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firsts

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

Some NRI f]_I'StS in training equipment

e
f]I'St to give solid state 25”7 diagonal color

TV, 5” wide band oscilloscope, color bar generator
and other professional equipment engineered spe-
cifically for education. You work cirectly on the
receiver as you build it, discovering the practical
aspects of TV servicing as you create a handsome
new color console. Only NRI includes an attractive
woodgrain cabinet without extra charge.

»»»»»» s et

4
et
f]] Sl to give you a unique, exciting digital

computer with memory built especially for home
training. You learn organization, troubleshooting,
operation, programming as you build and use it. Per-~
forms the same functions as commercial computers.
Lessons stress computer repair. You conduct a hun-
dred experiments, build hund(eds of circuits. A solid-
state TVOM is included among ten training kits.
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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 NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “‘hands-on” experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about
NRI training is designed for your education . . . from the much-copied, educator-acclaimed
Achievement Kit sent the day you enroll, to “‘bitz-size” well-illustrated, easy to read texts programmed
with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

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

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a

more liberal money-back agreement. The full story about NRI leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO |NST|TUTE, Washington, C.C. 20016 (In Canada write: NRI Rep., 330 Progress Ave., Scarborough, Ont.)

APPROVED UNDER NEW Gl BILL 1t you have served since January 31, 1955,

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

: 1 :
" At

L]
3
f]_l St to give you completely specialized

training kits engineered for business, industrial and
military Electronics. Shown above is your own train-

d0
fivst ., —
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 15-watt, phone/cw trans-
mitter, is engineered to help you prove theory and
later apply it on the job. Studio equipment operation
and troubleshooting become a matter of easily re-
membered logic.

OCTOBER 1973

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 included in your
course.
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FEATURE ARTICLES
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47 ACCESSORIES FOR YOUR CB RIG Richard Humphrey
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Edward C. Priest
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107 CHARLES P. STEINMETZ Dpovid L. Heiserman

CONSTRUCTION STORIES
29 BUILD THE SUPER AUDIO SWEEP GENERATOR

George delucenay Leon,
Jon D, Paul, and Luis E. Rico

Low-cost instrument has log and linear sweep.

38 AUDIO-VISUAL CMOS TOY Joseph G. Gaskill
44 VERSATILE TAPE RECORDER CONTROL Marshall Lincoln

Add new flexibility to your old recorder.

50 PICTURE-TUBE TESTER AND REJUVENATOR william k. Shippee
56 A TAILOR-MADE ZENER DIODE James E. McAllister

Variable-voltage zener using a transistor.

62 HOW TO BUILD "FREE-POWER” RADIOS Terry L. Lyon
70 IC PHOTO DEVELOPMENT TIMER  Robert Marchant
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at One Park Ave., New York, NY "0016. One year subscrip-
tion rate for U.S., U.S. Possassions hnd Canada, 3€.00; all
other countries, $7.00. Second cles postage poid at New
York, N.Y. and at additional mailing offices. Authorized
as second closs mail by the Pgst Office Department,
Ottawa, Canoda and for paymant of postage in cash.
Subscription service and Forms 3579. P.O. Box 2774
Boulder, CO 80302. Editorial offces for manuscript con-
tributions, reader inquiries, etc.: Cne Park Ave., New York,
NY 10016.

FOPULAR ELECTRONICS Including ELECTRONICS WORLD
is indexed in the Reoder’s Guide t> Periodical Literoture.

Copyright ® 1973 by ZIFF-DAVIS PUBLISHING COMPANY.
All rights reserved.
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Editorial

By Milton S. Snitzer, Editor

THE FORK IN THE RGAD

The outcome of pending rulings on frequency allocations for hams
and CB’ers and on standards for quadraphonic FM broadcasts
can change the course of equipment design for the future.

In the past, we have seen the adoption of stereo FM broadcast
standards and the introduction of the Citizens Radio Service. We have
also witnessed the results of these advances in the avalanche of
equipment that has been made available to the public.

This is a healthy, ongoing process that often takes years of industry
and FCC efforts before coming to fruition. (Of course, many
changes never get past the proposal stage). Looking up the road,
we see serious consideration now being given to a variety of matters
that will affect electronics hobbyists.

For example, the proposed Class E Citizens Radio Service, iniliated as
far back as February 1971, appears to be heading toward a decision,
since acceptance of comments was ciosed September 20. (See “CB
Scene”” in our September 1973 issue.) Should the FCC act
favorably on opening up a portion of the 220-225-MHz amateur band to
CB’ers, you can be sure that a myriad of adaptors and units
covering the Class E band will be made available. However, even a
decision favorable to CB won’t result in an instantaneous stecking of
dealers’ shelves with new equipment since considerable
manufacturing /distribution lead time is needed. Additionally,

Class D will not be obsoleted.

Further, the ham community is outraged by the possibility of losirg
part of the amateur radio spectrum, and it is putting up strong (and
influential) opposition to usurping the ham portion of 220 MHz.

They point out that crowding by 2-meter FM'ers on the 144-MHz

band makes the 220-MHz band a likely one for hams to move to in the
future. So we're not yet sure if we have reached the fork

in that road.

Hi-fi buffs, too, are anxiously awaiting results of pending proppsals
before the FCC on quadraphonic broadcasting. There are some
ten proposals on hand, including a few that emanated from other
countries. One system, the Dorren Quadraplex System, submitted to the
FCC in May 1971, is a discrete 4-channel broadcast system that
would require a change in FCC regulations. In contrast, a matrix
system does not require such a change. However, its channel
isolation cannot match a discrete system’s separation.

Several years may well go by before the FCC makes a firm
decision on this matter. But when it does, you may be sure that
a big decoder market will develop.

There is no need to hold our breaths until the fork in
the road is taken. These matters are always churning and it would
be foolish to wait out possible turns of events. Since
there is no way of knowing when—if at all—they will be effectec,
we would only be depriving ourselves of considerable enjoyment from
equipment that will not be obsoleted.

POPULAR ELECTRONICS Including Electronics World
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A uather introductory offer to new members of the

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

286 518

104 445 - INTEGRATED
ELECTRONIC = CIRCUITS:
IE'(TP%JHS el A Basic Course

for Engineers
and Technicians
by R G. Hibberd
Pub price $9.95
Club price. $8.45

Ircuts
by 1 Markus =
Pub. price, $19.75
Club price, $1575

76377458

OESIGNING 100/810

WITH TTL MOS/LSI
INTEGRATED DESIGN AND
CIRCUITS APPLICATION
by Texas by Carr & Mize

Instruments
Inc
Pub nrice. $18.50
Ciub price €13 5

Pub. price. $18.50
Club price, $13.50

313/059

Sl 4047437
\uuumsmti “l| SOURCEBOOK ;‘;‘{;E““" oF
TS OF ELECTRONIC CONOUCTOR
CIRCUITS
ELECTRONICS,
by J. Markus 3/e
Pub. price. $19.75 by P. Hunter

Club price, $14.75 Pub. price, $27.50
Club price, $21.50

259/607

287/341

COMMUNICA. STAKDARD
TION SYSTEM HANDBOOK OF
ENGINEERING ENGINEERING
HANDBOOK CALCULATIONS

by T. G Hicks

Pub. Price. $18.50
Club Price. $14.25

by

D. H Hamsher
Pub. price, $29 50
Club price, $22.50

491/364 124/035

THE OESIGN OF HANDBOOK OF
DIGITAL PHYSICS, 2/e

SYSTEMS by Condon and

Odishaw

Pub. price, $34.75
Club price, $14.95

by J. B. Peatman
Pub. price, $15.50
Club price $11.75

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

!
¢ ﬁ,"
Hll |

ERE is a professions] club designed specifically to meet your
day-to-day engincering needs by providing practieal books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s service is its publ
cation, the FElectronies and tral Engineers’ Book Cluh
2uiletin. which brings vou news of books in your field. Sent to
members without cost, it announces and deseribes in detail th
Club's featured book of the month us well as alternate selections
which are availuble at speeial members’ prices.

When you want to examine the Club’s feature of the month.
vou do nothing. The book will be mailed to vou as a regular part
of vour Clul service. If vou prefer one of the alternate selec
tions—or if ¥ou want no book at all for thut month- you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, yvou ugree only to the purchase of four
books over a two-veur period. Considering the many books pub-
lished annually in vour field, there will surely be at least four
that you wquld wint to ewn anyway. By joining the Club, vou
save both money and the trouble of scarching for the best books.

Special $1.00 bonus book
comes to you with your
first club selection

by Tobhey,
Graeme &
Huetsman
Pub. price $15.00
Club price, $11.50

FOR
TECHNICIANS
by R. L. Shrader
Pub. price, $11.95
Club price, $9 25

209/731
STANDARD
HANOBOOK FOR
ELECTRICAL
ENGINEERS,
10/e

by Fink and
Carralt

Pub. price, $32.50

3537387
MINICOMPUT-
ERS FOR
ENGINEERS &
SCIENTISTS

by Korn & Korn
Pub. price, $17.75
Club price. $10.50

CIRCLE NO. 16 ON READER SERVICE CARD
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Club price, $24,95

571/422 649/1/0
ELECTRONIC OPERATIONAL
FUNOAMENTALS AMPLIFIERS

_________________________ ~
ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB !
582 Princeton Road, Highistown, N J 08520 t

me as 1 member of the Eleetranics and Control Enki- I
Hob | <enit me the two books imticated belaw. [ am
cevive the bonus far just 100, and my fitst selection st the |
wpecial Club pice shown. These honks are to be shipped on ap- |
I . I may return them buth without cost or further ohbiga- |
ton 1€ 1 ide to keep the books, | awree to purchise as few |
f hooks during the next two yvears at special Club prices fat
Jeast 1537 heluw het) |
Write Code No. of Write Code No. of |
bonus book first selection |
here here |
| J |
|
Name |
Address |
City l
State Zip |
eazz9 |
W
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Get deeper
into your
music.

A hefty rib-reinforced 133 square inch
cone with a super-compliant surround.

A solid 15" cast aluminum frame. A
4-inch edgewound copper voice coil on a
highly heat resistant aluminum coil form.
A massive 18 |b. magnetic structure.
Precision engineering and ccnstruction
inside and out.

Add it all up. and you've goi Altec’s
new 411-8A Dynamic Force acoustic
suspension woofer. A dynamite low
frequency speaker that delivers the
deepest bass you've ever felt

If you'd like to know how to custom
build a complete Altec professional
speaker system or how to add the bass
power of the 411-8A to your present
system. write for your free copy of the
411-8A Assembly Instructions today.
We guarantee it'll be deeply appreciated
by your music.

1515 S. Manchester. Anaheim, Calif. 92803

ALTEC

The sound of experience.
CIRCLE NO. 2 ON READER SERVICE CARD

~

—_ W/
_ Letters

GETS MORE LIFE OUT OF CARBON-ZINCS

The “Rechargeable Alkaline Batterv” (No-
vember 1972) was interesting, but I find it
very expensive to use in comparison to carbon-
zinc batteries. In most of my low-current drain
equipment—pocket portable radios and an in-
tercom—I get longer service from my carbon-
zincs.

I think the lifespan of catbon-zinc batteries
after recharging is underestimated. I have re-
charged my flashlight batteries for vears. I also
have a multimeter with carHon-zinc cells that
have stood up for more than four vears; they
get recharged about once u iyear and are still
okay.

HaroLp P. HAFFa
Waterloo, lowa

Obciously, rechargeable alkaline hatteries are
not your cup of tea. Except for those in your
flashlight (and your letter docsn’t say how long
they last), the batteries in seldom-used portable
radios, intercoms, and multimeters might in-
deed he more economical if carbon-zincs were
used. The alkalines shine in heavy duty and
constant-drain service where carbon-zincs just
can’t hack it, such as in fle hlights, lanterns,
toys, etc. But if you prefer rarbon-zincs, who
are we to deter you?

IN THIS CORNER, WEIGHING

After reading Bill Kennedv's letter (“Let-
ters,” August 1973), I felt compelled to take
issue with him. In the first place, “How To
Select an Electronic Organ”™ (June 1973) was
about electronic organs. The Hammond B-3
is an electric, rather than electronic, organ
generating its tones by electromechanical means.

Secondly, the B-3 was in great favor with
professional organists, not because of its musi-
cal superiority, but because of its reliabilit
over the then tube-type instruments available.
In recent years, the swing has been toward the
infinitely more flexible and musically satisf:
ing electronic organ.

K.R. RExsuaw
Minneapolis, Minn.

K.R. (and all you others who hate written
in to refute Bill Kennedy's claims), you and

POPULAR ELECTRONICS Including Electronics World
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Bill can fight it out in the arena of your own
choosing. We'll supply the gloves, you supply
the sweat.

LEND A HELPING HAND

We have a small radio club in the Philip-
pines where we train indigent enthusiasts in the
field of electronics. The club is encountering
some financial difficulty in purchasing radio
equipment here. We would like to appeal to
Poruran ELecrroxics readers for help. We
urgently need test equipment, Lham gear, sur-
plus gear, and old magazines. We would
greatly appreciate any help your readers can
give us.

Roporro B. DeL Rosario
Chairman, Calaca Radio Chib

16 Scout Tauzon St.

Diliman, Quezon City, Philippines

Anyone who wishes to contribute to a good
cause, please send to Rodolfo at the uddress
given ahove.

ANOTHER PE SCIENCE FAIR WINNER

I wish to belatedly thunk vou for your arti-
cles on laser modulation {May and November
1970) for the help they gave me on my Science
Fair project that placed first in the physics
category at the state level. A laser beam can

be internallv (as in vour articles) or extern-
ally wodulated. T chose to externallv modulate
the beam by means of a modified Michelson
interferometer. However, instead of the mir-
rors being stationary, they are moved by trans-
ducers that cause a phase shift in the light.
Since the amount of movement is proportional
to the voltage applied to the transducers, the
phase shifts are also proportional. \WVhen the
two beams recombine, amplitude modulation
oceurs.

Manrvin Mosker

Itoftman, Minn.

Congratulations, Marcin. We're happy to
have been of help. By the way, whatever hap-
pened to the Tesla coil and oatmeal-hox crystal
radio Science Fair projects of bygone days?

SORRY, BUT WE GOOFED

Referring to the SSB Citizens Band Trans-
ceiver Directory in the August 1673 issue, I
note a discrepancy in vour listing for the Tele-
dvne (Olson) RA-510 transceiver. n the Pow-
er Supply colunm, the listing should have heen
“ac/de”

Wart ConrnriGaN
Olson Electronics, Inc.
Fort Worth, Texas

Sorry for the inconvenience our goof has

caused anyone.

Tr;y put é rc)té}y engineinacar.
We put a cam shaftin aturntable.
For the same reason.

The reason? To make it quieter, smoother, more reliable.

The basic record changer mechanism—Ilike the automobile’s
piston engine—has been a fairly reliable device that has served
with some success for many years. But the very action of
the engine—or the changer—produces constant
vibration and strong, sudden movements
that can ultimately wear it out.

Now we have alternatives. For
cars, the Wankel rotary engine.
And for record players, the se-
quertial cam shaft drive mech-
anism used in BSR’s finest
automatic turntables.

its even rotating motion programs the
complex automatic functions of the BSR 710
and 810 smoothly and without noisy and poten-
tially harm{ul quick starts and stops, without slam-
ming meta} against metal. And because the cam gears are
mounted on a carefully machined central shaft, they are all
but impossible to put out of-alignment by rough handling
or constant use.

The result: consistent care-free performance, and good
music. With the BSR 710/X and 810/X Transcription Series
Total Turntables.

BSR (LUSA} LTD .
BLAUVELT. NEW YORK 10913

CIRCLE NO. 3 ON READER SERVICE CARD
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If you've ever said...

“There must be abetter

Send for a free Career Guidance Booklet that could start you
on the road to success in a rewarding new career.

It happens to all of us, sooner or
later. No matter what kind of job we
have.

One day, it suddenly strikes home
that we're going to have to work for a
living, the res: of our lives. And most
of us are horrified at the thought of
forever being locked into the jobs we
now hold.

“Surely,” wve tell ourselves, “there
must be a way to earn enough extra
dollars each month to balance the
family budget. Surely, there must be

away toget the kind of positior where’
you don’t have to worry about job
security.”

“Surely,” in other words, “there
must be a better way to earna living!”

If you, too, have been thinking
these same thoughts, you'll find one of
our free Career Guidance Booklets
very helpful at this time. We invite
you to send for one.

Your free booklet will describe
the opportunities for higher income
and greater job security you mizht ex-

POPULAR ELECTRONICS Including Electronics World
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way to earn a living...

Mail coupon for Free

pect in one of the career fields listed
Career Guidance Booklets and Free “Demonstration Lesson."

on the coupon below. It will also ex-
plain why ICS can prepare you for
this new career field...right in your
own home...in your spare time...re-
gardless of your education or past
experience.

In addition, you will receive a free
"“Demonstration Lesson” that lets you
see for yourself why preparing for a
more rewarding career—the ICS way
—may be a lot easier than you think.

Please bear in mind, as you check
off your career choice on the coupon
below, that ICS has a long and distin-
guished record of success. In fact,

These free Career Guidance Materi-
als are yours without obligation.
They will help you find out what you
should know about the career field
of your choice. They will also let you
see for yourself ‘why preparing for
2 more rewarding career—the ICS
way—may be easier than you think.

'[:s International Correspondence Schools XA671T
Scranton, Pennsylvania 18515

Please send me a free Career Guidance Booklet, and a free
“Demonstration Lesson” for the field I have checked
below. I understand that I am under no obligation.

more than 8,500,000 men and women
have turned to ICS for career train-
ing, since 1891.

Major corporations use
ICS Career Training

ICS has provided training programs
for various divisions and branches of
companies like Ford; U.S. Steel;
Chrysler; Mobil; DuPont; etc.

ICS Career Training is approved
for Veterans and Servicemen under
the new G.1. Bill, and is Accredited by
the Accrediting Commission of the
National Home Study Council.

Now it’s your turn to discover how
ICS training can start you in a re-
warding new profession. Just fill in
the coupon and mail for your free
Career Guidance Booklet and free
“Demonstration Lesson.”

Air Conditioning,
Refrigeration & Heating

DO Air Conditionin
Refrigeration Technician

O Heating Specialist
Engineering

0O Mechanical O Civil

O Chemical O Industrial

0O Electrical-Electronics

O Surveying & Mapping
TV Servicin

O Color TV Technician

O Stereo/Hi-Fi Specialist

O CATV/MATV Specialist
Electronics

O Electronics Technician

O Specialized programs in
Computer Servicing,
Communications/
Broadcasting, CATV

O FCCLicensing
Automotive

O Master Mechanic

O Air Conditioning Specialist

O Body Rebuilding Specialist

O Diesel/Gas Mechanic
Drafting

O General Drafting

O Specialized Dratting

O Architecture
Electrician
O Master Electrician
O Practical Electrician
O Interior Decorating
& Design
O Airline-Travel Training
Computer Programming
0O Programming Concepts
O COBOL [ System 360
O Fortran IV
[ Secretarial
Accounting
O Business Accountng
O CPA Training
O Income Tax Specialist
Motel/Hotel Management
O Motel Management
0O Club, Restaurant
Management
O Hotel Executive
Business Management
O Executive Management
O Industrial/Production
Management
0 High School
For those who want to eam
1CS High School Diploma

O Check here for special information, if age 16 or under

Miss
Mrs.
Mr. Age

--------------1

Address Apt.

City State Zip
- N N R D BN ED B R D S S B S SR S EE B Ee e
Approved for Veterans' Training. Eligible Institution arder the Guaranteed Student Loan Program. Accredited Member National Home Study
Council. Canadian residents use coupon address for ser-ice fmm ICS Canadian, Ltd. In Hawaii: 931 University Ave., Honolulu, Hawaii 96814
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Stereo Scene

N

_/

ERHAPS the major difference between

a true audiophile and a music listener
who owns a high-fidelity system is that the
audiophile is often not fully satisfied with
the sound of his system. And much of the
time, it is the loudspeakers that provide the
major measure of dissatisfaction. Sometimes
this is because they may not, in fact, be
very good. In many cases, though, the loud-
speakers aren’t really the source of the
annovances that lead to dissatisfaction, but
are instead being unjustly accused. Here
are a few of the more common reasons
for the difficulty.

Reom Placement. This is the most fre-
quent cause of poor—excessive or thin—
bass performance from loudspeakers of
better-than-passable quality. Even the best
svstems differ widely in the ecfficiency of
their bass radiation into the room, and their
placement in the room can determine wheth-
er the over-all performance is excellent or
whether a typically efficient bass radiator
will become boomy or be sparse and dry-
sounding. .

Speaker systems can be—and often are
—placed almost anywhere in a listening
room. In 2-channel stereo setups, cormner
and along-a-wall placement schemes have
become traditional, but more recently
omnidirectional speaker systems have pro-
vided incentives for other placement
schemes. In 4-channel sound setups, the

Loudspeaker
Problems

By J. Gordon Holt

speakers again become corner located, or
they are placed in such a manner that they
define a roughly square or rectangular
listening area. The aim in either case has
always been to preserve or enhlnce binaural
“spread” (and front-to-rear balance in 4-
chanmel setups). Speaker systems can also
be placed at any height between floor level
and the ceiling.

There are two basic principles to re-
member in placing conventional speakers for
best buss. First, the closer they are to a

AT T

Ge > O+ =

D—ﬁz
>

Fig. 1. Speaker placements at floor level.
(1) Maximum bass, severest standing waves.
(2) Excellent bass, moderate standing waves.
(3) Moderate bass, and smoother response.
(4) Has farily thin bass, smooth response.

D—_»q

Fig. 2. Some speaker placements on a wall.
Numerical designations azre same as Fig. 1.
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the Sansui AU 9500:

hottest-selling

integrated aniplifier

Sansui

OCTOBER 1973

in the field.

Here's the pcwer amplifier that not only boasts 85 hefty wats per
channel, but also boasts a host of other fantastic features. It's
designed and made for people who want only the best—and are
willing to pay for it. And, judging by the way the AU9500 is selling,
there must be a lot of those folks around.

The new Sansui AU9500 is the most advanced stereo product
we make. It's superior performance characteristics include total
harmonic distortion and intermodulation distortion below 0.1%
throughout the entire audio spectrum and well beyond. Power
bandwidth is extremely wide (5-40,000Hz) and RMS true power,
conservatively rated, is 85 watts per channel into 8 ohms.

Among the many exciting features of the AU9500 are a wide
variety of conveniences, such as a 4-channel adaptor switch, for
QS, SQ, or CD-4 add-on units, the ability to handle up to four tape
decks, and provision for tape-to-tape dubbing. Triple tone controls
allow even the fussiest listener to adjust the AU9500’s response
to hjs taste.

As eye-catching as it is functional, the AU9500’s elegant
front-panel styling is a standout in any audio display. And it has
two counterparts, the AU7500 and AU6500, which offer many of
the same features, the same quality engineering and manufacturing,
but slightly less power. All three are powerful, quality units that
are unequalled for fine high fidelity reproduction.

SANSUI ELECTRONICS CORP.

Woodside, New York 11377 ¢« Gardena, California 90247

SANSUI ELECTRIC CO . LTD. Tokyo. Japan » Sansui Audio Europe S, A., Antwerp, Belgium
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room corner, the more efficiently they will
radiate bass into the room and the more
they will tend to excite standing-wave reson-
ances in the room. (See Figs. 1 and 2.) In
rooms of small size, standing waves aftect
the middle-bass range which, in proper
proportion, gives the sound its fatness and
bodyv, and in excess makes it boomy. In
large rooms, of 15 by 20 fect or more in
size, standing waves are likelv to affect
mainly the deeper bass, below about 50
Hz. Since they are related to room dimen-
sions, standing waves occur at certain dis-
crete frequencies, and the result is a series
of peaks in the response (Fig. 3). So while
their utilization can help to fill out bass, it
may also produce uneven bass response.

i, a4
g /’ LN
- ’ -
§ I - .
s 7
a
3 /
4
S ’
/
20 50 100 1000
FREQUENCY(Hz)

Fig. 3. Condition of maximum (but peakiest)
bass may produce less apparent deep bass.

The improved bass radiation that comer
placement brings about is likelv to be uni-
form over the entire bass range, which is
of course desirable. Thus, optimum place-
ment will often have to be a compromise
between radiation efficiency and a modicum
of bass peakiness.

Scecond principle: The more pronounced
a speaker’s mid-bass output, the less audible
its deep-bass range will seem to be when
listening to musical material. (This phe:
nomenon, which is purely psychoacoustical,
does nof show up when listening to an
oscillator being swept through the bass
range, as the ear has time to adjust its per-
ceptual sensitivity as the system’s output
changes.) For this reason, speaker place-
ment 1'ight in a corner, where maximum
deep bass will be radiated into the room,
may actuallv make the sound seem to have
less deep bass, because of the effect of pro-
nounced standing-wave resonances at higher
bass frequencies. Again, it is best to hit a
compromise.

In many rooms, corner placement pro-
duces too much and too-peaky bass. The
best location is usually at or near the junc-
tion between two surfaces—typically a wall
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and the floor or ceiling. Ceiling placement
is often better, as the highs are not blocked
by furniture, and the multiple reflections
from the buare ceiling probuce 4 more
spacious sound. In rectangulai’ rooms, locat-
ing speakers against one of the longer walls
will give smooth low-end respdnse but some-
times not enough of it. Don't instantly dis-
miss as impossible an apparent thinning of
bass when vou move the speakers, though.
Many of us have grown accustomed to ex-
cessive bass, and may need spme readjust-
ment of values to appreciate the improved
quality (range and detail) that may ac-
company a diminution in the quantity of the
bass. Live with the new sound for a few
days before changing the speuker positions
again.

The Impossible Room. Sorme rooms just
don’t seem to want to support any low end
at all, while others tend to excessive bass
almost regardless of where vou place vour
speakers. Small L-shaped rooms are tvpi-
cally poor bass-supporters, as are ones with
angled ceilings. Square rooms tend to be
bassy and peaky because both dimensions
cause standing waves at the same fre-
quencies. Cube-shaped rooms of practical
(for the home) size are difficult for the same
reason. Despite such handicaps, vou can
often find at least one pair of speaker
locations where performance will be satis-
factory, if not great. Otherwise, vou have
three alternatives. Rebuilding the room
along acoustical principles is one, but is
hardly practical for most of us. The choice
between the other two alternatives—renlac-
ing the speakers or buying a good equalizer
—depends on the relative cost

To be effective for low-end control, an
equalizer should have separate controls
covering the 20-to-40-Hz range and the
40-to-80-Hz range. (Even-narrower-range
control is better, but can be prohibitively
expensive. Altec’s Acousta-Voice equalizer
costs in the $1,000 class.) Snitable home-
type equalizers like the Sounderaftsmen 20-
12 and the SAE Mark Seven cost around
$300 and up, but this may still he less
money than it would take to replace vour
speakers with different ones, even if vou
were allowed a liberal trade-in on vour pres-
ent ones. Equalizers offering octave-wide
control bands (as do the Soundcraftsmen
and the SAE) can’t do much about the
sharp resonances of standing waves, but thev
can allow vou to correct any fairly broad
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From Mits:
New digital test equipment

professional lab quality at shop cost.

Model 1700 Waveform Generator/ Frequency Counter
Kit $139.95 Assembled $199.95

WAVEFORM GENERATOR: « 6 carrier waveforms including sine, triangle, square, ramp, saw
tooth and pulse. Frequency range — from 1Hz to 1.5MHz in 12 overlapping ranges. ¢ 3
internal AM or FM modulator waveforms including sine, triangle, and square. Frequency
range — 100HZ to 150KHZ in 6 overlapping ranges. Has ability to accept external AM or

5 PPy e y FM modulator signals. « 3 amplitude controls carrier only, modul only or modulated

) r '3 carrier.
b s r = éf‘_ e FREQUENCY COUNTER: « Measures frequency of the WFG output or frequency of external
g : E signals from 1Hz to over 10MHz. < 8 digit dispiay of .55 inch Sperry gas discharge type. {same as

B DVM) « Adjustable sensitivity. * Has flashing overrange indication. + Features an event counter which can be used
- for external signals. « Input impedance — greater than 100K ohms. ¢ External input clamped at 10 volts. « Sampling period — 1
second for Hz ranges, .1 second for Kilohertz and Megahertz ranges. » Integrated circuit electronics construction.

POWER REQUIREMENTS: SPECIFY 115 OR 230 VAC, 60 Hz, 25 WATTS.

Model 1600 Digital Voltmeter

Kit $89.95 Assembled $129.95

FUNCTIONS: 1. AC Volts 4 Ranges from 1 voit to 1000 volts

2. DC Volts
3. AC Current
4. DC Current
5. Ohms-6 Ranges from 100 ohms to 10 megohms

RESOLUTION: {low ranges) Voltage-10mv « Current-10ma « Resistance-1 chm

ACCURACY: DC Volts — = .5 « All others — = 1%

INPUT IMPEDANCE: DC Volts — 10 megohms « AC Volts — 1 megohm

SAMPLE RATE: 5 per second POWER REQUIREMENTS: Specify 115 or 230 VAC, 50/60 Hertz, 20 Watts.

» 2-1/2 digits of large .55" Sperry gas discharge display ¢ Can be read from up to 40 feet away in direct sunlight = Integrated circuit technology throughout

« Auto polarity feature automatically displays polarity and magnitude w/a probe reversal = Regulated power supply = 100% overrange capability on all ranges

5 Ranges from .1ma to 1 amp

ITC-1800 Integrated Circuit Tester
Kit $119.95 Assembled $169.95

SPECIFICATIONS: » 18 LED indicators show status of IC under test * Internal 5 voit 1 amp power supply. Internal 2 speed clock © Single step capability * Cross
bar switch allows complete programming of IC under test « 4 remote outputs « 4 remote inputs

Detailed instruction manual (includes diagrams of all common digital IC’s)

SIZE: 8" x 97 x 3-1/2" POWER: 50/60Hz 115 VAC 8 watts  WEIGHT: 9 Ibs.

The ICT-1800 is ideal for testing digital integrated circuits. It also may be used to breadboard ICs while developing circuits. The ICT-1800 is as indispensable
for testing ICs as the vacuum tube tester was for testing vacuum tubes.

I------------------------------

1 [0 Enclosed is a Check for $ []

1 or O BankAmericard % =1

m I's 1 or O Master Charge # &y

1 Credit Card Expiration Date __ ]

1 Include $5.00 for Postage and Handling | ]

mi[m |nsh1lmem“tiun & : Models . [IKit [JAssembled :

1 [J Please Send Information on Entire MITS Line. 1

Telemetry Systems, InC., v :

6328 Linn, N.E., Albuguerque, New Mexico 87108 §  ~07ESS -

505/265-7553 Telex Number 660401 A H
STATE& ZIP ==

i MITS/ 6328 Linn, N.E., Albuguerque, New Mexico 87108  505/265-7553 Telex # 660401 L)

L----------------------------J
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aberrations. One could also consider the
five-band BSR-Metrotec equalizer, at $99.95
for minimizing peaky response, brightening
extreme highs or boosting low bass.

We mentioned that some speakers are
heavier, some thinner, at the bottom than
others. If you elect to try new speakers,
what vou want are ones that tend in the
opposite direction from your present ones.
A snitable choice may solve your problem,
but it is more likely that the end result will
be Dbetter if you equalize; for instead of
merely improving the situation, or even
overshooting it and ending up with an error
in the opposite direction, equalization allows
vou to zero-in on the bass balunce vou want.

IEqualizers are like atomic energy though:
they have great potential for evil as well
as for good. Improperly used, an equalizer
can completely mess up the sound of the
best system, so use with discretion. This
means that, if you don’t feel the urgent need
to elevate or depress any other part of the
audio spectrum (other than the bass), don’t.
Leave all controls flat except those that are
correcting for vour bass problem.

Phasing. A common cause of bass thin-
ness is misphasing of the loudspeakers.
Proper phasing is such a basic requirement
for good stereo that some instruction manu-
als don’t even mention it, assuming that
everyone knows about it. The result is that
the inexperienced audiophile runs a 50-50
chance of ending up with his speakers out
of phase.

When speakers are misphased, one’s cone
will be moving outward while the other’s
cone is drawing in. When one is trying to
produce an air-pressure wave in the room,
the other will be sucking the pressure wave
back in again, and the result is that bass
tones, which call for large air-pressurc
changes. never make it out to the rest of the
room. The cones tend to cancel instead of
augmenting one another.

Phasing is easily checked either visually
or acousticallv. The visual check involves
nothing more than seeing that each wire
starting at each GND or zero tap at the
amplifier follows straight through to each
minus terminal on the speakers. In the case
of zip cord, vou can do this either by follow-
ing the tiny molding-seam ridge along the
edge of one of the wires of the pair, or by
observing the fact that some pairs have one
conductor colored copper and the other
silver. The acoustical method involves plac-
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ing hoth speakers face to face and about an
inch apart, feeding some hassy program
material to them with the svstem set for
mono (A+B) mode, and then disconnecting
one speaker. If the volume of the bass
increases when one speaker is turned off,
the phasing is wrong, and the connections to
either speaker (not both) shou'd be reversed.

Shrillness. This is often the sign of a
poor loudspeaker, but there’s an easy way
of telling with reasonable certainty whether
most of the problem is speaker-related or
whether something else in the svstem is
causing it.

First, listen for surface noise from discs.
If this varies in pitch, from plops through
ticks to spitting sounds, vour speakers are
free from severe treble peaks and the shrill-
ness must be coming from somewhere else.
If all the surface noise seems to have much
the same pitch, tune between two FM sta-
tions and observe whether or not that hiss
seems to have the same pitch as the sur-
face-noise ticks. If it does, the speakers are
probably peaky. Reduce the s ttings of their
tweeter controls or, if that’s not possible
or doesn’t help, get rid of them. If FM hiss
seems peak-free, the speakers are okay but
the pickup needs upgrading.

Suppose nothing indicates peaks. Then,
chances are the trouble is odd-order har-
monic distortion, possibly in the power
amplifier but more likely in the preamp.

The ear is extremelv sensitive to odd-order
harmonics  (odd multiples of the funda-
mental frequency), and even amounts of it
that look absurdly low on paper (0.05% and
less) are perceptible to an acute ear as a
slight hardening of the sound

If vour transducers are peak-free, though,
about the only thing that can cause shrill-
ness at listening levels below londspeaker
overload is the electronics. So if that’s vour
problem, try a better amplifier or preampli-
fier, or both.

Poor Stereo. This covers a multitude of
sins, from lack of center fill between speak-
ers, through vague or wandering stereo
images, to excessively restricted listening
area and overly critical channel-balance
adjustment. The most common cause of any
or all of these malaises is irregular frequency
response, which need not necessarily show
up as respornse peuks. Dips ir the response
can do it, without adding unduly noticeable
colorations to the sound. Unfortunately,
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these usually are the fault of the loud-
speakers. Hwh frequency beaming or phase
interference between spatially Separated
drivers in each speaker will produce poor
imaging and a restricted listening area.

Out-of-phase speakers can cause any of
the atorementioned “poor stereo” svmp-
toms too, so check that possibilitv if you
haven't already. Also, trv changing the ancles
of the sped]\exs relative to your 11stemng
area, toeing them slightly inward or out-
ward (symmetx ically) to change the patterns
of interference. You may not achieve per-
fect stereo imaging (it isn’t on all record-
ings anyway), but it should be possible to
get satisfuctory results from virtuallv anv
speaker pair. If vou don’t know it already,
though, vou should understand that it is
nnpossll)le to get ideal stereo performance
from a pair of nomdentlcal speaker systems.

Incidentallv, poor treble dispersion can
be improved at moderate cost by the addi-
tion of wide-angle “hang-on” tweeters.

Other Speaker Problems. Sometimes an
inherently good speaker system will show a
persistent terdency toward overly taut or
somewhat Joose, heavy bass no matter where
vou place it in a room. If this isn’t a case
of the impossible room, it may be due to
incompatibility between the amplifier and
the speakers. Some speakers are designed to
altow for a modicum of bass resonance to
tuke place, in order to support full low end.
If these speakers are used with amplifiers
having high power capacity and verv high
damping factor, the speakers will be over
damped, with resulting thin, drv bass. Con-
versely, an amplifier of madeqnate power
and/or too-low damping will allow the sys-
tem to resonate too much, resulting in poor-
Iv controlled bass performance. Equali-
zation can help this situation, but it is best
coped with Dy proper amplifier/speaker
selection.

In Case of Defeat. If vou've tried all
these suggestions and vou're still unhappv
with the sound of vour speakers, vou still
have several alternatives open to you. You
can hire a good custom-installation special-
ist to come and help out; you can start from
scratch with a completely new system of
components recommended by someone vou
know whose judgement in such matters you
trust; or you can admit to yourself that
your taste in sound is either too demanding
or too bizarre to ever be wholly satisfied. ®
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If You Work In Electronics:
GRANTHAM OFFERS YOU
College-Level Training

and a college degree.

Electronic Circuit Design,
Engineering Analysis (includ-
ing mathematics thru calculus),
Classical and Solid-State

Physics, Engineering Design, (5.
etc., etc., are all part of -
peas

the Grantham home-study de-
gree program in Electronics
Engineering.
(Regardless of what you may
have read in another school's
ad. Grantham does teach
college-level circuit design
by home study.)

By adding college-
level home training
and a college degree
to your experience.
you can inove ipto
greater opportuni-
ties in electronics.

Grantham offers the
A.S.E.T. degree by corre-
spondence. After earn-
ing this degree, you may
continue with additional
correspondence plus a one-week
residential seminar and certain transfer credits, to
earn the B.S.E.T. degree. Then. the B.S.E.E. is
available through further residential attendance.

GRANTHAM SCHOOL OF ENGINEERING
1505 N. Western Ave., Hollywood. CA 90027

@ Telephone (213)462-1411 @

Established in 1951 — G.I. Bill approved.
Mail the coupon below for free bulletin.

Grantham School of Engineering
1505 N. Western Ave., Hollywood, CA 90027
I have been in electronics for years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name — _Age
Address
City State Zip
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News Highlights

Computerized Traffic Control Signs

New York State has announced that it will install a computer-
ized system that would guide and inform motorists ;11|bng a 30-mile
heavily traveled corridor. This includes the Long Islund Expressway
in New York City’s Queens borough and adjoining Nassau and Suffolk
Counties on Long Island. Cost of the system is expected to be S$11
million and it will take three veurs for the electrmﬁ' sensors and
flashing message boards to be put into place. The boards will indicate
the heaviest traffic areas and will notify motorists to tske one of the
half dozen parallel roads. Hopefully traffic will be eased on what has
been called “the world’s longest parking lot.”

SQ Quadraphonic Logic IC Introduced

One of the highlights of the recent Consumers Electronics Show was
the introduction by Columbia Records of the SQ logic integrated cir-
cuit system. The IC’s were developed jointly by CBS Labs and Motor-
ola’s semiconductor division. With discrete components, SQ logic
equipment requires a complex network of over 400 separate electronic
parts. So great economies are expected to be realized by tuming to
IC’s. The IC’s are available to SQ licensees. which now include almost
80 of the world’s audio equipment brands. A list of SQ disc releases
distributed at the Show indicates over 240 albums are available from
21 record companies. The Sonv Corp., too. is said to have intro-
duced SQ IC’s, including a low-cost, full-logic chip, and is also
marketing the chips to hardware licensees.

World’s Smallest Solid-State Lamp

The world’s smallest solid-state lamp produces invisible light and is
dwarfed by the head of a match. Developed by Gengral Electric’s
Miniature Lamp Products Dept.. the new lamp is an jnfrared light-
emitting diode measuring only % of an inch in diameter. The lamp’s
small size will make it useful in applications requiring small center-to-
center spacing on printed circuit boards. Such uses inchide paper-tape
and retail-merchandise price-tag readers. and other photo-detection
svstems. The lamp is housed in a %-in. long metal and ceramic
cylinder topped by a dome-like glass lens. It sells for $2.64 in sample
quantities.

Stereophonic Baseball in Japan

Adding to the excitement of watching baseball games in Japan is a
newly installed stereophonic sound system. The sound-effects audio
system, valued at $23,000, is being used at the Heiwadai Baseball
Stadium at Fukuoka in southern Japan. The system consists of six
power amplifiers with a total power rating of 720 watls, one mixer,
one tape recorder, eighteen outdoor speaker systems, and three para-
bolic-type microphones. The sounds of a grounder, a runner sliding,
hit and caught balls, and the voice of the umpire are amplified and fed
to the speakers. The equipment was installed by Pionéer Electronic
Corp.. Tokvo.
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RCA Receives Certification on C/MOS

NASA has granted line certification to RCA for the production of
complementary symmetry MOS integrated circuits, called COS/MOS
by the company. The manufacturer’s plant at Findlay, Ohio becomes
the first production facility to receive NASA line certification as well
as previous certification granted by the Defense Electronics Supply
Center.

Post Office Honors Invention of Transistor

Have vou seen the new transistor stamp vet? The transistor was
honored recently by the U. S. Postal Service with the issuance of a
commemorative stamp. The one being issued is one of four stamps in
a Progress in Electronics series. The 8-cent transistor stamp depicts an
electronic printed circuit, and the others depict Marconi’s spark coil,
Lee DeForests audion tube, and electronic components used in
broadeasting.

Alarm System Prevents TV Set Theft

A tamper-proof burglar alarm system tailored for use in individual
rooms of motels and hotels is available from Forward Detection Sys-
tems, Danvers, Mass. Called “TV Guard,” the new solid-state elc-
tronic system is already preventing thefts of color TV sets which
are easily removed from motel rooms and readily sold in the streets.
The device detects when any set wired into the system is unplugged.
A light on the control panel located at the registration desk indicates
in which room the unplugging occurred, thus permitting the desk clerk
to tuke appropriate action promptly,

The Mark Ten B Capacitive Discharge =1
Ignition System keeps your car in tune d 4 = ga
...and everyone knows that a well-tuned SN T}
car gets better mileage, requires less :: 8
maintenance, runs longer and better, o 2 E 8
and helps in the quest for § 3 &S
cleaner air. m R — 5
m & 12 %
...Just ask Detroit ; é % 8, 8
and the EPA g sf:5izE
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LTJG Stewart, University of Kentucky

He is already qualified to operate and naintan:
one of over 100 Navy Nuclear Propulsion Plants.

