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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends VOU i i s

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

NRI—The 53 Year Leader in Electronics Training

udy

APPROVED UNDER
NEW GI BILL . ... e

since January 31, 1955, or are in ser
vice, check Gl line in postage-free card.
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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 MRI'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 akout
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 Elecironics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickiy 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 NR! refunds your tuition in full. No school offers a
more liberal money-back agreement. The full story about NRI feadership 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 Gl BILL « you have served since January 31, 1955,

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

designed from chassis

i.. .

ll 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, nhone/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.

March, 1971
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fll'St to 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-solving
digital computer circuits are also incluced in your
course.
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Special introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

404/437 A493/754

SOURCEBOOK ENGINEERING
OF ELECTRONIC MANUAL, 2/e
CIRCYITS by R. H. Perry

by J. Markus

Pub. price, $12.50
Club price, $10.65

Pub. price. $19.75
Club price, $14.75

391/432 A523/401
DISPLAY CHARACTERIS-
SYSTEMS TICS AND
ENGINEERING OPERATION OF
by MOS FIELD-

EFFECT DEVICES
by P. Richman

H. R. Luxenberg
& R. L. Kuehn

Pub. price. $16.50
Club price, $11.95

Pub. price, $10 00
Club price. $8.50

A037./604
DIGITAL LOGIC
ANO COMPUTER
OPERATIONS

by Baron &

Picciritli
Pub. price, $14.50
Club price, $11.95

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

Pub, price, $9.50
Club price, $7.95

Special $1.00 banus boak
comes to you with your
first club selection
350/434 2637 77 . A126/070

389/608

DIGITAL TRANSISTOR PRINTED
E'}'T'A%'E‘,}S 0 COMPUTER CIRCUIT CIRCUITS
MUNICATION USER'S DESIGN HANDBOOK
by Lucky. HANDBOOK by Te«as by
Weldon & Salz by M. Klerer & Insruments, C. F. Coombs,
C. A Korn tne., Staff Jr.

Pub. price. $14.50
Club price. $11.60

Pub. price, $27.50
Club price. $23.35

Pub. price, =16 50 Pub. price, $17.75
Club price, $13.95 Club price, $14.95

A611/037 = 3 r259/607

A347/506 A565/031 MODERN COMMUNICA-
ELECTRONIC AMPLIFIER COMMUNICA- TION SYSTEM
DIGITAL HANDBOOK TION ENGINEERING
TECHNIQUES PRINCIPLE: HANDBOOK

by R. F. Shea

Pub. price, $37.50
Club price, $29.50

by
D. H. Hamsher

by P. M. Kintner

Pub. price, $12.50
Club price, $10.65

by Stein &
Jores

Pub, peice, 315.00 Pub. price, $29.50
Club price, 312.75 Club price, $24.95

MAIL THIS COUPON TODAY

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

ELEC™RONICS AND CONTROL ENGINEERS' BOO I CLUB
562 Princeton Road, Hight:town, N.J. 08520

P eas- enroll me as a member of the Electronics and Control Engi-
n ers Book Club ami sere! me the two books incicated below. I am
te ceceive the bonus for just §1.00. and my fimst selection at the
sper el Club price showr. These books are to Je shipped on ap-

oval, and I mar ratirn them hoth wi thout cos or further obliga-
tion. If I decide to beer the hwooks, | agree te purchase as few

‘oar additional bocks lurink the next two y&rs at shecial Clud
p-ice: (approximatsly 157, below list)

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

How the Club operates: Basic to the Club’s s2rvice is its publi-
cation, the Hlectronies and Control Engineers’ Book Club
Bul'etin, which brings you news of books in your field. Sent to
met-bers without cost, it announces and describes in detail the
Cluy's featured book of the month as well as alternate selections
whizh are available at special members’ prices.

"Fhen you want to examine the Club’s feature of the month,

| |
I |
| |
| I
| |
| I
| !
| |
| |
: Write Code hbo. of Write Code No. of I
| |
| |
you do nothing. The book will be mailed to you as a regular part Il I 1 ‘
| |
| 1
1 |
! ]
13 |
1 {
1 |
! 1
d

bonus took first =electlon
hare bere

of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify

the Club by returning the convenient card enclosed with each name = n
Bulletin. Address — =
As a Club member, you agree only to the purchase of four Cit
books over a two-year period. Considering the many books pub- &
lished annually in your field, there will surely be at least four State Zip
that you would want to own anyway. By joining the Club, you E 33154
save both money and the trouble of searching for the best books. | v o oo e s s 5 oo i e o o g o o ome e e
CIRCLE NO. 20 ON READER SERVICE PAGE
March, 1971 2
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Dualwon't
make alasting
impression on
your records.

Your record collection may be worth
hundreds, even thousands of dollars. And
its value can be preserved indefinitely.

Or be diminished every time you play a
record. It all depends on your turntable.

Your turntable is the one component that
actually comes in contact with your precious
records and tracks their impressionable
grooves with the unyielding hardness of a
diamond.

So, to preserve their investment, many
serious music lovers demand the flawless
precision of a Dual automatic turntable. A
standard of perfection so well recognized,
that most professionals choose a Dual for
their own stereo component systems.

It you'd like to know why, we'll send you
some interesting literature that tells you
what to look for in record playing
equipment. And a series of independent
test reports on the Dual.

We didn’t write either booklet.

But if you read them, you'll know why
Dual has made such an impression on the
experts and absolutely none on their
records.

United Audio Products, Inc.,

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

1215, $99.50

1209, $129.50
CIRCLE NO. 33 ON READER SERVICE PAGE
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DIRECT & CURRENT
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Seventh in a Monthly Series by Oliver P. Ferrell, Editor

TWILIGHT OF THE SHORTWAVE LISTENER

One aspect of the spectrum of hobby electronics that defies analysis is
shortwave listening (SWL’ing). Statisticians can tag the number of cigarette
smokers or boat owners, but no one can hazard a guess as to the “‘depth”’
of SWL'ing. Is SWL’ing of interest to only 5000 of the 200,000,000 people in
the U.S., or do 750,000 or even 1,000,000 take to their shortwave receivers at
some time each day?

Manufacturers have been deserting SWL's for the past decade. Drake, Galaxy,
Heath, Hallicrafters, and Mosley maintain a minor interest in the hobby, but gone
are Gonset, Hammarlund, National, RME, etc. Although some of the slack has
been filled in by the Japanese—primarily through the mail order houses of
Allied Radio Shack and Lafayette—there is an obvious dearth of equipment for
the seriously interested SWL.

The novelty of long distance (DX) radio reception virtually insured prestige
and occasionally even fame for the listener during the very early days of
electronics—cum radio. At the close of World War il, shortwave radio broad-
casting lost most of its hit-or-miss nature. Encouraged by the psychological
effects of propaganda, several dozen countries spent hundreds of millions of
dollars for broadcasting facilities to tell the rest of the world how good they were
and how bad others were. Delighted by this avalanche of new stations and new
countries to be heard, the technically proficient SWL went into a frenzy of
activity. The number of SWL’s probably peaked in the late 50’s and early 60’s.

There is—and always has been—substantial attraction in SWL'ing to teen-
agers, though the vast majority drop it in 9 to 12 months. Serious SWL'ing holds
little appeal to those in the 19 to 35 age bracket, but the oldsters (like yours
truly) drift back to SWL'ing in their 50’s just to see how things have changed.

Perhaps—and only perhaps—the outlook for SWL'ing need not be as dark as it
appears. To begin with, there is evidence that SWL'ing is a hobby that has
never made a strong case for its own activities. Equipment manufacturers know
neither the “‘size of the market’’ nor the exact type of equipment the SWL is
willing to buy. International broadcasters are phasing out programs aimed at
North America simply because listeners appear to be more interested in QSL’s
and frequency changes than program content. SWL's could dramatically improve
their lot if they found a strong unifying force with perceptive leadership.

A lack of positive direction, along with pettiness, fragmentation, and a
variety of minor annoyances plague this worthwhile hobby. It's not surprising
that more and more teenagers are flocking to CB where the fellowship com-
pensates for the lost excitement of SWL'ing. There could be a turnaround, but
it can only be accomplished by all SWL’s working together and not fighting
over who will or will not preside at the wake.

March, 1971 7
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INTERFACE

THE “OLD LOOK”

It never fails! Whenever someone has
something good going, they try to make it
better and end up ruining it. Whenever 1
received PopuLar ELECTRONICS, I immediately
looked for, “Just When I Forgot My (Solder-
ing) Gun,” “Satellites On The Air,” “Carl &
Jerry,” etc. You're forgetting the beginner
and if this keeps up, I'm going to switch to
one of your competitors. _

J. CACCIATORE
Frankfort, N.Y.

Reader Cacciatore has a long memory—
some of the “missing” items haven’t appeared
in PoPULAR ELECTRONICS for six or seven years!
Wwe’ll bet that three out of four of our readers
don’t know what that soldering gun business
was all about.

ABOUT OMNIDIRECTIONALITY

I certainly enjoyed the “Stereo Scene
about loudspeaker concepts (October 1970).
I agree with Mr. Holt’s positior; on the Bose
901 and reflecting speaker systenis as a whole.
Certainly much of the sound we hear is
reflected. To recreate the original sound
image, these reflections must be reproduced
in their original intensity and phase relations
—the reflecting speaker systems/produce ran-
dom reflections.

In college, I wrote a paper that included
a section on auditory localization. Some of
the references might be of interest to your
readers:

London, 8. J.,, “The Crigins of Psycho-
acoustics,” High Fidelity, April 1963, p 44.

Helmholtz, H. L. F., On the Sensations of
Tone, (1877), transl. A, J. Ellis, Dover Pubs.
Inc., 1954.

Bell Telephone System Monograph B-1327,
“Stereophonic Sound-film Systcm,” chapter
by Harvey Fletcher on General Theory, 1941.

A. D. KELLER
Endicott, N.Y.

TEN-YEAR INDEXING

Recently my associates and I have compiled
a complete index to all of the articles which
have appeared in PorULar ELECTRONICS over
the last 10 vears. It lists over 1200 articles, in-
cluding such information as the nature and
length of each article, plus any later correc-
tions. Since we feel this index would be ex-

Your business will run more efficiently when youi can keep
in constant touch with your shop or office. Keep track of
your service calls. Or check on production deadlines.
Maybe you're needed for a quick decision. There are
hundreds of reasons why you'll want to keep in touch,
and the new Cobra 6 Transceiver is perfect for

0

the job.

The Cobra 6 features six CB channels*, cuick push
button channel selectors, and slide ccntrols for
volume and squelch. And an exclusive ‘S’ meter,

so you can tell incoming signal strength at a
glance. The Cobra 6 is compact ard can fit

under almost any dashboard. Yet, it's powerful.

Your message cuts through crisp and sharp,
thanks to a full 5-Watt unit. All solid-state

circuitry and switching, too.

( Obra

DYNASCAN CORPORATION
1801 W. Belle Plaine
Chicago. lllingis 60613

your own
business
with the

The new Cobra 6 ...
definitely a sound
business venture.

STRIKE CLEAR
THROUGH WITH
COBRA POWER 1§

cobra6
1 f “Channel 11 crystals furnished.
CIRCLE NC. 10 ON READER SERVICE PAGE
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Engineers, technicians and experiment-
ers depend on Leader instruments for
sophisticated circuitry, advanced de-
sign parameters, and because fzature-
for-feature they're the best buy any-
where! i r 3
ac ﬂ “ [a e ’- ; “ ‘
This budget priced RF Signa! Generator
is typically Leader! It offers 1% dial LSG-11 $44.50
accuracy and wideband coverage to
quickly locate any problems in color
and B&W TV sets.
20MVp-p/cm vertical sensitivity; trig- : =
gered sweep; calibrated vertical input Y < 5
and time base combine to make this
5" Solid State Triggered Scope a pro- > -] 4
fessional performer. It's a great one! O -
- I 2
Leader developed this Vacuum Tube £
Voltmeter with the accent on stability
and sensitivity, all with your economy
in mind. AC,DC operaticn is switch
selectable; input impedance is 11 meg: | k1
ohms,
F R A )
o8,

LV 76.B $59.50

The ultimate in pattern
stability )s one reason
why this Color Bar Gen-
erator s superb. Fea-
tures binary frequency
dividers, 15 patterns; 2
switch  selectable fre-
quencies.

Seeing is Believing

LCG-388 $159.5)

INSTRUMENTS CORP.
37-27 27th STREET Send for Catalog
LONG ISLAND CITY, NEW YORK 11101
(212) - 729-7410
CIRCLE NO. 17 ON READER SERVICE PAGE

March, 1971
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NEW

exciting

home

training
plan
BE A

COMPUTER
TECHNICIAN

PROGRAM INCLUDES COMPLETE,
OPERATING DIGITAL COMPUTER
WITH MEMORY. AS YOU BUILD IT YOU
LEARN ORGANIZATION, DESIGN,
OPERATION, CONSTRUCTION, PROGRAM-
MING, TROUBLE-SHOOTING AND
MAINTENANCE. What you see above may well be
the most unique educational aid ever developed for
home training. Not simply a “logic trainer,” but an
actual small scale, integrated-circuit, digital com-
puter. It’s yours as part of NRI’'s newest home train-
ing in Complete Computer Electronics. NRI :s the
way to go in the “Computer Age.” Qualified men are
urgently needed. Exciting NRI program gives you
the priceless confidence to step into a Computer
Technician’s job and know just what to do.

TRAIN WITH THE LEADER. This exceptional new
ccurse has been planned from the start to include
unique training equipment in the NRI tradition.
Training is as much fun as it is education. Mail cou-
pon. NRI Catalog you get tells about new Computer
training plus other NRI training plans. No obligation.
No salesman will call. NRI, Washington, D.C. 20016.

NATIONAL RADIO INSTITUTE 91-031
Washington, D.C. 20016

Send me Catalog about NEW Complete
Computer Training. (No salesman will call.)

Name. Age_

l Address.

| city State_. Zip
| ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

INTERFACE

(Continued from page 8)

1]

tremely useful to anyone having access to

back issues of PE, we are making copies

available at $2 each from Periodical Indexes,

P. O. Box 178, San Luis Obispo, CA 93401.

Indexes to other electronics hébbyists maga-
zines will be available soon.

S. StLa

Periodical Indexes

San Luis Obispo, CA

A STEP TO PROGRESS

I bhave watched your “New Look” and
although I was very sorry to see your SWL
and amateur columns go, I think that con-
gratulations and best wishes for your con-
tinued success in the future ar¢ now in order.
In this era of widening interests and rising
prices, you have taken a couragecous step.

J. IrvING
Milwaukee, Wis.

WEST CCAST GPO

West Coast residents interested in speeding
up delivery of the manuals mentioned in the
Kenneth J. Englert story, “Electronics Self-
Study Course,” will find most of the manuals
available (at the same cost) from the Govern-
ment Printing Office Book Store, 450 Golden
Gate Ave., San Francisco, CA 54102.

ToM AilAMs, WABKSS
Fair Oaks, Calif.

ABOUT READER MAIL

Obviously, the author of every construction
project cannot ‘“debug” it to pvery reader’s
satisfaction. How about the possibility of:
(a) publishing a follow-up drticle several
months after initial publication; (b) having
the author prepare modification sheets and
making them available at 50¢ a throw; or
(¢) having the author prepare a list of in-
terested parties so that condtructors with
mutual problems can then correspond among
themselves.

. E. Mokris, Jr.
Dearborn Heights, Mich.

SUCCESSFUL PROJECTS

I wish to thank vou for the ‘“Automatic
Vehicle Burglar Alarm” construction project
by George Meyerle that appe¢ared in vour
April 1970 issue. This alaqu system was
hooked up to a siren in my a}ltomoblle and
last week thwarted a burglaly attempt in
the early morning hours. It npt only awak-
ened me, but I had the opportunity to see
the obviously very shook-up thieves making
a hasty retreat. As my car contains a rather
large investment in tape and radio equip-
ment, this alarm has paid for jits reasonable
construction cost many times over with just
this one incident.

H. F. GarrioN, WBOCMJ
Englewood, Colo.

POPULAR ELECTRONICS
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Last year we promoted
over 55,000 men to sergeant.

That’s a lot of promotions.
A lot of advancement. A lot of
opportunity.

That's what you’ll find in
today’s Army. Plenty of chances
to learn a skill and show what
you can do.

In the Army the promotions
come along ftast, while you're
young. Often because you're
young.

We promote on merit,
and we're always looking for it.

The fact 1s, we'd rather
promote than not promote.

It you’re a high school
graduate who wants to keep
moving along in his career. see
an Army Recruiter.

Find out more by using
the coupon or by writing to
Army Opportunities,
Department 200A, Hampton,
Virginia 23369.

Let’s get together and
promote something. You.

.. 7% o - : Army Opportunities Date 1
Your future, your decision. T Depr. 200 Hampron. Va. 23369 f
= want to heep moving— right up o sergeant and beyond.
CI]OOSC A R M Y : Please send me your free book :
1 Name (]
1 [}
I Address 1
: Cuy County :
I state Zip (]
] ]
i Dateof Birth Phone 1
1 1
Education
1 we3n |
Ly .
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INTERFACE

(Continued from page 10)

Although I realize I am about six months
late in completing this project, I constructed
a stereo version of Don Wherry's “Build An
Audio Multicoupler” that appeared in your
July 1970 issue. I was able to compress it to
only 4 cubic inches more than the mono
coupler described in the article. I used plas-
tic electrician’s tape as resist to prepare the
printed circuit foil pattern. The case was
homemade and covered with wood grain
vinyl.

Best of all—it works fine!

L. J. Harr
Shell Lake, Wis.

TECHNICAL MANUALS

The Kenneth Englert article “Electronics
Self-Study Course” brings to mind the various
Technical Manuals on electronic equipment
that were-—some years age—available from
the Government Printing Office. I have several

from either S. Consalvo, 4905 Roanne Drive,
Washington, DC 20021 or Slep Electronics,
2412 Highway 301 N., Ellenton, FL 33523.

OUT OF TUNE

“Electronics Self-Study Course,” Dec.
1970. Since publication of this story, we
have learned that “Cathode Ray Tubes
and Their Associated Circuits,” TM-11-
671, is no longer available. We suggest
that you substitute ‘““Radar Electronics
Fundamentals’” (GPO Cat. No. N 29.2:R
11/3; $1.50) and make the appropriate
adjustments in the master course out-
line.

pieces of equipment where the manual is
missing. How do I obtain these GPO or TM
manuals?

“Electronic Clinical Thermometer,”

Jan. 1971. In Parts List on page 76, RS8
should be 3000-ohm at 25°C.

Many equipment manuals are available

Turner Improves On Turner

There never was a better
base station microphone
than the transistorized
Turner 2. Until now. Now
there is a new best. The +3
from Turner. A superior mi-
crophone with modern styl-
ing and several important
features. Transistorized elec-
tronics. A volume control
for greater range and signal
strength. ModuGard™, the
compression amplifier which
prevents over modulation
and ensures a loud, clear
signal. Frequency range
300-3000 Hz. OQutput —23
db. Push-to-talk bar. Lock

=~ lever. List price $75.00. At
your dealer. The Turner
Company. 909 17th Street
N.E., Cedar Rapids, lowa
52402.

\
Turner+3
The New Best

Turner+2
The Old Best

CIRCLE NO. 32 ON READER SERVICE PAGE
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For beginners and experts...

OVERG60 CIRCUITS
FOR SOLID-STATE

.

e g

Hobbyist? Experimenter? Teacher? The RCA
Solid-State HOBBY CIRCUITS MANUAL, HM-91,
is for you.

Complete construction information on 62 cir
cuits is given, including detailed descriptions of cir-
cutt operation, construction layouts, photographs,
schematic diagrams, and parts lists. Full-size dril-
ling or printed-circuit-board templates are included
for most circuits.

There are sections of theory and operation of
solid-state devices, testing and troubleshooting,
basic circuits, mechanical considerations, and sug-
gested circuit uses

We've included suggestions for hams, motor-
ists, photographers, music and hi-fi buffs, and
others.

Build circuits for: Power Supplies. .. Shift
Registers . . . Counting Circuits .. Electronic
Clocks . . . Audio Oscillators . . . Microphone Pre-
amplifiers . . Mixers and Line Amplifiers
Phonograph Preampiifier .. Photoelectric Audio
Attenuator . . . IC Wireless Microphone . . . Ampli-
fiers .. . Telegraph Keyers.. .AF Operated
Switch . . . Dip/Wave Meter ... Variable-Frequen-
cy Oscillator .. Calibrators . . . Metronome . . .
Fuzz Box ... Six-Octave Organ ... Flasher . ..
Enlarger Exposure Meter .. . Universal Timer
Lamp Dimmer .. . Temperature Alarm ... Posi-
tive-Action Light-Operated Switch . . . Automobile
Tachometer . . . Battery Chargers ... Automobile
Light Minder ... Siren ... Slot Machine ... Dice

CIRCLE NO. 24 ON READER SERVICE PAGE

March, 1971

... Metal Detector ... Motor-Speed Control . ..
Model Train and Race-Car Speed Control . .. Time
Delay.

In addition, RCA has Integrated Circuit Proj-
ect Kits that contain a complete package of parts
for many of these circuits.

The Hobby Circuits Manua! is available for
only $1.95" from your RCA Distributor; or send
check or money order (payable in U.S. dollars to
RCA Corporation) to RCA | Commercial Engi-
neerng | Harrison, N.J. 07029,

“Opticonal Price

goud-State

13
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NEW
LITERATURE
S

To obtain a copy of any of the catalogs or

leafliets described below, fill in and mail the
Reader Service blank on page 15 or 95.

A new catalog (No. BI-2166-2) issued by Telex
Communications Division covers 30 general
communication and dictation headphones and
other private listening devices and acces-
sories. The eight-page, two-color catalog in-
cludes complete product information, photos,
and prices.

Circle No. 75 on Reoder Service Poge 15 or 95

Hundreds of titles are listed in the 1971
Technical/Scientific Books Catalog recently
issued by Howard W. Sams & Co., Inc. The
76-page catalog lists each book according to
the science or technology and subdivision it
applies to, giving a brief description about

its contents, number of pages, size, binding,
and price.

Circle No. 76 on Reader Service Page 15 or 95

Hundreds of unusual and hzrd-to-find tools
are listed in a new expanded 32-page cata-
log available from Brookstone¢ Co. Listed are
such tools as glass pliers, carbide sabre saw
blades, plumb and level inclinometers, hand
vises, magnetic work lamps, etc. Among the
accessories listed are glass drills, step blocks,
carbide-faced wire cutters, jewelers’ screw-
drivers, watchmakers’ loupes, and an optical
comparator.

Circle No. 77 on Reader Service Page 15 or 95

An illustrated primer on shortwave listen-
ing is being offered to the interested reader,
DX’er, beginner and advanced SWL, ham, or
hobbyist by The Hallicrasters Co. Titled
“Short-Wave Puts You Where It's At,” the
primer takes the reader through the nuances
of SWL’ing, explaining graphically just what
the hobby is all about, what can be heard
on the various bands (including public ser-
vice), and points out what tol look for when
choosing a quality communications receiver.
Also included in the primer is Hallicrafters’
complete line of AM and FM general-cover-
age shortwave receivers, special frequency
monitors, and amateur transceivers and
accessories.

Circle No. 78 on Reader Service| Poge 15 or 95

HOBRYYTS
ENRINEIRS
TRLHNICE A%
STUOrRTE

®;
A :
i ‘EI!IA\AQ.(ll(‘.I( 7
N

./ 2  General Electric Company

, ;45 Dept. B-2 ®* 3800 North Milwaukee Avenue
S Chicago, lllinois 60641

Enclosed is a check for § for
Experimenter Circuit Manual(s), ETRM-3960A.

: Cuit M
describe the functi

ts. .. then, in more

Electronic

% e B B0

It's on sale now at your Name
local General Electric “ )
distributor's . . . the price, Occupation

$2...or send your check
or money order and the Address
coupon, plus applicable City

State Zip-

state and local taxes.

14

Inciude applicable state and local taxes.

LY I B TEN W N R U
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free information service:

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

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

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

note. I you want to write to the editors of i
B POPULAR ELECTRONICS about an article
on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inquiries concerning circulation
and subscriptions shculd: be sent to POPULAR
ELECTRONICS, P.O. Box 10386, Flushing, N.Y. 11352,

R R kT R R e e e L L T

3/71-3
Void after April 30, 1971
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These long playing
cal‘lrl(lges wil
oiltp.erl'orm iy long

| 50 IC PROJECTS YOU CAN BUILD
by Ronald M. Benrey

Even neophyte hobbyists and experimenters
are expressing an early interest in the ap-
plications and uses of the unusual and ver-
satile integrated circuit. For those readers

Tracksas low as 0.1 grams in laboratory play- who wish to familiarize themselves with IC’s,
back arms. List Price—$99.95. this book will undoubtedly prove very useful.

) . o Starting off with a non-technical explanation
?”VEIX I:rofessn?nal —Recn).mme.rlded of what the IC is, it goes on to explain how
tracking force /s to 1'/s grams. List Price— to work with IC’s and what types of power
$79.95. supplies to use. Then are presented 50 author-
Free copy of ““Guide to Sound Design for built and tested IC projects that run the
1971”; Empire Scientific Corp., 1855 Stewart range of interest from autormotive and pho-
Ave., Garden City, N.Y. 11530 tography devices to audio and communica-
tions gadgets to home alarms. Each project
is presented with schematic diagram, parts
list, circuit description, and construction
hints. And care has been talien in selecting
IC’s to assure easy availability.

CIRCLE NO. 12 ON READER SERVICE PAGE
Published by Hayden Book Co., Inc., 116 West
14 St., New York, NY 10010. Soft cover. 120

—T1— THE BEST :::::
| OMNI CB sesmss, comromes
 ANTENNA

sy Norman R. Scott

Previously published under the title “Analog
and Digital Computer Technology,” this edi-

® Top Radiation—signal gets tion treats hybrid computers as well as ana-
( I omp from the tip ogf thegan- log computer design and usalge, and digital
37 €1 tenna. Increases range with computer structure and organization. In each
’ ; fewer dead spots. Exclusive! | case, the viewpoint used is that of the engi-

neer who needs to know how to design a
computer rather than how to use it. In addi-
tion, the analog material presents applica-
tions to various types of problems, since
analog computer application and design are

{ ® Lower Radiation Angle—sig-
i i nal hugs curvature of the
earth instead of shooting use-
lessly into the sky Exclusive!

