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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends you . oo

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 /.. ccove

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




Earn 85 or more an hour
spare or full time in

TV-RADIO
SERVICING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainment equipment like portable
radios, tape recorders, hi-fi sets,
phonographs and auto radios. TV-
Radio servicing is one of your best
routes to spare-time earnings, a
good paying job or abusiness 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 -
COMMUNICATIONS

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

Move ahead in America’s
fast growing industry as

ELECTRONICS
TEGHNICIAN

Electronics touches everyone’slives.
This vast field of opportunity is open
to you with NRI training. Industrial/
Military Electronics training—like all
NRI1 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 get more for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NR1 Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI ., e

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

dollar for dollar—you get more
for your money from NRI.
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Perfect speed synchronous motor
Ultra low-mass tonearm floating within a gyroscopically gimballed mounting
Viscous damped cueing and pause control
Viscous damped tonearm descent during single and automatic play
Adjustable sliding weight anti-skating control
Safe, gentle two-point record support.
You will not find all of these important features on
automatic turntables selling for almost twice as much.

You will find them all —and more —on

Garrard’s new SL72B for only $89.50.

World’s Finest
. There are now twelve new models in the Garrard line, just introduced.
They are priced from $37.50 to $129.50 and include four ready to plug in modules.
Write for complementary, full-color Comparator Guide to:
Garrard, Dept. AR149, Westbury, N.Y, 11590
CIRCLE NO. 43 ON READER SERVICE PAGE
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FOR MEN WHO NEED WEATHER INFO

RADIO SHACK

Invents the
World's
st and Only

Instant
Weather
I%gdio

“{'
!

r“v !

- ‘J‘/{ Touch— | P.re-'Set
Touch— It's ON it's OFF Controls
Unique 3" Square 95

Post
Paid

“Talking Barometer”

From your desk or deck—monitor the new
US. Gov't 24-hour VHF weathercasts on
162.55 MHz with a palm:size cube radio that's
battery-operated and PRE-SET for instant
automatic listening. Invented by 47-year-old
Radio Shack for its brilliant “Realistic” line.
Volume, fine tuning controls hidden under the
set! Just touch the Play Bar to turn on and off!
Rosewood details. Solid state circuit. An unu-
sual and inexpensive gift.

AVAILABLE COAST TO COAST
IN 600 RADIO SHACK STORES*

* See phone book. Or order by mait.

ree Color Catalo

See what'’s really new in electronics

DIV OF TANDY CORP.
EAST: 730 Comm. Ave., Boston, Mass. 02215

MID: P.0. Box 9027. F1. Worth, Texas. 76107
WEST: 7340 Lampson, Garden Grove, Calif. 9264 1

[JWeatheradios @ 14.95 Postpaid

[J FREE Radie Shack 1970 Catalog Dept, ZS
Name (print)
Street
City ___ State Zip
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IC & FET PROJECT CIRCUITS

NO strings attached

THAT'S RIGHT...

your Motorola HEP distributor will
give you a copy of our latest
Integrated Circuit or Field
Effect Transistor project
brochure at absolutely no
charge! All you have to do
is go to your Motorola HEP
supplier and ask for:

g

-l

HEP —*Tips on Using IC's" —#HMA32. Includes integrated
circuit theory, and terminology, IC cross reference guide,and
8 project circuits: precision auto tachometer, electronic
siren, etc.

HEP — “Tips on Using FET's" — #HMA33. Contains detailed
theory of field effect transistors, terminology, FET cross ref-
erence guide, and 9 project circuits: sound activated relay,
touch switch, moisture detector, etc.

These project circuit brochures are right down your alley if
you want to learn more about IC’s or FET’s and how to use
them. Pick up your FREE copies from your Motorola HEP
supplier today!

MOTOROLA HEP
Semiconductors
P.O. Box 20924 Phoenix, Arizona 85034

CIRCLE NO. 23 ON READER SERVICE PAGE
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anNanti
*ASTRO
PLANE

| MORE THAN
| 4 db GAIN...
MUCH MORE!

$29.95

*Patent Pending

T

letters

FROM OUR READERS

SPECIFICATIONS

Gain: 4.46 db

Weight: 3"z Ibs.

Height: 12’

SWR: Less than 1.4:1

Material: Aircraft quality seamless aluminum
construction

Maximum Power: 1000 watts

Wind Survival: 120 mph

AVANTI RESEARCH & DEVELOPMENT, INC.
33-35 WEST FULLERTON AVENUE
ADDISON, ILLINOIS 60101
THE PACESETTER IN HIGH PERFORMANCE ANTENNAS
CIRCLE NO. 5 ON READER SERVICE PAGE

OLD MODEL, NEW MODEL NUMBER

In the Bill of Materials for “A Bigger Than
Life Speaker System” (May 1969) an Olson
Electronics Model 8-971 deluxe three-way
speaker is specified. The latest Olson catalog
lists the Model S-785 as a deluxe three-way
speaker. Is this the speaker required for this
project?

JAY ALLEN ROSEN
North Hollywood, Calif.

When specifying parts in our articles, we
try to provide wup-to-the-minute part and
model numbers. The Model S-785 speaker
was the speaker listed in the Olson catalog
at the time of publication of the article.
However, Olson is marketing the same speak-
er as the Model S-971, so that was the one
we gave. Presumably you can order the
speaker by either model number.

A LOOK BACK INTO RADIO HISTORY

The feature article, “What Ever Happened
to Atwater Kent?” (July 1969) caught my
attention. I worked for the advertising com-
pany in Philadelphia that handled the Kent
account in those early days.

The very early Kent products were chiefly
parts for homemade sets, though the com-
pany must have been making the breadboard
sets then as well. My duties brought me into
contact with the Kent advertising manager
and, just once, with Mr. Kent himself. We
rode in one of his innumerable cars, and
I recall that Mr. Kent mentioned his belief
that we would soon see the end of the four-
cylinder car.

In April 1923, the Literary Digest and the
Saturday Bvening Post carried ads for At-
water Kent radios. We weren’'t spending
money on professional modeling talent in
those days, so Mr. Alexander H. Davisson,
Jr., and I modeled for the photo that appeared
in the ad. I am also sending a copy of this
ad to Mr. Atlee.

GEORGE T. STREET, JR.
Lansdowne, Pa.

RADIO RELICS

Enjoyed the article on Atwater Kent (July
1969, p 33) and have been wondering if there
is a group of people, or a club, interested
in collecting old radio receivers. I have a
small collection (13 receivers) from the
1930's.

DUANE THORNTON
St. Charles, Mo.

POPULAR ELECTRONICS




BE THE MAN IN CONTROL

The man in control—today—is the technician who
has mastered electronic operations. A specialist in
the most sophisticated phases of electronic instru-
mentation and computer controls. The operations-
oriented expert who makes automated equipment
work. The trouble shooter who keeps it working.
Electronic Operations Technicians are in greater
demand than ordinary etectronic technicians. They
have a higher skill level and they earn more.
They understand digital and analog computers.
They know computer logic, computer applications
and computer technology.

How about you? Are you caught in a dead-end job
with a dead-end salary? If you are, it's time to
break out. To grow. To get ready for a great future!
You can learn Electronic Operations Technology
and Computer Control, even if you have no elec-
tronic background. An exclusive new home study
program, developed by Bell & Howell Schools,

o P4 B4 B Y nd N NS I o 07 D

takes you through all the fundamentals . . . inte-
grated circuits, semi-conductors, pulse and digital
circuitry, field-effect transistars, and more.

You'll be expert in the latest technological ad-
vances, including every phase of computer con-
trols. You'll even have a working knowledge of
computer applications and camputer programming
... another Bell & Howell plus!

You’ll work with the exclusive Electro-Labo, a com-
plete industrial electronics laboratory for your
home—all up-to-date equipment any Electronic
Operations Technician might use: wide-band oscil-
loscope, transistorized volt meter, and the pat-
ented Bell & Howel! Schools’ Design Console that
makes it easy to build and analyze your own
circuits.

Other advantages, too! Personalized instruction,
counseling service, postgraduate classroom study,
and a nationwide job placement service.

BB DL U M S R P e 0 M e

B34 vt B4t el
De VRY NSTITUTE OF TECHNOLOGY

Wwant to know more? About this
1 £V LT BELIAONT AVERUE CHICAGO fLUINDIS €061 PE-IOA |
or other Bell & Howell Schools | =2 b
home study or reS|d'ent school | ,ﬂ BELL = HOWELL SCHODOLS |
programs? Just mail the ! Send me your free brochure, “Career Horizons in Electronics” plus |
coupon. We'll see that you t information about the Bell & Howe!l programs | have checked below: !
t .

H 7 M Home Study: In-School Programs leading to: 1
’ece'Ye full details pll‘Js a free f [0 New! Electronic Operations [J A Bachelor’s Degree in 1
fact-filled brochure, '“Career ! - and Computer Controls - Engineering Technology !

7 H : " Communications Electronics An Associate Degree in

Horizons in Electronics. ! [ Radio/TV Electronics, including Engineering Technology :
De VRY INSTITUTE DF TECKNDLOGY 1 Color TV O A diploma as an Electronics ]
4161 VST BELMON T AVERUE, CHICAGD: 11 LINGIS %Al : Technician :
g OMEOr e t Name Age :
i BELL e HOWELLSCHOOLS | g4re0 .
e Accredited Member National ' ‘l
Home Study Council : City & State Zip h

L 1

e Eligible Institution Under the 1 Years of school completed County '
Federal Insured Student i Check for information about: O Student Loans

Loan Program
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The people
most likely to
appreciate the new
Dual 1209
are the least likely
to need one.

If you already own an earlier Dual
avtomatic turntable, you can really
appreciate the new Dual 1209.

Because the 1209, just like your pres-
ent Dual, offers flawless tracking and
smooth, quiet performance that will be
yours for years to come.

All Duals are made that way. And
all recent ones have such exclusive fea-
tures as pitch control that lets you “tune”
your records by a semitone. No wonder
so many hifi professionals use Duals in
their personal stereo component systems.

But the 1209 has some new refine-
ments of more than passing interest. A
motor with high starting forque plus syn-
chronous speed constancy. Anti-skating
separately calibrated for elliptical and
conical styli. A tonearm counterbalance
with 0.01 gram click-stop adjustments.

These refinements aren't intended to
seduce you away from your present
Dual. But if you don't already own a
Dual, perhaps it's time you talked with
someone who does.

