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make learning
Electronics at home
fast and fascinating—
give you priceless
confidence.

Some NRI f]l'StS in training equipment
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fil'S to give you Color Television training

equipment engineered specifically for education —
built to fit NRI instructional material, not a do-it-
yourself hobby kit. The end product is a superb
Color TV receiver that will give you and your family
years of pleasure. You “open up and explore” the
functions of each color circuit as you build.

s LN

]I'St to give you transmission lines and
antenna systems that include experiments not
otherwise attempted outside of college physics
laboratories. The experience gained with this kind
of Communications training equipment is matched
only by months — sometimes years — of on-the-job
experience.




NRI's “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “*hands-on” experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about

NRI! training is designed for your education . . .

from the much-copied, educator-acclaimed

Achievement Kit sent the day you enroll, to “‘bite-size" well-illustrated, easy to read texts programmed

with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickly for career positions in business, industry,
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a
more liberal money-back agreement. The full story’about NR! leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016

APPROVED UNDER NEW Gi BILL you have served since January 31, 1955,

or are in service, check Gl line on postage-free-card.

designed from chassis up for your education

()

? .
1]1 St to give you true-to-life experiences as a
communications technician. Every fascinating step
you take in NRI Communications training, including

circuit analysis of your own 25-watt, phone/cw
transmitter, is engineered to help you prove theory
and later apply it on the job. Studio equipment
operation and troubleshooting become a matter of
easily remembered logic.

i
¥
g

?
fi_lstto give you completely specialized

training kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, and problem-solvmg
digital computer circuits are also included in your
course.
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Pat Powers. Computer Technology

Tom Geary, Automation Robert Kastiger, Broadcasting

These 4 successful men all got started the
same way: they sent in a coupon like this

r-----------------------------I--------V1
Oe VRY INSTITUTE OF TECHNOLOGY e
(| COOEnT G B [J Nuclear Instrumentation Testing PE-3A 1
[ ] [ Automation |
1 ﬂ BELLE'HDLUELLSCHDDL_S . [ Broadcasting/telecasting 1
Please send free booklets and information about [] Radar
I careers in electronics. | am interested in the following . . 1
§ fields (check one or more). [ Tv-radio service i
: Name Age :
[ ] Address Apt. 1
1 ciy State County Zip Code ]
| ]

{1 Veterans: Check here. If you were discharged after Jan, 31, 1955, the **G. I. Bill'* may cover the en#re cost of your tuition. 118
L-------------------------------------

Why don’t you?

Accredited Member, National Home Study Council

De VRY INSTITUTE OF TECHNOLOGY

4141 BELMONT AVE., CHICAGO, ILL. 60641

I'E BeLLe HOwELLScHOOLS
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Oneofa-
HORNING series of
“brief
I N discussions
by
g::i 1. 'E,‘m 3; Electro-Voice
Engineer engineers

In recent years great interest has been evidenced in large
output speaker systems exhibiting a high order of dura-
bility. The demand has come from the acceptance of
electronically amplified musical instruments and the devel-
opment of new musical idioms involving these instruments.

Typical products in this field are cone speakers, re-engi-
ncered to handle greater input power, and commonly in-
stalled in direct radiator ported enclosures. These systems
have the advantage of simple construction and generous
mid-bass response. However, at very low frequencies the
enclosure usually offers little acoustical loading of the
speaker diaphragm, limiting bass response, and permitting
excessive excursions that seriously affect power handling
and durability. Designs offered ranged from acoustical
nonsense to a few systems of good physical design, de-
pending on the acoustical sophistication of the company
involved.

Before producing speakers for the modern music market,
Electro-Voice first defined the characteristics of the ideal
speaker system: 1) Low distortion at high power output;
2) Durability at high power inputs; 3) Maximum conver-
sion efficiency; 4) Wide, uniform frequency response, be-
yond the usual SkHz limit of most instrument speakers;
5) Good physical durability and moderate weight for
portability.

It was felt that a sophisticated front-loaded all-horn sys-
tem offered the greatest potential for improvement. It
should be noted that such designs are not undertaken
lightly, as design demands are rigorous, requiring exten-
sive investments in experience and equipment to be
successful.

Examination of such a design indicated the following ad-
vantages over conventional direct radiator types: 1) Con-
version efficiency of 25-309% compared to a{vout 109 for
direct radiator systems. With about 4 db more output for
cquivalent input, this more than doubles the available
amplifier power; 2) Low distortion at high output levels
due to small diaphragm amplitudes insured by the high
conversion efficiency and eftective diaphragm loading at
all frequencies resulting from good horn design; 3) Dura-
bility at high output levels as horn loading provide high
sound levels with moderate diaphragm excursions, even
at very low frequencies. Additionally, sturdy SRO15
woofers are vsed in the system; 4) Extended frequency
range insured by multiple horns, each designed to cover a
specific range cfficiently; 5) Rugged physical design at
reasonable weight as a result of a design created solely
for this market.

Two speaker systems evolved from this study: the Elimi-
nator 1 and Eliminator 2. Both are sophisticated multi-
horn units that take full advantage of horn loading. The
Eliminator 1 is a three-way system with response extend-
ing beyond audibility. The Eliminator 2 is a two-way
system with useful response to 10kHz and unusually high
power handling capability.

For reprints of other discussions in this series, or lechnical
ala on any E-V produc!, write: ELECTRO-YOICE, INC.,
Dept, 393P, 630 Cecil St., Buchanan, Michigan 49107
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Grantham School of Engineering
1505 N, Western Ave., Hollywood, Calif. 90027

] Please mail me your free Bulletin, which explains how
the Grantham educational program can prepare me for
my Associate in Science Degree, and my Bachelor of Sci-
ence Degree in Electronics Engineering.

Name Age
Addres:
City State Zip

N

Grantham School of Engineering

has conferred on

John Doe
the degree of
Associate in Science in Electronics Engincering

with all the rights and peivileges thercumto appertaining. [ wimess thercof this diploms duls signed
Bt been ssued by she School Admiisration upon secommendation of the facalty at the Suhoat oa this
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Grantham School of Engineerin

Specializing in Electronics since 1951
OVTED g
% e

9

& % 1505 N. Western Ave.
O N1sC .
% g Hollywood, Calif. 90027
91;,{ i S Telephone:
%og s19% (213) 469-7878

March, 1969

Three Big Steps

to Success...

in

ELECTRONICS
ENGINEERING

There they arc — three big steps that lead clectronics tech-
nicians to greater success — three deliberate steps to greater
recognition and more income. Yeour future is shaped by the
moves you make — by the steps you take. Begin now with
Step #1,

STEP #1 is a simple request for full information on the
Grantham Electronics Degree Program. You take this first
step by filling out and mailing the coupon. Then, we mail
our catalog to you; we do not send a salesman.

STEP #2 is carning your Associate in Science Degree in
Electronics Enginecring (the ASEE). If you have compicted
at least one ycar of fulltime experience as a bona fide elee-
tronics technician, you may carn your ASEE Degrec almost
entircly by correspondence — including a minimum rcsident
attendance of only two weeks.

STEP #3 is carning your Bachelor’s Degree in Electronics
Engineering. Success in engineering requires heavy empha-
sis on fundamental concepts of logic and mathematics,
rather than on superficial manipulative skills. Since these
fundamental idcas arc relatively unfamiliar to clectronics
technicians, they are developed in a systematic manner in
the Grantham Electronics Degree Program.

Accreditation and G.\. Bill Approved

Grantham School of Engincering is accredited by the
Accrediting Commission of the National Home Study
Council, is approved under the G.1. Bill, and is authorized
under he laws of he State of California to grant academic
degrecs.

Grantham School of Engineering is a specialized, college-
level, educational- institution — esablished in 1951, Gran-
tham specializes in teaching engincering by the so-called
“new approach” — thc method (often referred to by names
such as “independent study”) that has recently created great
interest among college cducators. Actually, this “ncw
approach” is not new at all. Grantham and many other good
schools have been using it for ycars, under such names as
“home study” and “correspondence instruction”,

Now that the method has become “respectable” and is being
uscd by reputabic colleges to lzad to bachelor’s degrecs,
Grantham can offer you the opportunity to study for your
ASEE and BSEE mostly by correspondence. Since you arc
alrcady a technician and know the “hardware” side of
clectronics, you can upgrade from technician to engineer
while you continuc your present cmployment in clectronics.
Get complete details. Mail the coupon for our frec Bulletin.
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*99.90

b ou
Panther

3lbs.of
great
radio.

Panther, new from Pearce-Simpson.

Small pricetag: $99.90.

Small radio: just 3 compact Ibs,, in a
high-impact Cycolac® cabinet.

But big value: 5-channel solid state CB radio
with a Class B push-pull audio amplifier,
super-sensitive receiver, full powered transmitter
(4 watts output), a noise limiting circuit that
virtually eliminates ignition and alternator noise,
very low current drain (0.3 amps received ).

All backed up by Pearce-Simpson,

You can get Panther with a palm microphone
at no extra cost; with a telephone handset
its a little more.

Panther. From Pearce-Simpson,

Sleek. FCC type accepted.

Pearce-Simpson, Inc./ P.O. Box 800
Biscayne Annex, Miami,Fla.33152 PE-369

Gentlemen: Please send me complete information
about Panther and your other new CB radios, plus
a list of dealers nearest me.

Name

Address

City State Zip

Pearce-Simpson

Div. of the atanning Corp.
8 CIRCLE NO. 25 ON READER SERVICE PAGE

letters

FROM OUR READERS

SOLDERING TOOL PROBLEMS

I have assembled the soldering equipment
as per the instructions provided in the “Re-
sistance Soldering” article (September, 1968).
When making the electrode assembly, I took
particular care to follow the text of the article
and Fig. 3. Then, when the system was com-
pletely assembled, I performed the outlined
meter check. Since both the primary and sec-
ondary circuits checked out good in all three
positions of the power range switch, I decided
to tackle my first soldering job.

Immediately, I noticed a problem. A few
seconds after applying power to the solder-
ing tool, the fuse blew and the solder barely
became hot enough to flow. What is my
problem?

H. H. LawLEY, JRr.
Box 745
Elizabethton, Tenn.

Several readers have advised us that their
Resistance Soldering tools either failed to
operate or operated improperly. In most
cases, the difficulties outlined were blown
fuses and/or test leads that heated up while
the electrodes remained cold.

After carefully checking into the problem
and rebuilding the prototype exactly accord-
ing to the instructions provided in the article,
your editor finds that the tool should operate
as described. However, to clear up the prob-
lems, the following advice is given: First, use
only extra-heavy-duty test lead cable between
the power supply and electrode assembly.
Next, make sure your soldering electrodes are
sharpened to fine points and that only the
points touch the terminal to be soldered. This
will assure that the high resistance to the
flow of current is at the electrode tips and not
inside the power supply or test leads.

MANNERLY TABLE LAMP IMPROVEMENT

The ‘“Mannerly Table Lamp” article that
appeared in the November, 1968, issue of
PorpuLarR ELECTRONICS intrigued me. However,
I do not particularly care to have the thermal
relay drawing power while the lamp is off—
even if it is only three watts. By adding a
second relay to the basic circuit (K2 in the
schematic diagram), power can be discon-
nected from the circuit automatically follow-
ing a short delay af 15 seconds after the lamp
is turned off.

Although two relays take up more space
than one, if you stick to the Amperite min-
iature thermal relays, there should be suf-

POPULAR ELECTRONICS




Dominate the Airwaves
with Antenna Specialists’ new

‘“SQUARE RIGGER”
27 MHz Basic Quad Antenna Model M-195

N\ Unsurpassed Gain and Re-
jection! New “maximum focus”
design (larger reflector element)
produces 7.5 dB true forward

gain . . . reduces interference
drastically with 30 dB front-to-
back ratio!

Best Basic Reliability! Split
wire matching eliminates loading
stubs—rain, snow, ice cannot
de-tune the Square Rigger! Pre-
cision matching also provides
optimum VSWR at center, 1.3 to
1 or better at band edges!

Finest Basic Construction!
Seamless aluminum tubing
throughout. . . dipoles are steel-
core, copper-clad cable. Fool-
proof assembly—pre-aligned to
assure positive element relation-
ship.

Lifesaver
of a basic price!

only

#4995

suggested
resale

“’Stripes of Quality”’'®

Nz 7

the antenna
specialists co.
v /)%E_ﬁv. of Allen Electric & Equipment Company
y, 4 12435 Euclid Avenue, Cleveland, Ohio 44106
s Export Offices: 2200 Shames Dr.,
Westbury, N.Y. 11630

- ———

CIRCLE NO. 4 ON READER SERVICE PAGE

March, 1969



QUIP 00 IR RS & LAB-SUPPLIES FLECTRG

[ g

CAPAGITDRS I JRESI:!ORS&CONTRCLS = METERS COII.S RELAYS—-TRANSFORMER° ®m  WIRE

Now at each location, hundreds and hundreds of items for everyone .

hobbyist, enthusiast, amateur, executive, home-owner,
do-it-yourselfer. See the SELF-SERVICE G-C CALECTRO display at your
CALECTRO ELECTRONIC SUPERMARKET TODAY!

Thls G-C CALECTRO HOBBYIST
HANDBOOK'' is available at G-C
CALECTRO ELECTRONIC SUPER-

MARKETS. WRITE TODAY and we'll

give you the name of your nearest.

|\ (&= CALECTRO

S\ELECTRONICSs GC ELECTRONICS

Division of Hydrometals, Inc.
4D0 SO. WYMAN ST.
ROCKFORD, ILLINO!S-61101




ACCESSORIES  m

P SRR T N S T R

MIKES — PHONO & TAPE ACCESSCRIES = SPEAKERS & AUDIO ACCESSORIES :

SRS A — A (R T |

—CABLES = SWITGH[S LAMPS = ANFENNA HARDWARE i PLUGS-—JACKS —BATTERY NOLDERS

Telephone Amplifier
for Group Listing

Perfect for family calis 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 control governs
loudness. Battery in kit.

Ask for Catalog No. N4-103

$995

CIRCLE NO. 33 ON READER SERVICE PAGE

‘for TV or Radio

for every
househald use!

Automatic Timer
On-0ff Switch

Convenient remote
ccntrol unit for any
appliance, timer controt
sets for any interval

up to 60 minutes.
Beautifut green and
white case, extra-long
. 12 foot cord.
<= Installed in s2conds.
plugs into any
wall outlet.

Ask tor Catalog
Mc. N4-005

Remote Control
$695

Exiension Speaker

Listen to radio or TV in
bed without disturbing
others. Remotely
switch main speaker on
or off, has a built-in
volume control,
separate earphone jack
for privacy. Install

in minutes.

Ask for Catalog Mo.
N4-009

$630

Dynamic Microphone

with switch

For high fidelity raccrding of
words and music. Built-in on-
off switch. Folding desk top
stand. Dual plug for most tape

recorder inputs.
Ask for Catalog No. Q2-186

$395
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. Ifyouplanto
,spend less than $79.50
‘for a record changer,
g you're reading the

! wrong magazine.

H
]
i
H
¥

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 than $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 standards for broadcast
turntables.) .
@ < And no cheap changer includes
.afeathertouch cueing system. Ora
i variable-speed pitch control that lets
! you “tune’ any record over a
half-tone range.
[, Soif you want a high fidelity
- record changer, and you're willing
to spend a few extra dollars tJ get
! one, you've just read the right ad.
_ United Audio Products, Inc.
i 535 Madison Ave.,
. NewYork,NY.10022.

%
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LETTERS

(Continued from page 8)
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ficient room for mounting both in the bases

of most lamps. Amperite type numbers are
given in the schematic.

ALAN R. MoYER

Country Club Hills, I11.

Your slight change should certainly elim-
inate current drain from the line and shut
the entire circuit down as described.

CHANGES IN DVM AND FLUORESCENT LAMP

Since the appearance of the DVM (“Build
the PoruLar ELkcTrONICS Digital Volt-Ohm-
meter,” December, 1968), I have decided to
improve the performance of the Gate module
by increasing the value of Cj4 from 0.001 to
0.005 4F. Also, R8 in Fig. 1 should be 33 k—
not 3.3 k.

I would also like to bring to light the fact
that D1 in Fig. 3 of the “Battery-Powered
Fluorescent Lamp’ article (December, 1968)
is shown incorrectly connected. To rectify
the problem, the arrow should point in the
opposite direction to that shown.

DoN LANCASTER
Goodyear, Ariz.

LET PAPA PAY

Being only 16 years of age and an audio
enthusiast, I was very pleased when I saw
the “Build The Sonolite” article in the May,
1968, issue of PoruULAR ELEcTRONICS. Before
the article appeared, I had three #49 lamps
connected in series with the speakers in my
audio system; it was quite a display. Then,
when I received my May issue, I began to
collect the components needed for my own
Sonolite. For a chassis, I used a piece of
wood, a piece of aluminum for the heat sink,
and old TV potentiometers for the controls.
The whole project cost me a grand total of
$4.50.

While my finished project works just fine,
I don’t see much of it since it is connected to
my parents’ stereo system. So here I am
again, stuck with my #49 lamp display.
Thanks anyway for a great article.

MiLTON G. PULIS
San Diego, Calif.

If your parents like the Sonolite so much,
why not try convincing them that you can
build a more professional one if they bLuy
new parts? Then, you can keep the old one
and get rid of the %49 lamps.

POPULAR ELECTRONICS
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Golf clubs . . . fishing rods . . .antennas
... bows and arrows . . . vaulting poles

. . . pool cues and hot sticks have all
evolved from Shakespeare's genius with
fiberglass. Expert research reliability and
people proven dependability let Shake-
speare put a world-wide reputation for
quality on the line with each product.

Want the best? . . . get a dependable
Shakespeare fiberglass WonderShaft = !
The Citizen Bond 345 “*Pe- ‘ect 36’

antenna. is only one of our complete line of
There's one fOl’ your requiremen'. people proven fibergloss antennos.

C/P CORPORATION é’
a subsidiary of

R.F.D. 3, Columbia, South Carolina 29205
Telephone (803) 787-8710

CIRCLE NO. 13 ON READER SERVICE PAGE
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I. hELECTRONICS

QUIET

OUTLINE OF DC CIRCUIT ANALYSIS
by Phillip Cutler

One of a projected series of outline-type text-
books, this book should satisfy the needs of
technical institutes, junior colleges, and “go-
it-alone” students for a practical text/work-
book. As the title suggests, this book is de-
voted to the essentials of d.c. circuit theory.
The format used is as practical as it is logical.
Each chapter in the book is devoted to a
specific topic, which is first introduced and
discussed. Then step-by-step problem solv-
ing techniques are presented. This is fol-
lowed by a battery of gquestions written to
hammer home the essentials of the topic
just discussed. In addition to its functions
of text and workbook, this book can as well
serve as a reference for d.c. formulas.

Published by McGraw-Hill Book Co., 330
West 42 St.,, New York, N.Y. 10036. Soft cover.

THE INTEGRATED CIRCUITS DATA BOOK

This book contains complete data for all
standard digital and linear IC’s manufac-
tured by Motorola Semiconductor Products,
Inc., at the time of publication. In addition
to listing complete data sheets and other ap-
plications and test data for these IC's, the
book also contains a valuable interchange-
ability guide to IC types of all major manu-
facturers. The guide lists manufacturer type
numbers in alphanumerical order by product
family and cross references each to the
Motorola direct replacement. Other extras
in this book include a digital applications
selection guide, arvanged by function for
Motorola’'s eleven logic families. Separate
sections are devoted to MECL, MHTL,
MTTL, MDTL, MRTL, MOS, and linear IC
data sheets, plus a 12-gate complex array.
Supplements to the data book will be peri-
odically released to keep the information up
to date.

Published by Motorola Semiconductor Prod-
ucts, Inc.,, Dept. TIC, Box 20924, Phoenix,
Ariz. 85036. Hard cover. 960 pages. $3.95.

99 WAYS TO USE YOUR OSCILLOSCOPE
by A. C. W. Saunders

The picture-text guide, accompanied by step-
by-step instructions, employed in this book
encompasses just about every service appli-
cation of the oscilloscope. The book shows
how to determine waveform fregquency and
amplitude, measure inductance and inductive

200 pages. $3.95. (Continued on page 116)
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NEW LOW PRICE ¥

VELRE,

FOR SOLDERING AND DESOLDERING

uniline mark vit
SOLDER AND DESOLDER WITH ONE TOOL!

The Uniline Mark VIl is a dual purpose pencil soldering-desolder-
ing tool. This truly revolutionary system allows you to solder
and desolder any joint with finger tlp ease and control. Simply
press the button to desolder. How about that!

The tool is composed of three basic components that give it
unprecedented versatility. You can select what you need from:
FOUR DIFFERENT COLORS OF HANDLES, FOUR INTERCHANGE-
ABLE HEAY CARTRIDGES (20-30-40 & 50 WATTS), DOZENS OF
AS LOW AS * DIFFERENT TIPS IN MANY DIFFERENT STYLES AND SHAPES.

s How's that for a combination tool? Exciting. isn’t itl If you are
interested in saving time and money you need one right now.
See your local distributor today, and tomorrow start enjoylng
cost reduction you never thought possible.

WYANGUARE

ELECTRONIC TOOLS INC.

UNILINE DIVISION
NEWTON, KANSAS
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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.

N

1 Print or type your name and address on the

lines indicated. Circle the number(s) on

the coupon below that corresponds to the kay

number(s) at the bottom of the advertisement or

5 . 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

« . B address indicated below.

3 B

[ 4 ) g

' This add_i’ess is for our product “Free
_ ) M nformation Service'' only. Editorial in-

quiries should be directed to POPULAR ELEC-

. ) TRONICS, One Park Avenue, New York 10016;

' A circulation inquiries to Portland Place, Boulder,
! Colorado 80302.
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UNUSUAL BARGAINS G

. MANY U. S.GOV'T SURPLUS
“*See’’ Your Music in Dazzling Action with

Dramatic Audio- @@

Visual Breakthrough
a_ spectacylar new  dimension to

Adils
world of music, display, cntertalnment.
Acinally sce music transiated lnm fantastic
patterns of bheantiful color—cach individual
note crealing §ts own unique, iwlisting,
radiating shape . . .
and prancing, whirling aml swirllng in perfeet time
bines science, art and electronles With amazing rc-snlts. First new develop-
ment In converling mmslc to a vislble Imuge since enlor ol X
ted in 3. Use on small screcns, large walls,
lums, Attaches in_seconds to radio, lape recorder,
lligator clips. Loads of fun! I iral ton! Great for parties,
3,,@.31 cifects for bands, dances. cxhibi snles mecting
mplete line a\nllahlc from . s !- KITS
and sclr contained, rt: TINI-MODFELS ta Co S
No. list: l .'ulh-c If_not 1005

th the music. Com.

rder hy Stack
sfied, Full detalls
ml n coin for new, rully illnstrated 1G-page
lntr ductlon |o MusicVision
DEO-IT “YOURSELF KIT caee .522.50 Pod.

. a6, 50 Ppd.
99.50 F.0.B.
EFFECTS PROJECYOR PR

.. 24.50 Ppd.
., 39.50 Ppd.

NEW!
PROJECTION KALEIDOSCOPE

Iniinlte variety of brilliant color
ratterns wilel do not seprat, Spe.
clally designed Intcrchangeable
diam, lquid whl‘cl. 3“ projection
lens and Edmund Projector
muke 3t all ,m«mh- Easlly opers
ated, Large screen Image at short
rrojcnlon digtance perfect for
hackrrounds, light shows, parties,

o dances, clc. Fkront or rear proj.
Stock No. L7l 121AV . .$94.50 Postpaid

Stock No. 71,122AvV—(9” Diam.) N VS 15.00 Ppd.
LONG WAVE BLACK LIGHT FIXTURE

Extremcly versatile, compactly
w signed, Tong wave (32044000 anu-
stroms)  Mack Jigh {ultraviolet)
fixtare. Has G-watt, 110.V lamp with
huiit-in  filter—climinates  harm-
ful shorter wave ultraviolet rays.
¢ Usc to identify mlincrals, fungl,
bacteria—check l‘or surface flaw's

2 oll and gas leakage—perfect for
displays \vlul fluorescent  paper,
palnts, chalk, cravons, irace pow-

der. Inci, adjustable aluminum re.
llector. piigh-. sputl switeh, :onncrllmz

orr,, or

Lo, ILs" W, 114"
Stock No, 70, 36 . ‘e ..$9.85 Pnd.
No. 60,124AV |Replac:ment Bulb) . s ssasis -$3.25 Ppd.

NEW» LOW- COST ULTRASONIC CLEANER

Tor qunllty l/hrdénlnt unit for
eans dirt,

crlme com fetely,  quickly,
safely. Small dcllc'ltc parts,
recixion electronic items, lab

3 made-—opers
ates on regular house current.
Solid state irencrator w/auto.
. Power regulat.
shocks. No rndln
Interfcrencr.-. 6” x

teass..$39.95 Ppd.
taee..$5249.95 FOB

Stock ND 7 3AV ...
CARGE TNDULTRIAL 132
No. 85,128AV . ......

L, SIZE
(Wt. 37 ibs.).

3" Astronomical Telescope
See the stars, moon, phases of
180 powers - Aluminized. and

over-coated 3% diameter [/
primary mirror, ventilated cell.

60X cyeplece  and
Barlow " lens. 3X  fin

awe “I ANDBOOK OF FFAV:
HOW TO UbL Tl-_LI-, 'Ol’h'" bonlb
Stock No. 85 050 b .S 29.95 Pnd.
Stock No, 8S, lDSAV . .4‘/4 REFLECYO
+.sas+..6” REFLECTOR ... 5199 50 FOB

Stock No. 85,086AV .
Order by Stock No.—Check or M.0.—Money-Back Guarantee
EDMUND SCIENTIFIC CO., 300 EDSCORP BUILDING
BARRINGTON, NEW JERSEY 08007

GIANT FREE CATALOG “AV”

Completely new 1969 cdition. New
Hlems,  categorles,  {llustrations,
143 L-nsy-to-r(-atl pages packed withy
4000 unusual Items, Dozens of elec.
tricul and clectromagnctic parts,
accegsorles, Enormous selection of
Astronomical Telescopes, Micro-
scopes, Blnoculars, Magnificrs,
Magnets, Lcnscs, Prisms,  Many
war surpins items: for hobbyi
experimenters, workshops, factol
z\rltc for catalog *'AV’’,

!nclu 3

CIRCLE NO. 15 ON READER SERVICE PAGE

TAKE ONE

~'new
literature

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

Jensen Manufacturing Division has just pub-
lished Concert and Viking series loudspeaker
Catalog No. 1090-C listing a wide variety of
available speakers. Among those listed are:
the *“Concert-Vibranto” line for electronic
musical instruments; a special automotive
speaker designed for in-a-door mounting with
waterproofing of the diaphragm and coil-
form assembly; and a flame-retardant air-
craft speaker.

Circle No. 75 on Reader Service Page 15 or 115

The 1969 Team Electronics 132-page catalog
is a colorful listing of thousands of electronic
items for the home, car, and business. In-
cluded are brand-name hi-fi and stereo com-
ponents, two-way communications equip-
ment, TV receivers, auto tape cartridge
players, closed-circuit TV systems, intercom
systems, etc. In fact, nearly everything in con-
sumer and industrial electronics, including
hundreds of component items, are listed.

Circle No. 76 on Reader Service Page 15 or 115

Miniature strip chart recorders, Series 200,
are described in a new catalog from Rustrak
Instrument Division. The line of more than
30 models are for recording current, voltage,
power, events, pressure, temperature, or al-
most any parameter which can be converted
to voltage or current. All are housed in rugged
die-cast aluminum cases and feature the
unique Rustrak dry writing process. The
catalog also includes detailed information on
chart paper, drive motor specifications,
accessories, optional features, dimensions,
weights, and ordering instructions.

Circle No. 77 on Reader Service Page I5 or 115

Handy workbench reference bhooklet pub-
lished by Amphenol for hobbyists gives com-
plete information on how to solder, how to
interpret schematic symbols, how to read
resistor color codes, etc. The new four-col-
or “How-To Handbook” has been written spe-
cifically to serve as a handy workbench
reference guide for the young hobbyist and
experimenter. It is available free on request
from the Amphenol Distributor Division,

Circle No. 78 on Reader Service Page 15 or 115
POPULAR ELECTRONICS




The New 1969 Improved Mode! 257 A R[VO[”’IONARY N[W

TUBE TESTING OUTFIT

L~ ML o Tests all modern tubes including
e ——— 3 _ § Novars, Nuvistors, Compactrons and Decals.

¢ All Picture Tubes, Black and White
and Color

ANNOUNCING. .. for the first time

A complete TV Tube Testing Outfit designed specifi-
cally to test all TV tubes, color as well as standard.

Don't confuse the Model 257 picture tube accessory
components with mass produced ‘'picture tube adap-
ters' designed to work in conjunction with all com-
petitive tube testers. The basic Model 257 circuit was
modified to work compatibly with our picture tube ac-

[OMPIETE W”'” All cessories and those components are not sold by us te

be used with other competitive tube testers or even

ADAPTERS AND AC([SSORIES" tube testers previously produced by us. They were

custom designed and produced to work specifically in

NO "EXTRAS” conjunction with the Model 257.

STANDARD TUBES: BLACK AND WHITE PICTURE TUBES:

# Single cable used for testing all Black and White Picture

1 Tests the new Novars, Nuvistors, 10 Pins, Magnovals, Tubes with deflection angles 50 to 114 degrees,
Compactrons and Decals. 1 The Mode! 257 tests all Black and White Picture Tubes
¥ More than 2,500 tube listings. Lo for emission, inter-element shorts and leakage.
¥ Tests each section of Cmultpsect:on tubes individually
for shorts, leakage and Cathode emission,
¥ Ultra sensitive circuit will indicate leakage up to 5 COLOR PICTURE TUBES
Megohms. . . . # The Red, Green and Blue Color guns are tested individ:
»# Employs new improved 4%" dual scale meter with a ually for cathode emission quality, and each gun is
unique sealed damping chamber to assure accurate, tested separately for shorts or leakage between control
vibration-less readings. . grid, cathode and heater, Employment of a newly per-
y# Complete set of tube straighteners mounted on front fected dual socket cable enables accomplishments of all
panel. tests in the shortest possible time.
The Model 257 is housed in a handsome, sturdy, portable case, Comes complete with all s so
adapters and accessories, ready to plug in and use. No “extras’’ to buy. Only .........

We have been producing radio, TV and electronic test equipment since 1935, which means we were making

OTICE Tube Testers at a time when there were relatively few tubes on the market, 'way befare the advent of TV. The
N model 257 employs every design improvement and every technique we have learned over am uninterrupted production
period of 32 years, Accurate Instrument Co., [nc.

SEND NO MONEY WITH ORDER
PAY POSTMAN NOTHING ON DELIVERY

T e e e e —— ————————— -2
Try it for 10 days before you buy. ACCURATE INSTRUMENT CO., INC. 1
If completely satisfied then send Dept. 629 2435 White Plains Road, Bronx, N, Y. 10467 :
$10.00 and pay the balance at the Please rush me one Model 257. If satisfactory I agree to pay $10.00 within 10 days
N and balance at rate of $10.00 per month until total price of $47.50 (plus P.P., handlin |
rate of 5;10-00 per month until the | and budget charge) is paid. If not satisfactory, | may r%:urn for cancellgtion of account.g |
total price of $47.50 (plus P.P., Name 1
handling and budget charge) is - ]
a roffS ress. 1
paid. If not completely satisfied, e P <o ]
return to u s, no exPla nation O Save Money! Check hers and enclose $47.50 with this coupon and we will pay al) shipping )
necessary, [ charges. You still retain the privilege of returning after 10 day trial for nnll refund, |

————————————————————————————— — - wd
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Only NTS penetrates below the surface. Digs
deeper. Example? Take the above close-up of the
first transistorized digital computer trainer ever
offered by a home study school.

It's called The Compu-Trainer®—an NTS exclu-
sive. Fascinating to assemble, it introduces you to
the exciting world of computer electronics. its de-
sign includes advanced solid-state NOR circuitry,

flip-flops, astable multivibrators and reset circuits.
Plus two zener and transistorized voltage-regulated
power supplies. The NTS Compu-Trainer® is capa-
ble of performing 50,000 operations per second.

Sound fantastic? I/t is! And at that, it's only one of
many ultra-advanced kits that National Technical
Schools offers to give you incomparable, in-depth
career training.

PROVE IT-YOURSELF. SEND FOR OUR NEW CATALOG. SEE TFE LATEST,
MOST ADVANCED KITS AND COURSES EVER OFFERED BY A HGME STUDY SCHOOL.

POPULAR ELECTRONICS



NTS...THE FIRST HOME STUDY SCHOOL
TO OFFER LIVE EXPERIMENTS
WITH INTEGRATED CIRCUIT KITS

You build a computer sub-system using the new,
revolutionary integrated circuits. Each one, smaller
than a dime, contains the equivalent of 15 resistors
anY 27 transistors.

And your kits come to you at no extra cost. These
kits are the foundation of the exclusive Project-
Method home study system...developed in our
giant resident school and proven effective for thou-
sands of men like yourself.

With Project-Method, all your kits are carefully
integrated with lesson material. Our servicing and
communication kits are rea/ equipment—not school-
designed versions for training only. As you work on
each of the projects, you soon realize that even the
most complicated circuits and components are easy
to understand. You learn how they work. You learn
why they work.

NTS Project-Method is a practical-experience
approach to learning. The approach that works best!
An all-theory training program can be hard to under-
stand — difficult to remember. More than ever before
you need the practical experience that comes from
working with real circuits and components to make
your training stick.

NTS SENDS YOU KITS TO BUILD THESE
IMPORTANT ELECTRONICS UNITS!

¢ 25” COLOR TV
¢ 21” BLACK & WHITE TV
¢ SOLID-STATE RADIO
¢ AM-SW TWIN-SPEAKER RADIO
¢ TUBE-TESTER
4 TRANSCEIVER
¢ COMPU-TRAINER?®
¢ VIVM
¢ SIGNAL GENERATOR
¢ 5 OSCILLOSCOPE
See them all illustrated in
the new NTS Color Catalog.

CLASSROOM TRAINING AT LOS ANGELES: You can take classroom
training at Los Angeles in sunny California. NTS occupies a city
block with over a million dollars in facilities devoted exclusively to

technical training. Check box in coupon.
T S
NATIONAL e SCHOOL
WORLD-WIDE TRAINING SINCE 1905

4000 So. Figueroa Street, Los Angeles, Calif. 90037
f-"" APPROVED FOR VETERANS

Ly SSC A

i; Accredited Member: National Home Study Council W
Y 15 A . Nati lori of
““wser™  Trade and Technical Schools

March, 1969

S COMMUNICATIONS

This transceiver-is included
im Communications courses.
You huild it. With it, you
easily prepare for the F.C.C.
license exam. You hecoms
a fully-trained man in com-
munications, where career
opportunities are unlimited.

25" COLOR VY

Included in Coler TV Servicing
Courses. With it you advance
yourself into this profitable
field of servicing work. Color is
the future of television, you
can be in on itwith NTS training.

YOUR OPPORTUNITY 1S NOW

New ideas, new inventions, are
opening whole new fields of
opportunity. The electronic
industry is still the fastest grow-

GET THE FACTS! SEE ALL NEW
COURSES AND KITS ORFERGD IN
THE NEW NTS COLOR CATALOG.

g::g it ing field in the U.S, There's a
OR COUPON bigger, better place in it for the
TODAY! | man who trains today. So, what-
There's no | mrmmcs ever your, goals are —advanced
obligation. m color TV servicing, broadcasting,
;0" e'.'l’°“ F.C.C. license, computers, or
only. No ‘ industrial controls, NTS has a
salesman highly professional course to
will call. meet your needs.

1 PT. 205-39 [
™ NATIONAL TECHNICAL SCHOOLS B
4000 S. Figueroa St., Los Angeles, Calif. 90037 .
. Pleuse rush Free Color Culllog and Sample Lasson plus
W infor ion on field ch d below. No obli [ |
B [0 MASTER COURSE iN (O FEC LICENSE COURSE =
COLOR TV SERVICING
= D) COLOR TV SERVICING B) R TG u
[0 MASTER COURSE IN TECHNOLOGY [
[ ] TV & RADIO SERVICING 5] (TG IE =
PRACTICAL TV & "
= O SAot0 seRvicine MATION ELECTRONICS ]
[0 MASTER COURSE (D) COMPUTER ELECTRONICS |
| IN ELECTRONIC
B COMMUNICATIONS [0 BASIC ELECTRONICS
B name AGE
B aooness | |
= cITY STATE ZIP |
o Check if interested in Veteran Training under new 6.1. Bill. |
] 0 Check if interested ONLY in Classroom Training at Los Angeles. B
IIIIIIIIIIII peemnnndl
21




NEW
PRODUCTS

Additional information on products cov-
ered in this section is available from the
manufacturers. Each mnew 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.

GUITAR AMPLIFIER/SPEAKER SYSTEM

An integrated solid-state guitar amplifier/
speaker system capable of developing 240
watts peak power is now available from
Heath Company. Desig-
nated the Model TA-38,
the new system con-
tains two 12”7 heavy-
duty speakers that have
6.75 1b. of magnet weight
between them. The am-
plifier is rated at 120
watts EIA music power,
100 watts continuous.
The speakers are cus-
tom designed for Heath
to reproduce the com-
plete frequency range of
bass guitars, organs,
and other bass instru-
ments at extremely high sound levels with
very low distortion. The TA-38 has two bass
inputs, volume control, bass and treble con-
trols, and depth and presence switches—all
conveniently mounted on the front panel, as
are the power and hum-minimizing line re-
verse switch. The system is housed in a %”-
thick pressed-wood cabinet that is covered
with black vinyl and has removable, locking
casters.

Circle No. 79 on Reader Service Page 15 or (15

BENCH-TYPE POWER SUPPLIES

RCA Electronic Components recently entered
the solid-state power supply market with
the introduction of their Models WP-700A
and WP-702A bench-type regulated power
supplies. Both supplies are identical in de-
sign, except that the latter contains two WP-
700A supplies on a
single chassis. The
dual-supply design is
equipped with sepa-
rate controls, output
terminals, and meter,
and both supply sec-
tions are electrically
isolated from each other. Output voltages of
the two models are variable between 0 and
20 volts at up to 200 mA. The outputs are
automatically limited to prevent overload-
current damage; no damage can occur even

22

if the output terminals are short circuited.
A special overload indicator begins to glow
when the current drain approaches 200 mA,
increasing in brilliance as it passes this
mark. The meter function is switch-select-
able to indicate either current or voltage.

Circle No. 80 on Reader Service Page 15 or 115

AUTO-REVERSE STEREO TAPE RECORDER

In addition to automatic reversing, the new
Allied Radio Corp. Model TR-1080 stereo tape
recorder features sound-on-sound and sound-
with-sound for special effects. The solid-state
TR-1080 can be “programmed” for one com-
plete play only, con-
tinuous replay, or au-
tomatic stop at any
predetermined peint.
Complete with pream-
plifiers for both record
and play functions,
power amplifiers, sol-
enoid operation, and a full complement of
input and output jacks, the recorder is sup-
plied with two microphones, two extension
speakers, audio cable, and sensing tape.
Specifications: 7%, 3%, and 1 % in./s speeds:
two each microphone and auxiliary inputs;
preamp, extension speakers; and headphones
outputs; 40-19,000 Hz at 7% in./s frequency
range; less than 0.15% at 7% in./s wow and
flutter; automatic equalization on all speeds.