In 1973, the Navy will accept about 500
outstanding college graduates like Bill Stewart
for its Nuclear Propu sion Officer Program.
Each one of these young men will have an
incomparable cpportunitv to become a leader
in the Nuclear Navv.

For its Nuclear Program, the Navy wants

only men who can master advanced technology.

While they do 1ot necessarily have to be
engineers, manv of them will be. Theyv must
have a solid foundation in mathematics and

selected in 1969 tor the Navy’s

)
il = -
v,

physics. They must demonstrate

superior ability. High standards

limit selection opportunity to only
‘% the most qualitied candidates.

If vou qualifv, you will spend
asolid vear learning all aspects ot
nuclear prop: l<1on plant theorv
and operaticy. All of this training
will build upon vour abilitv to solve difticult
problems through the applichtion of fundamental
engineering, prmuple

While this program is tough, the Navy pays
well for the kind of abilitv and dedication thatis

www americanradiohistorv com


www.americanradiohistory.com

’68, 1s one of only 429 officer candidates
Nuclear Propulsion Program.

required. Starting salary in the Nuclear Program
is comparable with salartes given to junior
executives by private companies; and career
advancement is rapid. There are many other
benefits, including, of course, the opportunity to
see much of the world.

If vou think vou have the abilities and desire
to become a leader in nuclear engineering, call
the Nuclear Desk, toll-tree, 800-841-8000.

A nug ear-trained officer will contact vou and
answer vour questions about the program.

Co something special with vour life.

TO: LIIG William Stewart, USN, Buildin
Washington Navy Yard, Washington, D

157, Fourth Floor
20374.

Yes, I'm interested in becoming a Nuclear Propulsion Officer
Candidate. Please send me more information on the Nuclear
Program as it applies to:
nuclear-powered submarines.
nuclear-powered surface ships

[f you really don’t want to wait, call us toll-free. 800-841-8000. In
Georgia, call 800-342-5855. Call collect: in Alaska—272-9133, in

Hawait —533-1871

Name Age
Address Cit

State Zip Phone

College Major Class ot

Be someone special in the Nuclear Navy.
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Changes come fast
In electronics.

I

From
tube
to
LS|

Take a look at the race in circuit technology. In the
1960’s the tubes at the left made way for the transis-
tors at the right. Today, transistors are surpassed by
the large scale integrated circuit (LSI) at the far right.
This circuit, less than a quarter inch square, replaces
over 6000 transistors!

There’s big money 10 be made by the men who
stay ahead of this technology race. Put yourself

ahead with NTS Home Training! You get the latest,
most advanced equipment (at 1o extra cost). More
solid-state units, and more advanced technology.
Plenty of training with integrated circuits, too! As an
NTS graduate, you enter a world of electronics you're
familiar with. You have a thorough working knowl-
edge of solid-state circuitry. You're ready to tackle
bigger jobs at higher pay!

NTS COLOR AND B&W
TV SERVICING

Solid-state
315sq.in.
Heath color TV ;"'

Build and keep the largest, most
advanced color TV made! Over-all
solid-state design, ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “Instant
On,” A.F.T., solid-state, 24-channel
detent UHF/VHF power tuning, and
much more! Also build and keep
AM-SW Radio, Solid-State Radio,
FET Volt-Ohmmeter, and Electronic
Tube Tester. Learn trouble-shoot-
ing, hi-fi. stereo, multiplex systems,
radio, color and B&W TV servicing.

Learn sophisticated solid-state cir-
cuitry as you build this B& W TV
receiver. Lo-Silho “Superhet”
Radio, FET Volt-Ohmmeter, Solid-
State Radio, Electronic Tube
Checker, and Signal Generator. TV

and all other equipment are yours
to keep. H

Solid-state
B&WTV,
74 sq. in.
picture
(cabinet
included)

NTS ELECTRONICS
& COMPUTER
TECHNOLOGY

Build and keep this exclusive NTS
Compu-Trainer. It teaches you the

Solid-state
Compu-Trainer
14 integrated
circuits replace
198 transistors!

same principles used in million-
dollar systems. Contains 14 inte-

www americanradiohistorv com

grated circuits! All Solid-State! You
perform all wiring and patchcord-
ing. No shortcuts. No pre-wired
circuitboards.Your training is com-
plete! Also receive an FET Volt-
Ohmmeter and a 5" wide-band
Solid-State Oscilloscope.

NTS ELECTRONICS
COMMUNICATIONS

Gain the prestige and earning pow-
er of owning an F.C.C. First Class
Radio-Telephone License. Two
comprehensive NTS courses cover
the big opportunity field of trans-
mitting and receiving.

You build and keep 14 kits, includ-
ing this amateur phone 6-meter
VHF Transceiver, NTS's exclusive
6-transistor Sqlid-State Radio, and
a fully transistorized Volt-Ohmme-
ter. Also, learn 2-way radio, Citi-
zens Band microwaves, and radar.

5-watt AM
transmitter/
receiver
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NTS Home Trainin
puts you in the lead.

~ v 4/
- o
N .-

s ‘1

NTS INDUSTRIAL &

AUTOMATION
ELECTRONICS

Automation is the future of indus-
try and you can play an important
part! Learn industrial controls by
training on the NTS Electro-Lab (a
complete workshop). You also build
and operate this 5" -
Solid-State oscillo-
scope. And you per-
form experiments
that involve regulat-
ing motor speeds,
temperature, pres-
sure, liquid level.
and much more. All
equipment is yours
to keep.

NTS AUDIO ELEC-
TRONICS SERVICING

Learn basic sound theory—how it
works in home radio, car tape

[m======-

Big, Colorful NTS ELEC 1o g
Guide to new P ﬁ ; MCS
opportunities in """
Electronics.

Yours FREE! kf fé

NATIONAL TECHNICAL SCHOOLS
4000 S. Figueroa Street

decks, stereo multiplex component
systems, and more! Set up a spec-
tacular music system. Learn about

Build and keep this
famous Heath Stereo

sound distortion, amplification and
control, loud-speaker baffles, prob-
lems of system installation, etc. In-
cluded is Volt-Ohmmeter, In-Circuit
Transistor Tester, and Solid-State

MASTER COURSE IN COLOR
TV SERVICING

COLOR TV SERVICING (FOR NAME

ADVANCED TECHNICIANS)
MASTER COURSE IN BAW TV

& FADIO SERVICING

MASTER COURSE IN
ELECTRONIC COMMUNICATIONS

PRACTICAL RADIO SERVICING CITy

FCC LICENSE COURSE
MASTER COURSE IN

Receiver and Speakers.

ADDRESS

Radio. Prepare yourself for great
opportunities in the Home Enter-
tainment Industry!

CLASSROOM TRAINING

AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million dollars in technical facilities.
Check box in coupon below.

NATIONAL GZ=c SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
Resident & Home Study Schools
4000 S. Figueroa Street
Los Angeles, California 90037

APPROVED FOR
VETERAN TRAINING

Accredited Member: National Associa-
tion of Trade and Technical Schools;
National Home Study Council.

Dept. 205-103

AGE .

ELECTRONICS TECHNOLOGY STATE ZIP

AUTOMATION & INDUSTRIAL
ELECTRONICS

COMPUTER ELECTRONICS
BASIC ELECTRONICS
AUDIO ELECTRONICS SERVICING

Los Angeles, California 90037
Piease rush me FREE Color NTS Elec-
tronics Guide & FREE lesson, plus in-
formation on course checked at right.
No obligation. No salesman will call.

] Check if mterested in Veterans Training
under new G.I.
[ Check if mlerested ONLY tn Classroom
Training at Los Angetes

m
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obby Scene)

~

Need a Null Indicator

Q. I need a good null indicator for my
Wheatstone bridge.

A. Try the circuit shown here. The two in-
puts drive the op amp to either extreme,
+

with one low-current lamp comirg on when
the bridge is on one side of null and the
other when the bridge is on the other side
of the null. Short the two inputs together
to adjust the potentiometer until the lamps
just go out. This adjusts the offset.

Op Amp Problems

Q. Many of your projects use op amps and
often you do not even give the pin numbers.
Where does the average guy, who doesn’t
live in a big city, get these o amps and
why don’t you identify the pins?

A. These are common questions. First, tum
to the back of this magazine and look at the
various solid-state “surplus” dealers adver-
tised there. You will note that all kinds of
IC’s are available—most at really low prices.
If you do a lot of experimenting, you should
send for their catalogs.

About the pins, many op amps come in
one of three kinds of packages, the familiar
14-pin DIP, an 8-pin DIP, and a round case
having 8 or 10 leads. Because, in most
cases, each pin configuration is different, we
cannot publish the pin connections since we
don’t know what kind your op amp has.

26

Local Audio Interference

Q. What can I do about spme local radio
stations that keep coming in on my audio
equipment?

A. What you may be experiencing is recti-
fication in the transistor junction or between
the grid and cathode in tubes. Essentially,
then you have a crvstal-set receiver. There
are many approaches to quieting such am-
plifiers, including the use pf ferrite beads
(the best way, but such beads are hard to
find) or filters such as the one shown here.
The use of shielded cables will also help.

2.2k
INPUT

XI00pF

ne

Simple Scope Probe

Q. Can you describe a simple probe that 1
can use with my scope to enable me to see
the modulation on my CB rig right from the
anienna.

A. The probe below works at frequencies
into the r-f range. Use a short length of
flexible coaxial cable to couple to the scope.
Any high-frequency diode can be used.
Coupling to the probe is made through a
small loop. Mount the complete probe in a
small metal tube.

~—— To
- (.__, 4——SCOPE
0o | I
10K
.OOIpF =

Have a problem or question on circuitry, compo-
nents, parts availability, etc.? Send it to the
Hobby Scene Editor, POPULAR ELECTRONICS Includ-
ing Electronics World, One Park Ave., New York,
NY 10016. Though all letters can’t be answered
individually, those with wide interest will be
published.

POPULAR ELECTRONICS Including Electronics World
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When the ELECTRONICS

VEST POCKET REFERENCE
2 BOOK was first offered to
el members of the ELECTRONICS
BOOK SERVICE, they gobbled it up in unprecedented
guantitias. No other otfering had ever been so wel! re-
ceived. So great was its acceptance, in fact, that we
becare convinced that everyone in the field of elec-
tronics snouid have a copy of Harry Thomas's handy
compendium of indispensable information—have it
on his desk or bench, or in his pocket, at all times.
So we have made speeial arrangements with the pub-
lisher to let you have a copy of ELECTRONICS VEST
POCKET REFERENCE EOOK for just 99¢—when you
accept a no-risk, trial membership in the Electronics
Book Service—a unique and practical way to advance
yo%gcaieer .. .add to your income . . . and enjoy your
hobby.

in tha pages of the ELECTRONICS VEST POCKET
REFERENCE BOOK you'll find tables, lists, formu-
las, laws—all sorts of rformation and material neces-
sary to anyone, novice or expert, who works with elec-
tronic cr electrical equipment, in any branch of its
technology.

Packed full of vital material and indispensable infor-
mation, ELECTRONICS VEST POCKET REFERENCE
BOOK explains and illustrates principles that are ap-
plicable in all branches of electronics. Whatever
you're looking for, you'll quickly find it in this handy
reference tool—simp'y by reaching into your vest
pocket and flipping a few pages. It's as simple as that.
There's hardly a page n this book that doesn’t contain
illustrative material of some kind. You'll find scores of
equations, formulas, ctarts, graphs, and diagrams—
all of which help to make the printed information
absolutely clear. A separate box in this advertisement
gives you a bare out/in2 of the contents of the ELEC-
TRONICS VEST POCKET REFERENCE BOOK—-but only
when you see it for yourself will you reatize just how
continuaily valuable it can be to you.

="

And it's yours for anly 99¢!

Fill in and return the coupon below—today—and we'll
send the REFERENCE BOOK to you at once. As a
Chartar Member of th2 Electronics Book Service—on
this free trial basis—the 99¢ is your only financial
commitment. You have no further cost or obligation.
You reed pLrchase no other books. However, if you
decid= tc buy any book you’re especially interested in,
you are entitled to th2 special Member’s discount of
no less than 15% off the list price of the book!
Even if you never buy another book, you'll still be in-
formed regularly about books that can be yours at
generous savings—baoks written by some of the most
knowledgeable men in the field, on such phases of
electronics as the follewing:

Now—rthe handiest book
on electronics you'll ever own—

The Electronics
Vest Pocket
Reference Book

—yours for only 99c¢!

And you'll also receive a FREE, no-risk Membership
in The Electronics Book Service.
(No obligation ever to buy ANY minimum number of books.)

THE ELECTRONICS VEST POCKET REFERENCE BOOK
IS DIVIDED INTO SIX SECTIONS:

|. Electronics Laws and Formulas: Okhm’s law: Resorance
in AC Circuits; How to Calculate Decibels; Radar Bend
Codes and Frequencies; TV Channel Frequencies; others.

Il. Constants, Standards, Conversion: International Svstem
of Units (S1); Physical and Electrical Conversion Factors;
Electronic Constants, Multiples, and Sub-Multiples; others.

111. Symbols, Components, Codes: Electrenic Circuit and Com-
ponent Symbols; Summary of Resistor Types; Diode Sym-
bols, Characteristics and Applications; Cooxial Cable
Types and Sizes; others.

IV. Mathematics, Mechanics, Char's: Computer Number Codes;
Number Functions; Powers of Numbers; Four Place log
Tables; Twist Drill Sizes; others.

V. Circuits, Instruments, Measurements: Common DC Bridaes;
Common AC Bridges; Fuse Data; Basic Rectifier 5402410
Transistor Test Circuits; others.

V1. Microwave Hardware and Micro-electronics: Srrews, Bel’s,
Nuts and Washers; Transducer Types; Date Display De-
vices; Thermistor Types and Sizes; others.

® AC and DC Circuits and Measurements ® Transistor Cir-
cuit Analysis ® Color TV Servicing ® Electric and Electronic
Circuits ® Frequency Modulation Receivers ® Electronic Switch-
ing Circuits ® Electron Devices ond Circuits ® Special Pur-
pose Transistors ® Electronic Tests and Measurements ® Solid
State TV Systems
—plus many other guides, including handbooks and
data books, to circuitry. radio, TV and electronic
equipment, and math and physics of electronics, and
all related areas of significance to you.
In an area in which novelty today is old hat tomorrow,
there is no better way to keep on top of the changing
technology—no more practical way for you to build
an electronics library of permanent value to you—at
your own pace and in line with your cwn special
interests.

Start saving now!

Just mail the coupon below to get your copy of the
ELECTRONICS VEST POCKET REFERENCE BOOK for
only 99¢—and to receive all the benefits of member-
ship in the Electronics Book Service on a FREE trial
basis. Every month, you will receive an Advance Bul-
letin describing the current selection in detail. With
the Bulletin you will also receive a Refusal Card, which
you simply return if you do not want the current Club
choice. Otherwise, the book will be sent to you about
four weeks later. Don’t wait another day for this valu-
able, money-making knowledge. Send the coupon

1)

Electronics Book Service, Dept. 6651-M1(8) I
Englewood Cliffs, New Jersey 07632 i
Please enroll me in Electronics Book Service on a free-trial 1
basis. | am to receive all announcements, free of charge, 1
and will be entitled to full privileges as a Member without 1
obligation to buy any specific number of c'ub selections, 1
As my first selection under this trial membership. send me :
i
1
1
i
1

thec ELECTRONICS VEST POCKET REFERENCE BOOK for only
99¢.
Name_ - _

e ——————————
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Introducing the new
BOSE 901 and 501 Series II
Direct/Reflecting"Speaker Systems

MOSE IO/ SERIES T

HOSE ST SEFRIES IY

A New Listening Experience
by S E

For information on new BOSE products and a list of local dealers, write
BOSE Corp., Dept. EP, The Mountain, Framingham, Mass., 01701.
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| Tour Tsva : i Loxecg,och:E,g o i foureur RSt !
U g N oe-aiz | ]
0 _klj i 169 L oster i
) P g ATTEN, | :
: SWEEP I I 4 :UYPUT !
v , !
; S i : ! ——owe | Fig il Overali block dia-
| ) . . -
g -3 | = i gram showing signal flow in
. : +  the Sweeper. Blocks are giv-
eic N U1 eape P e | W 1 i en in detail in pther figures.
————————— a2
: 11 4isveov —ov-isv !
! g I 1 |
i e I POWER :
i : 1 SUPPLY i
. 1veo anp : I« c8
L suapEr 0-| 11 1
i IC7,Q5 | RANGE [ ' I
-+ il |
1 R Y i
LI el e - GhISAT wil ey iy
R15—8600-0hm, Y4-watt, 5% resistor
PARTS LIST RI18,R27,R31—5000-0hm trimpot

BP1-BP6—Five-way binding post
C1,C12—1-uF, 50-volt, 10% Mylar capacitor
C2—100-vF, 15-volt, 10% tantalum capacitor
C3.C23,C24—0.01-puF, 50-volt disc capacitor
C4,C14—100-pF, 50-volt disc capacitor
C5,C17,C18—0.001-uF, 50-volt disc capacitor
C6,C11—0.1-uF, 50-volt. 10% Mylar capacitor
C7,C8,C19,C20—I15-1F. 20-volt tantalum
capacitor 1
C9—910-pF, 100-volt. 10% mica capacitor
C10—0.01-uF. 50-volt, 10% Mylar capacitor
CI13—10-uF, 25-volt, 10% tantalum capacitor
C15,C16—1000-uF, 25.volt electrolytic
capaciter
C21—150-pF, 50-volt disc capacitor
C22—33-pF. 50-volt, 10% disc capacitor
C25—5-pF, 50-volt, 10% disc capacitor
D1.D6,D9-D12—1N914 or IN4148 signal
diode
D7,D8—IN4001 50-volt rectifier diode
FI—%-4 3-AG fuse and holder
IC1,IC3-1C6—741 op amp IC
1C2,1C9—3014 op amp IC
IC7—Function generator IC (Intersil
ICL8038CC) s
1C8—Voltage regulator IC (Raytheon
RC4194TK)
LED!—Light emitting diode (Monsanto
MV5023) ; _
Q1,010—2N4250 transistor } .
02.03,06,07,011—2N3642 transistor
Q4-—2N4955 dual npn transistor (Fairchild)
Q5—MPF-11] n-channel FET (Motorola)
(8,09—2N5210 itraasistor
Q12—2N3645 transistor
RI—2400-0hm, Y -watt, 5% resistor
R2.R36—1000-0hm trimpot
R3,R16—5600-0hm, Y-watt, 5% resistor
R4—500,000-0khn, log taper potentiometer
R5,R53—3900-0hm, Yy-watt, 5% resistor
R6;R41—2000-0hm trimpot
R7—1800-0hm, V4-watt, 5% resistor
R8,R17,R26.R29.R52-—4700-0hm, Y4-watt, 5%
resistor
R9,R20.R42-—4020-0hm, 1% resistor
R10,R25,R32—5010-0hm, 1% resistor
R11-RI3,R61—10,000-0hin, Y4-watt, 5%
resistor

RI14-3300-0hm, Y;-watt, 59 resistor

RI19,R56—22,600-0hm, 1% resistor
R21—100-0hm, 1% resistor
R22,R51—82,000-0hm, % -watt| 5% resistor
R23—10,000-0hm trimpot
R24-—330,000-0hm, Y -watt, 55 resistor
R28,R30,R35,R37—10,000-0hm, 1% resistor
R33—10,000-0hm, linear taper potentiometer
R34—1100-0hm, 1% resistor
R38,R39—100,000-0hm trimpo
R40—4750-0hm, 1% resistor
R43,R62—15,000-0hm, Y4-watt. 5% resistor
R44,R58—100.000-0hm, Y4-watt. 5% resistor -
R45,R49—22,000-0hm, Yi-watti 5% resistor
R46—33,000-0hm, 1% resistor
R47—120,000-0hm, Y -wazt, 55 resistor
R48—30,000-0hm, Yi-watt, 5% resistor
R50—6800-0hm, Y4-watt, 5% resistor
R54—680-0hm, Ya-watt, 5% rasistor
R55—71,500-0fm. 1% resistor
R57—68.000-0hm, Y -watt, 5% resistor
R59—2200-0hm, Y4-watt, 5% reésistor
R60—1000-ohm, linear taper potentiometer
R63—39,000-0hm, Y4-watty 5% resistor
R64—100-ohm, Yi-watt, 5% resistor

" R63,R66—1500-0hm. 1 .watt, 3% resistor

R67.R68—51-ohm. Y4-watt, 5% resistor

R69-—6200-0hm, Y;-watt, 5% resistor :

R70.R72,R73—620-0hm, Y-walt, 5% resistor

R71—62-0hm, Yi-watt, 5% resistor

R74—560-0hm, Y-watt, 5% resistor

R75—-20.000-0hm, 1% resistor '

$1,82—Dpd; miniature toggle }switch

S3—Spdt miniature toggle switch

S4—S5-position, I-pole shorting “rotary switch

$5,87—3-position, 1-pole-shoriing rotary
switch

S6—Spst miniature toggle switch

S8—Spst normally open pushbutton switch

T1—Traasformer; secondary: 12 V at 150 m4

Misc.—Suitable chassis, mounting hardware,
wire. solder, etc.

Note—The following are available from:
MITS, 6328 Linn, N.E.| Albuquerque,
NM 87108: PC loard at $6.£0; step-by-step
instructions, including foil pattern and
component layout at $3.00; complete kit,
including board, instructiohs, and enclo-
sure, 8119.95; complete unit assembled.
$149.95. : ’

POPULAR ELECTRONICS Including Electronics World
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It greater accuracy is desired, the range
capacitors cuan be selected or padded to be SPECIFICATIONS

within 1 percent of the specified value.

An alternate method of calibration is to
measure the frequency of the sine-wave C\W
output of the Sweeper by comparison with
the output of a well-calibrated audio oscilla-
tor, using Lissajous figures. Set the Sweep-
er’s FUEQuENCY control (R33) to 10, its fully
CW position. and measure the output fre-
quency for cach runge. Set the ¥reEQUENCY
RANGE switch (S4) to the setting that had the
greatest error Delow the indicated frequen-
cv. Then set Liv can (R31) so that the
frequency of this range is accurate to within
I percent. Now, all of the other ranges will
be high in frequency; pad each of these
ranges with a capacitor until all outputs
are accurate Lo within 1 percent.

Operation. For use as a fived-frequency
oscillator, set the swrep aope switch to ow
and swre TypE switch to Lix. The sweep rate

Modes: CW, linear sweep, log sweep

Waveforms: sine, square, triangle

Range (5 steps): 1 to 100,000 Hz

Response: +0.19%, to 20,000 Hz;
+0.159%, to 100,000 Hz

Distortion (sine): 1.59%, 10 to 20,000 Hz

Rise time (square): 2 us

Output voltage: 0-5 V rms sine; 0-7 V
peak sine, square, triangle

Attenuator: 0, 20, 40 dB =+=1 dB; 600
ohms constant impedance

Sweep time (2 steps): 10 ms to 100 s

Sweep output (ramp): 0 to 5 V, 5000
ohms output impedance

Sync Outputs: 4-V positive pulses, 5000
ohms impedance. Sweep sync pulse
starts at end of sweep, returns to
zero start of next sweep. Can be used
for blanking; 5 ns rise time. Wave sync
is square wave, amplitude independent
of control settings; 0.5 us (maximum)
rise time.

TO R20,R28
FiG a4

1

Qi
2N4250

+ +
C) c2
IuFl IOOuFI

& =

2Ri3

Q3
2N3642

-9V

TO 05

FIG 5

Fig. 3. A linear sweep voltage is generated in Ql and Q2, available at BP1.
Output of IC2 is a pulse which is attenuated and brought out to jack BP2.
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P Zaio 47K LOGFS. Fig. 4. Converter cir-
— 22.6K caL.3 > | .
- —9v cuit shapes the linear
R20 T S’ ~ sweep into logarithmic
4,02k 73 R2 ond3ss 37%° waveform, since second
e half of Q4 has current

flow proportional to the

FROM
SWEEP
GEN
FI16.3

controls will now have no effect on the
Sweeper’s output. When the wavEFOR:
switch is set to sine, BP{4 (ourpur DIR)
will supply a 0-5-volt rms sine wave at 600
ohms impedance. In the triangle and square
positions of the waverForar switch. the out-
put at BP4 will have a peak voltage variable
between 0 and 7 volts. The BP5 (ovrrutr
ATTEN} hinding post will have the same
cpen-circuit output as the direct output
when the aTreENUATOR switch is set for 0
dB. In the 20-dB position, the output will
be 1/10 of the direct output, while in the
40-dB position it will he d wn to 1/100.
Loads (or short circuits) on eher of these

+ 2, —p

exponent of applied vol-
tage. IC4 converts the
currerit to voltage. S3
selects either the linear
or logarithmic output.

CONT.

BP3
WAVE
SYNC

outputs will have no effect on the other.

The output frequency cah be set at any
point from 1 Iz to 100 k]i{z by adjusting
the FREQ RANGE switch ancd FREQUENCY con-
trol. The syxc wave output [(BP3) provides
a 4-volt, positive-going square wave for
syne or counter use.

Refer to Fig. 7 for settillg up a sweep
display. In the sweep mode, the output volt-
ages and wavefsrms are the same as thev
are in the CW mode, but the frequency is
swept from nearly zero up to the frequency
set by the FrREQ mraxce switch and FRE-
QuExcy control. The S\VEF:[P RATE control
varies the time for a full <\.\JL‘ep from 10 ms

!

FROM
Ice
FIG 4

Fig. 5. The vco uses one
LSi IC to generate sine,
triangle, or square wave
output. The chip is reset
from the sweep generator.
Switch S4 selects range,

R

TOD6
TFIG 4
R47
IBER= L)
by
A T roQs
I WAVEFORM  FIG6
[aYE ; SELECT
I
#Ra6 FRAB
$33K £30K
]
25
——  MmaFl
05
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co e Ten ez T eis +§f623
910pF |.OIpF [ip= IuF OpF .
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PROJECT EVALUATION
(Hirsch-Houck Labs Report)

In our tests, the Super Sweeper easily
met or surpassed all of its performance
specifications. In fact, the rated accuracy
and response uniformity of our labora-
tory-grade test equipment was not ade-
quate to vernfy the “flatness” of the
Sweeper’s output. However, it left us with
no doubts as to the capabilities of this
versatile instrument.

The uniformity of output in the CW
mode was within +0.1 dB from 5 Hz to
100 kHz. Using an oscilloscope, we
judged that the output rose to +0.8 dB
at 1 Hz, although this involved some
guesswork. In the sweep mode, we re-
corded the output on a General Radio
1521-B Graphic Level Recorder, whose
rated flatness is comparable to that of
the Sweeper. The chart calibration was
not synchronized in frequency with the
swept signal, but it showed a total varia-
tion of less than 0.25 dB over the full
100-kHz sweep in the linear mode. The
logarithmic sweep was almost perfectly
flat up te and bcyond 60 kkz (on the
100-kHz range); and the oLtput then
dropped about 0.5 dB as the sweep con-
tinued to 100 4Hz. Using less than the
maximum sweep capability of the unit,
the flatness was generally well within 0.1
dB.

The maximum output voltage (sine)
was 5.3 volts into an open circuit, drop-
ping to 2.6 volts with a 600-ohm load.

The attenuator error at 1000 Hz was
.~0.1 dB at the 20-dB setting and —-1
dB at the 40-dB setting.

The harmonic distortion (sine wave
output) varied with frequency. The low
est reading, 1.0%, was measured at 20
Hz, and the highest, 1.9% to 2.0%, was
in the range between 100 and 1000 Hz.
Over the audio range, the average dis-
tortion was about 1.59%,. Of course, one
would not use this instrument for mak-
ing distortion measurements of high
quality amplifiers: it is principally a tool
for frequency response measurements.

The frequency calibrations proved to
be surprisingly accurate. The error was
typically less than 3% and at only one
point did it even approach the 109%
figure specified.

The square and triangle waves ap-
peared to be good, judging from a visual
examination on an oscilloscope. The
square-wave rise time was approximately
2 microseconds.

The logarithmic sweep, a virtual ne-
cessity for meaningful audio measure-
ments, is rarely found—even on gener-
ators costing many times the price of
this one. The lack of a logarithmic fre-
quency calibration is a minor inconve-
nience, but an external marker generator
can be mixed with the output of the
Sweeper; and once the calibration has
been made for a commonly used fre-
quency range (such as up to 20 kHz), it
should remain valid for a long time with-
out further checks.

+ n
Qio
R57 2N4250
68X

Q8
2N5210

FROM
S
FIG5

Qu
2N3842

-9 s Y

Fig. 6. In the output stage, Q8, Q9, and Q10 form a unity gain buffer, whose output
is applied to amplitude control R60 and is then amplified by IC9. Transistors Q11
and Q12 provide high output current. A three-step attenuator is made up of R69
to R74 with amount of attenuation selected by S7. Output impedance is 600 o~ms.
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SWEEPER E,ﬂ’é’g':' T
SWP GND ATTEN ul
VERT.  HORIZ
? 9 9 /UUM TEST [OmPUT  INPUT O]
i L

SCOPE SET FOR
EXT INPUTS

- “Loap
{IF REQUIREDY

~11 -

Fig. 7. This is setup for hooking the sweep-
er to the gear under test and to a scope
(preferably dc). Sweep rate is adjusted to
correct value by observing output on scope.

ALIGNMENT PROCEDURE
CONTROL/SETTING OBSERVE ADJUST DESIRED

POWER /on IC85 —— +15 *3V

SWP/lin IC8-case —— —15 +3V
1086 —— 4+9 +0.1V
IC81 —— —9 +0.1V

SWP MODE/SWP  SWP out R2 1-s sweep time

SWP RATE/X1 (1 Hz)

SWP RATE/1 sec

As above with SWP out R6 10-ms sweep time

SWP RATE/10 ms (100 Hz)

FREQ RANGE/10K OUTPUT R36 30-90-Hz output

FREQUENCY/10 DIR
SWEEP RESET /in

As above with OUTPUT R31
SWEEP MODE,/CW DIR
SWEEP RESET/out

As above with OUTPUT R41
WAVEFORM/square  DIR
SWEEP MODE,CW

10-kHz output

Equal time for
both states of
square wave

As above with As R38 Minimum distor-
WAVEFORM /sine above R39 tion (on sine
FREQ RANGE, 1K R41 wave)
FREQUENCY /5

SWP TYPE 'LOG TP1 R1I8 —5V

SWEEP MODE /SWP

SWEEP RATE/X1

SWEEP RATE/1 SEC TP2 R23 —5V

As above TP3 R18 Sweep voltage
should drop 10%

{(middle of trace)
30-70-Hz output

As above with OUTPUT R23
FREQ RANGE '10K DIR
FREQUENCY '10

SWEEP RESET/in

As above with OUTPUT R27 10-kHz output
SWEEP MODE/CW DIR
SWEEP RESET/out

Note: AIl observation points (Column 2) referenced to
ground,
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to 1 s in the rasT and 1 s to 100 s in the
sLow position. The sweep rate is adjusted to
the correct value by observing the output
display with an oscilloscope, Sweeping too
fast causes the display to smear. Sweeping
too slowly will cause a flicker in the display
and muake observation difﬁcplt. The point
at which display smearing gccurs depends
on the bandwidth of the unit being tested
and on the sweep width setting.

The linear sweep allows the frequency
of any point on the plot to be read directly,
since the frequency starts| at zero and
changes at a constant rate. The only disad-
vantage of the linear sweep is that only a
narrow region of the audio band is shown in
detail. Thus, for a 10-kHz sv eep, the bass
and midrange (20-1000 Hz)  are com-
pressed into the first 10 percent of the
sweep, with the remaining 90 percent cov-
ering the treble response in detail.

The logarithmic sweep solves this prob-
lem by devoting equal area to each band of
audio. The rate of frequency change with
time increases at a constant pace. The log
sweep covers two decades, oi about six oc-
taves. Notice that the starting point is
not dc (zero frequency), but is offset,
since the logarithm of zero is minus in-
finity.

The ability of the sweeper to go as slowly
as 100 seconds/sweep permits plots of svs-
tems with narrow bandwidths. A graphic
chart plotter or an oscilloscope camera will
give a permanent record of| the response
curve.

The audiophile can use the 100-second
sweep to detect resonant chjects in a
room by “playing” the sweeper through his
audio svstem and moving aronnd the room,
listening for resonances. When using slow
sweeps, the SWEEP RESET pushbutton is
handy for restarting the swi ep before it
is completed. Holding the button down per-
mits synchronizing the sweep anually.

Applications. An audio sweep generator
has many applications. For example, it sim-
plifies setting a tape recorder’s bias and
aligning head azimuth. Line and load regu-
lation and output impedance | vs frequency
for power supplies can e checked easily.
It can also be used to test roorh and speaker
enclosure  resonance, microphone-element
sensitivity, ultrasonic system response, phase
locked loops, SSB filters and telecommuni-
cations svstems, not to mention the host of
all-audio’ applications. @

POPULAR ELECTRONICS Includirg Electronics World
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(WTRUDUCTGN T0
ELECTRUMC NUSE

HOW TO GET STARTED AND WHERE TO LEARN ABOUT IT

A QUESTION often asked about electronic
music is: What is it? Stated simply, clec-
tronic music is the production and modifi-
cation of audio tonal effects by electronic
means. With this basic definition, we really
can’t go far wrong hecause everything but
a harmonica, a kazoo, or a chamber music
group usually gels electronics involved in it
somehow.

We prefer o separate music that is
modified, deliberately or unintentionally,
from instruments that actually produce
music by electronic means. Any means of
producing an electronic andio tone that isn’t
intimately associated with a traditional non-
electronic musical instrument we would de-
fine as an electronic svnthesizer.

The difference between electronic organs
and Moog-style synthesizers is sometimes a
very touchy point for both organists and
svnthesizer people. No one who follows to-
dav’s cirenitry can doubt that the hard-
ware behind both instruments is rapidly
converging toward essentiallv identical,
mostly digital, systems. The distinctions lie
more in who uses a given instrument and
what the instrument is used for than in its
hardware. Electronic organs are aimed at a
more or less faithful accompaniment or
imitation of classical instruments or tradi-
tional pipe organ voices through established
musical forms. On the other hand, traditional
Moog-style synthesizers are much more un-
structured and have more freedom for
creating new tonal combinations and new
sounds.

Incidentally, many synthesizers are not
real-time devices. They require tape record-
ing techniques to build up one-note-at-a-
time sequences and to multiply single voices.
Some computer systems are extremely slow
and have to be sped up hundreds or even
thousands of times to obtain the desired
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BY DON LANCASTER

audio-frequency range. The latest hardware
is getling away from this because being able
to do live performances and to play more
than a single note at a time from a keyboard
are essential for a viable instrument.

Building Up A Library. At the present
time, you can’t just run out and buy anv one
book that will tell vou all there is to know
about electronic music. With the “digital
electronic revolution” centered around the
5-cent gate in full swing, things are happen-
ing so fast that articles and personal com-
munications, let alone a book, can’t even
keep up. So, how do you go about building
up a good library? There are four routes
you can take: subscribing to association
newsletters; building up a file of technical
papers; reading over and constructing the
electronic music projects that appear in this
magazine; and, finally, getting vour hands
on textbooks.

There are at least two electronic music
associations. One is called Electronotes. lo-
cated at 60 Sheraton Dr., Ithaca, NY 14850.
Besides publishing a monthly newsletter, the
association has a wide variety of technical
material, including a good bibliography, and
a loan service on rare or hard-to-find ma-
terial. The cost of all this is $2 per year.

Another more arty association that con-
cerns itself more with the “new sound” in
general, composition techniques, sound re-
cording and distribution, etc., is called
Numus West, located at Box 146, Mercer

NOTE TO READERS
We would welcome your comments
and questions on electronic music, hard-
ware and non-hardware. Write to POPU-
LAR ELECTRONICS Including Electronics
World, One Park Ave., New York, NY
10016.

35

wwWw americanradiohistorv com


www.americanradiohistory.com

Island, WA 98040. Numus concerns itself
more with people and the end product,
while Electronotes is more hardware ori-
ented.

Synthesizer design articles most often ap-
pear in the Journal of the Audio Engineering
Society (60 East 42 St.,, Rm. 428, New
York, NY 10017). Their subscription rate
may be a bit steep for you at $30 per year,
but you might try a large university library
for copies you can browse through. Some
two-dozen electronic music articles have ap-
peared in the Jowrnal during the last three
vears, most of them on digital tone genera-
tion teclmiques.

Detailed measurement and analyvsis of
what traditional musical instruments should
sound like show up regularly in the Journal
of the Acoustical Society of America (335
East 45 St., New York, NY 10017), at $45
per vear. Again, try a large university library
or check with Electronotes for loan copies.

Several of the “obvious” places to look
rarely: or only occasionally have electronic
music articles of value. These include the
IEEE Transactions on Audio (345 East 47
St., New York, NY 10017). And don’t over-
look Scientific American (415 NMadison Ave.,
New York, NY 10017); once every three
years or so, they come up with an outstand-
ing article on musical instruments.

Most libraries also have the Music Index,
a “readers guide” sort of thing that reviews
the traditional music magazines and occa-
sionally gets involved with the new sounds.

PortrLar Evzctroxics has had several
electronic music projects in the past. Among
them were the “Pitch Reference” (Sept.
1968), “Thumpa-Thumpa Box™ (Feb. 1970),
“Psveh-Tone” (Feb. 1971), and the “Drum-
mer Bov™ (Julv 1971).

There are also many books available. One
classic is H.F. Olsen’s Musical Engineering
(McGraw-Hill, 1952). It is now out of print
but has heen updated bv Music, Physics,
and Engineering, available in paperback
for $3.50 from Dover Publications, 180
Varick St., New York, NY 10014. Another
classic is R.H. Dorfs Electronic Musical
Instruments which sells for $10 from Radio-
file, Box 43 Ansonia Station, New York, NY
10023.

Electronic Organ Handbook, Volumes I
and II, are $5.75 per volume from Howard
W. Sams & Co., Inc., 4300 West 62 St., In-
dianapolis, IN 46268. Tab Books, Blue Ridge
Summit. PA 17214, has Electronic Musical
Instruments by Norman Crowhurst for
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$4.95 in soft cover, and Electronic Music
by Allen Strange is available from William C.
Brown Co., 135 S. Locust, Dubuque, IA
52001 for $3.95.

Horns, Strings and Harmony by Arthur E.
Benade can be obtained for $1.75 from
Doubledav/Anchor Books, 501 Franklin
Ave., Garden City, NY 11530. Piano Tuning
and Allied Arts by William B, White is avail-
able from Tuners Supply C«),[, 88 Wheatland
St., Somerville, MA 02145 for $6.95. It con-
tains a lot of material on piano mechanics.
Tuners also has other traditional music books
and some parts for build your-own key-
boards.

A Bibliography of Electronic Music from
the University of Toronto Press sounds like
it might be a handy item to have, but its
1967 publication date makes it too old to
contain the most modern circhitry.

A number of other books are listed in

MANUFACTURERS OF ELECTRONIC
MUSIC EQUIPMENT

Synthesizers and Kits:

ARP Instruments, 320 Needham St
Newton Highland, MA 02161

Buchla Associates, Box 3051, Berkely,
CA 94705

CBS Laboratories, 1300 E. Valencia St.,
Fullerton, CA 92631

Electronic Music Labs Inc..
non, CT 06080

Electronic Music Studios of Amherst Inc.,
460 West St., Amherst, PQA 01002

Ew Systems, 3455 Homestead Rd. #59,
Santa Clara, CA 95051

lonic Industries, 128 James St., Morris-
town, NJ 07960

Moog Music Inc., P. O. Box 131, Williams-
ville, NY 14221

PAIA Electronics, P. O. Box 14359, Okla-
homa City, OK 73114

Southwest Technical Producdts Corp., 219
W. Rhapsody, San Antonio, TX 78216

Total Technology, P. O. Ecx 828, Bel-
mont, CA 94002

Electronic Music London Ltd., 49 Deodar
Rd., London England, SW15 2NU

Box H, Ver-

Organs and Kits:

Artisan Organs,
CA 91006

Devtronix Organ Products, 5872 Amapola
Dr., San Jose, CA 95129

Heath Company, Benton
49022

Newport Organs, 846 Procuction Place,
Newport Beach, CA 92660

Schober Organs, 43 W. 61 $t., New York,
NY 10023

Wheeler St., Arcadia,

Harbor, MI

POPULAR ELECTRONICS including Electronics World
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Here are two very simple, low-cost
pitch generator circuits, showr in Fig. 1
and Fig. 2, with which vou can experi-
ment. The circuit in Fig. 1 generates
square waves. The 555 IC costs only $1
and is very stable with regard to power
supply and temperature variations. By
operaling the switches, the equally
tempered scale will be generated on a
one-note-at-a-time basis. You can shift
down an octave by doubling the value
of the timing capacitor, or up an octave
by halving the capacitor’s value. The out-
put level of the generator is 3 volts.

Another monophonic, or single-note,
cirenit is that shown in Fig. 2. This cir-

TWO PITCH GENERATORS

] .O5pF
O— @-{ {4(FREQUENCY
-5V RANGE SET)
GND
47K 3
+5V 1
l l+ -0

SQUARE SINE TRIANGLE CONTROL
ouT ouT ouT V%LTBA\;iE

Fig. 2. The simple vco, above, offers
sine, square, and triangle waveforms.

Fig. 1. Equally tempered tone genera-
tor, left, is inexpensive and can be
used to generate 37 notes. Components
can be trimmed to tolerances needed;
small PC trimmers are the best to use.

cuit generates sine, square, and triangle
wavetorms. Its parls cost is about $3.
The generator is stable enough for seri-
ous music work.