United Audio Products, Inc.,

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

CIRCLE NO. 38 ON READER SERVICE PAGE

LETTERS

There is a club for people interested in
collecting old radio equipment. Unfortunate-
ly, it has a limited membership (500) and
only accepts mew members as vacancies oc-
cur. To yet on the “waiting list” (or learn
more about the club), send a self-addressed
envelope to: Antique Wireless Association, 69
Boulevard Parkiway, Rochester, N.Y. 14612,
Include information about your collection(s)
and interests.

NASA FREQUENCIES
Can the radio messages to and from the
various space programs launched by NASA
be received in cur homes directly?
RicHArRD MOSER
Marion, Va.

(Continued from page 8)

There are numerous problems here. If vou
are referring to the Apollo program, the an-
swer is 99.99% “no.” The lunar walk com-
munication was on about 235 MHz but appar-
ently was not heard direct (on earth), but
was relayed throuyh “Tranquility Base” and
conrerted to a signal in the S band (2000-

© plus MHz). Various unmanned satellites do

transmit on frequencies between 136-137 MHzx.
These transmissions are not distinguishable
according to satellite (no calls) except by
frequency and time of orbit. The signals are
all weak and cannot be heard without special
antennas or extra r.f. (low noise) amplifica-
tion ahead of « VHF receiver.

LOOKING GLASS
In regard to the D. J. Holford article (Au-
gust 1969, p 51), the “Looking Glass” network
is the 15th Bomber Wing. It is airborne at
all times ready for a retaliatory strike in

case of attack.
(UNSIGNED)
Vandenberg AFB, Calif.

The National Geographic magazine said in
Vol 128 No. 3 (p 291) that “Looking Glass”
remains on day and night vigil and could
direct nuclear retaliation should SAC head-
quarters be destroyved.

DANIEL BARTEK, J&.
Binghamton, N.Y.

PYRAMIDAL TV/FM ANTENNA
Thanks go to George Monser for his article
on the TV/FM antenna in your July 1969 issue
(p 27). My material cost came to $9.88 not
including the lead-in. I used a wooden mast
and eliminated the standoff blocks. A second
antenna will be for my daughter's house.
Results? Real good! Locals 6, 8, 10, 12, 15,
and 39; plus Los Angeles (80-90 miles away)
2,3, 4,5 7,9, 11, 13, 24, 28, and 34. Receiver
is Sylvania color with Belden 8290 lead-in,
no rotor.
HaroLp Secor, WBEPJG
San Diego, Calif.

Just finished making the TV/FM antenna—
it's the fourth in this neighborhood.

R. McWiLLiaMs

Park Forest, Il
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Go on a quality kick

You can afford it
with these Outperformers

You give up nothing — except a high price — when you buy
these quality performance Pioneer hi-fi units. Designed for
the discriminating budget-minded buyer, they contain ad-
vanced engineering features and fooks that put them in
the class of much more expensive stereo comgonents.

SA-500 INTEGRATED STEREO AMPLIFIER — The perfect
starter unit for a stereo system, the all solid state SA-500
produces 44 watts of music power. Even at the highest
crescendo, distortion is less than 0.5%. Two sets of inputs
plus outputs for speakers, tape recording, loudness con-
tour and a headset jack make it tops in versatility. $99.95

TX-500 AM-FM TUNER — All solid state, its multiplex cir-
cuitry provides wide channel separation with excellent fre-
quency response. An FET front end, combined with years-
ahead design, assures high sensitivity and superb image

rejection. Containing advanced features that place it on
a par with more expensive units, it is priced at $99.95.

SR-202 REVERBERATION AMPLIFIER — The most dra-
matic new component in years! No matter what your sys-
tem is, the SR-202 adds dimension and greater realism to
your stereo sound than you can realize. The SR-202 in-
creases the natural quality of your recordings and tapes.
Reverberation can be added to an audio amplifier using
one or two tape recorders, a record player, or a tuner. In
fact, a total of 15 equipment combinations are possible.
$95.00

These three Pioneer Outperformers are each housed in a
handsome cabinet with brushed chrome facing and Bra-
zilian rosewood end pieces. Hear them in action at your
local Pioneer dealer.

W PiIONEER’

PIONEER ELECTRONICS U.S.A. CORPORATION, 140 Smith Street, Farmingdate, N.Y. 11735 - (516) 694-7720
West Coast: 1335 W, 134th St., Gardena, Calif. 90249 (213) 323-2374 & 321-1076 » Canada: S. H. Parker Co., Prov. Ontario

CIRCLE NO. 26 ON READER SERVICE PAGE 1
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In ONE Educational Program Earn BOTH Your

F.C.C. LICENSE

‘And Your

A. S. E. E.

(Associate in Science in Electronics Engincering)

DEGREE

Grantbam School of Sngincering

bas tonferred on

Jobn Doe

the degree of

Hssociate in Sceienee in Electronics Cnginerring

ot 1 1 rightn 48 promnlrges therrunee appeciacaing Da Wutarss soverl the Lylsst
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) Toeuke & the actoet or 1hes. ~"}12.-, ar a!%e!d’i, 1867,
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The home-study progeam which accomplishes botli of
these objectives is the Grantham Associate-Degree Pro-
gram in Elcctronics Engincering. This educational pro-
gram consists of a total of 370 correspondence lessons,
followed by a two-week period of review and cvaluation
at the School. The prercquisite for enroliment s high
school graduation (or cquivalent) and at Jeast onc full
year of expericnce as an clectronics technician, Upon
completion of the first 160 correspondence lessons, you
arc preparcd for your first class FCC license and radar
endorsement. Then, upon completion of the remainder
of the program, you arc awarded the ASEE Degree.

Grantham School of Enginccring is accredited by the
Accrediting Commission of the National Home Study
Council, is approved under the G.1, Bill, and is author-
ized under the laws. of the State of California to grant
acadcmic degrees.

Grantham School of Engineering
- o Established in 1951 o
elephone: 1505 N. Western Ave.
(213) 469-7578 Hollywood, Colif. 90027
________________________ =
] Grantham School of Engineering PE-10-69 |
| 1505 N. Western Ave., Hollywood, Colif. 90027 1
| Plcase mail me your free Bulletin, which cxplains how the :
| Grantham home-study educational program cin prepare |
| me for my FCC license and Associate Degree. ) under- ]
| stand no salesman or counsclor will call, I
I I
1 |
| |
|

Name.

Addr

LETTERS (Continued from page 10)

THE TREND TOWARD *LO-FI”

In recent years, the trend toward tape car-
tridges and cassettes and away from record
discs and reel-to-reel prerecorded tapes seems
paradoxical. I can understand the logic be-
hind using the new types of music reproduc-
tion systems in a car; as of now it seems the
only practical way of getting relatively high-
fidelity music under mobile conditions. What
I can’t understand is the logic that suggests
that cassettes and cartridge tapes can pro-
vide really great sound.

First of all, the playing speeds are too slow
to squeeze in the full range of frequencies
produced during a live performance—for the
cartridge, it's only 3% in./s, and for the cas-
sette it's only 1% in./s. And with as many as
cight tracks on a very narrow tape width,
what must happen to the signal-to-noise ra-
tio? This compounds the problem of tape
alignment, which is bad enough with only
four tracks on a % ” magnetic tape! The Dolby
system can probably take the woes of low-

| speed tape playing, but is the extra expense

really worth it?

It doesn’t make sense to shell out $8 on a
cassette or cartridge that can’t equal the
quality and performance of a $5 record disc.
Could it be that the so-called hi-fi industry
is attempting to turn us into a bunch of “hi-
fi Babbitts?”

Mike Pooi.g
Notre Dame, Ind.

We wonder (your last question).

OUT OF TUNE

“Build the PPFL” (August 1969). The
silicon controlled rectifier called for in
the Parts List is a General Electric Type
C106G2. General Electric has discontin-
ued this model. In this project, and in
most others where the C106G2 is called
for, General Electric’s Type C106A2 can
be substituted. It is readily available
from Allied Radio—and many other sup-
pliers—at a price slightly above $1.00.

“Build Op Tach” (March 1969). In a
letter in our July issue, a fluorescent
light method of calibrating the “op tach”
was proposed. This will work but the
repetition rate is 7200 times/min
not 3600. Since 60-Hz power has two
maximum peaks the fluorescent fires 120
times/sec.

POPULAR ELECTRONICS




Inthe Age
of Solid State,
Ungar
utguns the
heavyweights.

WEIGHS LESS THAN FIVE OUNCES!

Say good-bye to old “solder gun cramp.”

Enter Ungar's all-new under-five-ounces Solid

State Solder Gun. Exit a couple of oounds of

transformer. And you'll welcome these other Ungar

advancements:

= Exclusive “electrically isolated’ tip for damage-free
soldering of IC's and FET's.

» Dual-heat selector switch — just a flip of the thumb for
500° or 900°F. tip temperature range.

= Three different thread-on micro-tips — no need to remove
or replace heat cartridge when changing tip.

= All parts replaceable separately

If you're ready for the lightest, easiest-to-use solder gun cn
the market, order the new Ungar #5760 Solid State Solder Gun
now from your nearest Ungar dealer or distributor. Or write us \ Y

direct for complete information. "o .‘;.a i

U Division of Elden Industries, Inc., Dept. C-1 aronty, \ 73
ngaf® Compton, California 90220 f""‘l@ 3
yh @
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QUIET

RTL COOKBOOK

by Don Llancaster

Well known to PoruULArR ELECTRONICS readers
for his many high-quality projects that have
appeared in these pages, Don Lancaster, in
his first full-length book, explains the princi-
ples and uses of resistor-transistor-logic
(RTL) integrated circuits. The text provides
the experimenter with an understanding of
RTL in IC circuits as they are used in every-
day electronics projects (including those
projects that have from time to time appeared
in this magazine). The technician is shown
through step-by-step analysis how these cir-
cuits work and how they are maintained. The
book also provides the engineer with circuits
that can easily be added as building blocks to
larger systems. We especially recommend
this book to anyone who understands elec-

tronics but wants to update his knowledge
with digital principles.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 B8t., Indianapolis, Ind. 56268,
Soft cover. 256 pages. $5.25.

104 SIMPLE ONE-TUBE PROJECTS
by Robert M. Brown

Ag its title implies, this book is a collection
of useful and easy-to-build vacuum tube(!)
projects for those people who have a supply
of tubes they do not know what to do with,
All of the projects presented are inexpensive
to build—no more than $5 each if you have
to buy parts—and employ only one tube. The
projects include a VLF receiver, DSB con-
verter for CB radios, modulation scope, grid
dip meter, SSB detector, and many more.
Each project is a section in itself, with a
schematic diagram, parts list, and short de-
scriptive text.