® 4 46 db Gain—{measured so closely related that it is of value to treat
over an isotropic source) for them together. Suitable for use in an intro-
‘ stronger S|gnql and more dis- ductory electronics computer| course at the
ml tance. Exclusive! senior and beginning graduate levels, this
$29 95 book requires a knowledge of differential
equations and a basic understanding of elec-

| Avanti’s Exclusive Astro Plane tronics theory.
see your dealer—write for Published by McGraw-Hill Book Co., 330 West
catalog. 42 St.,, New York, NY 10036. idard cover. 618

PS pages. $17.95.
a‘a‘\‘\ CIRCUIT CONSULTANT’S CASEBOOK
by T. K. Hemingway

Although they feel they have grasped the
Development, Inc. principles of design, many engineers find

Addison, Hllino s 60101 (Continued on page 99)
16 POPULAR ELECTRONICS

Avanti Research &

CIRCLE NO. 1 ON READER SERVICE PAGE
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THE WORKHOR:!

The industry’s top replacement tube, 6GHBA,
s used in so many Makes of TV and in so many
differemt applications that it will be a high vol-
ume re>lacement type for years to come.

RTA‘s versatile 6CHBA is designed to satisfy
-te derands of all hese applications:

Wailtiwsbrator type horizontzl-deflection-oscil-
lator o reuits, soundt if-amplifier, agc-amplitfier,
harst-anplifier, chroma-amplitier, 3.58 MHz-
¢ Hetor demoduletor circuits. video-amplitier,
sy nc-separator, noise inverter, color killer con-
tol, n-atrix-amplif er and blanker applications.

Three quod reasons 10 rep a2 with the RCA-
EGHEA:

1. St-neent perfo-mance tests siiminate shorts.
Speca! processzc and ieste minimize inter-
elementd2akage.

2. Law Feater-cathode leakage.

3. O-timum gm for effician: operation in all
zpplizat€ns.

Stoc: e on the industry’s war<horse 6CHBA
and sse- fy RCA See your RCA tube distrib-
utor for all your tube regui-emnents.

RCA 1E ectronic Components. | Harrison, N.J.

www americanradiohistorvy com



www.americanradiohistory.com

The best way to get electronics into your head

No book ever written can give you the
“feel” of electronics.

This is why every NTS course in Elec-
tronics includes the most modern, profes-
sional training eguipment in kit form.

Putting equipment together, kit by kit,
can teach you more about electronics than
a whole library of bone-dry theory.

Each kit contains iliustrated instruc-
tions.

You look at the pictures, then you apply
what you see as you assemble or service
your equipment.

What could be simpler? Or more fun?
You'll enjoy every profitable minute.

Here's just some of the equipment you
get to build and what you will learn.

Color TV
295 sq. in. picture.

18

NTS COLOR AND B&W TV
SERVICING

You receive a big screen color TV
with many unique features, including
self-servicing equipment so you can
make alfl normal test operations. You
also get an AM-SW radio, solid-state
radio, field-effect transistor, Volt-
Ohmmeter and electronic tube
tester. You learn about electronic
principles, trouble-shooting, hi-fi,
multiplex systems, stereo and color
TV servicing.

Solid-
state
B&W TV
74 sq. in.
picture
(cabinet
included)

s

The B&W TV receiver features the
latest in solid-state circuitry, making
your TV training the most modern,
most advanced available.

www americanradiohistorv com

NTS COMPUTER
ELECTRONICS

One of the 10 important Kits included
is this remarkable Compu-Trainer®
— an NTS exclusive. It's a fully oper-
ational computer logic trainer —
loaded with iJﬁtegrated circuits. 1t in-
troduces you quickly to the how,
what, when, and why of computers.
This unit is capable of 50,000 opera-
tions per
second.

Exclusive
Compu-Trainer®

NTS ELECTRONICS
COMMUNICATIONS
Two exciting courses in the big-pay-
ing fields of transmitting and receiv-

ing equipment. Either one qualifies
you for your FCC First Class Radio-

POPULAR ELECTRONICS
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is to have the actual equipment in your hands.
NATIONAL =D SCHOOLS

WORLD-WIDE TRAINING SINCE 1505
4000 S, Figueroa St,, Los Angeles, Calif. 90037

Telephone License. NTS assures you
will pass this FCC exam within 6
months after successfully complet-
ing your course — or your tuition is
refunded. You receive 14 kits to build
an amateur phone 6 meter VHF tran-
ceiver plus NTS’ exclusive 6 transis-
tor solid-state radio and a fully
transistorized volt-ohmmeter.

T TR
5 watt AM b B i b
transmitter/
receiver. =

W o 9 e

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems automation
is rapidly becoming the emphasis of
modern industry. NTS training in-
cludes equipment like a 5 wide
band oscilloscope. You also get the
new, exclusive NTS Electro-Lab — a

March, 1971

complete workshop
that lets you build
five industrial
controls to regulate
motor speed,
temp=aratures,
pressure, liquid »
level, smoke, and ‘
i

‘1

Aé-ij‘ooo«

much more.

*

=

@
ovb

5" Oscilloscope

Mail card today for f-ee, full-color cata-
log that details what each training program
offers. (Or if card i5 missing, send cou-
pon.) No obligation. No salesman will call.

Rememker, the best way to get electron-
ics irto your head s ic have the actual
equigment in your hands. The sooner you
mail the card, the socnar you'll get your
hands on the finest, most advanced elec-
tronics tome training ever offered.
CLASSROOM TRAIMING
AT LOS ANGELES You can take class-
room training at Los Angeales in sunny Cali-
fornia. NTS occupies a city block with over
a million dollars in fasilities devoted ex-
clusively to technical training. Check box
in coupen.

APPROVED FOR VETERANS

Accradited [Member: National Association of Trade
and Techmicai Schools; Kational Home Study Council.

www americanradiohistorv com

— o — — ——
i card is missing check
coupon and mail for free
color calalog and sample
lesson. Now.

Please rush Free Colcr
Catalog and Samcgle
Lesson, plus informea-
tion on course checked
below. No obligaticn.
No salesman will call

National Technical Schools
4000 S. Figueroa St., Los Angeles, Calif. 90037

HTS GURE I
HLECTRONKS

m

[71 Mmaster Course in Ccllor TY Servicing
Color TV Servicing

Master Course in T¥ & Radio Servicing
Practical TV & Radio Servicing

Master Course in Eleclronic Comm.
FCC License Course

Master Course in Elecironics Tech.
Industrial and Autorsaiion Electronics

Computer Electroniss
Basic Electronics Dept. 205-03]

[N EE

Name Age
Address
City State Zip
Checu if interested in Vateran Teairing under now G 1. Bl
Sheck it interesteq 0nly 10 Classicem Training at Los Angeles

Mo i Sl s

2]
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. —\ Additional information on products described
%3 in this section is available from the manu-
NEW facturers. Each new product is identified by
a corresponding number on the Reader Service
Page. To obtain additional infoimation on any
PRODUCTS of them, circle the number on the Reader Ser-
| vice Page, fill in your name and address, and
L )

mail 1t in accordance with th¢ instructions.

B&K TRIGGERED SWEEP OSCILLOSCOPE —Identi-
cal to the instrument described in last month’s “Product
Gallery” (from another manufacturer) is B&K’s (Dyna-
scan Corp.) Model 1460 triggered sweep scope. Completely
solid state except for the CRT (5” screen) the unit has
1650 volts on the accelerating anode to insure sharp
patterns at fast writing speeds (0.1 microseconds per cm).
The vertical amplifier goes out to 10 MHz; horizontal
bandwidth is dc to 800 kHz (3 dB). There is a FET input
stage and the triggering circuit is the active filter tvpe.

Circle No. 79 on Reader Service Page 15 or 95

SCOTT AUTOMATED STEREO TUNER—A develop-
mental prototvpe now in the works at Scott may take all
the pain out of tuning an FM stereo receiver. There are
four methods by which a station can be selected. One is
by the insertion of a card into a slot on the front panel
The other three, all pushbutton activated, provide auto-
matic station scanning, automatic stereo statipn scanning,
and manual channel selection. Visual frequéncy incica-
tion is provided by a digital readout with cold cathode
indicators. A quartz crystal standard is used to provide
scanning steps between the 100 channels on the 88.1-to-
107.9 MHz band.

Circle No. 80 on Reader Service Page |15 or 95

SAE STEREO POWER AMPLIFIER—Three new models J :
of power amplifiers from Scientific Audio Electronics pro- - - s S
vide output power per channel of 60, 90, or 120 watts, both
channels driven 20 Hz to 20 kHz Harmonic distortion is
less than 0.1% from 20 Hz to 20 kHz and S/N level is 100
dB below rated output. Twelve output transistors are
used with no driver or output transformer. Each channel
has its own power supply and gain control.

Circle No. 81 on Reader Service Page 15 or 95
KENWOOD TAPE DECK FOR FUN TOO-—Whether you

want a tape recorder primarily for its reproduction of
good music or you simply enjoy the fun of creative re-
cording techniques, Kenwood Electronics, Inc. has a new
Model KW-5066 that mayv satisfy both needs. A built-in
test signal oscillator generates a reference sjgnal to en-
able control of recording bias for optimum quality.
Sound-on-sound and echo controls permit =« variety of
special recording effects.

Circle No. 82 on Reader Service Page 15 07 95

SHAKESPEARE FIBERGLASS BEAM-—Fossibly the
only all-fiberglass beam antenna for CB, Shakespeare’s
‘“Big Blazer” 4-element Yagi is said to give up to 14 dB
gain. Since it has no metal parts, “boom sag” will not set
in with age. The antenna is factory pretuned, has a boom
length of 16, weighs 9 Ib 4 o0z, and has side rejection of
22 dB and front-to-back ratio of 26 dB.
Circle No. 83 on Reader Service Page 15 o1 95
(Continued on page 24)
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Instant inventory.

Kezp eectro%ic components handy with
Mzllob r® Benchtop Organizers. Each

Mellobin con{ains a popular assortment of
electroric components in a stackable, in-
tedocking plastic case. Fifteen partitioned
drawers keep parts neat. And each drawer
is color coded and !abeled for quick loca-
tion of :ke part you want. Mallobins come

MALORY

with selected components includirg all
types of fixed capacitors, MOL and wire-
wound resistors, icarbon and wire-wound
controls. In zddition to regular Mallobins,
custom assortments are available.

Ask your Mellory distribu@or for Mallobin
prices and d=tails today.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a divislon of P. R. MALLORY & CO INC.
Box 1G58, Indianapclis, Indiuna 46206: Telephone: 317.0636.63563

Batte ies [T [ZEIETY CRIME ALERT® « DURATAPE® « Recorders [Ioieiud Semiconductors ¢ SONALERT® » Switches « Timers

CIRCLE NO. 18 ON READER SERVICE PAGE

March, 1971
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NEW PRODUCTS (Continued from page 22)

KURZ-KASCH LOGIC PROBE Similar to PoprULAR
ELectroNics’ “IC Tell-Tale” probe (April 1969)—but with
several improvements is a new logic probe available from
Kurz-Kasch. The simple readout system on the probe
indicates “true”, “zero”, or “pulse” through two color-
coded lamps. Absence of logic levels is indicated by both
readouts remaining off. Applicable to DTL, TTL, or RTL
IC systems, the probe can be obtained with a third
readout to display high-speed pulse trains or a single-
cycle pulse of less than 50 nanoseconds. Five models for
various voltage ranges are available.

Circle No. 83 on Reader Service Page 15 or 95

DYNASCAN 23-CHANNEL BASE STATION—For
day-in/day-out use, CB’ers will welcome tlie Dynascan
Cobra 25 with crystal controlled transmit and receive on
all 23 channels. A FET mixer stage eliminatqs cross talk,
and the circuits include ceramic filters, IC amplifiers,
delta tuning to reduce off-channel interference, “Dyna-
Boost” speech compression. A PWR/S meter indicates
relative strength of received signal and relative power
output; and a SWR/Modulation meter is also included.

Circle No. 84 on Reader Service Page 15 or 95

COURIER CB WALKIE-TALKIE—At the top of a new

line of hand-held CB transceivers from Courier Communi- i
cations is the “Champion” Model CCT-4, a heavy duty H w
unit that offers full 23-channel operation with all crystals ‘W

supplied and full 5 watts with 100% modulation. The

“Cheyenne”’ Model CCT-3 operates on 6 channels at 5 ]
watts with 100% modulation. Both have detachable bat- !
tery packs. Other models offer 6 channels at 1 watt and 3

channels at 100 milliwatts.

Circle No. 85 on Reader Service Page 15 or 95
VEXILAR DEPTH FINDER—Sonar technology is now an

everyday, commonplace thing for small boat owners with

the introduction by Vexilar, Inc., of the Audi-Alert depth ]
finder. Weighing slightly more than a pound, the unit gq
has a solid-state circuit with precision meter and/or ﬂ‘u
audio signal for indicators. The meter will indicate \
depths up to 75 ft. The transducer is 2%” long and has

15 feet of cable. Principal uses are monitoring depths

to detect shoals or drop-offs while cruising and to warn

of anchordrag overnight.

Circle No. 86 on Reader Service Page 15 or 95

JMD HOME-MOBILE MONITOR RECEIVER—The
Model RTX-MR receiver from JMD Electronics monitors
police, fire, public safety, etc. without backgrourd noise.
The solid-state monitor with squelch has provisions for
11 crystals. A model is also available to receive both high
and low band, using two crystals at the same time. Units
can also be ordered with a tone-activated squelch. Oper-
ates on either 117 volts or 12 volts dec with a sensitivity
of 0.5 microvolts.

Circle No. 87 on Reader Service Page |5 0 95
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TEAC CASSETTE DECK —Elimination of unnecessary
frills has enabled Teac Corp. to provide a quality cassette
deck (Model A-23) in the moderate price field ($139.50).
The deck has an outer-rotor hysteresis synchronous
motor and all silicon transistor record and playback pre-
amplifiers, plus all the other things necessary to providing
low-noise performance.

Circle No. 88 on Reader Service Page 15 or 95
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The new KLH Thirty-Two is the best speaker
you can buy for the money.

Bravado has never been our beg. But after carefully
comporing the new model Thirty-Two with our competi-
tor's best-selling loudspeaker, we're going to break our
rule

Our product is superior

You see, the Thirty-Two sounds 'ike a very close rela-
tive of our now ‘amous Model Six

With good reason

It's designed like a Six. It's built like @ Six. And it
shares many of the Six's finest listening qualities. Bass
response that curls your toes. A mid-range that seduces
you with its smoothness. And an overall sound quality
that finally puts an end to listening fatigue.

But the Thirty-Two not only sounds like an expensive

speaker, it looks ke one, t0o. It is unquestionably the
tivggested rerail price. Sirghtly Migher in the werl

best looking loudspeaker in its price range.

The price?

Almost as amazing as the sound. Just $47.50 ($95
the pair}.t

Make sure you hear—and see—the new KLH Thirty-
Two soon. And compore it with the best-known speaker in
its price range. We are sure you will agree that there's
never been anything like it for the money.

Anybody's money.

For more information on the Model Thirty-Two, write
to KIH Research and Development Corporation, 30 Cross
St., Cambridge, Mass. 02139. Or visit your KIH dealer.

S T

XLH PESEARCH AND DEVELOPMENT CORPORATION
A irodemart of KLH Reieasch ond Develooment Corporation

CIRCLE NO. 14 ON READER SERVICE PAGE

March, 1971
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Now it cosis less 1o owa

the bestYOM you need.
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e Master VoltOhmyst
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The New RCA WV-510A Solid-State Master VoltOhmyst®

‘Inexpensive Quality
{ *Optional Distributor
Resale Price

@*

The best you need is the new solid-state RCA WV-
510A Master VoltOhmyst®. The most functional
VOM we've ever produced, the 510A has all the
features you’ll ever need no matter what your re-
quirements may be.

And we’ve added some extra features you won't
find in any competitive VOM, at any price...fea-
tures designed to make your work easier, help you
get the job done faster.

For example: RCA WV-510A operates from bat-
teries or AC. Remove the detachable AC line cord
while you’re taking a measurement and the bat-
teries take over immediately without a flicker of
the pointer. And you’'ll get maximum life from the
batteries because they're always on trickle charge
during AC operation. Stability? Switch from range
to range and watch a whole series of measure-
ments without constantly zero-adjusting the meter.

Some statistics:

RGA
| »
Current:

0.01 miiliampere to 1.5 amperes in 8 ranges.
Resistance:

0.02 ohm to 1000 megohms in 7'ranges.
DC Voits:

0.01 volt to 500 volts in 8 ranges.
AC Volts:

0.2 to 1500 rms AC volts in 7 ranges plus peak-

to-peak voltages of complex waveforms.

21 megohm resistance on all DC ranges.
And it’s only $128, complete wjth DC/AC ohms
probe and flexible shielded inpui cable with BNC
connector, and removable AC line cord.
Some statistics! For complete details, contact your
local RCA Distributor.
RCA |Electronic Components/Harrison, N. J. 07029
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SURFACE-WAVE DEVICES

NEW ACOUSTOELECTRONIC COMPONENTS
REPLACE CONVENTIONAL TUNED CIRCUITS

Within 3 years a wholly new technol-
ogy has been quietly developed that may
lead to the perfection of flat-screen TV,
faster computers, better i-f strips, im-
proved radar filters, etc. This is a report
on what has been referred to as the
‘“‘most significant development’’ since
the transistor. The devices invoive
acoustic waves traveling on the sarface
of piezoelectric substrates.

IHERE IS a broad interface between the

seiences of acousties and electronies. While
most people think this mingling is in the areca
of voice radio communications and sterco
sound reproduetion, laboratories are ¢uietly
developing o brand-new acoustoelcctronie
component—the surface-wave filter and ampli-
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BY JAMES R. FISK, W1DTY

tier. Recent advanees promise that the impaet
on the design of electronie equipment will be
cquivalent to that of solid-state eomponents.

The new technology goes by a variety of
names : practersonics (meaning bevond son-
ies), acoustoeleetronies, surface waves, cle.;
but it involves nothing more complex than
honest-{o-goodness acoustic waves fravelling
on the surface of miniature chips of piezo-
cleetrie substrates.

One company—Zenith Radio Corp.—has al-
ready developed acoustie-wave 40-M1lz 1-f
filters for eolor TV. They are only 0.15 in.
square and can be cascaded 1o synthesize the
proper i-f response for color TV xignals.
Aside {rom small size, the filters have the ad-
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vantage of being permanently tuned. Once
set, they cannot drift off frequeney.

In other laboratory experuments with
praetersonies, high-gain r-f amplifiers, oseil-
lators, resonators, signal couplers, wavegnides
and delay lines are being developed.

Electronic navigation and communica-
tions systems employ complex signals that
nmst be rapidly proeessed and analvzed. De-
lay lines are essential to this process since
they can store the signals and eompress, ex-
pand, or deeode their waveforms. These fune-
fions are usually handled by lengths of
stripline or eoaxial eable whieh add bulk, are
inefficient, and often introduee losses. 1ow-
ever, practersonic delay lines—ihe first prae-
tieal application of acoustic-wave teehnology
—offer a compacet way of obtaining lossless,
undistorted delays up to many mieroseconds
duration, with easy access to the signal for
processing anvwhere along its travel,

Aetually, the first acoustic-wave delay lines
emploved bulk acoustic waves traveling
through the inierior of a piezocleetric crvstal.

V-4
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Fig. 1. Early acoustic-wave delay lines employed
bulk acoustic waves which traveled through interior
of crystal block from input to output transducer,

In its simplest form (see Fig. 1), the bulk
system lLas a pair of transdueers mounted on
opposite ends of a crystal. The input trans-
dueer, excited by an r-f signal, beams acoustic
energy through the erystal. The dutput {rans-
ducer picks up the enerey and eonverts it into
a usable eleetrieal signal, The delay is simply
the time the signal remains in the bloek.

Bulk delay lines have one major disadvan-
tage: it is almost inrpossible to tap or other-
wise manipulate the signal while it is in the
crystal bloek. Surface acoustic waves, signals
that travel on the surface of the ervstal in-
stead of through the ervstal bloek, do not
sulfer from this shortcoming. The signal ean
be sampled anywhere along its iravel, after
any duration, and the delayved wiveform will
be identieal to the input waveform.

The basie surface-wave deviee is the delay
line shown in Fig. 2. Tt consists of a piezo-
clectric substrate (such as quartz) and input
and output transducers. The ijpput trans-
ducer 1s an “antenna” which eonverts the clee-
trical signal into an acoustic wave which
travels on the surface of the subsirate. At the

Fig. 2. Modern praetersonic devices have interdig-
ital transducers which translate electrical input
signals into physical waves (shown greatly exag-
gerated) which trave! along surface of crystals. Nu-
merous impedances can be obtained by subdividing
interdigital electrodes as shown at upper left.

POPULAR ELECTRONICS
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Fig. 3. Curves of conventional LC tuned circuits
and praetersonics devices are basically similar.

other end of the ervstal, the wave i1s converted
back into an electrical signal by the output
transdueer.

The wave propagates rather slowly across
the surlace ol the substrate, the delay being
determined by the spacing hetween the trans-
dueers. A T-inch spacing corresponds to a
delay of about 8 microseconds.

The design of the mpnt and output trans-
ducers 1s extremely important sinee the mass
and shape ot the clectrodes have loading
clfeers which inthience efficieney. The size of
the transdueer also affeets bandwidth. The
interdigital strueture consists ol two separate
arravs of metal electrodes resembling inter-
laced tingers.

*Until recently. praetersonies was known as
Y“microwave acousties” due in part to the fact that
2arly work in the field concentrited on devices for
VHEF and microwave applications. But the term
“micro” is also associated with the micron wave-
length of an acoustic wave on the surface of a
piezoelectric crystal. At 30 MHz, for example. a
100 micron or 0.004” wavelength is possible because
acoustic waves travel 100,000 times slower than do
radio waves!

The r-f signal across the put transdncer
interacts with the piezocelectrie substrate on
the surface of the crystal, in opposite diree-
tions and at right angles fo the elecirodes.
Siuce the acoustic wave receives an in-phase
cnergy boost at each electrode, the wave gen-
crated by one finger parr builds up maximum
acoustie power as it travels through sueceed-
ing finger pairs.

The inferdicital rransducer functions with
relatively low loss over a wide dynamie range.
By ehanging thie nunber of fingers, the band-
widtli can be tailored Tor nearly any appliea-
tion. Iinger =ize and spacine determine {he
center Lreguencey. So the basie acoustic-wave
delay
substituted for LC

line beeomes a resonator that ean be
{uned

civeuits., The re-

r/w/.soucm

Rgen Ra,

MATCHING

NETWORK ce
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Fig. 4. Equivalent circuit of interdigital trans-
ducer is a series resistance-capacitance network.

sponse enrves for a typical surface-wave
resonator and a typieal LC tuned cireuit are
shown 1 Fiz. 3. The eurves are hasieally
<imilar.

The only significant difference between the
<imple delay line shown in Fig. 2 and a reso-
naror is the spaeing between the input and

DES//?[D S/G/VAL

===
REFLECTION

RCYR 1 TRANSMITTER
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\ FDGE
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Fig. 5. To reduce losses and minimize echoes, two receiver
transducers are used and substrate edges are cut at angles.
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Fig. 6. Filter hookup for TV i-f strip and audio i-f take-off is shown at
top. Directly above, waveform produced by filters (dashed line) is shown
superimposed on desired wave shape. Both waveforms are basically similai

output transdueers. In the surface-wave
resonator, the transducers are relatively elose
together (about 0.05” in the 40-MHz i-f filters
made by Zenith).

The input impedance of the surface-wave
device is determined by the number of elee-
trode fingers and the length of the pattern.
Also, a considerable impedance range is avail-
able by subdividing the electrode pattern (sce
Tig. 2 upper left). In practice, for the PZT
material (lead zirconate titanate) used by
Zenith, impedances between 20 and 1000 ohms
arc casily obtainable at 40 MHz.

The cquivalent eireuit of an interdigital
transducer is a series resistance-capacitanece-
reactance network as shown in Fig. 4. In the
dingram, Ra is the radiation resistance, Xa is
the radiation reaetance, and Ct is the trans-
ducer capacitance. Inductance L in the mateh-
ing network compensates for Ct at the fre-
queney of maximum response. This induetance
reduces mismateh losses and has an influence
on the shape of the passband.

In general, the tuning coil increases band-

30

widtl. Tuning it slightly off the frequeney of
maximun response skews the| eurve of the
passband. This factor ean be used to advan-
tage when tailoring the passhaid to a speeific
requirement, such as the video i-f of a color
TV receiver.

The interdigital transducer gencrates
acoustie power thal radiates in fwo directions.
Hence, the transducers inherently have at
least 6 dB insertion loss since half the power
is radiated in the wrong direetion. Also, if not
properly terminated, this backwave can be
reflected at the edge of the subgstrate into the
delay line where it might show up as a
spurious signal in the output.

To avoid the echo created by the backwave,
wax is often deposited on the substrate edge
to absorb the backwave energy or the surface
is etched behind the transdueer to seatter the
backwave. Zenith ents the subsirate at an an-
gle so that reflection of the backwave is away
from the active surface of the resonator.

In addition to backwave losses, a sizable

POPULAR ELECTRONICS
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portion of the signal arriving at the output
transdueer is reflected baek to the input trans-
ducer, where it is again refleeted. EKach reflec-
tion results in a 6-dB drop m power level.
This spurious echo, called the triple-transit
signal, 1s seen at the output 12 d13 below the
original signal which made the trip only onec.
In the surface-wave i-f flter, this delaved and
attenuated replica of the oviginal signal mani-
fests itself as a ghoxt o the TV sereen.

Beeause the acoustie surface is not 100%
efficient, there are transmission losses that
must also be added 1o the Josses ereated by
the echo sienals. Theretore, total losses can
add up to 15 dB with tuning coils and 21 dB
without the cotls. A 3-dB reduction in these
figures ean be obtained by employving the dou-
ble receiving patrern illustrated in Fig. 5, de-
creasing total iusertion loss by lowering the
directional loss ol the backwave.

In Zemtl's 1+t filters, earelul design, inelud-
ing the use of shield lines befween trans-
ducers, has been snecessful in keeping reflee-
tions 30 dB below the desired signal. Tlis
appears adequate for color TV 1-1 strips.