A future article will explain why vou
should have a logarithmic characteristic
to any wide-range veo (voltage-control-
led oscillator), and why digital tech-
niques are better in the long run. To
change octaves with this generator, once
again, you juggle capacitor values. As
a veo, the circuit has a 1000:1 range as
you vary the input from 0 to 3 volts fol-
lowing the polarity and connections
shown. Best stability is obtained near
a 3-volt control potential. @®

the Whole Eartl Catalog. And Nonesuch
Records (15 Columbus Circle, New York,
NY 10023) has a set titled The Nonesuch
Guide to Electronic Music that can be ob-
tained for $8.94 through vour local record
store. The set consists of two records and a
comprehensive booklet.

We conld go on and on with our bibli-
ography, but you get the idea.

The Instrument Makers. Manufacturer
trade literuture is also a great help and

OCTOBER 1973

should become a solid part of vour elec-
tronic music library. Some of the major
synthesizer and organ kit suppliers are listed
in the table. You might like to write the
companies for catalogs and prices. Depend-
ing on the manufacturer and the perfor-
mance capabilities of his equipment, the
instruments range from less than $100 to
more than $20,000. Of course, there are
low-cost, practical ways of doing the same
things the very expensive units can. Two
examples are described in the box. @®
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CONSTRUCTION

AMUSE YOUR CHILD WITH THIS

AUDIO-VIS
CMOOS TOY

AL

HE PURPOSE of any tov is to amuse and

entertain a child. This one, using the
latest in IC’s, has flashing lights and an un-
usual audible output and will keep a child
occupied for hours. It is also an interesting
project for the builder.

The toy uses a CMGS IC and the outputs
are a series of noises with variable frequency
and repetition rates and two lights that flash
at a variable rate. A series of interconmected
switches is manipulated to create various
eftects. The toy is powered by hatteries to
make it safe and. since it requires about 40
mA, six D cells should last for about a vear.

How It Works. A simplified schematic of
the circuit is shown in Fig. 1, along with a
graph for determining trequency of oscilla-
tion. The circuit will not “latch up” in anv
state if it is properly wired. The period can
be adjusted from the low microseconds to
several tens of seconds and the frequency
can be set for values from about 0.25 Hz to
30 kHz. The frequency of the CMOS oscil-
lator is almost completely independent of
the power supply; the curves in Fig. 1 are
based on empirical data.

The actual circuit is shown in Fig. 2. Both
oscillators are contained in ICI. Some tvpi-
cal timing components are shown. Switch
SI either disables the first oscillator or per-
mits it to free-run; and RI keeps the input
to the NOR gate high when the switch is
open. Resistor R2 is a current-limiting feed-
back resistor, while R3 and R4 and CI
through C7 provide the time constant.
Capacitor CI and resistor R3 limit the high
frequency range. The second oscillator
(ICIC and ICID) is identical to the first
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BY JOSEPH G. GASKILL

but is limited in period from pbout 3 seconds
to 100 milliseconds. Both | oscillators are
gated through IC2A to drive 7C2B and the
speaker. Switches S8 and SI2 are used to
disengage either function.

When $12 is open, there|will be a con-
tinuous audio tone. With S12 closed and S8
open, a low-frequency tone will be heard.
The sections of IC3 form two hex inverter
chains which drive the lamps, The lamps are
controlled by SI13 and SI4/ Since there is

~{IN SEC}
-+(IN Hz}

o
@

19,107 100K

R cr
g ]

100168 (ok|- CURVE TAKEN FRCM
EMPIRICAL DATA

3

(18

10163

100.6

o= 1.o}—— 1 —t—
2.0- ‘
¥ |
5.0~ ‘ ‘
10.05- 0. L i I
1058943 2 ol 0.01 0.001 0.0001

CAPACITANCE| (IN pF)

Fig. 1. Capacitance versus frequency or pe-
riod to determine output cf the oscillator.
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IC3= 4009

Bl—9-volt battery (six € or D cells)

C1—0.001-uF capucitor

C2—0.002-uF capacitor

(3 0.0047-uF capacitor

CA—0.01-ut capacitor

C5—0.022-ul capucitor

C6—0.047-uF capacitor

C7—0.1-ul cupacitor

8 022-uF capacitor

C9 0.47-uF capacitor

C1O0-—1.0-ul capacitor

IC1IC2--CMOS 1001 quad 2-input NOR
gate (SCLA00IAE or similar)

Fig. 2. High:frequency and low-frequency oscillators are mixed to produce audio.

PARTS LIST

1C3—CVOS 4009 hex inverter (SCLH094L
or similar)

LEDILED2—1.7-25-volt LED (see text)

RI.R2,R5,R6,R9,R10-—100,000-0hm. Yi-wait
resistor

R3.R7—20.000-0hm, Ys-wait resistor

R4,R8—50,000-0hm potentiometer

RI1.,R12—1000-0hm (max) resisior (see text)

S1-S15—Spst switch

TI1-—Lajayette TR-98
transformer

Misc.—Chussis, battery clips. colored lens
caps for lamps, wire, board, etc.

subminiature audio

one more imverter in one chain than in the
other, the lammps alternate.

Construction. The circuit can he as-
sembled on either a perf or printed circuit
board. There are two precautions to be ob-
served: an MOS device can be destroyed
by a static discharge and an IC gate input
should not remain unconnected. If an input
is allowed to “float”, the associated device
will remain in its linear region; and if this
continues for more than a few seconds (usu-
ally), the device will go into thermal run-
away. A NOR gate (such as ICI and IC2)
should have its uncommitted puts tied
“low” or in parallel with the other mput. (A
NAND gate can have its uncommitted in-
puts tied “high” or to the companion input.)
Inverters or buffers (such as IC3) can be
tied high or low. It is suggested that sockets
be used for these MOS devices and that they
not be plugged in until ull wiring is com-
plete.

The visual display can be either light

OCTOBER 1973

emitting diodes (with RI1 and RI12 chosen
so that 20 mA flow through each diode) or
12-volt, 50-mA pilot lamps (with RII and
RI2 not required).

The assembled circuit board should he
mounted in a suitable chassis with switches
SI through SI5 and the two tone-control
potentiometers (R4 and R8) on the [ront
cover. Mount the speaker behind small holes
drilled in the front panel.

Operation. Switches SI and S9 control
the operation of their respective andio oscil-
lators, while switches 82 through S§7 (with
R4) control the frequency of one oseillator
and §10 and SI1 (with R8) control the
other oscillator. The oscillators are gated inte
the output stages through their associated
series switches and S8 and SI2. With the
power turned on (SI3), various configura-
tions of the switches and controls will pro-
duce different audio outputs. Switches SI13
and S14 control the operation of the visual
displays. @
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IF YOU CAN USE
THESE

ANYO

TOOLS...

... you can build yourself a Bell & Howell
solid-state 25-inch diagonal color TV...
and maybe build a whole new future
while you're at it!

Electro-Lad 15 1 regisiered irademark of ine Bell & Howell Compa y-

%
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If you're already handy with a set of tools,
here's a way to pick up a pretty thorough
knowledge of electronics: build yourself
a solid-state color TV as part of a com-
plete learn-at-home program from Bell &
Howell Schools.

This important project gives ycu valu-
able “hands on' experience with solid-
state circuitry—the kind of practical ex-
perience you'll need to build a successful
career. It's a vital part of your total elec-
tronics education.

Once you've completed your program
from Bell & Howell Schools, you could
have an exciting career opportunity wait-
ing for you in the growing field of home
entertainment electronics. You might
even end up with a business of your own
in color TV servicing.

Fix stereo systems...FM-AM radios...
phonographs...tape recorders

With your new skills. you can build and
service stereo-hi-fi systems—including
FM-AM radios . . . phonographs . . . open
reel tape recorders and cassette or car-
tridge player/recorders. You could even
build yourself a complete "home enter-
tainment communications center’” —com-
plete with the new gadgetry of cartridge
television when it comes out. The skills
you build by following this unique pro-
gram are more than enough to service
almost any type of home entertainment
electronics device.

A complete at-home learning program
in home entertainment electronics
Your color TV project is probably the best
way for you to learn the most advanced
“state of the art” concepts of sophisti-
cated electronics circuitry. It's part of a
complete at-home learning program pre-
pared by skilled instructors at Bell &
Howell Schools. Mail the postage-free
card today so that our representative can
bring you all the facts at no obligation.
It doesn’'t matter if you've never had
any training in electronics before. No-
body's going to start throwing “diodes”
and “capacitors” at you right off. You
start with the basics. You take it one step
at a time. You walk before you run. And
you'll be amazed at how quickly you
start to feel comfortable with things that
seemed complicated at the beginning.

Attend special “'heip sessions”

if you like

In case you run into a sticky problem—or
you want to discuss your project with an
instructor—come in and see us. We've
scheduled special "help sessions’ regu-
larly at the Bell & Howell Schools and in
many other cities throughout the U.S. and
Canada. Drop by. Meet an expert instruc-
tor in person. Talk over any rough spots
with him — and with other students. You'll
enjoy the chance to “tatk shop.”

Master the most up-to-date

solid-state circuitry

Solid-state is here to stay. Not Just color
TV but almost every type of electronic
device will eventually move farther and
farther in the direction of total solid-state
circuitry. Get to know the most advanced
“trouble-shooting™ techniques for these
sophisticated circuits. You'll find an al-
most irresistible demand for your skills.

OCTOBER 1973

Why you should know electronics

No matter where you look, the amazing
technology of electronics is becoming a
bigger and bigger part of the picture.
More and more automotive parts and di-
agnostic instruments are electronic.
Many large manufacturing plants use
sophisticated electronic systems—con-
trolled by a few skilled electronics tech-
nicians. The increasing use of two-way
radio . . . the huge promise of cable
television . . . the astonishing growth of
electronic data processing all open doors
to exciting new career opportunities for
the man with thorough training in elec-
tronics. in fact, the day may come when
the man who does not have electronic
skills will be severely handicapped in
many industries.

Why you should get your training from
Bell & Howell Schools

Skilled instructors at Bell & Howell
Schools —carefully selected for
their knowledge, experience
and teaching ability —plan
each program with the utmost
care and attention. Each year,
they spend over $200,000 im-
proving programs to keep them
up-to-date with the latest technol-
ogy. Many Bell & Howell Schools
graduates have used their home
study training to get started in excit
ing new careers or businesses of their
own in electronics. You could too!

With your first lesson you get. ..
...the Laboratory Starter Kit! Avolt
ohm-meter (VOM) with design panels, .
modular connectors, experimental &
parts and battery power source
Gives you immediate "*hands on
experience with your very first lesson

You also build and keep the exclusive
Bell & Howell Schoois Electro-Lab*®
electronics training system

To make sure you get practical ex-
perience with instruments used daily

by professionals, you build yourself a
Design Console, an Oscilloscope and a
Transistorized Meter (see details at right).
These are the three instruments you'll
work with constantly—both during your
program and thereafter.

CONSIDER THESE ADVANTAGES:

Help Sessions We've scheduled special
“help sessions’’ regularly at the Bell &
Howell Schools and in many other cities
throughout the U.S. and Canada. Top
instructors give you expert advice and
you meet other students, too.

National Career Placement Center
When you complete your course, we will
help you in your search for ajob in a field
of electronics that fits your background
and interests. Although we cannot
guarantee jobs to our graduates, this
placement service is available at any time
after you graduate.

Veterans' Benefits We are approved by
the state approval agency for Veterans’
Benefits. Check the box for details.
Student Financial Aid We are an eligible
institution under the Guaranteed Student
Loan Program. Check the box for details.

Detach postage-paid
reply card and

mail today for Free
Information!

25-inch
picture
{measured
diagonally)

a Bell & Howell Solid-State 25-inch
color TV. Ultra-rectangular tube . .. 25-
inch picture measured diagonally . . .
full 315 square inch viewing area. Solid-
state modular circuitry . . . 4 advanced IC's
... 100 transistors . .. 72 diodes . . . indi-
vidual plug-in circuit boards. Special
UHF/VHF tuning features. .. built-in self-
service components.

m Design Console Use this to rapidly
“breadboard" circuits without soldering.
Equipped with built-in power supply . . .
test light . . . speaker . . . patented plug-in
modular connectors.

u Oscifloscope Portable 5-inch wide-
band oOscilloscope offers bright, sharp
screen images . . . calibrated for peak-to-
peak voltage and time measurements . . .
3-way jacks for leads, plugs, wires.

s Transistorized Meter Combines most
desired features of vacuum-tube volt-
meter and quality muitimeter. Registers
current, voltage and resistance measure-
ments on a large, easily-read dial. Fea-
tures sensitive, 4-inch, jewel-bearing
d'Arsonval meter movement.

For Free Information, Mail Card Today!

if card has been removed. write:
An Electronics Home Study School
DEVRY INSTITUTE OF TECHNOLOGY

BELL & HOWELL SCHOOLS

4141 Belmont Chicago, Itlinars 60641

wwwW americanradiohistorvy com

527R

43


www.americanradiohistory.com

CONSTRUCTION

Adds audio

co m]pression

squelch-activated start, and

earphone amplifier

HERE are many fine tape recorders avail-

able and thev have ull sorts of features
to provide Dbetter recordings and, at the
same time, make the job easier. But, as with
most evervthing, there is usually room for
improvement. Here are three “for instance’s.”
Sometimes audio-indut level settings are so
critical that satisfactory adjustment is diffi-
cult. This can be helped by the addition of

44

BY MARSHALL LINCOLN

an audio compressor to regulate the mput.
Improvement number 2 is the need for a
way to turn the recorder on automatically
when a transmission is picked up on 2 moni-
tor receiver. A squelch-operated relav does
this trick. Finally, suppose you want to use
earphones to monitor recorded material or
listen privately on a recorder that has only
a low-level output jack. For this, all that is

POPULAR ELECTRONICS Including Electronics ‘World
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Photo shows layout of the prototype, though any type of chassis can be used.

needed is an additional amplifier to drive
the earphones.

Described here are circuits for solving all
three of these problems, simply and econom-
ically. By using perf-hoard construction, you
can build any one or all three of the cir-
cuits (shown in Fig. 1) to upgrade your
recorder,

Compressor and Mike Preamplifier. Tran-
sistor QI and its associated components
comprise a conventional audio compressor
which prevents overdriving of the recorder
imput by loud sounds such as talking too
close to the microphone. Transiszors Q2 and
Q3 can be added to the compressor to pro-
vide adequate input level in case your par-
ticular recorder requires additional input
sensitivity. Either one or both of these addi-
tional stages can be omitted.

Receiver Squelch Relay. Traunsistors (6,
Q7, and Q8 drive a 1000-ohm relav (KI)
to start the recorder whenever a signal is
sensed in the squelch or limiter circuit of an
FM monitor receiver. Switch S3 activates
this relay circuit and the setting of R20
determines its sensitivity. Resistor R19 s
connected to the receiver scquelch or limiter
circuit at a point which goes negative upon
receipt of u signal. The exact point will vary
among different receivers, but it can be
found by switching the monitor receiver to
an active channel and checking voltage
swings at various points in the limiter and
squelch circuits (with a VTVM) to find
one with noticeable voltage swing when a
signal appears, without degrading receiver
performance. When the point is found and
the circuit is connected, adjust R20 until the

46

relay closes with a readable signal in
the receiver, but does ndt close with a
weak, unreadable signal.

Earphone Monitor Amplifier. Two low-
level audio amplifier stages (Q4 and Q3)
will easily drive earphones from a low-level
signal—such as that from an output con-
nector on some recorders ‘ntended for feed-
ing the playback signal to an external ampli-
fier. This amplifier also drives the earphones
with the output from the compressor and
mike preamp (through S2) if desired. By
using a toggle switch for S2|with an off posi-
tion, you can remove the earphone amplifier
from the circuit. Potentionmieter RI8 is set
to produce the desired audi¢ level

Switching Circuits. Switch S4, when in
the position shown, allows|the recorder to
be keved on by either the mike push-to-
talk Dbutton (through J5) lor the squelch
relay.

Switch S1 turns on the battery power and
selects the desired input. With the switch
in position 1 the power is off. Position 2 is
for the mike, and positions 3, 4, and 5 are
comnected to miniatare jacks on the rear
panel for receivers, telephone pickup coll,
or any other convenient device. Jack J4
should be on the front paijel for ecarphone
monitoring,

Construction. The COI]StIJ'Il(‘tiOI] shown in
the photos illustrates one of many possible
ways to assemble such a unit. The enclosure
used in the prototype was 4” by 8” by 27,
but the size will ultimately be determined
by the recorder with which the add-on is
to be used. @

POPULAR ELECTRONICS Includfng Electronics World
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COMMUNICATIONS

CCESSORIES FOR YOUR

Getting the most out of
CB RIG basic equipment

T HE Citizens Band user long ago sup-
planted the radio amateur as the darling
of the two-way radio communications in-
dustry. The modern CBer has as many—
and possibly more—uaccessories for his base
station and mobile rig as the ham had in
his heyday.

Complete-function  station control pan-
els are probably the ultimate accessory in
the CB radio lineup. On the budget end of
the price range is Pace’s “Base Command,”
a unit consisting of an SWR bridge, out-
put-power and field-strength  meters, a
modulation meter with earphone monitoring,
and an on-the-air indicator. At the top of the
range is Hy-Gain’s $160 “Base Station Con-
trol” that has the same features, mirns the
field strength meter, plus a speaker, receiv-
er preamplifier, microphone compressor/
clipper amplifier, coaxial antenna switch
with three-antenna capability, phone patch,
and many rear-apron convenience outlets
and jacks.

The microphone preamp is among the
“exotic” items offered to CBlers. The best
of these combine audio compression and
clipping in addition to straight amplifica-
tion. The standard compression circuit
emp]()ys an automatic gain control (ugc)
that respomls to the average audio power
rather than the many sudden peaks in the
human voice. This provides more “talk
power” into the modulating stage. Clipping
chops off those same audio peaks that are
usually harmonics of the voice and have
very little speech power. While clipping

Hy-Gain's total system control console is
elaborate, combines several CB accessories.

www americanradiohistorv: co

BY RICHARD HUMPHREY

does distort the voice, the gain in effective
audio power more than makes up for the
loss. Filtering in the clipper climinates the
radio-frequency  harmonics  that  cause
splatter.

Another way of putting more talk power
into the transmitter is to restrict the range
of voice frequencies to between 500 Iz
and 2500 Hz. Small-value coupling capaci-
tors are used in the modulation section to
accomplish this by lopping off the power-
robbing frequencies below 500 Hz that add
little to intelligibility. The 500-2500-11z
range can then be amplified more than is
possible if the entire voice frequency range
were used. This is one reason why women’s
voices are usually more “readable” on the
air. Prices for speech processors range to a
maximum of about $60; they are made by
Hy-Gain, Antenna  Specialists, and Gold
Line, among others.

The popu]ur transistorized micmp]mnes
should be included among mike preamps
because that is exactly what they are—with
the addition of 2 microphone cartridge, of
course. Some do nothing more than amp-
lifty the voice signal, while the more expen-
sive ones also incorporate forms of com-
pression and limiting. The only possible
shortcoming of these amplifying mikes is
that they might produce over-modulation

Solid-State amplifier in SBE/Linear’s base
station microphone provides 40 dB of gain,
uses dynamic element and has weighted base
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that causes splatter up and down the band
it a heavy hand is used on the gain con-
trol. Prices for transistorized mikes range
from less than $20 to more than S75, and
the mikes are availuble in both base and
mobile models. Among the companies mar-
keting these items are Tumer, Echo, Shure,
Palomar, SBE/Linear Systems, Robyn,
Pace, Fanon-Courier, and Electro-Voice.

SOME MAJOR MANUFACTURERS

OF CB ACCESSORIES

Ameco/Aerotron, U. S. Hwy. One. N,
Raleigh, NC 27608

Antenna Specialists Co., 12435 Euclid
Ave., Cleveland, OH 44106

Avanti R & D, Inc., 33-37 W. Fulierton
Ave., Addison, IL 60101

Barker & Williamson, Inc.,
Bristol, PA 19007

R. L. Drake Co., 540 Richard St., Miamis-
burg, OH 45342

Echo Communications, Inc., P. O. Box
223, Cedarburg, Wi 53012

Eico, 283 Malta St., Brooklyn, NY 11207

Electro-Voice, Buchanan, Ml 49107

Estes Engineering Co., 543 W. 184th St,,
Gardena, CA 90247

Fanon-Courier, 990 S. Fair Oaks Ave.,
Pasadena, CA 91105

Gold Line Connector, Inc., Muller Ave.,
Norwalk, CT 06852

Heath Co., Benton Harbor, M| 49022

Hy-Gain Electronics Corp., 8451 NE
Hwy. 6, Lincoln, NE 68501

E. F. Johnson, Waseca, MN 56093

Lafayette Radio Electronics, 111 Jericho
Turnpike, Syosset, NY 11791

Linear Systems, Inc. (SBE), 220 Airport
Bivd., Watsonville, CA 95076

Midland Electronics Co., P. O. Box 19032,
Kansas City, MO 64141

Olson Electronics, Inc., 260 S. Forge St.,
Akron, OH 44308

Pace/Pathcom, Inc., 24049 S. Frampton
Ave., Harbor City, CA 90710

PAL Electronics Co., 6391 Westminster
Ave., Westminster, CA 92683

Palomar Instrument Co., 563 N. Citra-
cado Pkwy., Escondido, CA 92025

Radio Shack, 2617 W. Seventh St., Ft.
Worth, TX 76107

Robyn International, Inc., 10901 North-
land Dr., Rockford, M! 49341

Shure Bros., Inc.,, 222 Hartrey Ave.,
Evanstson, IL 60204

Ten-Tec, Inc., Hwy. 411 E., Sevierville,
TN 37862

Tram Corp., Lower Bay Rd., Winnisquam,
NH 03289

Turner/Conrac Corp., 909 17th St., NE.,
Cedar Rapids, 1A 52402

Canal St
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Phone Patches. FPhon: patches were
once the exclusive property of the radio
amateur. Now, however, it is legal to use
one with CB gear.

All there is to a phone patch device is
a transformer that matches the output
impedance of the CB gear’s audio section
to the impedance of the tclephone line, and
a volume control that permits adjusting the
signal level to a range that the line can
accommodate. Phone patches can be pur-
chased from various outlets for less than
$20 and range on up to almost twice that
figure. Built into the more expensive models
are an audio-level, or VU. meter. Hv-Gain,
Lafayette, and Radio Shack (under the
Realistic brand name) make patches wimed
at the CB market. Mamufacturers of ham
gear have more expensive phone patches,
and it is possible to pick up a used one by
looking around long enough.

Test Equipment. Standing wave ratio
(SWR) bridges make the most of the wide
variety of test equipment made for CBers.

Mobile amplifying mike by Turner is rated
at 15 dB gain, is ceramic, has gain control.

Not only do they perform a valuable func-
tion, but as with phone patches, theyv can
be found on the ham and used equipment
market. An S\WR bridge is the easiest in-
strument to use for checking the efficiency
of an antenna system. Its function is to in-
dicate the amount of mismatch between
the output of the transmitter and the an-
tenna. The higher the impedance mismatch,

POPULAR ELECTRONICS including Electronics World
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TRANBMET

The Radio Shack Realistic phone patch mea-
sures 14 x 434 x 4 in, costs about $20.

the higher the SWR and the lower the ef-
ficiency of the antenna system. Anyihing
below 1.5:1 is good; with a reading ot 2:1
or higher, too much power 1s being Tost due
to mismatch.

SWR bridges come in two basic con-
figurations—individual units and those in-
corporated into some other piece of test
gear. Prices lor the former start at less than
$12 and go up to more than $50. The cost
of the combination units runs as high as $75.
SWR bridges for the CB market are made
by Radio Shack, Echo, Ten-Tec, Pace,
Ameco/ Aerotron, Pal, Antenna Specialists,
Hy-Gain, Bico, Midland, and Palomar.
Radio amateur equipmenl manutacturers are
another source of these units.

An SWR bridge appears in nearly all of
the CB “test sets” on the market. In addi-
tion, the average lest set would iuclude a
wattmeter, modulation and field strength
melers, a crvstal checker, and a busie r-f
a-t signal generator. Prices run as high as
$75, but the equipment is well worth it.

This CB test set by Midland checks anything
from crystals to r-f output and efficiency.

OCTOBER 1973

Antenna Accessories. Other antenna sys-
tem accessories come in all shapes, sizes,
and colors. There are matchboxes to lower
SWR (from less than $10 to more than
$100) from Avanti, Midland, Echo, Hy-
Gain, E.F. Johnson, Gold Line, Antenna
Specialists, and  Radio  Shack. Coaxial
switches, for using two or more antennas
with a single rig, are made by Lafayette,
Gold Line, Midland, Echo, Antenna Spe-
cialists, Avanli, and Hv-Gain.

“Co-phasers” that increase the perform-
ance of two colinear antenna arrays are
made bv Hy-Gain and Avanti, while a black
box that makes it possible to work two
transceivers on one antenna is available
from Gold Line. Coaxial lightning arresters
are made by Echo, Olson, Lafayette, Ty-
Gain, and Gold Line; and dummy loads that

Palomar test set is basically a CB SWR unit
with provisions for monitoring your signal.

permit checking u rig without going on the
air (all less than $15) are made by Heath,
GCold Line, Lafayette, and 11v-Gain. Field
strength meters ranging in price from less
than $10 to $75 in combination with other
test instruments are made by almost every
manufacturer of CB equipment. TVI filters
($6 to $30) are made by most of the com-
panies already mentioned as well as Drake
and B&W. And wattmeters, both separately
and in combination with other metered in-
strinments are commonly available from CB
dealers.

Exotica. In addition to the more con-
ventional accessories available to the CBer
there are tone-call units made by Pace,
Lafavette, E.I'. Johnson. and others; $10-
$80  receiver preamps from Hyv-Gain
Ameco/ Aerotron, and Anrenna Specialists;
power supplies that permit a mobile rig to
be used as a base station operating from line
power; and automobile ignition suppression
kits for $1. (Prices given in this article were
gathered before Phase 1V.) @®
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PICTURE-TUBE TESTER
AND REJUVENATOR

BY WILLIAM R. SHIPPEE

V picture tubes are expensive—especial-

ly the ones for color. If you have one
that has seen better davs and is getting a bit
dim and dark, vou can probably add new life
to it by using the tester-rejuvenator de-
scribed here. You will not have the equal
of a new tube, but you may be able to keep
the old one going for a while.

The circuit shown is used to test the
emissicn of a cathode-ray tube; and if it
is Tow, give the CRT a “shot” to revitalize
it. The latter consists of raising the emission
of the CRT by increasing the filament volt-
age. This “boils” the inner electrons of the
cathode structure, bringing them to the
ontside where they can do the most good.
The circuit will also remove some cathode/
contr ‘I-grid shorts. After using this circuit,
a conventional picture-tube brightener can
be used if the rejuvenated CRT does not
exceed 30% emission as shown on the meter.

Censtruction. Any type of vacuum-tube
transformer can be used for TI as long as
the high-voltage winding does not exceed
400 volts rms. This winding should deliver
at least 30 mA, and the current ratings of
the two filament windings should be at
least one ampere. The filament windings
must be properly phased so that approxi-
mately 11.3 volts appear across the series
combination. If vou don't get 11.3 volts. re-
verse the connections to one of the filament
windings.

The meter should not have a full-scale
reading over 50 mA. To calculate the value
of R3 for vour particular meter, use Ohm’s
law to determine the resistance through
which 50 mA will flow at the high-voltage
de obtained from the rectifier-filter circuit.
As an alternative, vou can start with a
value of several kilohms and reduce it un-
til the meter indicates exactlv full seale.
Take care not to contact the high voltage
when working with the resistor.

You can commect other sockets to SOI
to suit your own particular type of tube,
using pins 1 and 12 of SOI for each of the
filaments of the tube and pin 2 switched
to each of the control grids of the tube.

50

Operation. With flament switch S2 in
the NORMAL position and pushbutton switch
S3 open, note the meter indication. To re-
juvenate the CRT, momentarily depress S3.
You may note a small arc in the neck of the
tube. Release S3 and note whether the
meter indication has increased.

If the meter still indipates low, place
52 in the BOOST position, wait a second for
the filament to get hotter, and then depress
S3. Return the filament switch to NORMAL
and press the rejuvenats pushbutton a
couple of times. The meler should show
a marked increase. It may be necessary to
repeat this operation several times, but do
not leave the filament swi‘Fch in the BoOsT
position for any length of time.

Remember that, on color tubes, there are
usually 3 guns, so an adapter socket must
be used with the circuit shown below. @

FILAMENT
BOQST | s2

VAC

400V RMS
MAX

Sl

-= PUSH TQ

+§Cl  REJUVENATE
1AuF s3

PARTS LIST
CI—4-pF, 600-volt electrolviie capacitor
DI—I1-A, 800-V silicon rectifier
F1—1-4 slow-blow fuse and holder
MI—50-mA meter (see text)
R1-—2.7-0hm, 5-watt resistor
R2-—1000-0hm. 2-wwatt resisto
R3—Y-wats resistor (see text)
S1-—Spst switch, 1 A, 117V
S2—Spdt switch, I A
S3—Spst pushbutton switch, normally open,
600-V contact rating
TI—Power transformer: se(indaries: 400 V

at>0mA. 63V arl A,5Viat 1 A
Misc.—Suitable chassis, line tord, CRT
socket(s), high-voltage cables for sockets.

POPULAR ELECTRONICS Including Electronics World
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COMMUNICATIONS

ANTENNAS

Some unusual antenna configurations

are discussed in this second parit.

AST MONTII, in Part 1 of this article,

we dealt with some basic antennas. along
with transmission lines and matching. Here
we will discuss other related topics and
more anfenna types.

Antenna Height. The optimum lieight for

a dipole antenna, in any configuration, has
been the subject of much conjecture. cven
dispute. Two faclors are to be considered:
angle of radiation and efficiency. What is
wanted in the prime angle of radiation
depends upon the application for which the
antenna is intended. For long-range com-
nmunication, a low angle is desired. For short
ranges, a high angle is better. You can get
that high angle by placing the antenna less
than a quarter-wave above earth (or Dby
using a vertical radiator).

What about those instances where a low
antenna would be shielded by surrounding
objects? Then it is necessary to compromise.
Only experiment can tell which will perform
better: high angle with obstructions or low
angle with fewer obstructions. As for effi-

OCTOBER 1973

_ BY CARL C. DRUMELLER

ciency, the Collins Radio Co.’s publication
“Engineering Compendium, High Frequency
Antennas’ savs, “Most transmitting antennas
of resonant dimensions that are elevated
at least a quarter-wave above ground are
sufficiently close to 100% efflicient that their
efficiency is seldom of concern.”

The Collins booklet also has interesting
things to say about receiving antennas. It
savs that receiver gain is so high and receiver
noise figures are so low that highly inefficient
receiving antennas are quite accepilable. A
gain figure of -42 dB at 2 Mllz is quoted
as being acceptable. Tt goes on, “Even buried
antennas can give adequate efficiency up to
about 15 MIHz. For example, a half-wave
dipole (with a physical length about half
the free-space value), buried to a depth of
several feet in good ground is capable of
—25 dB efficiency in the 2-MHz to 20-MHz
range, relative to a perfecl quarter-wave
vertical.” As an aside, it also states that on
east-west paths and under poor propagation
conditions, vertical antennas at both ends
provide best performance.

51
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Fig. 4. Examples of ‘'demi-Hertz’’ anten-
na.Wiresmust be quarter-wave ormulitiple.

In relation to polarization, the same source
mentions that reflected waves do not main-
tain their initial polarization, so vertical-
to-vertical or horizontal-to-horizatonal an-
tenna configurations become of little con-
sequence.

Loops. Loop antennas have had a long-
standing and well-deserved good reputation
for receiving purposes. In this application,
their size does not seem to be of too great an
importance—perhaps for the same reasons
mentioned above. Their “gain” is 1.76 dB.

Transmitting loops, though, are quite
another matter! Smuall loops (with a cir-
cumference under a half-wave) are difficult
to feed with any degrec of efficiency. This
is one of the few instances in which antenna
ohmic resistance is important.

A large loop, especially one having a
circumference of a full wave, can be a very
good transmitting antenna. Its Conﬁguration
may be in the form of a square, a delta,
or an inverted delta.
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Capture effect, the abilitv of a receiving
antenna to extract electromdguetic energy
from space, is of small concern in the high-
frequency spectrum for reasons already
mentioned. Most authorities agree that, un-
less the physical size of an antenna is re-
duced to something like 1/10 of its normal
size, its capture effect will not be too
seriously degraded.

Grounds and Counterpoises. First, let’s
agree on some nomenclature. Let’s say that
a ground constitutes actual earth that is
reasonably conductive; that 4 ground plane
is made up of either a numiber of resonant
radials or a relatively large solid conductive
surface positioned under the antenna and
at least a quarter-wavelength above ground;
and that a counterpoise has (usually) a num-
ber of wires sited under the antenna and
relatively close to the ground, with a con-
siderable capacitance to ground. These de-
finitions conform reasonably well with those
in general use. T,

Ground losses can be considerable under
certain circumstances. VVithJ any form of
Marconi antenna, a good graund is needed
for reasonable efficiency. Evlsn with Hertz
or Fuchs antennas, ground losses mount up
when the antenna is sited closer than a
tenth-wave above ground. In all instances,
vertical antennas are more adversely af-
fected by ground losses than are horizontal
ones.

What constitutes a good ground? The
station site dictates the answer to that

[

LOw

/X\

Low
z

N |
TN
/4}\

(B)
Fig. 5. For loading the ‘“‘demi-Hertz’’ anten-
na, use one of these LC reszonant circuits
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question. Ideally, you'd like to have a plane
surface of perfect conductivity below your
antenna —— an unobstructed surface that
spreads out a wavelength in ull directions.
Usually, though, vou'd cheertully compro-
mise on a level bit of land that stays slightly
moist and has a waler table that maintains
a constant position near the surface.

The classic ground, a cold water pipe,
is adequate only for serving as the electrical
ground for the equipment. It’s a poor com-
plement to an antenna system. For that,
vou need lots of metal with low resistance,
either on top of the ground or buried just
below the surface. Remember, the purpose
of this ground is to pernit 1-f current to
flow with the least impediment. You don't
want that current to have o penetrate
many inches of dry, high-resistance earth
hefore it reaches a truly conductive path.

How much metal and how placed? If
planted in the form of radials branching
out from the feedpoint of the antenna
aground system, a minimum of 15 radials
is recommended. Often, it is suggested that
vou make these radials a quarler-wave in
length, but if you make them longer, theyll
serve better. If you can’t manage a quarter-
wave concentrate a number of shorter ones
around the feedpoint. That’s where the r-f
current is heavy and where the resistance
should be low. It does no harm, and it may
do some good (especially if vou're short on
radials), to plant a number of deeply im-
hedded ground rods and tie the radials to
these. They need not go any deeper than
where thevll always be in contact with
moist earth.

We have spoken of grounds that form
an integral part of an antenna ground sys-

tem, such as a Marconi. For radiators that
stand alone, such as the Hertz and Fuchs
types, the operation of the system does not
depend on the earth as a component. In-
stead, it serves as the repository of the
“image antenna” and as a source of signal
loss. The image antenna is desirable, since
it helps form the vertical radiation pattern.
But those ground losses are something we'd
just as soon do without.

To reduce the losses, vou can use a ground
plane or a counterpoise. The distinction
(which is very small) between the two is a
malter of wltitude. The ground plane is at
lesst a quarter-wave above ground, while
the counterpoise is just above ground. How
far the latter is above ground depends on
whether you would rather trip or decapitate
stray wanderers. Ideally, the counterpoise
should have many wires spread out so as o
intercept as many as feasible of the elec-
trostatic lines of force emanating from the
radiator. Most people compromise with a
dimension that is far less than this ideal.

The Demi-Hertz Antenna. This is a term
that we coined to describe an antenna that
looks as if it started out to be a Marconi
and then changed its mind and hecame a
variant of the Hertz. Instead of a ground or
a true counterpoise, it has a single wire at
a lower height than what is thought of as
the “antenna.” This portion may be folded
back under the antenna, where vou would
expect to see a counterpoise; or it may be
stretched out behind the antenna, as if it
formed the other half of a dipole. Figure
4 shows several variations.

As with any Hertz antenna, this has an
electrical centerpoint that can be grounded

Fig. 6. Here are three types of antennas of chance: a tower, a tree, and a fence.
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without disturbing the balance or the action
of the systemn. There is a slight advantage
to grounding the centerpoint, as it provides
a path for draining off atmospheric charges.
But the centerpoint may not always be
accessible.

Sometimes this type of antenna is fed
by a system involving the use of a resonant
circuit to which the transmitter is inductive-
lv coupled. The circuit involves the antenna
itself so the electrical size of the antenna
determines whether the circuit is series-
tuned or parallel-tuned. In either case, by
experimentally tapping on the inductor, you
can find a spot where a ground can be
attached without upsetting the circuit (such
as detuning or causing a spark). (See Fig. 5.)

Antennas of Chance. There are times
when you would like to use some form of
radiator other than a conventional antenna
svstem. Many radio amateurs are hesitant to
make such a move since they believe that the
use of anything but a conventionally de-
signed antenna will endanger their transmit-
ters. Another factor is that theyv've been told
repeatedly that nothing but an antenna of
orthodox design can possibly function pro-
perly.

Bold experimenters have found that an-
tennas of chance often perform remarkably
well. These people can tell vou amazing

stories of results achieved from such odd
radiators as rain gutters, water towers,
barbed wire fences, insulated wire tossed
on the ground, etc. An old Signal Corps
manual showed how one could tap a wire
onto a tree and use it as an antenna. It even
gave comparative results to be expected
from trees with or without foliuge. Figure
6 shows three of the many feasible antennas
of chance.

When considering the pptentialities of
some object vou hope to use as a radiator,
there is just one general rule. If your
transmitter will load into it, either with or
without a matching device, go ahead and
use it. You may be disappdinted (though
you shouldn’t be since vou knew it was a
gamble) or you may be délighted. You'll
never know until you've tried. All that is
needed is to get the r-f curtent circulating
in a conductor. (If vou've ever tried to solve
a bad problem of TVI, vou know that r-f
waves need little encouragemL‘nt to radiate.)
If the conductor doesn’t have enough re-
sistance to dissipate all of the r-f power in
the form of heat, it will radiate the remain-
ing portion. Of course, it helps to have the
radiation out in the clear so that it can
travel freely.

If an antenna of chance happens to be
many wavelengths long, like a wire fence
or a stretch of abandoned telephone line,
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(A)

-—

5 Lowz

ODD MULTIPLE OF —-

A
P}

O
NON-SYMMETRICAL HERTZ
(8)

2
He-
FUCHS
(C)
Yo

(D)

MARCONI TOO LONG
FOR RESONANCE
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Fig. 7. Two configurations of the Hertz antenna are shown in (A) and (B) with two
Fuchs types in (C) and (D). In (E) and (F) are coupling methods for Marconi units.
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vou will discover two pleasant things. There
will be no standing waves on the antenna,
since it will perform as a travelling-wave
antenna; and it will make a superh receiv-
ing antenna, showing a remarkable dis-
crimination against atmospherics. If there is
a ground on the antenna a few hundred feet
or a few miles down the line, don’t worry
about it; it may even enhance its radiating
capabilities.

In considering unorthodox antennas, keep
in mind the sketches shown in Fig. 4. In
devising a simple antenna from pieces of
wire attached to whatever supports vou find,
cach wire should be a quarter-wave or an
odd multiple of a quarter-wave. The two
wires need not be of the same length. (One
may be three times as long as the other,
for example.) All of the arrangements shown
in Fig. 4 present a low impedance to the
transmitter.

Unless siting factors grosslv upset current
distribution and cause the feedpomt imped-
ance to deviate from what might be ex-
pected, most transmitters sold  to  radio
anutteurs will load directly into the antenna
without the use of a matching device.

The V-shaped version of the demi-Hertz
offers about the most flexible antenna vou
can imagine. Not only can the legs of the
V' obe of anv length (as long as thev are an
odd multlple of a quarter- \\a\e) but the
V can be in either a vertical plane or a hor-
izontal plane—or anything in hetween. The
subtended angle of the V' can be anything
between 30° and 180°. The height can
range from an insulated wire laid on the
mound to as high (legally) as vou can find
snppmts.

If vou can’t arrange for the legs to come
out at the desired length, a simple coupler
such as shown in Fig. 5 will permit the
use of just about any conceivable lengths.
You will note that the coupler may be
in either of two circuits: series tuned for
a wire length that comes out too long for a
quarter-wave (or odd multiple) in cach leg,
and parallel tuned for lengths under a
(uarter-wave,

Your antenna of chance doesn’'t have to
be a wire. In Fig. 6, three unusual radiators
are shown, but vou can find an almost un-
limited number of other objects that can
be plossed into service to put vour signal
on the air. The three illustrations show thc
simplest form of shunt feed, one in which
you experimentally adjust the tap on the
radiator until vou find a spot that enables
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Fig. 8. A flexible type of antenna impedance
matching circuit used with various antennas.

the transmitter to load. With a little more
effort, you can improvise a gamma match
that will provide more flexibility in finding
an acceptable loading spot.

Two configurations of the familiar Hertz
antenna are shown in Fig. 7. One has the
two sections the same length (a quarter-wave
or odd multiple each). The other illustrates
how one leg can be longer: just so the basic
rule concerning quarter-waves is observed.
The FFuchs antenna, of which two exaples
are shown. unlike the Hertz, is voltage-fed.
That means it has a high input impedance
and therefore demands some sort of match-
ing device to be used with conventional
transmitters, all of which have low-imped-
ance outputs.

The Fuchs is perhaps the simplest of all
antennas and therefore is the most likely
to be encountered in the search for an on-
the-spot chance antenna. Although ideally
it should be a half-wave or a mnltlple in
length, by juggling the coupler a little, it
can be made to work with just about any
length. A flexible type of coupler is shown
in Fig. 8. Two examples given in Fig. 7
are for Marconi antennas which dont have
the conventional quarter-wave or multiple
length. Either can be made to present the
]ow impedance required for conventional
transmitters.