Circle No. 81 on Reader Service Page 15 or 115

SQUELCH FOR RF CONVERTER

The first squelch control for providing noise-
free monitoring on HF and VHF “Tunavert-
ers” has just been released by Tompkins
Radio Products. This new solid-state squelch
makes possible receiv-
er-type squelch per-
formance with eco-
nomical converter us-
age. It requires only
one coaxial cable con-

nection to the AM
broadcast-band radio
or converter with

which it is to be used.
The squelch is avail-
able in two models: Model ST fastens to the
bottom of a Tunaverter, and Model SU comes
with its own mounting bracket. Each has
complete electronic control without relays,
fully adjustable squelch settings, on/off
power switch, small size, and a choice of 9-
or 12-volt battery operation.

Circle No. 82 on Reader Service Page 5 or 115

METER ATTACHMENT FOR LOW RESISTANCE

A meter attachment, Model 870-3, from Am-
phenol Distributor Division converts all Am-
phenol “Millivolt Commander” instruments
and most other 10-ohm center-of-scale meters
to indicate resistances of one ohm or less.
This is a particularly handy feature for
checking out voltage dropping resistors in
solid-state power supplies and transformer-

(Continued on page 24)
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They hide under dashboards
and bite way out with striking power.

The CB solid-state Cobras.

Coiled up under your dash ready to
strike. Mysteriously attractive, but all
business. Their bite radiates a long
way. Penetrates through layers of
interference.

When a Cobra bites, you'll be
surprised at all the people who
know about it.

Because tucked away in the Cobra’s
throat is the exclusive Dyna-Boost
circuit that fills out the sidebands to
give you a lot more talking range.

Full 5 watts input. 100% modulation.

Both Cobra 27 and Cobra X are all
solid state. Which means all solid-state
switching. Switching that can’t wear
out, can't corrode. Solid state also
means thick-skinned reliability.
Extremes in temperature and humidity
have practically no effect on
performance and life span.

Cobras are also very sensitive and
receptive to the human voice. Very

selective, too, when it comes to
rejecting adjacent channel
interference. And a Cobra will give
you a sharper bite, because all
channels are crystal controlled.

If you go solid state, get the bite of
the Cobra. For base station as well as
mobile applications. (Ask your
distributor for the snake or write us
for detailed information.)

Cobra 27,23-channel CB transceiver,
complete with all necessary crystals
ready for immediate operation on all

23 channels. $179.95

Cobra ¥, 5-channel CB transceiver,
(Channel 11 crystal supplied) $99.95

/By

A Division of DYNASCAN CORPORATION
1801 W. Belle Plaine « Chicago, IHinois 60613
Where electronic innovation is a way of life.

out \h€

Ask ab Cobr2

@ (j new K\\"‘i o
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less power amplifiers where the output re-
sistance is usually on the order of 0.4 to 0.6
ohms. The attachment almost completely ne-
gates the normal in-circuit lead resistance
and protects the device under test—MOS-
FET, IC, etc.—against accidental burnout by
limiting current to 1 mA across 1 chm.

Circle No. 83 on Reoder Service Poge 15 0r |15

AM/FM CLOCK RADIO KIT

An all-solid-state AM/FM clock radio kit,
Model GR-58, has recently been introduced
by the Heath Company. Among its many
features are a clock-controlled auxiliary a.c.
socket on the rear
panel for a coffee pot
or bedside lamp and

. a ‘“snooze” bhutton.
NS Ten minutes before
R — & the alarm goeson,the
e % radio starts, allowing

gradual wake-up.

Then the alarm is
shut off by depressing the “snooze” button,
but the radio remains on. This cycle repeats
itself until the FUNCTION switch is set to
another position. The FM section features
a.f.c, three-stage i.f. for better reception, and
a built-in antenna, while the AM section has
a two-stage i.f.,, amplified a.g.c., and built-in
ferrite rod antenna. The clock dial is back
lighted for easier reading at night. And both
the AM and FM tuners are provided factory
wired and aligned for simpler construction.

Circle No. 84 on Reoder Service Poge 15 or 115

LOW-COST 3 OSCILLOSCOPE

A new low-cost oscilloscope, Model 536A, with
a 3” CRT has been introduced by Data Testru-
ments Division. The new scope has solid-
state, multistage, d.c.
coupled amplifiers
that are fully com-
pensated for opti-
mum response., Also
featured are a three-
step attenuator with
variable trimmer and '-' . |
a built-in 5% calibra- &
tor to stabilize time R
and voltage. Specifi- e
cations: vertical am-

plifier—2 Hz to 1.5 MHz on a.c. (d.c. to 1.5
MHz on d.c.) handwidth; sensitivity, better
than 20 mV/em; *0.5 dB accuracy; input im-
pedance, 1 megohm/22 pF. Horizontal ampli-
fier —2 Hz to 500 kHz bandwidth; better than
300 mV/cm sensitivity. Sweep/cm is 10 us Lo
10 ms in 4 ranges.

Circle No. 85 on Reoder Service Poge 15 or | I5

STEREO CASSETTE DECK
Capable of recording four-track stereo and
two-track mono, Lafayette Radio Electronics’
Model RK-550 solid-state pushbutton cassette
deck plays back both four- and two-track pre-
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recorded stereo and
mono cassettes. Fea-
tures include a
unique jam-proof 174

! in./s tape drive sys-

Fh! & 3&,
tem; pushbutton

controls for all tape modes of operation; tape
counter with reset button; two illuminated
VU meters, and a safety record button. Tech-
nical specifications: 40-12,000-Hz frequency
range; better than 45-dB signal-to-noise ratio;
less than 0.25% wow and flutter; better than
32-dB channel separation; Y%-track record/
play tape head; and %-track double-gapped
erase head. The deck is housed in a simulated
walnut grain metal cabinet with a brushed-
aluminum, gold-anodized front panel.

Circle No. 86 on Reader Service Page 15 or 115

ELECTRONIC ORGAN KIT

Compact and low in cost, the “Studio Organ”
kit made by Schober Organ Corporation is
nonetheless a genuine musical instrument
designed for a wide
variety of light mu-
sic. In addition to
two keyboards that
provide two differ-
ent pitches for ac-
companiment and
melody, there are
14 voices, ranging
from smooth flutes
to bright strings
and reeds, adjust-
able vibrato, and a
spring reverbera-
tion system. The
29-note accompani-
ment manual goes down to C below middle C,
while the 36-note solo manual goes up to
third E above middle C, and the lowest of
the 13 foot pedals produces the same 32.7-Hz
bass pitch characteristic of larger, more
expensive organs. The system is rounded out
with a bhuilt-in 25-watt (steady-state sine-
wave power) solid-state amplifierr and a two-
way speaker system, including an LC cross-
over network which gives full reproduction
of the musical range.

Circle No. 87 on Reoder Service Page 15 or 115

IC/FET AM/FM STEREO RECEIVER

Two integrated circuits and a field-effect
transistor have been designed into the Model
RA-999 AM/FM stereo receiver from Olson
Electronics, Inc. The tuning ranges of the
receiver on AM and FM are 535-1605 kHz and
88-108 MHz, respec-
tively. Features in-
clude recorder jacks,
dual tuning meters
for precise center-of-
channel tuning, FM
stereo indicator light,
front panel head-
phone jack, flip-tab switches, illuminated
slide rule dial, main and remote speaker

(Continued on page 117)
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measure

The RCA WV-38A Volt-
Ohm Milliammeter is a
rugged, accurate, and ex-
tremely versatile instru-
ment. We think it's your
best buy. Only $52.00.*
Also available in easy to
assemble kit, WV-38A (K).

The RCA-WT-501A in-
circuit out-of-circuit tran-
sistor tester is battery op-
erated, completely porta-
‘ble. It tests both low and
high power transistors,
has NPN and PNP sockets
for convenient transistor
matching for complemen-
tary symmetry applica-
tions. Only $66.75.*

The RCA WV-77E Volt-
Ohmyst® can be used for
countless measurements
in all types of electronic
circuits. Reliability for
budget price. Only
$52.00.* Also available in
an easy to assemble kit,
WV-77E (K).

The RCA WC-506A tran-
sistor-diode checker of-
fers a fast, easy means of
checking relative gain
and leakage levels of out-
of-circuit transistors.
Compact and portable, it
weighs 14 ounces, meas-
ures 3% by 6% by 2
inches. Only $18.00.*

The RCA WG-412A R-C
circuit box can help you
speed the selection of
standard values for resis-
torsand capacitors, either
separately or in series
or parallel R C combin-
ations. Only $30.00.* It's
easy to use, rugged, and
compact.

The RCA WV-98C Senior
VoltOhmyst is the finest
vacuum-tube voltmeter in
the broad line of famous
RCA VoltOhmysts. Accu-
rate, dependable, ex-
tremely versatile, it is a
deluxe precision instru-
ment. Only $88.50.* Also
available in an easy to as-
semble kit, WV-98C (K).

LOOK TO RCA FOR INSTRUMENTS TO TEST/MEASURE/VIEW/MONITOR/ GENERATE
CIRCLE NO. 27 ON READER SERVICE PAGE

March, 1969

The RCA-500A all solid
state, battery operated
ValtOhmyst eliminates
warm-up time, eliminates
zero-shift that can occur
in tube operated volt-
meters. Completely porta-
ble. Only $75.00.* Comes
with shielded AC/DC
switch probe and cables.

For a complete catalog
with descriptions and
specifications for all RCA
test instruments, write
RCA Electronic Compo-
nents, Commercial Enai-
neering, Dept. C133W,
Harrison, N.J. 07029.

*Optional Distributor resale price.
Prives may be'stightly higher In
Algska, Hawaii, and the West,
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To celebrate

the introduction

of the new Johnson
Lifetime .002 Crystal .. .

Johnson has crystal-ized
3 fabulous deals for you!

Buy a Messenger 100 or Messenger Il at the suggested

CB net price—and get a complete set of the new Johnson
LIFETIME Crystals ABSOLUTELY FREE! (Don't need a new rig
just now? Buy any Johnson accessory for 20% off/)

It's Johnson's way of dramatically acquainting you with the
incomparable new Johnson LIFETIME .002 Crystal, whose
precision and frequency stability are guaranteed for life . . .

offer expires April 30th

Available from participating Johnson Distributors

Save $29 50 Save $64 °°

ON A ON A
Messenger 100 Messenger |l
including all 12 crystals! including all 24 crystals/!

e,y
W 100nses o mm—

Exceptional buy on an outstanding, proven The great 12-channel mobile champion at
6-channe! performer! an unheard of price!
Reg. price with all 12 crystals Reg. price with all 24 crystals
installed: $159.45 installed: $224.85
Sale price: $129.95 Sale price: $159.95

Save 20% on any JOHNSON ACCESSORY
with this CERTIFICATE!

Clip out this certificate and take it to your E. F. Johnson Distributor or
Dealer for a full 20% discount off the suggested CB net price of any
Johnson accessory.

E. F.JOHNSON COMPANY -

® WASECA, MINNESOTA 56093

CIRCLE NO. 17 ON READER SERVICE PAGE
26 POPULAR ELECTRONICS
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Fig. 1. The meter indicates the average
current flowing through Q1 as a result
of the number of light pulses striking
PC1. Capacitor C5 permits the system to
operate only on light pulses and not be
affected by the amount of ambient light.

PARTS LIST

B1-B4—1.5-volt AA ccll (penlight)

C1, C4—35-uF, 6-volt clectrolytic capacitor

C2-—0.05-puk, ccramic disc capacitor

C3—2-uF, 6-volt clectrolytic capacitor

C5—100-uF, 6-volt clectrolytic capacitor

I1CI1—Iutegrated circuit (Motorola AIC789P)

1C2—Integrated circuit (Motorola MMC724P)

MI1—0-500-pA mcter, 100-0hm internal imped-
aice

PC1—>Photocell (Clairex CL 703L or similar)

Q1.Q2—2N2712 trausistor

1lc3
2yF

RI1—1000-0hm
R3—5600-0lim
R4—270-0hm
R5—1-mcgohm
R6—100-0/tm
R9—680-0lim
R10—2700-0hm
R2—50,000-0lim lincar taper potcutiometer
R7—750-0hm trimmer potentiometer
R8—1000-0lm lincar taper potcntiomceter with
switch attached

S1—S8.p.s.t. switch (part of RS)

S2—S.p.d.L. pushbutton switch

Misc.—Case (6V47 x 3387 x 2", plastic with mat-
ing aluminum cover), hardware, dual battery
holder (2), wire, solder, 5-dram plastic pill con-
tainer with cover, 'C board*, ctc.

*The following are available jrom PAIA Elec-
tronics, P.0. Box 14359, Oklahoma City, Okla.
73120: printed circuit board, $2.50; meter with
RPA x 10 designation en dial, $5.25; complete
kit of parts with PPC beard, hardwarc and case
(not machined). $18.50. Oklahoma residents,
add 3% salcs tax.

), All resistors
Vs-watt

There are very few tachometers of this
type.

Here's one, however, that will measure
the speed of practically anything that
rotates in the lab or workshop. It’s called
the “Op-Tach” and is battery-operated,
wholly self-contained and handheld. A
beam of light senses the speed of the ro-
tating object. In many cases, using the
Op-Tach is simply a matter of pointing
the instrument at the rotating object and
reading the speed in revolutions per min-
ute directly from the meter.

Construction. The schematic diagram
for the Op-Tach is shown in Fig. 1. As
with any project using integrated cir-
cuits, you will be ahead of the game if
you use a printed circuit board. You can
make your own, using Fig. 2 as a guide,
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or you can buy one (see Parts List of
Fig. 1). In assembling components on
the circuit board (Fig. 3) be sure that
both the board and your soldering iron
are as clean as possible and keep them
that way. In inserting the integrated
circuits, notice that the notches on the
IC's correspond to the semicircular locat-
ing marks on the PC board. When all sol-
dering is complete, a coat of spray
acrylic or clear nail polish will keep
the copper circuit from oxidizing.

To protect the photocell from high
levels of ambient light and restrict its
field of view, the photocell is glued to the
bottom of the inside of a 5-dram pill con-
tainer which has been painted flat black
on the inside. A pair of holes is drilled
for the photocell leads. The pill contain-
er is then mounted in an appropriate

POPULAR ELECTRONICS



Fig. 2. Actual size printed-board foil
pattern for the Op-Tach. Note the semi-
circular end identifiers for the IC's.
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Fig. 3. Component installation. Observe
correct polarity for the indicated parts.
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size hole in one end of the 6!'4” X 3%~
X 2” plastic utility box which houses the
instrument. To conserve space, mount it
so that approximately half of the pill
bottle protrudes from the case. Save the
cap from the container and use it as you
would the lens cap on a camera—to pre-
vent dust from settling on the photocell.

The two dual-battery holders are
mounted on opposite sides of the case so
that, when the cover is in place, the me-
ter is between them. The PC board should
be mounted with 6-32 screws and raised
from the bottom of the case with short
spacers. The meter, switch 82 and con-
trols (B2 and R8, with S1 attached) are
mounted on the aluminum faceplate of
the utility box as shown in Fig. 4. In
the author’s prototype this faceplate was
covered with a mahogany-grain, con-
tact-adhesive paper and labels were ap-
plied using dry transfers. All wires
from the PC board to the controls and
meter were run through a piece of large
tubing, but they could be laced together
in a neat bundle. Be sure to make these
leads long enough to permit removal of
the front cover. Notice that capacitor C§
is mounted directly on the meter ter-
minal lugs and not on the printed circuit
board.

The suggested meter has scale mark-
ings from 0 to 500. Carefully remove the

IR —TO BAT. +
~> ™ BOARD +
/4 \
— | <)
R2 pC
— NC i— B8, BOARD

CoM

+ —

“METER

(

Fig. 4. Layout of rear of front panel. As circuit
layout is not critical, any arrangement can be used.
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Two holes must be drilled in
the plastic case. One is for
the pill container that mounts
PC1, while the other is for
making R7 adjustments. For
maximum rigidity, mount the
pill container halt way in the
case and use high.quality ce-
ment. Use the pill container
cover as a cap when the Op-
Tach is not in use. This keeps
dust away from the photo cell.

HOLE FOR R7
ADJUSTMENT

clear plastic front of the meter and use
a pencil eraser to remove the “D.C. MI-
CROAMPERES” marking. You can then
use either pen and ink or dry transfers
to relabel the meter “RPM X 10”. If at
all possible, remove the scale before do-
ing any lettering on it and, in any case,
be very careful not to bend the meter
needle or damage the movement.

Calibration. The best way to calibrate
the Op-Tach is by comparing it to a
tachometer of known accuracy, but if
such an instrument is not available, you
can use one of the following methods:

Signal-Generator Method. Figure 5
shows a calibration setup using an audio
signal generator. Set the generator for
an output of 50 Hz and 1.5 volts peak-to-
peak. Turn on the Op-Tach and set RS
so that the meter reads 500 with 82
depressed. Release S2 and set sensitiv-
ity control R2 at its least sensitive
point (counterclockwise). You may get
a reading with the sensitivity control at
this position but if you don't, advance R2
slowly until the meter shows a steady
reading. Adjust the range potentiome-
ter, R7, to give a reading of 3000 RPM
(the equivalent of 50 Hz). While you
have the equipment set up, you may
want to check the tachometer at sev-
eral other frequencies. Remember that
indicated RPM is frequency times 60.

The electronic portion of the Op-Tach
is inherently linear above about 500
RPM so any nonlinearity you may
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find is in the meter movement. Since
most inexpensive meters have a nomi-
nal accuracy of 5<%, you can expect an
error of less than 250 r/min on the 5000
RPM range (usually much less).
Power-Line Method. If you don’t have
a signal generator, the best thing to do
is to use a filament transformer and a
voltage divider set up as shown in Fig.

HOW IT WORKS

Each time a sharp change of li;.'hl hitz the Op-
Tach’s photocell, the resistance of PC1 changes
and a voltage pulse is created at terminal 14 of
1C 1. This puhe is amplitied and shaped by the six
inverters in JCJ. SENSITIVITY control. R2, is
used to set the amount of forward bias in the first
inverter in JC 1. Capacitor (2 isolates the last two
inverters from any cascaded d.c. bias in the first
four stages: and R3 preventz an excess charge
from accumulating on €2, which would reverse
bias the last two inverter stages.

The output at pin 7 of /O] trigeers a mono-
stable multivibrator composed of R4, €3, and two
of the four logic gates in JC2. Even thoush the
reflected lght detected by I'C 1 varies in duration
and intensity, the output of the multivibrator is a
pulse of conztart height and widih whoze fre-
quency is determined by the number of times that
the reflected light strikes 'CJL

The pulses are squared up and bufiered by the
other two gates in /¢ 2 and applicd o the base of
(7. When a pulse iz applied to 7. it iz turned on
and a short pulse of current flowsz through meter
M1 As the speed of the object increases, the
pulses become closer tozether and the average
value of current Nowing through /7 increases.
Capacitor 5 smooths this waveiorm and bhelps
keep the meter necdle from jigeling,

When pushbutton 82 is pressed. the meter is
taken out of the collector circuit of (7 and put
in series with R, The voltage across the meter is
then determined by (2 and can be varied by ad-
justing RS, Variations in battery output due to
aging are eliminated by setting RS for a current
low of 300 microamperes before each reading.

POPULAR ELECTRONICS




AUDIO 1.5V PP b3
SIGNAL : 2RI
GEN 50Hz 3

Fig. 5. To calibrate, use an audio signal generator
delivering 1.5 volts peak-to-peak at 50 Hz as the in-
put and adjust R7 (through its hole) for 3000 RPM.

6. The procedure is the same as that
above except that you adjust R7 for a
meter reading of 3600. (Unless you hap-
pen to have a power line with a 50-Hz
frequency; in which case, the read-
ing would be 3000 RPM.)

Of course the meter doesn’t have to
be calibrated for a full-scale reading of
5000 RPM. You can set R7 for 10,000 or
15,000 RPM and change the meter scale
markings accordingly. However, you will
have to use an audio signal for calibra-
tion in the higher ranges. Select a fre-
quency near the center of the range.
For instance, for a 10,000-RPM scale,
use 83 Hz, which is equivalent to 4980
RPM (make the setting for 5000). Don’t
try to get a full-scale range of more than
15,000 RPM or you may run into serious
nonlinearities.

Operation. The Op-Tach can be used in
one of two ways: by reflection or by
transmission of light.

Reflective. In the first method, light is
reflected from a rotating spot which is

PLASTIC PILL

of a different reflectivity from the rest
of the object. The shafts of some motors
have flats machined on them and these
serve as good reflective spots. In most
cases, however, the contrasting area
must be made artificially. You can use a
small piece of aluminum foil attached
with clear cellophane tape or simply a
piece of paper of a color which contrasts
with the background. A small area paint-
ed in contrast will also be satisfactory.

Position the Op-Tach so that light
is reflected from the surface of the rotat-

10K ’”

117VAC
60Hz

Fig. 6. You can use the commercial 60-Hz power line
as a calibration source, with the divider network
shown here, to calibrate the Op Tach to 3600 RPML

ing body into the photocell. A light
source is not included as part of the in-
strument since quite often ambient light
is sufficient. If it is not, use an auxiliary
light such as a flashlight or drop light.

Look at the rotating object from the
direction and position in which the tach-
ometer is located. If you can see a direct
reflection from the light source, you can
use the Op-Tach. If not, change the posi-
tion of the light or the tachometer, or
both. You can hold the Op-Tach in your

(Continued on page 113)
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The wiring between the
+ PC board and the front
+ Ppanel can be made neat
by passing it through a
piece of plastic tubing.
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How'’s Your E=IR?

BY ROBERT P. BALIN

20K

Ohm's Law is the most valuable tool in electronics.

8V It tells how voltage, current, and resistance are
related to each other in a closed electrical loop.
- Test your knowledge of Ohm's Law in d.c. circuits
F by soiving for the unknown voltage, current, or
5K s v resistance in each of the ten circuits shown here.
— Assume that the meters have no effect on the cir-
cuits. Answers to quiz can be found on page 112,
IR
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¥ 30V e
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BUILD THE

“Popular
Electronics
Universal

‘frequency

(ounter

HIGH-ACCURACY
COUNTING
TO 2 MHz

BY DON LANCASTER

PART 1 .OF 2 PARTS

March, 1969

HOW OFTEN do you come across a
frequency counter like this: maxi-

mum range—2 MHz; cost—less than
$200? The answer is very rarely, and
that's why the PoPULAR ELECTRONICS
Universal Frequency Counter will be of
prime interest to project builders in all
areas. Its list of attributes doesn’'t end,
however, with frequency range and price:
it has seven counting ranges (200 Hz to
2 MHz), a choice of three automatically
sequencing time bases (0.1, 1 and 10 sec-
onds), and a comparator with built-in
noise immunity and guarded input. The
latter provides excellent sensitivity to
sine waves, square waves Or nharrow
pulses of either polarity, regardless of
duty cycles. A special electronic synchro-
nizer eliminates variations in the display
of the last digit ( known as bobble) and
an overrange light indicates when the
counter’s capacity is exeeeded.

With the Universal Frequency Count-
er, you can count events, measure fre-
quencies from 0.1 Hz to over 2 MHz or
you can gate the instrument externally
so that it can be used as a stopwatch or
to measure the ratio of two frequencies.
The basic instrument has €.1% accura-
cy with a 3'»-digit display (3 digits plus
overrange indication) and a line-oper-
ated time base similar to most com-
mercial counters in the “‘under $600”
category.
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Fio. 1. The comparator module actually contains three separate circuits: input signal comparator
(IC1), signal-time base synchronizing circuit (IC2 and IC3), and automatic reset generator 1C4.

PARTS LIST
COMPARATOR MODULE

C1, C7, C8—0.1-pkF, 10-volt disc ceramic cupac-
itor

C2—1000-uF, 3-volt clectrolytic capacitor

C3—4700-pF polystyrene, Mylar, or disc ecramic
capacitor

C4, C6-—100-plF, 15-volt clectrolytic capacitor

C5—=2-pF mica capacitor .

I)II-DJ——]N()M silicon computer divde or cquiva-
cnt

I1C1-——0perational amplifier ( Motorola
MC1710CG)

1C2—Quad two-input gate (Motorola MC72471)

IC3—IJK flip-flop ( Motorola MC7230)

IC4—RTI. buficr ( Fairchild ul.900)

QI1—-Transistor (National 2N5129)

34

R1,R9. R11—470-0hm

R2—330-0hm

R3. R6—1000-0hm

R4—-100,000-0l1m

R3-—47,000-0hm )

R7—100-0hm /

R8—220-0hm

R10—2200-0hm

R12—680,000-0hm

R13—27-0lm

Misc—PC terminal (USECO 13108, optional.
not provided in kits, 13), $£24 wire Jor jumpcer.
solder.

Note:—The fallowing arc available from South-
west Technical Products, Box 16297, San An-
tonio. Texas 78216: eiched and drilled fiber-
glass circwit hoard. #£M1b, $3.20; complete
kit of all parts rcquired, F#M-1, $14.65, plis
postage, 6 os.

Al resistors
Vy-watt
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Fig. 2. Actual-size printed board for
the comparator module. Because of
the complexity of the circuit, printed
boards are a must for this project.

Modular construction permits easy ad-
dition of extra decades or use of a more
accurate, crystal time base. For instance,
the time base used in POPULAR
ELECTRONICS’  Electronic  Stopwatch
(March 1968) and Sports Timer (Octo-
ber 1968) can be easily adapted for use
in the counter. It is also possible to add
divide-by-ten scalers to extend the count-
er's basic range to 20 or 200 MHz, di-
rect reading.
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While the Universal Frequency Count-
er is probably the most complex con-
struction project ever presented in a
hobby electronies magazine, the exten-
sive use of integrated circuits and modu-
lar construction greatly simplifies the
project. It is not a project for beginners
but the procedure is relatively simple
and straightforward. Parts and a com-
plete kit are readily available as noted
in the parts lists.

5K CONNECT _TO FLOATING INPUT

COMMON TERMINAL ONLY

tea

3t st TO COUNTING IND T
INPUT COMMON

Fig. 3. Drill the board as shown here, and install
the single jumper on the component side of board.

Fig. 4.
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Install the components taking care to ob-
serve polarities of semiconductors and capacitors.
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“Get more

education
or

get out of
electronics

..that's my advice.”

NEW

Expanded
coverage of
slid state
electronics
including
integrated
ciréuits !
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Ask any man who really knows the 2lectronics industry.

Opportunities are few for men without advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you’'ll be among the first to
go in a layoff.

But, if you supplement your experience with more
education in electronics, you car become a specialist.
You'll enjoy good income and excellent security. You
won't have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend en you? Going back to school isn't easy
for a man with a job and family obligations.

CRE] Home Study Programs offer you a practical way
to get more education without going back to school.
You study at home, at your own pace, on your own
schedule. And you study with the assurance that what
you fearn can be applied on the job immediately to
make you worth more money to your employer.

You're eligible for a CRE! Program if you work in elec:
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid
card for your copy. If card is detached, use coupon
below or write: CRE!, Dept.1203H, 3224 Sixteenth
Street, N.W., Washington, D.C. 20010.

I:‘Il 1327

Accrodited Mame: ol the Notions] Nome Sudy Council

r—————— e e — - = -
| CREI, Home Study Division :
| McGraw-Hill Book Company i
| Dept. 1203H, 3224 Sixteenth Street, N.W.

|  washington, D.C. 20010 i
| Please sena me FREE book describing CRE| Programs. | am l
| ernployed in electronics and have a high school education. :
: NAME AGE. {
: ADDRESS____ :
| CITY. STATE ZIP CODE |
: EMPLOYED BY :
|  TYPEOF PRESENT WORK oere |
: | am interested in O Electronic Engineering Technology :
0 O Space Electronics O Nuclear Engineering Technology I
1 O NEW! Digital Cognmunications ]
i r—— — . B e e i e — o B d

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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HOW IT WORKS
COMPARATOR MODULE

There are actually three circuits in the Compa-
rator module: a comparator, a synchronizing cir-
cuit, and a reset generator.

The comparator (IC1) is a high-gain opera-
tional amplifier that compares two input signals
and provides a digital output signal generated by
the difference between the signal input and a
reference signal. The reference is derived from
the output of the comparator by positive feed-
back and is either 10 or 30 millivolts positive.
When the instantaneous value of the input signal
is more than 30 millivolts, the output of the com-
parator goes to ground, helped along by a drop-
ping reference voltage through positive feedback.
If the input signal drops below 10 millivolts, the
comparator output goes positive, again aided by
feedback. This two-level action is called hyste-
resis. and it permits the comparator to operate
with inputs that are noisy or are very low-fre-
quency sine waves without producing a noisy out-
put.

The comparator is protected on the input side
by diodes D2 and D3, which also act to restore

the d.c. level for narrow pulse inputs. Feedback
is provided by R4, R5, and C5 and is both a.c.
and d.c. Other components in the comparator cir-
cuit provide power supply decoupling and output
load matching.

The synchronizing circuit consists of four gates
and a JK flip-flop. The circuit delays the input
measure command until the first input signal ar-
rives and holds the measure command until one
more input signal passes through the switch, after
the measure command ceases. In this way, the
measuring interval is locked to the signal to be
counted. This eliminates a one-count bobble that
might take place if the measurement command
were turned on at random either just before or
just after an input signal arrived. Transistor Q1
is used to drive the COUNTING indicator light.

The reset generator, /C4, is a buffer connected
as a half-monostable circuit. It generates a 2-
microsecond reset pulse at the beginning of the
measure command to reset the counters to zero.
Operation of the RESET pushbutton, interrupts
the positive supply to pin 1 of /C4 and provides
a longer positive output voltage. Either the auto-
matic pulse or the manual reset causes the read-
outs to drop to zero.

Construction. The Universal Frequency
Counter consists of seven modules, plus
the case and some panel components.
Module 1 is the comparator, module 2
is the Scaler, module 6 is the Gate, and
module 7 is the Power Supply. The con-
struction of these modules is given in de-
tail here. Modules 3, 4, and 5 are decimal
counting units that are fully described
in the Winter 1969 ELECTRONIC
EXPERIMENTER’'S HANDBOOK and
the details of their construction will not
be given here.

It is advisable to build each module
separately following the instructions
carefully. Each module has its own sche-
matic, parts list, and circuit board pat-
tern. Note that round IC’s are identified
by a tab, flat, or color dot beside pin 8,
while the rectangular (inline) units
have a notch or dot at one end. In the
schematic diagrams, they are shown
from the top and the pins are numbered
counterclockwise from the identifying
mark. Be sure that all IC's are properly
positioned before soldering connections.
Also be careful to observe the polarities
of diodes and electrolytic capacitors. Use
fine solder and a low-power (25-35 watts)
soldering iron.

Comparator (M1} The schematic for
this module is shown in Fig. 1. A printed
circuit board is a must. You can make
your own, using the foil pattern in Fig. 2
or purchase one etched and drilled (see
Parts List for Fig. 1). Install the single
jumper on the component side as shown
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in Fig. 3. To mount the components on
the board, follow the layout in Fig. 4.
Scaler (M2) The schematic for the
Scaler is shown in Fig. 5. Construction
will be greatly simplified by use of the
circuit board whose pattern is shown in
Fig. 6. Install the 12 jumpers on the
component side of the board as shown in
Fig. 7. The four jumpers marked with an
asterisk should be insulated with small
pieces of sleeving. Install the nine IC’s
and two capacitors as shown in Fig. 8.
Gate (M6) The Gate module schematic
is shown in Fig. 9. Once again, construc-
tion will be greatly simplified by the use
of a PC board. You can make your own
using the pattern in Fig. 10. Mount the
four jumpers on the component side as

A NOTE ON DCU'S

The Universal Frequency Counter can only
use the new, low-power decimal counting units
described fully in the Winter 1969 edition of
ELECTRONIC EXPERIMENTER'S HANDBOOK. Module
kits sold by Southwest Technical Products
since October 1968 are of the new type.

Here's how to tell what you have: (1) if your
DCU has only three IC's, you have the new
unit; (2) if it has four IC's but no 1-watt resis-
tors, you have a medium-power unit, modifica-
tion of which is suggested but not essential;
(3) if it has four IC's and two 1-watt resistors,
you have the original version which must be
modified if it is to be used in the counter.
Modification kits with complete instructions
are available from Southwest Technical Prod-
ucts, Box 16297, San Antonio, Texas 78216,
for $1 per module.
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PARTS LIST
SCALER MODULE

C1—1000-uF, 3-volt clectrolytic capacitor

C2—0.1-uF, 10-volt disc ccramic capacitor

1C1-1C8—MRTL dual JK flip-flop (Molorola
MC791P)

IC9-—-RTL dual two-input gate ( Fairchild
ul914)

Misc.— 324 wire (12 jumpers), insulated slecv-
ing for jumpers (4), PC terminals (USECO
1310B, optional, 12, not provided in kit),
solder.

Note:—The following are available from South-
west Technical Products, Box 16297, San An-
tonio, Tcxas 78216: ctched and drilled fiber-
glass circuit board, #M-2b, $2.85; complete
kit of all parts required, #M-2, $21.90, plus

HOW IT WORKS
SCALER MODULE

There are four independent divide-by-ten or
decade counters in the Scaler module. Each coun-
ter, or scaler. consists of four JK flip-flops in a
*modulo-10 minimum-hardware” circuit. the sim-
plest possible decade divider.

f the four scalers, units A and B are used
to divide the input frequency by a factor of 10 or
100 as necessary. Scalers C and I) are used in the
timing circuit to generate measure commands.
Scaler C has a divide-by-two output, which pro-
vides the 1-second measure command: scaler D
has a 1-0i-10 decoder (/C9), which provides the
0.1-second measure command.

postage, 6 oz.

Fig. 6. Actual-size foil
pattern for scaler module.
This board, like all others
is available etched and
drilled (see Parts List).
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Fig. 9. The gate module performs three functions: accepts, shapes, and converts 60 Hz to 20 Hz;
produces .1. and 10-second gates (IC3); and mounts O-1 and overflow circuit (IC4, Q1, Q2, Q3).

PARTS LIST
GATE MODULE

C1—2-uF. 10-volt clectrolytic capacitor
C2, C3—0.1-uyF, 10-volt disc ccramic capacitor
C4—100-uF . 15-volt clectrolytic capacitor
DI1—1N914 silicon computer diode
11-13—6.3-volt, 50-mA indicator lamp asscmbly,
two orange. onc red ( Southwest Technical 0-6.3
and R-6.3. respectively, or similar)
IC1—MRTL hex inverter (Motorola MC789P)
1C2-IC4—MRTVL dual JK flip-flop (Motorola
MC791P)
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Q1-Q3—Transistor (National 2N5129)

R1—2200-0/tm

R2, R3—1000-0/tm

R4—22-0lm

R5-R7—470-0ltm

Misc.—#24 wire (4 jumpers), insulated sleeving
(1 iuch), bracket and moannting hardwarc jor
lamps, PC terminats (USECO 13108B. option-
al, 9, not provided in kit), solder.

Note:—The following are available from South-
west Technical Products. Box 16297, San An-
tonio, Texas 78216: ctched and drilled circuit
board, ¥M-6b. $2.35; complete kit of all parts
required, #M-6, $13.85, plus postage, 5 o0s.

All resistors
-watt
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Fig. 10. Actual-size foil pattern for

the gate module. As in the other foil
patterns, each input-output termina-
tion and semiconductors are marked.
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ﬁ%ﬁﬂﬁ!hé : . Fig. 11. Mount four jumpers
HOLESIN, o =@ 7™ on the component side of the
g - Mfi o & #24 WIRE_JUMPER board, making sure the indi-
‘3""."““ - * RSULATENDRIDE @) cated jumper is insulated to
ti 8 ¢ by @ 2‘2,? / ‘mrssgikssvmc prevent short circuiting 1C2.
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- 11
9/64" DRILL(2) . x - o
- 3 01-q3 I
® e o o ® e€dc H H R
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shown in Fig. 11. Insulate the lower ol e,
jumper with suitable sleeving. Mount Of O R4
the components as shown in Fig. 12. o lﬁ.ﬁz $ 8 RST FROM M)
A mounting bracket is required for RN o e H ':“.5-,-——.|ssc To M2
this module to hold the three indicator i \l 358 0 SEC To s2
lights. Details fo.r this bpart appear in L 51N FROM M2
“Low-Cost Counting Unit,” ELECTRONIC
, N COUNT FROM
EXPERIMENTER’S HANDBOOK, Winter 1969 CARRY ON M5
and “Digital Volt-Ohmmeter,” POPULAR i

ELECTRONICS, December 1968. The brack-
et is mounted by match drilling to the PC
board, then pop-riveting using #4 hard-
ware. An orange plastic lens can be used
for both the 0 and 1 indicators and a
red lens for the everrange indicator.
Power Supply (M7) Most of the power
supply, whose schematic is shown in Fig.
13, is assembled on the PC board shown
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Fig. 12. Mount the board components as shown here,
once again taking care to observe all polarities.
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Fig. 13. Note the eight connections to the ground buss. This is done to reduce stray cou-
pling between the various modules. Each module ground should be run on a short, heavy lead.

PARTS LIST
POWER SUPPLY MODULE

C1, C2, C5—1000-uk, 25-volt clectrolytic ca-
pacitor

C3, Co6, C7—4000-ul, 6-volt clcctrolytic ca-
pacitor

C4=~0.1-pF . 10-volt disc ceramic capacitor

D1-Dd—-1-ampere, 50-PIV silicon diode, 1N4001
or cquivalent

D3-D11—3-ampere average, 24-ampere peak, 50-
PIV silicon rectificr (Motorola M RI030B, do
not substifute) .

F1—1-ampere fuse

R1—27-0ltm, YV4-watt carbon resistor

T1—12.6-volt ccntertapped, 2-ampere filament
transformner ”

Misc.—PC mouting spacers and hardware, PC
terminals (USECO 1310B, optional, 19, not
provided in kit), line cord with strain relicf,
fusc-holder and monnting kardware, soldcr.

Note:—The following are available from South-
west Techuical Products, Box 16297, San An-
tonio, Texas 78216 etched dnd drilled fiber-
glass circuit board, #M-7b. $3.50; complete
kit of all parts required, #M-7, $19.10 plus
postage. 3 b,

o> o 8
BEE

t—- |

HOW IT WORKS
GATE MODULE

The Gate module contains three circuits: the
gate generator, the 10-second measure command
generator, and the 0-1 counter and overflow latch
with indicators. The first two circuits, together
with scalers C and D in the Scaler module, pro-
vide the time base, while the last circuit extends
the range of the counter by hali a digit and pro-
vides an indication to call attention to the fact
that the input signal has exceeded the full counter
capacity.

The gate generator accepts the 60-Hz power-
line veference from the power supply module,
filters and clamps it, and then applies it to a hex-
inverter squaring circuit, /(1. Positive feedback,
via C2, provides additional edge steepening, to

provide the 100-nanosecond rise and fall times
required by the next stage.