Published by Tab Books, Blue Ridge Summit,
Pa. 17214. 192 pages. $6.95 hard cover; $3.95
soft cover.

RCA TRANSISTOR, THYRISTOR, & DIODE
MANUAL, SC-14

This new manual, the successor to the RCA
Transistor Manual, contains the latest infor-
mation on basic technology, operating princi-
ples, characteristics and ratings, and testing
of RCA semiconductor devices. Twenty per-
(Continued on page 116)

The 1969 Tumner 360

See it at your dealer's showroom

The 360. A lightweight sporty compact from Turner. Reduced in size and weight {12 oz.), this custom styled mike
is made to order for mobile units. Standard equipment on the 360 almost sounds optional: dash mounting knob
and hardware, five foot extended coiled cord, beautiful black cycolac finish. Get in the driver's seat with a 360,
It's got the smoothest transmission on wheels, O The TURNER Co.,

909 17th Street N.E., Cedar Raplds, Iowa 52402, {319) 365-0421,
LE NO. 38 ON READER SERVICE PAGE
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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 On coupon below, circle the number{s) that
W corresponds to the key number(s) at the bot-
tom or next to the advertisement or editorial men-
tion that is of interest to you. (Key numbers for
advertised products also appear in the Advertisers’
Index.) Print or type your name and address on the
lines indicated.

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

note- If you want to write to the editors of
®m POPULAR ELECTRONICS about an article
on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inquiries concerning circulation
and. subscriptions should be sent to POPULAR
ELECTRONICS, Portland Place, Boulder, Colo. 80302.
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The top
C.B. performer

New Tram®

CORSAIR

Mobile sideband
plus A. M.

Get set for the sound of the future!
Corsair—-Tram'’s all new solid-state side-
band-plus rig for cars, boats, aircraft.

Tram’s Corsair works beautifully
with any unit; standard A.M,, single or
double sideband, reduced or sup-
pressed carrier. Corsair is two trans-
ceivers in one — with crystal-controlled
A.M. capability; greater range; less
sensitivity to noise and skip signals. A
built-in Collins Mechanical Filter cuts
interference and gives maximum selec-
tivity. Corsair’s noise blanker and noise
limiter reduce ignition interference to a
new low.

Get in on the big move to mobile
sideband Corsair. Send for details.

Tram Corporation

Dept.E-4, Lower Bay Road, P.O. Box 187,
Wwinnisquam. New Hampshire 03289 + Phone: (603) 524-0622

CIRCLE NO. 35 ON READER SERVICE PAGE

@ new
literature

To obtain « copy of any of the catalogs
or leaflets described below, simply fill in
and mail the coupon on page 15 or 115.

Arcturus Electronics Corporation has re-
cently acquired 9800 obsolete vacuum tubes
(circa 1925-1930) to add to their considerable
inventory of hard-to-obtain items. These and
thousands of other items are listed with their
prices in Arcturus’ Mid-1969 Catalog, available
on request.

Circle No. 75 on Reoder Service Poge 15 or 115

Just listed by Xcelite, Inic., is their four-page,
full-color Catalog 166 Supplement, describing
and listing specifications on all professional
hand tools and sets added to the company's
line since the publication of the latest general
catalog. Included in the listing are fixed-
handle screwdrivers for slotted, Phillips, and
Allen hex-type screws; fixed-handle, hollow-
shaft nutdrivers; a compact interchangeable-
blade Allen hex-type set in a pocket-size
plastic case; etc. Also listed are metric tools.

Circle No. 76 on Reoder Service Poge 15 or 115

Crystal Bulletin available from K-W Indus-
tries, Inc., contains a list of quartz crystals
in the range from 50 kHz to 200 MHz. Com-
plete dimensional data and ordering informa-
tion for standard and custom crystals are in-
cluded, along with the completely revised
chart listing specifications on military types.

Circle No. 77 on Reoder Service Poge 15 or 115

A 24-page booklet, titled “Recording Basics,”
written to help the reader improve sound
quality of home tape recordings can be ob-
tained from the 3M Company. The illustrated
booklet offers tips on proper selection of mag-
netic tapes, recording techniques, and record-
ing procedures, all in non-technical language.
It also defines various types of tape recorders
and illustrates the proper techniques for edit-
ing and splicing magnetic tapes.

Circle No. 78 on Reoder Service Poge 15 or 115

Catalog No. 103L (48 pages) available from
International Correspondence Schools de-
scribes 17 electrical engineering programs,
refresher courses for graduate engineers, and
practical electrical courses. The catalog ex-
plains the exact makeup of the ICS electrical
engineering courses and the scope of the pro-
grams and gives synopses of the texts. In ad-
dition, articles describe careers in electronics
and electrical engineering.

Circle No. 79 on Reoder Service Poge 15 or 115
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The modern Army goes to school, and
there’s a place in class for you.

In fact, high school graduates have more
than 300 job training courses to choose from.

And if you qualify for the Army’s enlist-
ment pragram, we guarantee your course selec-
tion before you step forward and raise your
hand.

There™ still another plus. The training is
great. A leading American university credits
the Armead Forces with one of the most ad-
vanced and comprehensive educational pro-
grams in the world.

Job training in the Army could be the oppor-
tunity you need to acquire a vital and reward-
ing skill. At the same time, you fulfill your
military obligation.

We can give you more than 300 good
reasons for joining the Army.

But all you need to choose is one.

Your future, your decision...choose ARMY.

Army Opportunities 2-PE-1069
Dept. 200

Hampton, Va. 23369

Please send me your free 40-page booklet.
| understand there’s na obligation
attached to this request.

Name —Age
Address — ==
City _ County_

State Zip

Phone Education

Enroll in the Army.




Can you solve these
two basic problems in
electronics?

tamp} tamp2 Ltamp3

input

This one is relatively simple:

When Switch S; is closed, which lamp
bulbs light up?

Note: If you had completed only the first lesson
of any of the RCA Institutes Home Study programs,
you could have solved this problem.

(d—d) siloA 62—2 walqord
dn by (e Aeyi—} wa(qosd SHIMSNY

'Z: 10 volt zener diodes

L33 output

This one's a little more difficult:
What is the output voltage (p-p)?

Note: If you had completed the first lesson in the
new courses in Solid State Electronics, you could
have easily solved this problem.

These new courses include the iatest findings
and techniques in this field. Information you must
have if you are to service today’s expanding
multitude of solid state instruments and devices
used in Television, Digital, and Communications
Equipment.

it you had completed an entire RCA Institutes
Home Study Course in Semiconductor
Electronics, Digital Electronics, or Solid State
Electronics, you should now be qualified

for a good paying position in the field you choose.
Send for complete information. Take that first
essential step now by mailing the attached card.

POPULAR ELECTRONICS
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RCA Institutes Autotext learning method

makes problem-solving easier...

gets you started faster towards a good-paying career in electronics

Are you just a beginner with an interest in
electronics? Or, are you already making a living
in electronics, and want to brush-up or expand
your knowledge? In either case, RCA has the
training you need. And Autotext, RCA Institutes’
own method of Home Training will help you learn
more quickly and with less effort.

Wide Range of Courses

Select from a wide range of courses. Pick the
one that suits you best and check it off on the
attached card. Courses are available for beginners
and advanced technicians.

Electronics Fundamentals
Black & White Tetevision Servicing
(Transistorized TV Kit Available)

Color Television Servicing (Color TV Kit Available)
FCC License Preparation
Automatic Controls
Automation Electronics
Industrial Electronics
Nuclear Instrumentation
Electronics Drafting
Computer Programming

. Plus these new
p-to-the-minute courses
Semiconductor Electronics
Digital Electronics

*Solid State Electronics
ommunications Electronics

Build and keep this
valuable oscilloscope.

drepare for good paying
ositions in fields like these
2levision Servicing
lecommunications
bbile Communications
\TV
adcasting

ine Communications
lear Instrumentation
strial Electronics
ymation

puter Programming
i State

tronics Drafting

Pt TrLil. @
in the new program on Solid
State Electronics you will suudy
the effects of temperature and
ieakage characteristics of

transis-ors.

ber, 1969

Valuable Equipment—Yours To Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a muitimeter, a fully
transistorized breadboard superheterodyne

AM receiver, and the all-important oscilioscope.
These 4 kits are at no extra cest. Compare this
selection with other home study schools.

Convenient Payment Plans

RCA Institutes offers liberal monthly payment
plans to suit your budget.

Classroom Training Also Available

RCA Institutes operates one of the largest technical
schoots of its kind. Day and evening classes. No
previous training is required. Preparatory courses
are available. Classes start four times a year.

Job Placement Service, Too!

Companies like Bell Telephone Labs, GE,
Honeywell, IBM, RCA, Westinghouse, Xerox, and
major radio and TV neiworks have regularly
employe¢ graduates through RCA Institutes’ own
placement service.

All RCA Institutes courses and programs are
approved for veterans under the new G.l. Bill.
Send Attached Postage Paid Card

Today. Check Home Study or
Classroom Training.

Accredited Member National Home Study Council.

IF REPLY CARD IS DETACHED, SEMD THIS COUPON

RCA Institutes Inc.

Home Study Dept. PE-09
320 West 31 Street
New York, N.Y. 1000t

|
|
|
|
|
: Please send me FREE illustrated career catalog.
|
|
|
|
|

Name Age
(picase print)
Address. -
City = State Zip
e e e e e e e e e e T = |



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 or 115.

AUTO TUNE-UP METER

Capable of measuring dwell, r/min, and d.c.
voltage on any four-cycle, 3-, 4-, 6-, or 8-
cvlinder engine with standard ignition sys-
tem,

the Heathkit Model ID-29 solid-state
Auto Tune-Up Meter is a real
steal at less than $30 for the
kit. Both dwell and r/min
measurements can be made
without having to reconnect
the test leads between steps,
and the meter can be used in-
terchangeably on bhoth 6- and
12-volt systems. The ID-29 con-
nects directly to the primary
side of the ignition coil for both dwell and
tach measurements, receiving both signal and
power from the engine under test. For breaker
point settings, the dwell angle is read directly
from the large 4%” meter. The built-in volt-
meter is handy for chasing down faults in the
vlectrical system. The ID-29 can be calibrated
using standard a.c. house current. The instru-
ment is housed in a rugged black polypropy-
lene case with carrying handle.