Conclusions. Radio signals radiate easily,
but some radiators are better than others.
The difference between a carefully designed
radiator and one picked just hecause it
might work may be much less than popular
supp051t10n leads one to believe. Dan't ever
hesitate to use an odd-ball rvadiator. If you
can make your transmitter load into it, it
will radiate your signal—perhaps poorly or
perhaps better than you dared to hope. You
will never know until vou have tried. Dare
to e\penment e\plme, and improvise. You
will gain experience and <atisfaction. @

55

wwwW americanradiohistorvy com


www.americanradiohistory.com

A TAILOR-MADE

BY JAMES E. McALISTER

DIODE

Design your own variable-voltage zener

ENER diodes are powerful circuit ele-
ments (as pointed out in “Design Your
Own Voltage Regulator,” in the April 1973
issue ) ; unfortunately, they are available only
in discrete, fixed values of voltage. In some
cases, a variable voltage is needed, and
a zener will not suffice. In addition, zeners
are not commonly available at levels below
about 3 wvolts. This makes it difficult to
design simple 1.5-volt regulators for battery
replacement.

With onlv a handful of components, a
transistor eqmva]ent of a zener diode cun
be built for use in any circuit calling for
a zenet. The outpnt voltage flom the
“equivalent zener” is \d]ld])]t‘ and can be
adjusted to values down to as low as 1
volt and helow.

The circuit, shown in the figure, is quite
simple. Transistor QI, begins to conduct
when the voltage across RI reaches ap-
proximately 0.5 \olt This causes Q2 to con-

duction in both Q1 and Q2. The voltage
drop across the load resistor is thus the
output voltage.

Transistor Q1 can be almost any silicon
pnp transistor, but one witl: a high current
gain is preferable. The parameters of Q2
are not critical either. The potver dissipating
capability of the equivalent zener is primar-
iy determined by the power dissipation
rating of Q2, however, so (2 should be
selected accordingly. The equivalent zener
diode can he used in any circuit where a
regular zzner would apply.

Resistor R2 is shown as a variable, but
fixed values of resistance mhy be used if
desired. The chart in the figure shows how
to determine the resistance for a desired
output voltage. Since the voltage does de-
pend to some extent on the characteristics of
the trausistors, the value of B2 chosen from
the chart may not give the|exact desired
output, but it will be close. The chart (and

duct., but Q2 draws onlv enough current the accompanying equation) assumes that
through the load resistor to maintain con- Rl is 4790 ohms. @
R R
O ~ h
Ql A7
RIS  2N2907 . -
4.7K - The right-hand circuit,
Q2 with transistors, simu-
vy 2mM2222 lates the digde circuit
at left. Use the chart
: and the equation to de-
1 < termine the value of R2
47K to give desired voltage.
777
6.8.8.210 I8 R2(KA)
5o L ||a 2227 33 39 47 86 68 82 100
AL TN ) ik
HAL e e S . ;
I 2 5 & 8 & 3 8 9 10 1 (2
RI+R2 vz (WOLTS)
VZ 2R
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HE PICKER

“PRECISION" is the one
word that best characterizes
the extraordinary quality of the
new Pickering XV¥-1571200E
cartridga, the culmination of
Pickerirg's 25 years in
contributing important
technological advances to the
manufacture of magnetic
cartridges.

Its exceptiona! design and
performance accords ita DCF

{Dynamic Coupting Factor)
rating of 1200. Naturally. it
delivers 100% Music Power.
This cartridge is for the.
sophisticate — one who
possesses components of such
superlative quality that the
superiority of the XV-15/1200E
is a requiremert. $79.95
audiophile net. Write Pickering
& Co., Dept. E, 107 Sunnyside
Bivd., Plainview. N.Y. 11803.
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T T

\-: ]
LY
\

A
i iy

SPECIFICATIONS

Freguency Response: 10Hz to 30 KHz

Nominai Qutput: 4.4 mv
Channel Separation.
Nominal: 35 dB
Stylus Tip: 0.00c¢2" x 0.0007”

Elliptical Diamond
% geam. + V2 gram,
— Ya gram

@ PICKERING

“for those who can the ditference”

Tracking Force:

All Pickering cartridges are designed for use with gll 2 and 4-channel matrix derived compotible systems.

CIRCLE NO. 30 ON READER SERVICE CARD
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yrogram which gives you

n electronic circuit design "

only CREI offers you a complé.te'?f
sollege-level Electronic Design
Laboratory to speed your learning

i
i

Zlectronie circuit design—source of all new development
n the application of electronics to new products and
services. Without this skill, we would be unable to monitor
‘he heartbeat of men in space. Without it, the computer
-evolution would never have occurred. And we would have
set to see our first TV show. Yet, only CRE/ teaches
slectronic circuit design at home.

ELECTRONIC CIRCUIT DESIGN

A key skill which paces our nation’s progress in count-
less fields—from pollution control to satellite tracking
to modern medicine to exploring the ocean’s depths.
And beyond. A skill which you must have to move to
the top in advanced electronics.

CREI programs open up
new worlds of opportunity for you.

In addition to electronic circuit design, CRE! provides

you with a full advanced electronics education in any of
thirteen fields of specialization you choose. Ccmmunica-
tions, computers, space operations, television, nuclear
power, industrial electronics—to mention just a few of
the career fields for which CREI training is qualifying.
With such preparation, you will have the backgrounc for a
career which can take you to the frontiers of the nation’s
most exciting new develogments. And around the worlid.

CREI Dept. E1210D
3939 Wisconsin Avenue
Washington, D.C. 20016

graduate.

Name ——

Address PSS

This free book can change your life.

7 g—
Send for it. F 3 e
If you are a high-school! graduate (or £ i’
equivalent) and have previous training or 2MBETE
experience in electronics, then you are uly
qualified to enroll in a CREI program to E‘:E#

move you ahead in advanced electronics.

Send now for our full-color, eighty page book on
careers in advanced electronics. In it, you will find full
facts on the exciting kinds of work which CREI pro-
grams open up to you. And full facts on the compre-
hensive courses of instruction, the strong personal
help, and the professional laboratory equipment which
CREI makes available to you. Ali at a surprisingly

| low tuition cost.

And when you have it, talk with your employer about it.
Tell him you're considering enrolling with CREI. He'tl
undoubtedly be happy to know you are planning to
increase your value to him. And he may offer to pay all or
part of your tuition cost. Hundreds of employers and
government agencies do. Large and small. Including some
of the giants in electronics. /f they are willing to pay for
CREI training for their employees, you know it must

be good.

Send for Advanced Electronics today. You'll be glad
you did.

Rush me your FREZ book describing my opportu- I “nal

nities in advanced 2lectronics. | am a high school

City

Employed by
Type of Present Work __

) CAPITOL
il RADIO
ENGINEERING
INSTITUTE

11 you have previous trairirg in electronics, check here 1

WASHINGTON, D.C. 20016

Veterans and Servicemen. check here for G. I. Bill information [J

\
|
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CONSTRUCTION

Successors to crystal radios use

single high-gain transistor amplifier

E XPERIMENTERS and hams have likec

to fool around with batterv-less radios
since  wireless communication was  first
thought about. Although notable improve-
ments have increased the sensitivity and
selectivity of the devices, their performance
is limited unless the newest design tech-
niques are used. Described here are three
battery-less receivers which have improved
gain as a result of the use of a simple
transistor amplifier powered bv random
electrical fields which are evervwhere. These
circuits, which are relativelv inexpensive
to build, have higher volume and better
reception than a crystal radio.

The first circuit (Fig. 1A) is a broad-
cast-band receiver and requires the fewest
number of components. The circuit in Fig.
1B also tunes the broadcast band but it has
increased gain due to a more efficient de-
sign. Figure 1C’s circuit has improved se-
lectivity and sensitivity due to regenera-
tion, and it is designed to receive short-
wave as well as conventional broadcast
transmissions,

In the construction, although circuit lay-
out is not critical. it is wise to keep com
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BY TERRY L. LYON

ponent leads short and ncat. The antenna
and ground leads from the receiver could
have various lengths of stranded insulated
wire with alligator clips attached for con-
necting the receiver to large  metallic
objects.

If some components cahnot be located,
substitute others with similar character-
istics. For example, the tahtalum capacitor
(C2) can be replaced by an electrolytic
with the same specificatigns. The 1N459
diode can be replaced iy another low-
power silicon unit with small reverse cur-
rent characteristics. Like\viJe, another small-
signal, high-gain silicon 1nit can be used
for the 2N3391 npn transistor. A 4700-chm
resistor can be used for EFCI. Finally, the
crystal earphones can be r terchanged with
high-impedance magnetic phones with a
suitable series capacitor.

Operation. Once the receiver is completed,
a tuner dial can be ;1(1(16({‘ Calibration of
the dial is accomplished by listening to
stations which have a kncJ\\‘n transmitting
frequency or by couplin ¢ a variable r-f
signal generator to the receiver through

POPULAR ELECTRONICS including Electronics World
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PARTS LIST

C1.C6—365-pF variable capacitor
C2—5-uF, 50-volt tantalum capcitor
(.3—0.002-uF ceramic disc capacitor
C4,05—0.005-uF ceramic disc capacitor
DI1-D4—1N159 silicon diode
LI—Fig. 1A: tapped transistor antenna coil
Fig. IB: transistor antenna coil
Fig. 1C: see Fig. 2
L2—Fig 1B: 15 to 20 turns of #24 enameled
wire wound directly over antenna coil.
Adjust turns or reverse leads for optimum
performance
Fig 1C: seeFig. 2
QO1—2N339! transistor
RI1—10-megohm resistor
R2—470,000-0hm resi:
R3—10,000-0hm resistor
RECI-—25-mH r-f choke

|||—1
1

Fig. 1. Three versions of simple single-
transistor radios that derive their oper-
ating power from the random electrical
noise that is usually found in atmosphere.

HOW IT WORKS

The noise and <ignal are separated by cou-
pling the series L2(.3 resonant circuit to the
parallel LI€] resonant circuit. This arrange-
ment functions as a bandpass filter. allowing
broadcast information to appear across LI1C!
while leaving the noise acruss L2C3. When
LICI is adjusted to a standard broadcast
frequency. an amplitude-modulated carrier is
produced across the tuned circuit. This r-f
signal is sent through de blocking capacitor
C4 to the base-emitter junction of transistor
Ql. a common-emitter amplifier.

The transistor is hiased by a large value of
shunt feedback (R1) and its load resistance
(R2) also has a large value. This arrange-
ment performs several functions. Virst, the
voltage drop across the base-emitter junction
is quite small. This allows the junction to
detect the incoming signal by changing it to
modulated de. Although the shunt feedback
biasing arrangement lowers Qs input imped-
ance. its emitter current is so small that the
input impedance is still very large and does
not appreciably load the tuned circuit.

Secondly, the transistor is biased in a re-
gion of extremely high gain and some non-
linearity. The latter acts to a small degree as
an age. When signals get larger, the ampli-
fier's gain is reduced whereas, on weak sig-
nals, the gain is large.

The power supply for the transistor derives
its energy from the noise obtained across
L2C3. This noise derives primarily from a
60-Hz field radiated from houschold wiring.
lights, and appliances. The noise is rectified
by DI through D4 and the resulting de is
filtered by €2. Linmiting resistor R2 connects
the supply to the transistor cireuit.

Although the three receivers operate in
basically the same manner. there are several
differences between them. The first two rec-
tify  voltage fluctuations  Clow-frequency
noise) appearing across €3. The first circuit
has a voltage doubling diode arrangement to
reduce the number of components. On the
other hand. the second circuit utilizes a full-
wave bridge reetifier with improved efhcien-
cy; but it requires the addition of €3, L2,
and two diodes. Capacitor €35 is used to re-
ference the LICI circuit to ground, which
increases the signal and minimizes humn.

The third receiver uses a voltage doubler.
however it is connected across the L2C5 cir-
cuit through R3. This arrangement allows
high-frequency noise as well as low-frequency
noise to be rectitied with high efhciency and
minimum receiver hum. If a full-wave bridge
rectifier were added to this circuit. low-fre-
quency noise would be allowed to pass
through €5 to produce hum in the earphone.
A possible solution is to add another feed-
back coil. but this might load the tuned eir-
cuit and reduce sensitivity and selectivity of
the receiver. This receiver also has exchange-
able coils so that several bands can le re-
ceived. Some of the amplified signal in this
circuit is returned to the input of QI by €6,
L2, and RFCI. This adds positive feedback

and further increases the receiver’s gain.
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a suitable antenna. If the receiver is not
operating in the specified range, adjust the
core of L1 in the first two circuits or add
or remove a few turns from LI in the third
circuit,

To operate the third circuit (Fig. 1C),
advance (counterclockwise) the regenera-
ton control (C6) until a slight hiss is
heard. The proper position of C6 depends
on the length of the antenna, the receiver
¢Hil, and the position of the tuner capacitor
(CI). However, the receiver may not oper-
ate with regeneration at high frequencies,
bt C6 will serve to boost the receiver’s
pertormance. Shortwave reception is obh-
tained by changing coils in accordance with
Fig 3.

For optimum performance, these receiv-
ers require a good earth ground and a large
metallic antenna. \Water pipes and other
low-lving metallic  objects make good
grounds. The antenna lead can be clipped
to a window screen. roof gutter, refrigerator,
or similar items. Sometimes just touching
the antenna lead with the hand is suf-
ficient to power the receiver. To increase
reception, attach a 9-volt battery across
C2, observing the correct polarity.

For listening to weak signals, connect
two earphones in parallel to form a head
set. Local stations in the broadcast band
may interfere with distant transmissions.

— -1/8" 1/8"— -—

- T T
| | H ‘ |M‘ | I1-1/16"
[— o [ |
[T .|||I|.|| Il
BASE WITH SR
4-PRONG PLUG L2 ’ ul

BOTH ENLIS CONNECT TO GROUND
AT RECE®TICLE

Range Turns Wire
540-1500 kHz L1: 149.6 clbsewound #28
L2: 41.3 closewound #28

1.5-4.0 MHz  L1:49.2 even for 2" #24
L2:11.2 even for 7/16"  #24

4.0-11.0 MHz L1: 18.4 even for 2" #22
L2: 4.2 even for 7/16" #22

All wire is enamel coated, wound on low-loss
1 1/16" diameter forms at least 3% in. Use
plastic pill containers or thin-wall cardboard
tubing. Coat with clear lacquer, if desired,
to keep wire in place. |

Fig. 2. Windings for coils in Fig. IC.

If s0, a series LC circuit may be constructed
to remove the unwanted station, This cir-
cuit connects between the receiver’s antenna
and ground and is Dbuilt using a standard
antenna coil connected in series with a
365-pF variable capacitor. When this cir-
cuit is tuned to the inte fering frequency,
the latter will be effectively removed. How-
ever, the antenna coil must be kept awav
from LI, and the chassis of the capacitor
should be connected to ground. &

ADDITIONAL FUNCTIONS FOR YOUR
POCKET CALCULATOR

BY KNOWING a few simple procedures,

vou can make vour “under-$100” cal-
culator do functions found only on more ex-
pensive models. Positive integral exponents.
reciprocals, and square roots, for example,
can be done quickly and casily.

The procedure for calculating x2, x%, or
X" is: enter the number, activate the con-
stant, push the multiply button, and push
the equals hutton n — 1 times. For example,
to calculate 3.7%, vou would nse the follow-
ing procedure: (3); (); (7); (K); (x);
(=); (=); (=); (=). Read 693.44.

Reciprocals and other negative integral ex-
ponents (X1, x2, .. . x™) can be calcu-
lated by entering the number, activating the
constant, pushing the divide button, and
pushing the equals button n + 1 times. For
example, 5.271 would have the following
procedure. (5); (.); (2); (K); (=); (=);
(=). Read 0.1923.
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The process of finding square roots is a
little more complicated, but after doing it a
few times, it too is simple and quick. The
easiest way to explain it is through an ex-
ample. To find the square root of S, first
enter 8, then divide bv| an approximate
square root. Try 3. The [result should be
2.6666666. Add the approximate square
root to this reading. Thus, 2.6666666 + 3
= 35.6666666. Now divide this by 2. The
answer, an approximate square root of 8 is
2.8333333. For greater accuracy repeat
the process. Thus, 8/2.8383333 = 2.8235.
Again, add the two together and divide by
two: 2.8235 4 2.83333 = 5.6568. And
5.6568/2 = 2.8284, a niore accurate an-
swer. This, of course, is simplv a matter of
finding a range and then narrowing the
range.

These functions are verv handv in elec-
tronic calculation. —Edward C. Priest

POPULAR ELECTRONICS including Electronics World

wwwW americanradiohistorvy com


www.americanradiohistory.com

The EasyWay to
Make PC Boards

THE PHOTOPOSITIVE METHOD

SIMPLIFIES PC CONSTRUCTION FOR HOBBYISTS

AND EXPERIMENTERS

Fabricating printed circuit boards, believe
it or not, is not a fine art that can be
mastered bv only a talented few. Anyone
who isn’t “all thumbs” and has patience can
master the techniques needed to turn out
commereial-quality PC boards. The trick
lies in how vou go about it and the medium
in which you choose to work.

For all but the most basic, least detailed
PC layouts, the photosensitive process is
best to use. There are basically two types
of photosensitive resists available. The most

BY WILLIAM T. ROUBAL

commonly used—only because it was de-
veloped first and received most of the at-
tention—is the negative-type photoresist.
The other type, much more convenient for
the hobbyist and experimenter to use, is
called positive photoresist.

All negative-type photoresists suffer from
one inherent drawback. Before vou can use
them, vou must first prepare a negative
from your positive artwork. Hence, you are
faced” with double the work—unless vou
elect to use a reversing film—because the

Fig. 1. Opaque transfers and stick-ons are used far making photopositive artwork.
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Fig. 2. Twice-size artwork and final photo-
positive. The final of the photopositive is
made from lithographic film. Such procedure
requires the use of a darkroom and enlarger.

positive artwork must be converted into a
negative if it is to be usable. Additionally,
because of the nature of the process, any
alterations or corrections must normally
be made on vour positive, demanding that
you muke a new negative.

Alternatively, you can use positive-type
photoresists and cut vour work in half by
using the positive artwork directly. What
vou see in the original artwork is what
voull get when vou etch away the copper.
Realistically, then, this is the easier way to
work.

Positive  photloresists  differ chemically
from negative tyvpes. With positive resists,
the portions exposed to light are dissolved
away during the development process. An-
other difference lies with the developer it-
sell. Volatile hvdrocarbon solvents used
with negative resists are expensive and often
hard to keep uncontaminated. By contrast,
a dilute solution of ordinarv household lye,
or caustic soda, in water is all voull need
as a developer for the positive resist.

The Artwork. The best wav (actually the
only realistic way for multi-IC and other
finely detailed PC lavouts) of preparing
vour positive artwork is to use sheet \yvlar
or acetate film and any of the various drv-
transter and/or stick-on patterns available.
The film used should be between 0.002 in.
and G.004 in. thick.

It is imperative that all drafting aids be
opaque to ultraviolet (UV) light. While
clectronics-type  materials invariably meet
this demand, not all brands of dry-transfer
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materials will pass the test. Prestape, Chart
Pak, and Para Type are quite satisfactory,
while Cello-Tak is not opaque enough.

Representative examples of the drafting
aids currently on the markét are shown in
Fig. 1. Commonly available patterns in-
clude various-size solder pad “donuts” and
“tear drops,” edge connectors, right-angle
L’s and T’s, circles and dots, three- and
four-lead transistor pads, and all IC pad
configurations. Some companies produce
dry-transfer patterns, \\'hili)e most make
pressure-sensitive stick-ons. The only thing
not shown in Fig. 1 is the opaque crepe
tape, also available in various widths, vou'll
need for interconnecting solder pads.

You can obtain the drafting aids in vari-
ous scales, the most commor being 1:1 and
2:1. For most jobs, 1:1 will fill your re-
quirements. If you are working on a very
detailed and crowded layout, you might be
better off working twice up (2:1 scale) to

SN

STEP-AND-REPEAT ARTWORK

When you must make two or more
of the same PC board, you can save con-
siderable time if you make a multiple
positive for exposing several blanks at
once. The least time-consqming method
to use is a “step-and-repeat” process by
which your original artwork is duplicated
two or more times with the aid of “Trans-
O-Paque’’ (TOP) film.

The TOP film is sensitive to UV light;
so, you can safely work in a dimly
(incandescent) lighted area. A 25-sheet
package of 8 x 10-in. TOP film costs
$13.50. Order it from one lof the follow-
ing Dynachem Corp. outlets:

FAR WEST:
13000 E. Firestone Blvd.
Sante Fe Springs, CA 90670

MIDWEST:
449 Fullerton Ave.
Eimhurst, IL 60126

NEW ENGLAND:
22 B Street
Burlington, MA 01803

SOUTHEAST (NYC to Florida):
234 Dominion Rd.
Vienna, VA 22180

You will need a large vacuum-type ex-
posure frame. Carefully measure your
original artwork, add about 14 in. to the
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simplity the job and give you better control
over the work. Working twice up means
that you'll have to reduce, by photographic
means, veur artwork to the proper size; but
the extra step is worth it if there’s any
chance of introducing errors when using the
1:1 aids. Of course, when vou work in any
scale larger than 1:1, select interconnecting
crepe tape to suit the scale. An cxample
of 2:1 artwork is shown in Iig. 2.

Preparing the PC Blank. The copper-clad
board that yvon will use for making a PC
board is called a “blank.” The copper must
be perfectly clean before vou attempt to
apply the photoresist. Any dirt or oil will
prevent the resist from adhering to the cop-
per.

First, cut the blank to shape, allowing
about % in. extra in length and width. Do
nol make any cutouts that will appear in
your finished board at this time. Deburr all
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length and width, and use the figures
just obtained to cut an opening of the
same size in the center of a sheet of
aluminum foil. The foil must be large
enough to permit only the portion cf the
film that shows through the cutout to be
seen, no matter where on the TOP sheet
the mask is placed.

Tape the mask to the inside glass
cover of the exposure frame and position
and tape your original artwork into the
opening. Start at one corner with a UV
sunlamp 8 in. away and expose the film
through the artwork for about 10 min-
utes or until all visible yellow areas be-
come transparently clear. Turn off the
lamp and slide the film to an adjacent
unexposed portion and expose. Repeat
until all areas of the film have been
used up.

Place the exposed film in a large con-
tainer along with an open jar of 28-per-
cent ammonia (get from a drug store).
Put a cover on the container and develop
the film in the ammonia fumes for 20 to
30 minutes in the dark.

When fully developed, the duplicated
positive will be a UV-opaque amber color.
Allow the ammonia fumes to completely
dissipate before taking the developed
film into the area where you have your
stock of unexposed TOP film.

Your step-and-repeat positive can be
used as one large sheet if you have a
PC blank large enough to accommodate
it. Cut up, it can be used with several
medium- and small-size blanks.

5
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cut edges with a medium or fine file. Then
clean the copper by light scrubbing with
scouring powder and a wet cloth. Thor-
oughly rinse the blank under running water
to remove all traces of grit and immediately
blot dry with absorbent paper towels or a
lint-free cloth. If the blank is allowed to
air-dry, the copper will quickly tarnish.
From now on, handle the board only by its
edges.

Type AZ-111 positive photoresist (avail-
able for $2/0z postpaid from S&H Elec-
tronics, P.O. Box 286, Corvallis, OR 97331)
is casiest to apply by the spinning method.
Place the blank, copper side down, on a
lint-free cloth and affix to its unclad surface
a wide strip of masking tape (adhesive on
both sides or lay one-sided tape back on
itself) as shown in Fig. 3. Now, centrally
position the rubber disk of an electric drill
sanding attachment over the blank and
press it home. Check to see that the tape
is firmlv bonded to both the blank and the
rubber disc. Then chuck the disc/blank as-
sembly in a variable-speed electric hand
drill.

Working in a diraly lighted room (muke
certain that the light is from an incandes-
cent lamp—not a fluorescent fixture), up-
end the drill assembly and place a few
drops or a small puddle of photoresist onto
the center of the copper surfuce (Fig. 4).
The amount of resist to use will be governed
by the size of the blank. With a little expe-
rience, you will quickly leam how much to
use for any size blank. Now, quickly brush
the resist out toward the blank’s edges with
a clean artist’s brush and up-end the drill
assembly over a newspaper-lined waste-
basket. Be sure that the blauk is several

Fig. 3. First step in coating copper by spin-
ning is to adhere masking tape to the back.
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Fig. 4. Once board has been attached to the
spinner, pour on AZ-111 positive photoresist.

inches Delow the open top of the waste-
basket; then tum on the drill for 3-8 sec-
onds at a speed of 300-400 rpm (Fig. 5).
Working very carefully so as not to touch
or disturb the resist coating, remove the
blank from the rubber disc, while still in
the darkened area. Place the treated blauk
m a lightproof, dustproof hox or cupboard
to dry. Since the resist has a strong odor of
solvent, it is best to set the box under a
kitchen hood with the exhanst fan on unsil
most of the solvent has dissipated. The
blank cau also be force-dried by placing it
in an oven set at 160°F, with the door
open—don’t forget to keep the room 1n
darkness—for 10 to 15 minutes.

Exposing & Developing the Blank. When
the PC Dblank is dry and as solvent-free as
possible, it’s ready to be devcloped. Orne
test yvou can use for determining if the
blank is ready is to sniff it at close range;

PC BOARD CONSTRUCTION

Step

Al. Cut and clean PC board

A2. Coat copper with photoresist (photo-
sensitize)

A3. Dry

Bl. Prepare artwork (positive)

B2. Prepare multiple positive (step-and-
repeat, optional)

C. Place sensitized board and positive in
exposure frame and expose to ultra-
violet light

D. Develop photoresist

Etch copper

Drill holes

Plate copper (optional)

O mm
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if vou detect only a fain: odor of solvent,
it’s ready. If you mistrusi your olfactory
sense, lightly press the tip of a finger against
the coating at one corner; lany tackiness at
all indicates that the board isn’t ready.

Once you've satisfied yourself that the
blank is ready, you can proceed to expose
it as follows: Position the lgositive over the
resist-coated surface of the blank. Next,
sundwich the assembly between the glass
and pressure plate of the exposure frame.
(See Fig. 6 for details of how to make a
professional-quality vacuum-type frame.)
Then expose the positive-masked resist to a
275-watt UV sunlamp for 8 to 10 minutes
at a distance of 14 to 18 inches. If you al-
ready have a fluorescent UV lamp, feel free
to use it. In any case, vou’ll probably have
to experiment a little to determine the opti-
mum exposure time and distance for your
setup. Although it is difficult to over-
expose the resist, too shart an exposure
will prevent the resist frorm dissolving away
when vou attempt to develope the exposed
blank.

Since we've introduced the vacuam-tvpe
exposure frame in Fig. 6, let’s go into a'lit-
tle more detail. The frame itself is made
from ordinary pine Tumbdr. The lumber
need not be fancily painted: a single coat of
flat black paint will do hicely. Nor are
any fancy construction techniques required
during assembly. You can make the frame
as small or as large as vou vant it to be (a
practical size is 12 in. long by 8 in. wide by
about 2 in. (or less) deep. Don't forget to
drill the 46 in. holes through the platform
as indicated; space them o grid centers of
about 2 in. apart. And don’t forget the
island supports. The vactum tube can be
seamless plastic tubing of & size that will
provide a friction—not Dbinding—fit for
vour vacuum cleaner. A foam rubber gas-
ket around the drop lid will increase vac-
uum efficiency-.

The main function of the exposure frame
in PC work is to provide a rock-steady sys-
tem for holding the expostlre positive and
sensitized blank together and properly regis-
tered during the entire exppsing time. The
vacuum  feature is a  convenience that
comes in handv when you’rer working with a
warped PC blank or an exposure positive
that insists upon curling up.

While your blank is being exposed is a
good time to mix up a batch of developer.
Do this by dissolving about three teaspoon-
fuls of lye in a quart of water in a shallow
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Fig. 5. Thin coat of photoresist is deposited
on copper by spinning at moderate speed.

Pyrex or cnamelled trav. If vou use an
enamelled tray, muake certain that there are
no  cracked or chipped areas of the
enamel coating. (Warning: Use only house-
hold lye that is free of metal particles.)

As soon as the blank is completely ex-
posed, immerse it i the developer solution,
resist side np. Rock the tray back and forth
to agitate the developer and speed np the
developing process. The resist will turn pur-
ple and the cxposed portions will slowly
wash awav. {Note: If the caustic solution is
too weuk, development time will be pro
longed, or developnient will be impossible,
indicating thut you musl increase the con
centration of caustic in the bath. Again, ex-
periment until yon know the right propor-
tions of lve to water vou will need for anv
given job.)

When all exposed areas on the PC blank
are free of resist, remove the blank from
the developing hath. Don’t just reach in to
retrieve the Dlank; use rubber gloves or
plastic tongs. Rinse the blank under gently
running water. Then pat the exposed blank
dry with absorbent paper towels or a soft
cloth.

Etching the PC Board. Submerge the
bouard, copper side up, in the etching solu-
tion of vour choice. Most people use svrupy
ferric chloride for etching. This chemical is
fast acting but requires that the board he
removed from the bhath several times dur-
ing etching to check the progress of the

OCTOBER 1973

chemical action, mainly because ferric chlo-
ride is very dark and so dense that it is
opaque. You might consider using ammo-
nium persulfate crystals and water, with
just a “pinch” of mercuric chloride as a
catalyst. (WARNING: Mercuric chloride is
highly poisonous; handle it with extreme
care.)

Duwring the etching process, the etchant
should be continuously agitated to speed up
the chemical action. Also, it helps if the
etchant starts off warm. To warm ferric
chloride, simply immerse its stoppered
container in hot water. The amonium per-
sulfate solution is even easier to warm; just
add the crystals and catalyst to hot walter
(about 150°F).

When the etchant has done its work, use
rubber gloves or plastic tongs to remove the
PC board from the tray in which it was
etched and rinse it off under running tap
water. Dry the board. Then remove the re-
maining resist with a soft cloth dipped into
acetone or with very fine steel wool. Trim
the board to its exact finished size and drill
the component mounting holes.

STAPLE
2 ML MYLAR

MAGONTE, R
1
I-
1SLAND SUPPON i 6" MOLE

Fig. 6. Building a vacuum exposure frame.

Yon might consider plating the copper
foil after the PC bourd is trimmed and
drilled, using electroless tin solution that re-
quires only one slep and does not contain
cyanide. Plated copper resists tamish and
corrosion and, more important, serves as a
“wetting” agent that greatly facilitates sol-
dcring.

Once you've worked with positive resist
techniques, it’s almost guaranteed that you'll
never go back to the negative-resist tech-
nique that requires almost double the work
to obtain the same results. You'll also
suve money by using inexpensive household
chemicals that keep for a long time and

=]
do not require special storing. @®
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IC PHOTO
DEVELOPMENT TIMER

IDEAL FOR USE WITH POLAROID CAMERAS

BY ROBERT MARCHANT

ROCESSING film often involves different
time intervals, ranging from several sec-
onds to several minutes. This usually means
that a couple of commercial timers are re-
quired. The electronic circuit shown in Fig.
1, using two low-cost IC’s, can be built for
less than $15 and provides almost any se-
lected timing interval with an audible alarm
at the end of the period.

Both of the IC circuits are monostable
and provide the automatic reset at the end
of the timing interval. When S2 is closed,
IC1 is triggered. causing its output to go
to about 3 volts. Simultaneously, an internal
flip-flop 1s triggered, removing a short cir-
cuit across timing capacitor C2. This en-
ables C2 to be charged at a rate determined
by the setting of S3, which selects the timing

resistor (R3 or R4). When the voltage across
C2 reaches % of the supply voltage, an in-
ternal comparator operates tb reset the flip-
flop and short out C2. This drives the out-
put to a low state.

This negative-going output signal acti-
vates the Schmitt trigger in IC2, whose
output goes to about three volts for about
one second. This time is det%rmined by the
values of R8 and C3. When this output
goes high, audible alarm Al is energized.

The component values given here werc
selected so that the circuit includes «
human reaction factor. Thub the short cy-
cle (15 seconds) is actually about 13 sec-
onds to allow for the pulling and tearing
necessary for type 51, 52 and 57 Polaroid
film. The two-minute interval is actually

J. Cl
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Al—Audible alarm (Mallory Sonalert
SC628 or similar)

Hi—d4.5-volt battery (3 A4 cells in series)

(1—0.02-uF capacitor

2 C3—i0-uF 15-volt electrolytic capacitor

1C1-—355 1C timer

1C2—74i21 IC Schmitt trigger

LEDI—Light-emitting diode (MLED-500)
(optional )

RI1.R5—2200-0hm resistor

R2-470,000-0hm resistor

R3—390.000-0hm resistor

PARTS LIST

Fig. 1. Timing starts when S2 is depressed. The visual indicator, LEDI, is optional.

R4-—6.8-megohm resistor

R6-—220-0hm resistor (optionel )

R7—1000-0hm resistor

R8—22,000-0hm resistor

S1—Spst switch

S2—Normally open pushbutton switch

S3—Spdt switch

Misc.—Suitable chassis, battery holder, 1C
sockets (optional), mounting hardware, etc.

Note—An etched and drilled PC board is
available from Robert Marchant, Tartane
Rd.. Manomet, M A 02345 for 82 postpaid.
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one minute and 55 seconds and is used for |
tvpe 46 Polaroid film.

If desired, resistors R2, R3, and R4 and
switch S3 can be replaced with a 10-
megohm potentiometer with a dial calibrated |
for varying time intervals.

Construction. The circuit can be assem- |
bled on a PC board such as that shown in
Fig. 2. Note that R6 and LEDI are not
shown. They are optional. The LED will
turn on during the timing cycle, and its
faint red glow will show up easilv in a
darkroom. Leaving out these two com-
ponents will not alter the operation of the
rest of the circuit.

|

Cl C2

| |
| 0
|

E—R7—

TOSI

Fig. 2. Construction is best done on a PC
board (top) with components as shown below.

The choice of a housing is optional. Use
the smallest case possible to accommodate
the switches, Sonalert, PC board, and bat-
teries. Mark the 15-second side of S3 “51,
52,577 and the 2-minute side “46.”

Operation. Turn on the timer with SI
and allow it to time out in the 15-second
setting until the alarm sounds. If there is no
alarm, depress S2. Place 83 in the desired
position, und depress §2 to start the timing
interval. Successive timing intervals do not i
require resetting of any controls—just op- |
eration of S2. ®
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only $68.95 with ch. s

s - . ¢
3’
].

e

o SMALLEST SIZE AND LOW COST
e FULL 5 WATT TRANSCEIVER
e MOBILE, BASE OR FORTABLE

Hers’s the travel campanion you don’t
want to leave behind. Call on Channel 9
for highway assistance anywhere in the
U.S.A. Add other channels to communi-
cate for fun and convenience after re-
ceiving your FCC license.

WRITE PACE FOR FREE
CITIZEN TWO-WAY RADIO GUIDE
OR STOP BY YOUR LOCAL...

...SIGN OF QUALITY

REGISTERED SALES-SERVICE

CE

FS0UD ﬁ;ﬁ RADI) SRECIALISTS

PACE COVMUNICATIONS
DIVISION OF PATHCOM INC. .
24049 S. FRAMPTON AVE., HARBGR CITY, CA 90710

Name_ —

Street

City - g —
CIRCLE NO. 29 ON READER SERVICE CARD
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COMMUNICATIONS

‘ITHOSIE W

oD HAMS

Ol “I'E

5 I920°s

@MADE THEIR OWN COMPONENTS
@WERE CONFINED TO BELOW 200 METERS
@DIDN'T TAKE FCC EXAMS

T WAS a glorious time to live—back in

the 1920’s, when radio communication
was just beginning to emerge. Only a very
few top scientists knew anvthing about this
new medium—and most of the things they
“knew” were incorrect. But that didn’t de-
ter them from displaving their errors—
what they thought were “facts”"—in the
public press.

One of the notable “facts” that got around
was the statement that radio communication
was impossible below a wavelength of 200
meters. (For those of vou familiar with only
hertz, 200 meters is 1500 kHz.) So, Con-
gress dreamed up a radio law that confined
all amateur communication to the bands
below 200 meters—or above 1500 kHz.
The law also specified that all radio stations
had to be licensed. Little problem that, since
a license was granted upon request and with-
out the applicant having to submit to an
examination.

Another part of the law stipulated that
only in the big cities were licenses to be
granted. Needless to say, since many experi-
menters lived a long way from the big cities,
a lot of transmitters were on the air without
the benefit of licenses. Whatever call letters
were used were self-assigned.

We Built Our Own Equipment. All of the
equipment we early hams used was home-
made. There were only two companies in
the entire United States that sold radio parts.
and their prices were quite steep. For ex-
ample $20 would buy a link coupler, while
a variable condenser (now called capacitor)
went for $15. So, most of us were forced to
build our own equipment.

The usual receiver consisted of a coil of
wire wound around an empty oatmeal box;
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another coil inside the box [was rotated by
a lead pencil pushed through the box and
both coils. This pair of coils) was connected
to a fine wire sharpened to a point. The
point made contact with the surface of a
galena crystal. The body of the crystal was
connected to one lead of & pair of head-
phones, and the other lead of the phones was
connected to ground. With a long enough
length of wire for the antenna, this con-
trivance could receive radip signals from
as far away as 1000 miles| It needed no
outside power since all the power was
fumished by the radio waves themselves.

While vacuum tubes were known in the
early 1920’s (thev were used in World War
I), they weren’t available, except to a very
few lucky individuals. Evervdne used a tube-
less spurk transmitter, anvway,

A spark transmitter was epsy to build. It
required simple materials, like a spark coil
from a Model T Ford, a 1){Fr of sharpend
zine strips (to act as the spatk gap), a tele-
graph key, and an antennz. Bv connecting
the spark coil through the télegraph kev to
an automobile battery, and the secondary of
the coil through the spark gap to the antenna
a guy was in business. When he pressed the
kev, he drew a lovely spark from the gap.
The spark could be received clear across
town, if the town wasn’t to(ibig, that is.

Although the receiving station had a tuner
it wasn't really necessary. Those spark trans-
mitters were the original all{band transmit-
ters. When they came on the air, any nearby
receiver. no matter where tured, would pick
them up.

Along Came Tubes. Late in the 19207,
vacuum tubes became available. About the
same time, commercial broadcasting reared
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its head. People with money could buy
broadcast receivers, precipitating the un-
popularity of the neighborhsod experiment-
er with his all-wave spml\ transmitter.

Government regulations, which ‘nstituted
“silent hours” for Sunday mornings and
until 10 o’clock each evening, came into
effect. Not that this did much to the ex-
perimenter. Ie usually didnt read govern-
ment publications, so he knew nothing of
the regulations.

At the time the new regulations came into
effect, radio communication was admin-
istered by the Department of Commerce,
which had other things to do besides supply

money for radio enforcement. With the
absence of enforcement, the voung radio
experimenter wasn’'t much troubled. But

there were neighborhood relations to con-
sider, and it interference was overdone, the
neighbor with his high-priced broadcast set
was likelv to take the matter up with the
offender’s parents. This usually resulted in
the enforcement of “quiel hours”—if it
didn't terminate experimentation altogether.

I was one of the experimentess in the
early davs of amateur radio. The fact that
I could hear broadcasts on my crystal-de-
tector tuner intricued my pments to the
point where thev shelled out enough money
for a vacum tube, a Croslev baok- conden-
ser and a variable tumer. \Vith these trea-
sures on hand, I was able to build a new-
fangled superregenerutive receiver.

A by-product of mv new receiver was the
fact that the superregen was itself a trans-
mitter. It interfered mightily with our
neighbor’s neutrodvue receiver. But that was
a problem between my parents and the
neighbor.

The superregen would pick np commercial
broadcasts. It was also adept a: picking

GRID TERMINAL
1

up amateur transmissions (after my parents
had gone to bed, of course). By this time,
amateur operators had acquned vacuum
tubes. Some of them were even communicat-
ing via voice (phone)!

Mv desire for a tube transmitter could
be described as a “consuming passion.” But
while my parents were deeply interested in
broadcasting, the idea of an amateur radio
transmitter in the same house left them cold.
No money was forthcoming.

I had read of a Chicago ham who had
built every part of an amateur radio station.
He even built the vacuum tube. So, 1
thought, anvthing he could do, I could do.
Building the vacuum tube, however, was the
big problem. Vacuum tubes grew from M.
Edison’s incandescent lamp. They were large
and had four-pronged bases. Making the
base was beyond my powers. Fortunately,
one of the broadcast set dealers I happened
to visit showed me a receiver made in
Canada. It used Myers tubes. While the
American tubes were descended from a light
bulb, the Mvers tube was fathered bv a
cartridge fuse. Now, this was something I
could duplicate.

I bought a test tube and from it cut
awayv the lip and closed end. To the hody
of this 2-inch-long glass cvlinder. T fused a
length of %-inch ﬁlass tubmtf over a hole
made previously. Then after 10111110 a strip
of copper into a cvlinder and soldering to
it a length of heavy wire, 1 slipped the
assembly into the glass tuhe. Nevt. I
wound a coil of wire, much smaller in diam-
eter than the inner diameter of the copper
cevlinder, soldered to it a length of wire, and
slipped the new assembly inlo the copper
cvlinder. When I was finished with this step.
the wires from both assemblies protruded
from opposite ends of the glass tube.

GLASS TUBE

| .

SEALING WAX
/_f/ PLATE TERMINAL

v o

__RUBBER
CORK

Cross section of the home-

ARQUND LIGHT BULB
FILAMENT

 ——EXHAUST TUBE
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y
\FILAMENT

COPPER WIRE CRIMPED

made vacuum tube that was
put together by the author
in early days of ham radio.

TERMINAL
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Recovering a length of filament wire from
a light bulb, T slipped this down the center
of the coiled wire. After using rubber stop-
pers to seal both ends of the glass tube (with
the wires protruding, of course), I applied
sealing wax to assure an airtight seal. Later,
at school, T attached a rubber hose to the
4-inch glass tube and used a vacuum pump
to evacuate the air until the rubber tubing
went flat. The only thing left was to use a
blow pipe to seal the %-inch glass tubing.