A divide-by-three counter (/C2) uses a pair of
flip-flops to reduce the 60-Hz input to a 20-Hz
square wave. This circuit is twisted slightly from
a “normal” divide-by-three circuit to save some
PC board jumpers. The first flip-flop in /C3 di-
vides the 20-Hz time-base signal into 10 Hz (a 0.1-
sec period) which is the reference required to run
scalers C and D on the Scaler module. The second
flip-flop converts the output of scaler C which
has a 10-scc period into a 10-sec on and 10-sec
off measure command as required for the 0-200-
Hz ranze.

The 0-1 counter and overrange latch is made
up of (4 driving transistors Q7 through (3,
which supply power to the appropriate front-
pancl indicator lamps.

March, 1969
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Fig. 14. Power supply foil pattern
is the largest one in the instrument.
It should be made on fiberglass to
avoid heat damage from power diodes.
To assist cooling, mount all diodes
slightly off the board to allow cool
air to circulate around them to dis-
sipate the heat. Also, do not allow
the diodes to touch the capacitors.

in Fig. 14. The power transformer (T1)
and the fuse (F1) are mounted on the
counter chassis. Use a G-10 fiberglass
base for this circuit board so that it can
withstand the heat generated by the
power diodes. Drill holes as shown in
Fig. 15.

To avoid stray coupling between mod-
ules through ground connections, it is
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very important that all module grounds
be isolated from each other and at very
low impedance. For this reason, a wide
ground buss is provided on the power
supply circuit board, with a separate ter-
minal for connections to each of the
other modules. A separate %16 (or other
heavy-gauge) wire should be run from
each module to the ground buss. All

POPULAR ELECTRONICS




HOW IT WORKS
POWER SUPPLY

The power supply must provide more than an
ampere of current at 3.6 volts d.c. and other
lower current supplies at +6, —6, and +12
volts. It also provides a.c. to the dccmml point
lamp and the Gate module.

To obtain all these voltages from a single
power transformer requires a few more diodes
than would normally be needed with a multi-
winding transformer.

The -+12-volt supply is derived {rom a volt-
age doubler consisting of D1, D2, C1, and C2.
The supply is actually about 17 volts at the out-

put terminal; it is reduced ta 12 volts by the de-
coupling network in the Comparator module.
Similarly the full-wave rectifier made up of D3,
D4, and C35 provides about —9 volts, which is
reduced to — 6 volts in the Comparator.

A second full-wave rectifier (D3 and D6) pro-
duces +6 volts with diodes D7 and D& acting as
a dynamic regulator. This supply is reduced by
D9, D10, and D11 to provide +3.6 volts for the
integrated circuits. While the average current
through diodes D5 through D11! is about one
ampere, the peak current is much larger—high
enough to damage ordinary silicon power diodes.
That is why three-ampere silicon rectifiers are
specified in the Parts List,
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Fig. 16. Finish the power sup-
ply by mounting the compo-
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counter case (upper right).
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ground leads should be kept as short as
possible.

Components are installed on the power
supply board as shown in Fig. 16. Note
that C5 is upside down with respect to
the polarity of the other capacitors. Note
also that all diodes point in the same
direction. Be sure that there is sufficient
cooling space between the diodes and the
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+6V

electrolytic capacitors since the latter can
be damaged by diode heat generation.
Connect the power supply module to
the case through a single ground lead.
Do not run any other ground leads to the
chassis except the return for JI1, the
INPUT jack.
NOTE: Final assembly, alignment, and
calibration will be given next month.
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Build a
HAPPY
HYBRID

TEN WATTS
FROM TUBES AND
TRANSISTORS

BY DEE LOGAN, WB2FBF

I T’S NO disgrace to operate the 40-meter

band with a low-power rig—in fact,
many veteran hams use flea-power trans-
mitters just to see how well they can do.
The secret, of course, is knowing when
and how to operate.

The “Happy Hybrid” is a low-cost, low-
power 40-meter transmitter that should
interest both newcomer and veteran ham.
It combines a voltage-regulated transis-
torized crystal oscillator and buffer, cou-

pled to a compactron vacuum tube con-
taining both buffer and final amplifier.
Despite its small physical size, the rig de-
livers 10 watts of clean, crisp CW.

Using a conventional half-wave dipole
antenna, this transmitter has made itself
heard over 700 miles away with excellent
signal reports. By choosing your operat-
ing time with care, even greater dis-
tances can be reached.

A built-in power supply (see Fig. 1)

PARTS LIST

C1—68-pF silver mica capacitor

C2—82-pF silver mica capacitor

C3—110-pF silver mica capacitor

C4,C7,C8,Cl10,C11, C13, C14, C15—0.01-uF
disc ceramic capacitor

C5, C6—~100-pF silver mica capacitor

C9—5-50-pF trimmer capacitor

C12—0.001-pF disc capacitor

C16—325-pF wvariable capacitor (Hammarlund
MC-325-M or similar)

C17—Dual 365-pF variable capacitor (both scc-
tions in parallel)

C18, C19+250-uF, 20-volt electrolytic capacitor

C20, C21-—50-uF, 450-volt electrolytic capacitor

D1, D2—Silicon rectifier (GE A14F)

D3—9.1-v0lt zener diode (GE Z4XL19.1 or
IN1770)

D4, D5—1N5062 silicon rectifier diode

11—6.3-volt pilot lamp (#44)

J1—Coaxial connector (SO-239)

J2—Phono jack

L1-~30 turns #24 enamelcd wire on National
XR-50 slug-tuned form

L2—20 turns #18 wire, 16 turus per inch, 1V4”
diameter (B&W Miniductor 3019)

L3—7-henry, 50-mA choke (Stancor C1707 or
similar)

M 1—0-50-mA meter

Q1, Q2—2N 3859 transistor
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Q3—Thyrector (GE X14)

R1, R7—27,000-0hm, Va-watt resistor

R2—10,000-0km, 1-watt resistor

R3—470-0hm, Yo-watt resistor

F4—6400-0hm, Yo-watt resistor

R5—3300-0hm, Yo-watt resistor

R6—200-0hm, Y-watt resistor

R8—10,000-0hm, 5-watt resistor

R9—47.,000-0hm, Yo-watt resistor

R10—15,000-0hm, 10-watt resistor

R11—5.1-0hm, 1-watt resistor

R12—220-0hm, 1-watt resistor

R13, R14—20-0hm, 5-watt resistor

R15—100,000-0hm, 10-watt resistor

RFC1-RFC4—2.5-mH r.{. choke (National R-50
or similar)

S1—S.p.s.t. switch

T1—Transformer: sec, 460-0-460 V, 50 mA and
6.3 V,2.5 A (Stancor PC-8418 or similur)

V1—6AD10 compactron

XTAL—7-MHz crystal

Z1—9 turns # 16 wire on 1-watt, high-resistance
resistor

Misc—DMasonite 4” x 0", metal chassis 37 x 77
x 127, crystal socket, transistor socket (2), 2-
lug terminal strip none grounded (for Q3),
multi-lug terminal strips, compactron socket,
7.5-watt lamp with socket and short length of
coaxial cable and connector #12 bare copper
wire, solder lugs, %" insulated standoffs, rub-
ber grommets, mounting hardware, elc.
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delivers filameht, 9-volt, and B + voltages
using only one power transformer. Best
of all, you can build the Happy Hybrid
for apout $25 if you salvage some odd
parts from your junk box.

Construction. The Happy Hybrid is de-
signed to be built in three stages: the

oscillator, the power supply, and the r.d1.
amplifier. This method of construction
permits you to test each section as it is
built.

Oscillator. To make the oscillator
board, cut a piece of pressed wood (ma-
sonite) into a 4” x 6” rectangle. Mount a

37 insulated standoff at each corner,

Fig. 1. The transistorized crystal oscillator and buffer are fed
from a regulated power supply. They drive the compactron which
delivers the 10 watts to the antenna through a matching network.
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putting a solder lug between each stand-
off and the board. Run a length of #12
bare wire around the bottom edge of the
board, attaching it to the solder lug at
each standoff. This serves as a ground
buss.

Mount the oscillator components as
shown in Fig. 2, drilling holes in the
board for each component. Use sockets
for the transistors. Circuit wiring is
point-to-point, with the component leads
used where they are long enough. Use
insulated hookup wire for the rest of
the circuit. Be careful to dress all com-
ponents and leads close to the board to
avoid shorts when the board is mounted
on the metal chassis.

Tank coil LI consists of 30 turns of
#42 enameled wire on a National XR-50
slug-tuned form. A small piece of plastic
electrical tape (or coil dope) can be
used to secure the winding. Once installed
in the circuit, check the resonant frequen-
cy of the coil with a grid-dip meter to
make sure that it resonates in the 7-MHz
band. You may have to trim the coil if a
junk-box coil form has been used instead
of the XR-50.

Besides the common ground connec-
tion, you will need a common tie point

for the keying ground, one for the r.f.
output of €9, and one for the 9-volt con-
nection.

Once the oscillator is complete, install
the crystal and transistors and connect
a conventional 9-volt transistor radio
battery between the 9-volt connection
and the common ground. Test the oscil-
lator by shorting the keying connection
to ground and listening for the CW sig-
nal in a nearby receiver, tuned to the
crystal frequency. Once the oscillator
is working properly, put it aside and
build the rest of the circuit in the metal
chassis.

Power Supply. Power transformer 71
and choke L3 are mounted at the top
rear of the chassis while power switch 1
and pilot light /1 are on the front apron.
The keying jack, J2, can be placed any-
where you wish. Mount fuse holder F1
on the rear apron of the chassis and use
multi-lug terminal strips to mount the
rest of the power supply components un-
der the chassis near the transformer
(see Fig. 3). When soldering the diodes
in the power supply, use a long-nose
pliers as a heat sink on the leads to
avoid thermal damage to the semicon-
ductors. Also, be sure to observe the cor-

Fig. 2. The oscillator is built up
perf-board style, using a piece of
fiber board as the chassis. Inter-
connection is made via component
leads ar short pieces of wire. There
are two different grounds, one for
actual ground and the other for the
keying lead. The +9 volts and the
keying lead are passed through the
metal chassis via a rubber grommeét,
as is the r.f. drive for the tube.
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Fig. 3. Use good r.f. wiring practice
when assembling the final amplifer and
antenna circuit. Keep all r.f. leads as
short as possible and use heavy wire
from the plate of V1B to the antenna.
Although the keying jack (J2) is shown
at one side, it can be mounted anywhere.

HOW IT WORKS

The circuit consists of a two-transistor broad-
band crystal oscillator and bufier (Q17 and Q2)
driving a vacuum-tube buffer and power ampli-
fier (V1).

The oscillator is designed for broad-band op-
cration with crystals in the 3- to 20-MHz range,
with further experimentation possible on other
amateur bands by modification of the tank circuit.
The r.{. signal is gencrated in the circuit contain-
ing (01 and is buffered by Q2 to raise it to a level
suflicient to drive the vacuum tube. Trimmer ca-
pacitor C9 is used to sct the maximum driving
level of the tube.

The first half of the tube, V14, is a buffer
pentode and the second is an amplifier which in-
creases the signal level to feed the antenna
through a pi-coupling network (L2, C16, and
('17). This tank combination will match a fairly
wide range of antenna impedances.

A conventional full-wave rectifier composed of
D4 and D5 with associated filtering components
supplies the B+ (about 250 volts) for the vacu-
um tube. The voltage from the filameat winding
of T1 heats the filament of VI and is also applied
to a doubler circuit (D7 and D2) to generate a
d.c. voltage high enough to avalanche the 9-volt
zener diode, D3. This is the power source for the
transistors.

Protection against incoming line transients that
could damage the semiconductor components is
provided by thyrector Q3, which cffectively re-
moves the spikes before they get into the power
transformer,
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rect polarities of the electrolytic capaci-
tors and rectifiers diodes.

R.F. Section. There is nothing critical
about the parts placement in this sec-
tion but good pre-planning for tie points
is important. The two pi-network vari-
ables (C16 and C17) are mounted at the
front of the chassis, as is meter M1. Put
antenna connector JI on the rear apron
of the chassis. Parasitic suppressor Z1
is made by winding nine turns of #16
wire on a l-watt resistor body. Although
the resistor is used only as a coil form,
it should not be too low in value or it will
affect the operation of the suppressor—
1000 ohms or more should do.

You can follow the author’s layout of
the tube socket and r.f. components, us-
ing good r.f. wiring practice. After all r.f.
wiring has been completed, check the fre-
quency of the pi network using a grid
dip meter and adjusting the coil turns (if
necessary) for proper frequency.

Connect the B+ to the r.f. section and

(Continued on page 111)
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IC

Stereo

Preamplifier

PROVIDES HIGH-QUALITY AMPLIFICATION FOR NAB TAPE,
RIAA PHONO, AND BROADBAND AUDIO

BY PAUL B. JARRETT, M.D.

DO YOU need a good, new stereo pre-

amphifier with all kinds of “extras’?
Here is an IC Stereo Preamp that has
provisions for NAB tape-head equaliza-
tion (for both 3% and 7% in./s) and
RIAA magnetic phono inputs. It can also
be used as a general-purpose broadband
preamplifier.

Built around a recently developed in-
tegrated circuit, the preamplifier has very
low input noise (half a microvolt, typi-
cally), an output of 4.5 volts rm.s., and
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a channel separation of 60 dB minimum
at 10 kHz. The design is also short-cir-
cuit proof. The preamp is small enough
to fit under the chassis of a small power
amplifier. Power requirements are so
modest that the preamp can be driven
by a pair of trausistor radio batteries
if desired.

The integrated circuit used here (Mo-
torola MC1303P) actually contains a
matched pair of preamp circuits with
identical characteristics.
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Fig. 1. The general-purpose broadband preamplifier
is useful for microphone and tuner inputs. Only
half of stereo system is shown in all diagrams.

PARTS LIST

C1—680-pF capacitor*

C2—1-uF, 3-volt clectrolytic capacitor*

C3—25-uF, 3-volt cloctrolytic capacitor*

C4—33-pF capacitor

IC1—Dual sterco precamplifier integrated circuit
(Motorola MIC1303P)

R1—Dual (concentric), andio-taper, 100.000-
ohm potentiomelcr

R2.R3——100,000-0km, Ye.-watt resistor*

R4—1000-0km, Yo-watt resistor*

Misc.—RC.A phouno jucks (4), 14-contact, in-line
IC socket (Augat 314-A61D or similar), metal
chassis, perf board, set of concentric knobs,
wire, ele,

*Two requircd—one for cach channel.

Circuits. For a broadband, general-pur-
pose preamplifier, use the circuit shown
in Fig. 1. Only half of the circuit is
shown with the terminal conneections to
the IC shown in the circles. For the sec-
ond channel, duplicate the circuit, but
use the IC pin numbers that are outside
the circles in Fig. 1. Note that pins 2
and 12 are not used and that the volume
controls for the halves are concentric.

For an NAB tape-head equalized pre-
amp, use the circuit shown in Fig. 2.
Again, only half of the circuit is shown,
connected to the circled pin numbers of
the IC. The duplicate half of the circuit
uses the uncircled pin numbers. The val-
ue of C} depends on the tape speed. Both
values are given in the Parts List and you
can use both, with a switch, if necessary.

To make a magnetic phono playback
preamp with RIAA equalization, use the
circuit in Fig. 3. If you have trouble ob-
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taining the 750,000-ohm resistor used in
this circuit, use one of 820,000 ohms.

Construction. The author used perf
board construction in a small aluminum
case. With a little care, you could also
build your own printed circuit board and
mount the complete preamp in any type
of chassis. You can even mount it on
standoffs in the power amplifier and
probably obtain operating power from
the amplifier power supply.

To prevent possible damage to the IC,
you may find it advantageous to use a
14-contact, in-line IC socket (see Parts
List for Fig. 1). You can then complete
the wiring of the circuit and examine it
for possible errors without subjecting the
IC to the possibility of heat damage or
accidental voltage reversal. Note that the
IC has a standard orientation mark on
one end. Looking down at the top of the
IC, the pins are numbered from 1 to 14

R2
820K 3

SEE PARTS LIST

Fig. 2. This NAB tape-head equalized preamp can be
preset for either 334 in./s or 7% in./s depending
on value selected for C4 (can be switch selected).

PARTS LIST
C1—820-pF capacitor*
C2—1-uF, 3-volt electrolytic capacitor*
C3—135-pF, 3-volt electrolvtic capacitor*
C4—1500-pF capacitor* (3% in./s, sce text)
C4—910-pF capacitor* (7% in./s, see text)
IC1—Dual stereo preamplifier integrated circuit
(Motorola MC1303P)
R1—Dual (concentric), audio-taper, 100,000-
ohm potentiometer
R2,R3—820,000-0hm, Yo-wall resistor*
R4—51,000-0hm, \o-walt resistor*
R5—1000-0hm, Yo-walt resistor*
Misc.—See Fig. 1.
*Two required—one for cach channcl
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 ICSOCKET
(UNDERSIDE)

INPUT

RIS
100K$
S

.......
x

_F3 Cc4 CS
25uF 6800pF  1500pF

Fig. 3. This circuit is used for RIAA equalization
for magnetic phono playback. A slight change in R4
value can be made (see text) without deing harm.

PARTS LIST
C1-—820-pF capacitor*
C2—1-uF, 3-volt clectrolytic capacitor*
C3—25-uF, 3-volt clectrolytic capacitor*
C4—6800-pF capacitor*
C5—1500-pF capacitor*
I1C1—Dual sterco preamplifier integrated circuit
(Motorola MC13030)
R1—Dual (concentric), audio-taper, 100,000~
oltm potentiomeler
R2—820,000-0hm, ‘k-watt resistor*
R3—1000-0hm, Yo-watt resistor*
R4—750,000-0hm, Yoe-watt resistor*
R5—51,000-0km, Yo-watt resistor*
Misc.—See Fig. 1.
*Two required—one for each channel.

counterclockwise from the identifying
mark.

The entire circuit, with the exception
of the input and output jacks and the
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NOTE: i

- SHIELDED CABLE TO
INPUT AND OUTPUT JACKS,
AND POTENTIOMETERS

The IC preamplifier can be
fabricated on perf board.
A 14.lead in-line socket may
be used to save possible
damage to IC while sol-
dering it into the circuit.
Use shielded leads for the
input and output, and to
(coaxial)  potentiometers.

OU'Iig%JTS

+ 28-30V1

D2 c2
MZ500-19 T.IpF

~28-30V 0-V
R4 ce
lson !
=Vee +Vee -
+ +
Ly
BI-9v | B2-9V

Fig. 4. The preamplifier can be powered either by
a zener-regulated circuit (top) or a pair of nine-
volt conventional transistor radio batteries (lower).

PARTS LIST
B1,B2—9-volt transistor radio battery (optional)
C1,C2—0.1-uF capacitor
D1,D2—Zener diode, 13-volt (Motorola
MZ-500-19 or similar)
R1,R2—300-0hm, 3-iralt resistor
R3,R4—180-0hm, 2-watt resistor

concentric volume control, is constructed
on the perf (or PC) board. Use shielded
leads between the input and output con-
nectors and the potentiometer, and be-
tween the potentiometer and the first
component in the circuit.

For a power supply, the author used
a pair of 9-volt transistor batteries. The
two batteries were connected in series,
with the common center connected to
ground. The 4V was then +9 volts
and — V¢, was —9 volts. If you are using
a conventional power amplifier with a
power supply of 28 to 30 volts, use the
reduction circuit shown in Fig. 4. -30-
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Does the Ovshinsky Effect signjfy a new era

OES THE IDEA of a miniaturized

computer so small it could be used in
your home, the classroom, or even your
automobile sound interesting ? Or, if you
were an electronic equipment manufae-
turer, do you think electronic switches
and memory cells that are smaller and
less expensive than transistors would
sound appealing? Would military equip-
ment that is resistant to radiation make
the Department of Defense happier ?

All of these things can be achieved
through the use of a hitherto neglected
semiconductor material—glass! This
may sound strange. Glass is used in tele-
scopes, microscopes, drinking utensils,
windows, and a host of other applica-
tions. But as a semiconductor—never!

It’s perfectly possible, says Stanford
R. Ovshinsky, a remarkable, self-educat-
ed man of 46 wha lives in Troy, Michi-
gan, a suburb of Detroit, with his wife
Iris, who has her PhD in biochemistry.
Leading physicists from all over the
world apparently agree with him and are
cautiously calling his devices a major
breakthrough greater than the tunnel di-
ode, possibly exceeding the laser.

The principle on which the new de-
vices are based is called the Ovshinsky
Effect. Briefly stated, it is the ability
of certain boron- and oxide-based glasses
and materials composed of tellerium
and/or arsenic (in combination with
other elements including germanium and
silicon) to function as semiconductors.
(In the 1950’s, a Russian team at Lenin-
grad conducted intensive experiments on
these materials—but unsuccessfully. De-
spite their painstaking investigations,
they missed being the first to discover
the Ovshinsky Effect.)

These materials are called amorphous
(shapeless) or disordered because of
their random, irregular, and unpredicta-
ble atomic structure. They contrast
sharply with conventional semiconduc-
tor materials which are crystalline in
atomic structure and are therefore regu-
lar, orderly, geometric, predictable, and
measurable. The latter are the materials
used to make transistors and diode rec-
tifiers with which we are so familiar;
and semiconductor research for the last
20 years has been concentrated in this
area. Little attention has been given to
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Stanford R. Ovshinsky, President, and Dr. Iris M.
Ovshinsky, Vice President, of Energy Conversion De-

vices, Inc. visualize a great future for Ovonics.
semiconductors that are amorphous in
structure.

Now, threshold switches and memory
cells are being manufactured and tested
at Ovshinsky’s plant, Energy Conversion
Devices. Called ‘“Ovonic” devices, each
unit consists of a thin film of amorphous,
semiconductor glass connected to two
leads. The unit, or cell, suddenly changes
from a nonconductor to a conductor
when a preset voltage is applied. By
varying the composition or the thickness
of the vacuum-deposited glassy film, the
firing voltage can be made to be any-
where between two and two hundred
volts.

It is claimed that Ovonic memory units

can store information for prolonged pe-

riods of time even though power has
been removed. Conventional memory
cells must have electric power applied
constantly. Tests made on Ovonic mem-
ories seemingly prove both their ability
to store information for a minimum pe-
riod of six years and their durability, in-
asmuch as information has been stored
on them and then erased over a million
times.

Ovshinsky has attracted the attention
of eminent scientists from many parts
of Europe. One of them is Sir Nevill
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Mott, director of the Cavendish Labora-
tory at Cambridge University, England,
who, early in November, reportedly
called the Ovshinsky development one of
the newest, biggest, most exciting dis-
coveries in the physical sciences at the
present time. There is some indication
that the Ovshinsky Effect represents a
completely new area of knowledge. Oth-
ers interested in Ovonics are Isador Rabi,
Nobel Laureate and retired professor of
physics at Columbia University; physi-
cists at Stanford, Harvard, Penn State
and Delaware; as well as Jan Tauc of
the Czechoslovak Academy of Sciences
in Prague.

Who is Ovshinsky? Not a scientist
in the formal sense of having a de-
gree, Ovshinsky graduated from Hower
Trade School in Akron, Ohio and has
worked as a machinist. Despite his lack
of formal education, his colleagues in
the physical sciences are quick to admit
how well read he is and how extensive
is his knowledge of physics.

Although he had been experimenting
with amorphous materials since 1958 and
started up his modest firme in 1960 to
continue his research and manufacture
Ovonic devices, the prime information
on their chemical composition was a
closely guarded secret until 1966 when
he was granted the first of his patents.
Once he had received patent protection,
he decided to publish a short technical
paper explaining his discovery. This pa-
per appeared in Physical Review Letters,
November 11, 1968. Until that time the
physical data behind his discovery was
unknown except to a few companies
with whom he had licensing agreements,
granted with the proviso that any se-
curity leaks nullified the agreement.

In his recently published paper, Ov-
shinsky described components which
switch from a nonconducting to a con-

Editor’s Note: The unusual solid-state ef-
fect discussed in this article has been de:
scribed as a phenomenon shrouded in
mystery. Few unbiased scientists will com-
ment on the Ovshinsky Effect; some research-
ers have reported parallel developments, but
mostly our ‘‘sources’’ adopted a wait-and-see
attitude. For what it's worth—here are the
facts as they stand on December 15, 1968.
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ducting condition in the incredible time
of only 150 trillionths of a second. A
typical Ovonic device which consists of
489, tellerium, 309 arsenic, 12% silicon
and 109% germanium is made up of a
microscopic layer of this material sand-
wiched between two electrodes. This ma-
terial acts as a barrier until the voltage
reaches a predetermined level. Conduc-
tion starts and continues until the volt-
age drops below the firing level.

There is a second type of glassy ma-
terial developed at Energy Conversion
Devices which remains in the conduct-
ing state indefinitely, without the neces-
sity for continued application of exter-
nal voltage. To return this device to its
nonconducting state, all that is needed
is the application of a second voltage
pulse.

Ovshinsky has made it very clear that
the principle he discovered is not based
on transistor technology, and further-
more, he is not competing with tran-
sistors.

Another characteristic of these devices
is their ability to operate on alternating
current, a virtue not possessed by crys-
talline semiconductors, which are unidi-
rectional and can only operate on direct
current. Conventional semiconductors re-
quire at least two units to function effi-
ciently on a.c.—one for the positive cy-
cle, the other for the negative cycle.

Easy to Manufacture. Industrially, the
new materials have practical advan-
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tages. Manufacture is relatively cheap
and simple. The chemicals for the de-
vices are weighed out on a simple scale,
mixed with a paddle, and then put into
an oven to bake for 24 hours until
they fuse into a lump of opaque glass
having a dark gray eolor.

This is a simple procedure compared
to the very careful methods used to man-
ufacture conventional semiconductor de-
vices, which have to have a high degree
of purity, must be grown from ‘“seeds,”
and then precisely doped with very care-
fully measured impurities.

Conventional crystals are easy to work
with because their atomic structures are
arranged in such predictable patterns
that the various changes that take place
in them can be measured with high ac-
curacy. Because of this measurable char-
acteristic, it was possible during the last
two decades to improve the techniques
of manufacture of transistors, diodes,
and integrated circuits.

In spite of technical advancements in
the preparation of crystalline semicon-
ductors, however, many are rejected be-
cause of flaws of one kind or another.
Alternatively, amorphous semiconductors
do not have to be doped because their
conduction characteristics are inherent
in the device itself. For this reason, phis
some of the other advantages mentioned
above, technologists conclude that the
amorphous devices are cheaper and easi-
er to manufacture.

James Perschy of the Applied Physics

The Ovonic device has a voltage sensi-

tive threshold and, in the absence of
, any applied voltage, the device acts
like an insulator. iIf voltage is applied
across the Owvonic device, the electron
energy in the thin film is increased un-
til a point is reached where conduction
takes place. This transition from the
property of an insulator to a conductor
takes place in an incredibly short time.
The threshold may be adjusted by the
chemical mix in the very thin film. Some
Ovonic devices even remain ‘‘on’’ after
the applied voltage has been remowved.
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Looking into the future, a
flat screen TV picture may
evolve using Ovonic de-
vices. The face of the tube
would be prepared in a ma-
trix involving conducting
strips, phosphor and Ovonic
threshold switches. The TV
picture quality would be
similar to that obtained
through a shadow mask used
in color TV transmissions.

Laboratory at Johns Hopkins Universi-
ty, where glass semiconductor switches
are being tested in memory addressing
circuits, has stated that the devices are
potentially very reliable because they can
probably be manufactured in batches.
This means they require fewer process-
ing steps than are needed to prepare
conventional semiconductor circuits. Per-
schy said this reliability results because
the glass material does not require a
junction between dissimilar metals, as
some conventional semiconductors do.
It is Ovshinsky’s feeling that the car-
riers (holes and electrons) in glass semi-
conductors do not hop like those in
crystals. Instead, they polevault or play
leapfrog. By selecting glassy materials
having strong covalent bonds, the scien-
tist is able to work with carriers which
are locked in place. The degree of locking
is related directly to the energy band gap
in the material. This determines the

threshold voltage needed to dislodge the
carriers. When the carriers are knocked
out of their locked-in position by the
proper voltage, they bombard other car-
riers and dislodge them. This starts an

i | Glass
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avalanche effect and conduction begins.

In crystalline semiconductors, carrier
collisions and thermal effects recombine
electrons and holes, thereby cutting off
carrier movement. In glass semicondue-
tors, this does not seem to take place.
The reason, according to Ovshinsky, is
the exceptionally high mobility of the
carriers which lowers their mass allow-
ing them to zoom past or through the re-
combination centers.

Physicists admit that much remains
to be learned about the “how” and the
“why’ of the physics of glass semicon-
ductors, but they are working on them
with zeal and enthusiasm.

In the area of miniaturization, it is
felt that Ovonics can be integrated into
other circuits easily in that a glass chip
in the amorphous state can be applied
over another device.

Scientists, industrialists, financiers and
even average citizens are watching with
great interest the activities going on un-
der Mr. Ovshinsky’s direction. Perhaps
something as memorable will emerge
from the American Troy as that which
came from ancient Troy.

This highly magnified view is
of a rudimentary Ovonic device.
Between the two wire conduc-
tors is a thin film insulating ion
with Ovonic qualities. At some
low voltage threshold the in-
sulator switches over to con-
duction. Manufacturing Ovonic
devices is claimed to be easy.
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SOUND-WITH-SOUND MIKER

With Pre-Record Monitoring

BY DOUG DeMAW, WICER

HY NOT produce “at home” record-

ings comparable to those of a pro-
fessional studio? You can with this sim-
ple “Sound-With-Sound Mixer.” The se-
cret is in monitoring the output of the
mixer and listening to what the record-
ing is going to record—rather than us-
ing the ordinary monitoring system of
guessing or listening after the tape is
made.

You will find many other advantages
to the Mixer besides improving the quali-
ty and versatility of your recordings.
Short-wave listeners, for instance, can
use it to make station reports or prepare
a permanent log. (Many SWL's are pre-
paring tape archives by recording off the
air and adding personal comments—in-
cluding dates, times, etc.—over the de-
sired signal.) Or, why not spark up your
blasé voice letters by mixing from two
microphones or adding some novel sounds
or music to the tape?

Adding a background to taped letters
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is far from new. But until now, the most
common method of adding it to the voice
track was through acoustical pickup from
a speaker system. The problems encoun-
tered with this method are numerous:
room acoustics may not be ideal, noise
may interfere, and the frequency range
is limited to that of the microphone. As
a result, the background sounds “dead”
because of sound degradation.

To obtain high-quality recording, a
direct electrical hookup is best, and the
Sound-With-Sound Mixer was designed
to do just that. In addition to providing
amplification and mixing, it also has a
monitor output that lets you hear what
you're recording before it gets into the
tape recorder.

The background source can be an FM
or AM tuner or short-wave receiver. No
preamplification of the signal is required.
You simply plug the source into one
channel of the Mixer and set the level;
then plug in the microphone and set its
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After preamplification and mixing take
place in Q1 and Q2, signal is fed to out-
put through Q3; Q4 is monitor amp.

PARTS LIST
B1—22.5-volt battery
C1, C2—0.01-pF disc capacitor
C3, C5—0.047-uF disc capacitor
C4—100-pF, 25-volt clecirolytic capacitor
C6—1-pF, 6-volt electrolytic capacitor
C7—50-pF, 6-volt electrolytic capacitor
C8—350-uk, 25-volt electrolytic capacitor
C9—0.05-uF disc capucitor
J1-J3—Phono jack
J4—DPhone jack
Q1-03—Field cflect transistor (Motorola MDPF-
105)
Q4—Transistor (General Electric 2N2959)
R1, R2, R5—2200-0hm )
R3, R7, R8, R11—10,000-0)m
Rd—1-megohm
R9—100,000-0/m
R10—470-0lm
R6—10,000-0km linear-taper potentiometer
R12, R13—1-megohm audio-taper potentiometer
S1—S.p.s.t. switch (part of R6)
T1—Impedance-matching trans former, 1000-0/m
primary, 8-ohm sccondary
Misc.—DPrinted circuit board, battery cli b, V"
metal spacers; 7”x334”x3V4” aluminnm ntilit y

All resistors
Vi-waft

box; wire; solder; knobs; hardware; etc.

level so that the voice signal can easily
fade in and out or override the back-
ground.

The Mixer can be used with virtually
any tape recorder, tape deck, or audio
amplifier that has a high-impedance in-
put (usually the microphone input).
It can also be used as a two-channel mi-
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crophone or guitar-pickup mixer. It can
even be used as a private listening sys-
tem so that you don’t disturb others
around you.

Construction. The use of a printed cir-
cuit board (etching guide shown full-
size in Fig. 1) greatly simplifies and
speeds construction of the Mixer. All
components, except for input and out-
put jacks, the controls, and the battery
mount directly on the circuit board as
shown in Fig. 2.

Except that the signal leads between
the circuit board and the jacks and con-
trols must be as short as possible, con-
struction is not critical. When you have
mounted all components on the board,
mount the circuit board, using four sets
of machine hardware and %” metal
spacers as shown in Fig. 3. Then mount
J1, J2, and B1 on the rear apron of the
metal box and J3, J4, and the controls
on the front apron.

Assemble the metal box, and identify
the various controls and jacks with a
tape writer or a dry-transfer lettering
kit, and the Sound-With-Sound Mixer
is ready.

How To Use. Since high impedances are
involved, it is necessary that you use
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Fig. 1. In this actual-size printed
circuit board etching and drilling
guide, minimum amount of copper is
removed from the board. Extra copper
provides good heat sink during solder-

ing and helps economize on etchant.
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Fig. 2. In wiring circuit board,
connect negative lead of Bl and
remaining terminal of control R6
to chassis ground or ground foil
on the board. Insert and solder
tabs of Tl in oblong holes that
are designated for T1 in drawing.
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50 functions in a single chip. The functions of 50 separate transistors,
diodes, resistors and capacitors can now be performed by the tiny
dot in the center of the integrated circuit held by the tweezers.,

The"Chip”

...will it make or break your job future?

INY ELECTRONIC “CHIPS,” each no bigger than the

head of a pin, are bringing about a fantastic new
Industrial Revolution. The time is near at hand
when “chips” may save your life, balance your
checkbook, and land a man on the moon.

Chips may also put you out of a job...or into a
better one.

“One thing is certain,” said The New York Times
recently. Chips “will unalterably change our lives
and the lives of our children probably far beyond
recognition.”

A single chip or miniature integrated circuit can
perform the function of 20 transistors, 18 resistors,
and 2 capacitors. Yet it is so small that a thimble-
ful can hold enough circuitry for a dozen com-
puters or a thousand radios.

Miniature Miracles of Today and Tomorrow

Already, as a result, a two-way radio can now be
fitted inside a signet ring. A complete hearing aid
can be worn entirely inside the ear. There is a new
desk-top computer, no bigger tham a typewriter yet
capable of 166,000 operations per second. And it is
almost possible to put the entire circuitry of a color
television set inside a man’s wristwatch case.

And this is only the beginning!

Soon kitchen computers may keep the house-
wife's refrigerator stocked, her menus planned, and
her calories counted.

Money may become obsolete. Instead you will
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simply carry an electronic charge account card.
Your employer will credit your account after each
week’s work and merchants will charge each of your
purchases against it.

Doctors will be able to examine you internally
by watching a TV screen while a pill-size camera
passes through your digestive tract.

New Opportunities for Trained Men

What does all this mean to someone working in
Electronics who never went beyond high school?
It means the opportunity of a lifetime—if you take
advantage of it.

It's true that the “chip” may make a lot of manual
skills no longer necessary.

But at the same time the booming sales of articles
and equipment using integrated circuitry has cre-
ated a tremendous demand for trained electronics
personnel to help design, manufacture, test, operate,
and service all these marvels.

There simply aren’t enough college-trained engi-
neers to go around. So men with a high school
education who have mastered the fundamentals of
electronics theory are being begged to accept really
interesting, high-pay jobs as engineering aides,
junior engineers, and field engineers.

How To Get the Training You Need

You can get the up-to-date training in electronics
fundamentals that you need through a carefully
POPULAR ELECTRONICS



chosen home study course. In fact, some authorities
feel that a home study course is the best way. "By its
very nature,” stated one electronics publication re-
cently, "home study develops your ability to analyze
and extract information as well as to strengthen
your sense of respon. dility and initiative.” These
are qualities every employer is always looking for.

If you do decide to advance your career through
spare-time study at home, it makes sense to pick an
electronics school like the Cleveland Institute of
Electronics. We teach only Electronics—no other
subjects. And our courses are designed especially
for home study. We have spent over 30 years per-
fecting techniques that make learning Electronics
at home easy, even for those who previously had
trouble studying.

Your instructor gives your assignments his un-
divided personal attention. He grades your work,
analyzes it, and he mails back his comments the
same day he gets your lessons, while everything is
stitl fresh in your mind.

Always Up-to-Date

Because of rapid developments in Electronics, CIE
courses are constantly being revised. This year, for
example, CIE students are receiving exclusive up-
to-the-minute lessons in Microminiaturization, Log-
ical Troubleshooting, Laser Theory and Applica-
tion, Single Sideband Techniques, Pulse Theory and
Application, and Boolean Algebra. For this reason
CIE courses are invaluable not only to newcomers
in Electronics but also for “old timers” who need a
refresher course in current developments.

Get FCC License or Money Back

No matter what kind of job you want in Electronics,
you ought to have your Government FCC License.
1t's accepted everywhere as proof of your education
in Electronics. And no wonder—the Government
licensing exam is tough. So tough, in fact, that with-
out CIE training, two out of every three men who

Tiny TV camera
for space and mili-
tary use is one of
the miracles of in-
tegrated circuitry.
This one weighs 27
ounnces, uses a one-
inch vidicon cam-
era tube, and re-
quiresonrly four
watts of power.

take the exam fail. But better than 9 out of every 1¢
CIE graduates who take the exam pass it.

This has made it possible to back our FCC Li-
cense courses with this famous Warranty: you must
pass your FCC exam upon completion of the course
or your tuition is refunded in full.

Mail Card for Twe Free Books

Want to know more? The postpaid reply card bound
in here will bring you a free copy of our school
catalog describing today's opportunities in Elec-
tronics, our teaching methods, and our courses, to-
gether with our special booklet on how to get a
commercial FCC License. If card is missing, use
the coupon below.

ENROLL UNDER NEW G.I1. BILL
All CIE courses are available under the new G.I.
Bill. If you served on active duty since January
31, 1955, or are in service now, check box on
reply card for G.I. Bill information.

Cleveland Institute of Electronics

ci
NEW

COLLEGE-LEVEL
COURSE IN

ELECTRONICS
ENGINEERING

for men with prior experience in
Electronics. Covers steady-state

Name

Cleveland Institute of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Please send me without cost or obligation:

1. Your 44.page book “How To Succeed In Electronics” describing the
job opportunities in Electronics today, and how your courses can pre-
pare me for them.

