*

C25—100-uF, 50-volt electrolytic capacitor

J1,J2—3-circuit phone jack

13 J4—Phono jack

135—12-circuit phono jack assembly

R31—1-mecgohm, Vs-walt resistor

R3{f—500,000-0hm tapped potentiometer* (lan-

cm

R34,R35—500,000-0/im
dem)

R36—15,000-0hhm, Vi-watl resistor*®

R37,R38,R39—Scc text

8§1.52,83,85—D.p.d.t. rocker switches

S4—S.p.s.t. switch (on R33)

.\‘6—33 button pushbutton switch assembly, cach

d.t.

S01,802—Chassis-mounting 117-volt a.c. outlets

Misc—Line cord, strain reliefs (2), spacers,
mounting hardware, knobs (3), rubber feet
(4), wire, solder, ctc.

*Two requircd for stereo version.

polentiometer®  (tan-

PREAMPLIFIER SPECIFICATIONS

Frequency response: 10 Hz to 100 kHz (-1
dB point)

Distortion: THD @1-V output, less than 0.15%
from 15 Hz to 50 kHz

Hum and noise: Phono and mic., —65 dB be-
low full output; other inputs, —70 dB below
full output.

Sensitivity: Phono and mic., 2 mV for 1.V out-
put; other inputs, 0.1V for 1-V output.

Input impedance: Phono, 47,000 ohms (see
text); ather, 500,000 ohms.

Input before clipping: Phono and mic., 0.1V;
other inputs, 10 V.

Maximum output: 5V r.m.s,

Output impedance: less than 1000 ohms.

Channel separation: Greater than 40 dB at
1000 Hz.

High filter: 3 dB down at 10 kHz.

Low filter: 3 dB down at 70 Hz.

Treble control range: =15 dB at 10 kHz.

Bass contro! range: =15 dB at 50 Hz.

May, 1969
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To reduce the interchannel
coupling, a separate volt:
age-dropping network, R37
and C25, is used for each
of the stereo channels.

Pass the 117-volt line cord through its
strain relief and connect it to switch 85
and to the power outlets. Line voltage
for the power amplifier is taken from one
of these outlets; the other can be used
for a record player or tape recorder.

D.c. power for the preamplifier should
be obtained from a well-filtered 35-volt
source. Provisions for this supply are
made in the companion power amplifier
to be described in a forthcoming issue. If
the external power source is higher than
35 volts, resistor R37 must be used to
drop the voltage. To determine the value
to use for R37, divide the difference be-
tween the voltage you have and 35 by
0.006. For example, if the source is 50

- -

The overall rocker switch sup-
port bracket assembly, Compo-
nents are mounted on switches.
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I 'Bass
 CONTROLS™

volts, the resistance is 50 — 35, or 15,
divided by 0.006, or 2500 ohms. You can
use the nearest standard resistance val-
ue (2200 or 2700 in the example) at %
watt. Mount R37 with its companion
filter capacitor C25 on a multi-lug termi-
nal strip in an open section of the chassis.

Recheck all wiring.

Testing. Connect the two rear-apron
output jacks (J3 and J4) to the inputs
of the power amplifier, and connect the
desired inputs to the two channels of the
preamp. Turn on the power to the pre-
amp. (The 117-volt line cord on the
power amplifier can be plugged into S01
or 802 and switched on and off with §5
on the preamp.) Check that approxi-

POPULAR ELECTRONICS




HOW IT WORKS

Input sclection is made by a series of pushbut-
tons, each operating a four- polc double-throw
S\\IlCh When a button is out,” the input that
the particular button conlrols is grounded to
prevent cross talk from the unused inputs, Push-
ing “in”" any of the four high-level pushbuttons
breaks the connection between the first two
stages of the preamp and the volume control, and
feeds the sclected high-level input directly to
the volume control. This approach keeps the
distortion as low as possible. (In sonie preamps,
the high-level inputs are reduced resistively and
all signals are amplified by the complete preamp.)
In this preamp, only the microphone and phono
input are amplified by the first two stages. In
the phono position. the preamp feedback network
is switched in and changes the amplifier curve
from essentially Nat to the required RIAA curve.

The four FET amplifier stages are similar. A
common-source circuit having a large-valued
source resistor and positive gate bias results in
a consistent and stable amplifier., The first two
stages (QF and (Q2) use the RIAA (quahmtmn
network needed for magnetic phono input, Am.
plifier (02 {ceds the volume control (R33), which
is followed by a FET amplifier ((3) to providc a
low-impedance driving source for the tone con-
trols.

The tone-control circuit {between Q4 and Q5)

is a low-distortion Baxendall-type circuit. This
feedback type of tone control utilizes the most
desirable variable turnover point characteristic.
The controls give bass or tréble boost or cut when
oifset from the normally flai center position. The
tone control network, including Q3, has unity
gain and is followed by emitter follower (6. The
low output impedance permits the use of a rea-
sonably long cable between the preamp and its as-
sociated power amplifier with reduced attenuation
and noise pickup. The low cutput impedance also
insures that the preamp will be able to drive tran-
sistor amplifiers with the lowest input impedance.
The most desirable situation in an audio system
is to have a low impedance driving a higher im-
pedance. This is not efficient as far as power
transfer is concerned, but it does result in the
lowest possible distortion.

The output level is adjusted by a trimmer
potentiometer (R30) on cach channel to allow
balancing without the use of concentric, or clutch-
coupled. controls. It also aBlows exact match for
the power amplifier being used.