My first vacuum tube had the filament
wire exiting from it through the centers of
the rubber stoppers. When power was ap-
plied to the filament, it heated up as ex-
pected—and so did the stoppers. The vac-
uum left the tube with a piercing shriek, and
a strong smell of burning rubber filled the
air.

My next vacuum tube (see drawing) pro-
duced better results. Instead of having the
heater wire exit the tube, a pair of copper
wires, crimped around the heater wire, did
the exiting, and all the heat was contained
within the tube.This arrangement function-
ed quite well. In fact, I had three QSQ’s us-
ing the tube before the vacuum got up and
slowly walked away.

Condensers and Resistors. There were
other components we early hams had to
make by hand. Some were easy to make,
like tubular bypass condensers. Back then,
Hershey chocolate bars were wrapped in
real solderable tin foil. This foil, some
waxed paper, copper wire, and a soldering
iron and solder were all an experimenter
needed to make his own condensers.

To make the condenser, we would cut
two pieces each of tin foil and waxed paper
to 4 inches by 1 inch. After lightly tacking
soldering leads to the short edges of the
foil, the waxed paper and foil sheets were
interleaved with overhangs to obviate anv
possibility of the plates (or leads) from
touching each other when the condenser
was assembled. Then the whole was tightly
rolled into a cylinder. When finished, the
condenser had one lead coming out of the
center of the cvlinder and one lead to one
side. After bending the side lead to line up
with the center. the foil was crimped around
the leads and soldered. A bit of sealing wax
over the soldered foil and along the exposed
seam of the waxed paper properly sealed
the condenser. A strip of adhesive tape held
the whole thing together.

A variable condenser also had to be hand
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made. The Croslev book-cdndenser didn’t
have enough insulation resistance between
its plates. So, 4-inch-square pieces of sheet
zinc were cut and fitted into everv other
sawed groove in a pair of pine guides. An
end piece which had sawed grooves that
mated with the empty ones in the other as-
sembly had fastened to it the rest of the zinc
plates. When the two were meshed, we had
a crude variable condenser.

Resistors were more of aj problem. The
carbon cores from flashlight [hatteries could
be used, but they were rather limited in
their resistance. Even wher; a number of
them were connected in series, the resist-
ances obtained were often unsatisfactory.
Nor could the resistance be pontrolled. The
way to go was to insert a ccuple of copper
wires through a rubber cap into a bottle
half filled with water and change the re-
sistance by varying the depth of the wires
in the water. Excitement was added when
the water boiled during a tTlnsmission.

The Power Supply. The poiver supply was
more difficult to make. Hams with lots of
money had dc motor generators to supply
their power. Most of us, however. had to
find another means of obtaining power. For
example, 1 took a number ();Jl copper plates,
about 4 inches square, and oxidized one
side of each with a blow torch. I drilled
a hole through the center jof each plate,
and. after slipping a rubber tube around
a long bolt and insulating the head and nut
with rubber from an old inner tube, put
the bolt through the stack of plates. When
finished, the plates were bplted together,
ozide face to bare copper. This rectifving
setup, with a couple of my home-made by-
pass condensers and the coil from an old
telegraph sounder made a 117-volt dc plate
power supply.

Finally, there came that magic night when
my parents were in bed safelv asleep. I
crept downstairs and assembled the set with
a galena crvstal where the tube would be.
With the headphones tightly over my ears.
I moved the variable condenser until I heard
another amateur. Then I quickly tuned him
in on the superregen.

Taking the galena crystal out and insert-
ing the tube, I fired up my rig and gave him
a call. T was lucky. He cante back to me,
and that was my first QSO, the high point
of my life. The QSL card I received from
him still hangs on my shack wall. some
five decades a?ter it was sent @®
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EVEN IF THEY NEVER SEE
YOUR SLEEK NEW GOBRA 135, THEY'LL
KNOW YOU HAVE THE BEST.

They’'ll know by listening.
Because you'll send with
all the power allowed—15
watts P.E.P. input. Plus the
extra authority of 100%
modulation with Dynaboost
speech compression.

You’ll transmit on 23 AM
and 46 SSB modes. Two
separate transmitters give
you the best of each, with
overload protection.

Your own ears will confirm
what we say. This Cobra
has the crispest, cieanest

sound ever. Over 60 dB
cross modulation
interfererce rejection
completely eliminates
bleedover.

Coktra’s drift-free Voice
Lock lets you locate and
lock-in sideband signals
over a wide range. Three
filters—one crystal, two
ceramic—keep adjacent
channels under wraps.

And Cobra’s noise blanker
really punches holes in
noise, both AM and SSB.

COBRA 135
AM/SSB

344995

microphone included

The control console has
everything. Adjustable
AM/SSB RF gain control.
Backlit RF output/SWR/S
meter. 24-hour digital-leaf
clock. llluminated mode
selector. And full-function
controls.

Both talking and listening,
it's the first base station to
combine all the features
you want in one package.
And as for looks—wow!

Ask your CB dealer to show
you the best. Cobra 135.

Product of Dynascan Corporatior, 1801 West Belle Plaine Avenue, Chicago, Illinois 60613
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One of our
most successful students

wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully “shopped around”’

for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better “’ad’’ than
anything we could tell you.
Here’'s his story, as he wrote it
to us in his own words.

By Harry Remmert

“AFTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increase in pay, he said, “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
“Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I’d be tired, or want to
do something else on class night, and would miss so many
classes that 1’d fall behind, lose interest, and drop out.

The Advantages of Home Study

“Therefore, it was easy to decide that home study was the
answer for someone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because
it is right there in print for as many re-readings as I find
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Harry Remmert gives his CIE Electronics course much of the credit for
starting him on a rewarding career. He tells his own story on these pages.

neccessary. If I feel tired, stay late at work, or just feel lazy,
I can skip school for 2 night or two and never fall behind.
The total absence of all pressure helps me to learn more
than I'd be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me, these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

“Having decided on home study, why did I choose CIE?
I had catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before I received any of the other cata-
logs). This indicated (correctly) [that from CIE I could
expect fast service on grades, questions, etc. I eliminated
those schools which were slow in sending catalogs.

FCC License Warranty Important

“The First Class FCC Warranty* was also an attractive
point. I had seen Q™ and “A” manuals for the FCC exams,
and the material had always seemed just a little beyond
my grasp. Score another point for CIE.

*CIE backs its courses with this famous Motey-Back Warranty: when you

complete a CIE license preparation course, you'll be able to pass your FCC

exam or be entitled to a full refund of all tuition paid. Warranty is valid
during completion time allowed for your ccurse.

POPULAR ELECTRONICS Including Electronics World
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“Another thing is that CIE offered a complete package:
FCC License and technical school diploma. Completion
time was reasonably short, and I could attain something
definite without dragging it out over an interminable num-
ber of years. Here I eliminated those schools which gave
college credits instead of graduation diplomas. I work in
the R and D department of a large company and it's been
my observation that technical school graduates generally
hold better positions than men with a few college credits.
A college degree is one thing, but I'm 32 years old, and
10 or 15 years of part-time college just isn’t for me. No,
1 wanted to graduate in a year or two, not just start.

“When a school offers both resident and correspondence
training, it’s my feeling that the correspondence men are
sort of on the outside of things. 1 wanted to be a full-fledged
student instead of just a tag-a-long, so CIE’s exclusive
home-study program naturally attracted me.

“Then, 100, it's the men who know their theory who
are moving ahead where 1 work. They can read schematics
and understand circuit operation. I want to be a good
theory man.

“From the foregoing, you can see 1 did not select CIE
in any haphazard fashion. I knew what I was looking for,
and only CIE had all the things 1 wanted.

Two Pay Raises in Less Than a Year

“Only eleven months after 1 enrolled with CIE, I passed
the FCC exams for First Class Radiotelephcne License
with Radar Endorsement. I had a pay increase ¢ven before
I got my license and another only ten months later.

“These are the tangible results. But just as im.portant are
the things I've learned. 1 am smarter now than I had ever
thought I would be. It feels good to know that I know what
1 know now. Schematics that used to confuse me completely
are now easy for me to read and interpret. Yes, it is nice to
be smarter, and that’'s probably the most satisfying result
of my CIE experience.

Praise for Student Service

“In closing, 1'd like to get in a compliment for my Corre-
spondent Counselor who has faithfully seen to it that my
supervisor knows 1'm studying. I think the monthly reports
to my supervisor and generally flattering commentary have
been in large part responsible for my pay increases. My
Counselor has given me much more student service than
“the contract calls for,” and | certainly owe him a sincere
debt of gratitude.

“And finally, there is Mr. Tom Duffy, my instructor. I
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Duffy. He is clear,
authoritative, and spared no time or effort to answer my
every question. In Mr. Duffy. I've received everything I
could have expected from a full-time private tutor.

“I'm very, very satisfied with the whole CIE experience.
Every penny I spent for my course was returned many

For men with prior electronics training ...
Electronics Engineering Course
...Covers steady-state and transient network theory, solid-state
physics and circuitry, pulse techniques, computer logic and mathe-

matics through calculus. A coliege-ievel course for men already
working in Electronics.

times over, both in increased wages and in personal
satisfaction.”
e ———— R —

Perhaps you too, like Harry Remmert, have realized that
to get ahead in Electronics today, you need to know much
more than the “screwdriver mechanics.” They're limited
to “thinking with their hands”...learning by taking
things apart and putting them back together . .. soldering
connections, testing circuits, and replacing components.
Understandably, their pay is limited —and their future, too.

But for men like Harry Remmert, who have gotten the
training they need in the fundamentals of Electronics, there
are no such limitations. He was recently promoted. with
a good increase in income, to the salaried position of Senior
Engineering Assistant working in the design of systems to
silence submarines. For trained technicians, the future is
bright. Thousands of men will be needed in virtually every
field of Electronics from two-way mobile radio to computer
testing and troubleshooting.

Send for Complete Information — FREE

Many men who are advancing their Electronics career
started by reading our illustrated school catalog, *“Succeed
in Electronics.” It telis of the many electronics careers
open to men with the proper training. And it tells which
courses of study best prepare you for the work you want.

If you're “shopping around™ for the training you need
to move up in Electronics. this interesting book may have
the answers you want. We'll send it to you FREE. With it.
we'll also include our other helpful book, “How To Get A
Commercial FCC License.”

To get both FREE books, just fill out and mail the
reply card. For your convenience, we will try to have a
representative call. If card is missing, use coupon below.

APPROVED UNDER G.I BILL

All CIE career courses are approved for educational ben-
efits under the G.1. Bill. If you are a Veteran of in service

now, check box for G.I. Bill information.
GE Cleveland Institute
cf Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Council

Cleveland Institute of Electronics, Inc.
1776 East 17th Street, Cleveland, Ohio 44114

Please send me your two FREE books:
1. Your school catalog, "Succeed in Electronics.”
2. Your book on "How To Get A Commercial FCC License.’

r
|
|
|
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|
I
! o :
| | am especially interested in:

| [ Electronics Technology [ Electronic Communications
| [ Broadcast Engine€ring ] Industrial Electronics

| {3 First Class FCC License [ Electronics Engineering
|

|

|

|

|

|

|

|

|

|

L

Name _ .
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Product
Test Reports ¥

KLH MODEL FIFTY-TWO AM/STEREO FM RECEIVER
(A Hirsch-Houck Labs Report)

HE KLH Model Fifty-Two is a compact,

moderately priced ($290) stereo receiver
that exhibits better than average perform-
ance for its price. Tt is rated to deliver 30
watts/channel continuous output power into
8-ohm loads with both channels driven
simultaneously, or 38 watts/channel into
4-ohm loads. The FM tuner’s rated sensi-
tivity is 2 pV. This tuner features a FET
“front end,” IC liiniters in its i-f section, and
ceramic filters for improved selectivitv. The
AM tuner section contains a ceramic filter
i-f amplifier.

The tuning diul's window is “blacked
out” when power is switched off; when the
power is switched on, the AM, FM, and
logging scales are illuminated, as are the
signal-strength and zero-center tuning me-
ters. Iﬂu.mn.lted legends under the dial
scales identify the selected input (pHONO,
¥, AM, or aux) and show when a stereo
M transmission is being received. The FM
dial is linearly calibrated. with frequencies
shown at 2-MHz intervals.

On the front panel of the receiver are a
stereo headphone jack and an array of five
knobs and seven pushbutton switches. The
knobs are used for selecting the mpult source.
operating the bass and treble tone controls
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SINE-wAVE POWER OUTPUT PER CHANNEL IN WATTS

80

each channel,

(separate  for
clutches to couple them),
and adjusting audio volume  and turning on

with  slip
stereo balance,

and  off the receiver. The pushbutton
switches operate the loudness compensation
for low-level listening, mono/stereo mode
selection, tape monitoring, EM muting, high
filter, and the two sets of speaker ()utputs
that can be used singly or together.

In the rear of the receiver are the input
and output connectors, speaker and line
fuses, antenna terminals, pivoted AM fer-
rite rod antenna, and an ungwitched ac out-
let. Standard screw termindls wre used for
the sra1x speaker outputs, while the rexorTE
speaker hookups are made through conven-
tional phono connectors. A number of speak-
er systems are fitted with phono jacks that
simplify installation. The line cord cun be
used as an FM antenna foy local reception
by means of a jumper connection. Opening
the jumper comnection allows external an-
tennas to be used for FAI (a similar jump-
er is used for AM reception). Each speaker
output is protected bv a [fast- acting 2.8-
ampere fuse, a spe(lal fuse' value av allable
ounly from KLH, and a 15-ampere slow-
blow fuse is in the ac power line imput.

Laberatory Measurements. With both
channels driven, the audic amplifiers de-
livered 33 watts/channel injto 8-ohm loads
at 1000 Hz at the clipping point. The out-
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12 electronics operating and
servicing aids from Sams.

LIGHT EMITTING DIDDES

by Forrest M. Mims, 1)

Here 1s thorough coverage of a fascinating
subject, starting with the theory of semi-
conductor emission. and covenng infrared-
emitting diodes, visible-light-emitting
diodes, and their growing number of com-
mercial applications.

No. 20964 $4.50

ABC's OF COMPUTER PROGRAMMING
—2nd Edilion

by Altan Lylet & Lawrence Buckmaster

You needr't have an advanced degree in
math (o understand computer programming
Here, in easy-lo-grasp terms, 1s an vxplana-
tion of computer arithretic aumbering sys-
tems, binary notation, punched card codes,
arithmetic operations. octal numbenng. the
hexadecimal system codes COBAL and
FORTRAN. Anyone interested (n working in
computer programming or merely 1n gain-
ing a general knowledce of 1t. will hind this
book of va ue

No. 20841 $3.95

NORTH AMERICAN RADID-TV STATION
GUIDE—9th Edition

by Vane A. Jones

The latest expanded edition of this most
comprehensive. one-source rifercnce to all
commercial broadcasiting stations n North

Amenca The quide hists frequencies, call
letters. and locations for am. tm. and
tv stations

No. 20957 $4.50

SOUND SYSTEMS INSTALLERS

HANDBOOK —3rd Edition

by Leo G. Sands

Fartechnicians in commercial sound gs veell
«s for those interes'ed 1n its use, this book
qives clear precise information on install-
ing  opereling  troutleshoeciing, and ser-
vicind stalionary and mobile systems Also
It sugqests the best tyne of amphhiers, mi-
crophones, tuners, speakers, and tape
rcproducers tor use wilh each syslem

No. 20980 $5.50

R ey

S mitting B
PR e COMPUTER
UST L PROGRAMMING

Kb ke Jtsen,
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ABC's DF UNIJUNCTION TRANSISTORS
by Couriney Hall

The solid-state unyunction transistor (UJT)
makes possible the use of more simplified
circuits with sigmificantly fewer compoenents,
This text describes all the various types in-
cluding CUT's and PUT's. Their use tn many
typicar circuits (s thoroughly explained for
the service technician.

No. 20987 $3.95

RADIO TRANSMITTER PRINCIPLES AND

PROJECTS

by Edward M. Noll. W3FQJ

This helptul gathering of modern trans-
mitter principles, ideas, circuits  techmigues,

and learn-by-doing project 1s ot benefit to
the student the practicing technician, the
radio amateur, and those studying for FCC
license examinations Covers radio-
frequency oscillators. multiphiers, and am-
plifiers. all modes of modulation. all of the
important electron devices; and the tuning
and testing of transmitters.

No. 24031  $6.95

EAS1-GUSOE TO COLOR TV

by Forest H. Belt

This handy book answers the guestions that
presert or prospective owners most fre-
quently ask about color tv It shows what to
do to get the best color picture, how to save
money on repairs: and where and how to
buy Follow iis detarled and iHustrated tips
and ycu'll get maximum pleasure from your
color tv

No. 20336  $3.50

EASI-GUIDE TO YOUR AUTOMOBILE
by Forzst H. Belt

Shows, tn nontechmcal lanquage, how and
why your car works the way (I does—and
what you can do lo kcep it operating well
and safely It covers the car s electrical sys-
tem, engine, carburetor. brakes tires. bat-
tery, (grution system, manlenance, and
safety precautions—Lthings you setdom think
about until something does wrong With
(llustrations on almost cvery page. 1t 1s ex-
tremely easy to follow
No. 20338 $3.50

sound
sysfems
RADIO-TV installers

STATION GUIDE

4300 West 62nd Street,

u e ' &

Fleas 1ciude Tix vehe daaphicahle
Send FREE 1974 Sam~ Book Catalog.

Name

Address
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EASI-GUIOE TO CITIZENS BANO RADIO
by Forest H. Belt
If you're considenng operating your own

personal two-way radio communications
system, this book 1s for you It covars every
phase FCC rufes: how to get a license.

equipment you'll need and where to gel it,
terminoloqy: nstaliation n your car and
home; operation and maintenance

No. 20960 $3.50

EASI-GUIOE TO BOAT RADIO

by Forest H. Bell

Manne radio 15 the best — and safest —
method o! communiCating between power
boats This book gives you an above-average
knowledge of i1s operation and use. 1S in-
stallation mainlenance and repair, and 113
rules and reéqulations

No. 20958 $3.50

EASI-GUSDE TO Hi-Fi STEREOD

by Forest H. Beit

This book can help the reader evord the
mistakes frequently made By seckers of
realistic music reproduction It explains and
discusses the maze of equipment variously
labeled " hi-fi.”" “'stereo.” and ‘'quadra
phonic’’, and finally. guides you in puthing
together the nght eGuipment for your home
music system

No. 20937 $3.50

EASI-GUIDE TO SHORTWAVE LISTENING
by Forest H. Belt

In this ali-embracing guide 1o the plcasur.
of "histening 1n”" on the world via shortwav:
radio. the author explains with pictures an:
nontechnical descnptions. the workings o'
A shortwave set. the proper eguipment to
install—and shows what to do and when to
do 1t 10 get the best reception

$3.50
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put was 42 watts/channel into 4-ohm loads
and 21.5 watts/channel into 16-ohm loads.
Harmonic distortion was less than 0.1 per-
cent at all power levels up to 20 watts out-
put and was only 0.15 percent at the rated
output of 30 watts. The IM distortion was
between 9.13 and 0.3 percent at all power
outputs up to about 35 watts.

At the rated 30-watt output, the harmon-
ic distortion was Dhetween 0.1 and 0.2 per-
cent between 23 and 14,000 Hz and rose
to 0.6 percent at 20,000 Hz. It was slightly
lower at half power, typically about 0.1
percent with a maximum of 0.5 percent at
20,000 Hz. At a 3-watt output level, the
distortion was much lower: 0.03 to 0.06
percent at most frequencies below 10,000
Hz and only 0.15 percent at 20,000 Hz.

Through the aux inputs, our standard
10-watt reference power output was ob-
tained with an input level of 0.31 volt and a
signal-to-noise (S/N) ratio of 77.5 dB. The
PHONO inputs required a 2-mV signal to gen-
erate a 10-watt output level with the excep-
tionally good S/N ratio of 76.5 dB. The
phono preamplifier overloaded at a 55-mV
input at 1000 Hz, which is a safe figure for
any good magnetic cartridge rated at aver-
age output levels up to about 5 mV.

The tone control characteristics were
hinged at about 1000 Hz and had a maxi-
mum control range of about =10 dB, which
is adequate for almost any practical require-
ments. The high filter had a gradual 6-dB/
octave slope, with the —3-dB response point
being located at 2500 Hz. At low volume
control settings, the loudness compensation
boosted both lows and highs, the latter
principally above 10,000 Hz. RIAA phono
equalization was accurate within =0.5 dB
from 50 Hz to 15,000 llz and was an in-
significant 1 dB down at 20 Hz.

The FM tuner surpassed all of its speci-
fications. The IHF sensitivity checked out
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at 1.6 1V, with a 50-dB S/N ratio reached
at only 2.5 puV, and an ultimate quieting
of 73 dB at inputs of 100 uV or greater.
The distortion was approximately the 0.5-
percent residual of our signa] generator.
In the stereo mode, the S/N ratio reached
50 dB at 20 £V and 73 dB at 100 pV.

The FM frequency response was flat
within =0.5 dB up to about 4000 Hz and
dropped off slightly to —2.5 dB at 15,000
Hz. The overall flatness oft =1.25 dB be-
tween 30 Hz and 15,000 Hz is well within
industry  standard tolerances. The stereo
channel separation was very good, measur-
ing a maximum of 47.5 dB at 1000 Hz and
exceeding 30 dB between 80 and 15,000
Hz. Leakage of the 19,000-Hz pilot carrier
signal into the audio outputs was a very
low —76 dB relative to full modulation.

Other measured performance parameters
were substantially better than the manufac-
turer’s speciﬁoations. Capture ratio was
1.5 dB. image rejection was 68.5 dB, AM
rejection was 64 dB, and alternate-channel
selectivity was 55 dB. The FM muting came
into action smoothly at inputs ranging from
3.5 pV to 7 uV, and the automatic stereo/
mono FA switching threshqld was 2.8 pV.
The AM tuner’s frequency rpsponse was flat
to about 2000 Hz, was down 6 dB at 4000
Hz, and fell off more at higher frequencies.

User Comments. As the measured per-
formance indicates, the KLH Model Fifty-
Two is a very fine receiver. It sounded
first rate and operated properly in all re-
spects. Even the AM quality, usually not
worthy of comment in the context of high-
fidelity sound, was much better than aver-
age in its freedom from distortion and its
frequency balance.

When the published specifications for
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the Model Fifty-Two are compared with
those of its compelition. it is evident that
few, if any, of the others selling for less
than $300 can match the Fifty-Two’s com-
bination of high ontput power, cxcellent
AL sensitivity, and overall perfornmance.
This is especially noteworthy because the
Model IFiftv-Two surpasses everv one of its
specifications by a comfortable margin.

The operating manual that accompanies
the receiver merits special comment. In its
44 pages, the usnal installation and setup
mstruction material is given in better than

average detail. It also contains a wealth ol
general background information which an-
swers most of the questions on hi-f system
installation that might be raised by @ non-
technical user. One section of the manual
covers a logical step-by-step troubleshooting
procedure that should enable anvone to lo-
calize the cause of any suspected maltunc-
tion, and—if it is not due to an actual detect
within the receiver—to correct it. Through-
out, the conversational stvle makes for easy
readling, which is a great deal more than can
he said for some “manuals” we have scen.

Circle No. 65 on Reader Service Card

AKAI

MODEL 4000DS TAPE RECORDER

(A Hirsch-Houck Labs Report)

HE Akai Model 4000DS is a compact

open-reel tape deck and preamp with
above-average  performance  specifications
and operating fealres for a recorder inits
price runge of $300. The deck is a four-
track/ 2-chanmiel stereo and monophonic unit
with separate recording and playback heads
and preamplifiers. Tt can accommodate reels
up to 7 in. in dinmeter and has a single-
motor transpoit that provides record play
speeds of 7 and 3% ips.

The tape motien is mechanically con-
trolled by means of a pair of Jevers. both
of which wre vertical when tape motion is
stopped and the drive mechanism is dis-
engaged. The left lever is tumed clockwise
to put the tape into normal forward motion;
it a sepwrate gec (record) button is pressed,

OCTOBER 1973

it can be set to the next clockwise position
o permit recording. The second lever s
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used for the fast-forward and rewind func-
tions; it can be moved to either function
only when the other lever is set to the off
position. A pausk lever instantly halts the
tape when it is activated. It locks into posi-
tion, and pressing a nearby release button
restarts tape motion.

The tape loading path is fairly straight,
across the heads and between the capstan
and a rubber pressure wheel. A small lever,
resembling a tape tension arm, can be in-
cluded in the tape path to provide auto-
matic shutoft of the recorder when the tape
runs out. If this feature is not needed, the
shutoff lever can be disregarded.

The tape speed is changed from 3% to
7% ips by installing a capstan bushing. When
not in use, the bushing is stored on a post
near the head cover. On the head cover is
a switch for connecting the heads to provide
stereo or four-track mono recording,

Along the lower portion of the panel
are the electrical controls, including con-
centric microphone and line input level
controls for each channel. The two sources
can be mixed. Two illuminated VU meters
indicate recording and playback levels.
Rocker switches control source/tape moni-
toring, sound-on-sound recording, equaliza-
tion tor the two tape speeds, und bias for
normal or “super-range” tapes. There is a
headphone jack for 8-ohm phones and two
5000-ohm mike input jacks. In the rear of
the recorder are the line inputs and out-
puts and a DIN connector.

Laberatory Measurements. The published
specifications  for the Akai 4000DS deck
are extensive and will not be repeated here.
Although they are of a caliber usuallv as-
sociated with higher priced decks, our
laboratory tests revealed them to be very
conservative.

The record/plavback frequency response
was measured with the Sony PR-150 (nor-
mal) and Sony SLH-180 (“super-range”)
tape formulations. At 7% ips, the respective
frequency response limits within +3 dB
were 23 to 24,000 Hz and 25 to 27,000 Hz.
At 3% ips, the corresponding figures were
32 to 16,000 Hz and 33 to bevond 20,000
Hz. The playback equalization measured
with Ampex test tapes was within =1 dB
of the NAB characteristic at hoth speeds.

The flutter was about half the rated
limits, measuring 0.08 percent at 7% ips
and 0.11 percent at 3% ips.|The tape speeds
were slightly fast (rated =22 percent). The
playback distortion with —ej 0-VU recording
level was less than 1 percent (rated at less
than 1.5 percent). A distortion level of 3
percent, used as a reference for S/N meas-
urements, was obtained at about =10 VU
—well off the meter scales. The meters
tracked within about 1 dB of the Ampex
standard recording levels, and their ballistic
characteristics were slightly slower than the
standard VU meter characteristic.

The unweighted S/N ratio varied from

52.4 dB with the PR-150 tape at 3% ips
to 56.5 dB with the SLH-180 tape at 7% ips.

RESPONSE IN dB
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——3-3/4ips
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The rated figure is better than 50 dB. The
noise increased by only 2.5 dB when record-
ing through the microphone inputs at maxi-
mum gain. An input of 44 m\V on line or
0.43 mV on mike was needed for a 0-VU
recording: the corresponding output was at
a fixed level of about 1.2 volts. The head-
phone output level was quite low and was
not adjustable.

The mechanical operation of the record-
er was smooth and positive. The pause
control  introduced an  audible  start-up
“wow.” In common with most single-motor
tape transports, the “fast” speeds of the
1000DS were rather slow. An 1800-ft reel
of tape required four minutes to pass
through the machine on fast-forward and
about 3% minutes on rewind.

User Comments. The Akai Model 4000DS
recorder offers an excellent level of perform-
ance for the money invested. In fact, many
recorders at double the 4000DS’s price arc
not  significantly  better overall, although
they might be superior in some specific
characteristic.

The value of the 4000DS has apparently
been achieved through the elimination of
certain “convenience” features, such as the
use of a single control to change tape speed
and equalization. In return for the minor
inconvenicnce of having to change a cap-
stan bushing (and storing it when not in
usc) and renwmbering to select the proper
o(iuulization, one can enjoy supel'l) open-
reel tape qu;llity in a machine that is privcd
below the better cassette recorders.

Circle No. 66 on Reader Service Card

RCA MODEL WV-529A MULTIMETER

TIYSTCALLY small multimeters are the

backbone of the olectrical and clectronic
service technician’s “tool™ box, These small
aeneral-ulility mstruments usually ¢o along
on all kiv<ds of service calls where thev a e
used for testing evervthing from TV receiv-
ers Lo air conditioncers. To provide long
service life. these instruments must be as
rugged as they are electrically practical to
hear up under such indignities a5 being
tossed into ttucks. t ol caddies. wied some-
times onto hasd floors,

The Tatest small multimetar to come to
our testhench was the RCA Model WS

OCTORER 1973

529A, available from RCA test equipment
distributors for $53.50. 1t refHlects the mage
of its very useful predecessors. Its single
rotary switch permits a selection of seven
de voltage ranges from 13 to 500 volts rns
full-scale at an iuput resistance of 20,000
ohms/volt. Four ac ranges are provided for
15-500-velt rms  full-scale  tests with an
input imp(‘dzm('v of 10,000 ohms/ volt and
frequency range of 10 to 100.000 .
Four de ranges (0.5 to 500 mA full-scale).
four resistance ranges (RX1 to RX1K), and
a decibel scale for making measurements be-
tween —10 and 4235 dB round ont the
function’ range complement.

The three mieter scales are color-coded 1o
provide casy readability and aid in interpret-
aig test results, Resistance measurements are
made on the green scale, voltage and crirrent
meastremients on the black scale, and dB
reselinzs on the red scale.

NMechanically, the multimeter  measures
G 7 167 by 117 by 287 and weighs abont a
pound. The instrument has - high-impact
plastic case into which the meter movement
and operatng controls are recessed to ob-
viate wny damage when it is lving on its front
siurface. The carrving handle is hinged to
provide woconvenient UL stand while the
user is makine measurements. The taut-baud
meter movement is diode-protected against
damaszing overloads. As a further bonus,
RCA has desiened into the instrument a
coaven'ent front-panel  polaritv reversal
switch to eliminate the need for making ¢
stant lead transp ssitions when making mul-
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tiple tests. This switch not only makes
possible easy measurements of either posi-
tive or negative dc voltages, but it also
reverses the battery polarity in the resis-
tance function, to permit fast checks on
semiconductors.

An optional high-voltage probe, the
Model WG-297, in conjunction with a
Model WG-442A multiplier resistor, can also
be used with the multimeter to extend its
hingh-voltage measuring capabilitv to 50,000
volts.

User Tests. \We checked out the WV-
529A in accordance with our “standard”
VOM test. This consists of dc¢ voltage mea-
surements against our laboratory standard
and resistance checks against a series of 0.1-

percent precision resistors. In both tests, the
multimeter came within itsl specified toler-
ances. It was then subjected to our “drop
test” for instruments claiming “high impact
resistance” — three feet from the workbench
top to a hardwood floor. The instrument sur-
vived the test and remained within its volt-
age and resistance speciﬁcaftions.

One more test was forthcoming—the
hardest one. The WV-529A fpent two weeks
in a service vehicle wherelit was given a
good wringing out and subjected to the
usual bumps and shocks that occur during a
busy couple of weeks. It survived and per-
formed nobly throughout the period. We
feel that this new instrument from RCA is a
worth-while addition to the electronics tech-
nician’s toolbox.

Circle No. 67 on Reader Service Card

1

REALISTIC MODEL TRC-46 AM/SSB CB TRANSCEIVER

EALISTIC'S Model TRC-46 is a 23-chan-

nel, crystal-synthesized transceiver that
offers the Citizens Band user a choice of
operation on single sideband (upper or low-
er) as well as traditional AM. Consequent-
ly, the CB’er obtains the superiority of SSB
comnuunication, which under equal limita-
tions and conditions can provide a 9-dB
advantage over AM. How this is possible
is simply explained in an easy-to-under-
stand manner in the operating manual pro-
vided with this rig.

Since the TRC-46 is not restricted to SSB
operation, it still permits contacts to be
made with stations limited to AM oper-
ation. In addition, the rig can be used as
is, operated from a 117-volt ac line, as a
base station, or as a mobile unit when oper-
ated from a 12-14-volt de supply. No sepa-
rate power is needed for ac operation be-
cause the supply is built into the rig and is
electronically regulated.

Circuit Details. Bipolar transistors are
used in the r-f amplifier/ mixer section of
the receiver for both the AM and SSB
modes. Individual i-f sections and detectors
are used for each mode.

86

Single conversion is em}_’Ployed for SSB,
with an 11,275-kHz i-f tlat ensures fine
image rejection (tested out at 90 dB). The
SSB sensitivity with this selup was 0.2 pV
for 10 dB (S+N)/N. This i-f section in-
corporates a 2.1-kHz crystal-lattice filter
that provides a 6-dB overall output band-
pass of 500 to 2600 Hz, and an unwanted-
sideband suppression of at least 80 dB at
1 kHz. The SSB detector is a diode-ring de-
modulator with upper- or| lower-sideband
carrier reinsertion obtained from individual
crystal-controlled oscillators

Dual conversion is utilized on AM, with
an 11,275-kHz first i-f converted to a 455-
kHz i-f where a four-element ceramic filter
provides an overall 6-dB bandpass at the
receiver output of 450 to 3500 Hz for crisp
voice quality, while maintaining an if
skirt selectivity of at least 70 dB down
at the adjacent channel.

A phenomenon not mentibned in our pre-
vious reports is desensitization by an un-
desired ~ adjacent-channel signal that is
stronger than the desired one. This is more
indication of the overall effective rejection
of adverse interference bv such a signal.
With the TRC-46, the undesired adjacent-
channel signal had to be down 30 dB to
avoid interference. This is the minimum
ETA standard. The AM seﬂsitivity was 0.5
pV for 10 dB (S+N)/N.

A conventional diode detector and age
are employed in the AM section. The age
was quite flat, allowing onjy a 4-dB maxi-
mum a-f output change \\'ijh signals above
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10 pV. Under the same conditions, an SSB
age holds the output to within 10 dB.

A noise blanker ahead of the crystal filter
is provided for SSB and attenuates inpulse
noise by about 15 dB. For AM, there is a
series-gate a-f anl which, although it cut
down noise, also dropped the level of weak
sionals and distorted them.

A common a-f section is engaged for both
modes of operation. This ends up with a
class-B stage. It is also used for modulating
the transmitter as well as for PA operation.
Power output is rated at 1 watts with 10
percent distortion, at which point clipping
was observed. But with 3.25 watls into 8
ohms, the waveform was good, exhibiting
only 4.5 percent distortion at 1000 Hz.

Other Features. A handy feature, par-

ticulurly in mobile service, is a remote |

volume control installed in the mike case.
This is switched in by a pushbutton on the
trausceiver. It functions as well for PA
operations.

An - gain control is lurnished tH mini-
mize overload and distortion on strong
signals. There is also a sensitivity control for
the squelch, operating on both AM and SSB.
The range was 0.35-1000 x«V. These con-
trols are operated by sliding a lever from
one side to the other.

An edgewise meter registered S9 with
a 100-pV SSB signal (1000 pV ou AM).
The meter automatically doubles as a rela-
tive-output indicator for the transmitter, il-
luminated in white on receive and switching
to red on transmit while varving in brilliance
in step with the modulation.

The frequency synthesizer employs 14
cerystals and a balanced mixer with a band-
pass filter to minimize spurious responses.
A clarifier contro! allows the frequency of
both the transmitter and receiver to be
shifted (on both AM and SSB) by an
amount varying tfrom —650 Hz to +900
Hz about the center frequency which was
within 200 Hz on all channels.

The SSB signal is generated by the receiv- |

er’s demodulator (used as a balanced modu-
lator), SSB filter, und first i-f stage. The sig-
nal is then combined at a mixer with the
synthesized signal, the result being applied
to the r-f amplifier setup, the power am-
plifier for which includes an ontput-match-
ing and harmonic-attenuation network with
a 50-ohm outpur impedance. An automatic
level control svstem is inclnded to mimimize
overdriving the power amplifier. Operating
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from a 117-volt ac or a 13.8-volt dc source,
the PEP output measured 7.25 watts with
third-order distortion products down 25 dB
below the peak output. Carrier suppression
was a minimum of 50 dB and unwanted
sideband suppression was as on receive.,
The same 1-f section is used for AM with
both the driver and power amplifier collec-
tor-modulated. The carrier output was 4

watts with 100 percent modulation obtain-
able with good waveform and 7.5 percent
distortion which, with 10 dB of built-in clip-
ping, rose to 10 percent.

The TRC-46 AM/SSB CB transceiver
trom Radio Shack retaili for $330. This
price includes a detachable microphone,
mobile mounting hardware, power cables,
and a spare fuse.

Circle No. 68 on Reader Service Card

JAMES MODEL C-8600 ELECTRONIC THERMOMETER

LTHOUGIL it isn’t strictly a piece of test

gear, we found the Model C-8600
electronic  thermometer from James Elec-
tronics, Inc., so useful that we would like to
bring it to the attention of electronics hob-
byists and experimenters. This $40 unit is
housed in an attractive walnut-finished case
and measures 6% in. by 4% in. by 3% in. Tt is
powered by a single 1.5-volt D cell and
comes with a pair of temperature sensors—
one with 18 in. of slender two-conductor
cable at:ached to it and the other located at
the end of a similar 15-ft-long cable. The
clectronmie thermometer has provisions built
into it for selecting up to three seusors (ad-
ditional sensors and  extension cables are
available as options).

The temperature range of the thermorn-
cter is calibrated for from —22° F o 4+ 122°
I"and from —30° C to +50° C. There is no
need to switch from °F to °C or vice versa
since the scales are accurately laid out with
reference to cach other on the meter face.
The probe tips. about the size of the head of
a kitchen match, can be immersed in water
and most other liquids. Through the use of
extension cables, they can be located up to
1000 ft away from the thermometer’s elec-
trouics package.

Calibration of the thermometer is simple.
A coinentional meter zero serew is adjusted
for p')inzcr position at the upper end of the
range. while a potentiometer located on the
rear of the instrtument is adjusted to set the
meter’s pointer to —30° C when no probes
are plugzed into the inputs. No cther instru-
nments or test gear are needed for calibration,

Many Uses. We found that the Model
C-8600 compares favorably and accuratelv
with a known good mercury bulb thermoms-
eter that we have been using for vears in our
photographic darkroom. Besides enabling us

Circle No. 69 on Reader Service Card
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indoor and out-

to check the conventional
door temperatures, we were able to keep
tabs on the wuater temperatire in our t)'()pi(-ul
fish aquarium and to check periodically the
air conditioners around the house. Other

suggested uses include  keeping tabs on
chicken or fowl incubators! freezer ‘ompart-
ments, garage tcmpcratur s, attic tempera-
tures, and even the tcmperntures in a hot-
house. On the workbench. we used the probe
in contact with transistor heat sinks to moni-
tor the temperatires dwing long measure-
ment tests.

Maintenance of the clectronic thermoms-
cter is limited to the replacement of the
single D cell. The life of this battery is
expected to be about onelyvear if the ther-
mometer is used continudusly, and a few
vears (essentially shelf life) if the ther-
mometer is used intermitgnthyv.

The switches used are of the self-clean-
ing type and no difficalty should be experi-
cnced in this area. The | cabinet can be
cleaned with a damp clodh.

All in all. we found that an electronic ther-
mometer is so generally useful around the
house and in the workshop that we feel the
James Model C-8600 elecj-trnnic thermom-
cer to be a worthwhile investment.
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L 9 MAC'’S SERVICE SHOP

About the

New RCA Color Receivers

“1T’S kind of like GM’s putting out an El
Dorado Cadillac with racing stripes and
mag wheels,” Mac said.

“What is?” Bamey asked, glancing up
from the digital clock he was troubleshoot-
ing with a logic probe. Mac was pvrched on
a stool thumbing through a great stack of
RCA service literature and press releases.

In-line Picture Tube. "I mean it’s star-
tling to sce RCA, who really made color
TV possible over twenty vears ago with
their shadow-mask, delta-gun, triad-dot pic-
ture tube—a tube that became and re-
mained the standard of the industry for al-
most two decades—coming out with a new
tube that has an in-line gun, a spherical
mask with cross-braced vertical slits, and
color phosphors deposited on the screen in
vertical stripes.”

“Yeah, I read about RCA’s new in-line
tube in the July PoruLar ELECTRONICS.
Why do you suppose RCA jumped into the
in-line tube business after all these years of
continued success with their reliable delta
gun tube?”

“Probably they were like the paratrooper
recruit who was being congratulated on hay-
ing made his first jump. I didn’t really
jump,  he modestly admitted; T was
pushed.” The Sony Trinitron and GE’s Porta
Color—to name only two of the in-line tubes
—have been very well received in the por-
table color TV field; so RCA needed to come
up with something that would permit it to
compete in price and quality. Fortunately,
they were able to develop their Precision
In-Line tube.

“llow many of their sets use this new
tube?”

“Only two, so far: a 15 and a 17" porta-
ble in the XL-100 line. (That XL-100°
means the set is 100% solid-state. as are
three-fourths of all RCA’s calor receivers.)

DICTORER 1973

By John T. Frye, WI9EGV, KHD4167

But RCA produces a 197 in-line tube that
is being used by other sct manufacturers,
and a 137 version is in the works. While
the tube is idcal for solid-state portable
sets, at the present stage of development
there are no apparent plans to build it m
larger than the 197 version.”

“Why is it so hot for portables®”

“It’s shorter, lighter, less expensive to
manufacture, and requires less chassis cir-
cuitry. It has TTC, or Integral Tube Com-
ponents. That means yoke and neck com-
ponents are permanently attached to the
tube at the factory and are adjusted for opti-
mum static convergence, purity, focus, and
white uniformity. There are no dynamic
covergence components or adjustments at
all, for the tube has what RCA calls ‘inher-
ent self-convergence.” That means the setup
for a receiver using an in-line tube is almost
as simple as that for a black-and-white set.
This is made possible by a Precision Static
Toroidal (PST) yoke. This yoke has
molded plastic rings cemented to ecach end
of the core, and each turn of wire is pre-
cisely placed into winding grooves of these
rings. When the yoke is accurately posi
tioned at the factory and cemented in place,
the convergence stays put. The tube s
very little affected by the carth’s magnetic
field.”