Circle No. 80 on Reader Service Page 15 or |15

FM MONITOR RECEIVERS

Sonar Radio Corp. is marketing a pair of high-
guality, ruggedly built M monitor receivers.

The Model FR-104 is designed for the low
band between 25 and 50 MHz, while the Model
FR-105 is a high-band 150-175-MHz receiver.
Both models have dual limiter and Foster-
Seeley discriminator;
quadruple-tuned r.f.
%’ stage for greater image
W rejection; temperature-
E =2 compensated, noise-free
g squelch; six crystal-con-
trolled frequencies; military epoxy-glass cir-
cuit board; and built-in 2” x 6” speaker. Tech-
nical specifications—maximum frequency
separation: =1 MHz for FR-104, +3.5 MHz for
FR-105; sensitivity: 0.3 uV for 20-dB quieting;
squelch sensitivity: 0.18 4V minimum; selec-
tivity: 6 dB *6 kHz/60 dB *+30 kHz (FR-104/
FR-105); audio output power: 1.5 watts at 4
ohms; power consumption: 4.4 watts at 13.8
voits d.c./17.5 watts at 117 volts a.c.
Circle No. 81 on Reader Service Page [5 ar 115
22

CASSETTE PLAYER RECORDER

Three new portable cassette player/recorders
which can be operated on line power, on bat-
teries, or adapted for mobile use are from the

Ampex Corporation and are now available.
The Models include the “Micro 32, which
includes an AM/FM receiver; “Micro 24,” a
deluxe model; and

“Micro 14,” with plug-

= in dynamic micro-

—ﬁ phone that can be

= ~I1 attached to an exten-

sion cord for remote

operation. The Micro

32 and Micro 24 have 1-watt power output, 5”
speaker, automatic battery charger circuit,
remote control facilities, and earphone. The
Micro 14 also has a l-watt power output, bi-
directional speaker, extension cord, etc. All
three models have pushbutton cassette func-
tion controls, manual or automatic recording
level control, and recording level/battery
condition meter. Technical specifications—
frequency range: 100-10,000 Hz; signal-to-
noise ratio: 42 dB; rewind/fast forward time:
90 seconds maximum.
Circle No. 82 on Reader Service Page 15 or |15

ELECTRIC GUITAR SYSTEM

Inmnovex (division of Hammond Corp.) has
developed a sophisticated electric guitar sys-
tem consisting of the “Condor SSM” (Sound
System Modulator), “Condor SS (Sound Sys-
tem), and “Condor” electric
guitar. The SSM offers a
new concept in sound re-
production. It has a room
rocker to create a shift in
sound color; a phaser that
produces tremolo or vibrato
loud in one channel, soft in
the other channel; a pat-
ented reverberation sys-
tem; echo, volume, treble,
and bhass controls; and re-
mote control. The SS has
two 15”speakers and a horn
tweeter; phase inversion cabinetry; special
damping materials; remote control a.c. power
relay; and short-circuit protection. The guitar
features the Condor pickup which provides a
microphone for each string.

Circle No. 83 on Reoder Service Page 15 or I 15

REVERBERATION AMPLIFIER

A solid-state, double-scatter reverb amplifier
is being marketed by Pioneer Electronics
U.S8.A. Corp. as the Model SR-202. The feeling
of depth provided by the reverb system sup-
plies concert-hall presence without the audible
distortions usually
associated with equip-
ment of this type.
The reverb time can
be manually adjusted
as desired, and the
amount of depth used
can be set to fit the particular recording and
environmental acoustics. An easy-to-view

POPULAR ELECTRONICS




A WP-700A, 702A, 703A and 704A constant voltage dc power supplies are all
d-state. A negative feedback circuit maintains constant output voltage with low

sle —regardless of varying line. In fact, at rated load, these supplies are so smooth
“they hardly cause aripple.”

4y are versatile bench-type units—ideally suited for use in circuit design, servicing,
lustrial, and educational applications.

put voltage of the WP-700A and WP-702A is continuously adjustable from0 to

iolts at current levels up to 200 mA.

put voltage of the WP-703A is continuously adjustable from 0 to 20 volts at current
als up to 500 mA.

put voltage of the WP-704A is continuously adjustable from 0 to 40 volts at
‘ent levels up to 250 mA.

Hur power supplies have built-in electronic short-circuit protection —and a front
51 overload-indicator that signals approach to maximum rated current level.

WP-700A: $40.00* (five or more) $48.00° (less than five)

WP-703A: $49.00¢ (five or more) $58.00* (less than five)
WP-704A: $49.00* (five or more) $58.00* (less than five)

*Optional Distributor Resale Price. WP-702A: Siamese Twins of WP-700A, but electrically
isolated $73.00* (five or more} $87.00*
(less than five)

For further information write: RCA Electronic Components, Commerciat
Engineering, Department J-133W, Harrison, N. J. 07029.

Look to ACA for instruments to test/ measure/view/! monitor/ generate
CIRCLE NO. 42 ON READER SERVICE PAGE
October, 1969
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PRODUCTS (Continued from page 22)

light panel is coupled to the manually adjust-
able reverberation control, supplying both
aural and visual control of reverberation.
Technical specification—input signal: 3 volts
maximum at 1 kHz with reverb at minimum
harmonic distortion: less than 0.2¢% at 1 kHz,
with output level at 330 mV and reverb time
at minimum; frequenty response: +2 dB, 20-
35,000 Hz.

Circle No. 84 on Reoder Service Page 15 or |15

RHYTHM INSTRUMENT

A complete electronic rhythm section, the
“Rockmate” Model X-92, that plays through
any guitar or music amplifier is available
from Olson Electronics, Inc.
The instrument allows the
user to select from five basic
rhythm patterns, then adjust
tempo to suit his mood. He
‘can also add a solo drum beat
if desired. The rhythm pat-

B terns available include fox
trot, after beat, jazz, rock, rock beat, fore
beat, and rock-a-ballad. The Rockmate oper-
ates on self-contained battery, or it can be
line-powered with the addition of an optional
a.c. power supply.

Circle No. 85 on Reader Service Page 15 or 115
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THREE-WAY SPEAKER SYSTEM

A new concept in speaker design, with a
resulting midrange that has outstanding tran-
sient response and a sharp reduction in dis-
tortion, is incorporated in the Sansui Elec-
tronics Corp. Model
SP-1001 speaker sys-
tem. This new three-
way, three-speaker
system has several ex-
clusive features,
among them pushbut-
ton input connectors
and electronic cross-

) over terminals for
hookup of bi- or tri-amplification systems. A
special step-down attenuator utilizing a 12
dB/octave network makes it possible to
change output levels, in 3-dB steps, of the mid-
range and tweeter independently. Technical
specifications-—speakers: 10” cone woofer,
6%” cone midrange, 1”7 domed tweeter; maxi-
mum input: 40 watts IHF; impedance: 8
ohms; sound pressure level: 100 dB; frequen-
¢y range: 35-20,000 Hz; Crossovers; 600 and
5000 Hz.

Circle No. 86 on Reader Service Page 15 or 115

AUDIO-LIGHTING FAMILY

The EICO Electronic Instrument Co., Inc.,
recently expanded its line of “Sound n’ Color”
audio-lighting products with the introduction
of a complete line of color organs, sound/color
transiators, and electronic strobe lites. The

24

o

colororganlineincludes:
Model 3440 three-chan-
nel system; Model 3445
four-channel system;
Model 3450 large-size
four-channel system;
Model 3450 three-chan-
nel light display/receiv-
er (less electronics); and
Mode! 3480 combination three-channel color
organ and two-way speaker system. The Mod-
el 3465 three-channel and Model! 3460 one-
channel systems make up the sound/color
translator line. The high-intensity strobe lite
line includes the Model 3475 sound-actuated
svstem and the Model 3470 electronic strobe
lite. All sound n’ Color products are available
in kit or wired form.

Circle No. 87 on Reoder Service Poge 15 0r 115

A.C. LEAKAGE TESTER

Simpson Electric Company recently intro-
duced the Model 229 current leakage tester
for 120-volt a.c. appliances and other electrical
equipment in accordance with U.S. Standards
Committee proposed specifica-
tions. Performance of the
tester approximates the nor-
mal perception curve within
+1.0 dB, and the meter mea-
sures leakage currents as
small as 5 xA. Operation is
simple, and all ranges are pro-
tected from damage if acci-
dentally subjected to line volt-
age. Technical specifications—
a.c. current ranges: 0-0.3, 1, 3, 10 mA; a.c.
voltage: 0-150 volts; accuracy: +29% at 60 Hz:
resolution: 5 4A on 0.3-mA range; accuracy-
versus-frequency: approximates Dalziel’s
“percentile 50 threshold of perception within
*+1dB;” input impedance: 1500 ohms, shunted
by shaping network, on all ranges; input re-
sistance: 500,000 ohms.

Circle No. 88 on Reader Service Page 15 or 115

MULTI-ANTENNA ROOF TOWER

The Model TRM-716 is a new 7%’ single-
mast, multiple-antenna tri-mount roof tower
designed by South River Metul Products Co.,
Inc. Areas where multiple antennas are ori-
ented to different compass points are particu-
larly suited to this new tall tri-mount tower.
The mast, integrated into a special triangular
base assembly, permits two or three antennas
to be mounted quickly and securely. The one-
piece base assembly opens like an umbrella
and is secured into position with a single
wing nut. Both the mast and base assembly
are made of heavy-gauge steel tubing, gal-
vanized for long life under changing weather
conditions.

Circle No. 89 on Reader Service Page i5 or | 15

HI-FI/STEREO HEADPHONE KIT

The Kunight-Kit/Koss Model KG-802 stereo
headphone kit offers wide-response hi-fi/
stereo sound at substantial savings over fac-

(Continued on page 118)
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is sudde

There’s a new

The new Cobra 24: with more power,
intelligence, and beauty than any of the
others in its class!

The Cobra 24 preys on the others' weak-
nesses. With more talk power—a full, legal-
limit 5-watt input and exclusive Dynascan
DYNA-BOOST Speech Compression. And
a selective dual-conversion superhet
receiver with ceramic filter to give out-
standing selectivity and gain.

And more intelligence—it always gets the
message through crisp and sharp, even
when others are garbled and unclear.
Crystal-controlled transmit and receive on
all 23 channels. (No extra crystals to buy!)