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

| am especially interested in:

1776 East 17th Street, Cleveland, Ohio 44114

and transient network theory,

solid state physics and circuitry, Address

pulse techniques, computer logic

and mathematics through calcu- City

lus. A college-level course for men
already working in Electronics.

March, 1969

O Broadcast O First Class
Technology Engineering FCC License
- Electronic O Industrial O Electronics
Communications Etectronics Engineering
Age
State Zip
PE-80

O Check here for G.l. Bill information.
Accredited Member National Home Study Council @ A Leader in Eles:tronics Training...Since 1934
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HOW IT WORKS

Each input stage of the mixer contains a field
eifect transistor (Q7 and Q2 in the schematic)
that preserves the proper high-impedance match
rcquircd by the input transducers (microphone,
guitar pickup, etc.). With power applied to the
Mixer, separate audio signals fed in through JI
and /2 are amplified by the respective FET
stages. The amount of gain for QI is controlled
by R12, while R13 controls (2’s gain. (Each
channel produces about 6 dB of gain, suggesting
that the mixer could be used as a straight pre-
amplifier should the need ever arise.)

Since the drain leads of Q1 and Q2 are parallel
connected, after amplification the two discrete
sggnals from these transistors mix, producing a
single composite signal. The new signal is then
coupled into phase-splitter Q3, then out to the
tape recorder through JJ3.

Additionally, a portion of the composite signal
is coupled to monitor amplifier stage Q4 to pro-
vide a convenient source-monitor output through
J4 to low-impedance headphones. Any amplifica-
tion provided by this stage is in addition to that
obtained from QI and/or Q2, and overall ampli-
fication is independently controlled by R5.

shielded cables for interconnections be-
tween the Mixer and other equipment to
minimize hum pickup. Also, these cables
should be as short as practical.

When using the Mixer with a tape re-
corder or deck, always set the “Record
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Fig. 3. Metal spacers should be used
to support the circuit board away
from the chassis. Mount the board as
shown; then wire the controls, bat-
tery, and jacks into the circuit.

Gain” control as suggested for normal
operation with a microphone. Then, while
feeding the desired signals into the mix-
er, adjust the gain control of the chan-
nel you want to predominate for full
recording level as indicated on the re-
cording monitor.

The level of the remaining Mixer chan-
nel can then be adjusted while you listen
through the monitor amplifier output.
Then any further adjustments of gain,
such as for fade-ins and fade-outs, should
be made with R712 and R13 on the Mixer.

If you should encounter any high-
level hum problems when using the mix-
er with a line-operated recorder or am-
plifier, reverse the a.c. plug. Should this
fail to clear up the problem, connect a
separate grounding lead from the chas-
sis of the mixer to the chassis of the
recorder or amplifier.

The Sound-With-Sound Mixer is ca-
pable of a fairly wide frequency range,
and its output signal is free of most
noise and distortion. Current drain un-
der normal operation is on the order of
8 mA, so battery life should be long—
provided the power is turned off when
the Mixer is not in use. 30
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- MIATH

DON'T BE SCARED
OUT OF A GREAT CAREER

BY DAVID L. HEISERMAN

ATHEMATICS is an indispensible

tool in electronics technology. It is
the medium through which engineers and
technicians learn, understand, and apply
the abstract theories of electronics.
Lacking the proper training in, or the
proper attitude toward higher mathe-
matics, confines you to half-true analo-
gies, oversimplified theories, and limits
your efliciency to the frustration of trial-
and-error techniques.

If you are planning to start a career
in electronics or have decided to update
and upgrade your professional standing,
chances are that your math background
needs refurbishing. Certainly, if you ex-
pect to compete for the sophisticated,
higher-paying positions in modern elec-
tronics, your mastery of mathematics
will have to go beyond high school alge-
bra and trigonometry.

The purpose of this article is two-
fold: to reaflirm that mathematics is the



language and shorthand of electronics,
and to demonstrate that it is a system
of logic ideally suited to electronics tech-
nology. You will find here an idea of the
level of math proficiency required for a
mastery of electronics theory in several
areas of specialization. Finally, if you
feel the need for more math training,
we suggest an appropriate course from
one of the home-study schools listed in
this article.

Only you can decide how far you want
to pursue a career in electronics. If you
decide to forge ahead, your knowledge
will always be in demand; if not, your
present education may become obsolete.

A Language And System of Logic. Just
as a picture can take the place of a
thousand words, a mathematical equa-
tion can accomplish the same thing in
electronics technology. In fact, mathe-
matics is the language (and shorthand)
of science and technology. It is unsur-
passed in accuracy and—believe it or
not—simplicity.

The mathematically untrained elec-
tronics technician, for example, does
not usually appreciate that the Ohm's
Law equation E = I X R, represents a
brief, accurate summary of all the rela-
tionships that exist between voltage, cur-
rent, and resistance in d.c. circuits.

Mathematics doesn’t just trade prose
for endless complicated equations. Using
math as a system of logic, the number
of equations that a technician must mem-
orize is reduced to a handful, from which
many other equations can be derived.
You memorize Ohm’s Law for voltage,
but you derive by mathematical logic—
mainly algebra—the current formula
(I = E/R) and resistance formula (R =
E/D).

You will often encounter a problem
that contains two or more factors that
do not fit neatly into one all-inclusive
formula. In this case, logic dictates that
you combine as many of the given fac-
tors as you can in an appropriate equa-
tion, and if necessary, work from there
with other equations.

The ability to interpret the language
of mathematics gives you the advantage
of continuing your education without
having to return to school every few
years. You can tackle undiluted abstract
technical literature to become familiar
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with current devices, developments, and
techniques. Mathematics is the key to
understanding and applying electronics
theory, the language of the best elec-
tronics textbooks, and the system of
logic for the design and analysis of cir-
cuits.

CORRESPONDENCE SCHOOLS

Schools offering complete math training pro-
grams:

American School
Drexel Avenue at 58th Street
Chicago, lIl. 60637

American Technical Society
850 E. 58th Street
Chicago, lil. 60637

Britannica Schools, Inc.
425 N. Michigan Avenue
Chicago, lil. 60611

Capitol Radio Engineering Institute
3224 16th Street, N.W.
Washington, D.C. 20010

DeVry Institute of Technology
4141 Belmont Avenue
Chicago, lli. 60641

International Correspondence Schools
Scranton, Pa. 18515

National Radio Institute
3939 Wisconsin Avenue, N.W.
Washington, D.C. 20016

National School of Home Study
229 Park Avenue South
New York, New York 10003

National Schools
Figueroa and Santa Barbara Avenues
Los Angeles, Calif. 90037

Schools offering math as part of their electron-
ics training programs. Individual math
courses not available:

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

Grantham School of Electronics
1505 N. Western Avenue
Hollywood, Calif. 90027

Radio Television Training of America
229 Park Avenue South
New York, New York 10003
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REQUIREMENTS FOR VARIOUS ELECTRONICS JOBS AND POSITIONS

PROFESSION OR JOB TITLE ELECTRONICS SKILLS REQUIRED MATHEMATICS SAMPLE EQUATION
Radio-TV repairman Troubleshoot and repair r.f. | Algebra: basic operations E?
and a.f. circuits powers and roots P='R—
Trigonometry: knowledge of
sine, cosine, and
tangent functions
Communications Troubleshoot and repair r.f. | Algebra: mastery, including
maintenance and and a.f. circuits; some cir- logarithms Pe=20 '°gﬁ
repair; FCC license cuit modification and design| Trigonometry: basic opera-
tions
Industrial electronics Troubleshoot and repair Algebra: mastery . v
maintenance and repair logic and control circuits Trigonometry: mastery '=m)
and systems; a great deal Calculus: understand
of modification and some basic terminology
design
Laboratory or research Maintain, troubleshoot, Algebra: complete mastery
assistant (not neces- and repair standard and Trigonometry: complete T
sarily electronics labs) specialized electronic mastery q=$ i dt
equipment; extensive Calculus: familiarity with o
circuit modification and basic operations
some design Some specialized math
Electronic design and Primarily circuit design Algebra: complete mastery
associate engineer and modification; usually Trigonometry: complete fx) =
require an associate de- mastery 1 \ Y.
gree, but available if you Calculus: knowledge of (2—,__) {g(tye’dt
have extensive experience differential and "
and are thoroughly grounded integral techniques
in electronics theory

' How Much Math Is Enough? As you
probably have deduced, the more math
you master, the better will be your grasp
of electronics. But to find out how much
is actually enough depends on what area
of specialization you pursue, what is re-
quired of you on the job, and a multitude
of other things that vary from employer
to employer. Even within the same spe-
cialty, more mathematics background
can be required of one technician than
that required of another.

There are different levels in the tech-
nician echelon. For example, there is the
“service” technician whose main job is
to repair consumer and some commercial

items; he can get by on high school

March, 1969

algebra and trigonometry. Then there is
the “line” technician whose duties are
to check and align completed electronic
devices; he needs essentially the same
math background as the service techni-
cian with possibly some elements of ad-
vanced algebra. Finally there is the ‘“en-
gineering” or ‘lab” technician whose
duties may include simple design, fab-
rication, modification, and test and cali-
bration work; he, obviously, needs to
know a great deal more math than either
the service or line technician. In fact,
engineering technicians must have a firm
grasp of college-level mathematics, such
as calculus, statistics and probability,
(Continued on page 114)
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The

otI\ltogether
Forgotten

N

ELECTRET

BY HERBERT
& PHYLLIS COHEN

Renewed interest in charged dielectric
orings back menmory of
imvention that never made it

HE HISTORY of electronics is also a

history of curious discoveries that
flashed on the scene, enjoyed short popu-
larity, and faded into oblivion. Some
discoveries, such as the Lilienfeld “tran-
sistor,” were made too early to be ap-
preciated. Other temporarily forgotten
discoveries (the reflex circuit, for exam-
ple) have been reactivated to serve
short-term needs.

One nearly forgotten discovery has re-
cently been dusted off so that scientists
can take another look at its use in elec-
tronics. Called an “electret,” this physics
curiosity is the electrostatic analog of the
permanent magnet. Just as a permanent
magnet exhibits a fixed magnetic field;
an electret has a fixed electrostatic field.)

When first discovered, the electret was
expected to replace the magnet in motors,
generators, microphones, loudspeakers,
etc. Experimental devices using electrets
as high-voltage generators have been
built. The Japanese used electret sound-
powered telephones during World War II.
And in the mid-1930’s, Dr. Andrew Gam-
ant reported making an electret string
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voltmeter with a deflection sensitivity of
0.1”7/volt and an iunput resistance of
10,000 megohms.

A new telephone microphone using an
electret and a solid-state amplifier is now
being tested by the Northern Electric
Laboratories, Ottawa, Canada. The elec-
tret capacitor microphone may enable a
90% reduction in the normal telephone
operating current. Further experiments
using the electret in electrostatic speak-
ers are also taking place.

How an Electret Is Formed. Some simi-
larity exists between the action of a
capacitor and the forming of an electret.
If a capacitor is charged from a d.c.
source, the excess of electrons on the
negative plate will repel the orbiting elec-
trons in the atoms of the dielectric ma-
terial. Conversely, the lack of electrons
on the positive plate will attract the or-
biting electrons of the dielectric toward
the positive plate. The electrons in the
dielectric will never break away from
their atoms, but the polarizing charge
will distort their orbits about the individ-
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Electret telephone microphone developed by Northern Electric Co. Ltd. of Canada reduces normal operat-
ing current by 909%, offers good quality reproduction. Electret diaphragm is shown second from right.

ual atoms. In addition, crystal lattices
will also shift from their original posi-
tions and attempt to align themselves
with the voltage field (orientation polar-
ization). When the capacitor is dis-
charged, the electrical conditions return
to normal and the dielectric resumes its
neutral state.

Suppose that once the dielectric is po-
larized it can be “frozen” in its new
state; and after discharging the capaci-
tor, the dielectric maintains its charge.
Under this condition, the capacitor can
be discharged again and again with no
loss in the dielectric charge. (This does
not mean that the capacitor would be-
come a battery. Current will flow only at
the instant of discharge.)

The First Electret. In 1925 the first per-
manently charged dielectric was made by
the Japanese physicist, Dr. Eguchi,
bringing into existence the first electret
in history. To make his electret, Dr.
Eguchi melted carnauba wax between
two metal plates; and while the wax was
still molten, he applied a high voltage
to the plates. The wax was then cooled
while the high-voltage remained on the
plates.

When the wax had solidified and the
high voltage was removed from the
plates, the wax was tested for a surface
charge. The newly formed electret had a
large electrostatic charge which after a
few days remained constant for several
months. The wax had picked up what
was later called a hetero-charge. The
face of the wax closest to the high-volt-
age (positive) anode had picked up a
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negative charge, the other side a positive
charge.

Dr. Eguchi also found that when a
carnauba wax electret was formed in a
greater than 10,000-volt/cm field its ini-
tial hetero-charge decayed to zero with-
in two weeks, then reversed polarity and
grew in amplitude in the opposite diree-
tion. After several weeks the new charges
reached the level of the original hetero-
charge, but in the opposite polarity, and
remained constant.

These new charges were called homo-
charges since the reversed polarity of the
electrical field exhibited the same polar-
ity as the field that formed the elec-
tret. The homo-charge was found to be far

Peter Fatovic (I.) and Kees Reedyk (r.) of Northern
Electric Laboratories examine electret transducer.

ra



more permanent than the original hetero-
charge, lasting as long as several years.

One experimenter’s carnauba wax elec-
tret was formed in a 20,000-volt/cm field.
Tested periodically by drawing a spark
from it the electret after 12 years showed
no apparent loss of charge.

What Is an Electret? Ever since the first
electret was formed, several theories
have been advanced as to its nature.
None of these theories has been proven,
but the ones most widely accepted were
put forth by Dr. Gamant and Bernard
Gross, which—if not identical-—are basi-
cally the same. Both suggest that there
are different mechanisms that cause the
hetero- and homo-charges to be formed.

The hetero-charge is said to result
from orientation polarization of dipole
groups and ion displacement. The homo-
charge is formed by free positive and
negative charges developed on the sur-
face of the electret during the forming
process. These positive and negative
charges then travel through the electret
and compensate for the hetero-charges.

As the electret cools and solidifies in
the presence of a high-voltage field, crys-
tal lattices are formed, becoming aligned
in the direction of the field. Called

VERY HIGH POSITIVE VOLTAGE
+ £ +- __+ +
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KEEPER ELECTRET

Electret is formed in high-voltage field (top). Original
charge reverses polarity after two weeks (center).
Charge losses are minimized by keeper (bottom).
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oriented dipoles, the crystal lattices also
exhibit positive and negative charges. At
the same time, the high potential gradient
between the electrodes and the electret
surfaces produces ions and free electrons
on the opposite surfaces of the electret
material.

After the electret is formed and stored
away for aging, the free charges travel
through it and try to compensate for the
oriented dipoles. On the positively
charged surface, a cloud of negative
charges forms, but after some time the
net negative charges cancel out half of
the positive charges of the oriented di-
poles. This does not mean, however, that
all charges are neutralized. The nega-
tive charges are on a different energy
level than the dipoles and can only hover
around them, preventing the dipole field
from appearing on the electret surface.

The surface charge is 509 negative
and 509 positive. Therefore, the total
charge is zero. As the charges that ap-
pear on the surface to compensate for
the dipoles increase, the electret's sur-
face charge reverses and converts from
a hetero- to a homo-charge. The free
charges help to keep the dipoles in place
and give the homo-charge a much longer
useful life.

One of the strange problems with elec-
trets is the ‘“‘short-circuit” effect. As soon
as a newly formed electret is removed
from the charging field, its active sur-
faces must be short-circuited by wrap-
ping the electret in metal foil, or by
sandwiching it between two metal plates
that are electrically shorted together.
The electret must be kept short-circuit-
ed at all times when not in use, because
if it is left exposed it will rapidly lose its
charge. Although most of the charge can
be recovered by reshorting the electret
after a few minutes of exposure, repeat-
ed exposures will result in cumulative
permanent loss.

Electret Materials. Not all dielectric
(insulating) materials exhibit electret
properties. Glass, paraffin wax, and
many plastics have no electret proper-
ties whatever. Other materials, such as
resins and sulphur, develop only hetero-
charges no matter how high a charging
voltage is applied to them. But the list of
materials that develop both hetero- and
homo-charges is long and still growing.
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Electret properties have been found
to exist in many vegetable waxes, bees-
wax, shellacs, lacquers, sugar, and even
ice. Recently, excellent results have been
obtained from such plastics as lucite, ny-
lon, neoprene, and polymethyl, and a
great deal of interest has been generat-
ed by mylar and teflon film electrets.

A search for ceramic electrets is also
under way—with the objective of find-
ing a material that exhibits a high charge
density, improved temperature stability,
and longer life. Most of the titanate fam-
ily seems to have electret properties, es-
pecially calcium titanate, bismuth tita-
nate, and steatite. These three ceramics
have unique characteristics that may in-

dicate a breakthrough in electret tech-
nology. Their one great advantage is that
they do not have to be short-circuited
to preserve their charge after being
formed.

It now remains to find practical and
economical uses for the electret in elec-
tronics. Certainly, the electret has proved
—if only experimentally—to be a rug-
ged, long-life transducer. But whether or
not it will find a place in modern elee-
tronics, possibly even become a basic in-
gredient in modern technology, is now
in the hands of scientists, engineers and
experimenters working with it. Who
knows, the electret may even turn out to
be as important as the transistor. —30—

Making an Experimental
ELECTRET

OU CAN MAKE an electret from

readily available materials in the pri-
vacy of your home workshop. The
‘“forming” equipment consists of a sim-
ple oven (a can of Sterno “liquid heat”
plus a hotplate platform will do) and a
very-high-voltage power supply. A 6”
square by ¥” thick piece of lucite is
ideal for the electret itself.

After cutting the lucite square to the
proper size, clean it thoroughly to re-
move dirt, grease, and other foreign
matter. Then dry the lucite and set
aside in a clean, dry place.

Prepare the oven (see Fig. 1) using
several bricks and an 117 X 8”7 x W~
aluminum plate. First thoroughly clean
the aluminum plate. Then construct the
hotplate supports, spacing the two rows
of bricks 10” apart. Set the plate over
the bricks, and slide a can of Sterno un-
der the aluminum plate. Measure the
distance between the top of the can and
the plate; it should not be less than 8”.

Place the lucite at the center of the
aluminum plate, open the can of Sterno,
and ignite the liquid. Heating the lucite
to the proper consistency for forming
will take a half hour or more. In the
mean time, you can proceed with set-
ting up the very-high-voltage power
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supply. (You can build an appropriate
supply from scratch as described in an
upcoming article, or you can use the
very-high-voltage power supply in your
portable TV receiver.)

If you use the TV power supply, move
the receiver over to your work bench.
DO NOT plug in the line cord. Remove
the back cover of the TV set and locate,
but do not touch, the high-voltage anode
connection. This connection is usually
made directly to the flared section of the
picture tube (see Fig. 2).

Bear in mind that in the following
steps you will be dealing with potentials
on the order of 14,000 volts or more.

1" xs* xi/e"
ALUMINUM PLATE

e"
STERNO
BRICKS
if 10" {
Fig. 1. Assemble heating and form-

ing oven for the electret exactly
as shown to obtain proper results.
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Caution cannot be overstressed. Even if
you have to go to extremes, be careful
when working around or with the high-
voltage power supply. If you have a pair
of electricians’ rubber gloves, so much
the better.

First, cut away 6” of insulation from
one end and about %” from the other
end of a 3’ length of stranded, heavy-
duty hookup wire. Firmly wrap the 6~
of bared wire around the metal shaft of
a plastic handle screwdriver (preferably

lead cable. Clip one cable to the high-
voltage anode connection, and cover
both the alligator clip and connection
thoroughly with high-voltage tape. The
other end of this cable will be connected
later.

Place the TV set with its back facing
and about 2’ from the oven. Then con-
nect the remaining cable from chassis
ground of the TV set to the aluminum
plate of the oven.

Check the lucite. If it is done, you

o [
CHASSIS
GROUND \ J

3

HIGH VOLTAGE
ANODE CONNECTION
(UNDER RUBBER CAP)

Fig. 2. Before disconnecting the high-
voltage anode cable frem picture tube,
discharge the circuit, strictly follow-
ing safety precautions described in text.

one with an extra rubber or neoprene
grip), and hold it in place with a couple
of layers of tape. Then, solder an alli-
gator clip to the other end of the wire.

If you have rubber gloves, don them
now. If not, wear a long-sleeve shirt,
buttoned at the cuffs, and put the hand
you will not be using into your pocket.
In either case, however, do not allow
any part of your body to touch the
chassis of the TV set under any circum-
stances.

Connect the alligator clip directly to
the chassis of the TV set, and carefully
grasping the screwdriver by the handle
only, slide the flat blade under the rub-
ber suction cap of the anode connector
as shown. When you see a spark at the
blade and/or hear the snapping sound
of sudden discharge, remove the screw-
driver. Immediately disconnect the anode
cable by firmly squeezing the suction
cap and pulling outward. Touch the ex-
posed metal ‘“hooks” under the anode
cap several times to the chassis to com-
pletely discharge the high-voltage recti-
fier circuit.

Now, solder an alligator clip to each
end of two lengths of heavy-duty test
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should detect a strong odor of acetone
and, when it is touched with the blade
of a screwdriver, the lucite should have
the consistency of soft rubber. If the
lucite appears to be ready for forming,
place a 4”-square of aluminum foil di-
rectly over the center so that 1” of the
plastic is showing on all sides.

Touch contact the bare alligator clip
from the high-voltage anode cable to the
center of the aluminum foil. Carefully
drape this cable to prevent it from
touching or even coming near the alumi-
num plate. Extinguish the flame in the
Sterno can. (Read the instructions on
the can to determine the proper pro-
cedure for extinguishing the flame.)

Plug the line cord of the TV receiver
into a nearby a.c. outlet and turn on the
set’s power switch. As the high voltage
builds up, the aluminum foil will electro-
statically cling to the lucite and a high-
voltage hissing may be heard. The hiss-
ing is only corona noise and is nothing
to worry about.

Once the TV set’s power switch is
turned on, stay several feet away from
the oven and high-voltage lead at all

(Continued on page 113)
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BY RICHARD HUMPHREY
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0 PLACE T0 GO, BUT}

THE PROUD HERITAGE OF AMATEUR RADIO SUFFERS FROM LETHARGY

((LJERE WE ARE in 1969,” a ham

friend of mine said the other day,
“and incentive licensing is a fact of life.
AM is out the window and you can’t find
DX on 20 nohow—what are we going
to do about it ?”

I hadn’t witnessed so much confusion
since the time Fred Brown sold his Reo
and used the money to build an amateur
radio station—the first in our neighbor-
hood. Everyone was glad to see the Reo
go because, when Fred opened that cut-
out, it was something! The ham station
was lots quieter though some people
were sure we'd all get struck by light-
ning what with all those wires around.

To us kids, though, the thought that
- good old Fred had a radio station right
in his own basement was stupefying.

“He talks to a guy in England. I heard
" him!” Eyes would grow big and round
and the whole gang would creep around
- to Fred’s cellar window and crouch still-
. voiced as the mysterious crackles and
squeals of short-wave radio came to our

ears.

I was quite a bit older before I got to
know Fred real well—before he and I
- would sit in his basement and talk about
" the early days of radio.

. “Looky here,” he'd say, waving a yel-
lowing copy of Electrician & Mechanic

. or maybe McClure’s. “This fellow Bran-

' ly was real put out when Marconi pat-

ented the coherer. It was a tube,” Fred |
would explain, “full of metal filings with
a connector at each end and Marconi
made it self-restoring.”” He'd turn a
dusty page. “Branly claimed he’d invent-
ed it. Only thing was, a man named |
Hughes invented it before him. In 1878, |
says here.” . ;
Called charlatan and opportunist by
many contemporaries, Irish-Italian Mar- -

coni (his mother was a Jameson from & =

County Wexford) made practical sense

of the existing hodge-podge of radio |

knowledge and came up with an exciting ¢
new way for man to communicate. -
He was an enthusiastic yachtsman, so -

it was only natural that many of his @

achievements involved the sea—his con- 2
tacts with Italian warships in the Medi-
terranean; the relaying to New York :
newspapers of the 1899 America’s Cup
race results (Sir Thomas Lipton’s first- |

of-a-line of Shamrocks lost three straight - =

to the Columbia). Thus, it came as no
surprise when Marconi prepared to bridge -
the Atlantic with his “invention.”

As if that code-letter “S” flashed from
England to Newfoundland in 1901 meant
“Start,” the tinker-minded American |

male was off in a race to imitate, impro- &

vise and improve. The ham was born -
and the appeal was universal. :

Magazines (even the Woman’s Home [
Companion and the Atlantic Monthly) |




First of the *'Expedition Hams,” Don Mix, W1TS went
to the Arctic with Commander MacMillan in 1923.
Subsequent expeditions to the polar regions always
included hams. Don is still active and works in ham
radio at ARRL headquarters in Newington, Conn.

were infected with the excitement of
radio and well over a hundred articles in
the first four years of the 1900’s made
America aware something was afoot.
“God’s power is loosed,” thundered one
editorial. “Does Man know what he is
doing ?” Man didn’t know, but there was
only one way to find out—experiment!
The disputed coherer was left behind
»s Fessenden invented the “liquid bar-
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retter” and Marconi devised the mag-
netic detector. Pickard discovered the
strange ability of silicon to detect radio
signals and General Dunwoody found
that carborundum would do the same.
Poulson was burning out carbon micro-
phones modulating a high-frequency
spark (Fessenden and Collins had some
success earlier) proving the human voice
could be sent through the air.

Then 33-year-old Lee DeForest stole
everyone’s thunder by performing major
surgery on Fleming’s ‘valve” and in-
serting that vital third element, the grid,
which made modern radio possible. In
this wonderful, enchanting time it
seemed miracles would never cease.

Jamming is Born. “It was a mess,” re-
calls one pioneer ham. “Whenever a com-
mercial station would come on the air,
I would jump right down his throat. The
only time he got a message through was
when I was asleep!”

The U.S. Navy stations didn’t get any
better treatment at the hands of radio
hams. It was total war. Twenty-eight
bills to regulate radio had been intro-
duced into Congress by 1912. The Alex-
ander bill passed and was signed into
law by President Taft on August 17,
1912. The hams were taken firmly by the
hand and led up the frequency path, a
road they were to travel many times.

Revenge was sweet as the Department
of Commerce and Labor banished the
amateur to the forbidding land of 200
meters. There, the ham ate crow and, to
his surprise. found it pretty good—200
meters was better than 500 meters! With
a sly smile on his face, he went to work
to see just how far he could go.

America went to war and the amateur
had work to do. The ARRL dramatically
found 500 radio operators for the Navy
in ten days and over 4000 experimenters
went to war. In Paris, Armstrong in-
vented the superheterodyne. After that,
it looked as if the ham might be off the
air for good. Commercial stations were
released from the war-imposed shut-
down on March 1, 1920. The ham was
told he could listen on April 20.

Then, on September 26, 1920, all ama-
teur restrictions were lifted and work-
shops sprang up everywhere as people
began building radio receivers and trans-
mitters of all sorts—
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You’d be sitting in the living room
reading the evening paper when a
scream from the basement would
make you jump and you’d know Dad
had gotten across the high voltage
again. ..

You'd go downstairs, pick him up,
dust him off and give him a glass of
water. He'd shake his head, go “ugh”
and stagger back to the bench—and
darned if he wouldn’t do it all over
again!

America was in the fabulous twenties.
Excitement was everywhere. New things
were happening and everyone wanted to
be part of it all.

Even staid Bristol, Connecticut caught
the fever when it learned the young radio
operator at 40 Stearns Street had been
chosen to go to the arctic with Com-
mander MacMillan. First of a long line of
“Expedition Hams,” Donald H. Mix
(1TS) was aboard when the schooner
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Bowdoin sailed from Wiscasset, Maine in
June 1923. From Greenland’s remote Ref-
uge Harbor, Don Mix (using a Zenith-de-
nated station and the call WNP) made
the first ham-style arctic contact Sept.
9 with Jack Barnsley (9BP) in Prince
Rupert, British Columbia. ’

The first amateur trans-Atlantic twe-
way took place on November 27, 1923
between Leon Deloy (8AB) in Nice,
France, and Reinartz and Schnell
(1XAM) in Connecticut. Fellow Yan-
kee. Don Mix knew about it right away.
Greetings from Deloy were relayed to
him (8AB/1XAM/1HX/6XAD/9BF/
WNP) that same evening!

But there was more involved than the
spanning of the Atlantic. This historic
Q80 took place on 100 meters.

“That was the important thing,” a
two-letter ham writes, “100 meters. If
that hadn’t happened we'd still be there
on 200. Hams are hard to move!”

This is what a portable trans-
ceiver looked like in 1933.
The antenna was mounted on a
wooden pole supported by the
car radiator—not exactly a
mobile installation. (Photo:
National Radio Company, Inc.)
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Allocations Are Made. The department
of Commerce (by then amateur radio’s
Great White Father) took advantage of
the momentum and made the fcllowing
amateur allocations in 1924:

75-80 meters 3500-4000 kHz

40-43 " 7000-7500
20-22 " 13600-15000 "
4-5 ? 60000-75000

Not only were the hams going up, they
were going way up! The 4-5-meter band
was in the never-never land and the De-
partment of Commerce hoped they’d take
the bait. But the hams had other ideas.
Their beloved infant, spark, was forbid-
den on the new bands.

“Bad enough to put us so high in fre-
quency,” said the disgruntled ham, ‘‘that
we're bound to get a nosebleed every
time we call CQ, they gotta take spark
away from us. I might not even renew
my license!”

“I have news, cousin,” cooed the De-
partment of Commerce. “To use these
bands you'll have to get a new license.
One that states which band you're going
to use and you have to have the equip-
ment to do it!”’

The ham'’s jaw dropped. New licenses ?
Not him! They could keep the whole
shootin’ match. Nevertheless, the follow-
ing year the bands were changed to:

1500-2000 kHz
3500-4000
7000-8000
14000-16000
56000-64000
Later, in 1925, 400-401 megacycles (now
megahertz) was authorized. This left
most amateurs cold.

The new bands proved their worth,
however, and DX took its place in the
sun. Station 6AWT was using 5400 watts
d.c. input! But all hams were amazed
when Loren Windom (8GZ) in Colum-
bus, Ohio made 0.567 watts reach 10,100
miles to A5BG on December 30, 1925.
Windom followed this up, using 0.54
watts, to contact Capetown, South Af-
rica and 0.493 watts to work George
Shrimpton (Z2XA) in Wellington, New
Zealand.

In 1927, the Federal Radio Commis-
sion took over from the Department of
Commerce and came out of the Interna-
tional Radiotelegraph Conference with
the first truly ‘“amateur” regulations.
Although the treaty that resulted from
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that conference wasn’'t to be effective
until Jan. 1, 1929, General Order #24
(March 7, 1928) made the following al-
locations:
1715-2000 kHz
3500-4000
7000-7300
14000-14400
28000-30000
56000-60000 ”

The “harmonic ladder” pattern was
now firmly established. So was the gov-
ernmental hand in ham affairs. The twen-
ties were going, the thirties were coming
and, if you looked closely, you could see
cracks beginning to appear in the frame-
work of amateur radio.

0Old voices and familiar fists began to
disappear one by one as amateur radio
found itself in the depression doldrums.
For some reason tke second World War
didn’t have the same effect on amateur
radio that the first one did. To make
matters worse a plague of locusts de-
scended on the hobby after World War II.
Television interference (TVI) appeared
to harass the ham. The bands festered
and exploded in a rash of grass fires.
Incentive licensing proposals jostled their
way through the ranks trying to sep-

When electronic surplus was dumped on the market
after World War 1l, it looked as if hamdom on the
VHF/UHF might have an explosive growth; but it did
not. Some VHF /UHF equipment was too specialized
and most people went cack to lower frequencies.
This surplus APS/13 cost WA2NDN only one dollar
—the tube shields alone are worth more than that.




arate the technical sheep from the rag-
chewing goats. Dissatisfaction with
ARRL policies added to the confusion
and SSB vs AM spats cut the ham hocks
to ribbons. Somewhere along the line
something had happened to ham radio.

The Slums on Radio. “The present ham
bands—and by that I mean 80, 40, and
20—have become slum areas,” says an
FCC engineer (and ham). “It’s an elec-
tronic ghetto! Why do they stay on
these same three bands. Look here,” as
he opened Part 97, ‘““at what they have
in UHF.”

It’s a vast, unexplored territory, in-
habited by a small handful of hardy
souls who get awfully lonely. Experi-
menters in VHF and UHF don’t have
time to talk about incentive licensing.
They’re wrapped up in the wonder and
excitement of the new things they're

finding every day.
Look at it another way:

BAND SPREAD
220-225 MHz 25 MHz
420-450 30 ”

1215-1300 ” 85
2300-2450 150
3300-3500 200
5650-5925 325 7
10000-10500 500
21000-22000 1000

Now the 80 through 10 spectrum:

BAND SPREAD
3500-5000 kHz 500 kHz
7000-7300 7 300 7

14000-14350 350
21000-21450 ” 450 7
28000-29700 ” 1700 ¢

A total frequency spread of 3300 kHz
—less than Y%4th the spread on just one
(220-225 MHz) “VHF-and-up” band!

Life in the Higher Altitudes. But there’s
more to these frequencies than just the
lure of the unknown and plenty of space
to roam around. First, they can be tailor-
made to suit your individual purpose.
With low power and vertically polarized
antennas (and FM emission) the VHF/
UHF are admirably suited for local work.
This gives hams an interference-free
talk-tool for local nets. CB’ers have made
hams look foolish while providing emer-
gency communications using battery-
powered miniaturized equipment. They
would have all of the marbles if it
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Tank circuit from ARRL Handbook is an example of
UHF simplicity. Not complex—more hams could find
building this type of equipment a real challenge.

weren't for the QRM. The VHF/UHF
arena is the ideal spot for equipment ex-
perimentation. Hams have the frequency
space—but the 80, 40, and 20 diehards
lack initiative.

What About Propagation? There is still
a lot we don’t know about VHF/UHF
DX/ing, or scatter, or sporadic-E, or
auroral refractions, etc. And moon
bounce is just getting interesting—those
two dozen hams working here certainly
aren’t complaining about QRM.

There’s nothing to stop a ham from
building his own radar or satellite track-
ing station. Amateur TV was going
places until someone thought up the
idea of low-frequency slow-scan (that’s
right, diehards, don’t push VHF/UHF).
Antennas directly coupled to solid-state
devices are coming on strong, but hams
aren't experimenting with them.

The enchanting aura of the adventure
of amateur radio clings to every particle
of VHF, UHV, SHF, and EHF. If hams
fail to heed its siren call, they fail as
radio amateurs!

The time has come to turn to the fron-
tiers of radio as hams once did. There is
where history is being made! —o-
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the product gallery

REVIEWS AND COMMENTARY ON ELECTRONIC GEAR AND COMPONENTS

HEATHKIT COLOR TV
(GR-681)
WIRELESS REMOTE
(GRA-681-6)

It’s hard to be the leader. Your fans ex-
pect you to stay out in front and your de-
tractors are equally as anxious for you to
fall flat on your face. For the past dozen
and a half years the Heath Company (Ben-
ton Harbor, Mich. 49022) has earned a .980
batting average in the development of elec-
tronic kits. Most of the Heath competitors
keep hoping that they’ll go into a slump;
instead Heath keeps producing winners.
This season it's the deluxe GR-681 color TV
kit ($499.95). Couple this receiver with the
GRA-681-6 ultrasonic remote control
($59.95), put it in a cabinet, and you've got
more convenience and color picture fidelity
than you can buy for nearly twice the
money !

The GR-681 is the outgrowth of about 6
years of producing color TV receiver Kkits.
Starting with the GR-53A (now an antique),
Heath has manufactured a variety of kits
with medium and large screen diagonals.
The closest precedent to the GR-681 is the
GR-295 and to a modest extent there is
some similarity. The GR-681 has a 295 sq.
in. viewing area picture tube (so has the
GR-295) and the mechanical layout of the
two is almost identical. The improvements
in the GR-681 are essentially refinements
including the addition of a motor drive on
the shaft of the VHF tuner, integrated-cir-
cuit AFT (automatic fine tuning), solid-
state retrace blanking, a much better UHF
tuner, and superior power supply regula-
tion,

Going Together. At least 4 out of 5 read-
ers of POPULAR ELECTRONICS have assembled
a Heathkit. They are aware of the thorough-
ness of the Heath Assembly Manuals and
require no introduction to this important
fact. If you have never assembled a Heath-
kit and want to start with the GR-681, don’t
hesitate. It can be built with full assurance
that it will function perfectly—providing you
know how to follow step-by-step instruc-
tions.

Your reviewer assembled the whole GR-
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681 in 1914 hours. Another 314 hours were
spent on the GRA-681-6 ultrasonic remote
control. (The wireless remote control can be
used with any of the 4 presently cataloged
Heathkit color TV receivers—after modifi-
cation. If you are assembling a color TV
receiver and remote control simultaneously,
you can save construction time by eliminat-
ing certain steps and replacing them with
appropriate steps from the remote control
Assembly Manual. This is not an easy task
and should only be attempted by the expe-
rienced kit builder.) If you are wondering
how it is possible to build a complex project
in such short order (and haven't read the
fine print in the Heath advertisements)
you will be delighted to find that the very
critical parts of the receiver are supplied
pre-assembled, tested, and, where important,
pre-aligned. This includes the high-voltage
power supply, both tuners, the video i.f.
strip, and the new AFT printed circuit
board.

Reams have been written about the mon-
ey-saving possibilities of building a Heath
color TV receiver kit: about the educational
aspects; and about the fun. But one idea
that this reviewer has not seen prominently
mentioned is that ease ia assembly is cumu-
lative when the builder has worked on more
than one kit in the same family—test equip-
ment, ham rig, ete. If you've built the GR-
180 or GR-227, you’ve all the basic knowl-
edge to converge, set gray scale, set a.g.c.,
mount the yoke, etc. of the GR-681. You
will save time, eliminate possible errors,
and have the receiver operating in tip-top
shape for the Sunday Night Movie. For
example, the GR-681 was this reviewer’s
third color TV kit and the convergence time
dropped from 50 minutes involved in the
first kit to 8 minutes! And, we did a much
better job to boot!

Those Refinements. Automatic fine tun-
ing eliminates one majar bug-a-boo in color
TV reception. Once it is set there is no need
to fiddle with the fine tuning control when
changing channels. Every channel is tuned
for maximum color fidelity. This is made
possible through the use of an RCA inte-
grated circuit (type CA3044VI) in a wide-
band amplifier phase-detector configuration.
The AFT circuit samples the output of the

(Photos overleaf.
Story continued on page 110)
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HEATHKIT
COLOR TV
(GR-681)

AH of the more difficult and critical circuits in a
Heath color TV receiver are either pre-assembled
(and pre-aligned) or built on printed circuit boards.
Each board is very carefully silk-screened and just
about 1009, error proof. Even slug-tuned coils
are provided pre-aligned and rarely need touchup.

Motor to rotate VHF tuner channel selector is in-
cluded in basic GR-681 kit. Also supplied is con-
trol cable and remote switch. Odd looking wafer
at right center of photo is the AFT defeat switch.