“If the voke goes bad. do vou have to
throw away the whole tube?”

“No. The voke is fastened in position
with thermoplastic cement that can be
heated for removal of the yoke. Howeve:
veplacement in the field is not practical The
tube should be returned to the factorv
installation and adjustment of a new vel.
for optimum performance. Actually, PST
voke failure is very unlikely because of its
necessarily exact construction. Canvergence
variations in PST vokes are less than half
those observed with saddle yokes.”
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“I thought other in-line tubes required
some dynamic convergence adjustments.”

“You're right. The Trinitron has two ad-
justments; the Porta-Color requires four ad-
justments. This compares, as you know,
with up to twelve dynamic convergence
adjustments in the delta-gun tube.”

“Are those in-line tubes of the black
matrix type with black guard bands sur-
rounding the phospher stripes.?”

“The 17-in. one is. Incidentally, sets with
in-line tubes are called "Acculine’ models by
RCA. Those that are solid-state in many
wayvs but are not 100% solid-state are
called “XL-Color” RCA’s twelve plug-in
circuits are called "AccuCircuit  Modules.”
and this name covers both discrete plug-in
units and encapsulated plug-in units. When
a module fails, it is intended to be replaced
with a new one.

RCA calls its black matrix conventional
delta-gun tube a ‘Super AccuColor’ picture
tube. This tube is used in all 197, 217 and
257 XL-100 models and in selected 19”7
XL-Color models. All 257 consoles use the
XL-100 chassis. Large-screen XL-100 models
have built-in self-regulation features which
serve to monitor and compensate for line
voltage fluctations. This feature becomes
increasingly important as our straining elee-
trical generating plants have difficulty in
maintaining a stable voltage.

“The company offers three new home
entertainment  centers with Snper Accu-
Color 25”7 picture tubes and XL-100 chassis
as well as stereo phonographs and built-in
S-track tape plavers. All have "Dimensia
IV Spacial Sound Enhanced Steren’ which
permits extending the conventional stereo
sound through phase adjustment cirenitry
to two (‘.pti(mu] rear Spcak(’rs.

“Seventeen different models cun be had
with remote control that changes chinmels,
adiusts volunmie. and huns the set on ond oif.
This can be had down to 197 models. A
brand-new remote control called ‘Tnstant
Electronic Tuning” that emplovs silent vas-
aclor tuning is available this fall on two
consoles.

“Manv cable TV systems ave increasing
their capacity bevend 12 vhif chanels. w rd
RCA iy l(‘dd\ for them with five new 237
NL-100 cab’e TV receivers. These sets are
cquipped with shiclded tuners and cireuitry
for receiving up to 24 cable channels or 12
vif and 12 uhf Con-air” chaenels. Nete
these rezeivers Wil receive broadeast sig-
nals mormallve but they can also receive

s0

extra cable channels without the use of
comerter. Furthermore, four of these sets
have ‘Signal Sensor’ remote control that
allows vou to select anv lof the 24 chan-
nels, adjust the volume, and turn the set
on and off.”

Barney had picked up spme of the litera-
ture and was leafing through it. “It looks

The CRT at left is a picture tube used in

1954, in the pioneer days of color TV. At
the right is the much mote compact 15-in.
inline tube being used in new RCA portables.

to me.” he observed. "as thoush RCA offers
twelve XL-Color models, thirtv-one N1-100
consales. five XL-100 CATR receivers, three
XL-100 Home Entt’rtninn%nt Centers, and

two  XL-100 Instant  Electronic Taning
modsls. That makes a tdtal of fifty-thres

medsais from which the customer can choose.
ITe certainly sh()uld be Jl!)]e to find some-
thing he B Les.

Some Service Suggestions. T augrec.”
Mace said. UT was just louvydng throngh the
service data on the 157 sdceiver, and T see
several service suggvsti(ms] that could well
apphv o scr\i(-ing most | new  solid-state
ealor receivers. Let me | give vou  some
‘terhastances

“Ahwavs connect the grotnd lead of a test
instronent to the chassis hefore connecting
the posizive lead: conversely. always remove
the zround lead of a tesf instrument last.

“Trrn off the set before removing or re-
plac m(r anyv module on the swnal circuit
b ;a;

fne Iine voltage must be removed from
the chassis and the +140-alt supply must

FOPULAR ELECTRONICS tncluding Electronics World
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be discharged with a 10-ohm, S-wall re-
sistor before removing or replacing the
horizontal or vertical modules.

“If the set is operated with a module re-
moved, to prevent circuit damage from
transients, the B-plus supplies to that
module must be discharged before replac-
ing the module in its socket. The power
supply electrolytic capacitors will maintain
almost the full B-plus voltage after the ac
power s turned oftf because there is no
‘bleeder puth. As an example, if this re-
ceiver is operated with the horizonta! oscil-
lator or the vertical sweep module removed,
the sync separator transistor may be dam-
aged when either of these modules is re-
placed, even though the ac power is off.

“Do not bridge clectrolytic capacitors
since resultant surges may damage solid-
state devices.

“All soldering irons used with transistors
and IC’s should be 25-watt irons grounded
so that no voltage will be applied to the
solid-state device during the operation. This
is to prevent possible damage to the device
due to excessive heat or voltage.

“If an ac ilerlock feature is incorporated
in the yoke plug and socket, do not defeat

JOW! YOU CAN HAVE YOUR OWN P
LARM/SEGURITY BUSINESS

Prepare at home without risk to job!

this interlock feature. Turing on the re-
ceiver with the yoke unplugged may do
considerable damage.

“Do not arc the high-voltage anode or
B-plus voltage to chassis ground. This pro-
duces voltage and current transients that
can clobber solid-state devices.

“Do not use spray-type chemical trouble-
shooting aids (especially circuit coolants)
in 1he vicinity of module sockets. Some
chemicals used in the manufacture of such
aids attack the socket material and cause
failures.”

“Hey! A couple of those we ones I
hadi’t thought about,” Barney adimitted.
“They certainly underscore the fact that a
technician should be careful about trying to
transfer all of his tube-tvpe troubleshooting
techniques to the new solid-state stuff. With
tubes, you usually have some pyrotechues
to warn vou that yowve goofed; but a tran-
sistor or an IC can give up the ghost very
quietly—but just as permanently. In medi-
cine they have a word ‘iatrogenic’ thal re-
fers to a physician-caused illness. It is very
easy for an inexperienced technician to pro-
duce many ‘iatrogenic’ troubles in modem
solid-state equipment.” @

ROFITABLE

An alarm dealer in California reported in a
trade publication that he had installed 200
residential alarm systems in one year with
littte or no sales effort. ‘They just kept call-
ing us faster than we could handle them ail.”

Make no mistake about it. there 1s great
demand for new security and alarm installa-
tion businesses everywhere inthe U S.A. Yet,
now you can learn everything necessary
about the installation and servicing of sys-
tems. about getting customers. making esti-
mates, running your business profitably,

right at home in state-approved training that
qualifies you either for your business—or a
highly-paid position in the alarm industry.
Not only can you make big money—but
you can have the personal satisfaction of
helping make America a better, safer place.
The course is complete in every way. There
are no extras. Even the special professional #
tools and equipment eénough to do your first -8
job are included. Mail coupon for full infor-
mation, FREE! No salesman will call.

—

|

Security Systems Management School

SECURITY SYSTEMS MANAGEMENT SCHO
Division ot Technical Home Study Schools )
Dept. 7246-103 Little Falls, N.J. 07424. o

N.J. State Approved Diploma Awarded

oL |

Div. Technical Home Study Schools
Little Falls, N.J. 07424. Dept 7246-103
RUSH ME FREE INFORMATION ON OPPOR-
TUNITIES IN THE ALARM AND SECURITY
INDUSTRY and about your home training. No
obligation! No salesman is to call.

]
—

-—
[
.- . . .- - D N G T S .

Name.

Address.

cit

State/Zip.
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DO YOU KNOW
YOUR BIPOLAR
TRANSISTORS?

CONCLUSION OF A 3-PART SERIES ON
BASIC TRANSISTOR THEORY

By LOTHAR STERN, Motorola Semiconductor Products Inc.

Newer Processes. Amoiig new tech-
niques, the latest process (see Fig. 15)
diftuses controlled-geometiv base and
emitter regions into the collector layer
and covers the entire device with a pro-
tective coating ol silicon dioxide to
eliminate impurity - contamination. It
permits operation at extrerelv high fre-
quency, high voltage, und high current
and provides good reliability at low cost.

For small-signal, low-frequency tran-
sistors, the epitaxial planar structure
with annular ring is by far the most
widely used. For high-pawer applica-
tions, however, other processes are
often emploved to optimize character
istics needed for speciul requirements.
Figure 16 shows the mosl common
power-transistor processes.

At very high frequencies, power
transistors tuke on very complex ge

metries to compensate for cuwrrent
crowding. The latter restiicts the emis-
sion of charge carriers tol the edges of
the emitter at high current levels. With
rectangular or round emitters. therefore
the center portion of the| emitter does
not contribute to current emission. but
it does add parasitic capapitance which
reduces high-frequency e sponse. [igh-
frequency  structures, therefore, have
very lowg, thin emitlers which may be
folded many times to fit within a given
base area. (Fig. 17) This reatly in-
creases the ratio of emitter péripher_\ to
base arca. therebv m: ximizing  the
enuission-to-capacitance ratio. These ex-
tremel_v comple.\‘ structures stress pres-
ent processing technolooy to its limits
weovnting tor the rapidl increases in
drices as trequency capabilities of pow-
er transistors go beyvond 100 Mz

AN METALLIC /,
\ CONTALTS Y4
P+ SNNUL AR BAND AN 50
/ — 2
TERMINATES CHANNSL P . PASSIVATION
\\y - >, =
AN AN NSNS 2 - =~ N \SANANN "
b TR Al 857NN\ TMELZZZ 2222 7]
W‘ ] & P+ EMITTER
) | 1 Recion ' |
B i
CO.LECTOR-BASE JUNCTION™| INDCED —

PROTECTED BY SURFACE

e S ATION P-TYPE EPFTAXIAL COLLECTOR REGION

N-TYPE CHANNEL ’

N-TYPE BASE REGION —

P+ SUBSTRATE

GOLD COLLECTOR CONTACT —

e

_—

Fig. 15. Latest process is epitaxial planar with annular ring.
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EP1-BASE STRUCTURE

BASE EMITTER EMITYER . P
CONTACT  CONTACT  iDIFFUSED) Achievable Characteristics
b o

Collector Current — to 50 A

Breakdown Voltage — to 140 V
Safe-Operating Area — Excellent
Current-Gain — Bandwidth — to 10 MHz
Available Conductivity — NPN, PNP
Main Feature — Versatility

Main Application — All

i A
COLLECTOR BASE

[SUBSTRATE} (EPI GROWN|

SINGLE-DIFFUSED STRUCTURE

o
m
s
m
i |
m
o)
m
-
O
m
n
m
P
m
(7

comiEer coniRR wilSE . Achievable Characteristics
/ | { Collector Current — 1o 30 A
! ! Breakdown Voltage — to 140 V
» Safe-Operating Area — Excellent
N '-,Il Current-Gain — Bandwidth — to 2 MHz
'i_ Available Conductivity — NPN only
COLLECTOR EMITTER Main Feature — Ruggedness

(SIMUL TANEOUSL Y DIFFUSED
INTO BASE SUBSTRATE)

TRIPLE-DIFFUSED MESA STRUCTURE

EMITTER
(380 DIFFUSIONI

Main Application — Power Supply Regulators

BASE EMITTER

CONTACT CONTACT Achievable Characteristics

Collector Current —to 10 A

Breakdown Voltage — to 1500 V
Safe-Operating Area — Good
Current-Gain — Bandwidth — to 10 MKz
Available Conductivity — NPN only
Main Feature — High Voltage

Main Application — TV Oeflection

DOUBLE-DIFFUSED STRUCTURE

EMITTER

COLLECTOR
ISUBSTRATE)

1ST DIFFUSION
{REDUCES COLLECTOR
RESISTANCE)

BASE
{2ND DIFFUSIDN)

BASE EMITTER

12ND DIFFUSION)
o Coltector Current — t0 30 A
1 Breakdown Voltage — to 200 V
Safe-Operating Area — Low
Current-Gain — Bandwidth — to 150 MHz

Achievable Characteristics
ANNLLAR
RING .

CONTACT CONTACT
i

i _—
! L Ne \ Available Conductivity — NPN, PNP
i N K Main Feature — High Speed
COLLECTOR SUBSTRATE :Iffjmm Main Application — High Speed Switching

Fig. 16 Cross sections of the processes employed in making
transistors for power applications, with some characteristics.

RELATIVE CHARACTERISTICS
OF RF STRUCTURES

GEOMETRY ADVANTAGES LIMITATIONS

High emitter periphery to
base-area ratio. {~7.0}.
Lowrp'.

Adequate manufacturing
experience.

|
|
|
|

= Interdigitated

RESISTORS

emitler resistors.

Typical high-frequency tran-

Emitter
ize current to the individual l

g 5 Overla Wider fingers tor higher Higher ry” and considerable
sistor structure has INTER ' current capability. Reduced emitter-hase parasitic capac-
DIGITATED geometry. manufacturing difficulty, itance hmits high-frequency
Complex structure is due to resynr}sjirzﬁlanvely low P/A
separate Dl el

Iarg-e numb?{ of sep Emitter batancing difficult.
emitters all interconnected

to form 2 smg[e_lransnstor, Network I Wide metai fingers. Highest High contact resistance.
Resistor depositions equal- P/A ratio. {7.0 10 8.0} Emitter balancing ditficult.

Processing critical due to
narrow interdigitated fingers.
Limited to relatively low
currents due o narrow
metal stripes.

Pracessing critical.

emitter areas.

Fig. 17. At very high frequencies, power transistors take on some very complex ge-
ometries to compensate for current crowding, Characteristics of structures are at right.
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Amglifiers
T to 1200 MHz

Switches Special Purpose

Low Noise Amplifiers
NF < 2dB

I¢ to 500 mA Speeds to 0.5 ns

BVCEQ to 100 V High Voltage Transistors

BVgEQ to 300 V
Darlington Transistors
B(min) to 60,000

Table | Small-signal transistor capabilities

Transistor Capabilities. For small-
signal applications, today’s transistors
cover virtually everv conceivable re-
quirement. Darlington (compound-con-
nected) transistors  offer high  input
impedances and betas up to 73,090
at audio frequencies. Amplifiers for r-f,
oscillator, and mixer applications run
well into the GHz hand. For special
appliczltinns, low-noise transistors with
nowse figures aronnd 2 dB are common,
and for high-voltage applications. de-
vices with ratings up to several hwm-
dred volts are no longer unigue. And.
due to plastic packaging. prices are so
low that there are fesv device capit-
bilities that can’t he purchased  for
under $1.00 even in unit quantitics,

(See Table 1.}

Low-Frequency Power. Power tran-
sistors for the lower frequencies are
also plentiful, but do not vet fill the
desired applications as completely as do
the small-signal devices. (Sce Table 11)
Prices are quite low for plastic pach-
aged devices rated up o 153 A and
about 100 W. At currents helow 5 AL
even some of the metal packaged de-

Typical Plastic Package Typical Metal Package (T0-3)

s | $0.94 MSF\ } i
301080V f $2.80 6080V $4.00
A $1.10 1650 A $5.00
: t0 to
25350V} 5150 sosgv | si5.00
01GA | s400

to
100325 V ’ $8.00

Table |l Low-frequency device capabilities

vices are inexpensive. But prices rise
rapidly at higher current and voltage
levels, particularly if higher frequency
operation is required. | Considerable
roont for further developrient still exists.

High-Frequency Power, At very high
trequencies, the power picture is still
more limited. Power outputs of one to
five watts are available up to 1 Gllz,
with up to 50 watts at 500 MHz and
100 watts in the 150-NMHz region. Prices
remain  high at the upper limits  of
power and frequency.

R-F Power. Figure 18 shows the
range of transistor power commonly
available for a given frequency and
power supply voltage. Specific device
types have been included to suggesl
possible choices for a particular ap-
plication. The power supply voltages
given are those most usually enconnter-
ed in practice. Devices ate tailored for
best aperation at these s pltages. Using
a transistor with a higher than neces-
sary voitage rating can result in per-
formance degradation.

MRFG I8 2N6136 I
ao6512 1129V l | szaool $35 EDL T M3F520
MHz 2N5844 2N5045 2N5945 ) i | -
75V| ‘s1040 $14 30 521 50 I
e - 1
225 400 2N3866  2N563E B
Mz BVI=—"STa0 s scl "35| I* I
> -
& \5Ra2 \ 616! i
g |os175‘ eV 518 4 l 595 00 ]
SRR )‘ﬂ 5v l*zmuw 2\ 250 2NBOBT 53 l
[s] - 5163 s, . A
2 516 552 £24 00 $4-50
E . - -
A R PN5071 ’ 2\:,;‘;3'
| E
2550 15y | 2INSRAG IN LG
230) 28 Vl’
MHz
125 v
| S BRSPS .
1 2 20 100
WATTS OUTPUT
*Watts PEP Linear Amc fier. 4 o 4% .- tsattmeof conting Prioos wres. o - to chang
Fig. 18. Range of transistor power available for given frequency and supply voltage.
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VALUE PACKED

Calalog

SAVE ON EVERYTHING' -

IN ELECTRONICS FROM | Your co
THE WORLD'S LARGEST _ | ®lectrop;"
SELECTION OF THE BEST |for home S bu
OF THE FAMOUS-NAME

BRANDS —PLUS

EXCLUSIVE OLSON
VALUES AND SERVICES

Olson. electronics

260 S. FORGE ST.
AKRON, OHIO 44327

[] send Me My FREE 1974 Olson Catalog

[[] send a FREE 1974 Olson Catalog to

My Friend
Name (print) . Name (print)
Street Apt. Street Apt.
City City
State State

wwWw americanradiohistorv com


www.americanradiohistory.com

for the electronics in your life

NEW 1974 .,
OLSON CATALOG (P47,
Shop in the comfort of your own home. ‘

. ™~ L -

Order by mail with complete confidence—
through the catalog or at any of our
stores nationwide.

SAVE on THE NEWEST
AND THE BEST IN FAMOUS-NAME

e Stereo and 4-Channel Sound Systems e Tape
Recorders and Accessories o Radios e Phonos
o Kits ¢ Amateur and Shortwave Gear o Citizens
Band e Antennas e Police/Fire VHF-UHF Radios
e Security » Test Equipment » Electronic Calcu-
lators and Timepieces o 1000’s of Parts, Tubes,
Batteries, Wire, Hardware

PLUS exclusive Teledyne and Olson Audio Products T

the VALU E leader since 1931

| Stores Nafionwide
¢ Check yow yellow pages.

| PLACE
STAMP
HERE

Olson. cicctronics pept.-im

260 S. Forge St.
Akron, Ohio 44327
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Elps &Techmqueg

HOW TO ADAPT SAME-TYPE COAX
CONNECTORS TO EACH OTHER

Not all electronies hobbyvists are aware of the
ease  with which lengths of coaxial cable

equipped  with male connectors can he con-
nected in series with each other. The trick is to
nse a double female connector between the two

sae-tvpe connectors. o the top row of the
photo is shown a pair of BNC connectors Hank-
ing the UC-914/U adapter that makes short
work of connecting them together. The middle
row shows a pair of PL-259 connectors and
their corresponding PL-238 adapter. The item
shown in the bottom row is a double male
adapter that can be used to join together a
pair of female connectors such as found mounted
on chassis. —Marshall Lincoln

WIRE PREVENTS TURNBUCKLE SLIPPAGE

When nsing a turnbuckle with a guy wire, like
as not vou'll have to periodically tighten it
because the darn things never seem to stay put.
They work loose in the slightest brecze. How-
ever there is a wav to circumvent the loosening
problent. All vou tieed is a length of heavy-duty
wire (insulated solid clectrician’s wire or guy
wire is excellent). After vou tighten the tum-
buckle to vour satisfuction, simply slip the wire
throngh the rings and center of the turnbuckle,
If possible, have the wire long enough to permit
it to he wrapped around the guy wire. This
fix-it is permanent until voure ready to take
down the guyv wire, at which time it is easily
removed. —Richard Mollentine, WA@KKC

OCTOBER 1973

DUAL-PURPOSE SAFETY FLASHER
FOR AUTOMOTIVE AND OPEN-PIT USE

The dual-purpose safety flasher shown in the
schematic can be used anywhere a hazard or
potential hazard exists. With the switch on
avto, oncoming headlights will illuminate the
photocell and trigger the circuit, while in the
cont. mode, the light will flash independent of

AUTO +l2v

—_—0

any oncoming light. The switch should be set
to auto in a disabled car parked on a lonely
road to conserve l);ltt(‘l'_\' power. On a hezlvi]_\'
trafficked road or highway where traffic is flow-
ing at high speed. it is safest to put the switch
in the coxt. position to provide long-distance
warning to oncoming traffic. You can also use
the flasher wherever vou want to warn pedes-
trians and motorists  of open-pit  excavation:
leave it in the conr. mode. —Rudolf F. Graf

ELECTRICIANS' SOLID WIRE BECOMES
EMERGENCY SOLDERING GUN TiP

Comes Saturday night and vou're at vour work-
beneh  busily assembling vonr latest  project
when the soldering gun tip suddenly parts.
You search franticallv for a new tip but can't
find one, and all the stores are closed. So. what
do vou do? If vou have some 14-gange or larger
solid electrician’s house wire handy vou can
jurv-rig a tip that will see vou through the
emergency. Strip awav the insulation and cut
the wire to approximately the same length as
the original soldering gun tip. Form the wire
into a rough tip. fit it into the soldering gun,
and voure ready to resume work. The jury-
rigged tip won't last long, but it will work until
vou get to the store to buy new tips.

—D.J. Backstrom

TIPS WANTED
Do you have a “tip” or “technique” that might help
your fellow readers? It may be worth money to you.
Send it in (about 100 words, with a rough drawing
and/or clear photograph, if needed) and you'li re-
ce.ve payment if accepted. Amount depends on orig-
inality and practicality. Material not accepted
will be returned if accompanied by a stamped, self-
addressed envelope. Send material to: Tips and
Techniques Editor, POPULAR ELECTRONICS Including
Electronics World, 1 Park Ave., New York, NY 10016.
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CB Scene
J

N a letter received at ALERT National

Headquarters in Washington, D. C., a San
Francisco woman asked: “Just exactly who
and what are you people? What do you do?
Are vou some kind of night patrol?” The in-
quiry grew out of a situation involving a flat
tire the woman experienced at 3:30 am. on
a one-way bridge. “About 4:00 a.m.,” her
letter continued, “this white station wagon
with a big antenna came toward me. When
(the man) stopped and got out of the car,
I saw a gold badge on his hat and one on his
shirt . . . which set my panicky heart at ease.
He threw his hat in his car and donned an
orange helmet and a yellow rain jacket.
turned on a set of red flashing lights and
set them on the roof of his car. For some
reason, having seen that badge and full
uniform, I felt safe.

“He came over and changed the flat tire,
and he was humming and whistling as he
worked. He gave me a cigarette and some
hot coffee from his thermos. Man alive, he
acted like helping people was just another
commonplace, evervday experience for him.
He was the most cheerful and friendly per-
son I have ever met. I am writing to you to
say ‘Thank you, Unit 127, for I really ap-
preciated what you did for me.”

According to ALERT President Robert
Thompson, KLM9374, team members
throughout the United States assist people

LERT:
ational CB
ssociation

98

By Matt P. Spinello, KHC2060

daily, “acting like helping others was just
another commonplace, everydav experience,
and in a most cheerful and friendly man-
ner.” The San Francisco woman’s thanks for
assistance by an ALERT |team member is
one of thousands on file in the association’s
Washington headquarters. It is considered
typical of many letters that are received
almost daily.

ALERT, an Affiliated ]ieague of Emer-
gency (CB) Radio Teams is 10,000 mem-
bers strong, represented id all 50 states by
its 400 emergency teams. As one of the two
lurgest national emergen(‘_\{ organizations in
the country, its goals extend far beyond the
distribution of decals, arm patches, and
paraphernalia that have all too often been
the main inducement to join other so-called
national organizations, the majority of which
have disappeared almost as quickly as they
were announced.

In addition to the administration effi-
ciency of its president, Robert Thompson,
and his assistant, Diana Helmstetler, an-
other key to ALERT’s suctess is the site of
its national headquarters in Washington,
D. C. Strategically located to surround itself
with federal agencies and national organiza-
tions, ALERT offers its membership—and
follows through with—a  “your-voice-in-
Washingtor” concept. Where other by-the-
wayside national CB groups have promised
to “take the CBers voice to Washington in
great numbers,” ALERT lives in the shadow
of the governing bodies that generate fed-
eral law.

A local telephone call, prepared corre-
spondence, or pre—arranged in-person visits
to federal agencies by its administrator—on
a daily basis if necessary—can more effec-
tively “voice” the needs, objections and/or
recomimendations of an association of 10 -
000 Citizens Radio users than can several
widely spread exchanges of correspondence
over a period of months.

POPULAR ELECTRONICS Including Electronics Warld
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Alert’s President Bobh Thompson is un- |

doubtedly one ol the nation’s most involved
CHBers. It is common to find him criss-cross-
ing the U. S. visiting ALERT teams, speak-
ing at national association gatherings, and
probleni-solving at trouble spots. Soft-spok-

en, but easily riled by negative conditions |

that threaten the orderly operation of the
Citizens Radio Service, Bob admits that
ALERT is not without problems—vhich he
accepts as a part of any major organizational
undertaking. He is convinced, however, that
association in ];n'gv numbers is what s
needed to protect the rights of lawtully op-
erating CBlers; that a standardization of or-
ganizing and operating citizens” emergency
teams is essential to effective utilization of

team efforts; and that regular exchanges of |

information regarding how CB teams func-
tion as public-service organizations through-
out the U. S., how proposed rules changes
might affect the licensed CB user, and news

specifically of interest to the Citizens Radio |

Service user, are essential in strengthening
the bond between local, state, and national
authorities and assistance-minded organiza-
tions such as ALERT.

To effectively practice what it proposes,
ALERT is in frequent contact with the Fed-
eral Communications Commission, keeping
abreast of federal attitudes and gathering
data for distribution to its membership al-
most before the ink is dryv. In its welcoming

letter to new leagune members, ALERT |

housts an established recognition by the
FCC and invites members to contact na-
tional headquarters in the event they en-
counter illegul use of the frequencies in their
area or find themselves eve-to-eve with FCC

credentials at their front door. In any in- |

stance, ALERT indicates that it is standing-
by and available to help.

ALERT does not limit its inquiries on be-
half of its membership (and Citizens Radio
users in general) to the T'CC. President
Thompson has been known to direct his or-
ganizations objections and requests for ac-
tion to President Nixon. Bob is familiar to,
and in contact with, Congressmen who are
sympathetic to the needs of the CB service.

Local Level. At the local level, ALERT
extends an organizational hand to existing
CB c¢lubs and/or individuals who wish to
utilize Citizens Radio frequencies more ef-
fectively, serve where needed with emer-
gency communications and personal assist-
ance, and organize with others who share a

OCTOBER 1973

WITH ALL THE OUTSTANDING FEATURES
OF EXPENSIVE MODELS . .. AT A LOW
BUDGET PRICE.

=DiGi DESIGNER

This compact package contains a
regulated 5VDC supply. selectable
frequency clock, E&L-socket, dual
bounce-free pushbuttons (pulsers), 4
slide switches for voltage/ground, plus
4 independent “logic lights” for on/off
states of various logic circuitry. Exclu-
sive Breadboarding Pins offer input/
output connections to socket, eliminat-
ing all soldering. All your circuit com-
ponents are reuseable. Use any #22
gage sclid wire. Send check or M.O
today fcr. your choice of two models,

\ DD1-K, Kit Form (incl. p.c. bcards, all
components, instruction manual) $59.95
DD1-A, Assembled, ready for use $95.00
® Add $1 postage, handling

® 25% depositon C.0.D.'s

Ask for FREE IDEA-PACKED, [LLUSTRATED
CIRCUIT DESIGN CATALOG.

=N
E&L INSTRUMENTS, INCORPORATED
61 First St., Derby, Conn. 06418

Telephone: 203/735-8774

CIRCLE NO©. 13 ON READER SERVICE CARD
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common interest. For purposes of identifica-
tion, especially when working as a team with
Civil Defense, local police and sheriff’s de-
partments, and the American Red Cross,
ALERT supplies member groups with IL.D.
cards, wall certificates, decals, bumper stick-
ers, code cards, and assist cards (presented
to someone who has been served by an
ALERT member). Headquarters also makes
available ALERT-identified jackets, T-shirts
and jumpsuits.

P

ALERT CB

base station operator Betty Lou
Herlihy and her assistant, Ruth Meade, mem-
bers of the Sandusky, Ohio, ALERT Team 354,
know how effectively ALERT can serve at the
local level. During the team’s participation
in "Pumpkin Patrol” (last year’'s Halloween
activity), team members added 17 mobile rigs
and 30 volunteers to police communications
net; logged 520 collective hours, 1415 miles.

To aid a local group, ALERT furnishes a
suggested  constitution  and  by-laws, a
monthly newsletter, and national headquar-
ter’s assistance that can be progranmed
through ALERT’S computer facilities. Tt
also makes available an ALERT airplane
which can be dispatched and used as a com-
munications point or link.

ALERT works with local teams to aid in
the organization of statewide ALERT as-
sociations which can more closely tie in with
national headquarters in Washington. Con-
sideration is also given to the “CBer of to-
morrow.” ALERT feels that young adults,
properly trained in the use of CB radio, will
benefit Citizens Radio and the junior team
member when he reaches licensing age. As
a result of that commitment, a Junior
ALERT Program is offered. Members are
divided into two categories: ages 9 to 14
and 14 to 18. A junior member’s parents

100

need not be licensed CB'eLs for him to par-
ticipate i1 the program, but he must be
sponsored by the local adult ALERT team
and voted upon for acceptance by the junior
team.

The junior team elects its own officers,
conducts its own meetings, and is allowed to
sit in on senior team meetings to give it a
better understanding of tlge inner workings
of the adult group. The junior member has
no voting privileges, lFowever, until he
reaches the age of 18.

Bi-monthly Publication. To round out its
package of services provided to team mem-
bers, ALERT distributes bi-monthly its of-
ficial publication, ALERT 144, (available to
non-members by subscription). The maga-
zine, while prepared ma nly for ALERT
team members, contains| Citizens Radio
news, views and comments of interest to all
CBers or those considering use of CB 2-
way radio. A typical issue spotlights such
teatures as FCC Reports which may contain
questions and answers covering in-depth
definitions of various portions of the Rules
and  Regulations which govern Citizens
Radio, a report from the FCC, or an inter-
view with one of its Commissioners. The
publication also includes News Releases, a
For Your Information column, ALERT
Team Highlights, New ALERT Teams list-
ings, Letters to the Editor, and ALERT As-
sistance Reports. Photographs in each issue,
some of them from the field and the rest
generated by ALERT Headquarters, are
excellent. The cover photo on each issue of
ALERT 44 usually ties in with a feature
story.

A close analysis of anv |issue of ALERT
44 reveals that the publication serves as the
organization’s most impressive promotion
vehicle. In any given issue, the reader is
exposed to 40 or 50 individual assistance re-
ports, volunteer activity, and letters of praise
trom persons served through team efforts, on
and off the air. Several responses extend
kudos for help provided by ALERT mem-
bers, ranging from flat tires that needed
changing, to replacing fue| pumps or mak-
ing necessary arrangements to have an auto
pulled from a ditch.

A railroad praised the efforts of ALERT
CBers in helping clear an intersection and
handling communications following a train
derailment. Local police, governmental
agencies, the Red Cross, and other public-
service groups have commended the organ-
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ization’s leant efforts in providing tood,
clothing, shelter, and a4 necessary  com-
rmunication link through the use of CB radio
in time of disasters—which have included
snowstorms, H()ods, hurricanes, threatening
fires, and searches for lost children.

From Maine to Montana, San Dicgo to
Seattle, and Chicago to Chevenne, the clue
to ALERT’s continuing success might best
be sumined up in a word: organization! This
is one of the primary benefits national head-
quarters in Washington, D. C. has to offer
the individual CB’er interested in helping
others. ALERT organizcs——locullv. state-
wide, and nationally—public-service-mind-
ed CB’ers who, when not actively involved
in emergency or communily volunteer work,
monitor CB’s emercency channel 9 coust-to-
coast.

ALERT has just barely scratched the
surface in organizing the nation’s 900,000
licensed Citizens Radio users. but as an as-
sociation owned and operated by the mem-
bership, represented in all 50 states, it main-
taing « very commendable edge over pre-
vious organizational attempts that grabbed
the CB’ers money and ran. ALERT is alive
and well in these United States und has the
statistics to prove it! (For detailed informa-

land please the | ek

Hirsch-Houck Latoratories (reporting in _the
May, 1973 Popular Electronics) said, in part,"'Best
of all, their sound quality has a range and
smoothness that we have not previously found
except in much more expensive mikes".

And Consumer Guide magazine (Vol. 31) rated
the E-V electret condenser microphones '‘Best
Buys' on the basis of their tests.

aGU“:On ELECTRO-VOICE, INC,, Dept. 1032P

comMPANY 630CeciSt, Buchanan, Mich. 49107

tion on membership in the ALERT pro-
gram write: ALERT National Headquar-
ters, Suite 818A, National Press Buildling,
Washington, D. C. 20004.) @

'\'\/\M
70WNS€ND
.

“Yau're welcome, dear. 1 got a substantial
raise so why shouldn't | buy my wife a gift.”

o »

Further proof that you can get studio-quality
sound at moderate prices with an E-V electret
condenser microphone. Prices start at 539.75,
suggested retail. See and hear them tocay at
you~ E-V dealer. O1 write for your usefut FREE
guide to the use of Electro-Voice condenser
microphones. It has helpful information for every
tape recording enthusiast.

EleéhoYores

More U.S. recording studios use Electro-Voice microphnnes than any other brand.
CIRCLE NO. 15 ON READEF SERVICE CARD
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Test Equipment
Scene

/

HAVE had several letters asking how to

conrect a digital frequency counter to an
r-f source so that frequency measurements
can be made. This is an important subject
because there may be enough dc voltage
present at the source to damage the input of
the counter. Also, remember that there may
be enough r-f voltage to inflict damage to a
high-input-impedance stage. So, in many
Cases, (‘ilpkl('it()l' ('oupling to r-f output stages
should be avoided. Some typical counec-
tions are shown in the accompanving illus-
tration.

In (A), a one- or two-turn link coil is
connected to the end of a length of coaxial
cable, with the other end of the cable con-
nected to the counter. If the coax is about «
guarter of a wavelength long (or more) at
the frequency of interest, you should connect
a terminating resistor (about 50 to 100
ohms) across the cable at the counter end.
The distance between the link coil and the
main r-f coil should be enough to cause the
counter to indicate. If more signal is re-
quired, move the link closer to the main
coil. Use the greatest possible distance be-
tween the link and the main coil; pick up
just enough r-f energy to activate the
counter.

If vou don’t want to, or can’t muke a
close coupling to the main r-f coil (such as
in a shielded transmitter), then use either
circuit (B) or (C). In both cases, a short
pickup autenna is placed close enough to
the source’s antenna or output tuned cir-
cuit to pick up enough signal to activate the
counter,

Frequency
Counters
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By Leslie Solomon, Technical Editor

RF
SOURCE

COUNTER
'

=
A)

TWO-TURN
LINK

COUNTER { COUNTER
=0 O
[e] ; 'l
!
RFC fg _é _é-

(B) (€)

Using a counter in r-f measurements.

In (B), the r-f choke somewhat reduces
the effects of stray electrical line noise
picked up by the short \vlnp antenna. In
(C), the resonant cucthshould be tuned
to the transmitter frequency, which makes
the setup more sensitive to that frequency
and, at the same time, yeduces the possi-
bility of stray rf fields' influencing the
measurements. The last approach is best for
r-f transmitters (within the counting range
of the digital frequency counter) and can
be used For getting a signal directly from
the antenna.

If you thiuk that thers may be too much
r-f power available (which can damage the
input stages of the counter), then insert a
couple of hundred ohmJ of resistance in
series with the lead going to the counter
input and two back-to- back diodes between
the counter input and ground. If vou use sili-
con diodes, then anv \oltave pedl\s greater
than about half a volt will ])e sticed (JH. thus
protecting the counter.

Counter Frequency Adjustment. \While
we are on the subject of frequency counters,
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let me remind vou that frequency counters
that use a crvstal oscillator as the time base
usually have a little frequency adjustment
screw somewhere on the rear apron. If it
has been some time since vou last calibrated
your counter (or if vou never have and are
using it as it came from the manufacturer),
now is a good time to set vour shortwave
receiver to WWV and zero-beat vour in-
ternal crystal. You paid for accurate fre-
uency measurements so vou might as well
get them.

To answer those who ask about the
meuning of the “plus or minus one count
ambiguity” specification usually given in
counter literature, it means that, because
the input signal and the time base are nor-
mally not synchronized, the count being
registered depends on the instantaneous re-
lationship between the train of incoming
pulses and the start of the gating interval.
Thus, at any instant, the display may be
incorrect by one count. Obviously, the more
pulses counted in a time interval, the smaller
the error. If you have the option and vou
need the uccuracy, always use the longest
gute interval that vour conmter has.

Another source of error occurs in the
use of an external gate control signal. as in
using the counter to perform period, ratio,
or time-interval measurements. Any noise
present on the gate signal trigger lead will
cause the gate to open at strange times, pro-
ducing an erroncous count. If this is vour
problem, use long period averaging. When
more periods are averaged, the effects of
trigger error and the one-count ambiguity
are proportionally reduced.

Il you have a 30-MIlz counter, look at
the various front-end pre-scalers now on
the market—some in kit form. Thev can
easily be used to extend the range of vour
low-cost counter ont to 100 or 200 Millz,
to provide greater versatility.

Fish Story. While ont West on a recent
vacation, I got to talking with an ichthy-
ologist about sonur, depth finders, fish loca-
tors, etc. I discovered that, while most of us
know that these ultrasonic devices detecl
the presence ol fish, most of us don’t really
know whv.

Well, it isn’t just the fact that a fish is an
object and it's there to produce the ultra-
sonic reflection. It is the discontinuitv be-
tween the fish’s body and the internal air-
filled flotation buoyancy bladder that pro-
duces the reflection. How about that? @®
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greatest advance in soldering
since electricity !

WAHL Cordless

SOLDERING IRON

Wah! ““Iso-Tip"” gives soldering heat in 5
seconds. Lets you solder up to 100 joints
unhindered by cord and plug anywhere!
Recharger/converter plugs into 12V cigarette
lighter. Safe to use on sensitive components.
See your dealer or order direct.
7565 Kit with 12V Auto Charger .
7500 Kit with 120V AC Charger
(“Depending upon wire size,
conditions.)

WAHE CLIPPER CORPORATION Dept.2

2902 Locust St. e Sterling. !ll. 61081 (815) 625-6525
CIRCLE NO. 41 ON READER SERVICE CARD

. $18.95
$19.95

temperature and atmospheric
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.ﬂ_ Solid-State
4 Scene

\

y

HE big news this month is that there are

some new TTL IC’s, several of which
will find many uses in experimental proj-
ects.

First, there is a new Schottky TTL volt-
age controlled oscillator recently introduced
by Texas Instruments: the SN54S/74S124.
The ones with the “54” in the number are
military grade units, while the others oper-
ate over the commercial temperature range

By Walter G. Jung

tablishes the tuning frequency range, while
the V.. input varies the output fre-
quency +75% or —35% from the nominal
center frequency. Both control-voltage in-
puts are in the range of 0 to +5V.

The enable input is used to start or stop
the output pulses and is uique in that it is
not a simple gate. The enable circuit in-
cludes a synchronizing feature which en-
sures that the output pulsT aren’t shortened

| {Ct(OR CRYSTAL)
osc.

VIN
[o o0
RANGE
CONTROL
o—
Fig. 1. This block diagram VRANGE
shows one section of S124
dual-voltage controlled os-
cillator as made by TI.
ENABLE

OUTPUT
—O

r FLIP-FLOP

I

of 0 to 70°C. These IC’s are dual, square-
wave generators with the capability of op-
crating between frequencies of 0.12 Hz
and 85 MHz. A look at some of the operat-
g characteristics show how an S124 can
be used.

A Dblock diagram for one section of the
device is shown in Fig. 1. There are two
control-voltage inputs and an enable input.
The center frequency is set by a single (ex-
ternal} capacitor. The Ve input es-

New
TTLIC’s

104

or stretched due to gating. The output duty
cvcle of the $124 is maintained constant at
50% (square wave) over its frequency
range, eliminating the need for divide-by-2
circuits to provide i Square wave.

For applications not reqPirng frequency
control, an S124 can be operated with a
crystal as the frequency determining ele-
ment, providing a simple and stable clock
source anywlere in its hasic frequency
range.

One natural use of this chip is as the
voltage-controlled oscillator component of
a phase locked loop. With the broad fre-
quency range capability, the potential appli-
cations are numerous—from audio through
r-f. Or, as a fixed-frequeney[lclock, it can be
used to eliminate the hardware necessary to
implement a square-wave source—particu-
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larly hecause of the frequencies involved.

Both of these units come in 16-pin, dual
inline packages, and the SN74S124N is
priced at $4.22 each.

Dual TTL “One Shot.” Virtually anyone
who has worked with TTL logic is familiar
with the popular 74121 one-shot multivi-
brator. Texas Instruments has now done the
121 one (or two) better with the introduc-
tion of the SN54/74221, a dual version of
the 121.

Actually, the 221 is more than twice as
good because it includes an additional fea-
ture and improved performance character-
istics over the 121. The additional feature
is an asynchronous “clear” input, which can
be used to terminate the output pulse while
the one shot is in its timing cycle. In addi-
tion, the 221 has a more repeatable output
pulse width (from device to device). The
output pulse width variation over the full
supply and temperature ranges is less than
#+0.6% for the SN74221,

The devices come in 16-pin, dual inline
packages, and prices start at $2.33 for the
plastic SN74221N.