And more beauty—a striking, no-nonsense
exterior. Designed for attack...with a
push-to-talk mike, automatic noise limiter,

ly st

Cobra Lurking!

and positive or negative ground operation
without internal wiring changes, featuring
reverse polarity protection. There's a
PA/CB switch with adjustable voiume. And
the illuminated channel selector and “‘S"
meter makes even night transmission easy.
Beautiful, with all silicon transistor, F.E.T.
and integrated circuit. It uses 12 volt DC;
AC adapter available. Meets FCC require-
ments. It even comes with its own mount-
ing bracket.

See your dealer or write us for full details.

@ C Obra =< nNets169.95.

Product of DYNASCAN CORPORATION
1801 W. Belle Plaine, Chicago, lllinois 60613

CIRCLE NO. 6 ON READER SERVICE PAGE
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23 Portable
Channels

for 1499

[
PI"s m 5 Watts—maximum FCC Power.

Midiand Integrated Circuit for ultimate solid
state efficiency. Isolated Chassis for efficient
operation in cars and trucks. 3-Way Meter
monitors battery, power and signal strength.

Midland once again demonstrates its leader-
ship in the CB field! This hand-held synthe-
sized transceiver has all the power and
channel capabilities of deluxe base/mobile
units. Dual conversion superhet receiver
has tuned RF, 6 IF's. High-level class B
push-pull modulation. Jacks for: AC adaptor/
battery charger, external antenna, external
mike, PA  speaker, earphone/external
speaker. All crystals supplied for immediate
23-channel operation. With telescoping
antenna, leather case.

Model 13-790

E}

5-Watt,
6-Channel
Transceiver
Model 13.770

Super 5-Watt, i
6-Channel with ]
Integrated
Circuit i

Model 13-7758 ¥
$99.95

Prices shown are suggested retail, each unit.

“ DLAND.

INTERNATIONAL

FOR FREE BROCHURE, write: 1909 Vernon, North Kansas City, Mo. 64116 or 5055 Alcoa. Vernon, Calif. 90058
CIRCLE NO. 21 ON READER SERVICE PAGE
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Thermomete
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HELP SAVE MERCURY METAL—GO ELECTRONIC!

BY C.P. TROEMEL

UNLESS YOU happen to live “up in
Central Park” or “in the Chicago
Loop” the temperature reports that come
over the radio are not really enough to
prepare you for what you will find when
you step out your front door. So every-
one wants an outdoor thermometer. Un-
fortunately, just hanging a standard
thermometer outside a window is not al-
ways the best solution—either you can’t
see it or it's in a protected spot that
doesn’t give true indications. Similarly,
if you use the conventional outdoor-
indoor bulb-type thermometer with re-
mote sensing, you must locate the bulb
in the best place you can and then care-
fully bring a long copper capillary tube
into the house through a window frame
or wall.

It is possible, however, to have an
outdoor-indoor electronic thermometer

October, 1969

that is accurate, easy to build, and easy
to install. The sensing element in this
thermometer is a resistor (Sensistor®)
with a positive temperature coefficient—
that is, its resistance increases linearly
as the surrounding temperature increas-
es. The connection between the sensor
and the temperature readout is made
with flexible twin-conductor cable (zip
cord, 300-ohm twin-lead, etc.) so that
the sensor can be in any location, inside
or out.

Construction. The circuit of the ther-
mometer is basically a simple resistance
bridge as shown in Fig. 1. Any number
of sensing units may be used and you
can locate them anywhere you like. Two
(one indoors and one outdoors) are
shown in Fig. 1. Use a multi-contact se-
lector switch for SI to choose the sensor
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line-

Entire circuit of
independent thermometer is shown

uppzr left. Power supply at low-
er left can be connected in prop-
er polarity across D1 (elimi-
nate Bl, R10, and S2) to provide
{or constant a.c. line operation.
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PARTS LIST

B1—9-volt battery

C1—400-uF, 15-volt clectrolytic capacitor

D1—1N4735, 6.2-volt, 1-watt sencr diode

D2 -1N4001 diode

MI1—0-1-mA wmeter, 100 ohms maximum resis-
tance. (1f a morc sensitive meter is uscd, in-
crease the valuc of R3.)

R1-—1000-0hm potentiometer

R2--150-0hm. Y4-watl resistor

R*—100-0hm. i ealt resistor

R1 R6--470 okm, 4-watl resistor (must be
closely matched)

R5---500-0hm potentinmetery

you want to read. If the thermometer is
to be located in a fixed position in the
house, you can use the line-operated
power supply shown in the schematic. If
you want a thermometer free of power
lines, use the internal battery. In either
case, the zener diode, D1, must be in the
circuit.

If you use a hattery, you will need
pushbutton switch 82 to turn on the
thermometer to make a reading. If you
use the line-operated supply, the meter
will indicate temperature at all times.
Current drain is only about 20 mA so
there is no harm in having it on con-
stantly.

The first step in assembling the ther-
mometer is to modify the meter scale to
read degrees Fahrenheit. Gently remove
the plastic cover from the meter face.
The original 0-1-mA scale division mark-
ers can be used. Remove the old numer-
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R7,R0-~100-0htm Scusistor (Texas Instrumecnts
TM14)*

R8—50-0hm miniature potentiometer

R10.R11—100-0hm, Va-walt resistor

S1—S.p.d.t. swilch (sec lext)

$2— Ao, normally epen pushbutton switch

T1—Filament transformer, 6.3-volt sccondary

Misc.—3" x 47 x 3" metal enclosure, rubber
grommet. aluminum jor L-bracket, elastic band,
knob, terminal strips, lengths of twin-conductor
cable, mornting hardware. ctc.

*Available from Newark Electronics Corp., 500
N. Pulasli Rd., Chicago, lllinois 60624, Cat.
No, 12F055, $4.

als using a typewriter eraser. Then,
using Datak press-on lettering (avail-
able at most art stores), renumber the
scale divisions as shown in Fig. 2, mak-
ing the 32°F (freezing) mark red if de-
sired. Replace the face cover.

The thermometer is assembled in a
57 X 4” x 3” metal cabinet. The meter
and switches SI and S2 (if they are
used) are mounted on the front panel.
After the meter is installed, make sure
that the needle rests on the zero mark.
If it does not, adjust the meter zero
screw at the axis of the meter move-
ment.

The high- and low-range calibration
potentiometers (R5 and R1, respective-
ly) are mounted on a small L-bracket on
the bottom of the chassis (see Fig. 3).
An elastic band is wrapped around the
L-bracket to hold the battery behind
the potentiometers. If used, remote-sen-

POPULAR ELECTRONICS



Fig. 2. Use the original scale markings,
but renumber scale to indicate between
0 and 100; affix °F marking under scale.
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sor trimming potentiometer R& s
mounted on a two-lug terminal strip
(neither lug grounded) fastened tc the
front panel under one of the meter
mounting nuts. A three- or four-lug
terminal strip can be mounted under the
other meter mounting screw to serve as
a connector for the sensor cables.

Drill a hole in the top of the chassis
for the sensor cables. Put a rubber grom-
met on the hole to protect the cables.
Then wire the circuit point-to-point fol-
lowing Fig. 1. Check that R} and R6
are within a few per cent of each other
in resistance values. At the same time,
measure the resistance of both sensors,
being careful not to heat them with your
fingers. Use the higher valued sensor for
the indoor unit (R7).

vk NP s OO

Threeug terminal strip provides most convenient
method of connecting a sensing resistor to cable.

Oclober, 1969

Since the sensors are encapsulated,
they are not affected by rain, snow, etc.
A good way to mount the sensors is to
put them on small two-lug terminal
strips which can be attached to almost
any surface. Lengths of conventional
twin-conductor cable (such as 300-ohm
TV twin lead) can be used to connect
the sensors to the thermometer. Be care-
ful not to get more than a few ohms of
resistance in the sensor circuit. Assume
that most wire has a resistance of about
1, ohm per 100 feet (one wire, cne
way ). Calibration is performed with the
sensors actually connected to the neces-
sary lead lengths.

e [

Fig. 3. Wiring is point-to-point, An elastic band
secures Bl against the rear surfaces cf R1 and R5.
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Calibration. To calibrate the thermom-
eter, you will need an accurate bulb
thermometer covering the range from 0°
to 100°F. With S1 in the indoor position
and the indoor sensor connected to the
length of cable that will actually be
used, wrap a small piece of wire around
the sensor and the bulb thermometer to
hold them in close thermal contact, mak-
ing sure you can see the bulb-thermom-
eter scale graduations.

Place the sensor-thermometer combi-
nation in a cold environment that is as
close to 0°F as possible (refrigerator
freezer) and allow the temperature to
stabilize for 10 or 15 minutes. Turn on
the electronic thermometer and compare
its indication with the temperature as
indicated by the bulb thermometer. Ad-
just RI until the meter agrees with the
bulb thermometer. Remove the sensor
and thermometer from the cold area and
allow them to come up to room tempera-
ture.

Now place the sensor-thermometer
combination in a hot environment that
is as close to 100°F as possible (kitchen
oven) and allow the temperature to sta-
bilize again. Adjust R5 until the meter
indicates the same temperature as the
bulb thermometer. Repeat the low- and
high-temperature adjustments until the
controls do not have to be touched up.
If the low-temperature adjustment is
made at exactly 0°F, the high-tempera-
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Selector switch S1 (at top) is for
two-sensor operation. if more sensors
are used, substitute a switch with
the appropriate number of positions.

ture adjustment need only be done once.
Put a drop of glue on both potentiom-
eter shafts to keep them from being
moved accidentally. If you prefer maxi-
mum accuracy at some specific tempera-
ture, seek an environment that is exact-

HOW IT WORKS

The positive temperature coeflicient resistor
used as a sensor for the clectronic thermometer is
actually a semiconductor (silicon) device whose
resistance versus temperature curve is extremely
linear. Unlike the conventional thermistor, its re-
sistance increases in proportion to an increase in
temperature.

As shown in the schematic, the sensor forms
one arm of a conventional Wheatstone bridge
that is made to balance at 0°F. The resistance of
the parallel combination of R3 and RI plus R2
is made to equal the resistance of R7 at that tem-
perature. In this condition, there is no voltage
drop across the bridge so that no current flows
and the meter indicates zero.

When the ambient temperature surrounding
R7 rises, the resistance of R7 increases in propor-
tion. This unbalances the bridge so that the volt-
age at the junction of R6 and R7 is higher than
at the junction of R4 and R3. Current then flows
through the milliammeter, whose meter face has
been calibrated in degrees Fahrenheit. Ii the
ambient temperature surrounding R7 decreases.
its resistance decreases, less current flows through
the meter and the ncedle drops. The circuit is de-
signed so that zero current through the meter is
0°F-—however, as pointed out in the text, any
other temperature can be used.