Automatic fine tuning (AFT) printed circuit board
is contained in separate -pre-assembled shielded
compartment. It is mounted over the foil side of
i.f. printed circuit board. Builder can adjust AFT
after shield top is in place with plastic align-
ment tool. Qutput of AFT feeds diodes in tuners.
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If you build the TV receiver and wireless
remote simultaneously, you can save some
time by wiring in the Color and Tint motors
while assembling the tuner bracket. The
motors are visible behind and above the
tube shield. Combining the two Manuals is
a job that should only be attempted by a
more experienced builder. By the way, the
wireless remote may be attached to any of
the color TV receivers in the Heath catalog.

Prebably the greatest convenience of any TV receiver is
this drop panel mounted to the back of the loudspeaker.
After setting height, a.g.c., sync, convergence, etc. the
pane! is pushed back into place. Built-in dot generator
{pattern on screen) is Heathkit innovation and eliminates
necessity for obtaining color TV dot and bar generator.

WIRELESS REMOTE
(GRA-681-6)

For maximum viewing convenience, Heathkit
offers a special ultrasonic transmitter and
receiver to control the GR-681 from your
easy chair. The palm-size transmitter
(cover removed) is shown at the right.
Transducer is in lower left corner. Three
rocker arm switches are clearly visible.

Receiver for remote is assembled in 34
hours. Microphone pickup (not shown) is
mounted near loudspeaker. Integrated cir-
cuit in receive- feeds six detectors and
control circuits. Each control circuit
responds to pre-selected frequency (Cn-
Off—40 kHz, color increase—42 kHz, t nt
toward green—34 kHz, etc.). Remote will
operate receiver from distance of 20 ft.
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MONITOUR ’69

The response to the PoPULAR ELECTRONICS
1968 Monitour (in-person monitoring of the
CB channels in various parts of the U.S. by
your CB .editor).. has. generated. enough in-
terest to prompt us to repeat the process in
1969. Our kick-off stop was a short visit to
Washington, D.C.

Whether District of Columbia operators

roll with the rules- by -choice: or because.

they live in the FCC's back yard, we don’t
know. but our monitoring showed that sev-
eral large and apparently well organized
groups of CB’ers operate within the rules
most of the time. During a discussion with
Pete Brenenstuhl, KBL3886, and John
Wharen, KQI3285, we learned that there are
violators, but perhaps not as many as we
have observed in other parts of the country.
Some of the skip signals received in Wash-
ington included senile “Tumbleweed”’ and
the “Old Fisherman” from the Carolinas.
And, there is purportedly a 63-year-old D.C.
operator pressing his luck with a 65-watt
linear amplifier attached to his transmitter
output.

The D.C. Police Reserve Communications
group is led by Communications Officer
D. C. Wahl, KPV0051. For riot control and
other necessary communications needs, the
group employs 52 CB units. The Sixth Pre-
cinct operates on channel 18 with the call
KPV0005, and the Eighth Precinct as
KBMO0706 on channel 16. There are report-
edly 350 REACT members also active in the
Washington area.

Monitour ’69 includes a longer stopover
in the Washington area later in the year.
Other cities tentatively slated for Monitour
observations within the next 3 months in-
clude Portland, Ore.; Kansas City, Mo.;
San Francisco, Calif.; Denver, Colo.; New
York, N.Y.; and Boston, Mass. Additional
stops to fill out the year will be announced.

We are most anxious to revisit Boston. A
number of responses did not agree with our
award to Boston as the ‘‘most legalized
operating area” for 1968. David Yetman,
KOAS5995, Massachusetts Director of the
S-9 International Emergency Team, North
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Reading, Mass., stated ‘“~the reason for this
letter is not only to invite you to this area
again, but to dare you to return. Your ar-
ticle was read at a recent club meeting and
you never heard so much booing in your
life. We are not saying you don’t know your
business, all we think is that you were here
at the wrong time.”

Another. complaint was received from a
lady who filled in some statistical gaps we
could not possibly have gathered during our
Monitour visit. Since the letter was un-
signed, merely postmarked Boston, Mass.,
we are unable to say how much it might
contribute to moving “Beantown” down the
statistical ladder. If the lady, who fears for
the safety of her family, home, cars and CB
equipment, will drop your CB editor a note
with her name, address, and phone number,
we will keep the information confidential.
We will contact her either by phone or in
person.

(Continued on page 96)

J. D. Rice, KDH1183, Stuart, Florida, has a pretty
complete setup with at least two CB transceivers
and enough tools to rewire or rebuild the works.
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A WORD ABOUT

N THE AVERAGE of once a month this

columnist receives literature from newly-
formed SWL clubs. I am to give a free pub-
licity plug to these clubs. Most of them have
only been in operation for a month or two
and are not fully organized. Membership
runs from one to a dozen persons, dues are
listed as minimal and a bulletin published
at regular intervals is promised.

This column is not a medium to publicize
these new clubs. The people running these
clubs simply do not comprehend that there
is work involved in running a SWL club.
The expenditure of money in order to get a
new club completely organized is always
several times the amount received from dues.

Publishing a club bulletin, even monthly,
means that you have to have individuals
who can write columns of interest to your
membership. These editors must meet this
task each month or the club fails in its du-
ties and responsibilities to the membership.
There must be a financial secretary to ac-
count for every penny received and spent.
There must be a membership secretary who
can account for the membership require-
ments and rosters. And, of most importance,
there must be a committee to get the club
bulletin mimeographed, the pages collated,
folded, inserted into envelopes, stamped, ad-
dressed and delivered to the post office.

In 1968 a half-dozen SWL clubs folded,
including two clubs that had been in more-
or-less successful operation for several years.
When you are ready to join an SWL club,
make sure that it is properly organized and
in good operating condition. There are sev-
eral in North America that have been around
for many years.

Your columnist has a leaflet available
(Leaflet H—Clubs and Publications) which
lists the clubs who are known to be de-
pendable. Please include a SAE with your
request for this leaflet.

Red Cross Tests. The International Com-
mittee of the Red Cross, 7 Avenue de la Paix,
1211 Geneva 1, Switzerland, will again be
testing in 1969. Dates listed include March
24, 26 and 28, May 19, 21 and 23, July 21,
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23 and 25, September 22, 24 and 26, and
November 24, 26 and 28. Each transmission
is of 60 minutes duration and is in French,
English and Spanish. The times listed are
0600, 1130, 1700 and 2300 and all broadcasts
are on 7210 kHz. Forms for reception reports
are available upon request to the ICRC.

CURRENT STATION REPORTS

The following is a resume of current reports.
At time of compilation all reports were as accurate
as possible, but stations change frequency and/
or schedule with little or no advance notice, Alj
times shown are Greenwich Mean Time (GMT) and
the 24-hour system is used. Reports should be sent
to Short-Wave Listening, P. O. Box 333. Cherry
Hill, N. J. 08034, in time to reach Your Short-Wave
Editor by the fifth of each month; be sure to in-
clude your WPE identification and the make and
model number of your receiver.

Afghanistan—Kabul has been heard on a new fre-
quency of 11,800 kHz with English at 1800.

Angola—"'A Voz do Angola’ is a separate network
of Emisora Oficial, Luanda. They are scheduled to
operate at 0500-0700 (Sunday 0600-0800) and 1100-
1300 on 6175 and 9660 kHz and 1700-2000 on 6175 kHz.

Ascension Island—Two new frequencies in use
from London’s relay station in the South Atlantic
include 17,740 kHz with s/on at 1630. and on 9510
kHz (repl. 11,865 kHz) at 0000-0100 with world
news, ""Radio Newsreel', and music. A dual chan-

In two years of listening, Jan McClure, WPEQFAF,
Thayer, Mo. has logged 47 countries. She uses a

National NC.57 receiver primarily with a Halli-
crafters transistor portable and Realtone recorder.

85



nel to the latter xmsn is 15.260 kHz, also from
Ascension,

Australla—R. Australia, Melbourne, is good at
2140-2230 on 17,715 kHz with music, English news,
“Morning Melodies’' and another newscast at 2230
in the beam to East Asia and North Pacific areas.

Canada—In a special news bulletin from R. Cana-
da, Montreal, it was stated that the present three
50-kW xmtrs at Sackville, New Brunswick, will be
replaced by seven new 250-k'W xmtrs. The change
will be completed during 1970 or early 1971.

Ceylon—R. Ceylon, Colombo, 11,800 kHz, has
music and language anmts at 1250; in Tamil from
1312-1330 followed by a xmsn in Hindi. Another
xmsn was logged at 1700-1730 with Indian musical
selections, No English was reported on any of
these segments.

Chinae—R., Peking was logged on a new fre-
quency of 11,720 kHz in Cantonese from 2300-2330
and in Indonesian to 0000; both periods hdad news,
talks and native and military-type music.

Colombia—R. Nacional, Bogota, has returned to
the air on two new channels, 6200 and 9620 kHz with

a schedule that is irregular at best. Noted in all
Spanish at 2300-0100, the programs featured fre-
quent ID's and a variety of L.A. music. At press
time these xmsns appear to be more of a test na-
ture.

Costa Rlca—A station is being heard on 6150 kHz
at 0150-0250 and 0500-0700 with good music and
many commercials for N.A. products; the ID ap-
pears to be R. Atenas en San Jose although some
sources claim it to be R. Titania. Further checks
are being made.

Dominicon Republic—Here’s another one that is
confusing our monitors: a station on 3215 kHz is
reported by some as R. Ventes and by others as R.
Libertad. All reports agree on the programming
as being sports at 0230 and a religious program at
0330. R. Onda Musical, Santo Domingo, 4795 kHz,
was logged with usual L.A. music and Spanish
anmts after 0200.

Ecuador—Two new frequencies for HCJB, Quito,
are 11,765 kHz, at 0200 in English to N.A. and at
1130-1200 in English and from 1200 in Japanese,

(Continued on page 98)

With the coming of spring and longer
hours of daylight it becomes increasingly
more difficuit to hear DX on the medium
waves. However, as a parting shot to the re-
cent winter DX season, you might look for
some of these. They have all been heard on
the East Coast and with favorable conditions
are also audible in the Midwest. (Times are
E.5.T.)

BEST BETS

725 Paramaribo, Surinam; variety of languages
including English; best in early evenings.

737 “'R. Nacional de Espana,’ Barcelona,
Spain; all Spanish nonstop-type program-
ming.

755 “Emissora Nacional”, Lisbon, Portugal; in
foreign languages including English
“Voice of the West"’; best early evenings
and after midnight.

764 Dakar, Senegal; French and native lan-
gauges; early evenings and after 0100.

845 Rome; nonstop programming in a variety
of languages.

935 Agadir, Morocco; Arabic only; often strong
in early evenings and after 0100.

1235 ZBM1, Bermuda; nonstop English pro-
gramming; heard nightly.

1554 Nice, France; French only.

1586 Langenburg, Germany; in German only.

DIFFICULT BUT OFTEN POSSIBLE

650 KORL, Hawaii; best time Monday after
WSM s/off at 0300.

746 Hilversum, Holland; in Dutch early eve-
nings and after 0000; don't confuse with
East Germany, also here.

818 Batra, Egypt; Arabic only; early evenings
and from 2300 s/on. “R. Des Valles,"
Andorra, also here in early evenings in
French and Spanish.

1205 Bordeaux, France; French; around sunset
and after 0000.

1313 Stavanger, Norway; audible at times after
0100 in Norwegian.

1457 B8C, London, Home Service; several sta-

MEDIUM WAVES

tions carry parallel programming and
often audible after 0100.

VERY DIFFICULY

(These stations were heard and logged by
Gordon Nelson, Watertown, Mass., using
only a special home-made receiver and a
special loop antenna.)

620 Canary Islands; relay of R. Nacional Es-
pana heard at 0145 s/on. Has also been
heard around sunset.

798 Armed Forces Caribbean Network, Fort
Clayton, Canal Zone; Armed Forces pro-
gramming around 0300. Much QRM.

1020 HJDP, “R. Colosal,” Neiva, Colombia; re-
cently moved here from 1170 kHz and
heard in Spanish with chime IS at 0230,

1030 LS10, “R. Libertad,”” Buenos Aires, Argen-
tina (no relation to the clandestine by the
same name); best time is Monday after
WBZ s/off at 0100; Spanish with many
US pop tunes; QRM from XEQR, “R. Cen-
tro,” Mexico City.

1070 Cayenne, French Guiana; one of the rarest
medium wave countries in this hemi-
sphere; logged at 0415 s/on with ‘“La
Marseillaise,”” IS and calypso-type music.

1205 Freetown, Sierra Leone; moved from 1200
kHz; often good at 0100 s/on with a new
IS and in English; QRM may be caused by
French Station in Bordeaux.

1313 A new Spanish station at Zaragoza has
been heard around 0200 with some QRM
from Stavanger, Norway. This station has
a power rating of only 5 kW,

Mr. Nelson also reports first known
North American reception of the new
high-power Syrian xmtr (reportedly more
than 500 kW) areund 1745 in Arabic until
1830 or later. This station drifts in fre-
quency and causes severe QRM with
CSB9, Portugal, on 782 kHz. The fre-
quency of the Syrian is also given as 782
kHz.
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: FROM SOUTH CAROLINA TO JAPAN

Another DX Journey. Gus Browning,
Wi4BPD, Cordova, S.C., was scheduled to
leave Feb. 1 on another worldwide DX-pedi-
tion. Gus says it will continue until he
runs out of money, or countries to operate
from. His modus operandi will follow that
of his previous DX-pedition—obtain per-
mission from the appropriate authorities to
set up his station in a country with little
regular amateur operation. He will then op-
erate ‘‘contest style” on phone and CW us-
ing the six amateur bands between 1.8 and
29.7 MHz. This will give all DX chasers
of the world a chance to work the country he
is in before moving on.

Incidentally, Gus has promised to vary

his operating frequencies from time to time;
so that all classes of U.S. amateurs (in-
cluding Novices) licensed to operate below
50 MHz will have a chance. Because all
his contacts are limited to exchanging call
letters and signal reports—with no time spent
on ‘“non-essentials” like exchanging names
or talking about the country and the people
he is visiting—Gus can easily work several
stations a minute when things are really
rolling. Being a sleepless wonder, he has
worked a fabulous number of stations in a
week, the minimum length of time he plans
to operate from any country.

E. C. “Ack” Atkerson, W4ECI, World
Radio Propagation Study Association, 3101

AMATEUR STATION OF

THE MONTH

Bert Zater, OX5BA, RCA/BMSWR, Box 484, APO, N.Y., N.Y. 09023, spent 10 months
designing and assembling his amateur station with all the comforts of home in re-
mote Thule, Greenland. His all-Heathkit station includes an SB-301 receiver, SB-401
transmitter, SB-201 amplifier, and a monitorscope. Power input is 280 watts. Using
a 16-foot antenna on 20 meters, Bert worked 31 countries and many states in 12 days.
We are sending him a l-year subscription to POPULAR ELECTRONICS for winning this
month's Amateur Station Photo Contest. You can enter the contest by sending a clear
photograph (preferably black and white) of your station with you at the controls, in-
ciuding some details of your radio career to: Amateur Photo Contest, c/o Herb S. Brier,
WYEGQ, Amateur Radio Editor, POPULAR ELECTRONICS, Box 678, Gary, Ind. 46401.

March, 1969

87



“Performance-Plus” Kits For Home And

NEW
kit AD:17

$10995

NEW
kit TA-38

$22500

NEW |
kit GR-58

54795

NEW
kit 1G~18

$675U
= Wired IGW-18

'9gs0
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HEATHKIT AD-27 FM Stereo Compact

The new Heathkit 27" Component Compact was designed to change your mind about
stereo compact performance. How? By sounding as if it were made of top quality
stereo components . . . which in fact it is. Heath engineers took their highly rated AR-
14 solid-state Stereo Receiver, modified it physically to fit the cabinet, and matched it
with the precision BSR McDonald S00A Automatic Turntable. Performance? Here's
the AD-27 in detail. The amplifier delivers 30 watts music power . . . IS honest watts
per chunnel — enough to drive any reasonably cfficient speaker system. Response is
virtually flat from 12 Hz (0 60 kHz, and Harmonic & IM distortion are both less than
1% at full output. Tandem Volume, Balance, Bass & Treble controls give you full
range command of ali the sound. Seleet the FM sterco mode with a flick of the rocker-
type switch and tune smoothly across the dial, thanks to inertia flywheel tuning.
You'll hear stations you didn’t know existed in your arca, and the clarity and separa-
tion of the sound will amaze you. The adjustable phasing control insurces best sterco
separation at all times. And the automatic stereo indicator light tells you if the pro-
gram is in sterco. AFC puts an end to drift too. The BSR Automatic Turntable has
features normally found only in very expensive units, like cucing and pause control, vari-
able anti-skating device, stylus pressure adjustment and automatic system power too.
Comes complete with a famous Shure diamond stylus magnetic cartridge. The hand-
some walnut cabinet with sliding tambour door will look sharp in any surroundings,
and the AD-27 performs as well as it looks. For the finest sterco compaet yOu can
buy, order your 27" Component Compact now. 41 1bs.

HEATHKIT AD-17 Stereo Compact

Using the component approach of the AD-27, Heath engineers took the solid-state
stereo amplifier section of the AD-27, matched it with the high quality BSR-400 Auto-
matic Turntable and put both of these fine components in a handsgmely styled walnut
tinish cabinct. The result is the 17" — featuring 30 watts music power, 12 Hz to 60
kHz response, auniliary & tuner inputs, less than 19 Harmonic & IM distortion,
adjustable stylus pressure & anti-skate control and much more. Order your “177
now, 27 Ibs.

HEATHKIT TA-38 Solid-State Bass Amplifier

The new Heathkit TA-38 is the hottest performing bass amp on the market, for quite
a few reasons. First, there's all solid-state circuitry tor reliability. Then there’s the
tremendous power — the TA-38 puts out 120 watts of EIA music power, 240 watts
peak, or 100 watts continuous. Extremely low harmonic & IM distortion too. Many
amps suffer from “‘blow-out” problems, but not the new TA-38 — YOU CAN'T
BLOW IT . . . it boasts two 12" heavy duty special design speakers with giant 3 pound
6 ounce magnet assemblics mounted in a completely scaled, heavily damped %”
pressed wood cabinet — those speakers will take every watt the amp will put out, and
still not blow. Sound ? The TA-38 is tailored to reproduce the full range of bass fre-
quencics delivered by bass guitars and its sound with combo organs and other instru-
ments is remarkable. Easy 15 hour assembly to the wildest bass amp on the market,
Order one now and surprise the guys with the high-priced gear. 130 Ibs.

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

The casy way to get up in the morning. Choose the morning news & weather on AM
or the bright sound of FAl music. AFC makes FM tuning casy. The *Auto” position
o1t the Telechron® clock turns only the radio on, or use the “Alarm™ sctting for both
the radio and the alarm. You can even enjoy fresh colfee when you awake in the morn-
ing, thanks to the clock-controlied accessory AC socket on the bick of the new GR-S8.
The handy “snooze™ alarm feature fets you wake up gradually for ten minutes to the
sound of the radio, then the alarm goes on . . . push the “snooze™ button to silence the
alarm for ten minutes more of music or news — the alarm sounds automatically every
ten minutes and the “'snooze™ button turns it off, cycling continuously until the selector
switch is moved to another position. Fast, casy circuit board construction, smart blue
hi-impact plastic cabinet and top reliability make this GR-58 the clock radio for
you. 8 Ibs.

HEATHKIT 1G-18 Solid-State Sine-Square Wave Generator

A precision source of sine or square waves at a low Kit price . . . that's the new solid-state
G- 18 from Heath. Delivers 5% accuracy thru the wide range of 1 Hz to 100 kHz. The
sine wave section features less than 0.1%; distortion thru the audio range, 8 output
voltage ranges from 0.003 to 10V, switch-sclected internal 600 ohm load or external
load and metered output of both voltage & dB. The square wave section has & 50 nS
rise time and three output voltage ranges [rom 0.1 to 10 V P-P. Both sine & square
waves are available simultancously and the frequency is switch-selected for constant
repeatability and fast operation. Circuit board construction makes the new 1G-18
casy to build . . . new Heathkit styling and engincering excellence make it casy to use.
Put the new IG-18 on your bench now. 10 Ibs.
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Now There are 4 Heathkit Color TV's...
All With 2-Year Picture Tube Warranty

NEW Deluxe “681" Color TV With Automatic Fine Tuning

The new Heathkit GR-681 is the most advanced color TV on the market. A strong
claim, but casy to prove. Compare the “681" against every other TV — there
isn't one available for any price that has all these features. Automatic Fine Tuning
on all 83 channels . just push a button and the factory assembled solid-state
circuit takes over 1o automatically tune the best color picture tn the industry.
Push another front-panel button and the VHF channel selector rotates until you
reich the desired station, automatically. Built-in cable-type remote control that
allows vou to turn the “681” on and off and change VHF channcls without
moving from your chair. Or add the optional GRA-681-6 Wireless Remote
Control described below. A bridge-type low volmgu power supply for superior
regulation; high & low AC mps are provided to insure lh.u the picture trans.
mitted exactly fits the 681" screen. Automatic d 2.speed tr:

kit GR-681

14991

{less cabinet)

UHF tuner, hi-fi sound output, two VHF antenna inputs . . . plus the built-in
self-servicing aids that arc standard on all Heathkit color TV's but can't be
bought on any other set for any price . . . plus all the features of the famous **295"
below, Compare the “681°° against (hc olhrs . and be convineed.
GRA-295-4, Mediterranean cabinet shown. ooaoooaacaa coaaaoaa $119.50
Other cabinets from $62.95

Deluxe 295" Color TV... Model GR-295

Big. Bold, Beautiful . . . and packed with teatures. Top quality American brand
color tube with 295 sq. in. viewing arca . . . new proved phosphors and low
voltage supply with boosted B + for brighter, livelier color . . . automatic de-
gaussing . . . exclusive Heath Magna-Shield . . . Automatic Color Control &
Automatic Gain Control for color purity, and flutter-free pictures under all
conditions . . . preassembled IF strip with 3 stages instead of the usual two . . .
detuxe VHF wuner with “memory™ fine tuning . . . threesway installation — wall,
custom or any of the beautiful Heath factory assembled cabinets. Add to that
the unique Heathkit sclf-servicing features like the built-in dot generator and
full color photos in the comprehensive manual that let you set-up, converge and
maintain the best color picture at all times. and cin save you up to $200 over the

! . K B 3
life of your set in service calls. For the best color picture asound, order your

295" now.
GRA-295-1, Walnutcabinetshown.............. 000606000 .....$62,95
Other cabinets from $99.95

Deluxe 227" Color TV... Model GR-227

Has same high performance features and built-in servicing facilities as the
GR-295, cxcept for 227 sq. inch viewing arca, The vertical swing-out chassis
make r fast, casy servicing and installation. The dynamic convergence controt
board can be placed so that it is casily accessible anytime you wish to ““touch-up™
the picture.

GRA-227-1, Walnut cabinet shown........... 000000000000 ..., $59.95
Mediterranean style also available at $99.50

Detuxe 180" Color TV...Model GR-180

Same high performance features and exclusive self-servicing facilitics as the
GR-295 except for 180 sq. inch viewing arca. Feawure for feature the Heathkit
“180" is your best buy in deluxe color TV viewing . . . tubes alone list for over
$245. For cxtra savings, extra beauty and convenicnce, add the table model
cabinet and mobile cart.

GRS-180-5, table model cabinetandcart.............. ........ $39.95
Other cabinets from $24.95

Now, Wireless Remote Control For Heathkit Color TV's

Control your Heathkit Color TV from your casy chuair, turn it on and off,
¢ VHF ¢h | 1 , color and tint, all by sonic remote control. No
cables cluttering the room . . . the handheld transmiter is all deetronic, powered
by a small 9 v. battery, housed in i small, smartly styled beige plastic case. The
receiver contains an integrated circuit and a meter for adjustment case. Installa-
tion is casy cven in older Heathkit color TV's thanks to circuit board wiring
harness construction. For greater TV enjoyment, order yours now.
kit GRA-681-6, 7 Ibs., for Heathkit GR-681 Color TV's..........$59.95
kit GRA-295-6, 9 Ibs., for Heathkit GR-295 & GR-25 TV's. .
kit GRA-227-6, 9 Ibs., for Heathkit GR-227 & GR-180 TV's.

kit GR-295
now only’

4495

{less cabinet)

kit GR-227
now only

399

{less cabinet)
w0

kit GR-180
now only

$3 49 85

(less cabin.:i) a

New Wirsless
TV KRemote Control
For GR-295, GR.227
& GR-130

$6995

New Wirsless
TV Remots Control
For GR-681

W iree— - HEATH COMPANY. Dept
HEATHKIT 1 " NEW I :l-'nhm Harwor. l\llchhu?: 1002 :
i i - B n Canada, Daystrom, [
FREE 1969 CATALOG! | O Enclosedss $ plus shipping. |
Now with more kits. more color. | Please send model (s) ]
Fullyjdsseribes 'tsles:“-m%ﬂﬁh | O Blease send FREE Heathiil Catalog. 1
calot TV, stectronic organs, olacy | L] Please send Credit Application,
tric guitar & amplifier, amneur Name i
radio, marine, educati | 1
hm}n : hft?b Mait cou ‘or 1 [Addiess 1
write Heal a0y, Benton
ichi 2 City State Zi
Harbor, Michigan $0%2. L__ — — Prices & Jcations subJect to change withoul notice. ’ CL-350 _!
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Fourth Ave., South, Birmingham, Ala., is
W4BPD’s QSL manager. If you want a
QSL confirming your 20-second contact,
mail your card and a postpaid reply en-
velope to Ack. Be sure to indicate the date
and time (in GMT) of the contact accurate-
ly. As with all DX-peditions, any contribu-
tion you wish to include with your card to
help defray expenses will be welcome. But
whether you contribute or not will not affect
your chances of having your contact con-
firmed.

Ron J. Hessler, VE1SH, Sackville, New Brunswick,
Canada, started as Canada’s youngest amateur. He
is now a life member of the Quarter Century Wire-
less Assoc. The equipment is Collins: KWM-2, 32S.3,
75S-3B, 30L-1. The lovely lady is his wife, Donna.

Five-Band DXCC Award. The American
Radio Relay League, Inc., (ARRL) recently
announced a supplement to its popular DX
Century Club Award in the form of a 5-Band
DXCC Award. To qualify, the applicant must
submit written proof of having worked a
minimum of 100 countries on each of five
different amateur bands since Jan. 1, 1969.
If it were not for the Jan. 1 starting date,
a few amateurs could immediately qualify
for the new award. Howie, W2QHH, Ham-
ilton, N.Y., could qualify several times over
with cards from stations worked with less
power than used by the average Novice.
But the Jan. 1, 1969 starting date gets ev-
eryone off the starting blocks at the same
time.

Progress of Sunspot Cycle #20. Evi-
dence continues to accumulate that the cur-
rent sunspot cycle #20 apparently topped
out last summer, and the average sunspot
number is now dropping. The next mini-
mum is predicted to occur around 1974,
Since the average sunspot number and the
maximum usable frequency (MUF) for
long-distance operation rise and fall togeth-
er, DX conditions on 28 MHz will probably
be more erratic in 1970 than they were this
year, especially into northern Europe and
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Asia. Thus, it would seem wise for anyone
interested in working 10 meters to make
hay while the sun shines (no pun) before
the normal summer 10-meter DX fadeout.

FCC and Related News. FCC Report via
the Amateur Radio News Service Bulletin
says that two of the three Kentucky ama-
teurs indicted for using obscene, profane,
and indecent language on the 75-meter phone
band did not contest the charges. They re-
ceived $100 fines and three-month prison
sentences. The prison sentences were sus-
pended, however, The third defendant plead-
ed not guilty, but was found guilty on
seven counts. He was fined $700 and sen-
tenced to six months in prison. Apparently
his prison sentence has not been suspended.
Incidentally, four CB operators have been
indicted on similar charges.

Have you ever wondered what would
happen if you acted as a volunteer examin-
er for an amateur by-mail examination and
the examination papers were lost in the
mail? Wonder no more. This experience re-
cently befell your Amateur Radio Editor.
Seven weeks after administering the Novice
examination to an applicant and mailing the
papers to Gettysburg, an ominous-looking
official letter arrived by certified mail. The
FCC wanted to know where the examina-
tion papers were and outlined the various
penalties for willful violation of FCC regu-

Although John Koning, WB6VQE, Norco, Calif., has an
advanced license and equipment for the low-frequen-
cy bands, he spends the most time on 144 MHz with
a Hallicrafters SR-42A transceiver and HA-26 VFO.

lations. The possibilities included suspen-
sion of amateur privileges, a fine, and the
withdrawal of the right to act as a volun-
teer examiner.

I replied by certified mail giving the date
on which I had given the examination and
mailed the material back to the Commis-

(Continued on page 101)
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ITH THE CRIME rate at an all time
high, many engineers and designers are

working feverishly to develop new types of
electronic crime-control equipment. Not all
of this work is for purely altruistic reasons,
however, for the Omnibus Crime Control
and Safe Streets Act of 1968 provides sub-
stantial federal grants for the purchase of
crime-fighting equipment—$36 million for
fiscal 1969, $300 million for fiscal 1970, and
gradually increasing to about a billion dol-
lars annually in the late 1970’s. Most of the
equipment being produced or developed
uses semiconductor circuitry and solid-state
devices.

Among the new items are:

® A weapons detector developed by Lock-
heed Missiles & Space Co. and now being
tested by the Air Transport Association,
with a view toward reducing the number of
airplane hijackings. The Lockheed unit uses
a special thin-film magnetic sensor designed
to detect the movement of magnetic fields
associated with ferrous metal objects,
whether concealed in clothing or in carry-on
luggage.

® A wireless closed-circuit TV camera
suitable for flexible, inexpensive surveillance
installations. Developed by the GBC Closed
Circuit TV Corporation (New York, N.Y.),
the unit can transmit for short distances to
any conventional TV receiver without direct
wire connections, thus simplifying installa-
tion and reducing the need for special moni-
tors. Solid-state and lightweight, the new
camera features a crystal-controlled trans-
mitter and lists for less than $500.00.

® Video motion detectors which combine
TV surveillance with computer analysis to
sound an alarm if physical movement takes
place within a protected room or other area.
Similar, but not identical, units are offered
by Squires-Sanders, Inc. (Martinsville Road,
Liberty Corner, N.J. 07938) and Jackson &
Church Electronics Co. (2247 NASA Boule-
vard, Melbourne, Florida 32901).

® A counter-sniper radar system designed
to detect and track bullets in flight as well
as to pinpoint the source of fire. Developed
by the Cornell Aeronautical Labaratories,
the system is still experimental, but field
tests have demonstrated the overall capa-
bility of tracking shotgun slugs and pellets

March, 1969

OLID STATE

%% By LOU GARNER, Ssmicondu:tor Editor

in addition to 22 caliber and larger bullets.
The eventual goal is a compact mobile sys-
tem compatible with the power and space
available in a typical automobile or patrol
car, and with a range of 300 yards, or more.
Future refinements may include the auto-
matic transmission of sniper locations to
police receivers and the operation of fast
moving bullet-proof shields to protect the
intended victim.

® Proposed transponders for vehicles
which, combined with suitable transmitter/
receiver networks, central control computers,
and display equipment, could provide dis-
patchers with constant information on all
vehicle locations, thus simplifying the rout-
ing of police cars, ambulances, fire engines,
or other emergency vehicles to trouble areas.
Part of a larger program dubbed PULSE
(for Public Urban Locator SErvice), the
proposal is being studied by two consulting
firms under a $200,000 HUD grant.

® A pulsed-beam laser alarm system suit-
able for both indoor and outdoor security
applications. Developed by RCA under a
U.S. Air Force research contract, the system
includes a gallium arsenide injection laser
transmitter, an optical receiver, and an
alarm indicator. The basic transmitter and
receiver units are each about the size of a
cigarette package, including their own bat-
tery power supplies. A remote alarm indica-
tor may be connected to the receiver either
through direct lines or by means of a radio
link.

There are, of course, a variety of other
electronic crime-control devices either pro-
posed or in the active design, development
or test stages. Space permitting, we'll report
on other interesting units in the future.

Reader's Circuit. Ideal for use as a Sci-
ence Fair project, the andible thermometer
circuit illustrated in Fig. 1 was submitted
by an overseas reader, Bruce Morton (1
Wallace Fields, Ewell, Epsom, Surrey, En-
gland). Easily assembled in a single evening
or on a weekend, the instrument sounds
beeps at a rate which varies directly with its
ambient temperature—that is, the higher the
temperature, the greater the number of
beeps per minute.

Referring to the schematic diagram, QI
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and @2, pnp and npn types respectively, are
used as a two-stage, direct-coupled comple-
mentary blocking oscillator. Transformer
T2 serves to match the loudspeaker’s voice
coil winding to @2’s collector circuit and, at
the same time, to provide the feedback sig-
nal needed to start and sustain oscillation.
The feedback signal is coupled to QI's base-
emitter circuit through impedance-matching
input transformer T and series level con-
trol RI, while CI and R2 form a secondary
amplitude control network. Unbypassed
emitter resistor R3 acts both to raise QI’s
effective input impedance and to limit Q2’s
base current when @I is conducting.

In operation, the germanium transistors
serve as the instrument’s heat sensors. As
the ambient temperature rises, the transis-
tors’ internal impedances are lowered, re-
ducing the blocking interval and thereby in-
creasing the circuit’s effective repetition rate
(or frequency). A similar, but opposite,
effect takes place as the temperature drops.
According to Bruce, his model exhibited a
reasonably linear frequency vs. temperature
relationship from about 30° F to over 100°
F, with the “beep rate” ranging from 10 to
approximately 70 per minute.

Inexpensive, readily available components
are used in the project. Transistor QI is a
general purpose pnp germanium transistor
similar to types 2N107, CK722, 2N1191 or
2N1265, while Q2 is a corresponding npn
unit similar to types 2N168, 2N169 or
2N170. Both T and T2 are identical tran-
sistor output transformers with 2000-ohm
primary and 10-ohm secondary windings.

Bruce writes that neither layout nor lead
dress are critical and, therefore, the circuit
can be assembled breadboard fashion for
demonstration purposes or, if desired, on a
small chassis, etched circuitry, or perf board
for more permanent applications. If the unit
is to be used as an outdoor thermometer,
the basic electronic circuitry should be

mounted in a small weatherproof case, with
the loudspeaker, battery, and switch in a
separate cabinet for indoor installation. The
two units may be connected together with
any suitable 4-conductor cable.

A calibration chart may be made up for
the completed instrument by using a con-
ventional thermometer as the test standard
and a stop-watch to time the beat rate at
various temperatures. Bruce suggests that
the calibration procedure be started by first
presetting R2 for a satisfactory tone quality
and RI for approximately 40 beats/minute
at normal room temperature (70° F).

Manufacturer's Circuit. Suitable for use
in a receiver, a portable phonograph, an
intercom, a practice guitar amplifier, or a
low-power p.a. system, the 6-watt audio
amplifier circuit illustrated in Fig. 2 was ab-
stracted from a Mallory Integrated Circuits
Catalog, published by Mallory Distributor
Products Co. (Box 1558, Indianapolis, Indi-
ana 46206). It is designed for operation
on a 10.5- to 14.5-volt d.c. source (such
as a 12-volt car or lantern battery), and
has less than 109, distortion at full out-
put and a frequency response essentially
flat from 25 Hz to 15 kHz. Delivering
2 watts output with an input signal of only
100 mV, the circuit uses a silicon monolithic
integrated circuit and a single pnp power
transistor.

Referring to Fig. 2, CI serves as an input
coupling capacitor and RI as an isolation
resistor. The integrated circuit assembly,
IC1, is used as a high gain driver, while QI
is a class A output power amplifier. Emitter
resistor R3 provides stabilization, while
shunt feedback is furnished through R2. A
parallel collector load arrangement is used
to minimize d.c. flow through the loud-
speaker’s voice coil winding, with R4 and
choke LI connected in shunt across the
speaker.
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Fig. 1. Heat sensers in audible thermom-
eter are Q1 and Q2; as temperature

changes, number of beats/min at speaker
changes in almost same proportion.
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Fig. 2. In this audio power amplifier,
IC1 is a high-gain driver, Q1 is class
A power amplifier, and R3 in emitter

circuit of Q1 provides stabilization. 50uF
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Standard parts are specified in the design.
The integrated circuit is a Mallory type
MIC 0201D, while QI is a type 2N442 or
equivalent transistor. A heavy-duty power
supply is preferred for BI, for the current
drain is a little over 1 ampere.

Neither parts nor wiring arrangements are
overly critical but, of course, good audio
wiring practice should be observed, with all
signal carrying leads kept short and direct.
Chassis-type construction is preferred over
perf board or etched circuitry to provide an
adequate mounting base for the choke (L1).
A suitable heat sink should be provided for
Q1. The completed amplifier may be used
with any standard tuner or preamp capable
of furnishing up to 500 mV to a 1000-ohm
load.

Industry Items. There’s good news for all
IC fans. RCA is now making available its
KD2117 “Linear Integrated Circuits Variety
Pack,” at all RCA distributers for $4.40.
For this low price, you get five linear IC’s.
Two of these are KD2114’s each containing
two isolated transistors and a Darlington
connected pair; two are KD2116’s, which
contain a dual Darlington array; and the
last is a KD2115 multi-purpose wideband
amplifier.

With the package you get a detailed ap-
plication booklet outlining the construction
for 12 starter projects. These include a 500-
mW audio amplifier, various types of r.f.
and audio oscillators, mixers, a thermome-
ter, an excellent wireless mike, a marine-
band converter, and a suggested power sup-
ply to operate the IC’s. If you have ever had
the urge to try linear IC’s, but couldn’t
afford them, this is the way to get your feet
wet.

Motorola Semiconductor Products, Inc.
(P.O. Box 20912, Phoenix, Arizona 85036)
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has introduced a new unijunction transistor
characterized for operation on sources as
low as 4 volts, Designated type 2N5431, the
new unit is assembled in a hermetically
sealed TO-18 case (see Fig. 3), and has very
low emitter leakage and peak-point currents.
It has a tight intrinsic-standoff-ratio and a
small base-to-base resistance. With a maxi-
mum reverse emitter voltage rating of 30
volts and a maximum emitter current of
50 mA, the 2N5431 has a maximum power
dissipation rating of 300 mW.

Fig. 3. The new 2N5431 UJT can be operated on as
little as 4 volits, has maximum emitter current of 50
mA, and can dissipate up to a maximum of 300 mW.

In another area, Motorola has also an-
nounced the availability of a new linear in-
tegrated circuits design kit which offers two
each of 12 different circuit types, covering
nearly all linear applications, together with
a complete technical library on everything
in the company’s linear IC line. The 24 de-
vices are contained in trays for easy accessi-
bility, while the carrying case is of sturdy
leatherette. Although the devices included
have a total value of $361.00, the kit will

(Continued on page 103)
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ON THE CB

(Continued from page 84)

As we have pointed out before, we use
statistics obtained while monitoring in a
given area. We are well aware of the amount
of rule-breaking activity in each of these
areas. Among the cities visited last year,
Boston produced the least number of of-
fenses during our monitoring sessions. The
area was not free from offenders. If Bos-
tonians feel our decision was incorrect, they
should hear the CB in other places.