Dual Peripheral Drivers—New and Old.
An extremely useful device which is per-
haps not as well known as other TTL units
to the average experimenter is the periph-
eral driver. That is the name Texas Instru-
ments has applied to their line of dual logic
gates (7400 type) combined in a single pack-
age with a pair of high-current, medium-
voltage transistors. Gate inputs are TTL
compatible, but the output transistors can
be wired externally for a variety of driving
functions—relavs, lamps, LED’s, small mo-
tors, high-power pulsers, and, in general,
applications with current ratings up to 300
mA.

The original devices are quite popular in
the industry, as evidenced by their availabil-
ity from a number of other sources. Now,
TT has expanded the line by introducing a
similar series, SN75460-SN75464, which
differ in that the output transistors have a
50-V breakdown rating, while the original
devices were rated at 30 V. As shown be-
low, there are a number of different input
logic capabilities represented by the various
parts, achieved through the use of a differ-
ent 7400-type input gate structure.

30-V Devices Logic 50-V Devices (New)
SN75450A* AND SN75460%*
SN75451A AND SN75461
SN75452 NAND SN75462
SN75453 OR SN75463
SN75454 NOR SN75464

*“These have 14 pins; others are in 8-pin
packages.

Figure 2 is a functional diagram of the

basic device for either family (SN75450A
or SN75460). This circuit, in a 14-pin pack-

Q2

Fig. 2. Functional diagram of dual driver.

age, has floating output transistors which
permit a variety of connections to be used.
The remaining devices of the series have
direct gate-to-base connections, with the
transistor emitters tied to ground and col-
lectors available as outputs. This permits
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GREATEST TV Schematic Bargain EVER Offered

B BIG Volumes
Regular Price $79.60
... NOW YOURS

lete TV Schematics for less than ¢ each

TV TECH/MATICS

8 GIANT VOLUMES—Covers 99%
of Color TV—4 Years B&W

and serviee data—on everyihing you need to fill your vital service
ditta _needs for IV model wvears 1965 through 1968 . . . plus
COLOR TV from 1960 through 1968' It amounts to & c, low

ar for your TV service dat
TV coverige thrown in for

Here are FABULOUS savings on nationally-known TV schematic

¥ a.. .
with 5 more years of Color ood

measure.

SERVICE DATA FOR 23 BRANDS- rv rrcn
MATICS includes complete schematic diagrams and vital serv.cing
data for every TV receiver produced by more than 20 leading

can Manufacturers for 1965. 1966, 1067, and 1968. All
rams and servicing details are complétely authentic. Each
3 S coverage is pennanently bound into two convenient-to-use
valuni which open flat (6 11”7 x 281,”, ready to provide vou
with instant s workbench. Some diagramis as
large as 58" x

vice data at vour

HERE'S WHAT YOU GET- receive 8 BIG

volumes in zall. Included is a clearly detailed and annotaied TV
schematic diagram for each specific model, You also get complete
replacement parts lists. alignment instructions,
ponent localion diagrams. pius key waveforms und vollage read-
ngs . .. all the information you need to service over 90%% of
the TV receivers you'll encounter!

h volume s organized alphabetically
then numerically by mode! number.

You

by manufacturer,
1 In addition. a handy Chassis
odel Finder is bound into each volume. Regular list Price for
eac s coverage—2 BIG volumes—is $19.90. All & volumes
¥y scll for $79.60. i . a
of nearly $45.00!

ma Your price is ONLY §34.95
saving~

STREAMLINED & CONVENIENT All the in-

formution for a given model is contained on two facing sheoets.
The special hound- format allows pages o lie flat when open.

linch volume is organized alphabetically by manufacturer, then
numerieally by model number. In addition. o handy Chassis
Madel der is hound into ciach volume. Regular list price for
each 2 BIG volumes—is $10.90. All 8

Year's covera
normally sell for

volumes
1 ; i >a @
savings of nearly

6.

iy Your price is ONLY $34.95

MONEY-BACK GUARANTEE-

Order at our risk
are worth

for FREE 10-day cxamination. Prove (o yourself they
nuny tinwes the price.

s for
vears 1965 {hrough
3R—LUR Calor TV cov-
(] 1060 through
these X
Alrline.
Curtis Matho
Dumont. Ylectrohom
Emerson. Firestone, Gen-
eral Electrie. Hoffman.
Magnavox.dotorola. Muntz.
Olympic, Packard-Bell.

$3.95
BONUS OFFER
Send remitrance with

de and we'||
ifferent  SINGLPAK
Mar

J i
Adnnrad, The
o

B Krrh
Coronado, i

Philea, Ford, RCA LARGE PAGES, 15x
1elor [ silvertone.

Setehell-Carlson, <onora, 117, open flat to
Sylvania, ructone, West-

inghouse and Zenith. 29%%6x11”. Provides
Publisher’s List Price each A
sin Bibhe ™ T complete schematic
$79.60. Speeial price :

234.95 only  while | they diagrams,

lust!

Publisher’s

1 TAB Books, Blue Ridge Summit, Pa. 17214
List/Prledyy [ 1 enclose $34.95, Please send me your
complete 8-vol. Tech/Matics Schematic
. Offer postage prepaid . . . plus my 5 FREE
i SINGLPAK Manuals.
"] Please invoice me for $34.95 plus postage.
Same return privileges.

each year

Special
price $34.95

]
i 'h",. YA BT T ) tate. gcidamn 2Pttt . o
[LTY 7Y (W Foreign, add 10%. Pa. add 6% sales tax. PE103
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Goversall Golor TV 1960-
1968 and 23 Brands
B&W from 1965-1968

NO: RISK COUPON—MAIL TODAY

-

" them to use an 8-pin (can or mini-DIP)
package.

These drivers are very handy for high-
cwrent loads or loads with voltage sup-
plies greater than the 5-V TTL norm. You
might find them useful the next time vou
run into a TTL interface requirement that
can’t be met by standard devites.

Dual High-Speed Comparators. Recently,
we touched on the basic advaitages (primar-
ily speed) that Schottky diode processing
provides in TTL IC’s. The dual vco men-
tioned above is a good examrjple. However,
Schottky processing is also finding its way
into IC’s that are not strictly digital in na-
ture. Take, for instance, the device that
compares the difference between two analog
voltages and delivers a digizal output (1 or
0) to indicate the relative states of the in-
puts. The speed at which a comparator can
make an output change in response to an
input is its response time. For high system
speeds, the faster the response, the better.

Readers familiar with the 710, the first
standard comparator, will recall its re-
sponse time is 40 ns, which is still quite
fast
| However, Schottky processing gives a new

dimension to speed, as evidenced by the
| new Signetics dual comparators, the NE521
and NE522. These chips hdve typical re-
sponse times of 6 ns and maximum operat-
ing speeds of 55 MIlz. Both devices have
TTL compatible outputs with fanouts of
L0 louds, the basic difference being that the
521 has a standard TTL output stage
while the 522 is an open-collector version.

Both the NE521 and NE522 are avail-
able in 14-pin DIP’s (silicorie or ceramic)
with prices of 85.75 each, fbr the silicone
versions.

More Information. Write:
Texas Instruments

Inquiry Answering Service

M/S 308, P.O. Box 5012

Dallas, TX 75222
Signetics

811 East Arques Ave.

Sunnyvale, CA 94086

Correction. One of those elusive tvpo-
graphical gremlins got into our September
column. On page 104, in the last sentence
of the paragraph on Raytheon’s RC4136
quad op amp. the device was incorrectly
listed as the RCA4136P. @®
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CHARLES P
TEINMETZ

Father of
Modern

Electrical
Engineering

BY DAVID L. HEISERMAN

ON June 2, 1889, Karl Steinmetz stood
before a New York customs official,
The 24-vear-old Swiss-German immigrant’s
clothing was sloppy, his beard ragged, and
on the bridge of his nose were thick spec-
tacles. He also was a hunchback and stood

barely four feet tall, physical defects in- 5

herited from his father and grandfather.
The official’s first impulse was to put Stein-
metz on the first boat returning te Europe.
Fortunately for the world of electrical
engineering, Steinmetz, with the aid of a
lncnd and {ello\v immigrant, persuaded the

OCTOBER 1973

official to let him pass through the customs
office. The official could never have guessed
that in a few short years this untidy hunch-
back whom he had almost refused entry to
the United States would revolutionize twenti-
eth century alternating-current technologv.

Steinmetz’ first job was with Eikenmever
& Osterheld, designers and producers of ac
motors for streetcars. Lacking training in
electrical engineering (his training was in
mathematics and mechanical engineering),
Steinmetz wound up in the drafting depart-
ment.

Meanwhile, Eikenmever and his engineers
were encountering serious problems in ful-
filling a large contract. Since no one had
yet developed a way to accuratelv calculate
the amount of heating in a motor before
the motor was a(tna]lv built, a lot of time
and monev was 1)em<r wasted on trial-and-
error experiments. All of the prototvpe
motors the company was making were either
too bulky or so small that they quickly
burned out.

From Draftsman to Designer. While do-
ing design drawings in the drafting depart-
ment, Steimmnetz began to notice logical re-
lationships between the magnetic proper-
ties of the iron in the motors and the a-
mount of heat the motors produced. He de-
veloped preliminary equations and motor
designs which he showed to Eikenmever.
Immediatelv recognizing the value of the
work and aheady running behind schedule,
Eikenmever decided to gamble on a revolu-
tionary idea. He set up an industrial research
and dev elopment laboratory. Putting Stein-
metz in charge of the facility p‘ud oll.
Steinmetz went on to perfect his theory
of hysteresis losses, worked out equations
for designing ac motors, and pulled the
company out of debt.

In 1892, Steinmetz presented a paper
dealing with his hysteresis losses laws and
motor design to the American Institute ol
Electrical Engineering. A year later, he
found himself working for the new General
Electric Company in Massachusetts after
they had bought out Eikenmeyer & Oster-
held. At about the same time, he was com-
pleting his work for American citizenship.
He Americanized his first name to Charles
and took for a middle name his fraternity
nickname “Protius.” He signed his citizen-
ship papels and last pavcheck from Eiken-
meye1 ¢ Osterheld “Charles Protius Stein-
metz.
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More Horizons. \While working at the
new General Electric plant, Steinmetz be-
came involved with problems encountere:l
in long-distance transmission of ac power.
He found the graphical methods for design-
ing power transformers and other ac devices
too cumbersome and inaccurate for his
work, He chucked the whole business and
launched into 2 new line of reasoning that
would eventually revolutionize every phase
of electrical engineering.

Trained as a mathematician, Steinmetz
was familiar with ideas gener rallv held to
have no value in the real \\OI](I "He noted
that the use of complex numbers—curiosi-
ties at the time—in his ac equations simpli-
fied the theoretical ideas and design pro-
cedures. Between 1893 and 1897, he used
complex numbers as a foundation for com-
pletely rev amping the world’s knowledge of
ac theory and design.

His ideas were so new that few engineers
understood what he was talking about. Stein-
metz found that he had to wolk harder ex-
plaining what he had done than he had in
developing the ideas in the first place. His
book Theory and Calculation of Altenating
Current Phenomena (1897) was a failure
simply because no one understood it. So
was his later Alternating Current  Phen-
omena.

Steinmetz made one final attempt. This
time, his Theoretical Elements of Electric-
al Engincering was a success. It was adopt-
ed all over the world as a standard text-
book for college programs in alternating
current theorv. Then to give engineers and
students a firm footm(f in the mathematlcs
thev would need in theu studies and careers,
he put together Engineering M(n‘henmtlcs
the first hook to demonstrate a practical
application of complex numbers.

Popular Fame. By the turn of the cen-
turv, Charles Steinmetz was quite famous
among the scientific and engineering com-
munities. The general publlc havmﬁ no
real appre(mtlon for Tofty enginecring
theories, heard little about him. However.
his third major line of investigation made
Steinmetz a very popular ﬁﬂme

Steinmetz did not reah7e popular fame
was coming his way when he designed the
first lon(v-dlstance (26 miles) ac power
transmission svstem from Niagara Falls to
Buffalo, New York. Nor was it the fact that
the svstern worked that brought him into
the public spotlight. What happened was
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that Steinmetz soon encountered difficulties
with lightning that occasionally knocked out
the power transnission system.

Rather than guessing at what was happen-
ing, Steinmetz ‘decided to léarn more about
the nature of lightning by building a high
voltage laboratory. The image of this
stmnde looking little man ﬁlssmﬂ with si-
gdnhc Dolts of artificial lightning (dllgh. the
public’s fancy. Steinmetz suddenly was the
subject of hundreds of newspaper and
magazine articles. He accepted the accolades
of the public with humility and good humor,
but he did not let this new kind of fame
change his life stvle or keep him from his
work.

High-voltage machines were not new at
the turn of the centurv. Other investiga-
tors had already built * 11(r hitning machmes
capable of Generatmv a million volts at
several 11111]d16d mllhampetes But Stein-
metz rightlv coucluded that the essential
(halactuhtlcs of natural ll(rhtnmrr included
incredibly high currents With verv high
voltages. Not wanting to bé misled by the
lov '-Cunent effects that characterized ex-
isting high-voltuge generators, he designed
a Ceneml Ele(tn( hl(rh voltage Uenelatm
that produced only a fe\\ hundled thousand
volts at currents in excess of 10,000 amperes!

The first tests with the wew machine
exhibited some dramatic effects. Instead of
merely scorching the outside of a freshly
cut piece of tnnl)ol the new hcrhtnuw ma-
chine peeled awayv the bark, spht the wood
into several steaming-hot pleces, and occa-
sionally blasted the wood irto thousands of
burning splinters. Although the effect was
still fecble compared to witural lightning.
the  high-current component brought the
tests more in line with the real thing.

Tests on commercial lwhtnmﬁ IOdb re-
vealed flaws that were 111\1811)16 to detec-
tion with the million-volt. Iow-current gen-
erators. Finding these flaws| explained \vhv
some 11<rhtan 1()ds sometimes failed. This
led btemmetz to recommend immediate
design changes that would make the rods
more reliable.

By getting a better muderstanding of
liﬁhfniﬁU Steinmetz and his co-workers at
Ceneral Elc‘(tn( made greal strides toward
absolute protection of pO\\el transmission
svstems. Although thev did not solve all of
the problems, their data contributed to the
design changes and innovaﬁﬁons that make
modern power transmissior svstems safer,
more reliable, and practical @®
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New Literature,

TDK GUIDE TG BETTER RECORDINGS

TDK Electronics is offering, free at all dealer-
ships, their new “TDK Guide to Better Re-
cordings” pamphlet. The pamphlet contains a
collection of tips and suggestions on how to
muke professional-quality cassette recordings
on any cassette deck. It is designed to answer
almost any question and solve most problems
encountered by cassette home recordists. Ad-
dress: TDK Electronies Corp., Eastgate Blvd.
Roosevelt Field, Garden Citv, NY 11530.

DUAL TURNTABLE BROCHURE

Described in six four-color pages is the new
Dual Model 701 state-of-the-art automatic
turntable—not changer—that features a preci-
sion Hall-effect dc¢ motor and speciz] antire-
sonance filters built into its tonearm. The bro-
chure can be obtained by writing to: United
Audio Products. Inc., 120 S. Columbus Ave.
Mt. Vernon, NY 10533,

EDMUND SCIENTIFIC CATALOG

Free for the asking is the latest edition of the
tamouns Edmund Scientific Co. catalog, No. 735.
Listed and described in this new edition are
items of interest to all people, 6 to 80 vears of
age, male or female. Toys, scientific games and
kits, optics, electronic parts and equnipment,
lasers and light displays, hooks, wrts and crafts
equipment, and plants are among the thonsands
of fascinating items listed. Address: Edmund
Scientific Co 380 Edscorp Bldg., Barrington
N 08007.

“HI-PRO” ELECTRONIC PRODUCTS CATALOG

The Ascom Products division of The Antenna
Specialists Co. has just released catalog No.
SD-569 that features niany new accessories
(lesigned to improve conmunications systems
performance. Listed are “Translators”™ that per-
mit CB transceivers to monitor low- or high-
band or uhf transmissions on CB channel 9,
and preamplifiers that significantly increase the
sensitivity of even the best equipment for scan-
ning monitor receivers. Other “high-perform-
ance” booster products listed include CB test
instruments and speech processors.  Address:
Ascom Electronic Products, 12435 Enclid Ave,,
Cleveland, OH 44106.

OCTOBER 1973

... for the sou:?d buff

HYBRID «**AMPLIFIERS

With the addition of a few off-the-shelf components, you can
easily build your own quality amplifier for record player, tape
deck, tuner, P.A. (musical instruments) or intercom system.

USED BY LEADING MANUFACTURERS » 2 YEAR WARRANTY

AVAILABLE IN 3 MOBELS: CHARACTERISTICS:

Power RMS IHF o Harmonic Distortion < .05%
1. Si1010¥ 10W 25w © Bandwidth 20 Hz —— 100K Hz
2. SI-1025E -25W  65W o Flat response within 1/2d8
3. SI-1050E S50W 120w o Input sensitivity 500 mV

Contact yout local electronic component distributor!

AIRPAR

INTERNATIONAL DIVISION

P.0. Box 8488

ft. Lauderdale, Fla. 33310
CIRCLE NO. 1 ON READER SERVICE CARD

. lﬁﬂrﬁ{}ﬁ" /
3 : /
%M%'CDI /
w:\‘-:~ STZ%

12 REASONS YOUR CAR NEEDS
TIGER CDI

Instant starting in any weather - Eliminates tune-ups -
Increases gas mileage - Increases horsepower 15% -
Improves acceleration and performance - Spark plugs
fast up to 70,000 miles - Reduces engine maintenance
expense - Amplifies spark plug voltage to 45,000 volits
- Maintains spark plug voltage to 10,000 RPM - Re-
duces exhaust emissions - Dual ignition switch - An
Unconditional LIFETIME GUARANTEE - Installs
in 10 minutes on any car with 12 volt negative ground
- No rewiring - Most powerful, efficient and reliable
Solid State Ignition made.

SATISFACTION GUARANTEED or money back.

TIGER 500 assembled .. ... ... .. $49.95
TIGER SST assembled . . ........ 39.95
TIGER SST Simpli-Kit. . ........ 29.95

Post Paid in U.S.A.
Send check or money order with order to:

f .
Iri-Star Corporation

Dept. W, P. O. Box 1946
Grand Junction, Colorado 81501

DEALER INQUIRIES INVITED
CIRCLE NO. 40 ON READER SERVICE CARD
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@lectronics Library,

THE RADIO AMATEUR'S HANDBOOK,
50th Edition

Extensive revision and updating have gone into
the 1973 edition of the “ham’s bible.” The
areas of solid-state devices, specialized com-
munication technicques, transmitting, and power
supplies have been given a rewrite, giving exam-
ples of up-to-the-minute information. Among
the newly revised sections are digital logic de-
vices, toroidal inductors, h-f antennas, vhf am-
plifiers, and filter networks. Nearly 100 charts
and drawings have been included to help care-
fully explain all technical facets of communica-
tions for the radio amateur.

Published by The American Radio Relay League,
Inc., Newington, CT 06111. Soft cover $4.50,
hard cover $7.50. 704 pages.

ELECTRICAL ENGINEERING PRINCIPLES
AND TESTING METHODS
by Rhys Lewis

This book was written for people who are
taking courses leading to technician and tech-
nologist status in electronics engineering. The
contents cover fundamentals of ac and de cir-
cuits, inchuding network theorewms, three-phase
ac systems, transformers, dc¢ machines, elec-
tronic and other amplifiers, and electrical in-
struments, principles of testing, and testing
methods, the latter including the basic essen-
tials of quality control. A number of examina-
tion questions are included at the end of each

chapter, and typical (British) lexam papers are
given at the end of the book.

Published by Barnes & Noblel Books, 10 East
53 St., New York, NY 10022. Hard cover. 289
pages. $12.50.

SOLID-STATE SWITCHING: Discrete and
Integrated
by Robert D. Pascoe

While most courses deal with solid-state switch-
ing devices via the “black-box” approach, this
textbook diverges from that tack by providing
the reader with a “hands-on” | feeling for IC’s
by getting “inside” the chips| To accomplish
this, it demonstrates the use of discrete and IC
components of switching devices, provides a
practical approach to the selection of compon-
ents and the analysis of operiting parameters,
and allows the reader to build all of the cir-
cuitry presented.

Published by John Wiley ¢~ Sons, Inc., 605
Third Ace., New York, NY 19016. Hard cover.
205 pages. $10.95.

DESIGN OF MODERN TRANSISTOR
CIRCUITS
by Maurice Yunik

The needs of scientists, engineers, and tech-
nicians working in a variety of fields were the
primary considerations in the}development of
this new book. Circuit theory forms the funda-
mental basis of the book’s text|where the stress
is on terminal properties of wransistors, dindes,
and FET’s to obtain accurate circuit maodels.
These models are, in turn, used to obtain prac-
tical design formulas. The comprehensive con-
tents range from the basics of circuit theory to
audio power amplifiers.

Published by Prentice-Hall. Inc., Englewood
Cliffs, N1 07632. Hard cover. 365 pages. $12.00.
SOLID-STATE ELECTRONIC CIRCUITS

by Anthony S. Manera

Offered in this book is a broad. compreheasive
coverage of solid-state device theory and asso-

rret |[[t{nfosh cATALOG and FM DIRECTORY

Get all the news and latest ILformation on the new
Mclntosh Solid State equipment in the Mclntosh

| -
| gllclnSKOSh Laboratory, Inc. SE"D catalog. In addition you will receive an FM station
ast Side Station P.O. Box 96 directory that covers all of North America.

i |
I g:;g:irg_tgn,N.Y.13904 TODAY! | :
I name |
| ADDRESS

.'I & - 5 I".. . .
O N el W N
| MX 113

I CiTY  ___ _ STATE ZIP.
IS | AM FM/FM STEREO TUNER PREAMPLIFIER
CIRCLE NO. 24 ON READER SERVICE CARD
110 POPULAR ELECTRONICS Incliuding Electronics World
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ciated electronic circuit con 1gurdt|ons Utllmno
conventional current, the text employs gmph-
ical and equivalent circuit analysis methods.
Featured are a graphical presentation of dit-
ferentiation and integration that does not ve-
quire calculus and an introduction to “y”
parameters to cover FET’s, bode plots, and
operational amplifiers.

Published by McGraw-Hill Book Co., 1221
Ave. of the Americas, New York, NY 10020,
Hard cover. 806 pages. $15.50.

BUILD YOUR OWN HOME & CAR
SECURITY (HEP-409)

This timely hook was compiled and written for
the hobbvist- -experimenter and is devoted en-
tirely to the topics of sensors, alarms, and de-
tectors primarily for home and autometive use.
Beginning with basic alarm theory, the book
contains illustrated construction and installa-
tion technicques for 11 sufety systems. Each
project includes a brief description of the sys-
tem's function, a schematic diagram, suggested
applications, and a complete parts list.

Published by Motorola Semiconductor Products,
Inc., Box 2953, Phoenix, AZ 58036. Soft cover.
106 pages. $1.25.

MARINE SINGLE SIDEBAND
by Donald L. Stoner & Pierre B. Goral

Since marine double sideband must cease by
Junuary 1, 1974 and all operations (except the
mtenmtl(nml emergency and calling frequency )
on coastal frequencies must be SSB by January
1, 1977, it is not too early for all interested par-
ties to learn details of this changeover and thus
ease the transition period of hoat owners and
radio technicians. The authors cover the ele-
ments of SSB circuitry, explain the advantages
of SSB, the SS§B signal, equipment, propagation
forecasts, and related subjects.

Published by Howard W. Sams & Co., Inc..

4300 W. 63nd Si., Indianapolis, Ind. 46268.
Soft cover. 192 pages. $5.95.

r-=—

Out of Tune

In “A 5-Watt Carrier-Current Transmitter”
(p. 34, June 1973), the ground wire of the
audio input should be connected to the chassis
and the entire chassis earth-grounded.

OCTOBER 1973

A down-to-earth, low-math

magnetlc recording manual
MAGNETIC
RECORDING

by Charles E. Lowman
320 pages, $14.50

. an authoritative and prac-
tical guide to the technology
of magnetic recorders . . . up-
to-date circuitry, newest tech-
niques and latest innovations
are covered in basic language
wnh a minimum of mathematics and many help-
fu! illustrations.”-——POPULAR ELECTRONICS

The author, Manager of Instrumentation Techni-
cal Writing for the Ampex Corporation, provides
long-needed, practical information on the basic
principles, applications and operation of magnetic
recorders used in such fields as audio and instru-
mentation recording; broadcast and closed circuit
TV; computer data systems, and the latest data on
cassette and cartridge recording. This handbook
helps you make the correct selection of tape,
choose the right recording system. and operate
and maintain your equipment at peak efficiency.

BASIC ELECTRONIC INSTRUMENT HANDBOOK

Clyde F. Coombs, Jr., Editor-in-Chief. This book is
the first to serve as a general reference to both
measurement techniques and instruments for pro-
fessional engineers and technicians. A practical
auide to the nroper equipment for any job. 836
pp., 665 illus., $28.50

ELECTRONIC CIRCUITS MANUAL

by John Markus. For builders of anything elec-
tronic, here is quick A-Z access to thousands of
up-to-date circuits, complete with values. It also
provides the latest international advances in the
field and exact sources of additional data. 892 pp.,
over 3000 illus., $19.75

SOURCEBOOK OF ELECTRONIC CIRCUITS

by John Markus. A virtual desktop retrieval center,
this massive handbook contains over 3000 elec-
tronic circuits and component values. Included
with each circuit is a concise description of its
features. performance and operating data. 888 pp.,
over 3000 illus., $18.50

At your bookstore or mail coupon today for

jm======{) DAYS' FREE EXAMINATION: = == == =1

McGRAW-HILL BOOK COMPANY
1221 Avenue of the Americas, New York, N.Y. 10020

Send me the books checked below for ten days' ex-
amination. At the end of that time, | will remit the full
price plus tax, postage, and handling costs, or return
books and owe nothing.

[] MAGNETIC RECORDING (388458)—$14.50

{J BASIC ELECTRONIC INSTRUMENT
HANDBOOK (126151)—$28.50

[] ELECTRONIC CIRCUITS MANUAL (404445)—$19.75
{J] SOURCEBOOK OF

ELECTRONIC CIRCUITS (404437)—$18.50
Name -
Address _ - S
City | N State Zip

This offer subject to acceptance hy McGraw-Hill and
good in U.S. only. 23-PPE-103

CIRCLE NO. 23 ON READER SERVlCE CARD
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Build Heathkit quality electronics andcreate a whole house full of personal
accomplishments. Plus you'll often save considerably over the cost of comparable products, then save again
because Heathkit designs include built-in self-service features.

Heathkit building is unbelievably easy. In fact, we stake our reputation on the idea that you can build any kit you see on these
pages. Even if you have never assembled a kit producr before. All you need are conventional hand tools and a soldering iron. The
assembly manuals tell you how and when to use them — step-by-step from start to successful completion.

And of course every kit is backed up by the Heath Plain Language Warranty and our pledge that — whatever the problem, whatever

the reason — “we won't let you fail”".

1. GR-900 25V Color Television. . . ... $599.95* {less cabinet)
The most advanced circuitry Heath has ever offered. Push-
button power tuning locks-in on any 12 preselected UHF
channels, all VHF stations. Along with the largest color
screen in the industry, you get angular tint control to re-
duce flesh-tone change between channels, instant on, auto-
matic fine tuning, adjustable tone control, hi/fi audio out-
put jacks, and exclusive Heath self-service built-ins.
Shipping weight, 125 Ibs.

2. NEW GR-104C Portable Black & White TV. .. . 129.95*
Now the ultimate portable TV has positive detent tuning on
all 72 UHF channels as well as VHF. All solid-state cir-
cuitry. plus brilliant 12V shell bond picture tube puts black
& white entertainment anywhere. Plugs into wall outlet, or
runs from 12-volt DC automotive system with adapter in-
cluded — or becomes completely self-contained with op-
tional rechargeable battery-pack base. Mailing weight, 35
|bs. Optionai GRA-104-3 battery pack 42.95°, 9 Ibs. Out-
door Sun Shield 1.95°, 1 b.

3. NEW GD-1003 Electrenic Air Purifier. . ... ... .. $139.95*
An easy-to-build 3-evening project. Removes 99% of air-
borne pollen and 95% of all other contaminants. Has 2-
stage electronic operation; washable collector cell; re-
placeable charcoal filter; 2-speed fan; attractive wainut
and gold finish. Purifies air in 20’ x 20’ room ir minutes.
Mailing weight, 46 Ibs.

4, NEW AS-1039 Ultra-eificient Speaker System. .. . $44.95"
Just 5 watts drives it to booming volume. Uses 8-in. woofer
in vented bass reflex enclosure and exponential rectangu-
lar horn tweeter with separate ievel control. Response, 70
to 15,000 Hz. Impedance, 8 chms. Maximum input 25 watts.
Walnut-tone vinyl covered cabinet and green, brown and
gold grille board shipped assembled. Measures 21" Hx 12"
W x 10% " D. Mailing weight, 28 Ibs.

5. NEW AS-1042 Acoustic Suspension Speaker. . ... $34.95*
Uses 8” long throw woofer and 3%2” shallow cone/dome
tweeter for flat frequency response from 40 to 18,000 Hz.
External high-frequercy contro! tailors the "‘highs™ to your
environment. Requires as little as 10 watts, can handle up
to 25. 8 ohms impedance. Wainut-tone vinyl covered cab-
inet and brown and black grilie board shipped gre-assem-
bled. Measures 19" H x 10" W x 8%” D. Mailing weight,
22 Ibs.

6. NEW GD-3209A Deluxe Garage Door Opener. .. .$139.95*
Ultra-quiet, ultra-reliable screw drive system thet you can
build and install over a weekend. All electronics shipped

10.

pre-assembled. Has Ya-hp motor, automatic safety revers-
ing plus adjustable slip clutch, automatic time delay light,
external adjusting knobs for up/down travel. Includes 1
transmitter. GD-32098, same as above with 2 transmitters,
154.95°. Mailing weight, 66 Ibs. For jamb & pivot doors and
GDA-3209-2 adapter, 14.95", 7 ibs.

. NEW AD-1013 4-Channe} Audio-Scope. ...... ... $199.95*

A sophisticated solid-state oscilloscope designed for mon-
itoring the home audio system. Displays stereo or 4-chan-
nel signals for separation, phasing, relative strength, multi-
path reception, center tuning, etc. Has exclusive triggered
sweep for stable, jitter-free trace. Designed to comple-
ment Heathkit AR-1500 Receiver. Mailing weight, 19 Ibs.
AR-15 and AJ-15 owners, add ARA-15-1 adapter, 24.95",
11b.

. NEW GD-1018 Solid-state Lamp Dimmer. .. ... ... . $7.95*

Controls tamp brightness from full illumination through
mood-setting dimness to complete invisibility. For single
and multiple lamps not exceeding 300 watts total. Extends
filament life, eliminates the need for costly 3-way bulbs.
A great starter kit. Can be assembled easily in 1 evening.
Mailing weight, 2 Ibs.

. NEW CM-1045 Small-engine Tune-up Meter. .. ... $39.95*

Solid-state tach/dwell/volt/ohm meter for all 2 and 4 cycle
engines, 1 through 4 cylinders. In many cases permits
checking entire small-engine ignition without tearing down
flywheel assembly. Built-in tachometer has handy snap-on
inductive pickup, reads from 0-3000, 0-15000 rpm. Com-
pletely portable, uses 3 1.5-volt batteries (not supplied).
Mailing weight, 5 Ibs.

NEW HD-1234 Coaxial Switch. . .......... ... .... $9.95*
A neat accessory for the amateur radio enthusiast. De-
signed to switch one RF source to any one of several an-
tennas or RF loads while grounding the unused outputs.
Two switches can be used to switch up to four antennas/
loads to four different components. Standing wave ratio is
250 MHz, 1.1:1 max. Power capability is 1000 W (2000W
PEP). Mailing weight, 2 Ibs.

. NEW GD-600 Photoelectric Lamp Switch. .. ... ... $5.00*

Low-cost home protection in a simple, enjoyable kit. Solid-
state circuitry turns light on at dusk, turns it oft at dawn.
Adjustable sensitivity control sets switch to operate at
various levels of light and darkness. Can be used with
single or multiple lamps not exceeding 300 watts total.
Easy, single circuit board design can be assembled in 1
evening. Mailing weight, 1 Ib.

Visit your nearest Heathkit Electronic Center...or send for FREE catalog

HEATHKIT ELECTRONIC CENTERS — ARIZ.: Phoenix;
CALIF.: Anaheim, Ei Cerrito, Los Angeles, Pomona,
Redwood Cily, San Diego (La Mesa), Woodland Hills:
COLO.: Denver, CONN.: Hartford {Avon); FLA.: Miami
{Hialeah): GA.: Atlanta; ILL.: Chicago, Downers Grove:
IND.: !ndianapolis; KANSAS: Kansas City {Mission}:
MD.: Baltimore, Rockville; MASS.: Boston (Wellesley):

MICH.: Detroit; MINN.: Minneapolis (Hopkins); MD
St. Louis; N J.. Fair Lawn; N Y.: Buffalo (Amherst}. et
New York City, Jericho, L.1.,Rochester; OH1O: Cincin- S o

nati (Woodiawn), Cleveland; PA.: Philadelphia, Pitts-
burgh; R.i.: Providence (WarwicCk); TEXAS: Dalias,
Houston; WASH.: Seattle; WiS.: Milwaukee.

world's largest
selection of
electronic kits

r HEATH COMPANY, Dept. 10-10 =
Benton Harbor, Michigan 49022 HEATH I

{ [ Piease send FREE Heathkit Catalog. Schiumberger i
l Enclosedis$____ plus shipping. |
| ] Please send model(s) I
Name |
Address. s :
City. State = | . |

* Mail order prices; F.O.B. factory. CL~481RJ

CIRCLE NO. 20 ON READER SERVICE CARD
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_New Products )

Additional information on new products
cotered in this section is available from
the manufacturers. Either circle the item’s
code number on the Reader Service Card
inside the buck cocer or write to the man-
ufacturer at the address given.

MARANTZ 2/4-CHANNEL RECEIVER

There are too many things to be said about
Marantz’s new Model 4300 2/4-channel AN/
stereo FAI receiver to give them all here, but
a few of the salient features are: Conserva-
tively rated at 200 watts continuous output
power, the receiver develops 40 watts/channel
in the 4-channel mode; while in stereo, a
bridging circuit delivers 100 watts/channel.
Facilities are provided for installing an equal-
izer hetween the tuner/preamp and main pow-
er amplifier as well as to accept an optional
SQ (or other) matrix decoder. The receiver’s
integral Dolby noise reduction system can im-
prove FM sound quality when listening to
Dolbv-encoded broadcasts and improve the
performance of associated tape equipment by
reducing tape hiss.

Circle No. 70 on Reader Service Card

AUDIO-TEGHNICA CD-4 PHONO CARTRIDGE

Audio-Technica U.S., Inc., has announced
availability of the Model ATI2S. newest in
their series of phono cartridges designed for
use with the CD-4 4-channel disc. Said to be
of low mass, wide-range design, the new car-
tridge shares the patented dual-magnet con-
struction emploved in other AT cartridges. Use
of the Shibata stvlus and a tapered cantilever
permits optimum reproduction of CD-4 record-
ings and offers reduced record wear and im-
proved tracking with stereo and matrixed discs.
The ATI12S is recommended for use in either
manual or high-quality antomatic turntables.

Circle No. 71 on Reader Service Card
JENSEN ELECTRONIC TOOL KIT

A new roll pouch kit for electronics technicians
has been assembled by Jensen Tools and Al-
lovs. The JK-80 kit contains 25 professional

16

tools, including many items hot usually formd
in sets of this tvpe: soldering iron; solder airl,
wire stripper/cutter; heat sink tweezers; 8"
adjustable wrench; hex wrench and spline
wrench sets: No’s. 1 and 2 Phillips driver
blades; #14” and 314" regularslot driver blades;
e, KB, Ne”, and % nut drivers; two handles
for the drivers; No. O Phillips and #4." regular
pocket screwdrivers; alignmeint tool; burnisher;
electrician’s pocket knife; long-nose, chain-nose,
and diagonal pliers; slip-lock pliers and a 6"
steel ruler. The roll pouch js made of tough
vinyl-coated canvas.
Circle No. 72 on Reader Service Card

UNION CARBIDE “MICROFARAD MANIPULATOR”

A new plastic “Microfarad Nlanipulator” slide
rule that simplifies and consdlidates all capaci
tor calculations into one handy calculator is
available for S1 from the é‘omponents Dept
of Union Carbide Corp., P.O. |Box 5928, Green-
ville, SC 29606. One side of the calculator re-
lates capacitance, reactance| resistance, fre-
quency, and dissipation factof, while the other
relates ripple voltage, powef dissipation, im-
pedance, and resistance. Also included are
in./mm and °C/°F converters and a cm/mm/
in. ruler. Complete instructions for using the
calculator are printed directly on the unit and
on its packaging envelope. |

SBE 23-CHANNEL AM CB TRANSCEIVER

Linear Systems has announced the addition of
the mid-priced, full-feature “Clortez” 23-channel
AM CB transceiver to their $BE product line.
The Cortez employs a double-sonversion design.

Its “Super Shape” filter pwovides excellent
adjacent-channel rejection iy minimize cross
talk. Operational features include a switchable
noise limiter, plug-in microphone, PA capa-
bility, external speaker jack. and an S-unit/
relative-carrier-power meter. The rig comes
with a plug-in dynamic mike and a mobile
mounting bracket. It can be used in vehicles
with either a positive- or negative-ground 12
volt electrical system.
Circle No. 73 on Reader Service Card

KRIS POCKET SCANNING MONITOR

The new Kris. Inc., “Hand-Sk:n” is a miniature
vhf scanning monitor receivir capable of se-
quentially sampling anv four selected frequen-
cies in the 130-170-MHz bawl. When a signal

POPULAR ELECTRONICS Including Electranics “World
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is detected. the Hand-Skan locks onto that
channel until the transmission ceases, after
which it continues to scan until the next sig-
nal is received. The monitor is equipped with
switches that can be used to “lock out” any
unwanted channel. Measuring 6%” x 247 x 147
and weighing less than 16 oz, the unit is small
and lightweight enough to carry in a coat or
hip pocket. Alternatively. it can be conveni-
ently carried on a belt loop in its carrying case.
Circle No. 74 on Reader Service Card

HEATHKIT VHF WATTMETER KIT

An ideal instrument for aligning 2-meter F.\i_
gear is the new Heathkit Model HM-2102 vhi
wattmeter (available only in kit form). The

wattmeter tests transmitter output power in
vanges of 1 to 25 watts and 10 to 250 waltts,
+10 percent of full scale. Its 50-ohm sominal
impedance permits placing the umit in trans-
mission lines with little or no loss. In addition,

the wattmeter features a built-in SWR bridge |

with less than 10-watt sensitivity for tuning
2- and 6-meter antennas for proper match.

Circle No. 75 on Reader Service Card

FANON FM WIRELESS MICROPHONE

The battery-powered Fanon Model WEM-1 FM
wireless microphone comes equipped with a
soft antenna and tuning wand and operates
on any open frequency in the FM broadcast
Land. The mike has a maximum range of up
to 100 ft when used in conjunction with an afc-
equipped M receiver. Its highly stable oscil-
lator is designed to provide the minimum of
drift. The slim compact mike is hardlv larger
than most “entertainment-tvpe” professional
microphones on the market. The wireless mobile
feature comes in handv where cable ruus are
impractical or dangerons.
Circle No. 76 on Reader Service Card

TDK'S NEW FAMILY OF CASSETTES

New Dyvnamic and Brilliant lines of TDK
Electronics Corp. audio tape cassettes are now
available. The two new lines include a total
of 14 cassette types in four series, with playing
times from 45 minutes to 3 hours. The Dynam-
ic line is designed to meet the needs of all home

OCTOBER 1973 nz

Now...the most enjoyable,
do-it-yourself project

of your life—a Schober
Electronic Organ! -

You'll never reap greater
reward, more fun and proud
accomplishment, more
benefit for the whole family
than by assembling your own
Schober Etectronic Organ.
You need no knowledge of electronics, woodwork or
music. Schober's complete kits and crystal-clear instruc-
tions show you — whoever you are, whatever your skill {or
lack of it} — how to turn the hundreds of quality parts into
one of the world’'s most beautiful, most musical organs,
worth up to twice the cost of the kit.

Five superb models, with kit prices from $500 to around
$2,000, each an authentic musical instrument actually
superior to most you see in stores.

Get the full story FREE by mailing the coupon TODAY
for the big Schober color catalog, with all the fascinat-
ing details!
e L L LT T
The .%/aoéez Organ Corp., Dept. PE-52
43 West 61st Street, New York, N. Y. 10023
] Please send me Schober Organ Catalog.

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

record of Schober Organ music.
NAME
ADDRESS
CITY

STATE ZIP

CIRCLE NO. 36 ON READER SERVICE CARD

SAVE ON Brand Name

Audio Gomponents

Write Today for Our FREE

Wholesale Audio Catalog

*DIXIE, one of the largest sterec wholesalers, fils all your
orders promptly. At prices actually LOWER than “Dis-

counters” See our exciting new Wholesale Price Catalog.
or write for quotes. Choose the famous brand stereo

equipment and accessories you desire. Everything
shipped factory-sealed.
f‘l;p
R
SONY KOSS
Wlﬂl-\
\

GARRARD  SHURE

5600 Second St., N.E., Washington, D.C. 20011

t

)

1

]

1

: Please rush me your FREE Wholesale Audio Catalog and
: complete information. | understand there is no obligation.
l

1

[l

1

1

1

1

[l

[}

Name _
Address
City ___

State
1-202-635-4900

Zip
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recordists, while the Brilliant linz consists of
“more-than-equal” premium-quality chromium-
dioxide cassettes for use on decks equipped

with the proper biasing requirements. Now,
cassette recordists can choose from a wide

variety of TDK cassette types, choosing the
types and formulations that best meet their
specific requirements.