The high-frequency filter bypasses the highs
to ground at the drain of (3, while the low-[re-
quency hlter changes the (0F source network, The
sterco-mono  switch is couwpled to the volume
control which makes it possible to switch to
either sterco or mono merely by pulling out the
volume control. The loudness compensation
switch changes the circuit of the volume control
to boost the bass and treble at low volume levels.

Though two are cailed
for, the author mount-:
ed only one power out-
let (SO1) onrearapron.
The preamp controls
primary power fed to
main amplifier through
this outlet, and takes
d.c. from the amplifier.

mately 35 volts is present at the 35
terminal on each PC board. Using a high-
impedance voltmeter, check that the
drain voltage at each FET is between 12
and 18 volts. If any wide variation is
found, check the circuit for possible er-
rors in component values.

Depress the appropriate input push-
button and operate the VOLUME, BASS,
and TREBLE controls as desired. If you
want loudness compensation instead of

May, 1969

linear volume action, operate the LOUD-
NESS-VOLUME rocker switch.

Place the system in MONO (by operat-
ing the volume control shaft) and adjust
R30 in each channel to get the same out-
put from each. This is the only balance
adjustment that needs to be made.

If there is excessive hum in the sys-
tem, the preamplifier may be too near a
power transformer or a.c. motor. Proper
orientation reduces interference. {30~
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A Home For Ohms ....-

A PLACE FOR EVERYTHING AND EVERYTHING IN ITS PLACE

| INLIKE most other electronic com-
ponents, the physical size of a re-
sistor does not vary from value to value
of resistance in a given power rating.
This “sameness’ can cause you to waste
a great deal of time if you have to locate
a specific resistance value in a well-
stocked but haphazardly arranged spare
parts supply. Ideally each value of re-
sistance should have its own bin—not
an easy thing to arrange if space is lim-
#ed, but the rack shown in the photo is
perfect for compact, easy-access storage
of resistors and other small parts.
Called a “Home for Ohms” because of

34

its obvious value for resistor storage,
the facility consists of 75 individual bins
(actually pill containers) and a perfo-
rated rack. At most, the rack, with all
bins in place, occupies only about 80
square inches of space and can accom-
modate 1200 or more resistors.

The pill containers used for the bins
should measure about 31,” long by S5g”
diameter. The best source of supply for
the pill containers is your local drug
store. If you can't get them, however,
try substituting stoppered test tubes.

The rack is made of two 10”7 X 8~
sheets of 14” aluminum, pine spacers,

POPULAR ELECTRONICS



To maintain maximum strength, stagger the holes in
the aluminum sheets as illustrated in this drawing.

and a Masonite bottom plate. Use an
146” chassis punch to make the holes
according to the dimensions provided in
the drawing. The rows of holes should
be staggered to retain maximum strength
in the aluminum sheets. And for accu-
rate hole alignment, it is a good idea to
clamp the aluminum sheets together
while drilling the pilot holes for the
chassis punch; then separate the sheets
and punch each hole separately.

When assembling the rack (see draw-
ing), use flat-head wood screws on the
bottom and oval-head wood screws on
the top. The optional 8” legs shown in
the photo should be allowed to swivel
flush with the sides of the rack so that
it can lie flat for storage.

Each container—not cap—and each
hole should finally be labeled with the
value of the resistor {or other compon-
ent) it contains to provide a quick lo-
cator system. If you don’t wish to stock
75 different values of resistors, you can
utilize the extra containers for signal
diodes, tubular capacitors, or other
small components. -0

The

K
Table

HAVE YOU ever been confronted by

“the coil problem’”? That’s when a
circuit design calls for a single-layer coil
consisting of so many turns of such-and-
such wire evenly spaced over a coil form
of specific length and diameter and you
don’t have a form with the correct diam-
eter. You may have other sizes but how
can you determine the proper number of
turns for a different diameter ? The thing
to do is use the “K Table” described
here.

The K Table is a set of constants re-
lating the length, diameter, and number
of turns of a coil to its inductance. There
is nothing magic about the table, it is

May, 1969

BY GARY VAN DYK

IT SOLVES ALL YOUR COIL PROBLEMS

DERIVATION OF EQUATION

_ 0.2n%a*

~ 3a+9%
L(3a + 9b) = (0.2a%)n®

3a + 9b

( 0.2a7 ) L=n
n=v(3a+ 9b)/0.2a* x VL
n=K vL
a = coil diameter (inches)
b = coil length (inches)
n = number of turns
L = inductance (microhenries)
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10 Reasons why
RCA Home Training is

your best
Investment
forarewarding
career

In electronics:




LEADER IN ELECTRONICS

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

RCA AUTOTEXT TEACHES

ELECTRONICS FASTER, EASIER,

ALMOST AUTOMATICALLY
Beginner or refresher, AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will help you
Iearn electronics more quickly and with
less effort, even if you’ve had trouble
with conventional learning methods in
the past.

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

WIDE CHOICE OF CAREER

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

Construction of Multimeter.

May, 1969

SPECIALIZED ADVANCED
TRAINING
For those alrcady working in clec-
tronics or with previous training, RCA
Institutes offers advanced courses. You
canstart on a higher level without wast-
ing time on work you already know.

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

VARIETY OF KITS YOURS

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

FROM RCA INSTITUTES

TRANSISTORIZED TV KIT,

VALUABLE OSCILLOSCOPE
Those enrolled in RCA's television
course or program rececive complete
transistorized TV Kit. All students re-
ceive a valuable oscilloscope —both at
no extra cost and only from RCA Insti-
tutes.