Aside trom passband shaping provided by
the external tuning eoil, the response ean be
hroadened by increasing the terminating im-
pedance. These fwo variables are used by the
designer to =hape the response curve to a
oiven application.

Three eascaded

rilll'l‘:l(‘(‘»\\'il\'(’ resonators

March, 1971

provide the required response curve for TV
video in the Zenith filters. The eonncctions
between the resonators are shown in Fig. 6.
Resonator A provides out-of-band rejection
and moderate attenuation of the sound car-
rier. Resonators B and € provide a video
noteh at 41.25 MHz and, with resonator A,
provide the proper passhand, ineluding a
notell at 47.25 MHz. Resonators A and D
work together to provide the proper level be-
tween the sound and pieture earriers.

The measured video response obtained by
cazscading the three surface-wave resonators
comes very close to tulfilling the desived color-
TV i-f response as shown. It can be seen that
tlie practersonic stvface wave filter provides
the required passband ax well as the necessary
traps at the desired locations.

When the praetersonie i-f filter was sub-
stitnted for a standard tned-cirentt 1-f strip
in a Zenith eolor TV receiver, it produced a
preture of good guality with no noticeable
chosting. The amplifiers used with the ex-
perimental filier were of the wideband variety
with at least a 60-MHz bandwidth.

Although the experimental Zenith filters
used fairly conventional solid-state amplifiers,
future designs will probably ineorporare a
surface-wave amplifier that is an integral part
ol the resonator. For usciul practersonie
amplification, the piezoclectric charaeteristies
ot the substrate should be separated from its

Fig. 7. Integral amplification from acoustic wave
devices is obtained from addition of a chip of n-
type semiconductor material mounted over subtrate.
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Fig. 8. Acoustic-wave devices may finally
hold the key to flat-screen TV. In illus-
tration, surface wave stimulates emission
from photocathode. Emitted electrons pass
through B+ boosted grid and are accelerat-
ed to produce light on a phosphor screen.

FHOTOCATHODE

semiconductor properties. Sinee the eleetrie
field assoetated with an acoustic surface wave
extends out of the surface of the erystal, it ean
interact with the electrons in a de-powered
semiconduetor placed a small distance above
the ervstal as shown in Fig. 7.

The basic items for the surface-wave
amplifier are an optically flat piezoelectrie
ervstal and an n-tyvpe silicon semiconductor.
Amplification resulis irom the interaction be-
tween drifting cleetrons in the n-type silicon
and the piezoclectric field in the surface-wave
device. For minimwum signal distortion, the
two ervstals must be acoustieally separated.

A LINE OF LIGHT
+m05ﬂ/m SOREH
/TM[J// GRID

oy

SUBSTRATE

/’/[ZﬂéZECTf/L'

But for maximum field-eleciron interaetion,
the air gap must be a small fraction of the
acoustic wavelength, In a typical 100-MHz
practersonic amplifier, an ajr gap of ahout
200 millionths of an ineh is used. This spaeing
can be obtained by a laver ¢f silicon-dioxide
that has been vacuum-deposited on the surface
of the substrate.

Since the piece of n-type! silicon is fairly
large, it has high resistivity and requires a
2000-volt power supply for uigh gain. If the
silicon is made very thin and broken into seg-
ments, however, 30 dB of gain is possible with
a 180-volt supply.

By adjusting the supply voltage, this svs-

Zenith’s thick-film circuit (foreground) is designed to replace
modern bulky i-f strips (background). Uitrasonic filter at pen-

cif tip will reject

32

frequencies other

than those desired.
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tem ean provide etther gain or attenuation,
allowing the output signal a range in excess
ol 100 dB. When the applied volrage is low,
the surface wave is attenuated beeause enerey
flows From i1, to rhe slower moving eleetrons
i the semiconduetor. As the voliage inercases
hevond rhe point where eleetrons are moving
Taster than the surface wave, enerev is -
parted to the wave, resulting in gain.

The swrlace-wave amplitier has a built-in
honus. Reflections between the impur and ont-
put transducers are attenuated =o that the
triple-transit signal is greater than 60 JdB
down 1rom the desired sienal. And the high-
oain flextbility means that switfehies and mod-
ulators with greater than 90 dB of dynamie
range are possible,

Thie acoustoeleetronie amplifier can perform
many other tunctions besides variable amph-
fiecation. Tf the amplifier is operated in its
nonlinear satnrated region, it fnetions asx an
elfective r-f mixer. Using external feedback,
stable oscillation resalts. 1t 1 reasible to con-
ceive o 500-MI1z amplifier, mixer, and low-
Irequeney 1-f strip all operating on a single
substrate.

With the arrival on the =eene of the acous-
toelectronie amplifier, 1t appears that conven-
tronal tuned LC systems have a  =erious
competitor, at least in the frequeney range

from 30 to 500 M Hz.

Looking into the future, practersonies
may hold the key to flat-sereen TV picture
tubes if enrrent development work pans out.
The basie principle for the flat screen is
shown In TFie. 8. The eleetric tield berween
crests of an acoustie surface wave 1s sulficient
to control emission from a =emiconductor
photocathode. To use this voltage, a photo-
emissive matrerial is deposited on the piezo-
clectrie substrare. When suitably lichted, the
photoceathode emits electrons which are aceel-
erated by a 10,000-volt field to produce visible
light on a phosphor screen.

An input pulse produces a transverse line
of lLight that moves aeross the plosphor
sereen, providing the Lorizontal scan, Vertieal
sean can be obtained with another acounstic
beam applied simultancously at right angles
to the first beam.

Surface acoustle waves also have potential
applications in ligh-speed data processing
with bit rates in exeess of 100 MHz. In this
scheme, digital-loete bits in the form of acous-
tie pulses pass through an arrangement of
tran~ducers which pertorm the logic opera-
tions by providing outputs of zero or high-

March, 1971

amplitude pulses. These acoustie wave pulses
are then eonverted into pulsed r-f waveforms
for further proeessing by an output gate eir-
cuit.

Logic inverters and NAND and OR gates
have already been operated at 120 MHz with
a 3-M11z hit rate. And 100-MHz bit rates are
anticipated shortly.

Another important application of praeter-
sonicx s in the field of high-resolution radar.
Curvent radar displays employ bandwidths of
less than 10 MIIz. But for high resolution,
bandwidths should be on the order of 500
ATz, Broadband praetersonie delay lines ean
be used between the radar and the display to
store and recirenlate the signals =o that they
can he sampled and displayed at the lower
frequeney.

Since the aconstic wavelength is so mmeh
smaller than the free-=pace wavelength, many
signal-processing techniques that have been
previonsly confined to the microwave region
can now be translated to the lower frequen-
cies. Aeoustie waveguides operating at 5 MHz
are possible, as well as are strip-line-tvpe
directional eouplers and other hardware fa-
miliar to the microwave technician. A lab-
built direetional coupler for 5 MHgz, for
example, provides up to 20 4B of isolation
and its fotal length is only 6 inches.

Although praetersonies is a new technology,
it Lias evolved from theory to practical hard-
ware i less than three years, It is ditlicult to
tell if we ean expeet the same rate of progress
in the future, but praetersenies promises to
have at least as much impact on electronie
cirenitry as did the introduetion of the tran-
sitor. Tt 1s now only a matter of time bhefore
this predietion becomes reality. —30—
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BY GEORGE WINDOLPH

Building
and
Using The

2XY CALIBRATOR

DOUBLE-AXIS OSCILLOSCOPE CALIBRATOR
USES ZENER DIODES

This circuit involves the use of a
pair of matched zener diodes to obtain
true horizontal or vertical oscilloscope
scale calibration. The author designed
the circuit for a diode and transistor
curve tracer, but its ease of construc-
tion and versatility make the calibrator
useful for many functions. Details on
matching zener diodes for the circuit
are also given.

ANY TIMES in using an oseilloscope, it
is advantageous to have the vertieal
and/or horizontal traces calibrated so that
accurate values of the quantity being mea-
sured can be determined. There are several
ways in which this ealibration can be per-
formed but vou will find the simple double-
axis calibrator deseribed here to be an casy,
aceurate instrument that permits adjustment
of cither axis calibration voltage to almost
any level.
The eireuit of the ealibrator is based on the
simple phase-shift network shown in Fig. 1A,
In this cireuit, the voltages at the two ends of

34

the transformer secondary e 180° out of
phase. With the addition of the resistor-
capacttor circuit the voltages at V and H are
made to have a phase ditference of 90°. When
conneeted to an oseilloscope (and with the
gain controls properly adjusted), these V and
H outputs produce a cirele (or ellipse) on the
scope. The vertical and horizontal diameters
correspond to the respeetive peak-to-peak
voltages. One shorteoming of) this cireuit is
that the output cannot be varied in level sinee
a potentiometer conneeted aecvoss the output
would change the phase relationship.

If a pair of diodes is added as shown in
Tig. 1B, the negative portions of hoth verti-
cal and horizontal signals are eut off so that
the scope pattern becomes a quarter circle.
Finally, if the diodes are zeners, the eutoff
voltage is higher and the trangition from cut-
off to conduetion is sharper than with ordinary
diodes. Thus a square pattern s obtained on
the secope as shown in Fig. 1C.

The actual cirenit of the double-axis cali-
brator is shown in Fig. 2. Vt’\‘ith the high-
resistanee potentiometers across the outputs,

POPUIAR ELECTRONICS
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WAVEFORM
A B ¢ D A
[ SCOPE
TRACE
" D
A
k H Fig. 1. Development of the cal-
ibrator circuit. A basic phase
shifter is shown at (A). It pro-
duces a circle. The addition of
two diodes (B), will produce
o a quarter-circle display, while
L i the use of zeners (C) creates
¥ the square display used here.
@ ]
ll
i
) 'l
the voltage can be preses from zero to the  transtormer with a higher voltage on the see-
ma imvm dercrnnned by the zener diode. ondary is used, inerease the wattage ruting of
1. It the transformer secondary voltage is
Construction. The -irenit can be bmilt in - Tower, the zener diedes and resistance values
any type ol chassisoor possibly withkin the  Tor 22 and 173 must be selecteld accordingly,
eab net of the oxcilloscope—as long as the Any zenes diodes wirh ratinzs of 25 volts
por=nticmeters and calisrated dials ave avail- - or mere may be used in the eireuit as shown.
able. Wiving ¢:n be point-to-point, u=ing ter- 1 diodes rated above 25 volts are wsed; in-
mibgl <~ rips 1o support the various compo crease the transformer secondary or lower the
nen <o Parts phioenent s not eritieall oo value of 120 and 2230 T the top vight-hang
PARTS LIST
BP1-BP2~—Five-way hinding post
C1—0.22-pF . 200-rolt capecitor
D1,D2—IN1317 zener diode {sec text)
[1—6.3-volt pilot lamp
RI1—12L00-0hm. I-watt resistor
" K2.R3—100.000-0hm. Ys-watt resistor
RAR5—50.000-0hm linear tuper potentiometer
N1—Sps: slide or toggle switch
I'1—Traasformer : secondaries: 125V at
15mA. 6.3V at 600 mA.
P Mise—Fointer knob 2), dials (2), line cord,
suttable chussis, pilot lasmp holder and lens,
Fig. 2. Tae <inal circuit uses calibrated output terminal strips, mounting hardiwcare, etc.
porentiometers, and an optional power on-off lamp
to indizate woen the calibrator is in operazion.
March, 1671 35
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This important job (and its big salary)
is reserved for a qualified
electronics technician. It can be you!

It’s a fact. There are /many thousands of jobs like this
available right now for skilled electronics technicians.
What’s more, these men are going to be in cven greater
demand in the years ahead. But how about you? Where
do you fit into the picture? Your opportunity wiil never
be greater...so act now to take advantage of it. The first
step? Learn electronics fundamentals...develop a prac-
tical understanding of transistors, troubleshooting tech-
niques, pulse circuitry, micro-clectronics, computers and
many other exciting new developments in this booming
field. Prepare yourself now for a job with a bright future

36

...unlimited opportunity...]asting security...prestige...
and a steadily-increasing salary.

Thousands of ambitious men are using Cleveland Insti-
tute of Electronics Training Programs as a stepping stone
to the good jobs in Electronics. Why not join them? You
will learn at home, in your spare time, and tuition is re-
markably low. Read the important information on the
facing page. Then fill out the postage-free reply card and
drop it in the mail today. Without obligation we’ll send
you all the details. But act now...and get your high-pay-
ing job just that much sooner.

POPULAR ELECTRONICS
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How You Can Succeed In Electronics
...Select Your Future From Six Career Programs

The “right”’ course An FCC License...or your money back!
In addition to providing you with comprehensive train-
for ynur career ing in the area indicated, programs 1, 2, 3, and 4 will

prepare you for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:
The training programs described will prepare you for
the FCC License specified. Should you fail to pass the
FCC examination after completing the course, we will

Cleveland Institute offers not one, but six different and up-
to-date Electronics Home Study Programs. Look them over.
Pick the one that is “right” for you. Then mark your selec~
tion on the bound-in reply card and send it to us. In a few
days you will have complete details...without obligation.

1. Electronics Technology

A comprehensive program covering
Automation, Communications. Com-
puters, Industrial Controls. Tele-
vision, Transistors, and preparation
for a 1st Class FCC License.

| WEW!

2. Broadcast (Radio & TV) Engineering

Here's an excellent studio engineer-
ing program which will get you a 1st
Class FFCC License. Now includes
Video Systems, Monitors, FM
Stereo Multiplex. Color Transmitter
Operation, and CATV.

3. First Class FCC License

If you want a 1st Class F'CC ticket
quickly, this streamlined program
will do the trick and enable you to
maintain and service all types of
transmitting equipment.

4. Electronic Communications

Mobile Radio, Microwave, and 2nd
Class FCC preparation are just a
few of the topics covered in this
“compact” program...Carrier Tele-
phony too, if you so desire.

5. Industrial Electronics & Automation

This exciting program includes
many important subjects such as
Computers, Electronic Heating and
Welding. Industrial Controls, Servo-
mechanisms, and Solid State
Devices.

| NEW!

b. Electronics Engineering

A college-level course for men
already working in Electronics...
covers Steady State and Transient
Network Theory. Solid State Phys-
ics and Circuitry, Pulse Techniques,
Computer Logic. and Mathematics
through Calculus.

ENROLL UNDER NEW G.i. BILL. All CIE courses are avail-
able under the new G.|. 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.

refund all tuition payments. You get an FCC License. ..
or vour money back!

cie's AUTO-PROGRAMMED' iessons help

you learn faster and easier

Cleveland Institute uses the new programmed learning
approach. Our AUTO-PROGRAMMEDE® lessons pre-
sent facts and concepts in small, easy-to-understand
bits...reinforce them with clear explanations and ex-
amples. Students learn more thoroughly and faster
through this modern, simplified method. You, too, will
absorb...retain...advance at your own pace.

Lifetime job placement service for every

CIE graduate...at no extra cost

Once enrolled with CIE, you will get a bi-monthly list-
ing of the many high-paying, interesting jobs available
with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone & Telegraph, General Elec-
tric, General Telephone and Electronics, IBM, Mo-
torola, North American Aviation, New York Central
Railroad, Raytheon, RCA, and Westinghouse.

CIE lessons are always up-to-date

Only CIE offers new, up-to-the-minute lessons in all of
these subjects: Logical Troubleshooting, Laser Theory
and Application, Microminiaturization, Single Side-
band Techniques, Pulse Theory and Application, Boo-
lean Algebra.

ﬁ Full accreditation...your assurance
: of competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent Electronics
training by a staff of skilled Electronics instructors.

<
CI Cleveland Institute of Electronics
1776 East 17th Street. Cleveland. Ohio 44114

If card has been removed, mail this coupon for 2 FREE BOOKS

Cleveland Institute of Electronics

1776 East 17th Street, Cleveland, Ohio 44114 PE-14
Piease send me without cost or obligation:

1. Your 40-page book “How To Succeed In Electronics” describing
job opportunities in Electronics today, and how your courses can pre-
pare me for them.
2. Your book on “How Tc Get A Commercial FCC License.”

1 am especially interested in:
O First Class
Technology Engineering FCC License
O Electronic

c ications Engineering

Name_ S s Age
LEAS

Address
City State Zip.

|
|
I
|
|
| [ etectronics [] Broadcast
|
|
I
|
|
|
|
I

|
|
|
|
|
|
|
|
O I'.nEuftriﬂ"EJ:ﬂronics [ Electronics !
|
|
|
e |
[] Check here for G.1. Bill information J

CIRCLE NO. 7 ON READER SERVICE PAGE

March, 1971

e vy americanradiohistory com


www.americanradiohistory.com

AMAAA

5K ; ]

+ |
VARIABLE
[+

DIODE e
PXe_ IR VOLTMETER

g

Fig. 3. This circuit can be used to check the oper-
ating voltage of any zener diode as long as the ap-
plied voltage is above actual diode requirement.

sorner of the displayed pattern is ronnded, it
aan be squared off by shightly deercasing the
value of 22 and I*3. Resistance of 14 and 5
38 1ot eritieal, but it should not be lower than
that speeified.

Diode Calibration. Tle speeified operat-
iny voltage of a zener diode 1x n=nally a nomi-
nal value. To determine the exaet value for a
specific diode, econnect it in the eircuit shown
in Fie. 3. Ax the de voltage s inereased from
zero, the volimeter will indieate upseale nntil
ihe zener eoes into conduction. A further in-
ercase ol the applied voltage will not change
the meter reading. Norte the point at which the
meter just peaks. Reverse the diode and re-
peat the process, placing the volimeter on a
Jower ranee. The indicated voltage will be
very mueh less (approximately 0.5 volt) since
ihe diode 1= now forward biased. A dd the two
voltages o obtain the voltage represented on
one side of the square pattern at the maximum
setting of the potentiometer. Repeat the eali-
bration proecdnre for the other zener diode.

Diode Matching. Unless vou are lucky,
two zener diodes will have slightly different

This is a typical calibration square as seen on a
scope. The bright spot at each corner is due to
the relatively long dwell period of the trace.

voltages, Thix can be tolerated sinee the two
porentiometers will be calibrated independent-
Iv. T you preter to have the maximum indiea-
tions of the potentiometers the same, or if yvou
want to use a dual precision potentiometer,
the diode civeuits will have to he matched.

Conneet the ground and either of the eali-
hrator ontputs to the scope horizontal mput.
Set both calibrator potentiometers to maxi-
mum; then adjust the =cope horizontal gain
until the trace occupies some given number of
divizions on the horizontal axis. Now leave the
horizontal oain control where it 15 and remove
the e¢alibrator output from the llprizoni:l] in-

(Continued on page D7)

The entire circuit can be built
up on a single terminal strip
with the circuit wired point-to
point. The three leads are op-
tional scope input connectors.

POPULAK ELECTRONICS
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Build a DIGI

COVER STOR

=
&

Fr.-=-

-VIEWER

AUTOMATIC

IN-OPERATION TESTING OF DIGITAL IC'S

Using simple Darlington pair transis-
tor amplifiers, this handy digital iC test-
er can be buiit for under $20 and will be
a boon to the experimenter or techinician
who can’t afford complex commercial
equipment. At the same time, it is much
more practical than simple one-circuit
probes. By tying the IC’s circuit in with
the tester, a complete unit can be
checked visually in a matter of seconds.

AT OLD BUGABOO, testing in-eircuit

digital IC's, has finally been conquered for
the experimenter/technician. (Assuming he’s
tired of one-lamp probes and can’t alford a
complex eomputer system.) The Digi-Viewer,
which can be built for under $20, is a simple
visual display that indicates immediately the

March, 1971

state of every stage of an IC while it is
operating in the eireuit.

The Digi-Viewer consists of 16 indicator
lamps driven by 16 Darlington pair transistor
amplifiers. When these circuits are attached
to the pins of an IC throngh a special elip-on
conneetor, the lamps light or don’t light de-
pending on whetler the potential on the re-
spective pin is over or under 1.4 volts—thus
indicating the “on” or “off” logie state. To
identify whieh lights are which for specifie
IC’s, a transparent overlay of the circuit ar-
rangement is slipped between the rows of
lights on the top of the Digi-Viewer and the
fanlty cirenit ean be located at onee.

The Digi-Viewer ean be used on any 14- or
16-pin dual in-line package, ineluding RTIL,
DTL, TTL, and most of the newer MOS
types. Due to the extremely low loading fae-
tor, there 15 no need to worry about overload-

| BY DON LANCASTER
41
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the Digi-Viewer is designed to handle 16-pin

ing the 1C. By substituting an IC in a cirenit

3-

If vou have no need for the 1€

IC packages.

that is known to be good (using a socket),
you can perform use tests and also find out

whether or not the IC is good.

pin version, two of the Darlington etreuits (at
one end) and their associated lamps may be

omitted.

the proto-

’

assis may be used;

Any type of ¢h
type was built in a 6”7 X 415

T

Construction. The schematic of the Digi-

Viewer is shown in Fig. 1. The diodes, resis-
tors, and transistors are mounted on a printed

abinet.

X| 214 ¢

he important thing is the plarement of the

lamps on the top ~urface. S

7
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Fig. 2. Actual size foil pattern (above)
and component installation (left) for a
16-terminat tester. If you need only 14
terminals, two end circuits are removed
and two leads taken from 16-lead cable.

15" eenters with the two rows 134” apart,
Drill the lamp holes just large enough for a
press fit with the lamp assembly. Determine
which way the display is to be observed and
mitke a conspicuously large dot at the number
I lamp (pin). You can also outline the lumps
with an IC layout, being sure to include the

March, 1971

noteh between pin 1 and pin 14. Use perma-
rent Flack ink.

With the lamps installed, solder one end of
cach lamp to the common ground solder pad
on the foil pattern. Then, heing very careful,
solder the other leads to their respeetive solder
pads that are connected to the transistors.

43
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Looking down on the board, nole that the
transistor arrangement follows the pin ar-
rangement of an in-line IC.

Mount the transformer on one wall of the
ehassis, and eonnect the three seeondary leads
to their appropriate pads on the hoard. Con-
neet the primary to switeh §7 mounted on the
top of the tester. Use a strain relief or rubber
erommet where the line cord goes through the
ehns=is. Mount the printed eiremit board on
four spacers.

Connect the 16-lead {lat input cable to the
input terminals on the circuit hoard, making
sure that, when it comes to soldering the ¢able
to the clip on the other end, you can identify
and arrange the leads correctly. There nmst
be a pin-for-pin correspondence between the
Iamps on the board and the ¢lip. (If vou are
using only 14 pins, two leads may be removed
from the eable.) Drill a hole and fit it with a
erommet to hold the flat cable. Draw the eable
through the hole in the ehassis and eonneet it
to the test elip. Identify pin 1 with a wear-
proof mark. Use small lengths of heat-shrink-
able tubing at the clip end to improve the
looks, strengthen the eable fermination, and
remove the probabihty of short cireuits.

For high-speed logie systems, ineluding
TTL, the multi-lead eable should be less than
2" long. Longer lengths are aceeptable for
RTL, DTL, and MOS e¢ireuits.

For the ground connection, use a conven-
tional banana plug and jack with a piece of
flexible wire 2 or 3 fect long. Terminate the
other end mm a miniature alligator elip. The
ground jack (J7) is connected to both the
metal ease and the PC board ground.

Make up some plastie slides with eutouts

44

Connection to each lamp driver
is made on the fo|l side of the
board. The use of PC board ter-
minals is optional'as leads can
be soldered diregtly to foil.

for the lamps so that they fit between the two
rows of lamps. Mark the plastie (with perma-
nent ink or temporary grease pene 1) with the
logic of the eirenit to be tested.

Checkout and Use. With power supplied
to the unit, connect the ground clip to the
negative end of a 1.5-volt cell. As the positive
end of the cell is conneeted to each pin of the
test ¢lip (via a test lead). the appropriate
lamp should come on. The bulbs must corre-
spond to the clip terminals. .

To use, snap the correet slide into place and
conneet the ground ¢lip to the ground terminal
of the eircnit under test. Conneet the large
test ¢lip to the 1C being iested, mﬂrdkiug sure
that the locator dot at pin one is correctly
positioned on pm 1 of the IC. Judt open the
test ¢lip with a little pressure at the top end

g

Both the power tine and 16-lead cable are passed
through the metal chassis via rubber grommets.
The ground jack (J1) is positioned atl the center.

POPULAR ELECTRONICS
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and fit it down over the IC. On a 14-pin in-
line IC, the two right-hand elip conncetors
will be off the right side of the IC away from
the locator noteh or dot eode.

The first thing to note is thal operating
voltage 1s applied to the IC. This is indieated
by the lighting of the lamp at the power sup-
ply pin. The ground lamp should not be lit.
Now elieck that the input pins that could hold
the IC at reset, zero or other staie have the
correet voltages on them to permit proper
operation. Generally, RTL direct set, resct,
and direct elear inputs are disabled by
arounding, while their counterparts m TTL
and DTL are made positive to disable. There

After wiring the 16-lead cable
to the IC clamp, identify one
end pin of the clamp with a dot
to indicate pin 1. Make certain
that each terminal of clamp cor-
responds with a similar term-
ingl on PC board. Heat shrink-
able tubing is used at cable-
clamp interface for protection.

are cnough exceptions to this rule however
that the appropriate data sheets should always
be on hand to check any IC to be tested.
After checking the various eonditions that
could canse difliculties, the logie rules for the
IC should be verified. For example, on an in-
verter, when the inpuat lamp is on (signifying
a positive input), the ontput lamp should be
ofl (signifving a grounded output), and viee
versa. If both lamps are on, the IC is bad or
there is an open ground. It both lamps are
off, the IC is bad or the output is shorted. In
the case of a tlip-tlop, the output lamps should
turn on and ol at half the rate of the input
lamp. At high switehing frequencies, the in-

To use, simply affix the IC clamp to the IC under test making sure
that pin 1 the clamp is ccntacting pin 1 of the IC. Also make sure that
the tester ground lead is connected to the IC ground terminal lead.

March, 1971
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put and output lamps will all be on but with
partial illunination due to the high switehing
speed. Proportional brightness can also be
used as a relative indieator of the duty cyele
of other “too fast to see” signals. The logie
can be cyeled at a slower rate by using an ex-
ternal oseillator so that the indieations heeome
elear. A bounceless pushbutton may be used
to “step” the logie manually, for a more de-
tailed analysis. While you will not be able to
see sueh things as a onc-mierosecond resct

pulse, the indicator lamps eonnceted to the
ilip-flop ourputs will show the effeets of sueh
a pul=e.