Potentiometer R is used to adjust the low
(0°F) end of the meter scale, while potentiometer
R5 adjusts the high (100°F) end.

The power supply is regulated to prevent input-
voltage variations from affecting the thermometer
calibration.

POPULAR ELECTRONICS




Fig. 4. With the installation of a
polarity-reversing switch as shown,
the thermometer can be used to in-
dicate temperatures down below O°F.

Potentiometer R8 should be mount-
ed on a two-lug, ungrounded ter-
minal strip. Terminal strip is held
under the meter corner hardware.

Power line (if used) and sensor cables should en-
ter top of the cabinet through grommet-lined hole.

October, 1969

ly the temperature that you want (as
indicated on the bulb thermometer) and
adjust either the high or low control to
get the correct indication on the meter.

Once the thermometer has been cali-
brated for the indoor sensor, connect
the. outdoor sensor to its required
length of cable and repeat the low-tem-
perature calibration, using R8 to make
the necessary adjustment. Calibration
of the outdoor sensor for the high end
is not possible now but the accuracy will
not be greatly affected.

Modifications. If you want to measure
below 0°F, build the meter-reversal cir-
cuit shown in Fig. 4 and calibrate the
thermometer accordingly. To measure
above 100°F, change the meter scale
markings and calibrate using the desired
temperatures. If the meter cannot be
brought on scale, increase the value of
R5.

To add more sensors, change selector
switch S1 accordingly and connect the
sensors just as R8 and R9 are in Fig. 1.
The added trimmer potentiometers are
mounted in the cabinet and adjusted as
described above for R8.
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Boy, was this a good day for television . ..
Everything went wrong!

| guess you weren't ready
for me to plug it in.
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AA-C-D Battery Charger

BUILD A CONSTANT-CURRENT CHARGER FOR

NICKEL-CADMIUM CELLS

EVERY DAY another new piece of bat-
tery powered equipment is introduced
on the market. There are radios, tape re-
eorders, instruments, flashlights. toys—
you name it—and you probably have
several of them in your home. You have
also been struck by the amount of mon-
ey spent on replacing worn-out batteries.
Did you ever consider buying recharge-
able batteries and doing the “‘revitaliz-
ing" yourself?

Although the purchase price of re-
chargeable batteries is higher than that
of conventional =zinc-carbon flashlight
batteries, the fact that they can be re-
charged and used so many times makes
their end cost substantially lower.

October, 1969

BY A. A. MANGIER!

Teo recharge a rechargeable battery,
you can build the censtant-current bat-
tery charger described here for a very
modest price. It has fixed charge rates.
covering nearly all types and ranges of
cells—with capacities from 45 to slightly
over 500 mA.

This charger has built-in clips for
holding AA, C, and D cells or a simple
connector and cable arrangement can be
used to recharge groups of cells (up tc
six) without removing them from the
equipment in which they are installed.
Besides the larger cells, the *“button”
type found in subminiature equipment
can be recharged. Metering and a vari-
able charge-rate control can be included.
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kaline batteries are not interchangeable

About Rechargeable Batteries. There are
two principal types of rechargeable bat-
teries on the market—nickel-cadmium
and alkaline. Of the batteries listed in

particularly not in

containing built-in
(electric toothbrushes, knives, etc.).

t applications-

in mos
those

rechargers

=2
re-

Mallory recommends that their
chargeable alkaline batteries be

the table, those made by Burgess, Ever-

eady and General Electric are niclkel-

charged on specially designed voltage-

cadmium; the Mallory units are alkaline.

limited chargers; however, by following

(Note that the latter are rechargeable
alkaline batteries—there are other alka-

the precautions given at the end of the

article, you can use this charger on alka-

line batteries.

line batteries that are not rechargeable.)

Rechargeable nickel-cadmium and al-
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HEAT SINK
D! R

Construction. Almost any type of me-
chanical assembly can be used for the
charger. The photos show the commer-
cial looking design built by the author.
Although he used a metal chassis, se-
cured to a wood base, the only metal ac-
tually required is a few square inches of
aluminum and copper for heat sinks. If
you use a closed container, make sure
that enough ventilating holes are pro-
vided to prevent heat damage during
prolonged operation.

The schematic of the charger is shown
in Fig. 1. Most of the components are
mounted on a small piece of perf board
using clips to hold them in place. Note
that zener diode DI is placed between a
pair of thin copper plates " X 1” to
provide a heat sink. Capacitor CI has an
insulated jacket and should be mounted
with a clamp to avoid puncturing the
jacket.

Mount the battery holders on a non-
metallic surface (preferably wood) so
that they do not touch and are sufficient-
ly separated so that batteries can be in-
stalled and removed with a minimum of
effort. Note that the author used a sym-
metrical arrangement in mounting the
battery holders—with a D, C, and AA
holder on each side. When wiring cell
selector switch S2, be sure that, with the
switch to the left, the left row of holders
is selected and vice versa.

October, 1969

A ciamp must be used when
mounting C1 to the chassis.
When tightening clamp hard-
ware, be careful to avoid
puncturing plastic jacket
that encloses this capacitor.

CHARGING TIMES AND CURRENTS

Manufac- Type Capacity | Charge | Charge

turer (mA-Hr) |current| time
(mA) | (Hr)
Burgess |CD6-AA 450 45 14-16
CD7-D 2500 250 14-16

Ccp11-D 3000 | 300 | 14-16
CD10-D 4000 | 400 | 14-16

Eveready [CH450-AA| 450 45 14
CH400-AA| 500 50 14
CH1.5-C 1500 150 14

CHA4-D 4000 | 400 14
General |GC-1-AA 500 50 15
Electric {GC-2-C 1000 100 15

GC-3-D 1600 100 15
Mallory  [SA-15-AA 300 13.5[ 30-36

SA-14-C 1000 40 | 30-36
SA-13-D 2000 80 | 30-36

MAGIC FIGURES

Nickel-cadmium batteries are usually sold
with a rating clearly printed on the side of the
battery. This rating is either in terms of a 10-
hour discharge at X" mA or in a ‘“total’” bat-
tery charge of “'Y’* mA-Hr. To recharge, you
use the same discharge rate (if the 10-hour
figure is given) or divide the mA-Hr by 10 to
obtain the idealized recharging rate. To this
you add the magic figure of 40%. Thus a 200
mA-Hr nickel-cadmium battery would be re-
charged at 20 mA for 14 hours (or 15 if speci-
fied by the manufacturer as shown in table).
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10 New Exciting Kits For Home & Hobby

NEW
Kit GR-78

NEW
Kit GR-88

NEW
Kit GR-38

33295‘

312995* '

NEW
Kit ID-29

32995*

Kit TD-17

31295*

34995*

each

NEW
Kit GR-98

XS

—

NTEW Kit GD-209A

| 1495

36

NEW Heathkit Solid-State Auto Tune-Up Meter . . .
Measures Dwell, RPM And DC Voltage

The new Heathkit 1D-29 is most versatile . .. rcally three automotive test in-
struments in one ... and its low price makes it even a better value. Measures
Dwell on all 4-cycle 3, 4, 6, or 8 cylinder engines . .. measures RPM in two
ranges 0-1500 and 0-4500 . . . mecasures DC voltage from 0 to 15 volts. And no
batterics are needed . .. running engine provides both signal and power. Easy
to usc ... on both 6 and 12 volt system without changing leads. It's lightweight,
casy to carry ... comes cquipped with black polypropylenc case that has a
built-in lead storage compartment and is resistant to virtually cverything. Fast,
simple assembly . . . takes just one evening. The perfect accessory for the handy-
man who wants to do his own car tune-up, emergency road service personnel,
or shop mechanics . . . order your ID-29 now. 4 Ibs.

NEW Heathkit Electronic Metronome

The new Heathkit TD-17 is a low cost, precise performing clectronic Metro-
nome . .. a handy helper for any music student. Battery operated . . . no springs
to wind ... accurate, sleady calibration is always maintained ... from 40 (o
210 beats per minute. Instruction label on bottom gives conversion from time
signature and tempo to beats per minute. Stylish fruit wood finished cabinet.
Easy solid state circuit board construction . . . assembles and calibrates in only
2-3 hours. The new Heathkit TD-17 Electronic Mctronome is so low in cost
cvery music student can afford onc . ., order yours now. I (b,

NEW Heathkit GR-78 Solid-State General Coverage Receiver. ..
Tunes 190 kHz To 30 MHz In Six Bands

The new GR-78 combines wide coverage, superior performance and portability
with sharp styling to provide a remarkable value in gencral coverage receivers.
Tunes AM, CW & SSB signals from 190 kHz to 30 MHz in six switch-selected
bands. The all solid-state circuit employs modern FET's in the RF scction and
4 ceramic filters in the IF to deliver maximum sensitivity and sharp selectivity.
Bandspread Tuning is built-in, and can be calibrated for either Shortwave
Broadcast or Amateur Bands. Completely portable . . . comes with a nickel-
cadmium rechargeable battery pack and built-in charger that operates from
120 or 240 VAC and 12 VDC. Many built-in features ... 500 kHz crystal cali-
brator .. . switchable Automatic Noise Limiter . . . switchable Automatic Vol-
ume Comtrol . . . Receiver Muting . . . Headphone Jack and many more,
Order yours today. 14 Ibs.