CONVENTENT PAYMENT PLANS

RCA Institutes offers a unique
tuition plan that lets you proeress at
your own pace. You only pay for les-
sons as you order them. You don't
sign a contract obligating you to con-
tinue the course. There's no large
down-payment to lose if you decide not

to continue. However, if you desire,
RCA Institutes also offers a convenient
monthly payment plan.

1 RCA INSTITUTES GRADUATES

GET TOP RECOGNITION
Thousands of graduates of RCA Insti-
tutes are naw working for feaders in the
clectronics field; many others have their
own profitzble businesses. This record
is proof of the high quality of RCA In-
stitutes’ training.

CLASSROOM TRAINING
ALSO AVAILABLE

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

JOB PLACEMENT SERVICE, T0O!

Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honcywell,
Grumgnan, Westinghouse, and major
Radio and TV Networks have rcgularly
employed graduates through RCA
Institutes’ own placement service.

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

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

RCA INSTITUTES, DEPT. PE-59
320 West 31st Street,
New York, N.Y. 10001

Accredited Member National Home Study Council

Construction of Oscilloscope.
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When you take the classical inductance equation, and
feed it into a computer along with the various para-
meters of the equation, you get this work saver.
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merely a simplification of the standard
equation for the inductance of a single-
layer coil.
The equation is
L = (0.2n%a*) / (3a + 9b)

where a is the diameter of the coil from
wire center to wire center, b is its length,
n is the number of turns, and L is the in-
ductance in microhenries. (The spacing
between the turns is not a critical factor
but it must be uniform.) Solving the
equation for =,

n=+v(3a+ 9b)/0.2a* X VL
If we call the first radical term on the
right side of the equation K, then

n=K-\L
Also
L = »*/K*
And for two coils of the same induct-
ance,
nl/nz = Kl/K2

Now K can be calculated for a number
of values of @ and b with the results
shown in the table. The use of the table
greatly reduces the amount of math re-
quired to solve almost any inductance
problem,

Examples of Use. To illustrate the use
of the K Table, assume that you want to

.determine the inductance of a coil 17

long with a diameter of 34” and contain-
ing 10 turns of wire evenly spaced.
Therefore, a = 34, b = 1, and n = 10.
Using the table, we find that K = 10.
The inductance is
L =»*/K* = 100/100 = 1 xH

As another example, assume that the
circuit calls for a coil having 10 turns
on a form %” long with a diameter of
14”. Unfortunately, all you have is a
form with a %;” diameter (of sufficient
length to accommodate the coil). To de-
termine how you can use this form, first
find the K of the original coil from the
table. For ¢ = ¥, and b = %, K =
20.4939 (or 20.5). Call this K,. For the
new coil (¢ = 34 and b = 14) the table
shows that K = 14.1421 (14.14). Call
this K,. Now the number of turns for the
new coil n. can be found from

n, = n, (K./K,) = 10(14.14/20.5)

= 6.9 turns

This answer can be checked by calculat-
ing the inductance for each coil to be
sure they are the same. In this case, L

= 0.238. —B0-
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" SIOI-CAR
WIN DETECTOR

A FINISH-LINE
JUDGE

THAT CANT
BE TRICKED

BY W. T. LEMEN

ISUAL determination of the winner

in a close, fast slot-car race is al-
most impossible—the usual result is a
heated discussicn between the two par-
ticipants. What you need is a photo-
electric “Win Detector” that will end all
the arguments by detecting the winner
even if the two ears are separated by
only 1/32 of an inch. You can build one
from an integrated circuit (IC) and two
fast-acting photo pickups mounted at the
finish line.

The Win Detector uses its own battery
and works in normal room lighting—the
winner is indicated by a glowing lamp.
Because only a single switch controls
the operation, the Win Detector can be
used by small fry easily and safely.
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Fig. 1. The IC contains two independent circuits whose external components
are arranged so that, when one of the two circuits operates, the other is

autornatically deactivated. This

insures that only one track is winner.

PARTS LIST

B1—13.5-volt battery ( Burgess XX 9 or similar)

C1,C2—5-pF, 15-volt clectrolytic capacitor

D1,D2—IN754 zener diode

D3.D4—1N5059 diode

[1,12—14-volt lamp (#330) with suitable holder
( Dialco 0931-502)

IC 1—Integrated circuit (RCA CA-3018 or KD

2114
PC1,PC2—Photoresistor (Clairex CL9034 or
similar) .
R1—100,000-0him potentiometer
R2—25,000-0htm printed-circuit
(dMallory MTC)

potentiomceter

Construction. The circuit for the Win
Detector is shown in Fig. 1. Most of the
components are mounted on the printed
circuit board whose foil pattern is shown
in Fig. 2. Figure 3 shows how the com-
ponents are located. Observe the polari-
ties on diodes and capacitors. To install
the IC, make a ‘“spider” formation of its
leads, bending them about 4" below
the case so that they go out radially.
Then about %s” out from the case
bend them down again so that they fit
in the holes of the circuit board. Note
that leads 2 and 10 of IC1 are not used
and that a mounting hole is provided for
pin 2 to keep the IC properly located.
Lead 10 can be cut short at the case.
The tab on the IC is located at lead 12
and the other leads are numbered clock-
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R3,R4—10,000-0hm, Y4 -watt resistor

R5,R6—220-0hm, Y4 -watt rcsistor

S1—S.p.s.t. slide switch

SCR1, SCR2—Silicon controlled rectifier (Texas
Instryments TIC-46)

Misc.—Plastic case 4” x 274” x 1 9/16” (Harry
Davies #220); 1/16” aluminum panecl 334"
x 258", length of three-conductor cable; 34"
fiber spacers (2); battery counector; Y4 di-
ameter fiber tubcs 7/16” long (2) and wood
block for photo pickups; knob, mounting hard-
ware; clc.

wise from there looking at the case from
the bottom.