A few digital IC's have open collector cir-
cuits (readout drivers for examyple). An un-
used open colleetor in a system may never get
to a high state and thus may show an off con-
dition on its lamp even when the 1¢" is perfeet-
ly good. If there is no conneetion to these
outputs, then a pullup resistor ot about 2200
olms to the civeuit positive may be used. 30—

Leakage Current
& Electrical Shock

BY PAUL B. JARRETT, MD

HE SEXNSITIVITY of man to cleetrie

shoek and eleetrie currents is well estab-
lished. Until reeently, physicians could dis-
eouni the effeets of minute enrrents and low
voltages because ot the insnlating properties
of the skin. When dry and calloused, the skin
has an average resistance of abont 100,000
ohms. Skin wet with perspiration, lowever,
may have a resistanee of less than 1000 ohms.
Skin resistanee varies with body arvea and
asomotor (Hlushing or capillary constrietion)
response.

A eurrent flow of from 9 to 14 mA produces
Jdiscomtort. With a current of 15 to 25 mA,
the vietim loses his ability to release the con-
duetors Jdue to musele eontraction in tentany.
At 25 to 50 mA, respiratory paralysis can oc-
eur (depending on the current path) and the
vietim is in pain. 1f the enrrent reaches 75 to
100 mA, ventrienlar tibrillation (lieart irregn-
larity) ensnes and at 200 mA, or over, there
is total cardiae standstill.

No Skin Insulation. A source of current
acting on the body from under the skin is an-
other matter. At 20 A this current, if applied
divectly to myocardium (heart muscle) tor
nore than 3 milliseconds, will produce fatal
ventricular fibrillation.’ In medieal cireles
particular emphasis is now being placed on
external eardiae pacemakers with transverse
bipolar electrodes inserted through the right
jugular vein. An engineering analysis of the
death of one snch patient has recently been
discussed in the literature.?

46

It was determined that the external paece-
nmaker had not been grounded, butiimstead was
heing supplied ae power from a g-prong, 10-
foot extension eord. Measurement of the leak-
age enrvent of the pacemaker ineluding the
3-wire power cable of the instrument itself,
plus the 10-foot extension cord, revealed a
current of 54 pA. Unfortunately, the patient
with the pacemaker had been placed on an
clectrically operated bed that| had been
arounded 10 the hospital power svstem. The
leakage current passed from the cleetrode into
the patients heart throngh his bolly and intc
the ground conneetion on the bed.

This aceident has emphasized fhe growing
intevest in salety problems associated with
medical electronie apparatus. Iospital per-
sonnel must be properly instrueted about clee-
trical satety.® Patients with internally placed
clectrodes must not be placed 11 beds with
ground eonneetions that arc accessible to the
patient. The pacemakers shonld only be used
with a current limitation device of 5 g A under
any condition. Untrained hospital personnel
should also be taught the us=e of & new elec-
trometer which permits safety menitoring of
clectronic equipment for leakage currents,
statie ¢harges, and insulation resistance.’—Dr.
Paul B. Jarrett

. J.M.R. Bruner, Anesthesiology. 28’2, 1967.

. Von Der Mosel. Measurement & Datu News, Vol.
4 No, 4. July & August 1970.

Von Der Mosel, Medical-Surgical iZeview, Oct.-
Nov, 1970.

4. Roveti Instruments (Mod EP-3), Annapolis, Md.
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UYING SURPLUS or bareain-package
transistors ix a little like buying a pig m
a poke. Exspeeially if vou cet one of those so-

called “computer hoards” to which several
{ransistors, usually unmarked, are connected.
You may vet some veal high-gnality, expenzive
nnits—some oihers may be completely nseless.
Por the most part, the (ransiztors that are iu
operating condition ean be put to vood nee by
the experimenter, provided he can sort fhem
ot as to type and wdentity their parameters.
Thi= can be done of course with a cood tran-
sistor checker but not evervone has one o
those so the simple transistor tester described
here contes in very handy and =aves time and
Money.

The transistor tester ean be used to clieck
cither npn or pnp transiztors and will measure
leakaoe down to 10 A and collector enrrent to
10 A, You ean measure Teo, Te (with 20 ox
100 zA of base current), lego, lews, and g,

March, 1971
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Check or
Match
Craunsistors
and Diodes

BY JOHN L. KEITH

(=cc sidebar for definitions). Diodes can also
be checked by connecting them between the
cotlector and emitter pins of the test socket.
The tester is also nsetul for checking two
transistors that must be marehed for a specifie
application.

The tester has heen designed <o that it will
cheek almost any 1vpe ol transistor and can-
not harm a unit reeardless of the switeh posi-
tions or the way the {ransistor is connected to
the test socket.

Construction. As shown in the photo-
eraphs, the prototype was built in a conven-
rional plastie urility box with all components
except the batteries momnted on the eover and
with point-to-point wiring. The ecirenit is
<hown in Fig. 1.

The infernal resistance of the mneter move-
ment is an integral part of the cireunit. The
combined resistance ot the meter, 185, and 4

47
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PARTS LIST

Bl1—6-volt battery (4 flashlight cells)
DI1—1N69 diode

M1—50-uA meter (Calector D1.910 or similar)
R1—270000-0hm, %-iwcatt resistor
R2—--56,000-0hm, L2-wcatt resistor
R3—330-0hm, %-watt resistor

R4—See text

R5—950-0hm, Y%-watt resistor

Fig. 1. All major transistor parameters can be checked using this tester since the novel
circuit enables measurements from a low of 10 microamperes to high of 10 milliamperes.

R6—10-0hm, %-watt resistor

S1—Three-pole, six-position rotaiy switch

S$2—Four-pole, tio-position retary switch
(Calectro F2-167 or similar)

8§3—S8pst, normally open pushliutton switch
(Calectro E2-140 or similar)

8O [—Transistor socket

Misc.—Suitable cabinet with cover (Calectro
J4.726), knobs (2), battery holder, mount-
ing hardiware, wire, solder, etc.

must be 12,000 ohms. The value of R4 must be
chosen to obtain this value as closely as pos-
sible. With the meter specified in the Parts
List, R4 should be about 11,000 ohms. This
insures full compression and, with the cireuit
of D1 and R6, provides a full-scale reading of
10 mA.

Operation. Insert the transistor to be test-
ed in the test socket, place S7 on either I or
I, and depress pushbutton switeh S3. The
meter should defleet upsecale when S2 1s in the

proper position. The position of the switeh for
upscale deflection determine: whether the
transistor is npn or pnp.

To check the de gain (Hge) of the transis-
tor, place S7 on either I¢; or [, depress 83,
and note the meter indication. Then determine
the gain from the conversion table. Note that
position I, is for a base enrrent of 20 A
while position T supplies a base ceurrent of
100 zA. The gain is diffcrent fpr the different
base currents.

The other four positions ofl S1 are to test

PARAMETER DEFINITIONS

lcgo—Collector current with base open. The
polarity of the applied voltage is such that
the collector-base junction 1s biased Iin a
reverse direction.

lces—Collector leakage current with base
shorted to emitter. Equivalent to the leak-
age current of collector diode if emitter
junction were not present. The polarity of
the applied voltage is such that the collec-
tor-base junction is biased in a reverse
direction.

lgo—Sometimes called lgpo. Emitter-base cur-
rent with collector open. The polarity of
the applied voltage is such that the emit-
ter-base junction is biased in the reverse
direction.

lco—Sometimes called lgyo. Collector-base
current with emitter open. The polarity of
the applied voltage is such that the col-
lector-base junction is biased in the reverse
direction.

Ic—Collector current—depends on the amount
of base current supplied. A measure of dc
gain (Hpg)-
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All the components except the battery are
mounted on the front panel. The smal parts
such as resistors, capacitors and diodes
are soldered directly to the two switches.

for leakage enrrents. Obviously, the less leak-
ace i any ease, the betrer. In these tests, the
meter mdicates directly in mieroamperes.
To check a diode, connect it between the
onmitter and collector pins of the test socket
and place S7 in either the Ie or 1e position.
Depress N3 and note the meter readings when
~N21isin the npn and pnp positions. Tdeally, in
one position, the meter should indieate full
seale and it should give no indieation in the
otlier position—indieating that the diode con-
duets m oone direetion and not the other. The
lower the ratio between the two readings, the
poorer the diode. —30—

.. AND PEOPLE THINK
THE CITIES ARE

Two resistors in parallel are used to make up the
meter shunt resistor (R5) in order tc obtain the
required resistance value. Here again the compo-
nents are mounted directly on the metar terminals.
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Switching Logic Quiz

Switching circuits do only what they are logically
designed to do. Understanding this logic is very
important in designing electronic circuits. In the
switching circuits below, the lamp symbois may
represent lamps or some other device or decision.
Switches which simply apply and remove power in
a practical circuit are not shown. Match the state-
ments (1-10) to the circuits (A-J).

1. Scientists must be in complete agreement be-
fore they can fire a missile.

2. A code is used to indicate whether the front,
rear, or both doors are open.

3. When the darkroom light is on, the warning
light outside is off, and vice versa.

4. Either one or both of the operators can start

BY ROBERT P. BALIN

the motor.

5. Since the pilot might get excited and push the
wrong button, they are wired so that, regardless of
which is pushed first, the canopy is blown off, and
the second ejects him from the plane.

6. Only the fastest gun can hit his target.

7. The decision will be made by a simple major-
ity of the voters.

8. You can turn on the light before you climb
the stairs and extinguish it from the top.

9. Let me know if an odd number of those
present want to go ahead.

10. We want an indicator lamp to light when the
amplifier is on.

(Answers on page 96)
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The true Leslie speaker system is a
cumbersome and costly organ acces-
sory. The almost identical sound effect
can be achieved by inserting the device
described here between the keyed tone

cenerators and the
generators and

nower amnlifier in
ine power mier Iin

ampl
your electronic organ. Through use of a
wobbulated bandpass fiiter, the Leslie
effect is reproduced by the main ampli-
f reaker. Adjustments on the
simulator permit the operator to dupli
cate roughly the acoustic effects of vi-
brato, tremolo, and Leslie.

HE SPECIAL EFFECTS Leslie speaker
svstem 15 a popular addition to any orean
—acoustic or electronic, Usually a “Leslie”
system refers to a meehanieal wmeans of ob-
taining a vibrato-like sound elfeet—a gentle

March, 1971

PO ¢

BY JOHN S. SIMONTON, JR.

' LesLie

B CFFECT

 SIMULATOR

All-Electronic
Organ Accessory
Chat Sounds
Like A

Leslie

undulation of intensiry at a rate of 8 to 12
Hz liven in modern electronie organs, the
l.e<lie uses a massive rotating diffuser to dis-
perse the sound {rom an extra speaker. It is
elfective, bul also massive, noisy, and costly.
Described here is a system whieh achieves
nearly the same results with an adjustable
all-eleetronie simulator.

While eost and =ize are definite advantages,
perhaps the best part of the eleetronie Lexlic
Fifect Simulator is ifts versatitity. With the
confrols eranked back, the Simulator adds an
inferesting, subtle effeet to conservative musie.
But if vou're a wild man, you ean really twid-
dle thie knobs and wail! Control adjustments
can produee anything from “super” bass or
treble boost to sounds lisleners deseribe as
“shimmering, bubbly or out of sight!”

Theory of Circuit Design. While the fre-
queney shilt, or vibrato, cilfect of a Leslie
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Fig. 1. Footswitch plugs into J3; when closed, footswitch powers I1 which il-

luminates LDR1. With LDR1 illuminated,

PARTS

C1—100-uF, 16-volt electrolytic capacitor

C2—100-pF, 10-volt electrolytic capacitor

C3-C6—0.22-uF Mylar capacitor

C7,C8—0.01-uF disc capacitor

C9,C11,C12—0.1-pF disc capacitor

Cl0—35-uF. 6-volt electrolytic capacitor

D1—5.6-volt zener diode (Motorola HEP603
or similar)

[1—#46 incandescent panel lamp

J1-]3—O0pen-circuit phone jack

LDRI1—Light-dependent resistor (Clairex
CL703L or similar)

Q1,03,Q04-—-2N2712 bipolar transistor

Q2—AMPF102 or HEP802 field-effect transistor

RI1,R21-—1000-0hm

R2-—-68 ,000-0hm }

R3—-15,000~olzm Y|

R5-—~3.9-megohm ’

R6—82,000-0hmn

RI—100.000.0hn | 4l eransistors
R9 RI()——170 000-0hm ¢ ;zl
R13—470-0hm OlEIupCe

RI14-R16.R23—33,000- ohm
R17—1-megohm
R18—22,000-0hm
R19—680-0hm

input signal at J1 goes directly to J2.
LIST

R24—17-0hm, 10% tolerance, I-watt resistor

R4—75,000-0hm, reverse audio-taper poten-
tiometer

R8—500.000-ohm linear-taper potentiometer
with integral switch

R11—1000-0hm linear-taper poteritiometer

R12,R22—1000-0hm trimmer poteatiometer
with printed circuit solder terminals

R20—5000-0hm lincar-taper potentiometer

RECT1—1-ampere, 50'PIV, full-wave recti-
fier bridge module ( Motorola MDA9424-1
or similar)

S1—Spst switch (part of R8)

T]—12.6-volt, 300-mA filament transformer

Misc.—Circuit board: line cord with a strain
relief; cabinet; 3-lug terminal strip; con-
trol knobs (4); spacers (4): rubber feet
(1) ; 4-40 machine hardicare ; hookup wire;
soIder elc.

Note—The following items are available from
PAIA Eleclmmcs Inc., P.O. Box 14359,
Oklahoma City, OK 73114: ‘etched and
drilled printed circuit board ( #:5702pc) for:
$3.50: complete kit of parts, including cir-
cuit board, case, and all parts (#5702 K)
for $22.50. "Plus postuge 3 lb. Separate parts
are also available; send itemized listing.

POPULAR ELECTRONICS
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o
s

Fig. 2. Actual circuit

size printed
board etching and drilling guide is
shown above. At right is components
placement and orientation guide. Note

oo

+ @81

orientations of flats on transistors
and plus sign on rectifier assembly.
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speaker svsfem (see box) ix expensive {o zen-
orare clectronically, the total effect ean be
convineingly <imulated simply by placing o
bandpass filter between the musieal instra-
ment and its amplitier and sweeping back and
Forth across the handpass. This is the principle
employed in the Leslie Effeet Stmulator eir-
cutt shown in Fig. 1.

At the heart of the Simulator 1s an active
handpass filter composed of 1P1i 10750 Q2,
andd C7 theongh €9 the feedback loop of the
amplifier/bulfer combination made up ot Q
and 7. Transistor Q£ and its associated com-
ponents Torm o low-frequency phase-shift
oseillator, the output frequeney ol which ean
be ~et from between about 4 Hz to 12 11z
thirough the use of speed control 177, The sie-
nal from Q7 is attenuated by weieht control
12 and applied to the gate of Q.2 to change
the =ource-to-drain impedance of the FET
and, consequently, the center frequeney of the
pitss band.

Photoelectrie svstem [7/LD1T s nsed to
bypass the Simulator when the system is not
in nse. Closing a Lootswiteh plugued into J3

owers 17 which, in turn, ilhowmates LD,
Onee ilhuninated, LOETs internal resistance
drops and Torms asignal bypass loop around
the tilter cirenit.

Construction. Since only low frequencies
are mvolved in the operation ot the FLeslie

March, 1971
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Fifeet Simulator, parts lavout during assem-
bly of the project 15 not entieal. Jast adlere
to the ceneral rules of neatness and good
<oldering. In particular, keep =ignal leads as
short as possible.

Begin assembly by eteching and drilling the
printed cireuit hoard, cavetully Tollowing the
actual size etehing guide provided in g, 2.
(It vou prefer, vou can obtain a veady-to-use

THE “‘LESLIE EFFECT”

In principle, the Leslie speaker system
is nothing more than one or more loud-
speakers mounted at the end of an arm
which is rctated by means of a motor.
(Other variations use a fixed speaker and
employ a rotating ‘‘paddle’ or baffle, but
the principle is the same.) As the loud-
speakers swing around in an arc, several
things happen to the sound. First, a dop-
pler shift in the apparent pitch of the
sound is caused as the motion toward
and away from the listener takes place.
Next, a variation in sound level is pro-
duced as the speaker alternately faces
toward and away from the listener. Final-
ly, there occurs a great variety of effects
which stem from changes in the acou-
stics of the system enclosure and the
room in which the system is being used
occur.
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it tells you more than how much you make. It telis
you how far you've come. And if your paycheck
looks very much the same as it did last year, or the
year before, it simply means that you look very
much the same as you did last year and the year
before.

But times change, and you should be changing
with them. Old dull jobs are disappearing. New ex-
citing ones are being created. There are challen-
ging new fields that need electronics technicians
...new careers such as computers, automation,
television, space electronics where the work is
interesting and the earnings are greater.

RCA Institutes has one of the nation’s largest and
most respected home study schools devoted to
electronics. They can get you started even if you've
had no previous training or experience. RCA Insti-
tutes has developed a faster, easier way for you to
gain the skills and the knowledge you need for a
tascinating, rewarding electronics career. And you
don't have to quit work and go back to school.
With RCA Institutes Home Study Plan you can do

both. You set your own pace depending on your
schedule.

Check over these RCA benefits:

¢ You get Hands-On Training—over 300 experi-
ments and as many as 25 kits with some pro-
grams.

¢« You get RCA's unique “Autotext” method of
learning — individual programmed instruction,
the easy, laster, simplified way to learn!

*You get the widest choice of electronics
courses and programs—everything from Elec-
tronics Fundamentals right up to Solid State
Technology and Communications Electronics.

s You get a selection of low-cost tuition plans!

Sounds great, and it is! For complete information,
without obligation, send in the attached postage
paid card...or return the coupon below. That will
say a lot about you.

Veterans: Train under new Gl Bill. Accredited Mem-
ber Naticnal Home Study Council. Licensed by N.Y.
State—courses of study and instructional facilities
approved by the State Education Department,

I——“c" Institut:s_ - __l

Home Study Dept. 694-003-

l I

l 320 West 31st Street, New York, N. Y. 10001

Please rush me FREE illustrated catalog.
| understand that | am under no obligation.

I Name _Age___ I
| (please print} |
Addrese - If reply card
I oty State Zip is detached—
gl £ Veterans: Check here [0 send this
m" L______________’coupontoday
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cirenit board from the source listed in the
Parts List.) Onee the board is prepared,
mount the parts in their respective locations,
paying particular attention to the orientations
of diodes, transistors, and cleetrolytic capaei-
tors. Use a low-wattage soldering iron to
solder the eomponent leads to the eireuit
board’s foil pattern. It is also a good idea to
heat sink the leads of the solid-state compo-
nent to prevent heat damage.

After all components are mounted on the
hoard, =older in place the primary and seeon-
dary leads of power transformer 77 and
picees of hookup wire sufliciently long to reach
the front panel controls when the project is
tully assembled. Then carefully check the foil
side of the board, particularly around the
transformer conneetions, for solder bridges.
It any exist, relieat and remove any exeess
solder to eliminate the bridge.

You ean use just about any type of case
that suits your fancy to house the cireuit. If
vou wish to duplieate the ease shown in the
photos, all vou need are some 22-gauge sheet
aluminum, hunber, glue, and fasteners, No
special tools are needed for forming and fab-
ricating the metal parts.

The top, front, and back of the case are
made Jrom a single sheet of aluminum, ma-
chined on the front and baek panels to acecom-
modate the contrels, jacks, and entry for the

line cord. It is then bent to shape to form a
friction fit over the side panels. While vou’re
at it, vou ean also eut to size the bottom plate,
using the same sheet aluminum.

To make the side pauels, vou will need one
walnnt and one white pine panel for cach. Cut
the walnut picces 14" longer in their length
and width dimensions than the lheight and
depth dimensions of the metal picees. The pine
pieces should be 34" shorter in, both dimen-
sions than the length and width o1 the walnut
picees. Now, make a “sandwieh of the pine
and walnut pieees with white glue and wire
brads, centering the former on the latter. This
done, smoothly sand and hand rub paste wax
on the outer face and edges of the walnut
panels to bring out a dull sheen. Then use
short wood serews to fasten the bottom plate
to both side panels and tempornarily set the
assembly aside.

Next, paint the front, top, and back assem-
bly with a eolor to contrast with the dark
shade of the walmt panels. When the paint
has thoroughly dried, use a dryvitransfer let-
tering kit to label the controls and jacks.
Mount the controls and jacks injtheir respee-
tive holes; then pass the 1ree end of the line
cord throngh its entry hole and seeure it to the
rear pancl with a strain relief.

Referring back to Iig. 1, conncet and
solder the free ends of the wires coming from

Input and output jacks J1 and J2 should be located ciose to each other if sep-
arate jacks are used to allow LDRI to be mounted between them as shown here.
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Neatly dress control and jack wiring to one side of circuit board and lace
together with cable ties or lacing cord. Secure power transformer to chasis
with 4-40 machine hardware; add 14 spacers when mounting board in place.

the civenit hoard to the Tugs of the appropri-
ate control and jack Tugs. Tin the free ends off
the line cord and solder them to the hole loca-
tions marked A€’ on the board. Now, inter-
connect with lengths of hookup wire the
eround leads ot 71-73 and conneet and solder
the leads of LDET diveetly to the signal lues
of J7 and J2. Neatly dress the leads along one
edge ot the eireutt hoard.

Now, mount ft24 and /1 on a three-lug
terminal strip (no lugs grownded). Position
the assembly near LDII so that when the
lamp is lit it will illuminate effectively the
LDR. Mount the assembly in place with 4-40
machine hardware. Conneet th s assembly via
one wire to the positive side of the power
supply on the cireuit board.

Current limiting resistor R24 and 1. are mounted
on terminal strip fastened to side panel in
line with LDR1 when cabinet is assembled. If
side panel is metal, use four-lug terminal strip
and do not connect R24 or |1 to mounting lug.

March, 1971

Finallv, mount the eirenit board with 4-40
hardware and spacers, and power transformer
71 with 4-40 hardware ouly. The project is
now ready to be tested.

Setup and Use. Plng the line cord of the
Leslie Etfect Simulator into a 117-volt ac out-
let. Conneet an input and amplitier to J1 and
J 2, respectively, and a footswiteh to J3. Turn
on the system by rotating 8 elockwise just
past the click. Close the footswiteh to test the
bypass cireuit; 77 should immediately come
on.

Temporarily cover the sensitive tace of
LDI1 with a pieee of black elezirical tape to
keep ambient light from interfering with the
adjustments to be made. Advance ACCENT con-
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trol 1720 to about two-thirds of its clockwise
rotation and set weight eontrol I8 fully coun-
tercloeckwise—but do not elick the power off.
The maximum effect of ToNE control R11 oc-
curs over ahout one-quarter of its travel. The
extra travel is useful in some effeets when the
weight control is fully advaneed. Adjust 1712
so that the most sensitive area of the TONE
control is at the center of the ToXE control's
travel. You ean clieck out vour settings by
striking a ehord and noting the aection of the
TOXNE eontrol as it is rotated.

Trimmer potentiometer R22 should be
swept over its entire range to check the gain
of the Simulator. It should then be set so that

there is minimum change in volume level as
the Simulator is switched in and out of ihe
system (by operating the footswiteh). While
adjusting R22, be sure to remove the tape
from over the LDR to permit switehing out
the Simulator.

To a eertain extent, ACCENXT control R20
changes the overall gain of the Simmlator. It
should be adjusted for nnity gain at the ae-
cent setting vou intend to wse most cfien or
for whatever eompromise suits vour taste.
When both internal adjustments (1?12 and
R22) have been made, uncover LDR?7 and
assemble the case.

In use, the best way to get the feel of the
controls of the Simulator is simply to play
with them. However, a few simple hints will
get vour started. First, to obtain the Leslie
Effeet, set the ACCENT control to approximate-
ly the ecenter of its travel and rotate the
WEIGHT eontrol a small fraction of a turn

60

clockwise. Set the TONE control t) the eenter of
its travel and adjust the SPEED control as de-
sired.

Now, when the instrument pligged into J1
is playved, vou should get an effect that is
something like a tremolo, except that there
will be a toueh of sweeping pass band in the
backeround. If the effeet is nol pronounced
enough to suit you, advanee the ACCEXT eon-
trol.

For super bass/treble hoost, turn up the
WEIGIIT control as far as it will go without
turning off the Simulator. Advance the ac-
CEXT eontrol all the way. Now the TONE eon-
trol ean be rotated elockwise for treble boost

In prototype, top of case slopes downward.
Top, front, and rear panels are painted flat
black to contrast with rich tones of walnut
side panels. Controls and jacks are lettered
in white, using dry-transfer lettering kit.

and counterclockwise for bass boost. Some-
where between the two extremes,'the amplifier
might break into oscillations, buit this ean be
readily remedied simply by backing off on the
ACCENT control slightly.

Advaneing the WEIGHT control past its mid-
point and setting the ToxE slightly treble of
center ean produce an effect quite similar to
reverberation if the ACCENT edntrol is ad-
vaneced to the point that just eiuses oseilla-
tion when a note is struck.

1f, during the operation of tlie Simulator,
vou notice a lond ae hum level, fry reversing
the ac line cord plug. This should effectively
curb the Imun loop.

Bevond the very rough hints otjtlined above,
familiarizing yourself with the Leslie Effect
Simulator will depend on your :xperimental
nature. You will eertainly want tp experiment
to determine just what the Simulator is eapa-
ble of doing. Go to it.

POPULAR ELECTRONICS
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BY
ROBERT F. LEWIS,
K7YBF

Low-Gost 10.7-MHz Signal Generator

FOUR HUNDRED kHz BANDSPREAD TUNING

F YOU'VE EVER had oezasion to check
the frequencey response of 10.7-MHz i-f
stages, ratio detectors, and diseriminators,
vou’re aware of the inherent shortcomings of
conventional signal generators emploved for
this kind of work. Most standard FM i-f
transformers are designed to have a 3-dB
bandwidth ot about 200 kHz, while ratio de-
tector and diseriminator transtormers nsually
have a peak-to-peak response of 300-600 kHz.
Since conventional signal generators are
designed to cover a wide frequeney range, the
band required for FM i-f testing and align-
ment oecupies o rather narrow segment of
the generator’s tuning dial. Consequently,
frequeney readings, in terms of 10 kHz or so,
are next to impossible to obtain unless you
can continually monitor the generator's out-
put with a trequeney meter. Even then, it is a
tedious and touehiy procedure.