NEW Heathkit GR-88 & GR-98 Solid-State Portable
Monitor Receivers For VHF-FM And Aircraft Bands

GR-88 . . . Tuncs narrow and wide band signals between 154-174 MHz . . . for
police, fire, most any emergency service. Exceptional sensitivity and selectivity.
Smart compact styling, portable or fixed station capability with accessory AC
power supply, variable tuning plus single channel crystal control, collupsible
whip antenna, adjustable squelch control, casy circuit board construction. 5 lbs.
GR-98 ... Tunes 108 through 136 MHz for monitoring commercial and private
aircraft broadcasts, airport control towers. Same featurcs as the GR-88 above.
5 Ibs. GRA-88-1, Accessory AC Power Supply...$7.95"

NEW Heathkit GR-38 Solid-State AM Clock Radio

Discover An Easier Way To Get Up In The Morning . . . with the new GR-38,
Sct the front pancl switch to "Alarm™ to hear both alarm and news & music
of AM radio, or usc “Auto’ position for only the radio. The “Snooze’ alarm
lets you turn off the alarm for ten minutes but keeps the radio on to wake you
up gradually, and cycles continuously until selector switch is reset. The ac-
curate, dependable clock controls the accessory AC socket so vou can have
coffee perking or lights turned on in the morning. The all solid-state radio really
pulls in those stations and runs cool, maintenance-free. AGC keeps stations at a
constant volume and a full wave transformer power supply climinates power line
hum. Styled in corul with matching grille. There IS a betier way to get up in the
morning . .. with the Heathkit GR-38 ., . order yours now. 6 1bs,

NEW Heathkit Deluxe Radio-Controlled
Screw-Drive Garage Door Opener Semi-Kit

The next best thing to a personal doorman. The “wircless” factory assembled
transmitter operates up to £50 fect away. Just push the button and your garage
door opens and the light turns on ... and stays on until you're safely inside
your home. The giant 7 ft. screw mechanism coupled with the 4 HP motor mean
real power and reliability, and the adjustable spring ion clutch tically
reverses the door when it meets even the smallest obstruction . . . extra safety
for Kids, pets, bikes, even car tops. Assembles completely without soldering in
just one evening. Easy, fast installation on any 7’ overhead track door and
jamb & pivot doors with GDA-209-2 Adaptor at $7.95. Order yours now. 66 lbs.,

POPULAR ELECTRONICS



NEW Heathkit Ultra-Deluxe “681" Color TV With AFT . .
Power Channel Selection & Opt. RCA Hi-Lite Matrix Tube

The new Heathkit GR-68! is the world's most advanced Color TV with more
built-in features than any other set on the market. Automatic Fine Tuning on all
83 channels ... power push button VHF channel selection, built-in cable-type
remote control ... or you can add the optional GRA-681-6 Wircless Remote
Control any time . .. plus the built-in sclf-servicing aids that are standard on all
Heathkit color TV's. Other features include high & low AC taps to insure that the
picture transmitted exactly fits the 681" screen, automatic degaussing, 2-speed
transistor UHF tuner, hi-fi sound output, two VHF antenna inputs, top quality
Amcrican brand color tube with 2-year warranty. With optional new RCA Matrix
picture tube that doubles the brightness, Model GR-681MX only $535.00.

GRA-295-4, Mediterranean Cabinet shown. . ................$124.95°

Heathkit “295" Color TV

With Optional RCA Matrix Tube ... with the same high performance features
and built-in servicing facilitics as GR-681 above . . . less AFT, VHF power tuning
and built-in cable-type remote control. You can add the optional GRA-295-6
Wireless Remote Control at any time. New optional RCA Matrix tube doubles
the brightuess, Model GR-295M X, $485.00.

GRA-295-1, Contemporary Walnut Cabinet shown. . .

Both the GR-681 and GR-295 fit into the same Heath factory assembled
cabinets; not shown Early American style at $109.95°

NEW Deluxe Heathkit 581" Color TV With AFT

The new Heathkit GR-581 will add a new dimension to your TV viewing. Brings
you color pictures so beautiful, so natural, so real .. . puts prolessional motion
picture quality right into your Imn; room. Has the same high performance
features and exclusive self-scrvicing facilities as the GR-681, except with 227
sq. inch viewing arca, and without power VHF tuning or built-in cable-type
remote control. The optional GRA-227-6 Wircless Remote Coantrol can be
added any timc you wish. And like all Freathkit Color TV you have a choice
of different installations . . . mount it in a wall, your own custom cabinet, your
favorite B&W TV cabinct, or iny once of the Heath factory assembled cabinets.
GRA-227-2, Mediterranean Oak Cabinet shown. ... .........$109.95°

Heathkit “227" Color TV

Same as the GR-581 above, but without Automatic Fine Tuning ... same
superlative performance, same remarkable color picture quality, same built-in
servicing aids. Like all Heathkit Color TV's vyou can add optional Wircless
Remote Control at any time (GRA-227-6). And the new Table Model TV
Cabinet and roll around Cart is an cconomical way to house your 2277 ...
just rol! it anywhere, its rich appearance will enhanee any room decor.
GRS-227-5, New Cart and Cabinet combo shown.. . . .$54.95°
Both the GR-581 and GR-227 fit into the same Heath factory assembled
cabinets; not shown, Contemporary cabinet $64.95°

NEW Heathkit Deluxe “481" Color TV With AFT

The new Heathkit GR-481 has all the same high performance features and ex-
clusive self-servicing aids as the new GR-581, but with a smaller tube size ...
180 sq. inches. And like all Heathhit Color TVs it's casy to asseimble . .. no
experience needed. The famous Heathkit Color TV Manual guides you every
step of the way with simple to understand instructions, giant fold-out pictorials
. even lets you do your own servicing for savings of over 5200 throughout the
life of your set. If you want a deluxe color TV ata budget price the new Heathkit
GR-481 is for you.
GRA-180-1, Contemporary Walnut Cabinet shown. .......... $49.95°

Heathkit “180" Color TV

Feature for feature the Heathkit 1807 is your best buy in eolor TV viewing . ..
has all the superlative performance characteristics of the GR-481, but less Auto-
matic Fine Tuning. For extra savings, extra beauty and convenience, add the
table model cabinet and mobile cart. Get the value-packed GR-180 today.
GRS-180-5, Table Model Cabinet & Cartcombo............... $42.50°
Both the GR-481 and GR-180 fit the same Heath fac(ory assembled cabi-
nets; GRA-180-2, Early American Cabinet $94.95°.

Add the Comfort And Couvenience Of Full Color Wireless Remote Control
To Any Rectanguiar Tube tleathkit Color TV . .. New Or Old!

Kit GRA-681-6, for Heathkit GR-681 Color TV's.. . ........... $64.95°
Kit GRA-295-6, for Heathkit GR-295 & GR-25TV's.......... $69.95°
Kit GRA-227-6, for Heathkit GR-581; GR-481 & GR-180

Color TV's. .

From The Leader

Now There Are 6 Heathkit’
Color TV’s Teo Choose From

2 Models In 295 Sq. Inch Size NEW
’ s . »  Kit GR-681
With AFT

549995

{less cabinet)

Kit GR-295

44995

(less cabinet)

NEW

Kit GR-581
with AFT

41995

{tess cabinet)

Kit GR-227
NOW ONLY

37955"

(less cabinet
& cart)

Kit GR-481
with AFT

$3 5 9 ?l?sjcabinet)

Kit GR-180
NOW ONLY

532995*

{less cabinet & cart)
Reception Is Simulated
Dn All Sets Shown

N EW | HEATH COMPANY, Dept. 10-67 |
| Benten “"b""» Michigan 43022 o a Schlumberger subsidiary |

FREE 1970 CATALOG! 1 [ Enclosedis $__ . plus shipping. |

Now with more kit ecalor. | Please send madel (s) o ——— S —

Fullyzesc:‘:tts ":es“n;f;";:ﬂyn ] [ Please send FREE Heathail Catatog. L} Please send Credit Application, I

over 300 kits for stereo/hi-fi, |

color TV, electronic organs, elec. | fiame._ — |

tric guitar & amplitier, amateur

radio, marine, ecucational, CB. : Address__ - }

home & habby. Mail coupon or

write Heath Company, Benton | Cly State Zip. I

Harbor. Michigan 49022, *1ail order pri prices; F.0.B. factory. Prices & specnl!cahnns subject to Lhange without notice. CL-364R iy
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D5 RECTI

The author used a 12-position switch
for 83. This provides enough of a variety
of charging currents for most applica-
tions. Resistors R5 through R16 provide
base bias for the transistor and thus de-
termine the charging rates. Their resis-
tances must be chosen to account for
variations in the characteristics of the
transistor. If desired, you can use only a
few rates to suit your immediate needs
(or if you are using only one type of
battery) and add others as your needs
change. The Table gives a number of
charging rates for the common AA, C,
and D cells. The charging rate and time
for a cell are usually marked on its jack-

RECHARGING ZINC-CARBON
BATTERIES

A fully discharged zinc-carbon battery will be
unable to accept a recharge. To put anything
back into a zinc-carbon battery you must inter-
rupt its service life before it has dropped
below the level of 1.0 volt. This is tricky since
the battery may not have displayed any indi-
cation that its useful life was ending.

Recharge zinc-carbon batteries immediately
after removal from service. The rate of re-
charging should be about 1209 the average
rate of discharge and the charge period should
be 12 to 16 hours. Put recharged batteries
back into service immediately and don’t expect
to recharge zinc-carbon batteries more than
4 times—if that.

A0

All components not on
4 the chassis can be
mounted on a piece of
; perforated phenolic
| board. Flea clips facil-
itate the connections.

et. Note that physical size is not an indi-
cation of the required charging rate.

To select resistors R5 through R16 (if
you are going to use this many inter-
vals) allow the equipment to warm up
for about 20 minutes at normal room
temperature (75 to 78 degrees F'). Insert
a fresh carbon-zinc D cell in one of the
D-cell holders and clip a milliammeter
across the other D-cell holder. When 82
is in the 2 CELL position, the meter and
the battery will be in series with the rest
of the circuit. First use a 5000- or 10,000-
ohm potentiometer for the base bias re-
sistors and set it to its highest resis-
tance. Slowly rotate the potentiometer
until the milliammeter indicates the de-
sired charging rate. Turn off the power
and remove the potentiometer. Measure
the resistance of the potentiometer to
determine the fixed resistor to be used
for that charging rate. Since you may
wind up with non-standard resistance
values, it is best to use a resistor with a
slightly larger value and put a second
resistor of higher value in parallel to get
the required value. You should be able to
set the desired charging current to with-
in five percent of the target value.

If you use the optional meter circuit,
then potentiometer RI7 is the base bias
resistor and the charging current is read

POPULAR ELECTRONICS




HOW IT WORKS

The battery charger is basically a d.c. power
supply (T1, RECT1, and C1) which is placed
in series with the battery to be charged. A power
transistor (1) maintains the series current flow
at a predetermined level. The transistor chosen
for this application has little change in collector
current for moderately large changes in both col-
lector voltage and load current, once its base
bias has been set. This bias (and hence the col-
lector current) is set by the relatively stable d.c.
voltage determined by zener diode DI and the
series base resistors.

Switch S2 selects either one bank of cell hold-
ers or both banks in series. Charge indicator /1
and diodes D3 and D4 provide visual indication
of charge over the range of 45 to 500 mA. Diode
D2 prevents slow discharge of cells left in the
charger for storage. Thyrector diode D5 sup-
presses any voltage transients that might enter
the circuit from the power line.