About Club Newspapers. We are often
asked which CB club publishes the best
newspaper. “Best” covers a lot of territory,
but there are many clubs that put perfec-
tionist efforts into their publications. Then
there are too many clubs that shouldn’t be
wasting money and time on their attempts.

Based on layout, article content, and how
material is slanted for the CB’er, we like
the REACTER, published by REACT of
Calgary, Alberta, Canada. The bulletin is
continually clean-cut, intelligent, and full
of informative news for the members.

The Dixie Citation, published by the Dixie
Communications Club, Decatur, Georgia,
has published a newsworthy club paper for
longer than we can remember. The Citation
seems always to have a front-page photo
calling attention to news to be found within,
and is generally well-illustrated. The club is
deeply involved in local, area, and statewide
activities.

The biggest hang-up with the newsletters
that don’t quite make the grade remains the

”

use of off-color jokes, full pages of “in
jokes recognizable only by a few members
(like “Guess who got a flat tire when he was
supposed to be picking up Marcey Su for a
date and never bothered to use his mobile
CB radio to let her know?”), etc. etc. And

Paul Gromyko, KQA0400, left, and Joseph Koslow-
ski, KQA2075, at the S-9 International Emergency
Team’s control center. The club has been active in
the New England area for six years, with associate
members in Rumford Point, Maine, and all over the
Northeastern states. Members patrol area highways
and are available for search work and fire control.

nothing is worse to a reader than a news-
paper that has been stencilled from an origi-
nal made on a typewriter with clogged keys.
As any editor knows, “If it can’t be read, it’s
dead!” .

The CB club newspaper should reflect the
club’s goals and activities and promote in-
formation that spotlights its progress to
outsiders.

I'll CB’ing you.

—Matt, KHC2060

EASY-TO-BUILD

TABLE RADIOS
FORUNDER

MODEL K-50

Five tube, a-c, broadcast

superhet. Build and test

instructions, parts, wire,

solder, prepunched

chasgsis‘ and cabinet.
95

See your local distributor
or send check or money
order, with model number,
your name and address, to:

Y RS T
NS
INDUSTRIES INC.
BBV L SN s

729 Ceres Avenue
Los Angeles, Calif. 30021

for fast postpaid delivery.
Sorry, no C.0.D.'s.

MODEL K-65

Deluxe printed circuit

six transistor table radio.
Instructions, parts, wire,
solder, circuit board
cabinet. Specify K-65 for
120v a-c or K-65P for
battery operation

(battery included). $13.50

CIRCLE NO. 18 ON READER SERVICE PAGE
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Who Needs the
New Model SR12? |

If you've read this far,
you do. Whether you're
an avid audiophile
who'll settle for nothing
but peak performance
from his stereo com-
ponents , . . a casual |
listenerwho’d like more
insight into the chal-
lenging world of stereo
reproduction . .. or a
professional technician |
who needs precise
standards for lab test-
ing ... the new MODEL
SR12 will be the most
important disc in your
entire collection.

EVALUATH

Frequency response~a direct warble-tone check of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz, which
will plnpoint any frequency response defects in your system.

Separation~an ingenious test which Indicates whether you have
adequate separation for good stereo.

Cartridge tracking—the most sophisticated tests ever devised
for checking the performance of your cartridge, stylus and
tone arm.

Channel balance—two broad-band, random-noise signals which
permlt you to eliminate any imbalances originating in cartridge,
amplifier, speakers or room acoustics.

Hum and rumble—foolproof tests that help you evaluate the
actual audible levels of rumble and hum in your system.

Fiutter—a sensitive “muslcal” test to check whether your furn-
table’s flutter is low, moderate, or high.

PLUS! & cartridge and Speaker Phasing & Anti-
Skating Adjustment & “Gun Shot Test” for Stereo Spread
Multi-purpose Musician's “A" Equal-tempered Chromatic
Octave @ Guitar-tuning Tones.

VvV vew

Announcing the NEW STANDARD in Stereo Testing!

The most complete...most so

| MODEL SR12
! FOR HOME AND LABO

TOOL
A HIGHLY EFFEC.TI‘SEPA‘:J& G&cxgn.m I
iy NS TEREG SYSTEMS

Conslider the hundreds—~even thousands—you've spent on your set-
up and you'll agree $4.98 is a small price to pay for the most valuable
performance too! ever made. So to be sure your order is promptly
filled from the supply available, mail the coupon at right with your
remittance . . . today!

March, 1969

histicated...most versatile

Like its predecessor Model 211,
MODEL 3SR12 has been pro-
duced by Stereo Review Maga-
zine (formerly HiFi/Stereo Re-
View) Ias a Iabofr of loyel— by

| masic lovers. .. for music lovers
RATORY USE | wtho wani immediate answers to
. questions about the perform-
. ance of tt eir stereo systems and
. how to get the best possible
| sound reproduction.

Ncw greetly expanded and up-
dated with the most modern
engineeriig techniques, MODEL
SF12 is the most complete test
record of its kind — containing
the widest range of checks ever
included on one test disc. An
ea~-opener for every serious
listener!

Attention professionals: Stereo Review's new Model SR12 Stereo Test
Record is also designed to be used as a highly etficient design and
measurement tool. In the following tests, recorded levals, frequencies,
etc. have been centrolled to laboratory tolerances-affording accurate
numerical evaluation.when used with oscillascope, chart recorder, out-
put meter, intermodulation-distortion meter and flutter meter.

o 1,000-Hz square waves to test transient and high-frequency response
of phono plckups.

500 to 20,000 Hx frequency-response sweep,

Slne-wave tone-bursts to test translent response of pickup.
Intermodulation test using simultaneous 450-Hz and 4,000-Hz signals.
Intermodulation sweep to show distortion caused by excessive res.
onances in tone arm and cartridga.

® 1,000-Hz reference tones to determine groove velocity,

® 3,000-Hz tone for flutter and speed tests.

Sample waveforms—illustrating both accurate and faulty responses are
provided in the Instruction Manual for comparison with the patterns
appearing on your own oscilloscope screen.

Nothing is left to chance . . . or misinterpretation. Every segment of
every band is fully, clearly, graphically explained. You'll know exactly
what responses to listen for in each test. Which'sounds and patterns
indicate accurate performance . . . which ones speli trouble . . . as well
as the cause of trouble and precise corsective measures to follow
and help you pinpaint, analyze and cure your stereo headaches!

] Stereo Test Record + P. O. Bex 3110
Church St. Station, New York, N.Y. 10808

Please send.

PE-39

test records at $4.98 each, postpaid.
My check (or money order) for § is {! d.

(Outside U.S.A. please send $7.00 per record ordered.) N. Y. State resi-
dents please add local sales tax.

Print Name

Address 0

City

State Zip

PAYMENT MUST BE ENCLOSED WITH ORDER aa
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Free Sound

The largest
selection of
speaker system |
components.
Anywhere.

e o oyt JCTNS €T

L R e

Jensen Manufacturing Division, The Myter Company :
5655 West 73rd Street » Chicago, lllinois 60638
]

]

NAME ?
]

[ ]

ADDRESS 1]
|}

oy STATE 7iP :
-
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SHORT-WAVE LISTENING

(Continued from page 86)

and on 17,855 kHz at 2130 in Spanish. R. Luz Y
Vida, Loja, was noted weakly on 4712 kHz around
0130 with L.A. pop tunes and very few ID's.

England—Two new frequencies for the BBC,
London: 9600 kHz in World Service to South Amer-
ica at 2345-0100 with news, ‘‘R. Newsreel”’, edito-
rials and music, and 6150 kHz to S. E. Asia at 0000-
0030 with news, anmts, “R. Newsreel’’ and further
anmts; this latter xmsn is dual to 9410 kHz. Both
xmsns were in English.

Ethiopia—A new channel for ETLF, Addis Ababa,
is 11,905 kHz, logged at 1930 with multilingual ID,
then English news.

Germany (West)—Deutsche Welle, Cologne, now
uses 6130 kHz in German to Central America at
0145, and 6075 kHz, dual to 6100 kHz, at 2355-0100
to N.A. in German with news, commentary, light
and semi-classical music and documentary features.
You may find 6075 kHz QRM‘'ed by R. Sutatenza,
Colombia.

Guatemala—TGQB, Quezaltenango, is up slightly
to 11,705 kHz where it can be heard nearly any
time of the day in all Spanish programming.
TGNA, Box 601, Guatemala City, has English
religious programming at 0300-0430 on 5955 kHz.
Medium wave DX'’ers might watch for their 730
kHz outlet, TGN.

Holland—R. Nederland, Hilversum, also has two
new frequencies in service: 6085 kHz (repl. 15,320
kHz) and 9715 kHz (repl. 17.810 kHz) in a xmsn to
the West Indies in Portuguese, Spanish, Dutch
and English at 2310-0005. News in English is given
at 2353. The 9715 kHz also replaces 15,425 kHz at
2055-2150 to N.A. in English, dual to 11,730 kHz,
with world and home news, music and ‘‘Actuality’’
features.

India—All India Radio was noted from Delhi,
15.250 kHz, at 1230 in English news, talk and music
to Europe; from Madras on 6085 kHz at 1345 with
*Vividh Bharati’’ program with Indian vocal and
instrumental music to 1415; from Calcutta on 4820
kHz at 1205-1340 with Indian musical selections and
talks in local dialects; and from Bombay on 15,150
kHz with English news at 1800 and on 4840 kHz
from 1245-1300 with English stock market reports
and into local programming.

SHORT-WAVE ABBREVIATIONS

N.A.—North America
QRM—Interference
R—lRa}gio] X
repl—Replacing
s/off—Sign-ofl
s/on—Sign-on
xmsn—Transmission
xmtr—Transmitter

anmt—Announcement
BBC—DBritish Broadcasting

orp.
1D—1Identification
[S—Interval Signal
kHz—Kilohertz
kW—Kilowatts
L.A.—Latin America

lran—A new schedule from R. Iran, Teheran,
shows Home Service on 7064 and 3998 kHz (if your
editor lhias interpreted this schedule correctly, this
service operates 24 hours daily), Foreign Service
on 11.730 and 15,135 kHz in Russian at 1730, Turkish
at 1800, Arabic 1830, German 1900, French 1930 and
in English at 2000-2030. Regional stations include
R. Tabriz on 6155 kHz at 0220-2030 with Armenian
at 1800-1830 and R. Rezaieh, 6940 kHz, at 0630-1030
and 1330-1730 with Turkish at 1500-1600 and As-
syrian at 1600-1630. Languages on other xmsns is
not specified. Medium wave channels used include
592, 650, 690, 976, 935, 1060, 1090, 1325 and 1390 kHz.
Power of 100 kW is used on 650, 985 and 1390 kHz.

Iraq—R. Baghdad, 6095 kHz, was logged at 1335-
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1401 with anmts and Arabic vocal and instrumental
music, and at 2100-2145 with Arabic music alter-
nating with anmts and commentary in French.

Israel—The English broadcasts of Kol Israel have
been extended to 45 minutes, now being 2015-2100
to Europe followed by French on 9009, 9625 and
9725 kHz.

Japan—Nippon Hoso Kyokai, Tokyo has moved to
15,445 kHz (repl. 15,135 kHz) dual with 17,825 kHz
at 2345-0045 to N.A. in English,

Kuwait—R. Kuwait has moved its 1600-1730 xmsn
to 11,920 kHz; this English broadeast runs past
1730 at times.

Lebanon—A new schedule. sent by registered mail,
shows this line-up: to Africa daily on 15.350 kHz at
1830 English, 1900 Arabic and 2000 French with s/
off at 2030; to So. America on 15,340 kHz daily at
2300 Portuguese, 2330 Arabic and 0030 Spanish with
s/off at 0100; to N.A., Mexico. Antilles and Europe
daily on 11, 785 kHz at 0130 French, 0200 and 0300
Arabie, 0230 English and 0330 Spanish with s/off
at 0400; and a daily omni-directional broadcast at
0430-0730 and 1625-1820 on 5980 kHz and (925-1600
on 9545 kHz.

. A ﬁ‘
- Sy

James Daley, Jr., WPE4JVR, Atlanta, Ga., uses a
Hallicrafters SX-43 receiver and has verified 29
out of 33 states heard and 33 out of 48 countries.
He is a member of the ‘‘Radio Budapest’* SWL Club.

Libya—Tripoli, 7165 kHz, was heard from 1335-1427
fade with their Arabic Home Service; they feature
considerable Arabic instrumental and vocal music.

Luxembourg—Not often heard. R. Luxembourg,
Junglinster, 6090 kHz, has been noted recently
from 0415 s/on with piano IS and into German
religious prograniming on a Sunday. Look for
good conditions from Europe in order to héar this
one.

Morocco—Long-wave DX'ers might keep an ear
tuned to 209 kHz where this country is said to be
operating a new 400-kW xmtr at 0630-0000; this is
probably in all Arabic.

Nigeria—We've received a newer schedule than
that listed last month; it shows English at 0600-
0730, 1530-1700 and 1800-1930; French 1330-1430 and
1930-2030; Arabic 1700-1800; Hausa 1430-1530; all on
21,455, 15,365, 11,770, 9690 and 7275 kHz. This is to
Europe but often receivable well in the U, S. An-
other outlet, on 3986 kHz, was noted on the East
Coast at 2140 with an English talk but a poor
signal,

Norway—Oslo operates to N.A. on Sundays at
1600-1630 on 25,900 and 21,730 kHz and 2000-2030 on
21,730, 15,175 and 11,850 kHz, and on Mondays at
0000-0030, on 11,735 and 9645 kHz, 0200-0230 on 9610
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NEW AND IMPORTANT

SAMS BOOKS

NEW 12TH EDITION OF THE FAMOUS
Tube Substitution Handbook

Lists over 12,000 direct substitutions. A complete guide
to substitutions for receiving, picture tube, miniature,
industrial, and communications types; includes foreign
tubes. Tells how and when to make proper substitutions.
Order 20700, ON/y. .. ..cvvvreeeeeennnnnncancnes $1.75

Short-Wave Listener’s Guide. 3rd Ed.

Lists all short-wave stations by country, city, cail let-
ters, frequency, power, and transmission time. Includes
Voice of America and Radio Free Europe stations, and
stations operating behind the leon Curtain. With conver-
sion chart and handy lcg. Order 20695, only...... $2.25

Ham Antenna Construction Projects. 2nd Ed.

The antennas described in this book are either home-
made or represent major modifications of manutfactured
antennas. All designs are practical, and include im-
proved new versions of the Marconi, Yagi, and 8JK,
primarily for 10-500 watt PEP class rigs.

Order 20654, ONlY...ovvenrnnrnennnnns cereneas.$3.95

49 Easy Entertainment & Science Projects. 2 Vols.

Shows how to build unusual and instructive electronic
circuits. Some are for practical use around the house;
others are for science fair projects, toys, weird effects,
and general entertainment. With full parts lists, dia-
grams, and instructions for each project.

Vol. 1 Order 20703, 0Ny ...cveveerenansn Dooooo $2.50
Vol. 2. Order 20704, only.....ccovvvivvinannnens $2.50

Learning Electronics Through Troubleshooting

Provides a thorough grasp of electronics theory through
the technique of solving practical troubleshooting
problems. {ncludes two appendices containing valuable
reference data. Order 20651, only........ 0000000 $7.95

Novel Electronic Circuits
Offers 77 unusual circuits and devices for the experi-
menter, ham, or technician. Designs range from simple,
functional devices to unusual scientific types. includes
both vacuum tube and semiconductor circuits with de-
tailed descriptions and instructions.

Order 20692, ONlY. . vovviveranaanerann ieeiee..$2.50
RECENT BESTSELLING BOOKS

49 Easy Transistor Projects. 20617........ eees.$1.75

How to Repair Major Appliances. 20650....,......4.

How to Build Speaker Enclosures. 20520.......... 3.50

Tape Recorders—How They Work, 2nd Ed. 20445...4.50
Walkie-Talkie Handbook. 20572......... .3
Lasers and Masers. 20559.........

RS

ABC’s of Computers. 2nd Ed. 2001 2.95
Citizens Band Radio Handbook. 3r 4.25
101 Easy CB Projects. 20663........ 3.25

Electronics in Photography. 20672 3.50
Color-TV Servicing Guide, 20358........
Record Changers—How They Work. 2066
So You Want to Be a Ham. 4th Ed. 20607........

——-—-HOWARD W. SAMS & €0., INC.———~

| Order from any Electronic Parts Distributor, or
| mail to Howard W. Sams & Co., Inc., Dept. PE-3,
I 4300 W. 62nd St., Indianapolis, Ind. 46268

| Send the following books: Nos

| $ enclosed

| [ Send FREE 1969 Sams Book Catalog

|

|

|

|

I

{
|

| Name |
|

|

|

|
J |

e
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and 9580 kHz and 0400-0430 on 9645 and 9610 kHz.
These xmsns are in English.

Pakistan—R,. Pakistan, Dacca, is now found on
15,518 kHz, up from our listing of 15,455 kHz last
month, from 0100 s/on with IS, six pips, and an
ID for Dacca. English news is given at 0210-0220
with another ID at 0230 for Dacca.

Peru—QAX7A, R. Cuzco, Cuzco, is again active on
6250 kHz as found at 0230 with ID and into typi-
cally native programming,

South Africa—R. RSA, Johannesburg, is noted at

times around 1700-1730 in English beamed to the

RJDIO.T[f : Middle East on 25,790 kHz. When this 11-meter
T : xmtr is audible it is usually at excellent level.

EI'EGTRO“I"I P Tego—Radiodiffusion du Togo, Lome, is often

- : Lo i < : very good on 5047 kHz with music at 0645 and

again around 2200-2300 s/off with light uninter-

rupted music with scattered ID's in French. The
signal indicates that the 100-kW xmtr is being

ANNUAL : used here for it is one of the easiest Africans to
CATALOG 2P log.
No. 691 - Uruguay—R. Sarandi, Montevideo, 15,385 kHz,
RADIO-TV | was logged atl 0300 with talks and ID’s in Spanish,
BURSTO ATTLEBEE 2 Not easy to hear, it often alternates on the fre.
puslelel : ELECTRONICS quency with DZF3, Manila, P. T,
CATALOG Vatican City—A new frequency for R. Vaticano is
o ¢ 9615 kHz. noted at 0025-0045 in Spanish to the
228 GIANT - Americas with church news and music, and from
0050 in English with music by Bach, prayers and
! news.
) Veneruvela—R. Libertador, Caracas, was good on
WRITE FOR YOUR FREE COPY TO:LAY 3245 kHz at 0700 with Spanish and American
WD NI M N A S music,
r BURSTEIN-APPLEBEE CO,, DEPT. PE-C Yugeslavia—R. Belgrade is audible on 9620 kHz
3199 MERCIER $1., K.C., MO. 64111 with English news at 2200-2210 but QRM is gen-
NAME erally heavy here,
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i

! | ) AL RIS (g 5
=Y hunder Columns || e frregon Same .y

Peter Romeika (W PESHMV), Rosemont, I'a.

Never before has a sound reproduction device been Terry Petrarca (WWPESHUF), Derry, Pa,
designed to handle enormous power with such effort- Ié‘f"dlfel‘;"“f"‘_‘ (”(/,[,)-I}‘fzf/,%[é)' %‘Lfall(ﬁ‘bleﬁ- lgd
less ease and fidelity! Thunder Columns are scientifi- Howard B oom () (,V,,E4j)l;p) “South’ Daytona, Fla
cally-designed true sound columns, with every Bill White (IVPE4/IVR), Union, S. C. T
component perfectly matched to project maximum David Potter (WPE4/X0), Key West, Fla.
undistorted sound to your Lucille Blair (WPE4NV),"St. Petersburg, Fla,
audience. Argos Thunder Col- lC\en Brookner (WPESEWAL), Wichita Falls, Texas
[ harles Bennett (IWPE5SIV ), Sumrall, Miss,
umns are musician speakers W. W, Mosby (WPEGEXAJ, San Josc, Calif
in every sense of the word. Glen (hitney (IVPESGQT), Canoga Park, Calif.
7,200 and 300 watt models » || GovarqShaw (WERSHCD), La Mea, Calif,
True focused sound for the Richard Pistek (1'PE9HOA), Chicago, TN,
serious musician o Fuse pro- Richard Doering (IVPEOIXG'), Hinsdale, i1l
tected against accidental {)im .léolc:lull)unir(:”(_llyé’ﬁ;{ll));l)élDuoIégis.Illlll.
o Hi avid Lubar "D ), Elmwood, 11,
poweroverloads - Hidden stee/ Charles Rann (1VPESJFQ), Wheaton' TII.
grille crash protects speakers Fred Lynch (11" PEOJII D). Girard, 111,
* Rugged uphoistery grade A. R. Niblack (IVPE9KI), Vincennes, Ind.
vinyl finish « Heavy duty elec- John Beaver (WPEQPAE), Pueblo, Colo,
tronic instrument speakers C. Vernon Hyson (IVPEPCNF ), Somerville, N. J.
Bud Whitlock (IVPEQC(OS), Augusta, Kansas
. Ted Larson (IVPEQFCO), Milaca, Minn.
@ Jack Perolo (P1'2PEIC), Lake Geneva, Wise.
AU l’_aulB.\lneller (\.V%Jl’bé!\ S)), Harrow, Ont,
m renner, Nutley, O
ERCDUCTS COMPANY {)ouglas Dominic, S}{realor. I,
600 So. Sycamore, Genoa, lil. 60135 Steve Fraatz, Auburn, Wash,

John Glover, Weston, Mass.
Leo Graf, Franklin Lakes, N. J.
William Halas. Elmhurst, N. Y.
Chris Marchlewski, Lockport. 111,
Thomas Rega, Bronkyn, N. Y.
Gert Schultz, Goteberg, Sweden
Philip Scribani. Maspeth, N. Y.
- Sweden Calling DX'ers Bulletin, Stockholm, Sweden
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AMATEUR RADIO

(Continued from page 92)

sion. My assurance that the examination
had been received and remailed was ac-
cepted immediately, and a new examination
was supplied to be administered to the ap-
plicant. (He passed and now has his li-
cense.)

MARS had a birthday. A little late, we
at POPULAR ELECTRONICS join then President
Lyndon B. Johnson, Govemnor John H. Cha-
fee of Rhode Island, and many others in
congratulating the Military Affiliate Radio
System (MARS) which celebrated its 20th
birthday last November 26.

Ray K. Owen, W5UYQ, Oklahoma City, Okla. has his
Extra license. His station equipment includes the
Drake T4-R4 twins and Heathkit SB-201 linear am-
plifier. (Photo courtesy Okiahoma City VHF Club.)

There are 135,000 licensed radio amateurs
in Japan. Speaking at the last Region III
meeting of the International Amateur Radio
Union in Sydney, Australia, Kenich Kajii,
JA1FGQG, president of the Japanese Amateur
Radio League, reported that, when Japanese
amateurs were again allowed in 1952 (after
World War II), just 30 amateurs got on the
air. Approximately 65,000 amateur sta-
tions are now in use.

The three classes of Japanese amateur
licenses are: Telephone and Telegraph class
authorizing a transmitter power output of
10 watts; Second class, 100 watts output;
and First class, 500 watts output. The li-
censes are obtained by passing the ap-
propriate examination—given twice a year—
or satisfactorily completing a study course
for the class of license desired. The JARL
sponsors many of these amateur classes in
different parts of Japan each year, and the
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LOOK! A NEW ELECTRONICS SLIDE RULE
WITH COMPLETE INSTRUCTION COURSE

Professional 10” ali-metal Electronics Slide Rule. Designed specifically
for technicians, engineers, students, hobbyists. Has special scales not
found on any other rule. Enables you to solve electronics problems
quickly, accurately. Made to our rigid specs by Pickett, Inc. Slide Rule
plus four lesson AUTO-PROGRAMMED Instruction Course with grading
service, and top-grain leather carrying case . . . a $50 value for less
than $25! Send coupon for FREE bookiet. Cleveland Institute of
Electronics, Dept. PE-154, 1776 E. 17th St,, Cleveland, Ohio 44114,

SEND COUPON FOR FREE BOOKLET

Cleveland Institute of Electronics
| 1776 E. 17th St., Dept, PE-154, ELECTRONICS -
| Cleveland, Chio 44114 &

| Please send FREE Electronics Slide
| Rule Booklet. SPECIAL BONUS: Mail

coupon promptly and get FREE
I Pocket Electronics Data Guide, too!
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number of people taking and passing them
is increasing.

It is now OK for U.S. amateurs to work
Indonesia (YB). The Indonesian govern-
ment notified Geneva in November that it
no longer objects to its amateurs’ working
foreign amateurs. But Cambodla, Thailand
(Siam), and Vietnam remain on the U.S.
forbidden list. In addition to these coun-
tries, Canadian amateurs cannot legally
work Laos and Jordan.

Here are a few of the members of the WHHHS Radio

Club, Evansville, Ind., discussed below in News
and Views. Bob Gibson, WASHOY, front, is now en-
rolled in the Massachusetts Institute of Technology,
and Madge Van Ness, right, in Louisiana State.

NEWS AND VIEWS

Joe Pearls'eln, WA3IZ, 7214 Bradford St., Phila-
delphia, Pa. 19149, spends most of his tlme on 15-
meter SSB. But he works 20-, 40-, and 80-meter CW
occasjonally to keep his code speed up for the Extra
class exam. His 90-watt, Heathkit HX-20 transmit-
ter, HR-10 receiver, Hy-Gain TH-3 beam antenna.
and long-wire antonra have been used to put 48
states and 35 countries in the WAS3IJZ logbook .
David L. Jones, WA3JLT, 8 Raymond Rd., Bloomall
Pa, 19008, works the amateur bands between 3.5
and 148 MHz with a collection of commercial and
honie-built gear. Included in the gear are a Ham-
marlund HQ-110AC receiver, Hallicrafters HT-40A
transmitter, Utica 6504, 6-meter transceiver, and a
homebrew, 6- and 2-meter transmitter, His antenna
farm plesently qplouts a Hy-Gain 18V vertical, a 6-
meter dipole, an “‘all-band’ dipole, and an end-fed
wire, Of the 45 states he has confirmed, 35 were
worked on 80 meters.

WA9RRG, the amateur station of the William Henry
Harrison High School Amateur Radlo Club, Room 215,
Evansville, Ind. 47715, claims to have the first and
only high-school amateur TV station. The club
members built it from much-modified surplus mili-
tary and commercial equipment, Transmission is
on 445 MHz from an omnidirectional antenna on an
80’ tower with an input power of 100 watts. Less-
exotic gear includes a Heathkit Apache trans-
mitter, a National NC-300 receiver, and 80- and
15-meter dipoles, Six of the club’s 26 members have
General class licenses. John W, Lenn, W9IVE, is
club sponsor. Bob Hadjak, WA3JDT, 4 Homer St.,
Greenville, Pa. 16125. has worked as far on 144
MHz as some hams do on the lower frequencies,
His Heathkit Twoer feeding a 9-element TV beam
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has worked Florida—a distance of 1000 miles. He
also has four other states confirmed on 144 MHz.
Bob also has a 3-element beam in his bedroom that
he uses on occasion. (When the family wants to
watch TV?) On the lower frequencies, Bob uses a
Hallicrafters SX-99 receiver and an EICO 720
transmitter and is manager of the 7-MHz, WAS
net on 7170 MHz . . . Before 1914, Frank Keefe,
W2AFB/N@FYX, 411 Chemung St., Waverly, N.Y.
14892, was a telegraph opcrator in England. Dur-
ing WW-I, he operated for the British War Office.
Later coming to the U.S.A., he became a Western
Union telegrapher; he got his amateur license in
the early '30’s. In WW-II, he worked in an FCC
monitoring and direction-finding station, intercept-
ing German submarine and other suspect CW
transmissions. When he retired from the FCC in
1963, he was Administrative Assistant to the Chicf
of the Field Engineering Bureau. Today, Frank is
still an avid amateur and Navy MARS traffic han-
dler. He receives on a Hammarlund HQ-129X and
transmits on a variety of homebuilt and kit trans-
mitters running 50 to 150 watts.

Cal Jensen, WNOTPH/6, 100 Oak Rim Way, Los
Gatos, Calif, 95030, had 37 states, including Alaska
and Hawaii, confirmed from Kansas City before
moving and having to start over. He lived in a
basement apartment and could not have a perma-
nent outside antenna; therefore, he used an indoor
"Hamstick’ antenna on 15 meters. However, for
his all-night 40-meter sessions, he would set up a
Hy-Gain 14AVQ vertical on the patio. Of course, it
disappeared with the dawn, A Heathkit DX-60
transmitter and a Hallicrafters SX-101 receiver
handle Cal's amateur operations. He uses a Halli-
crafters SX-43 for SWL’ing. His stint as a Navy
radio operator in WW-II helps explain the 25-wpm
code certificate on his shack wall . . . Rick Harrison,
WA20DI, is another one whose moving interrupted
his hamming. His move was from Seaford, N.Y.,
to an army post in Germany—S8th Admin, Co.
(AMB), APO 09111, N.Y.—where he is a Computer
Systems Enginecr. He has a year to go before re-
turning to his Heathkit HW-32 transceiver, Ham-
marjund HQ-170C receiver, Mosley TA-33 beam,
and assorted other gear. In the meantime, he would
like to hear from a few old ham friends by mail . . .
Russ Korenthal, WN6NHG, 115 Harvard Luane, Seal
Beach, Calif. 90740, just completed the flrst two
weeks of what he expects to be a long amateur ca-
reer by making 125 contacts in ten states. A 20-
watt, homebrew transmitter feeding a vertical wire
on 40 meters and a National NC-183D receiver.

Will your radio friends have the pleasure of read-
ing about you or seeing your picture in your col-
umn? The first step is to send us your ""News and
Views’ and a sharp photograph (preferably black
and white). Also, please keep us on your club paper
mailing list or put us on it. The address is: Herb
S. Brier, WIEGQ, Amateur Radio Editor, PoPULAR
ELEcTRONICS, P. O. Box 678, Gary. Indiana 46401.

73, Herb, W9EGQ.

SOLID STATE

(Continued from page 95)

sell for under $100.00 through franchised
Motorola distributors.

Two radically new stereo phono cartridges
featuring semiconductor devices have been
developed by Toshiba, a major Japanese
manufacturer of electronic equipment. One
unit features a pair of phototransistors and
a self-contained light source and is dubbed,
appropriately, the “Photoelectronic Car-
tridge C-100P.” In operation, audio signals
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Looking for

INTEGRATED GIRCUITS

At Hobbyist-Experimenter Prices??

We’ve got *em!

Power Amplifiers Wide Band 3-Input Gates

Amp Discriminators

Stereo Preamps Dual Buffers
JK Flip-Flops

0P Amps Bias Drivers
Dual JK

RF Amplifiers FlipFlops Quad Gates

IF Amplifiers 4-Input Gates Half Adders

Audio Amplifiers Dual 2-Input Gates

plus...

14 Pin, 10 Pin, and 8 Pin I.C. sockets
to put them inl

All at prices you can afford!!

Get HEP...Check into the Integrated Circuits available
from your local Motorola HEF Distributor. Pick up a free
copy of “Tips On Using IC’S” while you're there; it includes
a good IC Cross Reference Guide, and eight IC Project
Circuits. If you can't find a Matorola HEP Distributor near
you, write us.

MOTOROLA HEP SEMICONDUCTORS
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Fill in coupon for a FREE One Year Subscrip-
tion to OLSON ELECTRONICS’ Fantastic Value
Packed Catalog—Unheard of LOW, LOW PRICES
on Brand Name Speakers, Changers, Tubes,
Tools, Stereo Amps, Tuners, CB, and other Val-
ves. Credit plan available.

NAME
ADDRESS
CiTy STATE
GIVE ZIP CODE

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

OLSON ELECTRONICS

CIRCLE NO. 24 ON READER SERVICE PAGE

7} ELECTRONICS
'/ < ENGINEERING
through HOME STUDY

HIGHLY EFFECTIVE HOME STUDY COURSES IN:

= ELECTRONICS ENGINEERING TECHNOLOGY

= ELECTRONICS ENGINEERING MATHEMATICS
Earn your Associate in Science Degree in Electronics
Engineering and upgrade your status and pay to the

engineering level. Complete college level courses
tn Electronics Engineering. We're a forward look
ing school. Outstanding lesson matenial —thorough
and easy to understand. E£ngineering taught on the
basis of application and understanding rather than
on the basis of memorization. Up to date in every
respect. Acquire the knowledge and ability that
means the difference between a low paying techni.
cian job and a high paying engineering position.
Low tuition cost with low monthly payments. Free
engineering placement service for our graduates
Write for free descriptive literature. Ask for
bulletin K, no salesman witl cail on you,

COOK'S
INSTITUTE of Ellectronics (:‘nyr'nnn'ng
Southwest Regional Office
c%, 7650 Clarewood, P.0. Box 36185
Houston, Texas 77036

Established 1945
Formerly Cook's School of Electronics
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are developed by the phototransistors as
light is reflected to their sensitive surfaces
through a stylus-operated screen. The sec-
ond cartridge, the “IC Cartridge C-300F,” is
only slightly larger in diameter than a kitch-
en match, and is described as the smallest
stereo cartridge in the world. The C-300F
has a solid-state pickup element and high-
gain IC amplifiers.

IBM’s research laboratories in Zurich,
Switzerland, has developed a new Schottky-
barrier field-effect transistor capable of
operating well up in the microwave range.
Named the MESFET (for MEtal Semicon-
ductor Field Effect Transistor), the new unit
has a maximum oscillation frequency of
12 GHz, and can supply up to 2 dB gain at
10 GHz. The new device consists of a silicon
substrate covered with an n-type epitaxial
silicon film between 0.2 and 0.3 microns
thick which serves as the conducting chan-
nel. A 0.2-micron gold-chromium-nickel
sandwich enclosing the central drain serves
as the gate contact. With its exceptional
high frequency characteristics, the new
MESFET may become a replacement for
low power traveling-wave tubes (TWT’s).

If you've had a yen to work with injec-
tion laser diodes, but have hesitated because
of the comparatively high prices of these
units, you’ll find it worthwhile to check into
the devices now being offered by Laser Di-
ode Laboratories, Inc. (205 Forrest St.,
Metuchen, N. J. 08840). Their Model LD11,
which carries a unit price of $18.00, is a
gallium arsenide unit capable of emitting
coherent infrared radiation when pulsed in
the forward-biased region. With a 5-watt
minimum peak power rating at 27° C, the
LDI11 can be pulsed at rates up to 1 kHz if
the pulse width is maintained within 200
nanoseconds. Its maximum peak operating
current is 75 amperes and threshold current
is 25 amperes.

Transitips. Although fairly expensive
when compared to rectifier diodes, the Zener
diode, nonetheless, is the typical experimen-
ter's first—perhaps his only—choice when
assembling a simple shunt-regulated d.c.
power supply. Little known is the fact that
low-cost rectifiers can perform admirably as
voltage regulators if forward biased (Zeners
are reverse biased). In practice, the diode’s
junction voltage remains remarkably con-
stant with comparatively large changes in
junction current. Often, a string of six to ten
rectifiers will cost less than a single Zener
having the same power-handling capability.

Although space limitations prevent our
discussing the theoretical considerations in
detail, the actual techniques of assembling a
shunt regulator are relatively straightfor-
ward.

POPULAR ELECTRONICS



The first step is to determine the diode’s
junction voltage at the required current
level. A good rule of thumb is to select a
bias current approximately twice the average
anticipated load current, but not more than
half the diode’s maximum rating. A minia-
ture l-ampere diode, for example, can be
safely biased at 500 mA and used in power
supplies with average load requirements of
250 mA.

The diode’s junction voltage can be deter-
mined by using the technique illustrated in
Fig. 4(a). A d.c. power source (batteries, for
example) supplies the bias current, which is
limited by series resistor RI. The diode's
junction voltage is measured by connecting
a high-impedance, low-range d.c. voltmeter
directly to its anode and cathode terminals,
as shown. RI’s value can be approximated
by using Ohm’s law, the battery voltage,
and the desired bias current.

AAAAAA

" Wy
e D)

+ o+ D2 +0
= N 7 RAW REGULATED
—5 D.C. OUTPUT

o-— b3 -0
= D4
(A) (B}

Fig. 4. Test setup for determining diode’'s forward-
bias voltage drop is shown in (A); several diodes
can be series connected (B) to provide Zener-type
regulation at necessary load voltage requirements.

Using this technique, a 6-volt lantern bat-
tery, a 15-ohm series resistor, and a type
8D4 rectifier, your columnist measured 0.75
volts across the diode.

Once the diode’s junction voltage has been
established, just use the number of diodes
required to obtain the needed output volt-
age. Assuming 0.75 volts per junction, 4
series-connected diodes would be required
for, say, a 3-volt d.c. regulator. A typical
arrangement is illustrated in Fig. 4(b).
Here, the series resistor value must be low-
ered to compensate for the difference in bias
current.

An experimental regulator circuit was as-
sembled to check out the technique, using
the circuit shown in Fig. 4(b), four series-
connected 8D4 rectifiers (DI through D4), a
5-ohm, 10-watt resistor (for RI), and a
6-volt lantern battery as the d.c. source.
The regulated output voltage, open load,
checked out at 3.1 volts. With a 10-ohm
load resistor, the output voltage dropped to
only 2.95 volts . . . a change of less than
5% ! How about that for regulation! —Lou
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Build this exciting
Schoher Consolette Organ
for only

*$925!

*{ncludes

finished walnut
console. {Only $716
if you build your
own console.)
Amplifier, speaker
system, optional
accessories extra,

You couldn’t touch an organ like this in a store for
fess than $1800—and there never has been an organ
of the Consolette 1I's graceful small size with 22
such pipelike, versatile voices, five-octave big-organ
keyboards, and 17 pedals! If you've dreamed of an
organ of your own, to make your own beautiful music,
even if your home or budget is limited, you'll get
more joy from a Schober Consplette 1 than any other
“home size' organ—kit or no kit.

You can !earn to play it. And you can build it, from
Schober Kits, world famous for ease of assembly
without the slightest knowledge of electronics or
music, for design and parts quality from the ground
up, and—above all—for the highest praise from
musicians everywhere.

Send right now for the full-color Schober catalog,
containing specifications of all five Schober Organ
models, beginning at $599.50. No charge, no obliga-
tion. l'f you like music, you owe yourself a Schober
Organ!

The Organ Corp., Dept. PE-29
43 West 61st Street, New York, N.Y. 10023

[J Please send me Schober Organ Catalog and
free 7-inch “sample” record.

[0 Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.
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Two more examples of how
RCA Institutes provides
up-to-the-minute Home Training
in all phases of electronics:

NEW CATV NEW
LESSONS COLOR TV KIT

The demand is heavy for technicians To make courses even more practical and
in the booming field of CATV to better prepare you for a more rewarding
(Community Antenna Television future, RCA Institutes now includes an
Systems). exciting Color TV Kit in both the

CATV was initially used to make it
possible for large numbers of
television receiver users to get good
reception in remote areas through
the use of a common antenna. It now
brings to more people more programs
than are available from local stations.
It also improves reception where
multipath signal transmission exists.