However, for about $12 you can build a
simple 10.7-MHz signal generator that will
spread out the 600 kHz of interest to cover a
180° segment of the tuning dial. Calibration
is accurate enough to do the job for which the

March, 1971

TO VERIFY FREQUENCY RESPONSE

instrnment was designed, and the tuning ean
be continuously reset to within 1 or 2 kHz at
the marked points on the dial or within 10 or
20 kHz n between the markings if your inter-
polation 1s good.

Theory of Circuit Design. The 10.7-
A1z generator employs two field effect tran-
sistors; 97 is in a Colpitts oseillator configura-
tion, while Q.2 operates as a source-follower
ontput circuit (see Fig. 1). The frequeney of
oscillations 1s determined by the values of L7
and the combination of C1 through €4, with
C1 serving as the main tuning clement in the
circuit. The eapacitive value specified in the
Parts List for €1 provides a frequency spread
of shghtly in excess of 600 kHz. This could
easily be expanded or narrowed by changing
the value of the tuning capacitor.

The drain of Q7 is operated at 46 volts
and is grounded for r-f through C6. Similarly,
the drain of Q2 is operated at 46 volts, with
(8 providing the r-f ground return. The out-
put from Q7 is coupled throngh C7 to the
gate of Q2 Capacitor C9 provides signal
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Fig. 1. Stage Q1

is wired up as a Colpitts oscillator, while source-follower

stage Q2 serves as a buffer to prevent erratic oscillator operation under load.

PARTS LIST

Bl—Four 1.5-volt AA cells in series

C1-2-10-pF variable capacitor (lohnson No.
160-109A_ or similar)

C2—100-pF silver mica capacitor

3.C7-—56-pF silver mica capacitor

C«—22-pF silver mica capacitor

C5—75-F silver mica capacitor

C6.C8—0.0!1-uF disc capacitor

('9—39-pF disc capacitor

J1—UG-2904/U BNC-type coaxial connector

L1—2-ull inductor (15 turns =24 enameled
wire close-wound on %" slug-tuned coil

coupling to the external eirenit connected to
J1 and de isolation between the signal gen-
erator and the external eivenit.

Construction. With the exception of (2,
all of the eomponents that make up the 10.7-
MHz signal generator mount on a printed
cireuit board, the actual-size etching guide tor
which ts shown in Fig. 2. When mounting the
components on the board, orient (7 so that
its capacttance incereases with elockwise rota-
tion of the shaft and so that the tlat on the
shalt is parallel to the bottomn edge of the
frout panel with €7 set for half capacitance.
Then connect and solder 2 hetween the rotor
and stator terminals of C1. Referring to Fig.
3, finish mounting all the remaining parts as
show.

Mount the eireuit board to the front panecl
of a5” X 47 X 3” aluminum utility box with
6-32 hardware and V,”-long spacers. Then
fasten the battery holders to the rear panel of
the utility box with 6-32 machine hardware.

Panel leitering must be done during the
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form : use Miller No. 214000 or siniilar
form)

L2—25-mH r-f choke (Miller No. 7/ 25341,
or similar)

Q1.Q2—HEP802 or MPF102 field-eficet tran-
sistor { Maotorola)

RI1—17 .000-0hm, Ys-watt resister

R2—150.000-0hm. ¥-watt resistor

R3—500-0hm porentiometer

NI—Npst switch (part of R3)

Mise—3" X 4" X 3" metal utility box: bat-
tery holders: circuit board materiel: hard-
ware: spacers; control knob : hookuyp wire;
salder ; ete.

calibration proeess. Although there are sev-
eral methods vou ean choose from to mark
the panel wiili the proper legends, the dryv-
ransfer technique is by far the neaiest and
most professional looking. Also, if von wish
to make the panel markings more permanent,
wait several days afrer applving the letiering;
then spray two or three light coats of clear
acrvlie finish on the frout panel. Make these
coats light, mid wait until cach is completelv
dry before applying the next coat ér the letter-
ing witl it ot

Calibration and Use. To accurately use
the signal generaror, it mnst fivst be calibrated,
To do thix, you need at least temporary ae-
cess to an accurate frequency mefer, sueh as
v surplus BC-221. The calibration proecdure
is as follows:

First, turn on the sienal 2enerator and the
frequency meter and allow both 1o warm up
and stabilize. After a ~ufticient length of
warm-up time has elapsed, set the tuning dial
on the signal eenerator so that the index on

POPULAR ELECTRONICS
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Fig. 2. To obtain proper operation from circuit, actual size etching guide
must be carefully copied as resist pattern on copper foil side of circuit board.

the conirol knob is pointing straight up. Be
sure that €'/ is at hall capacitance at this
point. Then conneet the generator to the mmput
of the frequency meter through a saitable
length of coaxial cable. Set 123 to its midpoint.

Adjust the setting on the frequency meter
to exaetly 10.7 M1z, Now, tune the slng in LJ
to produce a zero heat berween the output
signals of both instruments. Tighten L2's lock-
nut, and mark the 10.7-MIz calibration point
on the front panel in line with the control
knob's index or pointer. Repear the process
for the other ealibration points desired.

You can roughly calibrate -he level eon-
trol (R3) with the aid of a low-voltuge r-f
voltmeter or other instrument capable of
measuring low-level r-f voltages. An oseillo-
scope, properly ealibrated, will do nicely.

When using the 10.7-M1Iz cseillator, here
are some suggestions to enable vou to obtaimn
the maximum benefit from yvour inztrument.
Always use coaxial cable bhetween the gen-
crator and the equipment under test to pre-
vent stray eoupling and false readings. When
aligning M i-f stages, or when ruuning band
width measurements, keep the output level of
the signal generator as low as possible so that
limiting in the 1-f strip will not give false
indieations. If a vacunm-tube receiver is in-
volved, you can take de readings at a hmiter
grid with a VIVM. In solid-state cireu ts, one
way is to use a VIV with a rectifier-type
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r-f probe and take readings at the base or eol-
lector of an i-t stage.

When checking peak-to-peak responses of
diseriminators, keep the generator’s output
level high =0 that heavy limiting oecurs ahiead
of the diseriminator. This maintains the dis-
criminator’s input level relatively constant

(Continued on page 97)

Fig. 3. Note that only cne hole in bcard is used
for C9; other lead of C3 goes to center lug of R3.
A length of bare wire connects Cl directly to L1.
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Unusual, economical switching arrangement

HERE ARE several different approaches

that can be taken to the design of a resis-
tance decade box. One simply switches in-
ereasing values of resistors, while others use
tricky switching arrangements that add four
values of resistanee (1,2,3, and 4) to make 10
units per switeh.

All of these schemes have their drawbacks
—from either a cost, production, or use stand-
point. Take the case where four resistors are
used to add up to 10. There are bound to be
switehing irregularities in this process since
it 1s impossible to switch out the one and two
units and switeh in the four unit at the same
time. The tolal resistanece jumps during
switehing either a value below three or above
four. Such a condition may not he important
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in many eases, but it may eause damage to a
highly sensitive galvanomcter or a delieate
picee of eleetronic equipment.

Deseribed lere is a switehing scheme for a
resistance decade that solves many of the
problems mentioned above and is simple and
inexpensive to build. Six identical resistors
are used 1n eaelt decade to provide 10 smooth
equal steps. A schematie of one decade switeh
is shown in Fig. 1. The sceret of the scheme 1s
in the values of the resistors and in the switch
arrangement. The rolors on the two wafers of
the switch are offset by onc place to provide
smooth operation. The resistors are twice the
value that would ordinarily be used for a
particnlar decade. That 1s, for the X1 decade
the resistors are all 2 ohms; for the X10 dee-

POPULAR ELECTRONICS
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Fig. 1. Any number of decades can be made
using this same circuit. Note that the two
rotors are displaced one position apart.

PARTS LIST
For X1 decade:
R1-R6—2-0hm resistor (Mullory 3-1F or
Ohmite 995-31)
For X10 decade:
R1-R6—20-0hm resistor (Mullorv 3AL or
Qhmite 995-3.1)
For X100 decude:
R1-R6-—=200-0hm resistor (Mallory 3AE or
Ohmiite 995-34)
For NIK decade:
RI1-R6—2000-0hm resistor (Mallory 34K or
(Yhmite 995-31)
For V10K decade:
R1I-R6—20,000-0hm resistor (Mallory
2MOL22k or Ohmite 995-5B)
For X1OOK decade:
R1-R6—200,000-0hm resistor (IRC RC2)
SI—Two-pole, 12-position rotary swiich (one
per decade)*
Visc.—Suitable chassis, knobs, fire-way bind-
ing posts (2), wire, solder, etc.
trallable as IMSW1 from | & M Electron-
res, Ree 1, Box 28, Cutler. IV 16920 at 53
each, 82.50 each in lots of 6. postpuid. Indi-
ana residents add 2% state sales tax.

ade, they are 20 ohms: cic. To provide the
even values (2,4 6, 8, and 10). the resistors
arve conneeted in =eries, To provide the odd
valnes, the sixth resistor “‘tloats” from one
position to another so that it is m parallel
with one ot the other five, thus 2iving a resis-
tance value eqnivalent to 1. Several factors

must be taken into eonsideration when plan-
nine the deeade box. Fivst, the wattage of the
resistors must be deeided. This, of course, de-
pends on where vou are going to use the
mstrument. Then, the overall range of resis-
tanee must be determined. Six switehes will
produce resistanee values in one-olim steps

to the contacts. Make sure that each resistor is isolated from each cf
the others and from the chassis to insure against accidental shorts.

March, 1971
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When building up several decades, use resistors having the same tolerance and wattage. Certain
terminals on two wafers of each switch are stapled together. Note decade interconnections.

from one ohm to one megohm. Eight switches
will allow coverage from 0.1 ohm to 10 meg-
ohms.

The accuracy of the decade box must also
be considered. Low-tolerance resistors cost
more than higher tolerance tvpes. However,
5% tolerance should prove adequate for gen-
cral work.

Construction. The six-switech decade box
shown in the photographs was construeted in
ab” X 914” X 2”7 aluminum chassis having a
removable top. The chassis size is not impor-
tant as long as it ecan eomfortably support
the seleeted number of switches and the out-
put five-way binding posts. Construction and
operation will be greatly improved by the use
of the speecial switch specified in the Parts
List. This switch has its two sections stag-
gered as required and has the proper termi-
nals on each wafer stapled together to make
the necessary electrical contact.

Wire the switches as shown in Fig. 1. Test
each switch after completion with an ohm-
meter. Conneet the switeh outputs in series.
Make sure that resistors are not touching
each other or the chassis. If high-wattage re-
sistors are used, it is advisable to make sev-
eral ventilation holes in the chassis. Mark the
switeh positions and the multiplication factor
with press-on type. Once complete, use an
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ohmmeter to check the overall operation of
the box.

To use, connect the decade box binding
posts to the required externa! eircuit and
position the switches to obtain the total value
of resistance required. The zorE position of
each switeh forms a short acrosg that switeh,
thus effectivelv removing it from the eireuit.

—B0-
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DETECT LIQUID OF ANY KIND IN ANY LOCATION

ETECTING leakave or overflow i any
systenn mvolvine lguid <forage or trans-
mission Is nof as easy as it sonnds without
spending a lot of money. Detection deviees
on the market ranwe in price from $40.00
to $100.00 (or more) depending on the pack-
aging. On the other hand, the =ensor de-
seribed here can be huill for abont $3.000 The
sen=or itsett ix the heart of an ellicient and
acenrate defeetion svstem. The cost of the
external warniag and power camponents will
vary depending on how the sen=or is applied.
Applications for the moisiure =en=or are
myriul. It can detect warer leaks in acuarvi-
mms, basements, boats, Ireezers, hunidifiers,
sprinkler systems, boilers, ete. 1t will loeate
moisture in hiumber, silos, or any stored ma-
terial susceptible to motsture damage. An-
other important use 1s i the detection of
condensation in fuel tanks sinee, in thi- sen-
sor, no power is present at ihe probe tip
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BY H. ST. LAURENT

(even when activated) so that there is no dan-
wer of an explosion,

Oune of flhe best featnres of this sensor
ts that 1t uses no power when on standby,
This makes it possible to use dry cells suech
ax lantern hatferies to monitor remote, hard-
to-reach arcas. The sensor is not voltace sen-
sitive; operating voltage ean be varied as
much as 2359, without adversely affecting the
operation. A nmunber of sensors can he coun-
pled to a central eontrol panel for covering
wide areas.

Theory of Circuit Design. The c¢ireuit
of the motsture sensor 1= shown in IFig. 1.
When any moisture is present hetween the
probe {ips, a low-level positive voltage passes
from the red lead, through the two resistors,
to the gate of the SCR. This fires the SCR
and canses it to appear as a very low re-
sistanee across the two power leads.
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Fig. 1. The moisture sensor is a simple circuit that operates very readily. Color-
coded leads indicate the applied dc voltage, red for positive, black for negative.

PARTS LIST

C1—0.01-pF miniature capacitor

R1,R2—22 000-0hm, Y%-watt resisior

SCR1—Silicon controlled rectifie (GE C103Y
or Motorola HEP320)

Misc.—Plastic tube, perf board, non-corrosive
wire, cable, potting compound, solder. etc.

Note—A complete set of parts including perf
board, plastic tube and matchipg mounting
clip, but excluding potting compound, is
avatlable for $3.00 from Leciromek Co.,
Box 821, Warwick, RI 02888.

When a suitable power source and alarm
are connected to the power leads as shown
in Fig. 2A, the alarm is activated when the
SCR fires. The particular SCR used in this
sensor operates best with supplies between
6 and 18 volts. The maximum cnrrent drawn
by the SCR when fired 1s about 800 mA.

Either de or ac may be used for the power
supply. If de is wsed, once the SCR fires, it
must be reset (with the probes in the elear)
by disabling the power souree momentarily.
1f ae is used, (a 6- or 12-volt filament trans-
former works well) then reset occurs auto-
matieally when the probes are in the elear
and the ae waveform passes through zero.

Construction. The sensor can be housed

in any type of narrow plastie tube—cven a
small pill bottle. Cut a pieee of perf board
shorter in length than the plastie tube to be
used and just wide enough to fit within the
tube. Mount the components on the perf
board, making sure that oniy one end of
each of the resistors is attached to the board
(see photo). If the sensor is to be used in
a corrosive atmosphere, cut tle loose ends of
1 and R2 short and solder about 3§ to 17
lengths of 0.040” Monel (or! other type of
non-corrosive wire) to the loos¢ ends. For non-
corrosive use. leave the loose ends of the
resistors their natural lengths, These are the
probe tips.

Connect lengths of red and, black wires to
the appropriate points on the board. A con-

B
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The plastic circuit board should fit snugly within a plastic tubel The probe tips
are either the resistor leads or small lengths of any type corrpsion-proof wire.
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Fig. 2. The probe can be powered either from a battery or an ac source (A). A
multi-sensor system (B) can activate either visual or aural indicators as desired.

CONTROL PANEL

nector ean he used to join the sensor to a
longer set of leads to run back to the power
supply and eontrol panel.

Slide the finished board into the plastie
fube so that the two tips protrude about 34”.
Conneel the sensor to the test cirenit shown
m Iig. 20 and wet vour fingertips and
Jumper the two probe tips. The alarm shonld
operate when the contact is made.

Once you know the probe is operating, re-
move it from the test circuit and plug both
ends of the tube using paraiting sealing wax,
or any connmercially available non-conducting

potting compound which will harden to make
a liquid-tight seal.

Operation. Mount the sensor using a
switable ¢lip so that the probe tips are in
the area of interest: hilee of a boat, slightly
ol of a hasement {loor, near the top of «
storage tank, or any place where the pres-
ence of moisture or liquid is to be deteeted.
The c¢ireuit shown in Fig. 2B shows how to
couple a number of sensors to a control pan-
cl. You ean use either visual or audio signal-
me, or botl. 130!

Photo of underside of the sensor plastic board shows how component leads are
soldered together both to form the circuit and provide a solid physical mounting.

March, 1971
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A SWITCH that can be operated by a light

beam from remote locations of up to 30
feet is a handy deviee to have around the
house or in the workshop. Such a switeh, espe-
cially if it ean be operated under wide ambi-
ent light extremes, is used to turn appliances
on and off, silenee the audio on a TV receiver
during commereials, and serve as a remote
switeh in a garage or basement. You ean read-
ily see how mueh of a work saver and satety
provider a light-operated remote switeh can
be.

As shown in the schematie diagram, the re-
mote switch deseribed here is a simple device,
employing a pair of light-dependent resistors
(LDER1 and LDR2) which provide on and off
bias for a simple transistor amplifier (Q1).
The amplifier load is a relay which is ener-
gized or de-energized depending on the eon-
duetion state of the transistor. The relay has
a double-throw contact arrangement so that
an appliance or device can be conneeted to
cither the normally open or normally closed
contaets, depending on the operating condi-
tion desired. (These contacts will handle up
to 1 ampere of enrrent at 117 volts ac. Tf
higher power is required for a particular de-
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vice, K1 can be used as a control relay to
drive an appropriately rated power relay.)

In operation, illumination ofif LDRE causes
Q1 to conduet sufficient current to energize
K1. Once K1 is pulled in, it remains ener-
gized even after the light is removed from
LDR2 because the solenoid of the relay is
normally biased near its pull-it point during
its de-cnergized period. Henee, although the
energizing current must execed a  certain
level, the holding current is within the bias-
ing eurrent range.

Now, by illuminating LDR1, the bias con-
dition at the hase of Q1 changes, cansing the
transistor to conduet less heavily—this time
sufficiently below the holding current of K1
to allow it to drop out. Again, the situation
1s such that the normal standby eurrent
through @1 and K1 allows the relay to re-
main de-energized even zfter tae light is re-
moved from LDR1.

Background changes from total darkness to
full brightness will not eause false operation
of the remote switeh sinee the re¢sistance ratio
between LDRI and LDR2 will not change

LORI
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Relay K1 closes and opens when LDR2 and LDR1,
respectively, are illuminated. Suffidient current is
normally available to latch K1 in desired state.

and, as a resnlt, the biasing scheme is un-
altered. However, the amount of light reach-
ing both LDR’s must be the same at any
given time for this to he true.

When assembling the remote switeh, bear
in mind that the LDR’s must be physieally
separated so that they can be illuminated
sclectively (by a flashlizht, for instance).
Experimentally, a separation of about 7
inches provided reliable operation at dis-
tanees up to 30 feet. ~30-

POPULAR ELECTRONICS
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Seventh in a Monthly Series by J. Gordon Holt

“IT WAS A VERY GOOD YEAR”

HE YEAR 1970 saw more than the usual

number of developments in what has be-
come known as ‘“the home entertainment
field.” For instance: four-channel “encod-
ing" systems, the Dolby B tape-noise-reduc-
tion for home use, the first Dolbyized
pre-recorded cassettes, and tantalizing an-
nouncements of video cassettes for the
home. It's nice to see the industry advanc-
ing on all fronts; however, for the person
who wants a piece of the action but can’t
afford to invest in every new device that
comes along, the current home-entertain-
ment scene is a picture of utter confusion.
Where, indeed, are we going ? Or, more suc-
cinctly, what can you buy today that won't
he obsolete tomorrow ?

Anyone who climbs out on a limb of
prognostication runs the risk of having it
sawed off from under him. This is merely
embarrassing when the predictions have no
significant consequences; but when readers
go out and spend their hard-earned dollars
on the basis of these predictions, it behooves
the predictor to choose a solid limb and
stay clear of the flimsy end branches. So,
with an eyve to the consequences of my edu-
cated guessing, I'll take a cautious stab at
forecasting some things to come.

Cassettes Are Here. First of all, there
is no longer any doubt but that the audio
cassette is here to stay. The best cassette
reproduction—that is, from a chromium di-
oxide (Crolyn) cassette through a good
Dolbyized recorder—is very nearly as good
as the best disc reproduction. This does not
mean, however, that you will get this kind
of sound from a commercially recorded,
mass-produced cassette, Even with Dolby-
izing (which we now have) and duplicating
on Crolyn (which we don’t), there is still
no practical way of ensuring uniformity of
sound from one cassette copy to another,
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and the high-speed duplicating that is
deemed necessary for economic reasons
takes an additional toll in the loss of trans-
parency and detail. At the level of medio-
cre-fi, to which the majority of people lis-
ten, a cassette will have cleaner crescendos
than a disc but probably more wow and
flutter. So take your pick!

I may be wrong, but I think the 33%-rpm
disc will be around for a long time to come
—if only because it has become such a
habit. If vou've built a substantial library
of discs or demand the very finest repro-
duction, it is reasonably certain that vou
are safe in continuing to buy discs. Surface
noise in discs will cease to be a major con-
sideration when they are Dolbyized, which
will probably start to happen some time this
year. (I know, I know! Dises have been
made with the Dolby for the last few vears,
but that's not what I'm talking about. I'm
talking about leaving the Dolbyization on
them when they are released so that the
consumer can do the final Dolbyv deprocess-
ing in his home.) Disc Dolbyization may
significantly reduce mistracking problems
also since the lower surface noise will allow
them to be cut at somewhat less insane
levels.

On the other hand, if vou're just starting
your music library and are willing to swap
the disc's present superiority for the cas-
sette’s convenience and durability (you
can't scratch a cassette), you can buy cas-
settes with the assurance that the industry
won't make them obhsolete with another
“better’” medium for many year to come.

Cartridges Are Out. What about the
8-track cartridges? I cannot drum up any
enthusiasm for them—as readers of this
column may have guessed—for two rea-
sons. First, they are obviously made to pro-
vide musical noises for people who don’t
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picture postcard

i

...the new Heathkit 25" ultra-rectangular
TV color picture is that perfect.

“picture postcard perfect”...an apt description for the quality of
color reproduction in the new Heathkit GR-371MX 25" ultra-
rectangular solid-state color TV. And the reasons are as clear as
the expanded 315 sq. in. view:

New Heath MTX-5 ultra-rectangular matrix picture tube. Devel-
oped in conjunction with leading domestic tube manufacturers
to produce a sharper picture, purer colors, more natural flesh
tones. Specially formulated etched face plate cuts out unwanted
glare, increases contrast without saorificing brightness. Matrix
screen around phosphor dots eliminates reflected light, allows
use of higher transmission glass for greater light output. New
square-corner rectangular design opens up the largest picture
in the industry... 25" diagonal measurement, a full 315 sq. in. of
viewing enjoyment. New shape allows complete transmitted
image to be seen for the first time. Pictures don't wrap around
sides of tube as before. And 25,000 volt high voltage assembly
assures optimum picture quality.

Unique solid-state design: 45 transistors, 55 diodes, 2 silicon
controlied rectifiers; 4 advanced ICs containing another 46 tran-
sistors and 21 diodes; and just 2 tubes (picture and high voltage
rectifier) combine to deliver performance and reliability unobtain-~
able in conventional tube sets.

Other plus-performance features inciude: High resolution cir-
cuitry for improved picture clarity, plus new adjustable video
peaking that lets you select the degree of sharpness and resolu~
tion you desire; an exclusive solid-state VHF tuner with MOS
Field Effect Transistor for superior reception even under mar-
ginal conditions; Memory Fine Tuning: 3-stage solid-state IF,
factory-assembled and aligned; Automatic Fine Tuning; VHF
power tuning; “Instant-On"; Automatic Chroma Control; adjust-
able noise limiting and gated AGC; adjustable tone control; hi-fi
sound output 1o your stereo or hi-fi system.

Exclusive owner-service capability...only Heath offers you this
money-saving advantage: built-in dot generator znd tilt-out con-
vergence panel let you do periodic dynamic convergence adjust-
ments required of all color Tvs. Modular plug-in glass-epoxy
circuit boards with transistor sockets permit fast, easy service
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and adjustment. Volt-Ohm meter supplied for detailed troubles
shooting right down to the smallest part.

Available in choice of factory bled, pre-fini
Mediterranean, Early American, Contemporary...or without cabi-
net for custom installation.

Kit GR-371MX, 125 Ibs., (less cabinet) ........c...... 579.95*
Choose from the complete line
of Heathkit solid-state Color TVs...
for every size and budget requirement:

hed tinat

14” portable solid-state
color TV

Kit GR-169, 69 Ibs.,
including cabinet
..349.95"

20" solid-state
colorTV

Kit GR-270, 109 Ibs.,
less cabinet

23" solid-state
color TV

Kit GR-370, 124 lbs.,

less cabinet
........... 539.95¢

FOPULAR ELECTRONICS
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microwave
oven

399.95*

New 25-pedal
“Legato”

1,495*

New solid-state
amateur receiver

New 15 MHz
frequency counter

319.95* 199.95*

And while you’re at it, picture these Heathkit
newsmakers in your den, kitchen, ham shack or shop.

{® New Heathkit solid-state *'Legato”
25-pedal Theater Organ

One of the world's most versatile musical instruments...now in
money-saving kit form. Designed exclusively for Heath by Thomas
Organ craftsmen. All solid-state. Features 15 manual voices, 4
pedal voices...any or all at the flip of a tab. 25-note heel & toe
pedal board, range 16’ & 8’ CO to C3. Colcr-Glo" key lights and
comprehensive organ course supplied have you playing like a
pro in minutes. Two 44-note keyboards: accompaniment rarge
8'...F1 to C5. Solo manual 16’ 8, 4/, 2'...F1 to C7. 200 watts
peak power from two solid-state amplifiers...cne for the 2-speed
rotating Leslie speaker and one for the two 12" speakers. Tape
record/playback jack on amplifier. Band Box & Playmate acces-
sories available.