Two optional components may be added to the
charger. A 0-500-mA meter can be inserted at
point X in Fig. 1 to measure current flow, and a
10,000-ohm potentiometer can be inserted as
shown by the dotted lires for variable control of
recharging current,

Three time-saving ideas are shown in the
photo at right: Battery holders are ar.
ranged symmetrically; large black arrows
indicate directions of positive poles; and |
chart gives directions for use of charger. =

directly off the meter for each applica-
tion. In this case, increase the value of
R} to limit the highest charging current
to 650 mA.

Applications. Make up a chart showing
the correct setting of S3 for each type of
rechargeable cell you have, including the
recommended charging time. This infor-
mation is usually indicated on the pack-
age or the battery itself. Paste this chart
on the charger so that you can refer to it
when necessary. To charge one cell, set
S2 in the 1 CELL position and use the
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appropriate battery holder. To charge
two identical cells, set 82 to the 2 CELL
position and insert both cells in their
holders, one on each side. Do not attempt
to charge cells in parallel. It will damage
the charger.

The charger can handle up to six iden-
tical cells connected in series. For this,
make up a charging jack and cable to go
between the charger and the batteries.

Recharge cells as soon as they appear
to be weak in service. This avoids exces-
sive discharging which tends to reduce
the cycle life of the cell. Normally, a cell
should be recharged when its voltage
drops to about 1.1 volts at a load current
equal to one-tenth the cell’s rated mA-
hour capacity at the normal 10-hour dis-
charge rate.

Rechargeable alkaline cells may be re-
charged (at the recommended rate) with

a few precautions: Ee sure to turn off
the charger at the end of the charge
period to avoid cell damage. Recharge
cells when cell voltage drops to 1.1 volts.
Never discharge a cell below 0.9 volt or
cell damage will result.

Alkaline cells are supplied fully
charged. If it is necessary to recharge a
partially discharged cel], clip a voltmeter
across the cell and recharge it until the
voltage reaches 1.65 to 1.75 volts. Or,
discharge the cell to 1.1 volts and re-
charge for the full recommended time.
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LE TRANSFBRMEE

USE A TRIAC FOR SMALL SIZE AND LOW COST

A VOLTAGE-LEVEL control for a.c.

is one of the most useful electronic
devices you can have around the house.
It can serve as a speed control far motor-
driven appliances; a heat control for
soldering irons; or an incandescent light
dimmer.

An ordinary variable autotransformer
is commonly used as a voltage-level con-
trol. However, such transformers are ex-
pensive, bulky, and not very portable.
A solid-state circuit, built around a tri-
ac, eliminates these objections. It costs
about $8 in parts, fits into the smallest
metal utility box, and weighs only a few
ounces.

Aptly called a “Solid-State Variable
Transformer,” the voltage-level control
described in the following pages does ev-
erything a conventional variable trans-
former can and does it more efficiently.
There are no hysteresis losses, IR losses

42

are at a minimum, and it operates cool.

Construction. Keep foremost in your
mind that the Solid-State Variable
Transformer is used to control poten-
tially hazardous a.c. line voltages. Do
not substitute parts for those specified
in the Parts List. Take extra care when
wiring the circuit and do not attempt to
power the circuit until after you perform
the ohmmeter checkout given in the last
section of this article.

Begin construction by machining the
utility box to provide mountmg holes
for R1, P1, and 801 as shown in Figs.
2 and 3. Note that all mounting holes
are to be centered in the respective sides
of the box.

The quickest and neatest method of
making the cutouts for P1 and SO1 is to
punch them out with a Greenlee No. 732
keyed radio chassis punch (orient the

POPULAR ELECTRONICS
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Fig. 1. Triac Q1 actually consists of four-
layer diode at G and triac between 1 and 2.

PARTS LIST

C1, C2—0.1-uF, 200-volt tubular capacitor

C3—0.047-ukF, 200-volt tubular capacitor

F1—Buss No. GIV-4 fuse

P1—Three-line a.c. plug (Amplcuol No. 160-11)

Q1—Triac (RCA 40431)

R1—100,000-0lun, Vi-watt lincar tapcr polcn-
tiometer

R2—10,000-0km, Vi-watt resistor

R3—20-0hm, Vs-watt resistor

SO1—Three-line a.c. receptacle (Amphcual No.
160-10)

1—Bud No. CU-2100-A mctal utility box

Misc.—Qhmite Type 5000 dial platc (optional);
conirol knob for R1; 2-cach threc-lug terminal
strips (H.FF. Smith No. 830, or similar); 1V4"-
long x Y4”-diameter heat-shrinkable tubiug for
F1; hookup wire; solder; clc.

Fig. 2. Lug 3 at right of R1
is not used and should be re-
moved to eliminate possibility
of short circuits. Also, two
terminal strips mount directly
on rear of receptacle and plug.
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keys toward the bottom of the box).
However, if you do not have access to a
chassis punch, simply cut out a 11%;”-
diameter hole at each of the proper loca-
tions. Apply a liberal bead of epoxy ce-
ment around the entire perimeter of P1
and SO1. Then insert the plug and recep-
tacle into their respective cutouts, ori-
enting the rounded prong and hole to-
ward the top of the utility box, and
snap into place the retainer rings.

After allowing sufficient time for the
epoxy cement to set, drill a 3¢”-diameter
hole through the top of the box for
mounting control R1. Then, before set-
ting R1 in place, wrap one turn of 16-
gauge solid bare wire around the mount-
ing threads of the control, leaving 2”
leads at each end. Insert RI into its
mounting hole, slip on. the optional dial
plate, fasten down the control, and fas-
ten down the panel knob.

Now, loecate the ends of the:sclid wire - -

previously wrapped around RI. Connect
the ends of this wire to the green-coded
contacts on PI1 and SO1. Snip away any
excess wire and the right lug of R1.

Temporarily remove the silver-coded
screw from P11, and use this screw to
mount a three-lug terminal strip on the
rear of the plug. In like manner, use the
brass-coded screw on SO to mount an
identical terminal strip on the rear of
the receptacle.

Slip the 1'4” length of shrinkable plas-
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Fig. 3. Once Q1 is properly
soldered to heatsink accord-
ing to directions, set heat.
sink tabs onto lugs of ter-
minal strip; solder in place.

tic tubing over the fuse, centering it
over the body of the fuse, and apply
heat until the tubing shrinks snugly
around the fuse. Connect one lead of the
fuse to the silver-coded contact of SO1,
the other lead to the solder lug common
to the silver-coded contact on P1.

Now solder R2 to the left terminal of
R1 and the center lug of the terminal
strip mounted on the rear of P1. Slip a
1%” length of plastic insulation over
each lead of C2. Leaving just %” of bare
lead exposed, clip off the excess lead
lengths. Now, referring to Fig. 3, place
C2 against the top of the utility box,
just above RI, and solder one lead to
the center lug on the left terminal strip
and the other lead to the center lug of
the right terminal strip.

Solder a 2” length of insulated hook-
up wire from the center lug of R1 to the
lug common to the brass-coded screw on
the SO1 terminal strip. Then connect R3
between the two outer lugs, and C3 from
the center lug to the outer lug (near
the silver-coded contact of SO1) of this
same terminal strip.

Connect another 2” length of insulated
hookup wire from the brass-coded screw
on P1 to the center lug on the SO1 ter-
minal strip. Cut one lead of C7 to 1”7 in
length, the other lead to 1%” in length.
Then slip a 1” length of plastic insula-
tion over the 1%4” lead, and connect this
lead to the left lug on R1. Solder the re-
maining lead of C1 to the center lug of
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the SO terminal strip.

Place the solder circle that comes with
the triac in the heatsink (sometimes re-
ferred to as a heat spreader). Then force
the triac between the tab and rear wall
of the heatsink, being careful to prevent
the Gate and No. 1 lead of the triac from
touching the heatsink. Solder the case
(terminal 2) of the triac to the heatsink.

Now, liberally tin with solder the up-
per lugs of both terminal strips (see
Fig. 3), place the triac assembly on these
lugs as shown, and heat the heatsink to
solder the triac assembly firmly in place.
Finally, solder lead No. 1 from the triac
to the center lug of the SOI terminal
strip, and the Gate lead to the center lug
on the P1 terminal strip. Check to make
sure that neither lead is touching the
heatsink, case of R1, or each other.

Final Check and Use. Before powering
the Solid-State Variable Transformer,
check out the circuit with an ohmmeter
as follows. With R1 set for minimum re-
sistance, and the ohmmeter’'s range
switch set to X100K, touch the probes of
the ohmmeter to the brass-coded screws
on SOI1 and P1. Initially, there should be
a well-defined deflection of the meter
pointer toward the low resistance end
of the scale. Thereafter, the pointer
should slowly drift back toward the in-
finity index of the meter scale.

Now, touch the probes to the green-

(Continued on page 117)
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Some
Thoughts
On Not

Using |
Plywood |

WHETHER by design, accident, or hab-

it, plywood has become the common
working material of hi-fi enthusiasts who
build their own gpeaker enclosures. Con-
sidering that plywood is stronger than
solid lumber of equal thickness and that
it is available in large, flat sheets, it is
not a bad choice.

Unfortunately, the cost of plywood has
skyrocketed over the years—so much so

- that many hi-fi'ers are beginning to have
second thoughts about building their own
enclosures. Plywood, however, is not
necessarily the only, nor maybe even the
best, material for constructing speaker
enclosures. There are many other ma-
terials that, while not as strong as ply-
wood, have better acoustical damping
and resonance characteristics.

If this comes as a surprise, consider-
ing that most factory-made enclosures are
made of plywood, rest assured that it is
an acknowledged truth. Manufacturers
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BY DAVID B. WEEMS

use plywood for two basic reasons. First,
labor—not materials—is the greatest ex-
pense involved in building an enclosure.
Second, some of the substitute materials
would not look good in advertising copy.
The buying public has come to accept
and expect plywood; so plywood enclo-
sures are what they get.

In this article, your attention will be
called to some of the better plywood sub-
stitutes. Equipped with this information
and other pertinent data, you should be
able to choose a material that will allow
you to cut drastically the cost of your
next speaker enclosure project.

Enclosure Basics. The purpose of any
speaker enclosure is to isolate the speak-
er from the room so that sound pro-
duced at the rear of the speaker does
not interfere with the sound coming
from the front. Any material which in-
terrupts the transmission of sound from
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rear to front will serve the purpose.
Only one qualification is necessary to
the rule: the material must not vibrate.
Vibration of the enclosure walls uses
up energy that should go into the pro-
duction of sound. Worse, it has reso-
nances of its own, resulting in a rough
system response curve.

There are