After forming the leads of the IC into
a spider, insert it on the board, making
sure that the orientation is correct. Also
be sure that the SCR'’s are properly ori-
ented. Connections to the panel-mounted
components are also shown in Fig. 3.

The Win Detector can be mounted in
any type of chassis. Parts placement and
circuit layout are not critical. If you
want to duplicate the author’s prototype,
make the metal front plate according
to the diagram in Fig. 4. It can be fabri-
cated from a piece of ¢” aluminum.
Conventional dry transfer lettering can
be used to make an attractive panel.
Mount S1, R1, I1, and I2 on the metal
panel and wire them to the circuit board

POPULAR ELECTRONICS
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Fig. 2. Printed circuit
board can be made from
this actual-size pattern.
The number ““one’’ on the
IC pattern is for pin 1.

allowing enough wire to mount the board
about %” below the panel. Cut a small
hole in the side of the plastic box to
accommodate the three leads to the pho-
to pickups. The three-conductor cable
between the chassis and the photo-pickup
assembly can be any reasonable length.

Attach the circuit board to the front
panel using a pair of 3” insulated (fiber)
spacers and appropriate hardware. The
battery should fit inside the plastic case
between the board and one long wall of
the case.

The design of the photo-pickup assem-
bly is contingent on the physical layout
of the track you are using. If your fin-
ish line can be made to be at a raised
portion of the track, you can use the
layout shown in Fig. 5. In this case, the
only two dimensions not given in the

Fig. 3. Once the board has been made, install

ponents as shown here. Observe polarity of diodes and capacitors. 1

diagram are the width of the overall
wooden block and the center-to-center
distance between the two %” holes. The
block should be cut to fit snugly under
and between the track edges at the fin-
ish line and the %” holes should be
spaced so that they are directly under
the centers of the lanes. Press fit the
photo pickups into the fiber tubes; then
fit the fiber tubes into the %” holes in
the wooden block.

Connect the three leads from the elec-
tronic assembly to the photo pickups as
shown in Fig. 1 and Fig. 3. Solder and
insulate these leads to prevent acciden-
tal loosening or sheorting. The photo-
pickup assembly can be attached to the
track now. A three-terminal disconnect
plug may be used between the detector
and pickups to permit the track to be

PHOTO PICKUP ASSY
| Eutaiat h)
PCI PC2

| - — )

the various com-
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disconnected from the detector for sto-
rage.

For the more common plastic tracks,
drill %”-diameter holes adjacent to each
track pin slot so that the car must pass
over the hole to block the ambient light.
Mount the two photo pickups, one at each
track, and secure them in place with ce-
ment. Wire the pickups to the electronic
assembly as described above.

Interior of the author's
prototype. Access to R2
is through a small hole
in the metal front panel.

Operation. With the slot-car track in
position, be sure that the photo-pickup
assembly is in unobstructed light. Place
the RESET switch, S1, in the ON posi-
tion and set GAIN control R1 to its
maximum. One of the lights should come
on. With R1 at maximum, flip S1 be-
tween the OFF and ON positions, simul-
taneously adjusting R2 (through the
hole in the cover) until one light or the

3-3/4"
||/3z“—~| L
9 7/16"DIA ! 2 t
g &y /—@ 5/8
N Fig. 4. Although any mechani-
/"“}BD)“‘ | 2-5/8" cal layout can be used, you
¢,__ - = _Q can duplicate the author's
_ ___GB_ 2-5/8' —1/8" front panel with these details.
T | 1/?“21))|A "
e /32| - —é————-é#-— - H[e
' ¢ o 12"
1 '_ o | ! | Ol i
—} 2" Ve fe— |+—778"—|
5/16" -~ — s/16"

Lengths of opaque tape
are used to narrow the
field of view of the two
cells for more accuracy.
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BLACK PAPER
GLUED TO
PHOTO PICKUP
BLOCK

HOW IT WORKS

The electronic portion ef the Win Detector is
essentially two balanced amplifiers (within one
IC) with photo pickups as sensors and indicator
lights driven by SCR’s.

Photo pickups PC1 and PC2 are connected to
the bases of the two input transistors of /C1
through zener diodes D1 and D2. The pickups
are connected to battery BI through the balanc-
ing potentiometer R2 and the gain potentiometer
R1. The balance control adjusts for lighting
changes and circuit differences.

In operation, RI is adjusted (after the circuit
is balanced) so that the potential at either zener
is just slightly below its firing level. A reduction
in the amount of light reaching either pickup
causes an increase in its resistance and raises the
potential on the zener diade to which it is con-
nected. This causes the zener to break down and
provide a signal at the input to the IC.

The outputs of the IC (pins 1 and 4) are con-
nected as emitter iollowess with R3 and R4 as
their loads. The voltages at pins 1 and 4 are
normally zero. When either amplifier has an in-
put from its photo pickup, its output fires the
associated SCR and turns on the indicator light.