Kiti T9:101729971DS: 5 rrvwe  $rEE B 58 Bt @ @l w I 510

New Heathkit microwave oven

The cooking revolution of tomorrow, here today in easy-to-build
kit form...saving you hundreds of dollars over comparable elzc-
tronic ovens. Exclusive patent-pending Heath double door inter-
lock system provides absoiute safety...oven cannct be turned on
if door is open. Prepares meals in minutes, not hours. Cooks on
china, glass, even paper piates in spacious, roast-size oven czv-

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

CALIFORNIA: Anaheim, 92805, 330 E. Ball Road; El Cerrito, 94530, 6000 Potrero
Avenue: La Mesa, 92041, 8363 Center Drive, Los Angeles, 90007, 2309 S. Flower St ;
Redwood City, 94063, 2001 Middlefield Rd.; Woodland Hills, 91364, 22504 Ventura
Bivd.; COLORAOC: Denver, 80212, 5940 W. 38th Ave.; GEORGIA: Atlanta, 30305, £285
Roswell Road; ILLINOIS: Chicago, 60645, 3462-66 W. Devan Ave ; Cowners Grave,
60515, 224 Ogden Ave.; MARYLAMO: Rockville, 20852, 5542 Nicholson Lane; MASSA-
CHUSETTS: wellestey, 02181, 165 Worcester St.; MICHIGAN: Detroit, 48219, 18645
W. Eig1t Mile Rd.; MINNESOTA: Hopkins, 55343, 101 Shady Oak Rd.; MISSOURI:
St. Louis, 63123, 9296 Gravois Ave.; NEW JERSEY: Fair Lawn, 07410, 35-07 Broad.
way (Rte. 4); NEW YORK: Jericho, L.I., 11753, 15 Jericho Turnpike; New York, 10036,
35 W. 45th Street; OMIO: Cleveland, 44129, 5444 Pear] Rd.; Woodlawn, 45115,
10133 Springfietd Pike; PENNSYLVARIA: Philadelphia, 19149, 6318 Roosevelt Blvd.;
Pittsburgh, 15235, 3482 William Penn Hwy.; TEXAS: Dallas, 75201, 2715 Ross Ave-
nue; Hauston, 77027, 3705 Westheimer, WASHINGTON: Seattle, 98121, 2221 Third
Ave.; WISCONSIN: Milwaukee, 53216, 5215 W. Fond du Lac

Retail Heathkit Electronic Center prices slightly higher to cover Shipping, !scal
stock, consuitation and demonstration facilities. Local service also available whether

you purchase locatly or by factory maii erder.

ity. Low-profile, countertop design fits unobtrusively into kitchen
decor. Portable convenience. tco...can be used on patio, at
poolside, 2tc...wherever a 120 VAC grounded outlet is provided.
Give your wife a break from kitchen drudgery.. . with this new
miracle of micrawave cooking.

Kit GD-29, 97 lbs. . .....

© New Heathkit solid-state
80-10 meter amateur receiver

All the quality you'd expect in a new Heathkit receiver...and
solid-state to boot. Tunes USB, LSB, AM, CW & RTTY. 80-10M.
15 MHz WWV coverage. 100 & 25 kHz calibration. Dual gate
MOSFET front end for greater dynamic range. Solid-state factory-
assembled & aligned linear master oscillator for rock-solid tun-
ing with 1 kHz readout. % uV sensitivity for 10 dB S+ N/N. 2.1
kHz selectivity with built-in SSB crystal filter...optional AM &
CW crystal filters availabte.

Kit §B-303, 211bs. .............u veeveesessidoes-019.95"

® New Heathkit solid-state
15 MHz frequency counter
Another Heathkit first...highly accurate frequency measurement
at a price you can afford to pay. Delivers stable, accurate count-
ing from 1 Hz to over 15 MHz. All integrated circuitry for top
performance, high reliability. Automatic trigger level for wide
range input without acjustment. Five digit cold-cathode readout
with Hz/kHz ranges and overrange indicators give 8-digit capa-
bitity. Input Z 1 megohm shunted by iess than 20 pF for low
circuit loading.
K{IB-101, (7 IDSks 11 wneis (o1 sbrts <nil T TEReinle ¥ mssig i B m 199.95¢
e =
HEATH COMPANY, Dept. 10-3 = ’
: Benton Harbor, Michigan 45022 a Schlumberger Company

[JEnclosed is $_____

Please send model sy .
[] Please send FREE Heathkit Catalog. [] Please send Credit Application.

Name .

. plus shi

CIRCLE NO. 13 ON READER SERVICE PAGE

March, 1971

| Address =
| City State Zip
| *Mait order prices; F.0.B. factory.
Prices & specifications subject to change without notice. CL-403R J
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give two hoots in hell about high fidelity.
Perhaps some cartridge buyers are sound-
conscious, but the manufacturers don’t
seem to think so because all the recent
attempts at sonic improvement—Dolbyiza-
tion, Crolyn tape, electronic-drive capstans,
and so on—have been applied to cassettes,
while cartridges continue on their previous,
merry, low-fi way. Second, the continuous-
loop format of the cartridge, having no
definite beginning or end, is not really suit-

Harman-Kardon’s Model CAD5 tape cassette deck is
one of the first to have built-in Dolby noise re-
duction circuits. it can play Dolbyized or not, and
Dolby controis can be set for special tapes. Fre-
quency response is improved to beyond 12,500 Hz.

able for recording things that have a start
and a finish (like classical works or musi-
cal shows). The continuous loop is ideal for
programming short selections that com-
prise the bulk of background-music listen-
ing—and that’s about all. Nobody has come
up with a way of high-speed reversing of a
cartridge, although there has been an an-
nouncement of a continuous-loop cassette,
which may or may not be a disaster when
you try to reverse it.

Cartridges will be with us for some time
to come, simply because there are so many
cartridge players in use, but I don’t think
cartridges will ever be rated as a serious
contender in the high-fidelity sweepstakes.

As long as cartridge manufacturers feel
the way they do about their products, there
will be a lot of musical material—the less
popular classics. etc.—that will never be
released on cartridges. Virtually every re-
cording released in the U.S. since 1949 has
been available on 33Y4-rpm discs, and this
will probably continue for the foreseeable
future. It is also very likely that practically
every future release will come out on a
cassette, too, which means that these are
the onlv two media that will allow a listener
to follow his developing musical tastes
wherever they lead him. In other words,
don’t hold your breath waiting for Schoen-
berg on a cartridge!
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Dolbyization, which seems to have become
all-pervasive almost from the | moment of
its introduction, will undoubtedly go much
farther than most people imagine. Pre-Dol-
byized cassettes are here, and Dolbyized
discs offer such obvious advantages that
they too should be on the market within a
matter of months. With tapes and discs
Dolbyized, the next step seerns obvious:
total Dolbyizing from original master tape
to home playback. If the Dolby deprocessor
is in the listener’s home, radio stations could
transmit pre-Dolbyvized recordings as is,
without deprocessing so the final deprocess-
ing in the home would reduce FM hiss as
well as noises from other links in the repro-
ducing chain. And if the listener wished to
record something off the air &t home, he
could do so, leaving the final deprocessing
for playback, when it would reduce the hiss
from his own tape machine too. Listeners
who didn’'t have home Dolbys would hear
just what they hear today, but with a some-
what hotter high end which could be tamed
with a simple treble tone control adjust-
ment.

Total Dolbyization will, I strongly sus-
pect, be adopted without any irdustry fan-
fare or foofaraw, simply because it will be
the path of least resistance for the radio
stations. Unlike stereo FM, which required
the purchase of new broadcast equipment
and thus came about gradually, DDolby trans-
missions of Dolbyized discs and tapes can
be done just by playing them ‘“as is”
through the existing broadcast| equipment.
Thus Dolby broadcasts will start as soon
as Dolby recordings are available.

Fly in the Ointment. There is a poten-
tial fly in the Dolby ointment, though. The
Dolby B system that is now in use for home
tape equipment acts only on the high end
of the audio spectrum—where; most tape
hiss is. The proposed Dolby C system for
discs will apparently have a second con-
trolled band at the low end for rumble
suppression. This would seent to make
sense, but it does mean that anyone wishing
to deprocess both discs and tapes is going
to have to do it either with two separate
Dolby units or with a single urdit equipped
with a B/C throwover switch. Either solu-
tion will cost significantly more than a sin-
gle B-type deprocessor, which means that
fewer people will be able to afford them,
and that many who could w1l just not
bother because of the added complication.

Since nobody is yet manufacturing a Dol-
by C (to my knowledge), it should not be
too late to reconsider the decision to do so,
and I fervently hope the decision goes
against the C. For listeners who worry
about rumble, there are inexpensive, rumble-
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free turntables available. And for home
Dolbyization really to become big time,
there must be one standard home Dolby. I
see no reason why it can’t be the B model,
but I won't stick my neck out and predict
anything about the ultimate outcome. I can
only hope.

Should you buy a Dolby B now? Yes, if
you're a tape user who's bothered by hiss.
If a C comes along, you'll probably be able
to buy an add-on that won't force you to
throw out your B model.

The Video Scene. Are video cassettes
really just around the corner? You might
be expected to think so, after all those
mouth-watering articles in the Sunday sup-
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Sony’s videocassette system will playback color
and black and white, record black and white. It
is not yet in production; will run around $500.

plements abcut the wealth of programming
that will be available ‘‘soon’” on video cas-
settes: memorable football games, great
prize fights, cartoons, plays, nature films,
old TV shows, hard-core pornography, etc.

-each for a small rental fee. Well, don't
rush out and buy your videocassette player
just vet; because, if you think the disc-
versus-cartridge-versus-cassette scene in au-
dio is a bit confused, vou haven’t seen any-
thing vet!

The home video cassette scene is in a
state of chaos. The thought of millions of
Americans shelling out their money to
watch things they've been seeing for free on
TV has the entertainment business in a
frenzy of avaricious hysteria which would
seem to belie the inescapable fact that there
is no home videocassette market-—hecause
there is no home videocassette player. What
there is, at the present time, is some 16
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manufacturers working hell-bent to develop
what they hope will become the cassette
player in every American home. And to
make matters worse, it appears that not one
of these marvels will reproduce material
recorded for one of the others. There may
be a brighter tomorrow, but the reality of
today is that only one video cassette ma-
chine is available: the Motorola/CBS EVR
unit. And at a shade under $800, it is not
exactly building a mass market that will
have aspiring cassette distributors snapping
like hounds at the kill.

Which Way to Go? If you can’t inter-
change video cassettes, what is going to be
used ? If there were only three serious con-
tenders for the title of “Mass-Market Play-
er,” a distributor might consider packaging
in all three formats. But with more than 15
on the horizon and the possibility that some
may be better than anything announced to
date, it is not surprising that the cassette
distributors are tied in knots of indecision.
Clearly, the sensible thing for them to do
is sit tight and see what develops. But since
this might mean letting their competitors
buy up the cream of the programming and
build up an inventory of cassettes ‘“ready
to go,” there is a consuming urge to get
ever-more-deeply committed to a medium
that seems to have nothing concrete to offer
except the promise of a bonanza. (There
are some in the business who have doubts
about even this, citing the miserable failure
of disc-rental services and the necessarily
exhorbitant prices that would have to be
charged for the outright sale of videocas-
settes.)

In other words, nobody in his right mind
would try to predict an outcome in the
video cassette field. I have a hunch, though,
that when the smoke clears and the losers
have been buried, the one remaining video
cassette miachine, the one that will become
America’'s ‘“Home Standard,” will fit the
following description: It will take cassettes
that can be rented for $3 or less per hour
of playing time and cannot be accidentally
erased or relieved of their tape contents.
(The copy-and-switch gimmick is a tape
renter's worst headache.) And, it will pro-
vide a picture quality at least as good as
the average TV viewer can get on his an-
tenna-fed set—hopefully better.

To the prospective buyer, my advice
would be to sit tight, let your neighbors
field-test the first available video players,
and use the new-release catalogs as a score
sheet. As soon as one cassette format starts
to show a steady growth in numbers of
listings while others diminish accordingly,
youwll know what format is likely to win
out. That's the time to start shopping. —30—
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OPPORTUNITY
AWARENESS

Thoughtful Reflections On Your Future

Eleventh in a Monthly Series by David L, Heiserman

Getting Into Computer Servicing

Electronics has always been my favorite
hobby aud baving just graduated from high
school 1 am seriously considering training
as a computer service technician. How do 1
go about preparing for a career in computer
servicing?

® Getting started in computer servicing in-
volves three distinct phases of preparation:
1. Completing a formal education in elec-
tronics; 2. Getting a job with a large com-
puter firm; 3. Getting specialized computer
training.

You can kick off the first phase by either
taking a home study course or enrolling in
a local technical college that has an appro-
priate electronics course. In either case, your
objective must be to learn as much as possi-
ble about all phases of electronics. If you
can get an “Associate’s Degree’” or a degree
in Electronics Engineering Technology, so
much the better.

This first phase is necessary since most
computer companies say that they will only
hire service technicians who have at least
two years of electronics training or the
rough “equivalent.” These companies gen-
erally mean two years of formal classroom
training in a technical school, but some com-
panies will accept military electronics train-
ing, or home study schooling with, perhaps,
some practical on-the-job experience.

One passing note. In selecting a pro-
gram of study in electronics technology,
stay away from data processing. Data pro-
cessing schools and instruction courses teach
you how to run a computer and not the elec-
tronics involved.

Some home study schools and technical
colleges offer special programs that can lead
to a diploma in computer technology. Before
signing up for such a program, make sure
you’ll learn just about as much general elec-
tronics as you would if you were taking a
regular electronics technology program. If
there are elective courses in digital electron-
ics and data processing and these will not
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delay your graduation, take them by all
means.

Also in the second phase, note that most
schools operate a job placement service and
many of the major computer firms have re-
cruiting programs underway jnost of the
time. It is very doubtful you’ll iave to wait
a long time before some recruiters will get
in touch with you. If they are impressed with
your enthusiasm about computer servicing,
you may only have to take a minor technical
examination and an aptitude test. Since all
computer service technicians represent their
company, it is quite important that you show
a confident and friendly attitude to all peo-
ple. Computer servicing is defipnitely not a
‘“bench job.”

Accepting a job with a computer firm and
reporting for work opens up the third phase
of your career. Instead of starting to fix
computers your first day on the job, the
company will probably ship you off to school
for a full-time, company-paid course in com-
puter technology. These courses will assume
that you have substantial electronics train-
ing and for 6-10 weeks you'll ‘eview more
electronics and absorb more computer know-
how than you ever suspected eXisted. When
you graduate from the company school,
you’ll know their line of computers inside
and out, and you'll have a first-dlass job and
a bright, promotion-filled career waiting for
you.

How Not to Ask for a Job

@® Many readers have asked us for advice
on how to make a good impression at em-
ployment interviews or for morelinformation
regarding professional-appearing resumes.
The latter subject was covered in part in the
May 1970 issue on p 77. Sometimes, how-
ever, a single example of “how-riot” makes a
more lasting impression than & whole fea-
ture article written as a “how-tc.”
Employers appreciate hearing from job
applicants who are sincere, cnthusiastic,
competent, and talented. Broadcusting Mag-
azine recently published a letter written by
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Mr. Eliot Kohen, program director, KVOR
(AM), Colorado Springs, Colorado. This let-
ter was Mr. Kohen’s response to a job appli-
cant who had mailed his resume to the sta-
tion. The comments apply equallv well to
job seekers in almost any technical profes-
sion.

“We haven’t any openings, and even
if we did, vour letter and resume would
immediately disqualify you. Perhaps
that is the reason for this letter. I'm just
flat tired of receiving letters like yours:
poorly duplicated, addressed to ‘Man-
ager’ or ‘Program Director' (as if we
didn’t have any name or as if you were
too lazy to look them up), full of spell-
ing, punctuation and grammatical er-
rors.

“Whether or not the school of broad-
casting from which you say vou will
soon graduate told you, broadcasting is
a profession. As a broadcaster, you
should plan on being a professional. The
crime is that there are ‘schools’ in vir-
tually every city of any size that are
happy to take your money, let yvou play
with their tape recorder, pat you on the
back. and call you an announcer. And
whal compounds the crime is that there
is always a station somewhere looking
for cheap help and willing to hire un-
qualified people at absolutely minimum
wages."”

Certainly, the above speaks for itself and
change around a few words in the last para-
graph and the letter states the case as to
why some people are never hired.

Professional Engineering Exams

Your material on electronics consulting
(June, 1970, p 69) was read here with great
interest, How can I find out where and when
the Professional Engineering exams are to be
given iu my state?

@ Although the laws vary somewhat from
state to state, an electrical engineer who is
self-emploved and who designs and specifies
electronic and electrical systems must be
certified by his state government to call him-
self a Professional Engineer. Professional
Engineering certification is much the same
as certification of medical doctors, lawyers,
and other service-oriented professions.

To find out where and when your state
has Professional Engineering examinations,
write to:

National Society of Professional Engineers

2029 K Street, N.W.

Washington, DC 20006

This Society can also answer specific ques-
tions about all matters relative to Profes-
sional Engineering certification.
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Evaluating EDP Schools

I wounld like to start my career in electronic
data processing by attending a local EDP
school. 1 have heard some bad comments
about EDP schools, though, and I wonld ap-
preciate any snggestions you might have
concerning ways of avoiding being duped.

® Electronic data processing is a relatively
new and fast growing occupation. For many
people, the prospect of working with the
“giant brains” seems quite glamorous and a
rewarding and exciting career in EDP has
a lot of appeal. The EDP schools know this.
There's nothing wrong with sales and ad-
vertising efforts that take advantage of this
popular appeal as long as promises agree
with the facts. Unfortunately, there are a
few EDP schools that overplay the rewards
and offer shoddy, inadequate training.

The American Federation of Information
Processing Societies and the National Better
Business Bureau have outlined a few pre-
cautionary measures for anyone who wants
to enroll in an EDP school:

1. Be cautious with schools that flash ex-
travagant or misleading advertising, employ
high-pressure salesmen, or make glib
promises of giant salaries immediately after
graduation.

2. Avoid schools that offer “‘prizes” or
special discounts for signing a contract im-
mediately.

3. Be wary of schools that offer extremely
simple or short entrance aptitude exams or,
even worse, none at all.

4. Be skeptical of any school that runs
down its competition or tries to sell itself
by offering courses that are much shorter
than corresponding courses at other schools
or in industry.

5. Avoid a school that implies an affiliation
with a leading EDP firm when such an affili-
ation does not exist.

For further information about EDP ca-
reers, salaries, and training, write for a
booklet titled, *“Careers, Computers, and
You.” Send your request and 25¢ to:

American Federation of Information

Processing Societies

201 Summit Avenue

Montvale, NJ 07645

QUESTIONS ANYONE?

Reader inquiries to this department should
be addressed to the attention of Mr. David L.
Heiserman, POPULAR ELECTRONICS, One Park
Ave., New York, NY 10016. Questions con-
sidered to be of significant interest to a num-
ber of readers will be answered in print.
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AMATEUR RADIO

Final Report on Australis-Oscar 5—Tbhe 1970 annual report of AMSAT (Radiv
Amatenr Satellite Corp.) contained some interesting notes on the accomplishments
of satellite Australis-OSCAR 5. Lannched in conjunction with a routine NASA
satellite on Jamuary 23, 1970, AO-5's two-meter beacon operated for 23 days
and the 10-meter transmitter operated for 46 days. Commands from ground were
successfully received by AO-5 (a first for amateur vadio equipment) and the
satellite was heard by bundreds of observers in 27 countries—including
the Soviet Union. The passive magnetic attitude stabilization system employed
in AO-S was successful and the spacecraft aligned itself with the eartly’s
magnetic field within 1 week after launch. Work is in progress on the first
long-term amateur comminications satellite.

SHORTWAVE LISTENING

New Jamming Techniques -——As if by mutual agreement, all of the
major Communist countries (Soviet Union, People’s Republic of
China, etc.) introduced new jamming techniques in late 1970. The
Soviets are either replacing or adding a new sound to their jammers.
Heretofore, much of the Soviet jamming sounded as though the
listener were standing 5 feet away from a diesel engine. Recently,
a whiny, whirling sound has been introduced that does not appear
to have excessive negative peak modulation or wide (30-50 kHz)
bandwidth. On some frequencies, the Soviets continue to jam with
an “inverted” voice/music signal that some listeners claim to be
the Russian Home Service. Communist China has broadened its
jamming signals through the use of what appears to be a white noise
generator. The broader jamming signal is designed to prohibit
the anti-Chairman Mao broadcaster from escaping through a carrier
frequency shift of 5 to 7 kHz. (Submitted by Short Wave News Service)

SHORTWAVE LISTENING

Radio Nederland’s Madagascar Relay—T be new Rudic Nederland's relay station
12 Madagascar will use 1100 300,000-w:att transmitiers and will be on the air
in mid-1971. The relay operation will be similar 10 the Radio Nederland station
al Bonaire, but will use antennas and transmission times 1o cover Asia, Africa,
and Austvalia. The tentative schedule bas been announced—altbough no actial
date of operation or [requencies bave been stated: To Western Australia in
the 16-meter band between 0930-1050 and in the 19-meter band between 1100-1200
(all times are GMT ). To Indonesia in the 16-meter band between 1100-1200 and
in both the 19- and 16-meter bands between 1230-1350. T here will be another
broadcast to Indonesia betiween 2300 and 0020 in the 41- and 31-meter bands.
The 25-meter band 10ill be used between 1400 and 1520 for transmission 1o
Indonesia and the Pbilippines and to Eastern Australia betiween 2130 and 2250.
A 19-meter band outlet will also he used in the latter broadcast. Radio
Nederland is planning an expansion of transmitters at Lopik in Holland with
probably a boost in power and new antennas. (Subwmitted by Arthur Cusben, MBE)
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CITIZENS RADIO (CB)

Channel 9 Looks Good - REACT National Headquarters Las announced
results of its survey on the effectiveness of the FCC Ruling
reserving Channel 9 for emergency communications. Prior to the
implementation of the Rule, only 59 of the REACT members felt that
Channel 9 was free of non-emergency and illegal communications.
After only 10 or 12 weeks of the new Rule, over 289, of the REACT
teams indicated that Channel 9 was now clean and free of
interference. In the same survey, 69% of the REACT teams said
that prior to the Ruling, Channel 9 was unusable, but after
implementing the Rule, only one-quarter of the REACT teams say that
there is objectionable crowding and interference. The REACT
survey also indicated that 55% of the team members felt that the
FCC was reluctant to cite violations on Channel 9 and 36% of the
REACT teams felt that there should be an increase in the monetary
fines imposed on Channel 9 violators. In a separate survey, the
swing in the condition of Channel 9 was more dramatic in Ohio and
from a 17% rating of “good’” and an 829, “'bad” rating, the tables
were turned a full 180° to 829 “good” and 17.5% “bad.”

MEDIUM WAVES

FEBC Expansion Plans—T he Far Eust Broad-
casting Company is the most diversified of the
missionary broadcasters with transmissions in
36 languages and stations in the Philippines,
Okinawa, California, and recently in Sey-
chelles. The FEBC Vice President for Public
Affairs, Mr. M. D. Atienza (right), gave me
details not long ago of their expansion plans.
Besides the regional stations now in opera-
tion—DXKI, Koronadal, South Cotabato,
Philippines (1060 kHz, 1 kW ); DXAS, Jolo,
Sulu, Philippines (1300 #Hz, 1 W), and
DYFL, Borongan, Eustern Samar (650 kHz,

1 W )—new stations are to be opened in
Dumoy, Davao City, Philippines some time

this month with a 5-kW transmitter. Pluns are also underway for a starion at Legaspi
(1-,W transmitter) and Canyan Isabela, both in the Philippines. Outside of the
Philippines, the three medium-1cave stations in Okinawa will probably close when

the Ryukyus are handed back to Jupan. South Korea is visnalized as the most likely
new bhome for these stations. It hus also been reported to me by u missionary from
Jobannesburg that new antenna towers will be evected in Seychelles for transmitting
gospel programs to Central and South Africa. (Submitted by Arthir Cushen, MBE)

CIVIL DEFENSE

New LF Warning System- The Office of Civil Defense is requesting
$2,000,000 to install and test a prototype LF warning transmitter
near Edgewood City in northeastern Maryland. The OCD has
developed a rapid warning dissemination system predicated on a
low-frequency network of “‘control” and "‘distribution stations.”
These stations would be scattered from coast to coast. The new
system has been tentatively called Decision Information Distribution
System (DIDS). The 10 distribution stations would be activated
by two new control stations to be constructed, one near Aleova, Wyoming
and the other in northwest Arkansas. The control stations will

(Continued on page 98)
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THE PRODUCT GALLERY

Seventh in a Monthly Series by ‘‘The ‘Reviewer"™

HYE DESIGN, manufacture and sale of

TV antennas comprise one of the most
competitive areas in consumer electronics.
With little to distinguish one antenna from
another, advertising claims have recently
concentrated on ease of assembly, colors
(anodizing), strength, etc. The need for
something new has been present for several
years and, to our way of thinking, has been
fulfilled in the past few months.

WINEGARD “SENSAR”
VHF/UHF TV ANTENNA

The “Sensar’ is physically a “different”
TV antenna. It appears to be a folded dipole
with an unusually low length-to-element-
width ratio (10:1). The Sensar measures 46
inches from tip to tip and the blade-shaped
element is just under 5” wide. At the center
of the dipole is a plastic housing containing
a broadband VHF-UHF TV amplifier. No de-
tails on the amplifier circuit were received
by your reviewer though certain assump-
tions can be made. The gain exceeds 40 dB
and the passband virtually eliminates ampli-
fication of signals between 90 and 170 MHz.

There are six parts to the Sensar TV an-
tenna system: the SR-20 antenna itself, the
supporting mount, 75-ohm coaxial downlead
or feedline, low-voltage power supply, con-
necting cable from the supply, and the VHEF-
UHF band separator or splitter. Winegard
sells 3 mounting variations—one for the roof
(Model SRM), one for wall, chimney or attic
(Model WRM), and one for use on a boat or
a house trailer (Model STM). Obviously, you
can use any existing supporting mast as long
as it has the necessary height and rigidity.

Tests. The Sensar was tested by compari-
son to the “Pyramidal” (POPULAR ELECTRON-
ics, July 1969, p 27) and the results given
here are subjective. (No field strength mea-
surements were made.) At a distance of 27
air miles from New York City’s Empire
State Building, the Sensar provided color
signals of the same quality as the multi-

element Pyramidal on all VHF channels.
There was slight ghosting on channels 2
and 4. In the UHF TV band, the Sensar out-
performed the Pyramidal and produced no-
tably better color pictures with less grain.
This improvement was undoubtedly due to
the amplification of the UHF signal at the
antenna as opposed to feeding the signal
down without amplification.