RCA Institutes includes two
comprehensive lessons, covering the
practical phases of CATV systems
and servicing in Television Servicing
and Communications courses and
programs at no additional total
tuition cost. Get in on the ground
floor of this rewarding and expanding
field. Send for full information today!
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beginner’s program and the advanced
course in color TV servicing. The cost
of the kit is included in the tuition—
nothing extra to pay. You also get five
construction/experiment manuals plus
a comprehensive service manual.

You'll receive all the materials and
companents to perform over 50
information-packed experiments. When
you finish you'll have constructed an
18” (measured diagonally) high quality,
color TV set, complete with rich

cabinet in wood grain design.

Get all the details on RCA Institutes’
valuable new Color TV Kit!

SEND THE ATTACHED CARD TODAY!

Prepare yourself

for a career
in the expanding ™
tield of CATV,

This is the high quatity
color TV set you'll
construct, complete

with rich cabinet

n wood grain design.
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Learn electronics at home faster, easier,

almost automatically—with RCA AUTOTEXT

Are you just a beginner with an interest
in the exciting field of electronics?

Or, are you already earning a living in
electronics and want to brush-up or
expand your knowledge in a more
rewarding field of electronics? In either
case, AUTOTEXT, RCA Institutes’ own
method of Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods

in the past.

THOUSANDS OF WELL PAID JOBS
ARE OPEN NOW TO MEN SKILLED
IN ELECTRONICS !

Thousands of well paid jobs in
electronics go unfilled every year
because not enough men have taken
the opportunity to train themselves for
these openings. RCA Institutes has done
something positive to help men with

an aptitude and interest in electronics
to qualify for these jobs.

HOME STUDY CAN TRAIN YOU FOR
REWARDING CAREER OPPORTUNITIES

To help fill the "manpower gap” in the
electronics field, RCA Institutes has
developed a broad scope of Home
Training courses, all designed to lead
to a well paying career in electronics

in the least possible time. You also have
the opportunity to enroll in an RCA
"Career Program” exclusively created
to train you quickly for the job you
want! Each '"Career Program” starts with
the amazing AUTOTEXT Programmed
Instruction Method. And, all along the
way, your program is supervised by
RCA Institutes experts who become
personally involved in your training

and help you over any “rough spots’
that may develop.

VARIETY OF KITS ARE YOURS TO KEEP

To give practical application to your
studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. Each kit is complete
in itself, and yours to keep at no extra
cost. You get the new Programmed
Electronics Breadboard for limitless
experiments, including building a
working signal generator, multimeter,
and a fully transistorized
superheterodyne AM receiver.
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ONLY FROM RCA INSTITUTES—
TRANSISTORIZED TV KIT—
VALUABLE OSCILLOSCOPE

All students receive a valuable
oscilloscope. Those enrolled in the
Television program receive the all-new
transistorized TV Kit. Both at no extra
cost and only from RCA Institutes.

CHOOSE THE “CAREER PROGRAM"”
THAT APPEALS MOST TO YOU

Start today on the electronics career of
your choice. Pick the one that suits you
best and mark itoff on the attached card.
Television Servicing
Telecommunications

FCC License Preparation
Automation Electronics

Automatic Controls

Digital Techniques

Industrial Electronics

Nuclear Instrumentation

Solid State Electronics

Electronics Drafting

ADVANCED TRAINING

For those already working in electronics,
RCA Institutes offers advanced

courses. You can start on a higher leve!
without wasting time on work you
already know.

2 CONVENIENT PAYMENT PLANS

RCA Institutes offers a unique tuition
plan that lets you progress at your own
pace. You only pay for lessons as you
order them. You don't sign a contract
obligating you to continue 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.

CLASSROOM TRAINING ALSO
AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one

of the largest ot its kind in New York
City. Coeducational classroom and
laboratory training, day and evening
sessions, start four times a year. Simply
check "Classroom Training’’ on the
attached card for full information.

JOB PLACEMENT SERVICE, TOO!
Companies like I1BM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Networks have regularly
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
programs are approved for veter-
ans under the new G.l. Bill.

Accredited Member
National Home Study Council

Addres:

City.

r
i
|
I
|
|
l
] Name.
i
|
|
|
1
|

______________ e e e —y
IF REPLY CARD IS DETACHED—SEND THIS COUPON TODAY l
RCA INSTITUTES, Inc., Dept. P E-39 l
320 West 31st Street, N.Y., N.Y. 10001 I
Please rush me FREE illustrated calalog. ! understand that | am under no obligation, l
and that no satesman will call. :

Age 1

{please print) l

|

|

{

State Zip. :
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DEALERS!
HOBBYISTS!

=| NEW AND

FREE

FROM WINEGARD

‘Our giant catalog of TV and FM antennas, mounts,
.wire, couplers, amplifiers, wall plates and antenna
‘systems equipment!

Now, for the first time ever, you can have
Winegard's sensational 52-page Catalog illustrat-
ing and describing the world’'s most complete line
of high quality antennas and MATV equipment for
homes. and commercial buildings. That's right!
Even if you're not in the electronics business, you
can use this Catalog to select famous Winegard
products. Send for your FREE copy today, plus,
th:a name of your nearest Winegard distributor,

Winegard

ANTENNA SYSBTEMS
-----------------n----------'

B WINEGARD COMPANY, 3023.1 Kirkwood Street L}
B Burlington, {owa 52601 []
B Gentlemen: Please send me your FREE Catalog. (]
1 [}
1 O Electronics is my business. O Electronics is my hobby. ]
[ L}
B i — - — - B
H NAME (please print) i
§ AvoRess i
1

H aTy STATE up 7]
D P BN BN BN N BN BN A BN BN B A 4 1]

-
CIRCLE NO. 34 ON READER SERVICE PAGE

SOLID STATE KITS

METAL-MINERAL DETECTOR
IN EASY-TQ-BUILD KiT FORM

Treasure Localor -

ODEL TRL-1 KIT... $29.95

Detects objects as small as a dime.
Sensitive stable circuit uses

3 FET's and 2 silicon transistors.
Unigue 6"”etched circuit search coil.
Smooth vernier tuning control,
Weighs only 24 oz.

3-ft. handle folds in half.
Adjustable search coil.

9-volt battery operated.

Complete with all parts,

headphone, instructions.

Build in only 3 hours.

No test equipment needed.
Shipping weight: 2% Ibs.

Order direct or request free

data sheets on TRL-1 and
other kits.

CARINGELLA ELECTRONICS, Inc.
P.O. Box 327 ® Upland, California 91786
Phone 714-985-1540

CIRCLE NO. 9 ON READER SERVICE PAGE

COLOR TV

(Continued from page 81)

third video i.f. stage and applies a correcting
voltage to Varicap diodes in the VHF and
UHF tuners. The builder makes one simple
adjustment on the AFT printed circuit
board and all manual fine tuning adjust-
ments are henceforth eliminated. If the GR-
681 had only one improvement over all
other TV receivers (and kits), we'd vote
wholeheartedly for AFT. It works, and your
wife will love it. .

Each GR-681 is sold with a cable-type re-
mote control (On-Off and Channel-change),
but if you really want to swing, the wireless
remote (GRA-681-6) is your baby. Using a
hand-held mini-watt ultrasonic transmitter
and a separate 6-channel receiver (selecting
34, 36, 38, 40, 42, or 44 kHz) the GRA-681-6
will turn the receiver on or off (and even
reduce the volume in two steps), increase or
decrease color and tint, and change channels
—from anywhere in your den or living room.
The wear and tear you will save on the rug,
furniture, and yourself will soon pay for the
wireless remote.

The addition of only a single transistor
in series with the cathode of the video out-
put stage has enabled Heath to eliminate
or blank the faint vertical retrace line com-
pletely. This has improved picture fidelity at
high brightness levels. Modifying the power
supply from a 2-diode full-wave rectifier to
a 4-diode bridge has noticeably stabilized
voltage regulation.

The Little Extras. The GR-681 has a num-
ber of improvements over previous TV re-
ceiver kits that are not as sensational as
those above. Included among them we might
mention the tapped primary of the power
transformer to step up voltages in locales
where the line voltage is notoriously low.
There is also a push-button on the front
panel to utilize the VHF tuner motor drive
and change channels without the remote
control.

And, as with all color TV receiver kits sold
by Heath, a choice of cabinets is available
at very reasonable prices. The Mediter-
ranean (or Spanish) oak shown in the pho-
tos with this review is an exceptionally
handsome piece of furniture. In your re-
viewer’s home, this cabinet is an exact
match to a cellarette about half the size and
costing over twice as much. If you are so in-
clined, Heath supplies liberal drawings for
ease in making custom installations—even
building your own cabinet.

Circle No. 92 on Reader Service Page 15 or |15

110 POPULAR ELECTRONICS




HAPPY HYBRID

(Continued from page 51)

the 9 volts to the oscillator board. Then
make the oscillator circuit ground and
connect the oscillator keying circuit to
the r.f. keying circuit. Connect the two
to the isolated terminal of J2. Check over
the entire circuit for correct component
placement, shorts, wiring errors, etc.

Before inserting V1 in its socket, test
the oscillator section. Plug a key in J2,
turn the power on, and depress the key.
You should hear a CW signal on a re-
ceiver tuned to the crystal frequency.
Using a voltmeter, check the 9-volt sup-
ply to the oscillator. If it is less than 9
volts, reduce the value of R12 slightly to
get the right voltage.

Now listen to the signal on the receiv-
er and, watching the S-meter, adjust
trimmer capacitor C9 to obtain a maxi-

mum signal. Release the key.

Using a standard socket and a short
length of coaxial cable with the appro-
priate plug, connect a 7.5-watt light bulb
to J1. This is the dummy load for test-
ing. Insert V1 in its socket and allow it
to warm up. Set C16 and C17 to maxi-
mum capacitance (fully meshed) and
close the key. The meter should indicate
some current flow. Adjust C16 until the
dummy load glows and a dip occurs in
the current meter reading. Slowly tune
C17 to increase the brightness of the
lamp while re-adjusting C16 for reso-
nance (meter indication at minimum).
When changes in C17 no longer increase
the brightness of the lamp, loading is
correct.

Operation. For best results with the
Happy Hybrid, be sure to use it with a
well-matched half-wave dipole. Mis-
matching means that power meant for
the antenna is lost in the pi network.

Patented components . . . a 30-year reputation for innovative
design . . . a consistently creative approach to sound repro-
duction . . . this is where it all comes together, in the creation
of extraordinary speakers such as the 312,

A glance at its specifications will tell you the 312 is an ex-
ceptionally fine reproducer. Unfortunately, they won't begin
to show you how extraordinarily pleasing the sound is that
flows from it. You must discover that for yourself, by listening.
It's not inexpensive — about half what you'd expect. Hear the
312 soon. Find out why we call it: “the speaker your other
components will be proud of.”

This is where it all
comes together

2

March, 1969

)

Specitications: Model 312 3-way 12" Diftaxia
Speaker. Frequency response: 28 to well over
40,000 Hz. Patented Sphericon tweeter is fiat
within 2 db to 22,000 Hz. Power rating: 35 watts
integrated program material. Impedance: 8-15
ohms. Crossover: 1000 Hz (mechanical). 3000 Hz
(electrical). Dimensiens: 13" overall dia 6%"
deep. Mounting: Front or rear baffle. Special
Features: Rigid, die-cast frame. Wide-angle dis-
persion by patented Sphericon Super Tweeter
and exclusive Diffusicone principle. Rigid cup
baffle (eliminates tweeter-woofer interference).
High compliance suspension with University's
exclusive Critical Edge Damping.

UNIVERSITY 'SOUND

A DIVISIOM OF LTV LING ALTEC.INC,

P. Q. Box 26105, Oklahoma City, Okla, 73125
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MAGAZINE CASES
DESIGNED TO HOLD A FULL YEAR'S COPIES

These decorative cases are just what ydu've been looking for
to keep your copies of Popular Electronics Magazine in
easy-to-find order.

Constructed of reinforced fibreboard and
covered in rich leatherette, these durable

cases puard against soiling and tearing

of your magazines while lending them-

selves handsomely lo the decor of any

room. The magazine cases are available

with embossed gold lettering in either

all black or attractive maroon back
with black sides.

$3.50 ea., 3 for $10, 6 for $19
FULLY GUARANTEED!

¥ ZiN-Davis Publishing Co., Dept, SD
1 Park Ave,, N.Y., N.Y. 10016
Please send me________ Popular Electronics Magazine
Files as checked below:
O Al black, gold embossed
. {3 Maroon back, gold embossed/black sides

B namE
PE-39
[l ADDRESS.
l CITY.
STATE 21P
Enclosed is §. at $3.50 per case,

. 3 for $10, 6 for $19 (Quantity prices apply for com-
bination orders of more than one titie). Orders outside
U.S.A. $4.50 ea., 3 for $13, 6 for $25.

ER BN B (Payment must accompany order) B8 HNE W

— ABOUT YOUR™
SUBSCRIPTION

Your subscription to PopPuLAR ELECTRONICS is
maintained on one of the world's most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of PopuLaR FLECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficulties. For exam-
ple, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.

|

HOW’S YOUR E-IR?
QUIZ ANSWERS

(Quiz appears on page 32)

“the voltage drop across the resistance di-

1. In a series circuit, voltage drops are
directly proportional to the resistances
across which they are measured: E,R, =
E;R;; E/Bk = 8V/20k; E = 2V,

2. Current through a resistance is equal to

vided by the resistance value: | = E/R =
8V/2k = 4mA.

3. Total current flows through all com-
ponents in a series circuit: | = E/R =
20V/32k = 6.25mA; R=E/I = 5V/6.25mA
= 8000 ohms.

4. Components that do not form a com-
plete electrical loop have no voltage drop
across them: E = I/R = 2mA(8k) = 16V.

5. The currents in parallel branches are
inversely proportional to the resistance in
each branch: LR, = LRy [1(40k) =
(15 — 1)160k; | = 12mA.

6. An unknown resistance is found by di-
viding the voltage drop across it by the
current through it: R = E/I = 10V/2mA
= 5000 ohms.

7. The voltage drop across a resistance is
the product obtained by multiplying the
total current through it by the resistance
value: E = IR = 8mA(5k) = 40V.

8. The voltage drop between the mid-
points of a balanced bridge is zero; hence
the current is also zero.

9. Voltage drops across paralle! branches
are all equal: E = IR = 10mA(100k) =
1000V; R = E/I =1000V/(50mA — 10mA)
= 1000V/40mA = 25,000 ohms.

10. The sum of the voltage drops in a
closed loop exactly equals the applied volt-
age: 50V + Ex = 40V + Ewx = Euppriea.
Hence, Einx = 2(Ex); 50V 4+ Ex = 40V +
2E.; Ex = 10V; E = 40V — 10V = 30V.

112
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OP-TACH

(Continued from page 31)

hand if it is sufficiently steady to get
constant readings. Otherwise, place the
Op-Tach on a solid surface. For the best
accuracy, always have the tachometer
case in a position as close to horizontal
as possible.

Turn on the Op-Tach by rotating R8
clockwise until S1 turns on. This supplies
power to the meter. Depress S2 and con-
tinue to rotate R8 until you get a full-
scale deflection. Then release S2. With
the photocell pointed at the rotating
body, advance the SENSITIVITY con-
trol (R2) until you get a steady reading.
If the sensitivity is made too high, the
photocell will begin to pick up minor
differences in reflectivity due to surface
imperfections. This results in an erratic
reading on the meter, which can be cured
by decreasing the sensitivity.

If the rotation being measured is
below about 500 RPM the meter may
“dance” somewhat. This effect is not ob-
jectionable, however, until the speed is
below 200 RPM. To avoid this problem,
try using more than one contrasting area
on the rotating object. This has the effect
of multiplying the speed of the object by
the number of reflecting surfaces you
add, and the speed read on the meter can
be converted to true speed by dividing
by that number. For instance, if you
have placed six contrasting strips on a
rotating object and the tachometer reads
1200 RPM. Then the true speed is 1200
divided by 6 or 200 RPM.

Transmissive. The measurement meth-
od using the transmission of light
through a rotating object to the Op-Tach
works extremely well for slowly ro-
tating fans. The light source is placed on
one side of the fan and the Op-Tach on
the other so that each blade interrupts
the beam as it passes between the source
and the tachometer. The instrument is
turned on and the voltage is adjusted as
before. Because of the extreme difference
in light levels, the sensitivity adjust-
ment may have to be increased slightly.
The indicated RPM must be divided by
the number of times the beam is inter-
rupted during one revolution of the fan
(number of blades). B0

ELECTRET

(Continued from page 74)

times. Keep applying high voltage to
the electret for a full hour to insure
that the lucite eleetret is thoroughly
charged as it cools. Should arcing occur
during this time, however, carefully de-
termine where it is taking place, and
then turn off the TV set immediately.
(Arcing will occur normally between the
aluminum foil and plate.) Remove the
line cord from the a.c. outlet, and with
your rubber gloves on, disconnect the
ground lead from the plate and short
it to the anode lead’s alligator clip to
discharge the high-voltage supply. (If
you don’t have rubber gloves, use the

Ranked 11 in lightweight tracking ability’

Able to track the toughest

test-record bands at 0.8 gram?. . .

With a frequency response flat

within +2.5, —2 db from 20 to 20k Hz"- 2. ..
And 30 db of stereo separation 2. .,

Plus a flawless square wave' 2, . .

EMPIRE’s 999 VE

The Long-Playing Cartridge * $74.95 : m
1. HiFi/Stereo Review, July 1968. 2. High Fidelity, June 1968, Empire Scientific Corp , 3

1055 Stewart Avenue, Garden City, N.Y. 11530

CIRCLE NO. 38 ON READER SERVICE PAGE
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screwdriver/cable setup described ear-
lier to touch the anode clip.)

After discharging the power supply,
tear off a %4”-diameter piece of the foil
in the location where the arcing oc-
curred. If by this time the lucite has
cooled, reheat it until it is soft before
reapplying the high voltage.

When the forming process is complete,
turn off the TV set and discharge the
high-voltage line. Lift the electret from
the aluminum plate; you will notice that
the aluminum foil clings to it. It is per-
missible, but not necessary, to remove
this foil. Then immediately wrap the
electret tightly in aluminum foil, and
allow it to age for at least a week be-
fore using it for experiments.

To reassemble the TV set, first dis-
charge the residual charge in the picture
tube with the screwdriver/chassis-cable
assembly. Then, using only one hand as
before, reconnect the anode cable. Re-
place the rear plate of the TV set. -3

MATH

(Continued from page 69)

and—in some cases-——binary math, Bool-
ean algebra, and matrix algebra.
Because of the sophistication and flex-
ibility of his knowledge, the engineering
technician is usually the most highly
paid. Then comes the line technician,
the service technician, and a grouping
that we will call the “nuts-and-bolts”
technicians. The latter do mechanical

operations, following the dictates of their
intuition and trial-and-error techniques.

What of the Future? At present, en-
gineers and technicians are at a premi-
um. The colleges and technical insti-
tutes cannot cope with the growing
demand, and at the same time the indus-
try is suffering from growing pains. The
consensus of opinion is that as electron-
ics becomes more sophisticated and cir-
cuits and systems more complex, more
and more will be demanded of the tech-
nician. Right now, many engineering
technicians are performing tasks that
only a decade ago were the sole responsi-
bility of the engineer.

The number of engineering technicians
available must multiply many times over
to keep abreast of current developments.
New devices and techniques are intro-
ducing a revolution in electronics that
can be met only through proficiency in
higher mathematics. One thing is defi-
nite: the man who trains now for to-
morrow’s electronies job is insuring his
future.

Where Do You Stand Now? If you don’t
know, you can find out simply enough.
Go to your reference library and check
your technical knowledge against the
latest electronics theory textbooks on
the shelves. If you find yourself at a loss
after a few chapters and decide you need
to upgrade your math background, you
should start on a home-study course—
either as a package with theory in elec-
tronics or just basic math—through one
of the schools listed in the table. {30~

Remote Controlled Fleet Fueling

Positive protection and accurate accounting for remote fuel-
ing of fleet vehicles. Telemetering unit relays amount taken at
outdoor pump and records it on office console. On-off switch at
console activates pump. Intercom allows identification of user,
Stops pilfering, saves manpower, provides accurate records.
Ideal for automobile dealers, contractors, dairies, police, fire,
etc. Send for colorful brochure today, Prices start under $500,
Dealerships available,

CONTROLATOR: Division of Aerotron, Inc.

P. 0. BOX 6527 / RALEIGH, NORTH CAROLINA 27608

CIRCLE NO. 2 ON READER SERVICE PAGE
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NAME (Print clearly)

ADDRESS
: CITY STATE ZIP CODE
S 3 b

free information service:

Lo A

AL READER *
SERVICE PAGE

o ¥ :

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
B address indicated below.

3 This address is for our product ‘“Free
B |hformation Service” only. Editoriai in-
quiries should be directed to POPULAR ELEC-
TRONICS, One Park Avenue, New York 10016;
circulation inquiries to Portland Place, Bouider,
Colorado 80302.

ER APRIL 30, 1969
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Live Better Electronically With

LAFAYETTE

RADIO ELECTRONICS
1969 Catalog.690 FREE!

Now OFF PRESS
BETTER THAN EVER

Over 500 Pages

Stereo Hi-Fi e Citizens
Band ® Ham Gear ® Tape
Recorders ® Test Equip-
ment @ TV and Radio Tubes
and Parts ® Cameras @
Auto Accessories ® Musical
Instruments @ Toois ® Books

Featuring Everything in Electronics for
e HOME e INDUSTRY e LABORATORY
from the “World’s Hi-Fi & Electronics Center”
LAFAYETTE Radic ELECTRONICS

Dept. 35039 P.0. Box 10
S, Syo_siet L. l., N Y. 1_1791__

f Send me the FREE 1969 catalog 690. 35039

: Name

: Address

! ciy ————s ]
3

: State Zip 1

| -J

CIRCLE-NO.-IS ON READER SERVICE PAGE

ELECTRONIC EXPERIMENTER’S

ELECTRONIC HANDBOOK
EXPEngNIER'S The most fascinating and chal-

lenging construction projects for
the electronics hobbyist. Over
148 pages.
1968 Winter Edition ......#50
1967 Spring Edition ... ... #49
1966 Fall Edition .........#39
1966 Spring Edition ...... $#36
1965 Fall Edition .......... #9
Titles listed above $1.25 each
Order by number from

Ziff-Davis Service Div., 595 Broadway * New York,
N.Y. 10012. Enciosed add'l 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A.)

PAYMENT MUST BE ENCLOSED WITH ORDER

wo ELECTRONIGS

V.SII training lndl to success as tcchnlclam ncld tnlﬂ
ncers, specialists in lons
puters, radar, automation. Basic & ad\anccd courses, Elec

tronlc' Engincering Technology and  Electronic Techinology
curricula both available. Associate degree in 29 months, B.S.

G, Start  February, 5 ptember.
Dorms. campus. High school graduate or equivalent, Catalog.

VALPARAISO TECHNICAL INSTITUTE

DEPARTMENT PE, VALPARAISO, INDIANA 46383
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I.lBRARY (Continued from page 14)

reactance, check for gain and distortion in
an amplifier, and make any other measure-
ment within the capability of the oscilloscope.
More specialized uses for the oscilloscope,
such as testing SCR's and tunnel diode oscil-
lators and multivibrators, aligning i.f. and
chrominance circuits, etc., are also discussed.
The book shows, in diagram form, where to
make circuit connections and provides wave-
form photos of ideal results. This is a well
illustrated book, containing more than 100
drawings and 200 waveform photos.

Published by Tab Books, Blue Ridge Sum-
mit, Pa. 17214. Hard and soft cover. 192 pages.
$6.95 hard cover, $4.95 soft cover.

REFERENCE DATA FOR RADIO ENGINEERS,
Fifth Edition

In its latest edition, this “Bible of the Elec-
tronics Industry,” has been expanded by 50%
over the 1956 edition. The book covers an ex-
tremely broad field, encompassing all phases
of electrical and electronic engineering in-
formation. It has been enlarged in areas that
required further discussion, and completely
new chapters on microminiature electronics,
space communications, switching and traffic
concepts, reliability and life testing, quantum
electronics, navigational aids, and interna-
tional telecommunication recommendations
have been added. This hook is the one recog-
nized authoritative encyclopedia, dictionary,
or what have you not only for the practicing
engineer bhut for fhe advanced technician
and experimenter as well. More than 100
engineers have helped to put together this
edition, producing a hook of extremely broad
spectrum.

Published by Howard W. Sams & Co., Inc.,
4800 West 62 St., Indianapolis, Ind. }6206.
Hard cover. $20.00.

ELECTRONICS HANDBOOK FOR THE
ELECTRICIAN
by Leo G. Sands

If you are looking for a “starter” book in
electronics for a friend, look no further. This
book, in its simple non-mathematical format,
introduces the least informed beginner to
electronics. It is not, per se, a tutorial book
designed to instruct the reader in electronics
principles and theory. Rather it is an intro-
ductory textbook that explains the phases
and areas of electronics. No mathematics is
used, nor are any formulas developed. This
book was written specifically for the elec-
trician who, lacking an electronics education,
is now faced with the task of specifying, in-
stalling, and maintaining electronic equip-
ment and systems. But for the young student,
this book can also serve as a career guide to
electronics.

Published by Chilton Book Co., 401 Walnut
St., Philadelphia, Pa. 19016. Hard cover. 220
pages. $5.95.
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PRODUCTS

(Continued from page 24)

terminals, and inputs for tape recorder
heads. Technical specifications: 1.5 4,V for 30
dB quieting sensitivity; more than 30 dB
stereo separation; 150 watts IHF, 75 watts/
channel, power output; 30-20,000 Hz =3 dB
frequency response; 50 Hz +12 dB bass, 10
kHz #*10 dB treble tone compensation; 413
db at 50 Hz, 4+4 dB at 10 kHz loudness com-
pensation; —55 dB magnetic phono hum and
noise; 4-, 8-, and 16-ohm output impedances.

Circle No. 88 on Reader Service Page 15 or [ [5

SELECTIVE (B TRANSCEIVER

A delta tuning facility, backed up by a Collins
mechanical filter, enables the Model GT-523
CB transceiver made by Regency Electronics,
Inc., to pull in weak and off-frequency sig-
nals, Although the GT-523 is designed pri-
marily for mobile
use, an optional
power supply is
available to make
it usable as a base
station. The on/
off/volume,
squelch, channel
selector, and delta
tune controls are conveniently located on the
front panel, while the rear panel contains ex-
ternal speaker terminals. Technical specifica-
tions: transmitter, == 0.005 carrier frequency
accuracy, 3-watt output for maximum legal 5-
watt input; receiver, double-conversion su-
perheterodyne performance, fully variable
squelch control circuit, less than 1 4V for 10-
dB signal-to-noise ratio. The GT-523 comes
complete with coil-cord microphone, mobile
mounting bracket, and synthesized crystal
circuit for all 23 channels.

Circle No. 89 on Reader Service Page 15 or 115

BOOKSHELF THREE-WAY SPEAKER SYSTEM

Topping off the 1969 line of Allied Radio
Corporation’s line of shelf-type speaker sys-
tems is the new Model 2370 three-way acous-

tic-suspension speaker system. It has a 127
acoustic suspension woofer, compression-ty pe
midrange speaker
with diffraction
horn, and compres-
sion-type, wide-dis-
persion diffraction
horn tweeter. The
speakers are housed
in a %” hardwood
(with walnut ve-
neer) enclosure.
The Model 2370 also contains a crossover net-
work for frequencies at 1000 and 5000 Hz and
individual level controls for the mid-range
speaker and tweeter. Technical specifica-
tions: overall frequency range, 20 Hz to be-
yond audio range; power capacity, 35 watts
(70 watts peak); svstem impedance, 8 ohms,
The kit, Model 2370K, contains all elements,
finishing oil, and instructions.

Circle No. 90 on Reader Service Page 15 or |15
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EIGHT-BAND SOLID-STATE RECEIVER

Allied Radio Corporation’s Model 2682 re-
ceiver pulls in eight of the most popular
VHF, and FM

medium-wave, short-wave,
bands. The receiver is
equipped with a built-in
squelch that silences
the receiver between
VHF calls and provides
between-station muting
on FM. A fine-tune con-
trol separates stations
on the crowded medium
and shortwave bands.
Also included in the re-
ceiver are a world map/
time chart, a.n.l,, a.f.c.,
tone control, local-dis-
tance switch, and a tun-
ing-battery meter. The
receiver is supplied with dual telescoping
antennas for FM and VHF reception; built-in
antennas for AM and marine reception.
Bands covered: 540-1600 kHz standard AM;
1.7-5 MHz medium wave (marine); 5-12 and
12-24 MHz international short-wave and ham;
88-108 MHz standard FM; 29-50 and 147-176
MHz VHF police/public service; and 107-136
MHz VHF aircraft.

Circle No. 91 on Reader Service Page [5 or |15

KEEP IN TOUCH
WITH THE ACTION!

INSTANT 2 Way Communications To All Points!

YOU ALWAYS GET THROUGH . . . OPERATES ANYWHERE!
INDOORS, OUTDOORS, IN STEEL BUILDINGS

More performance and features than muth higher priced units »
engineered with space age technigues and military type components
for high reliability, superior perfcrmance and long life » Provides

SUNARGON

VHF-FM 2 WAY
TRANSCEIVER

— (132174 MH2)

instant voice conmtact with base stations mobile units and other
portable transceivers e compatible with all VHF narrowband sys- |
tems = exclusive “Push-to-Talk' mike* « Full frequency range for
all public safety, industrial and land transportation services e
single or split channel operation 1.6 watts output.

SONAR RADIO CORP., 73 Wortman Ave., Brooklyn, N.Y. 11207

FCC TYPE $ with Please send information on Model 2301—the SONARCOM.
ACCEPTED 1 . ) Dept. 925
for parts 89,91,93 and pair Firm Name Title
part 21 telephone use | of crystals and Address Phone.
Mo NOT ACCEPTED | penlite batteries City. State Zip
March, 1969 CIRCLE NO. 30 ON READER SERVICE PAGE 17



ELECTRONICS MARKET PLACE

COMMERCIAL RATE: For firms or individ offering cial
products or services. $1.15 per word (including name and address).
Minimum order $11.50. Payment must accompany copy except when
ads are placed by accredited advertising agencies. Frequency dis-
count: 5% for 6 months; 109% for 12 months paid in advance.
READER RATE: For individuals with a personal item to buy or sell.
70c¢ per word (including name and address). No Minimum! Payment
must accompany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no
extra charge. Additional words may be set in bold caps at 10c extra
per word. All copy subject to publisher’s approval. Closing Date: 1st
of the 2nd preceding month (for example, March issue closes Janu-
ary 1st). Send order and remittance to : Hal Cymes, POPULAR ELEC-
TRONICS, One Park Avenue, New York, New York 10016.

FOR SALE

FREE! Giant bargain catalog on transistors, diodes, rectifiers, SCR's,
zeners, parts, Poly Paks, P.O. Box 942, Lynnfield, Mass. 01940.

GOVERNMENT Surplus Receivers, Transmitters, Snooperscopes, Ra-
dios, Parts, Picture Catalog 25¢. Meshna, Nahant, Mass. 01908.

BUG DETECTOR: WILL DETECT AND LOCATE SURREPTITIOUS
TRANSMITTING DEVICES IN CONFERENCE ROOMS, HOME AND OF-
FICES, ETC. WRITE FOR DETAILS. WJS ELECTRONICS, 737 NORTH
SEWARD, HOLLYWOOD, CALIF. 90038.

ROCKETS: ldeal for miniature transmitter tests. New illustrated
catalog, 25¢. Single and multistage kits, cones, engines, launchers,
trackers, rocket aerial cameras, technical information. Fast service.
Estes Industries, Dept 18, Penrose, Colorado 81240.

LOWEST Prices Electronic Parts. Confidential Catalog Free. KNAPP,
3174 8th Ave. S.W., Largo, Fla. 33540.

TREASURE Hunters! Prospectors! Relco’s new instruments detect
buried gold, silver, coins. Kits, bled dels. Ti istorized.
Weighs 3 pounds. $19.95 up. Free catalog. Relco-A33, Box 10836,
Houston, Texas 77018.

WPE—HAM—CB QSL's samples 25¢. Dick, W8VXK, Gladwin, Mich.
48624.

LINEAR AMPLIFIERS: ‘‘Hornet’’ 50 watts output—$98.50; ‘‘Raider’*
—100 watts—$139.50; ‘‘Maverick-250''—250 watts—$244.95. AM
and $88. "‘Scorpion’'—50 watt 12 V. Mobile amplifier—$99.95;
‘‘Bandit (I'*~~12 V. Mobile Amplifier—$169.95. Frequency range
20-35 megacycles (illegal for class D 11 meters.) Dealer inquiries
invited. D & A Manufacturing Co., 1217 Avenue C, Scottsbluff,
Nébraska 69361.

WRITE now for free 1969 catalog, McGee Radio Company. 1001
bargains. Speakers—Parts—Tubes—High Fidelity Components—Rec-
ord Changers—Tape Recorders—Kits. Everything in Electronics. 1901
McGee Street, Kansas City (GE), Missouri 64108.

ELECTRONIC ignition, various types, Free literature. Anderson En-
gineering, Epsom, N.H. 03239.

DIAGRAMS——Radios $1.50, Tefevision $3.00. Give make and mod-
el. Diagram Service, Box 1151PE, Manchester, Conn, 06042,
GARRARD Record Ch Hi-Fi C , Cartridges, Needles,

Tape, TV Parts, Schematics. Write for Unbelievable Prices. Gregg
Electronics, P.O. Box 184, Glen Head, N.Y. 11545,

EUROPEAN and Japanese bargains catalogs. $1 each. Dee, 10639E
Riverside, North Hollywood, Calif. 91602.

TRANSISTORIZED CONVERTER KITS: Two models, converts car
sadio. Receive 30-50mc or 100-200mc (one mc tuning) $5.00 with
simple instructions. Crystal $2.50. Meshna, No. Reading, Mass.
01864.

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values—
Lowest Prices. Fertik's, 5249 ‘'D’’, Philadelphia, Pa. 19120.

MUSIC LOVERS, CONTINUOUS, UNINTERRUPTED BACKGROUND
MUSIC FROM YOUR FM RADIO, USING NEW INEXPENSIVE AOAPT-
OR. FREE LITERATURE. ELECTRONICS, 11500-I NW 7th AVE,,
M{AMI, FLORIDA 33168.

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, Phonevision, Legal Connector, Auto Dialer,
Central Cial System. TELEVISION: $35.00 Color Converter, Tape Re-
corder, 3DTV, $25.00 Camera. DETECTIVE: Infinity Transmitter, Tail
Transmitter, Police Radar Detector. HOBBYIST: Electron Microscope,
96 Hour Tape Music System, Ultrasonic Dishwasher, Radar-Oven,
Electronic Tranquilizer. Plans $4.95 each. COURSES: Telephone
Engineering $39.50, Detective Electronics $22.50, Anti-Detective
Efectronics $27.50. SUPER HOBBY CATALOG 2S5¢. Don Britton
Enterprises, 7906 Santa Monica Blvd., Hollywood, Catif. 90046.

WEBBER LAB's. Police & Fire Converters. Cat-alog 10¢. 72"Cottago
Street, Lynn, Mass. 01905.

RADIO—T.V. Tubes—33¢ each. Send for free catalog. Cornell, 4213
University, San Diego, Calif. 92105.

WHOLESALE COMPONENTS: Manufacturers and distributors only.
Reguest free catalog on business letterhead. WESCOM, Box 2536,
El Cajon, California 92021.

CONVERT any television to sensitive, big-screen oscilioscope. Only
minor changes required. No electronic experience necessary. {llus-
trated plans, $2.00. Relco-A33, Box 10563, Houston, Texas 77018.

RECTIFIERS, tr tors, other p ts. Catalog free. Electronic
Components Co., Box 2902C, Baton Rouge, La. 70821.

BUILD TV CAMERA IN SINGLE EVENING using solid-state encap-
sulated modules. Previous TV knowledge unnecessary. ideal for stu-
dents, experimenters, etc. Economical! Exciting details FREE. Also
request catalog describing other camera kits, plans, etc. ATV RE-
SEARCH, 1301 Broadway, Dakota City, Nebr. 68731.
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SEND ONLY 25¢ for TWO new & unique gift catalogs of unusual
items for home & auto. You'll also receive certificate for $1.00
refund on your first order. Great ideas! Send now! J. Ross, 80-34
Kent St., Jamaica, N.Y. 11432. Dept. PE.

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

LABORATORY chemicals supplies 1969 catalog has over 400 list-
ings. Many scientific publications catalogues $.25. Caseco, Dept.
X, P.0. Box 77, Riverdale, New Jersey 07457.

FREE ELECTRONICS PARTS FLYER. Large catalog $1.00 deposi{.
BIGELOW ELECTRONICS, BLUFFTON, OHIO 45817.

SPECIAL surveillance devices construction diagrams. Includes: olive
transmitter, infinity transmitter, telephone/room bugs, tailing de-
vices, debuggers, police speed radar jammer, Send $2.00. Bylina
PE, P.0. Box 09131, Chicago, Illinois 60609.

HOBBYISTS, EXPERIMENTERS, amateur scientists, students . . .
Construction Plans—Al complete including drawings, schematics,
parts list with prices and sources . . . Laser—Build your own co-
herent-light optical laser. Operates in the visible light range,
pulsed mode—$6.00 . . . Radar—Build your own ultrasonic dop-
pler radar. Detect motion of people, automobiles, even falling rain
drops. Transistorized, uses standard small 9-volt battery—$4.00
. . . Tic Tac Toe Machine—You play against machine. Automatic.
Can you beat the machine? Sometimes yes, usually no—$4.00 . . .
Long Range ‘‘Sound Telescope’'—This amazing device can enable
you to hear conversations, birds, other sounds hundreds of feet
away. Very directional. Transistorized, uses 9-volt battery—$3.00
. . . Or send 25¢ coin or stamps for complete catalogue . . . Tech-
nical Writers Group, Box 5994, State College Station, Raleigh, N.C.
27607.

AMAZING Performance! Newest Models—Treasure Detectors. Sensa-
tional low prices! Complete models and kits from $14.95 to $129.50.
Let us prove it. Free catalog. Jetco Electronics, Box 132-PE, Hunts-
ville, Texas 77340.

FIND BURIED TREASURE with the most popular transistorized metal
detector in the country. Treasure Probe available as kit ($14.88),
assembled ($18.88), with powerful built in speaker ($24.88). Sche-
matic, parts list, and step by step instructions $1.00. Ten day
money back guarantee. Free catalog available. Treasure Probe, Dept.
PGL, P.0. Box 64, Lakewood, New Jersey 08701.
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NOW motors, tubes, chassis, gear units, components, government
and industrial surplus. Catalog 20¢. Mechtronics, Dept. SPE 25260
Gratiot, Roseville, Mich. 48066.