Fig. 5. If you have a raised track, make the photo- 5,11%“;% co;x:g:}tz“;ri%n;on;r:;ci;igrstoR ;heﬂﬁCII{QZ

pickup assembly as shown here. If you have a plas- and blocking diodes D3 and D4

tic track, mount the photocells in drilled holes. Note that the positive supply for each half of
the IC is taken from the junction of each lamp
and its associated SCR and not from the battery.
These points are normally positive when the

PHOTOCELL

other comes on when 81 is on. It is possi- lamps are off, but the potential drops to zero

1 bal h t 1 when the SCR conducts. In this way, when either

ble to ba an.ce the system so accurately lamp turns on, the power to the opposite channel

that both lights come on. Back off on is cut hofiﬁso th}a:t it 1cannot be ene}:gized. There-

s s ore, the first channel to operate shuts down the

11?1 unt!l operation of S1 does not cause other one, providing a definite indication of the
either light to come on. winner, c c

3 Capacitors C1 and C2 are transient filters

Test the system b.y passu}g your l}and which assure turn off of the SCR’s when the RE-

across the photo pickups in one direc- SET switch is operated.

tion (causing one light to come on).
Then reset the system and pass your
hand over the block in the other direc- any other pass of the hand (or slot car)
tion to turn the other light on. You may until the RESET switch is operated.

have to adjust the setting of the GAIN If you are using undersized slot cars
control for best operation. Once a light or if you want faster triggering, reduce
comes on, it will remain on regardless of the values of capacitors C1 and C2. -0~

After photocells are
wired together, they are
friction fitted into the
two holes drilled into a
wooden block. The slot
accommodates 3 wires,
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There's nothing wrong with your receiver.
Everyone has gone to bed.

It's a birthday gift from your sister.
What in the world will you do with pajamas!

Ch, don't apologize for
keeping me on, Fred.
It's time | was getting up anyhow.

it must be after five.
I don't see a light in Fred's radio shack.
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PLAN TO RE-USE AN SCR?
YOU'LL WANT TO CHECK IT OUT FIRST

ILICON controlled rectifiers (SCR's)

are becoming very popular with the
electronics experimenter. However, there
is one major drawback. Once you have
a couple of used SCR’s lying around,
how do you test them? Conventional
transistor testers can't do the job, and
there are no low-cost SCR testers on
the market.

For about $12, you can make an ex-
cellent SCR tester that will tell you
whether or not a particular SCR is good
or not. (Since SCR's fail catastrophlcally,
there is no such thing as testing them
for “weakness” or degradation.) This
tester will also tell you how much gate

May, 1969
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current is required to fire an SCR and
how much anode current is required to
hold it in conduction once it has fired.
Knowing whether or not an SCR is good,
and having values for its minimum gate
triggering current and minimum anode
holding current, you are ready to put
it to use.

You can’t determine the SCR’s maxi-
mum current rating since, in doing so,
you might very easily ruin it. Maximum
current and voltage ratings can be found
in the manufacturer’s literature.

Construction. The author built his ver-
sion in a 6%4” X 3%” X 1%” plastic
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Test circuit delivers either r -
a.c. or d.c. to check the SCR =
while the meter is switched to |
measure the varicus currents. = js:c

PARTS LIST

C1—100-pF, 15-volt electrolytic capacitor
Di1—1-amp, 50-volt diode rectificr (1N4816 or
similar)
11—6.3-volt,
similar)
M1—1-mA d.c. ammeter (Emico Model 13, sub-
stitytion requires change in R4 and R5)
R1-—2500-0hm, 2-watt potcntiometer
R2—5000~ohm, 2-watt potentiometer
R3—~330-0hm, Ys-watt resistor
R4—1800-0km, Ys-watt resistor

150-mA pilot lamp (#47 or

case, while the various controls, switch-
es, meter and pilot light assembly are
mounted and wired point-to-point on the
metal front cover. The front-view photo-
graph shows the panel layout used, al-

TEST position, 60-Hz
&?de m:cu:t of

fires, This is _r_miicataﬁ by lhe l.nrumg on oi Te

Returning R2 ‘its counterclockwise position
5 applied gate current to the point
where the SCR ot conduct and 11 will not

come on, '1"}:1 merely indicates whether or
not the SCR is good or bad.

The GATE position of 52 is used to determine
the minimum gate current required to fire the
SCR. The controlled gate supply is increased
slowly until the SCR fires. The amount cf current
required is indicated on the meter and should be
read just beéfore the SCR fires.

To measure the hnlding current, the meter is
connected in the cathode circuit of the SCR. The
correct current measurement is obtained by firing
the SCR, rr:nwvmg the gate voltage and then in-
creasing "the resistance in series with the anode
until the SCR cuts off,

48
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R5—56-0hm, Vi-<watt resistor

R6, R7—10-0hm, YVi-watt resistor ¢

S1—S.p.s.L. switch

S2—4-pole, 3-position rotary switch (Mallory \
32437 or similar)

S3—Momentary pushbutton switch (Switchcrajt
103 or similar)

T1—Filament trausformer, sccondary 6.3 volts

Misc~—Line cord; lamp holder; screws; knobs;
plastic case (IIarry Davies 240 or slmllar)
with metal cover; shert lengths of thin insu-
laltcd wire; three small, insulated alligator
clips

though any other arrangement will do.
The three SCR connectors (C, G, and
A) are brought out through three small
holes using lengths of insulated wire
terminated in small insulated alhgator
clips. Make a small knot in each wire,
just inside the cover, to act as a strain
relief. Because of the many different lead
configurations that are used on SCR’s, a
socket is not prescribed.