The broad horizontal pattern of the Sensar
is not a true figure 8 but appears to consist
of several major lobes on each side of the
antenna. As expected, the lobe structure
varies between the VHF and UHF channels.

The principal advantages of the Sensar
are physical size (ease of mounting) and
signal amplification at a low noise figure
(good circuit design). Though extensive
urban tests have not been made, the Sensar
probably has the disadvantage| of lack of
discrimination between primary signals and
ghost signals arriving at the back of the
antenna from tall buildings, hillsides, water
towers, ete. This effect can bg curbed by
careful mounting to take advaritage of the
screening of walls, chimneys, etc.

EDSYN SOLDAVAC

The need for a suction-type desoldering
tool is keeping pace with the increasing use
of printed circuits. Repair of FC’s and re-
placement of components can he simplified
by use of the proper tools. In April 1970, we
described a solder sucking tool that worked
like a charm, but was hazardous to the user
because of the “throw” of the pliunger. Some
months later we received a more sensibly
constructed tool that wins our unqualified
recommendation. The Edsyn 3Soldavac is
small, low-cost, one-handed, ard very efli-
cient. Tt is operated by cocking the spring-
loaded plunger and then releasing it to
create a sucking action through the Teflon
tip held near the puddling solder. The solder
is sucked into the barrel and can be shaken
out or the Soldavac disassembled for easy
cleaning. —30—

FOR MORE INFORMATION

Winegard Sensar—Circle No. 89 on Reader Service Page 15 or 95.
Edsyn Soldavac—Circle No. 90 on Reader Service Page 15 or 95.
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WINEGARD
“SENSAR”’
TV
ANTENNA

OUTER SPACE LOOK. Winegard's new ‘‘Sensar’
TV antenna system features a solid-state broadband
amplifier in a plastic housing with two metallic
wings forming a sort of aperiodic tuned circuit.
It looks like something out of the early movie
version of “The War of the Worlds." This shows
the preferred chimney mounting, but the downlead
has not been looped and fed down through support.

SUPPLY AND ISOLATOR. Power for the am-
plifier in the antenna is rectified in small
package {left) that must be located near the
TV receiver. The voltage going up to antenna
and signal coming down are isolated from one
another. Slide switch introduces 20-dB cut in
amplification. The signal separator (above)
is attached to the amplifier/power supply out-
put through a 5-foot length of coaxial cable.

EDSYN
SOLDAVAC

EASIEST TO USE. The Soldavac is a
truly cne-handed, sucker-type desolder-
ing tool. Suction is created by plunger
action inside tne short barrel. User
cocks the plunger by depressing tab with
thumb until tab locks in place. Plunger
release is actuated by the lever under
the user's index finger. Tool is easily
disassembled to remove dirt and flakes
of cold scider that collect during use.
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SOLID STATE
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One Hundred Seventy-Eighth in a Monthly Series by Lou Garner

ANY READERS who have built the PLL

SCA Adapter (December 1970), have
requested a squelch circuit to remove the
background noise when the SCA carrier is
removed during portions of the program.
Such a circuit is shown in Fig. 1.

The input is connected to the emitter of
@1 of the original circuit, while the output
is taken from the emitter of @3 (of the origi-
nal circuit) and passed to the squelch circuit
via diode D1. The output terminal and C12
of the original circuit are not used, and the
audio output is now taken from the same
source as the original adapter.

Looking at Fig. 1, the SCA subcarrier is
coupled to amplifier @1 whose collector load
is a tuned circuit at 67 kHz. Emitter follower
@2 provides the impedance change required
to drive the squelch rectifier (Q3) without
loading the tuned circuit. When the 67-kHz
SCA carrier is present, the squelch rectifier
collector voltage drops to near zero, thus
making diode D1 conductive, and allowing
the audio signal to reach the audio output
terminal.

When the 67-kHz subcarrier disappears,
@3 does not turn on, thus its collector volt-

age goes up, reverse biasing diode D1. This
does not permit the audio signal to reach
the output terminal. The control potentiom-
eter at the input to the squelch circuit should
be set at the point where the SCA audio
passes through the circuit. If this potentiom-
eter is set too high, the background noise
will turn on the squelch rectifier, nullifving
the circuit.

A Fishy Project? Many fishermen feel
that fish are inquisitive about strange noises
underwater. It appears that sometimes the
little (or hopefully, big) rascals come arun-
ning when a strange noise suddenly appears
in their midst. Over the years, many an ex-
perimenter has built a so-called ‘‘fish at-
tracter’” usually consisting of a simple audio
generator and a small speaker, all mounted
within a watertight case, and lowered into
the depths. Some claim it works, while others
just shake their heads. Anyway, if you want
to try it this spring, Techniques Inc., 235
Jackson St., Englewood, NJ ({7631 is making
available their Pisces 1, a'two-transistor
tone generator whose schematic is shown in
Fig. 2. Varying the two potentiometers pro-
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Fig. 1. This squelch circuit can be used with the PLL SCA Adapter to remove the back-
ground noise when the SCA carrier is removed during portions of the regular program.
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duces a wide variety of sounds, hopefully
including one that will attract the fish you
are after. Pisces 1 is available at $9.95 in kit
form, and comes with a pair of waterproof
plastic hags to protect the device under-
water.

15K 33K2

AAMAAAA

N3565 2N3565

I

-

3V

.OZpF,—E {\:.OZpF /?
1 L

Fig. 2. Schematic of Pisces 1 two-transistor tone
generator. Varying potentiometers changes sound.

Readers’ Circuits. Submitted by Vincent
X. Geolden (736 North 4th St., Springfield,
OR 97477), the UJT-controlled flasher cir-
cuit illustrated in Fig. 3 may be used for
assembling an emergency tlasher for autos,
a signal lamp for small boat piers, and iden-
tification flasher for a driveway or turn-off
road entrance, or an attention-geiting device
for store window displays. It may be modi-
fied, if desired, for use as a cyclic switch for
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with space to spare. Offers vertical polariza-
tion with omni-directional pattern. VSWR s
1.2:1 or better.

Our Circa-Maunt comes as a total system
...with single hole mount ($17.95) or with
our magnetic mount ($24.95) for speedy
installation, PL 259 connector, 16’ 0f RG B8/u
coaxial cable and edapter.

It's a lot of antenna for very little in cost.
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Fig. 3. This UNT-controlled circuit may be used | Unicom Electronics Corporation )
for various applications including an emergen- | 8954 Mason Ave., Chatsworth, Calif. 91311
cy flasher for autos, boats, piers, and roadways. | Dealers: Call collect to crder (213) 882-7555
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heaters or such electromechanical devices as
motors and solenoids.

In operation, unijunction transistor @1 is
used as a conventional relaxation oscillator
to provide base bias drive to Darlington pair
@2-Q3 through its tapped charge resistor,
R2-R3. The Darlington amplifier (©2-©3), in
turn, drives an incandescent lamp load. The
circuit’s repetition rate (frequency) is de-
termined by the UJT’s characteristics, by
the supply voltage, and by Q1's emitter RC
time constant. In practice, the circuit’s flash-
ing rate generally is changed by changing
C1's value—as it is increased, the cyclic rate
1s reduced and vice versa.

Neither parts arrangement nor wiring is
critical and therefore, the circuit may be
duplicated using any preferred construction
method. Vincent writes that he assembled
his model on a conventional terminal strip
and mounted it in an empty shoe wax bottle
fitted with a red plastic cap. If cyclic switch-
ing is preferred to a flashing lamp, replace
the lamp with a moderately sensitive dec
relay with a 6-volt coil, using the relay con-
tacts to switch an external device, such as a

more powerful lamp, a solenoid, or a relay.

Noting that many commereial IC’s require
dual dc power sources, reader Eugene Rich-
ardson (Alexandria, VA) duggests that the
transformerless dc-to-dc converter circuit in
Fig. 4 might be of interest {o readers assem-
bling projects for mobile applications where
single battery operation is preferred. He in-
dicates that the design was adapted from a
circuit described in a professional engineer-
ing journal.

A straightforward arrangement, the con-
verter is basically a dc chopper combined
with a conventional voltage-doubler recti-
fier. Referring to the schematic diagram, a
square wave signal source, such as an IC
multivibrator, is used to drive phase-splitter
@1 through coupling diode D1. Base bias for
@1 is furnished through R1, while R2 and R3
serve as its collector and emitter loads, re-
spectively. Driven by @1, @2 and @3, in con-
junction with diode D2, serve as a simple
high level switch, developirig a square wave
signal with a peak-to-peak amplitude essen-
tially equal to the de supply voltage. Coupled
through C1 to remove its dc component, the

o
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DRIVER At P
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Fig. 4. This transformerless dc-to-dc converter circuit is good for gny

mobile application when single battery operation is desired.

It is bagic-

ally a dc chopper combined with a voltage-doubler rectifier circilit.
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square wave signal is converted into dc of
reverse polarity by a voltage-doubling rec-
tifier network made up of D3, D4 and C2
(in conjunction with C1). Capacitor C2 also
serves as a ripple filter. The resulting dc
may be used directly in other circuits or, if
desired, stabilized by a voltage regulator
consisting of series resistor Rs and zener
diode Z1.

Requiring relatively few components, the
de-to-de converter may be assembled on perf
board or on a suitable etched circuit board,
as a self-contained secondary dc power
source. Neither device tvpes nor component
values are overly critical as long as the tran-
sistors and diodes are capable of handling
required load currents at the voltage levels
involved. For optimum performance and
maximum efficiency, however, a symmetri-
cal drive signal should be used, with com-
ponent values chosen so that @2 and @3 are
driven to saturation and cut-oif on alternate
half-cycles. The drive frequency is not criti-
cal, either, but signals in the kHz range
(say, 2 to 6 kHz) arc preferred for best rip-
ple filtering. Capacitors C'1 and C2 should be
moderately large—100 to 400 uf.

Gyration, anyone? Dubbed a gyrator be-
cause its electrical action is analogous to
that of a mechanical gyroscope, the circuit
illustrated in Fig. 5 has the interesting char-
acteristic of being able to transform a load
impedance into its ‘‘dual” electrical equiva-
lence. Thus, a load capacitor (ZL) connected
across its output acts as a high-Q inductance
at the circuit’s nominal input terminals.

Ic2 RLZ2

©-

RL, IcH

AAAAAAA
WWWWA-

INPUT(

T
Fig. 5. The gyrator concept is used to transform

a load impedance into its electrical equivalent.
Back-to-back amplifiers form a two-port network.

(o

—t

As the phase-locked loop (or PLL) dis-
cussed in our January column, the gyrator
concept has been known for some time hut,
in the past, has seen relatively little practical
use due to its comparative complexity and
the large number of discrete components re-
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quired for circuit operation. With the cur- cuit must be quite stable both at unity gain
rent availability of low-cost linear IC’s, how- and with an active feedback factor equal to
ever, the circuit now can be used in such their forward gain. In addition, they should
practical equipment projects as active filter  provide the option of both invarting and non-
systems, receivers, and tuned amplifiers. inverting outputs and have very high input
Referring to the circuit diagram, the basic  and output impedances. A number of com-
gyrator consists of back-to-back coupled mercial IC’s meet these requirements.
amplifiers, forming a two-port network. One
amplifier (IC1) is noninverting, while the Slow That Kick! Another chapter—hope-
other (IC?) is an inverting type, providing fully the last—in our continuling serial, The
a 180° phase-shift between its input and Saga of the Slow-Kick Windshield Wiper.
output signals. In operation, the output sig- As you may recall, our story opened on a
nal derived from the first amplifier is applied  note of finality with the publication of Don-
to an output load impedance, ZL. If a capaci- ald K. Belcher's original fedture article in
tor is used here, the load current will lead the our March 1968 issue. But the villain would
voltage by 90°. When this signal is applied not die, so readers Jonathan J. Albers and
to the inverting amplifier, IC2, and given an  Charles A. Huber struck telling blows with
additional 180° phase-shift, the resulting ‘“slow-kick” circuits of their own, published
output current lags the original input volt- in our December 1968 and April 1970 col-
age by 90°, thus simulating the electrical umns, respectively. Huber’s effort was par-
action of an inductive element. ticularly potent, for it was by far the sim-
In practice, the amplifiers used in the cir- plest of the circuits, requiring but a single

=
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!
]
1
; 1
1 AW TP | Fig. 6. Original slow/kick windshield
: 33K sok  _jt d i wiper circuit of one reader is enclosed
H ZOO%IF q v in dashed box. Anothér reader adds a
' tgv g { dpdt switch and use of additional relay
] el e contact to make the whole circuit ap-
] — I e plicable to cars such as the Volkswagen.
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active device (a four-layer diode), two re-
sistors, one capacitor, and a 12-volt relay.
Everyone breathed a sigh of relief.

But lo-—the villain still lurks in the shad-
ows! It seems that Huber’'s circuit, while
simple, inexpensive, efficient, and reliable,
does not work too well on the ever-popular
“bug,” at least according to Volkswagen
owner Richard C. Gabbey (20021, N. Wis-
consin St., Racine, WI 53402). Dick writes
that VW’s, unlike American cars, use a uni-
directional wiper motor controlled by a spe-
cial conductive timing disk. As a result,
Huber’s circuit *kicked” the windshield
wipers over a mere one-third of their normal
travel distance.

Like most of our readers, Dick is inven-
tive by nature. Instead of hanging his head
in despair, he promptly modified Huber's
design to achieve the arrangement shown
in Fig. 6. Huber’s original circuit is enclosed
by the dotted line, with the only new com-
ponent heing a dpdt "“Kick-Normal” switch.
Except for the switch, the only other major
change is the use of relay K!'s NC contact
to furnish power to the wiper motor's “down
position hot lead.”

O.K., Beetle owners?

New Hobby Kits. Two new construction
kits have been announced by Motorola HEP
through its distributors. They are the HEK-3
Radio Amateur Kits retailing at $5.95 that
contain two r-f/i-f linears IC’s and an RTL
logic IC, and a project brochure showing
how to make transmitters, amplifiers, etc.
The other kit is the HEK-4 Home Handy-
man Hobby Kit at $4.95 containing an SCR,
a UJT, a silicon rectifier, and a silicon npn
transistor. The brochure that comes with
this kit illustrates 11 different and useful
home applications for the semiconductors.

Manufacturers’ Circuits. Designed for
use as a variable-speed control for low-
power universal motors of the type used in
sewing machines, mixers, blenders and simi-
lar household appliances, the circuit shown
in Fig. 7TA was abstracted from the specifi-
cations brochure for GE's tvpe C106 SCR.
According to GE, the design may be used as
a direct replacement for carbon-pile or rheo-
stat tvpe controllers and is suitable for any
universal (ac/dc) motor requiring up to 1.5
amperes. Unlike many simple SCR control
circuits, this version includes a speed-depen-
dent feedback arrangement to insure ade-
quate torque at all speed settings.

In operation, RC network R1-C1-R2 pro-
vides an adjustable ramp-type reference
voltage superimposed on the dc voltage de-
veloped by diode D1. The comhined voltages
are applied to the SCR’s gate as a control
signal through diode D2, hut the reference
voltage is balanced within the gate by the
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SOLID STATE

(Continued from page 89)

motor’s residual counter-emf, coupled back
through C2. If the motor slows down due to
heavy loading, its counter-emf drops, per-
mitting the reference ramp voltage to trig-
ger the SCR earlier in the ac cycele, applying
more power to compensate for the load and
thus speeding the motor back up to its pre-
set speed.
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Fig. 7. Circuit at (A) uses SCR to control the
speed of low-power universal motors used in ap-
pliances. Circuit (B) uses riew electronic atten-
uator IC in remote volume control with 13 dB gain.

Featuring inexpensive components, the
speed control circuit car, be duplicated at
modest cost. Except for linear potentiometer
R2, the resistors are half-watt types, while
both capacitors are 50-volt electrolytics.

With neither layout nor lead dress critical,
the control circuit can be assembled on a
perf board, small chassis, or etched circuit
board. The SCR should be heat-sinked, of
course, and all dc polarities must be ob-
served. If adequate space is available within
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the controlled appliance, the SCR circuit
might be installed as a direct replacement
for an older control—if not, the circuit could
be assembled in a small plastic or insulated
metal box as a separate accessory.

The “remote’” volume control circuit illus-
trated in Fig. 7B is but one of several possi-
ble applications for a unique new component
recently introduced by Motorola Semicon-
ductor Products, Inc. (Box 20912, Phoenix,
AZ 85036). Identified as the type MFC6040
electronic attenuator, the new device is
a six-lead, plastic-encapsulated, monolithic
silicon IC consisting of ten npn transistors,
three diodes, eighteen resistors and an inte-
gral capacitor. It can supply a voltage gain
as high as 13 dB while providing an attenua-
tion range of up to 90 dB. The unit’s maxi-
mum input signal voltage rating is 0.5 volt,
rms, while its frequency response extends
well into the lower MHz values.

Referring to the schematic diagram, the
MFC6040 (IC1) is controlled by potentiome-
ter R1, bypassed for ac signals by C2. Capac-
itor C1 serves as the dc blocking input ca-
pacitor, while C38 provides high-frequency
roll-off. An 18-volt dc power source is used.

In practice, the circuit may be used as the
gain/attenuator stage in a PA system or
other audio amplifier. Since the control de-
vice (R1) handles only dc, it can be placed
at any reasonable distance from the ampli-
fier proper and connected to it with ordinary
two-conductor cable.

Extremely versatile, the MFC6040 may he
controlled by an externally developed dc sig-
nal voltage as well as by a resistive compo-
nent. This permits the device to be used in
compression and expansion amplifiers or in
audio agce systems. If combined with suitable
frequency-shaping networks, the device also
should be suitable for ‘“‘remote” tone control
applications.

Manufacturer’s Circuit. Suitable for
use in high-frequency oscilloscopes, video
equipment, signal tracers, receivers, count-
ers, and other types of test and communica-
tions equipment, the wideband amplifier cir-
cuit given in Fig. 8 was developed by RCA
(Harrison, NJ 07029) to illustrate a typical
application for their type CA3018 integrated
circuit. Assembled in a 12-pin TO-5 style
package, the CA3018 is a monolithic device
consisting of four silicon npn transistors on
a common substrate. While all four transis-
tors are uncommitted, two are independent
while the other two have a common base-to-
emitter terminal.

According to RCA, the amplifier is flat

within 3 dB from 800 Hz to 32 MHz and pro-
vides 49 dB gain at mid-frequency. Its gain
characteristics remain essentially unchanged
from —55° to 125° C. The amplifier’s maxi-
mum output with a 6-volt dc power supply
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You couldn’t touch an organ like this in a store for
less than $4,000—and there never has been an elec-
tronic instrument with this vast variety of genuine
pipe-organ voices that you can add to and change
any time you like! If you've dreamed of the sound
of a large pipe organ in your own home, if you're
looking for an organ for your church, you'll be more
thrilied and happy with a Schober Recital Organ than
you could possibly imagine —kit or no kit.

You can learn to play it—and a full-size, full-facil-
ity instrument is easier to fearn on than any cut-down
“‘home” model. And you can build it, from Schober
Kits, world famous for ease of assembly without the
stightest knowledge of electronics or music, for de-
sign 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 3499.50. No charge, no obliga.
8on. qu you like music, you owe yourself a Schober

rgan!

----------------------.-------1

[}

The e%ﬁOée/ZOrgan Corp., Dept. PE-37 '

43 West 61st Street, New York, N.Y. 10023 H

[ Please send me Schober Organ Catalog and s

free 7-inch “sample” record. .

O Enclosed please find $1.00 for 12-inch L.P. :

record of Schober Organ music. H

NAME H

ADDRESS _ = :

cITY STATE 1P :

------------------------------‘
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SOLID STATE

(Continued from page 91)

is between 2 and 3 volts, while its dynamic
range permits it to accept input signals
ranging from 20 xV, pk-to-pk, to 4 mV rms.

The complete amplifier is basically a dc
coupled two-stage arrangenient, with each
stage a common-collector/common-emitter
pair. Referring to Fig. 8, the input signal is
coupled through de blocking capacitor C1 to
common-emitter stage @1 which, in turn,
is direct-coupled to common-collector (or
emitter-follower) stage Q2. Resistor R2
serves as @Q1I's collector load, R5 as Q2's
emitter load. First stage stabilization is pro-
vided by feedback resistor 24, bypassed by
C2. The output signal of @2 is direct-coupled
to common-emitter stage 3 which drives
the output emitter-follower Q4. Resistor R6
acts as @38’s collector load, with stabilized
bias developed by emitter resistor R7, by-

. passed by C3. Both ac and dc feedback is

provided by R3, trading gain for bandwidth.
Finally, B8 serves as Q4’s emitter load.

Conventional components are used in the
design. All resistors are half-watt types,
while the capacitors may be high-capacity
ceramic or paper units or, if preferred, good
quality electrolytics. Althoygh neither lay-
out nor lead dress is overly critical, good
high-frequency wiring practice should be ob-
served when duplicating thae circuit.

Reasonably versatile, the circuit may be
modified quite easily to meel specific perfor-
mance requirements. Its low-frequency re-
sponse, for example, is determined primarily
by the values of C1, €2 and O3, while its
high-frequency and overall gain character-
istics depend on the values of the load and
feedback (R3$ and R4) resistors.

Device News. RCA’s Solid State Division
(Route 202, Somerville, NJ 08876) has in-
troduced five new dual insugated—gate MOS-
FET’s containing integrated gate protection
circuits to guard against damage from ex-
ternal transients. All five are depletion type
n-channel devices designed for VHF ampli-
fier and mixer application;. Type numbers
are from 40819 through 40823.

A new series of six-ampere silicon recti-
fiers in plastic, axial-lead cases is now avail-
able from Motorola Semiconductor Products,

| Inc. (P.O. Box 20924, Phoenix, AZ 85036).

Designated the MR751 series, the new de-
vices are offered in four working peak re-
verse voltage ratings—100,,200, 400 and 600
volts. With forward voltage drops of 0.9
volts (max) and reverse current ratings of
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only 0.25 mA (max) at their specified dc
voltages, the new units feature an outstand-
ing 400-ampere inrush surge current ca-
pacity.

Also from Motorola comes the announce-
ment of a new group of four complex fune-
tion TTL IC's. The new devices are the
MC4038P and MC4040P gated decoders, the
MC4041P Hamming code detector and gen-
erator, and the MC4039P seven segment
character generator. All four devices are
derived from Motorola’s XC-170 128-bit

read-only memory (or ROM) and are elec-
trically compatible with all other MTTL
lines. Characteristics shared by the circuits
are a total power dissipation of 200 to 240
mW per package, less than 7.0 pF output
capacitance, and outputs capable of sinking
20 mA dc. All the devices are supplied in
16-pin, dual in-line plastic packages.
Fairchild Semiconductor (Box 880A,
Mountain View, CA 94040) has published
two new interesting booklets. One is a 12-
page brochure describing the firm’s TO-92
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Fig. 8. Wideband amplifier circuit uses a new IC with four transistors
to provide 49 dB gain. Response is within 3 dB from 800 Hz to 32 MHz.

(215) LO 8-4457

STO

Destroying your D.1.P.s ? Insert
or extract with our new—4916A—
insertion and removal tool.

TECHNI-TOOL,INC.

1216 ARCH ST. PHILADELPHIA.PA.

(*4916A can be used for extraction

of all types of components)
5000—Plus tems

SEND FOR FREE CATALOG

19107

—

March,

CIRCLE NO. 30 ON READER SERVICE PAGE

1971

fornia 90230.

MUSICAL INSTRUMENTS

309% DISCOUNT name brand musical instruments. Free catalog.

Freeport Music, 127-N Sunrise Highway, Freeport, N.Y. 11520.
March, 1971

93

FACE INLATUNRL UVIML: 1AULTITHTU LWWHbLiuie SUaivily vunu vy
postage. Also request free literature on ultrasensitive, profess;onal
Fisher Detectors. FISHER RESEARCH, Dept. PE-3, Palo Alte, Cali-
fornia 94303. o

GOI Silver, Relics! Located with powerfu! Detectron Metal Detec-
tors. Free Information. Tarms, Detectron, Dept. PE3, Box 243, San
Gabriel, California 91778.

103
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HIGH FIDELITY

INSTRUCTION

TAPE RECORDERS, Hi-Fi, components, Sleep Learning Equipment,
tapes. Unusual Values. Free Catalog. Dressner, 1523R, Jericho
Turnpike, New Hyde Park, N.Y. 11040.

DIAMONO NEEDLES ANO STEREO CARTRIDGES at low, low prices
$ne_Qhyra  Pickering  Stantan__Fmnira  Grado and ADC..Send. for

TREASURE FINDER locates buried gold, silver, coins, treasures.
5 powerful models. $19.95 up. Free catalog. Relco-A33, Box 10839,
Houston, Texas 77018.

RUBBER STAMPS

RUBBER ADDRESS STAMPS $2.00. SIGNATURE $3.50. FREE CAT-
ALOG. JACKSON'S, BOX 443-G, FRANKLIN PARK, ILLINOIS 60131.

YOUR Call Included! (Pocket.) $3.00. Brown's,
delphia, PA 19144,

RUBBER ADDRESS STAMPS $1.75. Signature $3.25. Good Quality.
Prompt Service. Joseph, Box 1603-D, Battle Creek, Mich. 19016.

321 Price, Phila-

PRINTING

SOMETHING different, 1,000 personalized name address labels
with zipcode, imprinted CB/HAM call letters, or phone number,
$1.00. Bargain catalog FREE. D. Electronics, 4725 45th NE,
Seattle, Wash. 98105.

PERSONAL MATCHES—Name, Initials, Call Letters. Roy Machen,
Randleman, N.C. 27317.

REAL ESTATE

FREE . . . SPRING 1971 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.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of yeasts, equipment. Sem-
plex, Box 12276, Minneapolis, Minn. 55412,

STOP BURGLARS THE EASY WAY! Affix authentic ‘‘Protected by
Electronic Sentry Alarm’* decals to auto windows, doors and
windows of home, retail stores, vending machines, etc. Whether you
have an alarm or not-—thieves stay away! Only $1.00 for each set of
two. J. Ross, 80-34 Kent St., Jamaica, N.Y. 11432, Dept. PE.

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

LEARN WHILE ASLEEP. Hvbnotizel Stiange cataloe free. Auto

ACTION SPORTS FILMS

PRO SPORTS on film——complete subjects. Super 8 or Regular 8mm,
Black & White, Color, Catalog. SPORTLITE-PE, BOX 24-500 Speed-
way, indiana 46224.