POLICE-FIRE RADIO STATION DIRECTORIES! Exclusive ‘'confi-
dential’’ calisigns, frequencies. Now ail areas. Official listings.
Catalog for stamp. Communications, Box 56.PE, Commack, N.Y.
11725.

BUILD F.M. Bugging Devices, two revolutionary schematics $1.00,
Laser Construction Plans: Visible beam, operational in pulsed
mode. $2.00. Howard, 20174 Ward, Detroit, Michigan 48235.
“IMPOSSIBLE’’ scientific breakthrough! Reversible electric motor
without windings! Easily built: difficult to understand. Plans $3;
Model $10. '*A guide to over 700 Electronics Construction Projects*’
—$5. BEL ENTERPRISES, Box 381.PE, Bellflower, Calif. 90706.
ELECTRONIC bargain catalog on unusual kits, parts, do-it-yourself,
stereo, intercoms, Alcon, P.0. Box 1348-P, Lawrence, Mass. 01843,
FREAK OUT with an unfiltered blacklight. One 20 inch ultra-
violet tube costs only $4.00! Send to: Karol, 12688 Schaefer, De-
troit, Michigan 48227.

DESIGN TRANSISTOR CIRCUITS 25 page article. Anyone can de-
sign successful projects. Send §$1.00. Cates Electronics R#2 Box
13A, Doniphan, Mo. 63935.

LASER material catalog 60c. Moynihan, 107 North Brighton, Atlantic
City, New Jersey 08401.

TRACKING UNITS. Government Surplus. Y5 Government cost $45.00.
P.0. Box 2147, Bakersfield, Calif.

'STROBES, COLOR ORGANS, THE UNIQUE STROBIT. Factory prices.
Save 259%-50%. Catalog 25c¢, refunded first order. Teletronics,
Box 1266, South Lake Tahoe, California 95705.

CIRCUIT Boards, Parts for *‘Poptronics’’ projects. Free catalog.
S.W. Technical, Box 16297, San Antonio, Texas 78216.
PSYCHEDELIC catalog. Posters, lighting etc. Send 25c for han-
dling to Hole In The Wall, 6055PE Lankershim, North Hollywood,
Calif. 91606.

ZENERS 1W 3.3v=200V, *+5%, 2/$1.00; 12/$5.00. Box 1577,
Boulder, Colorado 80302.

UNBEATABLE electronic tictattoe, plans $1.00. Box 3034, Holly-
wood, California 90028,

HIGH FIDELITY

FREE! Send for money saving stereo catalog #P3E and lowest quo-
tations on your individual component, tape recorder, or system re-
quirements. Electronic Values, Inc., 200 W. 20th St., New York,
N.Y. 10011.

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

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

TAPE RECORDERS, Hi-Fi, components, Sleep Learning Equipment,
tapes. Unusual Values Free Catatog. Dressner, 1523R, Jericho Turn-
pike, New Hyde Park, N.Y. 11040.

DON'T THROW YOUR OLD CARTRIDGE AWAY. Send us $19.95 and
any old cartridge. We will ship PREPAID any one of the following
top rated elliptical diamond stereo cartridges NEW: Shure M7SE,
MI1E, M9I2E, MI3E, Empire 88BE, Pickering VISAME3, XV15 ATE,
ADC 660E, 550E. Write for lowest quotations all stereo components.
DEFA ELECTRONICS, 2207 Broadway, New York, N.Y. 10024.

NEW Record Changers. BSR-$13; V.M —$16; Garrard—$22; Radio-
Phone stereo—$15. *‘CHANGERS-PE'’, 2737 Third Ave., Bronx, N.Y.
10451.

ACOUSTIC RESEARCH products now available to overseas person-
nel, diplomats, and citizens of foreign countries. Write for full
product and dealer information. AR International, Dept. PE, 24
Thorndike St., Cambridge, Mass. 02141,

DON'T THROW YOUR OLD CARTRIDGE AWAY. Send us $50.00 and
any old used cartridge and we will ship you via air Prepaid any-
where the foilowing Top Stereo Cartridges: Shure V-15 Type 11, Em-
pire 999VE, ADC 10EMK II, Stanton 681EE. Write for lowest
quotations all stereo components. DEFA ELECTRONICS, 2207
Broadway, New York, N.Y. 10024.

JAPAN HONG KONG DIRECTORY. Electronics, all merchandi
World trade information. $1.00 today. lppano Kaisha Ltd., Box
6266, Spokane, Washington 99207.

PLANS AND KITS

BUILD-IT-YOURSELF. Save big dollars. Transistor stereo amplifiers.
Color organs. Speakers. Write Workshop, Box 393, Bethpage, New
York 11714.

KITS, metal detector $5.95. Audio Telescope $5.95, others. Lec-
tronixe, Box 42, Madison Heights, Michigan 48071.

SOLAR FLYING SAUCERS. (brand new, solid state engine, fantastic
performance, flies for miles on sun's power, lifts animals, send mes-
sages, parachutes, build easily for next to nothing with everyday ma-

terials, many sizes, many designs). Complete plans, descriptions,

drawings. $1.00. Spacetronics, Box 31043.PE, San Francisco, Calif.
94131.
OSCILLOSCOPE improvement kits. High speed Triggersweep elimi-
nates sync problems, Dual trace FET switch displays two wave.forms
together. Solid-State Services, P.0. Box 901, Cupertino, California
95014.

WANTED

CASH Paid! Unused tubes, electronic equipment. Barry, 512 Broad-
way, NYC 10012.

QUICKSILVER, Piatinum, Silver, Gold, QOres Analyzed. Free Circular.
Mercury Terminal, Norwood, Mass. 02062,

TUBES

TUBES ‘‘Oldies*’, latest. Lists free. Stei
Hammond, Indiana 46324.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians, Hobbwists, Experimenters—Request
FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turnpike,
Mineola, N.¥. 11501.

TUBE Headquarters of World! Send 10¢ for Catalog (tubes, elec-
tronic equipment) Barry, 512 Broadway, N.Y.C. 10012,

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

tz, 7519 Mapl d.

“16 TESTED TRANSISTOR PLANS''—25c. ‘'Coil Winding'' Hand-
book—50c. Catalog. Laboratories, 12041.L Sheridan, Garden
Grove, Calif. 92640.

SUB-CARRIER MUSIC ADAPTER for uninterrupted commercial-free
music. 6-transistor circuit uses standard components. Inexpensive
and easy to build. Connects easily to any FM tuner. Complete
plans and 3x4'," etched circuit board $4.50. Wallace Enterprise,
Inc., 83-15 98th Street, Woodhaven, N.Y. 11421,

TINY ROCKETS from ordinary paper soda-straws blast in smoke and
flame nearly out of sight. Copyrighted Instructions $1.09. Micro-
rockets, RR2A, Hagerstown, Indiana 47346.

THOUSANDS and thousands of types of electronic parts, tubes,
transistors, instruments, etc. Send for Free Catalog. Arcturus Elec-
tronics Corp., MPE, 502.22nd St., Union City, N.J. 07087.

TUBES—lowest prices in the world. Hard to get British, German,
Foreign and American obsolete and present day special purpose
transmitting tubes. Send for giant tube and parts catalog. United
Radio Co., Dept. Y-56 Ferry Street, Newark, N.J. 07105.

TAPE AND RECORDERS

INTEGRATED CIRCUIT KITS: COMPUTER, AUDIO, Others. New
catalog free. KAYE ENGINEERING, Box 3932.A, Long Beach, Cali-
fornia 90803.

ALLWAVE kit tube and transistor, $4.00. Headset $1.75. Ekeradio,
Box 131, Temple City, Calif. 91780.

REDUCE your measurements electronically—no exercising! Build

transistor muscle reducer and toner. Plans $2.00. Youssi, Rt. 1,
Box 868—44, Amarillo, Texas 79106.

March, 1969

HI-FI C ts. Tape Recorders, at guaranteed ‘‘We Will Not Be
Undersold’* prices. 15-day money-back guarantee. Two-year warranty.
No Catalog. Quotations Free. HiFidelity Center, 239 (PT) East 149th
Street, New York 10451,

BEFORE Renting Stereo Tapes try us. Postpaid both ways—no deposit
—immediate delivery. Quality—Dependability—Service—Satisfaction
—prevail here. If you've been dissatisfied in the past, your initial
order will prove this is no idle boast. Free Catalog. Gold Coast Tape
Library, Box 2262, Palm Village Station, Hialeah, Fla, 33012.
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RENT 4-Track open reel tapes—all major labels—3,000 different—
free brockure, Stereo-Parti, 55 St. James Drive, Santa Rosa, Ca.
95401.

TAPE RECORDER SALE. Brand new nationally advertised brands,
$10.00 above cost. Amazing discounts on stereo components. Arkay
Electronics, 1028.C Commonwealth Avenue, Boston, Mass. 02215.

STEREO TAPE CLUB: AVERAGE COST $3.78—$4.20. Cartridges,
Cassettes, Reels, No minimum monthly purchases. Mail—10¢—
catalog. Star Recordings, Box 1055, El Paso, Texas 79946.

MAKE FRIENDS WORLDWIDE through international correspondence.
Iltustrated brochure free. Hermes, Berlin 11, Germany.
INVESTIGATORS, LATEST ELECTRONIC AIDS. FREE LITERATURE.
CLIFTON, 11500-K NW 7th AVE., MIAMI, FLORIDA 33168.

SECRET plans revealed, Free brochure. Audiotronix E3, 156 Fifth
Avenue, New York, N.Y. 10010.

INSTRUCTION

TAPEMATES makes available to you ALL 4-TRACK STEREO TAPES—
ALL LABELS—postpaid to your door—at tremendous savings. For free
brochure write: TAPEMATES, 5727 W. Jefferson Blvd., Los Angeles,
California 90016.

STEREQ TAPES, Save 30% and up; no membership or fees re-
quired; postpaid anywhere U.S.A. Free 70-page catalog. We dis-
count batteries, recorders, tape/accessories. Beware of slogans,
“’not undersold’’, as the discount information you supply our com-
petitor is invariably reported to the factory. SAXITONE, 1776 Co-
lumbia Road, N.W., Washington, D.C. 20009. ~ °

REPAIRS AND SERVICES

LEARN While Asleep, hypnotize with your recorder, phonograph. As-
tonishing details, sensational catalog free! Sleep-learning Associa-
tion, Box 24-ZD, Olympia, Wash. 98501. -
LEARN ELECTRONIC ORGAN SERVICING at home all makes including
transistor. Experi { kit—trouble-shooting. Accredited NHSC, Free
Booklet. NILES BRYANT SCHOOL, 3631 Stockton, Dept. A, Sacra-
mento, Calif. 95820.

ASSOCIATE Degree in Electronics Engineering earned through com-
bination correspondence-classroom educational program. Free bro-
chure. Grantham Technical Institute, 1505 N. Western Ave., Holly-
wood, Calif. 90027. T

FCC First Class License in six weeks—nation’s highest success rate—

d £a ot

TV Tuners rebuilt and alig per s specification.
Only $9.50. Any make UHF or VHF. Ninety day written g t

pproved for Veterans Training. Write Elkins Institute, 2603B Inwood
Road, Dallas, Texas 75235.

Ship complete with tubes or write for free mailing kit and dealer bro:
chure. JW Electronics, Box 51C, Bloomington, Indiana 47401.

MAKE money with your camera. How and where to sell your photos.
Send $1.00. Rowe Enterprizes, 22636 Ocean Ave., #A, Torrance,
California 90505.

ASSEMBLE and repair kits any er. Build equip-
ment your design or mine. DNS Electronics, 4023 Myerwood Lane,
Dallas, Texas 75234.

CHASSIS: All types and sizes. Will build to your specifications.
Phone 307-532-5752. A & T Manufacturing, Inc., 1902 West C.,
Torrington, Wyoming 82240.

R.E.l.'s famous (5) week course for the First Class Radio Telephone
License is the shortest, most effective course in the nation. Over
989 of R.E.1. graduates pass F.C.C. exams for 1st class license.
Total tuition $360.00. job placement free. Write for brochure. Ra-
dio Engineering Incorporated Schools, 1336 Main Street, Sarasota,
Florida 33577—or 3123 Giltham Road, Kansas City, Missouri 64109
—or 809 Caroline Street, Fredericksburg, Virginia—22401—or 625
E. Colorado Street, Glendale, California 91205.

SHIP RAD!O OFFICER TRAINING—SHIPS have been held up await-
ing needed personnel, train now at Long Beach, the home of the
Queen Mary. Radio officers earn to $1800.00 monthly. Write for
free information. Western Technical School, 5459 Atlantic Ave.,
Long Beach, Calif. 90805, Desk B. Approved for veterans.

PERSONALS

LEMURIAN VIEWPOINT—Meaningful discussions of Cosmic Truth:
the purpose of human life, reincarnation, man’s place in a Higher
Plan, and subjects from the Lemurian Philosophy. Send for FREE
l:cépy. Lemurian Fellowship, Dept. 912, Box 397, Ramona, Calif.
92065.

LEARN AVIONICS (Aircraft Electronics) G.l. APPROVED. Catalog.
ACADEMY AVIONICS, Stead Airport, Reno, Nevada 89506.

INVENTIONS WANTED

INVENTIONS wanted. Patented; unpatented. Global Marketing Ser-
vice, 2420-P 77th, Oakland, Calif. 94605.
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PATENT Searches including Maximum speed, full airmail report and
closest patent copies, $6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention Protection forms and
‘‘Patent Information.’’ Write Dept. 9, Washington Patent Office
Search Bureau, 711 14th Street, N.W., Washington, D.C. 20005.

QUALITY Patent Searches! Preferred by Professional Inventors, Law-
yers, Manufacturers. ‘*Confidential Report’’ Including related United
States patent copies ‘‘Airmailed Certified.”* FREE information!
United States Inventors Service Company, 501-H Thirteenth Street,
N.W., Washington, D.C. 20005.

INVENTORS. We will develop, help sell your idea or invention, pat-
ented or unpatented, Qur national manufacturer clients are urgently
seeking new items for outright cash sale or royalties. Financial as-
sistance available. 10 years proven performances. For free informa-
tion, write Dept. 41, Wall Street Invention Brokerage, 79 Wall
Street, New York, N.Y. 10005.

INVENTORS! OUR FREE EXPERT ANALYSIS of your invention can save
valuable time, hefp you realize full sale value. Strictly confidential.
FREE INVENTION CERTIFICATE. Write today: Pioneer Invention Ser-
vice, Dept, 35, 150 Broadway, New York. N.Y. 10038.

INVENTORS! Sell your invention for cash or royalties! Our client
manufacturers eagerly seek new items. Patented. Unpatented. Finan-
cial assistance if needed. 25 years proven performances. For free in-
formation, write Dept 20, Gilbert Adams, Invention Broker, 80 Wall
St., New York, N.Y. 10005,

FREE ‘‘Directory of 500 Corporations Seekmg New Products.’’ For
information regarding devel t, sale, li g of your patented/
unpatented invention. Write: Raymond Lee Organization. 230-GR
Park Avenue, New York City 10017.

PATENT SEARCHES, including copies of related United States Pat-
tents. Inventors, attorneys, manufacturers use our ‘‘World-Wide'*
Airmail service! Free: ‘‘Invention Record'’ form and ‘‘Information
Every Inventor Needs'’, Hayward Company, 1029HR Vermont, Wash-
ington, D.C. 20005.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90 . . . Trucks From $78.40 . . . Boats,
Typewriters, Airplanes, Multimeters, Oscilloscopes, Yranscenvers,
Electronics Equipment. Wide Variety, Condition. 100,000 Bid Bar-
gains Direct From Government Nationwide. Complete Sales Direc-
tory and Surplus Catalog $1.00. (Deductible First $10.00 Order).
Surplus Service, Box 820-J, Holland, Michigan 49423,

GOVERNMENT Surplus How and Where to Buy in Your Area. Send
$1.00 to: Surplus Information PE, Headquarters Building, Washing-
ton, D.C. 20036.

BOOKS

Buy 10 Gisos 7 7258

[J $25 SURPRISE PAK: tiansistors, rect, diodes, ote. ..
50 MICA CONDENSERS, 1o .1mf, silvers t0o! . .o $
10 KODAK LENSES, convex, piano. cte. Hobby must $1
50 GERMANIUM GLASS DIODES, IN31, IN48 no test $1
40 TOP HAT SILICON RECTIFIERS, no testasst values $1
25 EPOXY RECTIFIERS, \H'ICUH asst, no test 51
40 PRECISION RESISTORS, 15L-2W., 17/ usst values .. $1
30 TRANSISTORS, rf, if, aurlio, ose. no test . $
60 TUBULAR CONDENSERS, to-.>m{ to 1KV,
50 DISC CONDENSERS, to.05m{ npo. temp coef, .\\st $1
60 TUBE SOCKETS rceceptacles, plugs, audio, cte. ..
30 POWER RESISTORS, o 20 watts, to 24K ohm
60 CERAMIC CONDENSERS. discs, npo's, to 05,
| 40 "*MICRO’’ RESISTORS, fortransistorcircuitry $1
10 VOLUME CONTROLS, to 1 meg, switch too! ... $1
10 ELECTROLYTICS, to 100mf, tubulars l.oo, asst
50 RADIO & TV KNO!S asstd colors & styles
10 TRANS'TOR ElECTlOlYTlCS to 100mf, asst v 3
50 COILS AND CHOKES, if, rf, ant, osc, pcdl\mg cte $1
65 HALF WATTERS, to 1 meg. 574 popular values too $1
60 HI-QUALITY RESISTORS, 1%, 1, 2W asst values ...
10 RCA PHONO PLUGS & JACK SETS tuners, cte
35 TWO WATTERS, aust inel: ALB., 570 too! ..
2-PC INFRA-RED DETECTOR & FILTEI SET xe ltm.cpl()JlSl
2 FIELD EFFECT TRANSISTORS, n channel, hobby ... $1
50 TERMINAL STRIPS, 1 to & lug types s o
3 PHOTO ELECTRIC CEllS, hi. imp.. schematic .
3 TRANS'TOR AMPLIFIER, WIRED, 3 x2x7 " schematic $1
10 PRINTED CIRCUIT BOARDS, copper clad, 100 uses $1
10 TRANSISTOR SOCKETS, for pnp & npn type $1
10 PANEL SWITCHES, toggle, slide, miero, rotary .. $1
5 "'SUN’' BATTERIES, for 100°s of lite sens projs ... $1
120 NE 2 BULBS, GE, for 100's\ projs:Holby must $1
|— 30 MOLDED COND'S, myiar, pore, biack heauty. 5
] 6 *IsM’'* COMPUTER BOARDS, mauny trans, dm(les. $1
[] 40 **MICRO'* CONDENSERS, fortransistorcircuitry 51
[ 40 CORNING *'LOW NOISE'" resistors, asst.
L] 2— CLAIREX **DiSC’*‘PHOTO ELECTRIC CELLS, .. .. 3
ADD POSTAGE, avg. wt: Y5 Ib. [} CATALOG 10¢

P.O, BOX 942E
LYNNFIELD, MASS.
01940

OO0
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FREE catalog 950 aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Fallbrook, California 92028.

UNUSUAL Boaoks! Catalog free!
Atlanta, Georgia 30309.

FREE Book Prophet Elnah Comlng Before Christ. Wonderful Bible
Evidence. PE Megidd Rochester, New York 14616G.

FREE CATALOG. BOOKS FOR ADULTS. CATALOG, 2217 LACKLAND,
ST. LOUIS, MISSOURI 63114.

AMAZING self help books. Write Lynn, Box 1573, Waco, Texas
76703.

International, Box 7798 (PE),

MAGAZINES

BACK DATE MAGAZINES! Send needs. Midtown, Box 917-PE, May-
wood, N.J. 07607.

AUTHORS' SERVICES

AUTHORS! Learn how to have your book published. promoted, dis-
tributed. FREE booklet '‘ZD,’’ Vantage, 120 West 31 St., New York
10001.

MUsIicC

MUSICAL INSTRUMENTS

ACCORDIONS, GUITARS, AND INSTRUMENTS! Save to 50%. Terms.
Trades. Free Trial. Free catalog. Mention instrument, Music Mant,
5535.PE Belmont, Chicago 60641.

HYPNOTISM

FREE Hypmotism, Self-Hyprosis, Sleep Learning Catalog! Drawer
H400, Ruidoso, New Mexico 88345.

‘‘MALE-FEMALE HYPNOTISM'* EXPOSED, EXPLAINED! *‘SECRET
METHOD'’'—~THEY NEVER KNOW! $2, RUSHED. GUARANTEED! ISA-
BELLA HALL, SILVER SPRINGS, FLORIDA 32688.

AMAZING HYPNOTIC record kit rekeases fantastic mental power!
Free offer expires soon, Write: Farum, Studio AA3, 333 North
Michigan, Chicago 60601.

HYPNOTIC sleep learning recordings produce fabulous results, Cata-
logue Free. ASR Foundation, Box 7821leg Henry Clay Station, Lex-
ington, Ky. 40502.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

POEMS wanted for new songs. Nashville Music Institute, Box 532-E,
Nashville, Tennessee 37202.

March, 1969

MEDICAL Film—Adults Only—‘‘Childbirth’*—1 reel 8mm $7.50—
16mm $14.95. International-E, Greenvale, L.1., New York 11548.
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SCIENCE Bargains Request Free Giant Catalog 'CJ''—148 pages—
Astr icat Tel , Microph Lenses, Binoculars, Kits,
Parts. War surplus bargains. Edmund Scientific Co., Barrington,
New Jersey 08007.

MAGNETS

MAGNETISM as | see it—by Jesse Costa—a 100 page pictorial manu-
script describing my latest theories and experiments in basic mag-
netism, ($3.00) Box 26, Waquoit, Massachusetts 02536.

MAGNETS. All types, Special—20 disc magnets, or 2 stick magnets,
or 10 small bar magnets, or 8 assorted magnets, $1.00 Maryland
Magnet Company, 5412-H Gist, Baltimore, Maryland 21215.

PLASTICS

SELL HERTEL BIBLES—Part Time. Finest reference Bible available.
Demonstrator and supplies furnished. Excellent commissions, Write
International Book, Dept. PE, Box 118, Wichita, Kansas 67201.
MAILORDER. . . Positively No Investment in products! Details:
Methods, 1412.F.D. Lafayette Hill, Pennsylvania 19444,

EARN $240.00 a month at home, spare time, doing only two $5.00
Invisible Mending jobs a day. Big money paid for service that
makes cuts, tears disappear from fabrics. Steady demand. Details
free. FABRICON, 1572 Howard, Chicago 60626.

SELL America's Biggest value wedding line! Big 40% profit show-
ing wedding invitations and over 50 exciting accessory items, Side-
line for printing, Christmas card salesmen. Free display album.
Elmeraft, 7201 S. Cicero, Dept. EW-187, Chicago, Illinois 60629.
MAKE money with your camera, How and where to sell your photos.
Send $1.00. Rowe Enterprizes, 22636 Ocean Ave., #7A, Torrance,
California 90505.

NEW LIQUID PLASTICS for creating unusual gifts with real flower
embedments, photographs, special collections. Reproducing origi-
nals. Hundreds of other profitable ideas. New Manual 25¢. Castolite,
Dept. 9CSC, Woodstock, 11l. 60098,

RECORDS

SPECIAL INTEREST RECORDS AVAILABLE, PRODUCED BY THE EDI-
TORS OF THE WORLD’S LEADING SPECIAL INTEREST MAGAZINES.
SEND FOR FREE CATALOG. RECORD CATALOG-PE ZIFF-DAVIS PUB-
LISHING COMPANY, ONE PARK AVENUE, NEW YORK, N.Y. 10016.
19¢ RECORDS from your tapes. Write Concert Recording, Lynwood,
California 90262.

REAL ESTATE

400,000,000 ACRES government public land tocated in 25 states.
Low as $1.00 acre detailed 1969 report. Send $1.00. Land Infor-
mation 422-PE3, Washington Building, Washington, D.C. 20006.
FREE . . . 232 page Spring 1969 CATALOG! Describes and pictures
hundreds of farms, ranches, town and country homes, businesses
coast to coast! Specify type property and location preferred. Zip
code, please. UNITED FARM AGENCY, 612.EP West 47th St.,
Kansas City, Mo. 64112,

HOW AND WHERE to get finance capital, loans, grants, cash to
start a business. Free details—helped others. Counselor-48, Harling-
en, Texas 78550.

EMPLOYMENT OPPORTUNITIES

BOOMING AUSTRAL!A wants You—Good jobs, Adventure. Forms and
Australian Handbook (1969) describing Australian assisted passage,
p t-visa, advantag opportunities $1.00. Buckeye, Box
1032TQ, Fairborn, Ohio 45324.

SHORTWAVE LISTENING

POLICE—~FIRE—AIRCRAFT—MARINE—AMATEUR CALLS on your
broadcast radio with TUNAVERTER! Tunable and crystal in one!
Guaranteed! Free catalog. Salch Co., Woodsboro-PEC, Texas 78393.

/

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available now. Construction,
all trades. Earnings to $3,000.00 monthly. Paid overtime, travel
bonuses. Write; Universal Employment, Woodbridge, Conn. 06525.

STAMPS

PRINTING

SURPRISE COLLECTION! Exotic mint British Colonials, absolutely
free with approvals. VIKING, Great Neck 50, N.Y. 11021.

THERMOGRAPHED business cards, $3.49—1,000, free samples.
Gables—405A Clifton, Glenshaw, Pa. 15116,

125 FOREIGN stamps, guaranteed over $12.00 catalogue value,
$2.00. Lakeshore, Box 162-E, Concord, Tennessee 37720.

FREE LITERATURE: Address labels, business cards, printing, Rubber
Stamps. JORDAN'S, 552 West O*Connor, Lima, Ohio 45801.

MISCELLANEOUS

BUSINESS OPPORTUNITIES

WINEMAKERS: Free illustrated catalog of yeasts, equipment. Sem-
plex, Box 7208, Minneapolis, Minn. 55412.

INVESTIGATE ACCIDENTS: Earn to $1000 monthly. Men urgently
needed. Car furnished. Business expenses paid. No selling. No Col-
lege education necessary. Pick own “job location. Investigate full
time or earn to $8 hour spare time. Write for FREE information. No
obligation. Universal Schools, CZ-3, 6801 Hillcrest, Dallas, Texas
75205.

RAISE Rabbits for us on $500 month plan. Free details. White's
Rabbitry, Mt. Vernon, Ohio 43050.

FREE CATALOGS. Repair air conditioning, refrigeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201.
PIANO TUNING learned quickly at home. Tremendous field! Musical
knowledge unnecessary, Gl Approved. Free Information. Empire
School, Miami, Florida 33145,

FREE Book '*990 Successful little-known Businesses.”’ Work home.
Plymouth 345W, Brooklyn, N.Y. 11218.

ELECTROPLATING Equipment and supplies. All types for home work-

BILLS PAID WITHOUT BORROWING—Nobody refused up to
$18,000.00. Bad credit no problem—Not a Loan Company. Write for
FREE application—INTERNATIONAL ACCEPTANCE, Dept. SO0A, Phoe-
nix, Arizona 85012—711 14th St., N.W., Washington, D.C. 20005—
507 Carondelet St., New Orleans, La. 70130.

STOP BURGLARS THE EASY WAY!I! Affix authentic *’Protected by
Electronic Sentry Alarm’* Decals to auto windows, door & windows
of home. retail stores, vending machines, etc. Whether you have an
alarm or not—thieves stay away! Only $1.00 each set of two. J.
Ross, 80-34 Kent St., Jamaica, N.Y. 11432, Dept. PE.

EMPLOYMENT Resumes. Get a better job & earn more! Send only
$2.00 for expert, complete Resume Writing Instructions. J. Ross,
80-34 Kent St., Jamaica, N.Y, 11432, Dept. PE.

“ADULT’ Books, Magazines . . . Free illustrated catalogue.
Clifton's, Box 1068.E5, Saugus, Calif. 91350.

STAMMER — Stutter — No more. (Dr. Young.) Write Gaucho, Box
9309-E8, Chicago 60690.

shops and industrial. Send $2.00 (refundable) for eq ip t guide
formulas, operating data, catalog. HBS Equipment Division 90, 3543
East 16th, Los Angeles, California 90023.

| MADE $40,000.00 Year by Mailorder! Helped others make money!
Start with $10.00—Free Proof. Torrey, Box 318-N, Ypsilanti, Michi-
gan 48197.

$200.00 DAILY In Your Mailbox! Your opportunity to do what mail-
order experts do. Free details. Associates, Box 136-J, Holland,
Michigan 49423.
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CLASSIFIED ADVERTISING IN POPULAR ELECTRONICS——Your best
bet for outstanding mail order sales. These pages are read thoroughly
each month by electronic hobbyists seeking those products and
services found only in the ELECTRONICS MARKET PLACE. POPULAR
ELECTRONICS readers respond readily——they know they can rely
on the advertisers appearing in the pages of their favorite magazine.
Your low cost ad will result in increased mail order response for
you! Send copy and payment to: Hal Cymes, Classified Advertising
Mgr., POPULAR ELECTRONICS, 1 Park Ave., New York, N.Y. 10016.

POPULAR ELECTRONICS



POPULAR ELECTRONICS
MARCH 1969
ADVERTISERS INDEX

READER

SERVICE NO. ADVERTISER PAGE NO.
I Accurate Instrument Co. Inc. ................. 17
2 Aerotron, Controlator ............. 00000000000 114
4 Antenna Specialists Co., The .................. 9
5 Argos Products Company ..................... 100
6 B &K ..ot e e e, 23
Bell & Howell Schools ..............co0vuun.. 5
7 Burstein-Applebee Co. ....................... 100

CREIl, Home Study Division, McGraw-Hill
Book Company ................... 36, 37, 38, 39
8 Career Academy ...........covieueennennne... 104
9 Caringella Electronics, Inc. ................... 1o
10 Cleveland Institute of Electronics ....62, 63, 64, 65
12 Cleveland iInstitute of Electronics ............ 102
13 C/P Corporation ............................ 13
14 Cook’s Institute of Electronics Engineering ..... 104
Coyne Electronics Institute ................... 105
15 Edmund Scientific Co. ...............0ov0uunne. 16

Il EICO Electronic Instrument Co., Inc.
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37 Electro-Voice Inc. .........c.civviinnnnienn.. 6
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39 G C Electronic Co.. Calectro Division ....... 10, 11

Grantham School of Electronics ............... 7
16 Heath Company .................... 88, 89, 90, 91
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RCA Institutes, Inc. ............ 106, 107, 108, 109
28 Sams & Co., Inc.,, Howard W, ................. 99
29 Schober Organ Corporation, The .............. 105
30 Sonar Radio Corporation ..................... 17
31 Squires-Sanders, Inc. ........cce0viinnennn... 98
32 United Audio Products, In¢. .........000vvn.n.. 12
36 University Sound ............. 0000000 e N1 |

Valparaiso Technical Institute ............. vaa 116
33 Vanguard Electronic Tools Inc. ............... 14
34 Winegard Company .................. 00000000 110

CLASSIFIED ADVERTISING 118, 119, 120, 121, 122

popuLar ELECTRONICS
SUBSCRIBER SERVICE

Please include an address label when writing about
your subscription to help. us serve you promptly.
Write to: Portland Place, Boulder, Colo. 80302

R ~—AFFIX LABEL
CHANGE OF ADDRESS R

Please let us know === r——=
you are moving at -~ _
least four to six D=z = gl 3 oy |
weeks in advance. A- 3 2| & 3 =N
fix magazine address B =
label in space to the ] s I
right and print new 2 |
address below. If you | g
have a question about | 0 |
your subscription, at- ° <
tach address label to | Y =1 !
your letter. | 2 = i
TO SUBSCRIBE: 3 by
Check boxes below. | = =
O New [ Renewal | o
05 years $20 5
O 3 years $13 I, s )
O 1 year $5 | v a |
SPECIFY: g 2 i
{J Payment enclosed | =
~You get 1 extra [ |
issue per year as ~~N ’
EREQHES AT vastaon: s r\;o;To-Ii&‘
{3 Bill me later. [U.S.,, Tts pusmslpo:s & Canada‘]
nome please print c251
address
city
stare zip-code

PHOTOGRAPHY ANNUAL

A selection of the World's finest photographs com.
piled by the editors of Popular Photography. All

editions $1.25 each 1966 — $1.25......#1

1964 — $1.25........ #3
1967 — $1.50.....#38 Order by number from
Ziff-Davis Service Div., 595 Broadway » New York,
N. Y. 10012, Enclose add’! 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A.)

COMMUNICATIONS HANDBOOK

World’s most plete guide to ications, 148 fact
packed pages of features by experts in each category.
1968....$1.25. .. . #53
1967....81.25. ... #47
Order by number from
Ziff-Davis Service Div., 595 Broadway, New York,
N.Y. 10012. Enclose add’l 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A.)

March, 1969

Printed in the U.S.A. 123



- The

el Finest
Tra nsceiver

""" - Made

+ 1s Only As Good As Your Antenna.

o q And the most trusted name in
b communications antennas today is
| Stacked ‘Beams Mosley. . . your guarantee of
5 quality,
’ Mosley. . . Manufacturer of anten-
= A = I nas for Citizens Band, amateur,

military, industrial and commercial
radio.

Mosley. . . Known and respected
by the leaders: White House,
U.S.A.F.. N.A.S.A., Pan American
Airlines, M.1.T., and many more.

Mosley. . . Assuring you of the
very most for your CB dollar with
an ever-growing line of antennas.

Illustrated here are examples of
the many different Mosley CB
antennas available.

Find out how Mosley can meet
your specific CB antenna needs.
See your nearest authorized
Mosley dealer for detailed
information. Or indicate area of
interest and write for free
literature.

Dept. 178

”as/eq Slicthons S

b 4610 North Lindbergh Blvd.,
Bridgeton, Missouri 63042

-
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Because . we beat the heat you can play

it cool | | with the 6LQ6/6JE6C...
5

Yes, you play it cool when you
replace a 6JE6GA, B or C tube in
the demanding horizontal-
deflection-amplifier socket of
your customer's color TV set.
RCA's 6LQ6/6JE6C Novar beam
power tube beats the overheating
problem common to the

other tubes.

As a matter of fact, it can actually
withstand 200 W plate dissipation
for 40 seconds because of
design improvements that include
repositioned getters, cavity

plate designed for better plate
dissipation, and larger diameter
screen grid wire which reduces
screen grid temperature and
improves the high voltage

cutoff characteristic.

So play it cool. Replace with

the RCA 6LQ6/6JE6C. And watch
your customers warm up. More
confidence from them...fewer
call-backs for you.

Innovations and improvements
that make your service operation
more reliable, efficient and
profitable are our constant aim.
See your Authorized RCA Tube
Distributor for quality RCA
receiving tubes.

RCA Electronic Components,
Harrison, N.J. 07029




ICO Makes It Possible

Uncompromising engineering—for value does it!
You save up to 50% with Eico Kits and Wired Equipment.

Cortina. -

o bl w
——— [ ] R ™ . Y THE VERDICT 1S IN. High fidelity authorities agree:

Cortina's engme(.”lng excellence, 100% capability, and

A Solid-State FM Stereo Tuner for $99.95 kit, $139.95 wired,

. compact dramatic esthetics all add up to Total
Py, i = Stereo Performance at lowest cost.
NEW 0 y & . A Silicon Solid-State 70-Watt Stereo Amplifier for $99.95 kit,
3 o $139.95 wired, including cabinet. Cortina 3070
. TN RS e G »
—— —— —— including cabinet. Cortina 3200.

NEW A 70-Watt Solid-State FM Stereo Receiver for $169.95 kit, $259.95 wired,
NEW Silicon Solid State 150-Watt Stereo Amplifier designed for audio
— s om perfectionists. Less than 0.1% harmonic distortion, 1M distortion.
. Less than 0.6% at full output. Controls and inputs for every music
source. $149.95 kit, $225.00-wired including cabinet. Cortina 3150.

) 1ii O ’3 I ﬁ ~ill e NEW 70-Watt Solid State AM/ FM Stereo Receiver for $189.95 kit,
B2 $279.95 wired including cabinet. Cortina 3770.

»
Elcocraft The newest excitement in kits.
100% solid-state and professional.

Fun to build and use. Expandable, interccnnectable. Great as "jiffy” projects

and as introductions to electronics. No technical experience needed. Finest parts,

pre-drilled etched printed circuit boards, step-by-step instructions.

EC-100 Electronic Siren $4.95, EC-101 Electronic Burglar Alarm $6.95,

EC-102 Electronic Fire Alarm $6.95, EC-200 Electronic Intercom $5.95

EC-300 Audio Power Amplifier $5.95, EC-4Q0 Electronic Metronome $3.95,

EC-500 Tremoto $9.95, EC-600 Electromc Light Flasher $3.95,

EC-700 Electronic “Mystufuer" $4.95, EC-800 Photo Cell Nite Lite $4.95,
EC-900 Power Supply $8.95, EC-1000 Code Oscillator $2.50,

EC-1100 FM Wireless Mike $9.95, EC-1200 AM Wireless Mike $9.95,

EC-1300 Electronic VOX $8.95, EC-1400 Solid State FM Radio $9.95,

EC-1500 Solid State AM Radio $8.95, EC-1600 Electronic Bongos $7.95

Color n’ Sound

the music you love spring

Hi-Fi system (or radio). Kit can be assembled
in several hours — no technical knowledge or
experience necessary. Kit $49.95, Wired $79.95.

the first inexpensive solid-state EICO 888—Car/Boat
electronic system which Engine Analyzer,
provides true synchronization :;’s't:}:wsew lgv8cyl
of color with sound. Watch engines.

to life as a vibrant, ever Now you can keep
shifting interplay of colors. your car or boat

x engine in tip-top shapt e
Simply connect to speaker leads of your with this solid-state, portable self-powered universal

engine analyzer. Completely tests your fotal
ignition/electrical system.

Complete with a Tune-up & Trouble-shooting Manual.

6 EXCITING NEW PROJECTS

EC-1700 Ham/CB Vox $8.95,

EC-1800 Electronic "'TOX" $8.95,
EC-1900 “Treasure Finder” $9.95,
EC-2000 Electronic Organ $9.95,
EC-2100 Electronic “Eye” $9.95,
EC-2200 Electronic Touch Switch $8.95

Add a new dimension to your Automotlve
music system. Introducing

Mode! 888; $49.95 kit. 169.95 wired.

“The Professionals’
—laboratory precision at lowest cost.

Model 460 Wideband Direct.Coupled

5" Oscilloscope. DC-4.5mc
for color and B&W TV service
3 and lab use. Push-pull OC vertical
PP — amp., bal. or unbal. input. Automatic

sync limiter and amp.

$99.95 kit, $149.95 wired.

Model 232 Peak-to-Peak VTVM. A must for color or B&W TV and industrial use.
7 noh-skip ranges on all 4 functions. With exclusive Uni-Probe ®

$34.95 kit, $49.95 wired.

Test Equipmentz7:L

100 best buys to choose from.

N

/

—

FREE 1969 CATALOG PE-3
EICO Electronic Instrument Co.. Inc.
283 Malta Street, Brooklyn, N.Y. 11207

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

Name_

Address________

City.

State________ _Zip.
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