Take care when drilling the transfor-
mer mounting holes in the plastic case
since the plastic chips very easily. Coun-
tersink the two holes on the outside of
the case and mount the transformer with
flat-head screws so that the finished unit
can be used in either a vertical or hori-
zontal position. Note that a three-pole,
three-position switch is used for $2, but
a four-pole switch is called for in the
Parts List. The connectors on the spare
pole are used to mount the resistors.

Operation. Place S2 in the TEST posi-
tion, rotate GATE CURRENT control R2
full counterclockwise, and set HOLD

POPULAR ELECTRONICS



The entire tester can be mounted on the front panel of the chassis selected. Con-
nections to the external SCR are made via three color-coded insulated test leads.

CURRENT control R1 full clockwise.
Connect the C lead to the cathode of
the SCR, the G lead to the gate, and
the A lead to the anode. Turn on the
power to the tester. Depress the PUSH
TO TEST switch, 83, and slowly rotate
the GATE CURRENT control clockwise
until lamp 71 comes on. When you release
the PUSH TO TEST button, the lamp
should go off. If the lamp does not light,
or if it remains lit at all times, the SCR
is defective.

To determine the SCR’'s minimum gate
firing current, place 82 in the GATE po-
sition. Set the GATE CURRENT control
full counterclockwise and the HOLD
CURRENT control full clockwise. De-
press the PUSH TO TEST button and
slowly rotate the GATE CURRENT con-
trol clockwise until the lamp comes on.
The correct gate current can be read on
the meter just before the lamp comes on.
The current will drop back when the
SCR fires and the lamp lights. In the cir-
cuit shown, the meter indicates 10 milli-
amperes full scale. If you miss the meter
reading when doing this test, place S2 in
the TEST position and then return it to
the GATE position, and repeat the test.

The third test measures the SCR’s min-
imum anode holding current. Place S2
in the HOLD position, GATE CURRENT
control full counterclockwise, and the
HOLD CURRENT control full clockwise.
Depress the PUSH TO TEST switch and

May, 1969

advance the GATE CURRENT control
slowly until the lamp lights. Release the
PUSH TO TEST switch and slowly ro-
tate the HOLD CURRENT control coun-
terclockwise until the meter indication
drops to zero. The current reading just
before the current drops is the correct
holding current for the SCR. This cur-
rent can be checked by advancing the
HOLD CURRENT control full clockwise.
Then if the meter returns to full scale,
the holding current has not been reached.
If the meter still indieates zero, the test
is valid. Maximum on the meter scale
for this test is 100 milliamperes. -0~
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OU SEE all sorts of meters and indi-
cating instruments in ham shacks and

electronics experimenters’ workshops,
but you very seldom see an a.c. ammeter.
Obviously, lots of people could put one
to good use—the trouble is, they are too
expensive,

A reasonably good a.c. ammeter sells
for about $12 and, in most cases, at least
two of them are required in order to
make a broad range of measurements.
This is because the commonly used a.c.
instrument works on the moving vane
principle and the low end of the scale is
severely compressed. On most 0-5-ampere
a.c. ammeters, indications below 1 am-
pere are next to useless. So, in addition
to a 5-ampere meter, you have to have a
l-ampere instrument to cover the full
range adequately.

You can build yourself a good, wide-
range ammeter very inexpensively, if
you take advantage of some government
surplus items that are widely available.
Part of every ‘“‘command set” used in

Low-Cost
A.C.
Ammeter

Measures up to
5 amperes
with $3 outlay

BY NEIL JOHNSON, W20LU

airplanes at one time was an ‘“Antenna
Current Indicator” (military nomencla-
ture: BC-442). The current meter used
in this device has a nonlinear scale and
is more sensitive at the low end of the
scale than at the high end. This pre-
vents crowding at the low end of the
scale—a feature not found in conven-
tional a.c. indicating instruments.

The BC-442 comes with a built-in
thermocouple about the size of a small
domino. When the thermocouple is heat-
ed (in any way), it generates a small
d.c. current at its output. An input to
the thermocouple of half a volt generates
enough current to deflect the companion
d.c. meter to full scale—about 5 milli-
amperes. When operating together, the
thermocouple and d.c. meter are reason-
ably accurate over a wide range of fre-
quencies and essentially linear over a
large part of the meter scale.

To extend the meter range to 4.5 am-
peres, a meter shunt of 0.1375 ohm is
required. This resistance can be fabri-
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3" | v

SLIT

REMOVE
INSULATION
REMOVE INSULATION, TWIST AND
TWIST, AND SOLDER
INTO LUG
MATERIAL:

20 GAUGE COPPERWELD TWIN LEAD; w
BELDEN 8230 (WELDOHM), OR SAXON'LIFE LINE

Fig. 1. Though primarily used as TV lead in, twin lead can be
used to make a high-quality, low-value resistor (0.1375 ohm).

The shunt can be rolled up and
mounted at one end of the case.
This makes for a non-inductive
resistor that can be used at
frequencies far above 60 Hz.