DISPLAY CLASSIFIED ADVERTISING
NOW!

available in
POPULAR ELECTRONICS

For advertisers who want to achieve maximum expo-
sure at minimum expense, this i¢ the opportunity of
a lifetime for you!

The special low rates are:
1 by 1 column (274"
2 by 1 column (23" wide)....$215.00
3 by 1 column {25;" wide)....$320.00

(Ads larger than 3 column inches Lot accepted for the

ELECTRONICS MARKET PLACE—Please ask for regular ad-

vertising rates.)

Of course, regular non-display Clussified Ads continue
at $1.25 per word {minimum $12.50).

For immediate action in getting vour Display (or non-
Display) Classifieds into the very next available issue,
call or write:

Hal Cymes, Classified Advertising Manager
POPULAR ELECTRONICS
One Park Avenue, New York, N. Y. 10016
(212) 679-7200

wide)....$110.00

104

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms, fraquency discounts,
closing dates, etc. {

1 p) 3 3 5

6 7 8 9 10

11 12 13 14 15

16 17 18 - 19 20

21 22 23 24 25

26 27 28 29 T 30

31 32 33 34 35

@ 80¢ (Reader Rate) _ T 4
’Wordsi @ $1.25 (Commercial Rate) .- -
Insert time(s) Total Enclosed $
NAME
ADDRESS
CITY. STATE ~ZIP.
Signature.

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one word each. Zip Code
numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) Count esch abbreviation, initial, single
figure or group of figures or letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count 3s one word. Hyphenated words
count as two words. PE371

POPULAR ELECTRONICS
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POPULAR ELECTRONICS

MARCH 1971

ADVERTISERS INDEX

READER
SERVICE NO. ADVERTISER PAGE NO.
3 Antenna Specialists Co., The ...... .THIRD COVER
| Avanti Research & Development Co. .......... 16
2 B&F Enterprises . ...... o 0000000 ... 98
CREI{. Home Study Div..
McGraw-Hill Book Co. ................107, 108
5 CTS of Paducah, Ine. ........... L rvvrrTrLas 90
6 Center for Technical Development ..... ceean.. 90
7 Cleveland Institute of Electronics ..36, 37 38, 39
8 Courier Communications ........ ve e senslile al: 194
9 Drake Company, R.L. ................ cev.... 88
10 Communications Div., DYNASCAN CORP. .... 8
4 EICO Electronic Instrument Co., Inc.
FOURTH COVER
11 Edmund Scientific Co. .......... AT e e [T 105
12 Empire Scientific Co. ......... A 8wy BY K 16
General Electric Tube Division . ............. 14
13 Heath Company ..... ... ........... 72. 73, 74 75
14 KLH Research & Development Corp. .... .. 25
15 Kedman Electronics . .1
16 Lafayette Radio E|ectron|cs w0 2 v v e e e (O
17 Leader Instruments Corp. ...... SR p————
18 Mallory Distributors Products Co. ............. 23
19 McGee Radio ............ a Do A O D000 ol L
20 McGraw-Hiil Book Co.,
Electronic & Control Engineers Book Club .. 5
21 Mcintesh Labs .. ...... ... ... kil b b E .. 97
National Radio institute
SECOND COVER, I, 2. 3, 10
National Technical Schools ... .. .. 18, 19. 20, 21
22 Olson Electronics . .......................... . 98
23 Progressive “Edu-Kits”, Inc. ........... . .106
24 RCA Electronic Components & Devices 13
RCA Electronic Components & Devices 17
26 RCA Eliectronic Components & Devices 26
RCA Institutes, Inc. ............. .54, 55 56 57
27 Schober Organ Corp. ..................
28 Sonar Radio Corp. ........ de e A i
29 Tab Books ..... O N Tl L TH
30 Techni-Tool, Inc. .......
36 Ten-Tee, Inc. ........
31 Trigger Electronics ...,
32 Turner Microphone Co.
US. Army .. ......... . ... " L 7Y &
37 Unicom Electronics Corp. ....... ST - sla sl
33 United Avdio Products (DUAL) .............. 6
34 United Technical Institute ..... b T 3 Swbiend s 189
35 Valparaiso Technical Institute ..,............, 96

CLASSIFIED ADVERTISING 100, 101, 102, 103, 104

March, 1971

1000's OF UNUSUAL SCIENTIFIC lAlGAINSW’t

AL i i

¢, avante-parde  visu: o
c 8. Funtastie varlety. lnfruilhl.\l
bemmrul <pec1nl package offer con-
tains all necessary apparatus. Create
Hoavlnu’ e\nlodlnsz fiery bursts of
color Ilke *‘Symphony of Qphcres
‘*Chromatic Starbursts'’. ¢
Starburst’*. Features 35mm rnn \V
fan rooled projector,—prodnces big

k R 24

mlrrnrod \vn Ix) Peﬂcc(
Stock N

Stock No 11 295A( Deluxe Mod .$99.50 Ppd.

3- CHANHEI. COLOR ORGAN BARGAIN'

Create tremendous varlety of un-
usual & beautiful l|zhl|m: effects
low-cost top-. quamv
1500-Watt _unit (500
channel) . Comnare \vnh olhexs
selling for twice the price. Has
pilot ligght, plus indlvidual sensi-
tivity control!s and channe! indi-
cator lights. Can operate ten 150
W. “‘spots’’ or 200 Christmas

1 Uses reg, house current
—attaches  to

audio  source

W ‘R( A :vne p!mne plug. 514" x

- 6347 x 2147, 214 Ihs. Thermal

setting plastlc cas2, 6-ft. cord, Includlng complcle ln:txucnnne
Stock No. 71,223A | ... .. ...t rancuaanaa $44.50 Ppd.

Priec breakthrough im bright, rella-
ble electronlc strobes. 50W/Second
xenon tube. Variable flash rate—60
to 500 per minute. Long life—more
than 1.000.000 flashes Printed cir-

cult board deslgn. Safe. durable
ellte case, Eucnal ¥ mountcd
bu]h plastie shicld. 4N2

oz. Perfeet for p dlrdollc =toh-
action lighting effects for home
Ih;ht shows, parties. ;hnlaw

= 2AV

BUILD IT-YOURSELF STROBE KIT
71.343AV .....u.. .- Liv....$19.95 Ppd.

HI-VOLTAGE ELECTROSTATIC 'GENERATOR

Van De Graaff low-anip type. 2.000.- :
000 volt potential. xet compleiciy
safe. Demonstrates lightning. St.
Elmn's fire. rcpuision of charges.
electrostatic dust coltection. many
other electrical warders. Meter
110v, 60-cyele, AC. Humidlty range,
0-909. Current, 1.5 to 2.5 micro-
Aluminam hase, lr.m\e and
. Unbreakahle pldﬁ- ¥
Tnsulating eolumm Ht. 17
27, Il Anstructfons -~ *
. $53.75 Ppd. = .
STATIC ELECTRICITY GEN Na, 70,070AV . ..

PSYCHEDELIC LIGHTING HANDBOOK

100 informatlon packed pages!
Tully explains latest in puvrnedenc
lighting  equipment, echrigues,
developmenta. Covers all lneetl of
psychedelic  light-show production
including  strobes. blac! ‘ights.
projectors, crystals, organic slides

mirrors. color organs, d
color, light boxes.
etc. Shows how to ’‘psyvchedelize’”
arties, musical groups. shows or

. 519 50 Ppd.

ow to set up ‘‘electric trlps" fol'
private gatherings. 81,
looseleaf paper for 3 rings.
Stock No., 9QI00AY ... ......... .. ... .o $3.00 Ppd.
LONG-WAVE BLACKLIGHT FIXTURE

Extremely veraatile, compact.y de-
signed. long wave (3200-4000 ang-
{roms) biack light (iltzaviolel) iis:
. 6-watt, 110-V latup with
hum n hlter—chmmntel harmful

sh
fo Taenuit
teria—chec!
and  gas

minerals, fungi. bac-

for surface tlawa. ofl
leakaxe—perfect
olays with Huorescent paper. paints.
<balk, crayons. trace powder, Incl.
ld;uslahle alnminum reftector.
Mount vert.. horr., or on cerner.
107" L.. 114" W., 14" H.
Stock No. 70,364A% R L L ey .$12.50 Ppd.
Stock No. 60.124A% . .. " REPULCEMENT BUL -$4.75 Ppd.

Order by Stock Mo.,—Check or V.0.—Money-Back Guarantee

EDMUND SCIENTIFIC €0. 300 EDSCORP BLDG. BARRINGYON, N.J. 08007

WRITE FOR GIANT FREE CATALOG AV’

Conpletely  new
n s l(t:mu-s

edition. New
illustrations,
to-read pages packed
v 1I’| 14)00 uuusull iteins. Dazens
of clectrical and electromagnetic
parts, accessorics. Enormou: se-
chuon of Astronomical lele-
Microscopes, Binocglars,
TS Mamnets,
Prisms. Many war o
items; for hobbylats, ex
perimenters, workshops, factory.
\Vrite for catalog ‘A

300 EDBEQHF BI.D‘G.,_
SCIENTIFIC | BAFRINGTON. NEW- JERSEY 08807
ORDER 8Y STOCK MUMBED - D CHECK Of § EY. ORDER = MONEY-SACK G\{Al_l“l- "
CIRCLE NO. 11 ON READER SERVICE PAGE

EBMU"

EDMUND
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BUILD 20 RADIO

and Electronics Circuits

PROGRESSIVE HOME
RADIO-T.V. COURSE

% No Knowledge of Radio Necessary
% No Additional Parts or Tools Needed
% EXCELLENT BACKGROUND FOR TV

b @l SCHOOL INQUIRIES INVITED
g:)GDNEAéslgIJLELcATTOORR % Soldin 79 Countries

YOU DON’‘T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

—— - ]
The ‘‘Edu-Kit’’ ofters you an outstanumg PRACTICAL HOME RADIO COQURSE at a
rock-bottom price. Our Kit is designed to train Radio & ctromcs Technicians, making
usc of the most modern methods of home trammz. You learn radio theory, construc-
tion pracnce and scrvicing. THIS 1S A COMPLETE RADIO counsz IN EVERY DETAIL.
ou will learn how to build radios, usmg regular schematics; how to wire and solder
in a profcssional manner; how to service radios. You will work the standard type of
punched metal chassis as well as the jatest development of Printed Circuit chassis.

You will learn the basic principles of radio. You will construct, study and work with
RF and AF amplifiers and oscillators, detectors, recti nt, You will learn
and practice code, using the Progressive Code, Osc
trouble- shootmg. using the Progressive Signal Tracer. Progressive Signal Injector,
gressive Dyna Rad. o & Electronics Tester, Square Wave Gencrator and the accompany-
ing ms(rucnonal mate

ou will receive (rammg for the Novice, Technician and Gencral Classes of F.C.C. Radio
Amateur Licenses, You will build Receiver, Transmitter, Square Wave Generator, Code
Oscillator, Signal Tracer and Signal Injector cuits. and learn how to operate them. You
will receive an excellent background tor television, Hi-Fi and Electronics,

Absolutely no previous knowled, of radic or science is required, The *‘Edu-Kit'’ is
the product of many years of teac mg and engineering_experience. The “‘Edu-Kit’’ will
provide you with a basic education in Electronics and Radio, worth many t-mes the low
price you pay. The Signal Tracer alone is worth more than the price of the

THE KIT FOR EVERYONE

You do not need the slightest background ages and backgrounds have successfully
In radio or science, Whether you are inter- used the ‘‘Edu-Kit’’ in more than 79 coun-
ested in Radio & Elec(romcs because you tries of the worid. The ‘‘Edu-Kit’* has been
want an interesting hobby, ell paying carefully destgned, step by step, so that
business or a lob with a future, you will find you cannot make a mistake, The ‘‘Edu-Kit'’
th e *‘Edu-Kit’* a worth-while Investment allows you to teach yourself at your own

Many thousands of individuals of al rate. No instructor is necessary.

Now Includes

12 RECEIVERS

3 TRANSMITTERS

SQ. WAVE GENERATOR
SIGNAL TRACER
AMPLIFIER

2222434 2

e Progressive ‘‘Edu-K is the foremost educational radio in the world,
and js universally accepted as me standard in the field of electronics training. The ‘‘Edu-
Kit'' uses the modern educational principle of ‘’Learn by Doing,’’ Therefore you construct,
tearn schematics, study theory, practice trouble shooting—all i
gram designed to provide an easily-learned. (horaugh and eresting backnround in radio.
ou begin by examining the various radio parts of -K You then learn the
function, theory and wiring of these parts. Then you blhld a simple radio. i i
set you will enjoy listening to regular broadcast stations, learn theory, practice testing
and trouble-shooting. Then you build a more advanced radlo, learn more advanced theory
ly, in a progressive manner, at your own rate, you will
more advanced multi-tube radlo clrcults. and doing work like 2
prc:lessnonal Radio
nc

chn
ded in the ' Edu-Kn" course are Receiver, Transmitter, Code Osci slgnal
sauare Wave Genera(or and Signal Injector Circuits. These arc not s

pe radio circuits, constructed by means of prof I
wiring a oldering o metal chassls, plus the new method of radio cons(ruction known
as * Prlnted c reuitry These circuits operate on your reguiar AC or DC house current

THE "“EDU-KIT IS COMPLETE

You will recelve all parts and instructions necessary to build twenty different radio and
electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, vari-
electralytic, micra, ceramic and paper dielectric cendensers, resistors, tie strips,
hardware, tubing, punched metal chass-s. lustrucnon Manuals, hook-up wire, solder,
selenium rectifiers, coils, volume con etc,

n addition, you receive Prm(ed c-rcu-( malerlals, mcludlng Printed Circuit chassns,
speclal tube sochets, hardware and instructions, You aiso receive a useful set of tools,
prolesslonal elec(rlc sold e and a sel wered Dynamic Radio and Electronlcs

The *‘Edu-Kit'’ s and the Progressive Code Oscillator,

In add-non to F.C.C. adlo Amateur License training. You will also receive lessons for

servicing with the Progressive Signal Tracer and the Progressive Signal Injector, a Migh

Fidetity Guide and a Quiz Book. You receive Membership in Radio-TV Ciub. Free Caonsulta-

tion Service, Certificate of Merit and Dnscoum Privileges. You receive all parts, tools,
Instructions, etc. Evervthing is vours to kee|

Progressive *‘Edu-Kits'* Inc., 1189 Broadway. Dept. 694D, Hewlett, N. Y. 11557,

ator,
Tracer,
tbr

Reg. U.S.
Pat. Off.

Training Electronics Technicians Since 1946

| __FREE_EXTRAS

| SET OF TOOLS

® SOLDERING! IRON

| ® ELECTRONICS 'lESTER
\ ® PLIERS-CUTTER
VALUABLE stcouuv Saro
CERTIFICATE OF
TESTER INS YRUCYIONS MANUAL
GuUID K ZE

HIGH FIDELITY

MB
| EONSULTAYlOE SERVIC
© PRIMNTED CiRCUITRY

| SERVICING LESSONS

Te:

You will rn trouble-shooting and
servicing progressive manner. You
will practice repairs on the sets that
you construct. You will learn symptoms
causes of trouble in home, portable
car radios; You will learn how to
o the Signal Tracer,
umque Signal |njector and the dynamic
Radio & Electrionics Tester. While you
learning In this practical way,
| be able to do many a rcpair job for
your friends and neighbors., and charge
fees which will far exceed the price of
the **Edu-Kit.’" Our Consuitation Service
will help you with any technical prob-
fems you may have,

FROM QUR MAIL BA

t; ot 25 Ponlar PI.. Water-
Conu.. writes: have repaired
several sets for my frie nds. ma

néy. The ‘‘Edu-Kit’® paid for itseif,
was ready to spend $240 for a_Course,
but | found your ad and sent for your

en Valerio, P. 0. Box 21, Magna,
U(ah: ‘‘The Edu-Kns are woudertul. Here

and also
the answers 1q nl m I have been in
Radio for the last seven yearsa but like
an

like to

different kits; 'the Signal Tracer works
tine. Alsg like to let you know that |

feel proud of becommz a member of your

Radio-TV Cilub.*
b Shutf,

wl v

1534 Monroe Ave.,
: *“Thought |

y Edu-Kit, and was really amazed
that such a bar%lalu can be had at such

ave already started re-
pairini radios and phonographs. My
friends were réally surprised to see me
et into the swing of it so quickly. The
rouble-shooting Tester that comes with
the Kit is redlly swell, and finds the
trouble, f there Is any to be found.'’

— — ——-UNCONDITIONAL MONEY-BACK GUARANTEE———===
Please rush my Prograssive Radio ‘‘Edu- to me, as indicated below:
Check one box to indicate choice of model

| PRINTED CIRCUITRY ]

[ Deluxe Model $31.95.

[ New Expanded Model $34.95 (Same as Deiuxe Modei plus Television Servicing
Course).

Check one box to indicate manner of payment

[ | enclose fuli payment. Ship **Edu-Kit'’ post paid.

[ 1 enclose $5 deposit. Ship *‘Edu-Kit’’ €.0.D. for balance plus postage.

[J Send me FREE additional information describing ‘‘Edu-Kit."’

At no increase
now
a Prmted

i
Radm and TV troubles.
new techniiue of radlo construction is now
becoming popular |p commercial radio and

A Printed Circuit
chassis on which has been deposited a con-
ducting _material
wiring. The various
in and soldered to terminals.

Printed
Automation Electronics. A knowledge of this
subject is a necessity today for anyone in-
terested in Electronics.

ti price, the “Edu-Kit"
Print:d Circuitry. You build
Circuit Signal Injector. a unique
ng mstrument that can detect many
This revolutionary

mcludes

sets.

is a special jnsulated

which takes the place of
parts are merely plugged

Circuitry| is the basis of modern

—

Name .. e e e “ee e e srreeracay o {
Address . .c..-. N S ARG 3 s AR Te o < s T o @ |
PROGRESSIVE “EDU-KITS’ INC.
1189 Broadway, Dept. 694D, Hewiett, N. Y. 11557 ] |
CIRCLE NO. 23 ON READER SERVICE
Printed in U.S.A.
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(1} o Opportunities are poor today for men
ays ' a ,o who lack sound technical qualifications.

But men who combine experience with
for a man who really knows i inovieize o ivaneed
- electronics are always in demand.

ﬁv md I ectro ” Make yourself a valuable specialist.

a e nICS- Get the additional education you need

to enjoy challenging work, high pay
and security for yourself and
your family.

Going back to school isn’t easy for a
man with a full-time job and family

3 obligations. But CREI Home Study
Programs make it possible for you to
e get the additional education you need

without attending classes. You study at
home, at your own pace, on your own
schedule. You study with the
assurance that what you learn can be
applied to the job almost immediately.
You're eligible for a CREI Program
if you work in electronics and have a
== high school education. Free book gives
' complete information. Mail postpaid
card for your copy today.

S;-depth coverage of solid state
. ectronics . . . including
. W integrated circuits!

Free book tells all

about CREI programs.
OF your copy, tear

pand mail postpaid
d or write:

Dept. E1203B,3224 16th St., N.W.
gton, D.C. 20010

E1203B

el

- o

I am interested in:

O Electronic Engineering Technology

[0 Space Electronica

O Computers

[0 Nuclesr Engineering Technology

O Industriat Electronics

[0 NEW! Electronics Systems Engingering

[0 NEW! Non-technical Course in Computer Programming

Empioyved by

Type of Present Work O G.1. Bill
APPROVED FOR TRAINING UNDER NEW G.I. BILL
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Protect your future in

“I'll always have
ajob foraman
- who really knows

electronics.”

i S

electronics. Make yourself a specialist
in one of these key areas:

® Electronic Engineering Technology
® Aeronautical & Navigational

B Television

® Communications

® Nuclear Instrumentation & Controf
® Missile & Spacecraft Guidance

8 Radar & Sonar

= Nuclear Engineering Technoiogy
m Automatic Control

m [ndustrial Electronics

m Computers

m Digital Communications

m Electronics Systems Engineering

In-depth coverage of solid state
electronics . . . including
integrated circuits!

—_——— e e — —,— —— . ——— . —— - —

Take the advice of men who know the
electronics industry. Make yourself a specialist
in one of the key areas of electronics. Then stop
worrying about how cutbacks, layoffs and
contract terminations will affect' you and your
family. If you have up-to-date specialized
knowledge of electronics, you can look forward
to security and excellent earnings when men with
ordinary qualifications are let go.

But to becdme a specialist, you must
supplement your experience in electronics with
more technical education. CREI Home Study
Programs offer you an opportunity to get that
additional education without going
back to school.

You're eligible for a CREI Program if you
work in electronics and have a high school
education. Free book gives complete information.
Mail postpaid card for your copy today.
APPROVED FOR TRAINING UNDER NEW G.I. BILL

telks all about CREI
For your

l FIRST CLASS , tear
Permit No. 288-R

Washington, D.C.

BUSINESS REPLY MAIL
No Postage Necessary If Mailed in The United States

CRET

Acciagiied Mambe: of ine National Home Sudy Counc

CREI, Continuing Education Division

MeGraw-Hill, Inc.
3224 Sixteenth Street, N.W.
Washington, D.C. 20010

www americanradiohistorvy com
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e

It took us two years
- to make the
CB Scanner scan 360°
automatically

i N

It takes the
MR119 Super Scanner
1/3 of a second to do it!

e Beam Mode: positive electronic “beaming
in choice of sectors —no mechanical
rotator needed!

| o Omni Mode: Special position for omni-
directional “searching”—just switch to
= use!

| * Tremendous 7.75 dBforward gain in
| beam mode; 2.5 dB gain in omni mode!
e Front-to-back 23 dB—cuts backside noise
drastically, increases effective forward
range.

e Compact design—beats all beams for size
and weight (just 17 lbs.) yet ruggediy
constructed to take 100 MPH winds!

Soup up your
Scanner! Turn your
present Scanner
into a Super Scan-
ner with Model
M-219 conver-
sion kit.

Make it a match ... with famous
Maggie Mobile—world’s biggest-

™ selling mobile communications
L antennas!

the antenna
specialists co.

Division of Allen Electric and Equipment Co.
12435 Euclid Ave., Cleveland, Ohio 44106
Export offices: 2200 Shames Dr.,

Westbury, N.Y. 11590

=

® “'Stripes of Quality’”’

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

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

N

NEW “TREASURE
HUNTER”' KIT

Finds metals, pipes severa|
« inches underground. EICO
- TH-30 Solid State Treasure
Hunter locates iron, steel,
tin, gold, silver, copper
etc. Beep pitch in-
creases as you near
object.

Battery oper-
ated. $29.95.

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

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

new EIGOGRAFT

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

/ FM Wireless
Mike $9.95.

8 NEW EICOCRAFT KITS
Automotive “LIGHTGUARD" ®
“VARIVOLT” DC Power Supply
® “MOODLITE” Light Dimmer
Control ® “VARASPEED" Motor
Speed Control ® “LIGHTSHOW”
Sound/ Lite Translator e
“ELECTRIC FIESTA” Audio Color
Organ e “SUPER MOODLITE”
Remote Control Light Dimmer

e “ELECTROPLATER" From
$2.50 to $14.95.

NEW
“FLEXI-CAB”
Buitd your own custom
designed cabinet in
minutes!

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

COLOR IMACES

Electronic Art in Motion. “CELESTIAL
“CHROMA- LITES"”
4 q
CUBE” Y | -/ Constantly flowing
Classic white 18" % color images move
Cube features a in rhythm to music.
fantastic audio-

C auc 24" x 24" x 6".
responsive light
display.

1 - =2+ 4LIGHT FANTASTIC”
- Translucent dome provides 3-
dimensional world of ever changing

light patterns in response to music. 38” high.

ortina2

cortini
STEREO KITS
The lowest-priced
component quality
high fidelity!

P ¢ ® € o780 s0wat

Silicon Solid State FET AM-FM Stereo
Kit $109.95, Wired $169.95

Receiver.

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

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

NEW SOLID STATE TEST INSTRUMERNTS

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

fal

- i‘ . T
EICO 240 Solid State FET-TVM. Kit $59.95, Wired $79.95.
EI1CO 379 Solid State Sine/Square Wave Generator.

Kit $69.95, Wired $99 .95

EICO 242 Solid State FET-TVOM. Kit $69.95, Wired $94.50.
EICO 150 Solid State Signal Tracer. Kit $49.95, Wired $69.95.
E1CO 330 Solid State RF Signal Generator.

Kit $59.95, Wired $8 9.

NOW YOU CAN SEE
THE MUSIC YOU HEAR

Sound r Colox

Color Organs, Translators,
Strobes

COLOR ORGAN
The now dimension
” to music pleasure.
EICO alI electronic solid-state
Audio-Color Organs transform
sound waves into moving synchre
nized color images.

MODEL 3450 Giant (30" x 12" x
10") 4-Channels. Kit $79.95,
Wired $109.95.

MODEL 3445 (24" x 12" x 10")
4-Channels. Kit $64.95,

Wired $99.95.

MODEL 3440 (10" x 15" x 16")
3-Channels. Kit $49.95.

Wired $79.95. Other models to
choose, from $19.95 and up.

TRANSLATORS
The electronics you need to crez
audic-stimulated light displays.

MODEL 3460
1 Channel.

Kit $24.95,
Wired $39.95.

MODEL 3465
3 Channel.
Kit $49.95, Wired $69.95.

STROBE LITES

Burst of white light flash in
cadence of each beat of audio.
Model 3470
Adjustable Rate.
Kit $29.95,
Wired $39.95.
Model 3475
Audio Actuated.
Kit $39.95, wired $59.95.

% ¢, AUTOMOTIVE
.

EICO 889 Solid Stat
=T . 7 Capacitive Ignition
" System.
Boost gas mileage up to ¢
life of points, plugs to 100,000 rr
Kit $29.95, Wired, $39.95.

rr Yy rx xR N K N N N N _J N N R I
\FREE 197] EICO CATALOG "53|
[JSend me FREE catalog describing the full EICO
line of 200 best buys, and name of nearest dealer. i
Name ]
Address il
i
State Zip ||

EICO Efectronic Instrument Co., Inc

, yTry=y° |
wmméﬁeear%ﬁumw&v@om ]

EICO 888 Solid ¢
Universal Engine Anal}
Tunes and troublest
your car/boat engine
totally professional
Kit$54.95
Wired$79.95
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