+
oM PARTS LIST
F1—S5-ampere fuse (not slow-blow)
+ e M1—5-mA meter from BC-442
o R1—0.1375-0km precision resistor ( see text)
" . TCt S1—S.p.5.t. switch 3-ampere rating
SO1—Conventional a.c. outlet
TC1—Thermocouple from BC-442 (0.75-A r.[.)
Misc.—Mounting cabinet, fuse holder, line cord
with attached plug.
Fig. 2. Circuit operation is simple.
Current passing through the thermo-
couple heats the dissimilar metal
® junction producing a small current
st which is indicated on the meter.
Fi sot The low-value shunt resistor (R1)
1I7VAC ‘{, bypasses most of the heavy current.
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cated at a meter shop at high cost or
you can use a series-parallel arrange-
ment of 10 one-ohm precision resistors
—also at a high cost. A cheaper way is
to use a length of ordinary TV twin lead
of Copperweld fabrication. The two con-
ductors are well insulated and the wat-
tage developed at maximum current is
easily handled. Best of all, a ‘“‘precision”
resistor can be made using only a ruler.
Instructions for making the shunt are
given in Fig. 1. Follow the measurements
carefully. It is recommended that you
make up the shunt and solder it to its
connector lugs at some distance from
the thermocouple since the thermocou-
ple calibration can be affected by solder-
ing heat. When the shunt is finished, coil
it into a small circular form and secure
it with plastic insulating tape. The coiled-
up shunt can be mounted on the rear of
the meter case using a bolt and some
scrap plastic to support it. Since this
homebrew resistor is noninductive, the
completed instrument can be used at fre-
quencies much higher than 60 Hz.

Wire the shunt, the thermocouple and
the meter as shown in Fig. 2. Note that,
for safety’s sake, a fuse and a shorting
switch have been added to the circuit.

Other than the shunt and ther-
mocouple, the remainder of the
components are mounted on the
metal front panel as shown here.

METER CALIBRATION TABLE
METER SCALE AMPERES

0.5 0.6

1.0 0.75

1.5 0.90

2.0 1.00

3.0 1.25

4.0 1.50

5.0 1.80

6.0 2.20

7.0 250

8.0 3.00

9.0 3.70

10.0 4.50

Any 5-ampere fuse can be used as long
as it is not a “slow-blow’’ type. The short-
ing switch shorts out the meter when
first trying an unknown load. Once the
device has been built, recalibrate the
meter face to the values shown in the
table.

Depending on where you buy the BC-
442, the total cost of the meter will run
about $3. At a nominal 117 volts, the
meter will measure loads varying from
60 to 540 watts. If desired, and if you are
using only the normal 117-volt power
line, you can calibrate the meter in watts
instead of amperes. ~{30-

333 Jay St., Brooklyn, N.Y. 11201.

BASIC ELECTRONIC INSTRUMENTATION
A three-week course in electronic instrumentation will be given from July 19 to August 9, 1969, at
Polytechnic Institute of Brooklyn. Supported in part by the National Science Foundation, the course
is open to anyone with a basic understanding of college physics. The text is “Electronics for Sci-
entists’’ by Malmstadt, Enke and Toren. l:ecture, laboratory, and discussion topics include: basic
electrical measurements, power sipplies, solid-state amplification elements, oscillators, servo-
controlled devices, operational amplifiers, analog simulation, and electronic digital systems. Tuition is
$500. Contact: Prof. Kenneth Jolls, Office of Special Programs, Polytechnic Institute of Brooklyn,
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SPEAKER

REALLY “BIG” SOUND FROM A MODEST-SIZE ENCLOSURE

SPEAKER SYSTEM BASS response is
generally equated with enclosure size;
the greater the enclosure volume, the
better the bass. The ‘‘Bigger-Than-Life
Speaker System,” however, is a medium-
size enclosure that succeeds in provid-
ing big, natural-sounding bass. To be
more specific, the system’s 6000-cu in.
volume is tuned to provide the sound nor-
mally expected of a gsystem with an 8000-
cu in. volume.

If you find this hard to believe, try
the following experiment. Test the sys-
tem resonance of a sealed-enclosure
speaker system in a bare box and test it
again after filling it with acoustical pad-

May, 1969

ding. You will find that the resonant fre-
quency is lower in the latter case by as
much as 10 Hz—or more.

To understand how this is possible, it
is necessary to study the physics of sound
propagation. Sound is produced in air
as a series of ‘“‘waves’ which consist of
an area of compression followed by an
area of rarefaction or partial vacuum.
Compressing air causes an increase in
temperature (a fact familiar to anyone
who has ever pumped up a tire). Con-
versely, a reduction of air pressure re-
sults in a temperature drop. A sound
wave, therefore, is composed of a con-
tinuous train of compressions and rare-
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We pack your, electronics course with
kits to make your training fast.
You’ll enjoy every minute of it.

Choase a career in electronics:
Computers. Color TV Servicing.
Automation. Communications.
Whatever the field, NTS has a
complete home-study package to
get you to the top faster. 10 thor-
ough training courses. Each in-
cludes everything to give you the
working knowledge required of
successful technicians.

NTS Project-Method Training is
the practical way to learn elec-
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Your NTS success package

tronics. It's a proven combination
of lessons and the best profes-
sional kit equipment available.
NTS provides the biggest selec-
tion of kits ever offered in home-
study . . . all at no extra cost.
You'll construct these exciting
kits to fully understand electronic
circuits, components, and con-
cepts. Our Project-Method lets
you build skills by putting theory
into practice . . . by working with
your hands, as well as your head.

The NTS “learn and practice” ap-
proach makes training at home
really easy. All it takes is a few
hours a week . . . whether you're
starting from scratch or in ad-
vanced courses. This is the all-
inclusive success package that
put thousands of men into the
best paying jobs ... or into their
own business. If “just a living"”
isn't good enough for you, now is
the time to get something better
going for you!

POPULAR ELECTRONICS



NTS COMPUTER
ELECTRONICS

This is the future. And it's hap-
pening now. The number of com-
puters will increase many times
inthe next few years.

Exclusive new
Compu-Trainer®

NTS offers a solid grounding in
computer operation, wiring, data
processing and programming.
One of the 10 important kits in-
cluded is our exclusive Compu-
Trainer®, It's a fully operational
computer logic trainer — loaded
with integrated circuits — the first
ever offered in home study. It in-
troduces you quickly to how,
what, when and why of computers
. .. from theory to practical serv-
icing techniques. This unit is
capable of performing 50,000 op-
erations per second. And it's sent
at no extra cost,

NTS COLOR TV
SERVICING

This is a broad, easily understood

257 COLOR TV

program designed to make you a
complete home-entertainment
service technician. included, at
no extra cost, is a 25” color TV
that has more features than any

May, 1969

set on the market. You also learn
all about stereo, hi-fi, multiplex

systems, and become a specialist’

in Color TV Servicing. Kits also
include AM-SW radio, solid-state
radio, vacuum tube volt meter,
electronic tube tester.

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

You’'re trained in the ‘‘push-but-
ton” electronics that keep indus-
try going and growing ... from
relay type controls to highly
advanced systems essential to
production. You receive 16 kitsin-
cluding a 5” wide band oscillo-
scope, and the new NTS elec-

tronics lab: a
SN

exclusive
experi-
mental
laboratory.
A complete
workshop |}
which B .
makesyou W -t
familiar & A,
with sotid- v @ o & o
state, ’ 3 hd 2
miniature, o

and integrated 57
circuits, Oscilloscope

fascinating NTS

NTS ELECTRONIC
COMMUNICATIONS

The use of 2-way radio systems in
private and commercial applica-
tions is skyrocketing. NTS pre-
pares you for the big-money
opportunities in the field of trans-
mitting and receiving equipment.
Your tuition will be refunded in
full if you cannot pass the FCC
exam for a 1st Class Commercial
Radio-Telephone License within

six months after successtully
completing this course. You build
valuable kits including Amateur-
Phone 6 Meter VHF Transceiver,
solid-state Radio, and a Vacuum
Tube Voltmeter,

CLASSROOM TRAINING
AT LOS ANGELES

You can take ctassroom training
at Los Angeles in sunny Southern
California. NTS occupies a city
block with over a million dollars
in facilities devoted exclusively to
technical training. Check box in
coupon,

NATIONAL Gezed SCHOOLS

World-Wide Tra Since 1905
4000 South Figueroa Street

Los Angeles, Calif. 90037, U.S.A.

APPROVED FOR
VETERANS

Accredited Member: National As-
sociation of Trade and Technical
Schools, National Home Study
Council.

|rTooAv, MAIL

| COUPON

| FOR FREE

| COLOR

| CATALOG
AND SAWPLE

| LESSON.

| NATIONAL TECHNICAL SCHOOLS

| 4000 S. Figueroa St., Los Angeles. Calif. 90037 |

| Please rush Free Color Catalog and |

| Sample Lesson, plus information on

] field checked below. No obligation.

| No salesman will call.

| O MASTER COURSE IN COLOR
TV SERVICING |

[ COLOR TV SERVICING

[0 MASTER COURSE IN TV &
RADIO SERVICING

[0 PRACTICAL TV & RADIO
SERVICING

[0 MASTER COURSE IN ELEC-
TRONIC COMMUNICATIONS

m}

]

]

FCC LICENSE COURSE
MASTER COURSE IN ELEC-
TRONIGS TECHNOLOGY
INDUSTRIAL AND AUTOMATION
ELECTRONICS

O COMPUTER ELECTRONICS

[J BASIC ELECTRONICS

Rame Age

5 Watt AM Transmitter & Receiver

Adcress

City Slate Zip
O Check it mleraslad in Veteran Training
under now G.|
O Check if i d ONLV in CI
Training at Los Angeles. Dept. 205- 59
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Fig. 1. Except for furniture legs, entire enclosure
is made of 3/4“-thick plywood and 3/"-square pine.

BILL OF MATERIALS

1—Olson Electronics Model S-971 Dcluxe three-
way speaker®

3 pkgs.—Olson Elcctronics No. HF-17 acoustical
Fiberglass*

2—2634" x 143" picces of 34" plywood for
enclosure sides (see text)

1—20" x 1434" picce of 34" plywood for cnclo-
sure top (sec text)

1—18Y4” x 1434” piece of 34" plywood for cn-
closure bottom

2—251" x 18Y4* pieces of 34" plywood for
enclosure rear and speaker mounting board

4—1138” picces of 34" x 3" pinc for corner
glue blocks

4—1814” picces of 34" x 34” pine for cleats

4—2334" picces of 34" x 34" pinc for cleats

Misc—#8 x 114" flathead wood screws (7 doz);
#12 x 1”7 penkead screws (4); 4" furniture
legs (4),; grille cloth; expaended aluminum
(optional); decorative trim; gluc; =zip cord;
solder; etc.

*Available from Olson Electronics, 260 S. Forge
St., Akron, Ohio 44308.

factions at slightly different tempera-
tures.

Heat flows from a high- to a low-tem-
perature area. But in the case of sound
waves within the range of 20 to 20,000
Hz in air, the wavelength is too long
and thermal conductivity of the air too
small for heat transfer to take place.
Hence, the waves are said to be adiabat-
ic (constant heat) rather than isother-
mal (constant temperature).

Now, whe