Circle No. 77 on Reader Service Card

RADI0 SHAGK POGKET GALGULATOR

Radio Shack has introduced as their Model
EC-200 a new miniature electronic calculator
that performs mixed and chain caleulations as
well as the four basic arithmetic functions. The

calculator features a constant switch, a hooded
8-digit display with built-in automatic cutoff
that extends battery life, full floating decimal
system, and ac/dc operation. The automatic
cutoff feature dissolves the display after 30
seconds; a touch of the D button restores the
stored display. The EC-200 calculator comes
complete with padded carrving case. ac adap-
ter/battery charger, and instruction booklet.
Circle No. 78 on Reader r Service Card

PIONEER CD-4 DISC DEMODULATOR

To help increase the versatility of existing
stereo  equipment, U.S. Pioneer Electromcs
Corps. has just released thle Model ¢D-240

ey -

demodulator that reproduces discrete 4-chan
nel sound from CD-4 discs. separation can be
adjusted by means of a pair|of controls and a
“separation” meter located on the demodula-
tor’s front panel. A special fest record comes
with the unit to allow thz|user to optimize
separation. The QD-240 also| features a three-
position function switch that| permits a choice
of 2-channel stereo, 4- Cha'){el demodulation,
and 4-channel direct. In th

position, switching between |
is accomplished automatically, while in the
direct position, the demodulator’s inputs are
fed directly to the outputs, bypassing the de-
modulating circuits.

Circle No. 79 on Reader Service Card

4-channel auto
and 4 channel

RCA SOLID-STATE HOME TV ANTENNA

A new home TV antenna, called the “Nini-
State” by RCA Corp., strongly resembles a
miniature flving saucer. It derives its name
from its small (H”—diameter size and its use
of special solid-state circuitry to amplity TV
signals. The Mini-State is designed to provide
superior reception in metropolitan and subur-
ban areas within 35 miles of TV staticns. A
compact hand-held remote control unit eaables
the viewer to watch his TV receiver as he ro-
tates the antenna to zero-in on the shﬁrpest

%mw; | If you have no label handy, print OLD address here. (-l

Let us know 6 to 8 weeks in advance sc that you
won't miss a single issue of POPULAR ELECTRONICS
INCLUDING ELECTRONICS WORLD

Attach old labe! where indicated and print new
address in space provided. Also include your mailing
label whenever you write concerning your subscrip-
tion. It helps us serve you promptly.
Write to: P.0. Box 2774, Boulder, Colo., 80302, giving
the following information.

[J Change address only.

{7 Extend subscription. [ Enter new subscription.

W 5yrs. $21 @) 3yrs. $15 @) 1 year $6
[0 Paymentenclosed (1 extraissue per yr. as a BONUS)
[1 Bill me later.

s

\ name

address

please print

./’-\.

A i

city

state zip-code

...______.__._._.....l

name please orint 781

address

city state T Tzip
Add'l postage: $1 per year outside U.S;,its possessions & Canada,

POPULAR ELECTRONICS lIncluding Electrcnics World
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picture. As the internal portion of the untenna

revolves, special lights on the remote control |

indicate the precise location, via compass
points, where the antenna is pointing.

Circle No. 80 on Reader Service Card

PACE SCANNING MONITOR RECEIVER

A programmable two-band uhf/vhf scanning
monitor receiver that covers 140-174 Mz
and 450-470 MHz simultaneously is now avail-
able from the Pace Communications Division
of Pathcom Inc. It utilizes a switching network
that can be programmed for monitoring any
combination of eight channels of the high-
band vhf or ubf frequencies. Designated the
Scan 216, it holds up to 16 different channels.
With simple rear-panel switch controls, the
monitor receiver can provide visual readout for
up to eight chunnels at one time.
Circle No. 81 on Reader Service Card

TEAC CASSETTE RECORDER PLAYER DECK
The Teac Corp. of America Model 430 cassette
recorder/plaver deck has specilications previ-
ously unheard of in such equipment. The 450

boasts a wow and flutter of less than 0.07 per-
cent, a —538-dB S/N ratio with the Dolby cir-
cuits switched in, and a 30-16,000-Hz tre-
quency range with chromium dioxide tape for-
mulations. The deck features switchable con-
trols for both bias and equalization to permit
maximum  utilization of all tape formulations
and optimum use of its built-in Dolby Noise
Reduction svstem. All controls are on the front
to permit shelf placement and operation.

Circle No. 82 on Reader Service Card

SCHURMAN ONE-HAND SOLDERING ADD-ON

Precision one-hand soldering with all popular
brand soldering guns has been made possible
with the introduction of the “Free-Hand”
solder feeder manufactured by Schurmnan
Products. The new add-on is the first solder
feeder to offer the time-saving efficiency of
one-hand soldering with a device that fits on
most existing soldering guns and pistols, It is
also the first feeder to fit and work with the
natural motion of the hand. The thumb-actu-

OCTOBER 1973

1974
catalog

| 276 PAGE
' RADIO, TV &
ELECTRONICS
CATALOG

Your Buying Guide for
Everything in Electronics
... Sterec, Hi-Fi, TV's,
Radios, Tape Recorders,

%E:‘;R J S Eletione pae
Y1 Jre
el ",
.u el o WRITE FOR
applebee i

| ITTODAY!

! burstein- applebee

IDEPT. PE 3199 MERCIER ST.
1 KANSAS CITY, MO. 63111
:NAME
BADDRESS
:CITY

STATE ZiP

Why pay retail
for hify?

: Buy direct from us, and you save money
with our high- volume prices on morc

| than 100 name brands.

Order from the branch
| nearest you to save
time and money

on freight.

Send for
our free
catalog.

Midwest Hifi

WhOlesale & MAIL ORDER DIVISION

2455b Wisconsin Ave, 3309 E. ] W Carpenter Frwy,
Downers Grove, Ill 60515 Irving, Tex 75062

CIRCLE NO. 26 ON READER SERVICE CARD
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CONTROLLED
QUALITY o T3

GO

The ""On-Channel” Crystals
FOR

CITIZEN BAND

23 Channels and *‘Mars”’
[ ]

HAM OPERATORS
®
Commercial 2-Way

®
Marine-Monitor

See your Distributor for Speedy
“Zip Certificates”

C CRYSTEK

formerly Texas Crystals
Div. of Whitehall Electronics Corp.
1000 Crystal Drive 4117 W. Jefferson Bivd.
Fort Myers, Florida 33901 Los Angeles, California 90016

~ CIRCLE NO. 7 ON READER SERVICE CARD

SAVE!

MONEY o TIME e FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES,

YOUR REQUEST FOR QUOTA.
TION RETURNED SAME DAY.

FACTORY SEALED CARTONS—
GUARANTEED AND [INSURED.

SAVE ON NAME BRANDS LIKE:
A.D.C. KOSS KLH DYNACO
A.R.  FISHER SHURE SONY

AND MORE THAN 50 OTHERS
BUY THE MODERN WAY BY MAIL—
FROM

Department 87312 East Delaware
Chicago, lllinois 60611 312-664-0020

CIRCLE NO. 21 ON READER SERVICE CARD

120

| ated feeder trigger pOSitiOl!le on the side of

| A new

the gun feeds solder at a ¢ontrolled rate. The
trigger can be positioned on either side of the
gun for right- and left-hand use. Address: Dept.
G, Box 13 Weymouth, MA 02188.

AVANT! DUAL-POLARITY ANTENNA

“super power” CB lase antenna featur-
ing a 31%-ft. boom has been announced by
Avanti R & D. Called the Moonraker 6, it is a
6-element, dual-polarity beam that combines
five sets of crossed dipole elements, plus a quad

| reflector for better rejection and gain. Tunable

gamma matching on both the vertical and the
horizontal elements handles more than 2000
watts of power, gets the lopest possible SWR,
is said to provide excellent lightning protection,
and is trouble-free. Specifications include 17 dB
gain over the isotropic, 44 1B rejection, 24 dB
side rejection, and 1.2:1 VSWR. Address: 33 W.
Fullerton Ave., Addison, 1L 60101.

DATAPULSE FUNCTION GENERATOR

The \odel 400 function
the Datapulse Division

enerator made by
f  Systron-Donner

Corp. has a frequency range of 0.02 Hz to 2
MHz; +2% full-scale (lia¥ accuracy; 1000:1
frequency modulation; siag, square, and tri-
angle waveform outputs with less than 1% sine
distortion; and open-circuit dc offset variable
from —10 V to +10 V. The open-circuit out-
put signal amplitude can be varied up to 20
V p-p (10 V into 50 or 600 ohms). Output
impedances of 50 and 600 ohms are available.
Address: 10150 W. Jefferson Blvd., Culver Citv,
CA 90230. )

POPULAR ELECTRONICS Including Electronics World
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ELECTRONICS MARKET PLACE|

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indi-
viduals offering commercial products or services, $1.60 per word
(including name and address). Minimum order $16.00. Payment
must accompany copy except when ads are placed by accredited
advertising agencies. Frequency discount: 5% for 6 months;
10% for 12 months paid in advance. READER RATE: For individ-
uals with a perseonal item to buy or sell, $1.00 per word (includ-
ing name and address.) No minimum! Payment must accompany
copy, OISPLAY CLASSIFIED: 1” by 1 column (253" wide?, $200.00.
2 by 1 column, $400.00. 3” by 1 column, $600.00. Advertiser to
supply cuts. For frequency rates, please inquire.

GENERAL INFORMATION: First word in all ads set in bold caps at
no extra charge. All copy subject to publisher's approval. All
advertisers using Post Office Boxes in their addresses MUST
supply publisher with permanent address and telephone number
before ad can be run. Advertisements will not be published
which advertise or promote the use of devices for the surrepti-
tious interception of communications. Closing Date: 1st of the
2nd month preceding cover date (for example, March issue
closes January 1st. Send order and remittance to Hal Cymes.
POPULAR ELECTRONICS Including ELECTRONICS WORLD, One
Park Avenue, New York, New York 10016.

FOR SALE

FREE! bargain catalog. Fiber optics, LED's, transistors, dlodes,
rectifiers, SCR's, triacs, parts. Poly Paks, Box 94Z, Lynnfield,
Mass. 01940.

GTJVERNMENT_SurpIu; Rrec;:i\;arsi Transmutters Sncoperscopes,
Radios, Parts, Picture Catalog 25¢. Meshna, Nahant, Mass. 01908

LOWEST Prices Electronic Pairtsi Confidential Catalog Free.

KNAPP, 3174 8TH Ave. S.W., Largo. Fla. 33540,
ELECTRONIC PARTS, semuonductors kits. FREE FLYER. Large cat
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.
CONVERT any television to sensitive, big-screen cscilloscope.
Only minor changes required. No electronic experiance neces-
sary. Illustrated plans. $2.00. Relco-A33, Box 10563, Houston,
Texas 77018.

AMATEUR SCIENTISTS, Electronics Experimenters, Science Fair
Students . . . Construction Plans—Complete, inciuding draw-
ings, schematics, parts list with prices and sources . . . Rabot
Man — Psychedelic shows — Lasers — Emotion/Lie Detector —
Touch Tone Dial—Quadrasonic Adapter—Transistorized Ignition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
(no stamps) for compiete catalog. Technical Writers Group, Box
5994, University Station, Raleigh, N.C. 27607.

RADIO—T.V. Tubes—36¢ each. Send for free catalog. Cornell,
4213 University, San Diego, Calif. 92105.

METERS—Surplus, new, used, panel or portable. Send for list.
Hanchett, Box 5577, Riverside, CA 92507.

PYROTECHNICAL chemicals, casings, tools, supplies, fuse, liter-
ature. Giant, illustrated catalogue/handbook includes formulas,
instructions—50¢, with samples—$1.00. Westech. Box 593,
Logan Utah 84321.

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machme
Speakerphone, Carphone, Phonevision. Auto Dialer, Touch Button
Dialer, Central Dial System. TELEVISION: $35.00 Colcr Converter,
video Tape Recorder. $25.00 Camera. HOBBYIST: Electran Micro-

scope, 96 Hour Tape Music System, Ultrasonic Dishwasher,
Radar-Oven. Plans $4.95 each. NEW ITEM: $75 Electronic
Pocket Calculator, $7.50. COURSES: Telephone Engineering

$39.50. Detective Electronics $22.50, Integrated Circuit Engi-
neering, $49.50. NEW SUPER HOBBY CATALOG plus year’s sub-
scription to Electronic New Letter AIRMAILED $1.00. Don Britton
Enterpnses 6200 Wilshire Bivd., Los Angeles, Cale 90048

ANTIGRAVITY experiment and theorv, Rushed-— $2 00 US in-
quiries. Intertech 7A12, Box 5373, Station-F, Ottawa, Canada.

JAPAN HONG KONG D!RECTORY. World products information.
$1.00 today. World Trade Inquiries, Hillyard, Washirgton 99207.
TEST EQUIPMENT, Aerospace-Laboratory Grade. Request your
needs; will mail appropriate catalogs (we have 24 catalog cate-
gories). Only for Engineers, Businesses. Schools and advanced
Technicians. Goodheart, 3ox 1220PE, Beveriy Hilis, Calif. 90213.

OCTOBER 1973

BUILD YOUR OWN SPACE-AGE TV GAMERA

homs, educotion, indushy, »*
six yoars of o "1 Ll rertng
1o a TV, s i acdiicatin ey 3
"yl XT: A, Ssaes D camler wiicon smso

ONLY KNDWN SCLIN‘IATE CAMERA l(LTJ“i Ideol iw

p-rpml onywhere in USA & Conada (less vidicon whe $116.95pp)
PHONE or WRITE for CATALOG.
DIAL 402-987-377Y
Mony ofher kifs, ports and plans awailable inclucing startes kits, focus-
defl. coils, vidicon tubes, canst. plans, oud o subcomer kit, efe.

1301 BROADWAY ATV Research  oaxon a1y, wese. 6873

SCOPES, meters, test equipment, military and industrial surplus.
Write for free ‘'Bargain Bulletins’’. Lawrence Instruments, P.0.
Box 744, Sunbury, Pa. 17801.

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values
—Lowest Prices. Fertik’s, 5249 “D”, Philade!phia, Pa. 19120.
SURPLUS e!ectromcs for everyone. Free catalog. U.S. inqguiries.
ETCO, 464 McGill, Montreal, Canada.

IC PRICES
SLASHED /
FACTORY FIRSTS
N:TIO LLy
BRAND

SATISFACTION GUARANTEED
DIGITAL TTL

ITEM 1-99 100-999*
7400N 32¢ 28¢
7401N 32¢ 28¢
7402N . 32¢ 28c¢
7403N 32¢ 28¢
7404N . 35¢ 31c
7410N 32¢ 2B8¢
7420N 32¢ 28¢
743DN 32c¢ 28¢
7440N . 32¢ 28¢
7441N $1.75 $1.45
7442N $1.35 %$1.15
7447N $1.30 $1.10 o 2B -
7451N 2c 28¢
7453N. . ... 2l LA A 28¢ *MIXED TTL PRICES
LINEAR INTEGRATED CIRCUITS

709C MINIDIP 5.50 100'S 51
723C DIP . .. xorslx.so 100 'S100
741C MINIDIP 10/$ 5. 100 /S 66
748BC MINIDIP 10/% 7.50 100's 70
5S8C MINIDIP 10/512.00 100/5110
NE565A DIP . 10/S30
LM309K TO-3 5/%11.25

GENERAL PURPOSE SILICON TRANSISTORS
2N3638 20¢ 10/51.25
2N3638A 22c lD 51 80 2N5137 18c 10 '$1.50
2N3641 23c¢ 10/52.00 2N5138 1Sc 10/51.25
2N3643 23¢ 10 /'%2.00 2N5139 15¢ 10/51.25
2N5133 15¢ 10/51.25 2N3055 $1.00 10 $8.50

1 AmMP SILICON RECTIFIERS
1N4003 200PIV P B '$1 100/%7 1M /853
IN400S 600PIV .. ... .. ... $1 100/%8 1M, $61
1N4007 1000PIV . . .. . . ... .. 6 /51 100 '$10 1M 583
SILICON SIGNAL DIOD
1N4148 (1N914 equiv.) 20 100 $4 1M S35
MOLEX |c SOCKET PINS
100 $1.00 200/51.80 30 2 60 S00/%4.20 700 /35.80
1000 $8.20 ea addn 1000 S
INTEGRATED CIRCUIT SOCKETS
14 PIN D!P SOLDER . 45c¢ N DIP SOLDER ... 50¢
14 PIN WIRE WRAP ...55¢ 16 PIN WIRE WRAP .. .60¢
DISPLAY DEVICES

5 Volt 7 Segment Tube

Display Kit (Tube+7447+7475 7490) $6.15 3/%¥7.50
7 Seament Led (Man-1 e} .%4.00

Display Kit (Led+7447+ 7475 7490+Resistors) $6.40 3 /S18.25

€.0.D. ORDERS ACCEPTED FOR SAME DAY SHIPMENT
CALL 218-681-6674
Free L‘ntulog—Lnrge Quantity Dmconnts_Ordera Less Than
10.00 Add 25¢—Others Postpai
DIGI-KEY

PRICE PACESETTER FOR QUALITY 1c’s
CIRCLE NO. 10 ON READER SERVICE CARD

BOX 126K THIEF RIVER FALLS, MN56701
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Re:nndmoned & I..Ise:l
FM 2-WAY RADIO SAVINGS
Porthal Lini=Sand for Mew Cotaleg

General Elec
DTO03, 150 MHz, transistor
powered, 5 channel

FULL DUPLEX MTS
TELEPHONE UNITS

s $195.00

5 channel manual telephone
heads available with purchase

of above units at $50.00

each

Less cables,
ovens & heads

GREGORY ELECTRONICS CORP.

249-F Bt 45, Saddle Brock, N 07§42
Phoss; [101] 489-2000

CIRCLE NO. 18 ON READER SERVICE CARD

DIGITAL ELECTRONICS' L.omplete schematlcs parts lists, theone:.

—Discrete Component Digital Clock, $3.00—Sound Sensitive
Switch, $1.50. Increase technical competence, hobby skills—
Complete Course in Digital Efectronics is highly effective, $10.0C.
Free literature. DYNASIGN, Box 60A7, Wayland, Mass. 01778.
FREE Catalog lists resistors, tubes, transistors, rectifiers, con-
densers, tools, tuners, etc. Hytron Hudson, Dept. PE, 2218 Ken-
nedy Blvd., Union City, N.J. 07087.

FREE CATALOG

urTe 50% OFF COMPARAELE KITS®
*BUY DIRECT o SAVE §3§

FREE Catalog — Electronic Kits — Amplifiers —
Preamps — Psychedelic Strobes — Burglar Alarms |
Digitat Tachometer — More: Free Catalog.
SWTPC, Box A32040, San Antonio, Tex. 78284.

ENITION SYSTEMS: Capacitor. Tran5|stor Informatlon 10¢.

Anderson Engmeermg, Epsom, N.H. 03239

AUTHENTIC INSTRUMENTED, FLYING ROCKETS for casual or
serious experimenters. Over 80 scale original, multi-stage or
ready-to-fly modeis. Solid-propellant engines for safe, electric
launch system liftoffs up to 2,500 feet. Measure altitude, temp.
inversions, more. Real telemetry, electronic tracking, aerial still
and movie photography with super-miniaturized equipment. New.
detailed tech manual and full-color catalog, 25¢ from ESTES
INDUSTRIES, Dept. 180, Penrose, Colo. 81240.

FREE CATALOG. Parts, circuit boards for Popular Electronics
projects. PAIA Electronics, Box C14359, Oklahoma City, OK 73114.

WAVEFORM Generator Kit E0.00. Stereo Multiplex Kit $19.95
Free Kit Catalog. Photojume Corp., Box 139, N.Y., N.Y. 10016

TTL IC, Semiconductors, parts discount. Price List, 10¢. Totelek
Box 222, Goodyear, Arizona 85338.

122

BIGITAL SPEEDOMETER with numeric readout. Plans %4.50.
KIMTRON, Box 80134, Chamblee, Georgia 30341.
WHOLESALE Scanners, CB., Crystal;, Directories, SSB/AM,

Catalog 25¢. G—ENTERPRISES, Box 461P, Clearfield, Ut. 84015,

G oot CALCULATOR OWNERS Oompute SQUARE ROOTS,
tngonomemc functions, logarithms, exponentials, and more
Quickly, accurately, easily! Manual $2.00. Send today—Uncon-
ditional money-back guarantee! Mallmann Optics and Electroa-
ics, Dept. 8A, 836 South 113, West Allis, Wisconsin 53214.

FIREWORKS NEWS Magazine Covers Commercml Dlsplay Fnre-
works, Sources, Construction, Literature. Pyrotechnical Supolies.
Free Catalog! Pyro Press, Box 12010(N‘103), Lexington, Kentucky
40511.

FREE Cata'og. Reeds, Tantalums, Trans|stors, PUTS, LEDS, Parts.
Chaney, Box 15431, Lakewood, Colo. 80215.

AUTOMATIC Telephone Recording Moniﬁ.c-)rs. Starts and stops re-
corder automatically and unattended. Catalog $1.00. Jack, Box
19422, Sacramento, Calif. 95819.

ELECTRONIC COMPONENTS for mallorder concerns. IC.‘s, CAP’s,
Switches, Light Ass. Write or call for samples. Wirdsor Dist. Co.,
46 Cadman Pl W., Bklyn N.Y. 11201, (212) 624-7038.

DIGITAL and analog computer modulgs.
kits. Free Literature. Scientific Measurements,
Wilmette, Illinois 60091.

LED numeric display
2945 Central,

IERGLAR-FIRE a'arm components, har!dware. Free catalog—in-
formation. Silmar, 133 S.W. 57th Ave., Miami, Florida 33144.

CD 1GNITIONS, VHF/UHF monitors, crystals, CB radios. Whole-
sale. Southland, Box 3591-B, Baytownr,rTexas 77520.

COLOR TELEVISION ANTENNA (Missile Age siotted Design) (Pat.
No. 3577196, 1971) VHF (6 db.)—UHF (12 db.) Encased in rollable
decorative plastic. Unroll it, hang it on your living room wall,
attic, etc. Order prepaid AIRMAIL from: ANTENNA DESIGN CO.,
Subcontract Office, 11621 Hughes Avei, NE, Albuguergue, N.M.
87112, Note: Uses no splitter, YOU saye $3.00. Price: $10. Size:
18 x 48" (unrolled).

LOGIC Probe $9.95. Free bargain catalog. Electro, 4201 Irving
Park, Chicago, Illinois 60641.

CHOKES—(150 watt—air core) for croSsover networks, $5.00 +
postage. Reostats, Tantalum capacitors, send for list. Pragmatech
Sound, 70 Sheldrake PI., New Rochel e, N.Y. 10804.

POLICE SCANNERS, C.B. Radios, at discount prices. Kits—Cat.,
25¢ Krystal Kits, 2202 S.E. 14, Bentopville, Arkansas 72712.
ELECTRONIC ORGAN KITS, KEYBOARDS and many components.
Independent and divider tone generatgrs. All diode keying. I.C.
circuitry. Build any type or size organ idesired. Supplement your
Artisan Organ. 25¢ for catalog. DEVTRONIX ORGAN PRODUCTS,
Dept. C, 5872 Amapola Dr., San Jose, Galif. §5129.
EXPERIMENTER supplies, PC chemicals, solder, adhesives, ac-
cessories—Free cataog. Technical Services, Box 687P, Arlington,
MN 55307.

NEW and Surplus Electronics. 10 Univac boards crowded with
Transistors, Diodes, Resistors, Long Léads $1. MM5314 Digital
Clock Chip, $12.50. Dual 16VCT Y2A Transformer, $3.25. Postpaid
order or 8¢ stamp for lists. Tri-Tek, P,0. Box 14206, Phoenix,
Arizona 85063.

CMOS, TTL, Linears, LED's. Surplus Batfgains. Stamp brings freg
catalog. Godbout, Box 2673, Oakland Aitport, CA 94614,

WE SELL CONSTRUCTION MANUALS--GOLD Recovery Unit—
SILVER Recovery Unit—Aiternator Adapter (provides 120 volts
in your car!"—Infrared Scope—lnverteﬁ (12 volts DC to 120 volts
AC)—Electronic Insect Trap—Burglar Alarm—X-Ray Fluoroscope
—Chemical Formulary. Manuals $5.00 éach. HIGHLY PROFITABLE
Business Courses!—‘‘How To Start and Operate Your Own SILVER
Recovery Business’’—'‘The Manual of FRECIQUS Metals’ courses
$9.95 each—illustrated color catalog, 25¢—Airmailed 50¢—
Creative Products, 8415 Lofland, Dept. 103, Houston, Texas
77055.
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MAKES THE ONLY

SYNTHESIZER:~

models priced from $133 -

free brochure ond cotolcg

PAlA ELECTROMICE, Wi,
BOX FARED, OWLAHOMA CITY, OM T3

SCOTCH 150 STUDIO TAPE—1800’ on 7 reel, degaussed and
boxed, 12 for $12. LOW NOISE CASSETTES in hard p'astic boxes
professional quality-LNC60, 12 for $11; LNC90, 12 for $15.
POSTPAID. Free price list. WIDE RESPONSE, 6114-P Santa Monica
Blvd., Hollywood, Calif. 90038.

PHOTO BUTTON MACHINE $29.95. 8D Enterprises, 230-PE Green-
wood, Lepanto, Arkansas 72354.

FREE CATALOG;Tremendous electronics bargains.
4192C, Mountain View, California 94040.

Pacific, Box

NOW buy crystals for Regency, Bearcat, Tennelec and other
popular monitor radios at the low prices of $3.95 each. Also,
you can now buy citizen band crystals for $2.10. Just send the
make and model number of the radio along with the desired
frequencies to: Penn-Alley Distributors, 310 Penn Street, Holli-
daysburg, Pa. 16648. Please send a check or money-order for
the amount of the order and 6% state sales tax, to eliminate
C.0.D. charges. Allow 3 to 4 weeks for delivery.

BRAIN WAVE MONITOR Biosone BF-20 Alpha Biofeedback Instru-
ment. $34.95 complete. Not a kit. Fully Guaranteed. For infor-
INC.,

mation write. B10-LOGIC DEVICES,
Avenue, New York, New York 10019.

DISCOUNT PRICES

B & K, SENCORE, LEADER Test Equipment
RAYTHEON, 1CC/MULLARD Tubes
TELEMATIC Test Jigs

Dept. A, 888 Seventh

Free Catalog

FORDHAM RADIO SUPPLY CO. INC.
558 Morris Ave.. Bronx. N.Y. 10451

SOUND SYNTHESIZER KITS—Surf $11.95, Wind $11.95, Wind
Chimes $16.95, Electronic Songbird $6.95, Musical Accessories,
many more. Catalog free. PAIA Electronics, Box 114359,
Oklahoma City, OK 73114.

BIOFEEDBACK, Professional Instruments: Electroencephalophone,
Galvanic Skin Response. J&J, 8102-E, Bainbridge, WA 98110.

WEATHER EQUIPMENT for hobbyist and professional. Send for
FREE catalog. Sierra Weather Instrument Corp., P.O. Box 771,
Nevada City, CA 95959.

ALPHA/THETA brainwave biofeedback instruments. Analog in-
struments from $13%; digital processing from $265. BioScan,
Hax 14168E, Houston, Texas 77021,

BURGLAR-FIRE ALARMS. Unique, solid state, keyless control unit
far hame or auto. Total protection. Literature. Kenmore Elec-
tronics, Box 715, Forest Hills. NY 11375

HADIDO-TELEVISIDN Diagrams, 17 Volumes, 2,880 large pages
542, value, only $14.95. Supreme Publications, 1760 Balsam,
Highland Park, 1tlinois 60035

LGW MOISE RESISTORS—1VaW, 5%, carbon film for 3.5¢ each. 50
ol one value for $1.25. All 5% values from 10 ohms to 3.3M
chms in stock. Specifications upon request. 75¢ postage and
handling charge per order. Deduct 10% on orders over $50.00.
COMPONENTS CENTER, Box 134, N.Y., N.Y. 10038.

OCTOBER 1973

NATIONAL MOS |CT3005 7400 TTLop |

DYNAMIC shift registersTO-5 |CALCULATOR ON A CHIP 35
MM502  dual 50 bit1.25 This chip has a full four|7401- .35
MM506  dual 100 bit1.75 |function memory. Memory is|7402- .35
MM5006 dual 100 bit 1.50 |controlled by four keys. #M|7403- .35
MM5013 1024 bit 2.00 | (adds entry to memory), -M|7404- 35

(subtract entry frommemoryh|7405- 35
MM5016 512 bit 1.50 |CM (clear memory--without--(7413- 1.75

clearing rest of registers)7410- 35
STATIC  sheft registers RM ( read memory or use as|74L10-~ 50
M504 dual 16 bit 1.50 [entry). - 135
WME05  dual 32 bit 1.75 i 38

Eigr

dual differential

M550 1.60
analog switch 12 DIGIT DISPLAY A10 CALC. 130

2.60 | "FIXED DECIMAL AT 0,1,2 1.7

KEYBORRD General i

4, R 5
*LEADING ZERO SUPPRESSION

Teleph -SEVEN SEGMENT MULTIPLEXED ]
Ten ush buttors {0-0) | OUTPUT 7453 35
touch: tone. encoding, | IRUE CREDIT S‘G DISPLAV | 7454 35
programming  devices, | SHNGLE 28 PINC 7460 .35
fasy for panel mount— Cmp and daLa--Sld 95 7472 .50
ing Data only------ 7473 65
) (rerundab]e) 7874 65
7476 70
L 110172501 65
$595 : 256 A1Tal NOS memory 52.56 1aag 3o
Size: 3X2uxl" .80
| 4.75
W50 red emitting . 118
_ l0-40ma ¢ 2v - 1.15
. capable of d\sp]aywnu all17495: 1.25
MV-4  High Power 5 g5 digits and nine distinct 7410 .70
Red Jetters. 2.50
MV-10B Visible r;d \8‘ 2.50
~ 5-7ome @ 2V .39 1.50
Ca=- od - 1.0
~
soov o

TRIAC 21634 g2 '10-220% - $1.00
NES31 op amp T0-5 $2.0 20
NESE] phase lock loop DIP 5 oo

NE565 phase lock loop TO-5 3:

NES66 function generaterT0-5 4.0 3,50 for ten
25.95 for 10!

NES67 tone decoder T0-5
S0

DMBBB0{Sperry 00700 202] %
7 segment high  vo tage MHN3 Each’

nixie driver------- Ten or more.

IA11 IC's are new and fu]'ly tested,leads are plated wit
lgold.or solder. Orders for $5 or more will be shipped|
prepaid. Add 35¢ for smaller orders. California res1-
dents add sales tax. I{ orders are shipped with 24 hrs
COD's may be phoned in$10. m\mmum Money back guarantee)

> Carmichael |
) BRBYLON Cilitorts G5
| ELECTRONICS

(916) 966-2111
CIRCLE NO. 4 ON READER SERVICE CARD

PLANS AND KITS

ANTIGRAVITY DEVICE. Br;JChure rEhed free. AGD, BOXBOSZ-ZD,
Bartlesville, Oklahoma 74003.

¥ REE T cataLoc

Why does every major College, University, Tech
nical School, Research & Development Center
buy from us? Because we have the highest quality
and lowest prices. Free Catalog. SWTPC, Box
H32040, San Antonio, Tex. 78284

LATEST vista digital, linear IC, PC Board Kits. Free Fiyer.
Photolume Corp., Dept. A, Box 139, N.Y., N.Y. 10016.

NT-T Peerless Speaker kits. Danish-engineered 40-20,000 hz
systems requiring no tools to assemble, surprisingly little money
to buy. Free catalog. Aware, Box 683, La Canada, CA 91011.
“CRYSTAL Set Handbook:—soe.?atalog 25¢, refundable._Lab-
oratories, 1477-1, Garden Grove, Calif. 92642.

TESLA COIL—40” SPARKS! Plans! $7.50. Information 75¢. Hunt-
ington Electronics, Box 2009-P, Huntington, Conn. 06484.
PROFESSIONAL Burglar Alarm System. Complete Pians $2.00.
Southwest Plans, Box 447, Garland, Texas 75040.

UNIQUE DEVICES: Plans Kits—Security, Audio, Hobby; Catalog
50¢ (refundable). Metro-Elco, Box 409, Toledo, Ohio 43692.

SIMPLE instructions: Tool Speed Control—Drill reversing switch
—Light dimmer—$1.50 each. 12VDC to 115VAC converter, $3.00.
DanRan. Box D, Reno, Nevada 89506.
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HIGH FIDELITY

DIAMOND NEECLES and Stereo Cartridges at Discount prices for
Shure, Pickering, Stanton, Empire, Grado and ADC. Send for free
catalog. All merchandise brand new and factory sealed. LYLE
CARTRIDGES, Dept. P, Box 69, Kensington Station, Brooklyn,
New York 11218.

STEREO SPECTRUM, the money saver for hifi buyers, write us,
Box 1818, Miami Beach, Florida 33139,

WANTED

SAVE money on parts and transmitting-receiving tubes, foreign-
domestic. Send 25¢ for giant catalog. Refunded first order.
United Radio Company, 56-P Perry S!reet, Newark, N.J. 07105.

TUBES receiving, factory boxed. low prices, free price list.
Transteteronic, Inc., 1306 40th Street, Brooklyn, N.Y. 11218A,
Telephone: 212-633-2800.

GOVERNMENT SURPLUS

GOVERNMENT Surplus. How and Where to Buy in Your Area. Send
$2.00. Surplus information, Headqubrters Bidg., Box 30177-PE,
Washington, D.C. 20014.

QUICKSILVER, Piatinum, Silver, Gold, Ores Analyzed. Free Circu-
tar. Mercury Terminal, Norwood, Mass. 02062.

ELECTRICAL SUPPLIES
AND EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and “Know-
How.” Build your own tanks for nickel, chrome, etc. Easy-to-
install PVC liners. Rectifier components—all sizes. Schematics,
parts lists, formulas, operating instructions for all plating.
Guaranteed to save you 25%-75%. Some good units for sale.
Write for details. Platers Service Company, 1511-PE Esperanza,
Los Angeles. Calif. 90023.

TUBES

RADID & T.V. Tubes—36¢ each. Send for free Catalog. Cornell,
4213 University, San Diego, Calif. 92105.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians, Hobbyists, Experimenters—Re-
quest FREE Giant Catalog and SAVE! ZALYTRON, 462 Jericho Turn-
pike, Mineola, N.Y. 11501.

ELECTRONIC Equipment and Parts, Big 36 page Free Catalog.
Send for your copy today! Fair Rad:o Sales, Box 1105-P, Lima,
Ohio 45802.

JEEPS Typically from $53.90 . . . Trucks from $78.40 . . .

Boats, Typewriters, Knives, Airpianes, Clothing, Multimeters,
Oscilloscopes, Transceivers, Photographic, Electronics Equip-
ment. Wide-variety, condition. 100,000 Bid Bargains direct

from government nationwide. Complete sales directory and
surplus categories catalog $1.00 (Deductible on orders from
separate included catalog). Surplus Service, Box 820-J, Holland,
Michigan 49423.

GOVERNMENT SURPLUS. Complete sales directory $1.00. Surplus
Publications, Box 260622, Los Angeles, Calif. 90026.

MANUALS for gov't surplus radios, test sets, scopes, teletype.
List 50¢. Books, 7218 Roanne Drive, Washington. D.C. 20021.

BOOKS

FREE catalog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Failbrook, California 92028.

FREE book ;}ophet Elijahanﬁng_befére— Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619.

TUBES “'Otdies’”, latest. Lists free. Steinmetz, 7519 Maplewood,
Hammond, indiana 46324.

Pl L L L L R T Sppmm—

UNUSUAL BOOKS! 40 for $3. Catalogue 10¢. International, Box
7798PE, Atlanta, Georgia 30309.
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] []
1 ]
' CLASSIFIED ADVERTISING ORDER FORM !
: Please refer to heading on first page of this section for complete data concerning terms, frequency discounts, ¥
¢ closing dates, etc. 0
] ]
K — L}
' 1 2 3 4 5 1
1 1
1 1
H 6 7 8 9 10 H
- . ]
' 11 12 13 14 15 :
1 = [ ]
0 16 17 18 19 20 x
_ _ ]
: 21 22 23 il 24 25 '
' _— 1
! 26 27 28 29 30 :
- ?
. 31 32 33 34 35 )
1 (@ $1.00 (Reader Rate) | - !
Y = Words )} @ £1.60 (Commercial Rate) | = $ d
¥
: Insert____ time(s) Tota! Enclosed $. 1
1 )
T NAME '
: :
| ADDRESS _ '
¥ I
1 CITY STATE ZIP. :
]
: Signature :
¥ WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one word each. Zip Code :
! numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.) Count each abbreviation, initial, ¢
: singte figure or group of figures or letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated
y Wwords count as two words. PE473 1
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“cC ULATO &
DIGIT ALC TOR CHIP
Similur. to Mostek 5001, Outperforms Texas 8-

digit TMS1802. A 40-pin DIP. Adds, multiplies. Qfcrsoos chip
subtructs, and divides. Use with 7-segment
readont xies, and LED's. We include sche- 9.95
maties, instructions to build caleulator,

[] CTS002-9 Volt version of above — $9.9 3 for $27.
O €T5005-Same as above with MEMORY — $14.95

7

8-TRACK CAR RADIO STEREQ TAPE TRANSPORT
Contains complete B-truck stereo recording/playback <=

unit you find in expensive car tape decks. Excellent -

direct replacement unit if your own does nol function
properly. Priced to toss away old, and replace with
new. Less amplifier. Design your own hi-fi stereo
systems around it. Uses standard 8-track cartridge.
With hi-fi stereo tape and all its mechanical parts

x CALCULATOR
KEYBOARD

o 9095 s27

O Etched calculator board
with holes, as above, less
switches $2.50 Board

"'\[l LTIPLEXED. with proper
diodes. Ready to go! U th our own CAL TECH's
G001 chip advertixed at * 95 or equitl to Cul Tech
ar Mostek chip. Kevhourd uses the new manufactured
. printed-circuit jow-profile FEATHER TOUCH

Properly etched, drilled,

_ I es. 0-10-9 in white with black letters. Decimal
) \\.ule with bhlack dot. S, CL and the 9 function
switches are in blue with \\hx(e (I\ vters, Dexigned

that go with it. Operates off 12VDC. Automatic track ) N o
locating and changing plus track indicator output. 34 bgltany m'}“{ \l"'l i'l" 12 ,|, A enu'f:d 5N
ips speed. WOW and FLUTTER less than 0.57 MU uestionsThn she 4 12-pin edgl connector.
metal shield motor reduces motor noise to an inaudible [ Cal Tech 5001 12-digit caleulator 28-pin DIP for $ 9.95
¢ Lses separate TU9 prewmp and s ready m £ s 88 ] Keyboard, 5001 “chip’, and 12 MAN-3's, specs $35.00
g (= ize: 5 % 5 ) Twelve MAN.3's for above N $17.50
= 1 L g [ Twelve MAN-4's for above . ... . $32.00
t LED MITY DIGIT “DCM’S”’ -yo,,, g,m" ot 5 [0 Twelve MAN-1's for above ........ $32.00
& R satific Heviees T g '\l 1l [~'>" outper- -
'ﬁ sotc i e SUERNEE oAk FEATHER-TOUCH N G
Onty tures than ever before! Not L.I us, tol incandesc eul:- cALcuLAToR T
ROt ninie but - from suvh famo M{d. by OAK (lam i
Buy 3 — $9 QQ nmifucuiors o Monsuins AN A Litronics e ANl o L: e
o - TSP on i Tk Gn's s} inejpel 3eniccais | IKEYBOARD =y, sl Kot
er heghts o at no extra charge i in- ]cululur SPST, Normalb
mw:nm'r kl7m'r; \Nl‘;h;;“.o |nn wr'_ b u:.in “u| lulrF;) I l- fodes J SWITCHES IV 1 amp contavts
. conned niing LED readout o lette
19 h. Monsanto hoive, frsistoes. Molex cannectors *For RTTY s c‘lfﬂ’;“;"" £y e
;; : t!:ron:“ ws o ELIMINATES  SOL nuu\( YOUR 1C75).  and *Printed Circuits s ez
704ev  -33h. Litronles hooilrt. INCLUDES P.C. EDGE CONNECTOR — FREE! “For Unique Panel Switches
0 . Pin-for-pin MAN-1_ 7 * Pin-for-pin MAN-4, elec. chag same [—
708 50.0‘ ::I; l S :: ':Z E] gf: .:Z 2 = £
z LITRONICS-MONSANTO-OPCOA 757 ZIERE R Y SR A =R SR
LED Readouts:::: R L e
Ou s MAN.8 SLA-3 . 0 9% .49 | »white top. black numbers.
0O 4* .49
AL 6L Bdepin soeheds B | tBlue top, white characters.
e '-‘-"{’“\"” ( ] Kit of 17 above switches for keyboard $7.50
P with s /
B NATIONAL EQUALS ON
v 1 Npueos, MAN.-
X i e G s DIGITAL CLOCK CHIP
MONSANTO = Coloy
“aLL LED'® Type | Size:|Display| Decimat| Driver | Each | Special Any “Chlp" D$12-88
MONSANTO MAN-1° .27 Red Y SN7347 4.50 3t $12. | R
- = = == 2 *Money Back Guarantee!
MONSANTYO MAN-2 . t Red Yes 2513 6.50 3 for $18. Mirs # Description Sale
MONSANTO MAN-3* -115| Red Yes SN7448| 2,25 | 3 for $6. 15311 cira[;m;, any readout, $12.88 *With
ts: A-B-
MONSANTO MAN-3* .115 Red No SN7448 1.49 3 for $3. 8312 ceramic, any readout, $12.88 spec
MONSANTO MAN-4* .190 Red Yes S$N7448 2.95 3 for $8. 4 ts: C-D 1
MONSANTO MAN 3+ 190| Red No [sN7aas]| 1.75] 3 tors5. | O 3313 28.pin. ceremic. any readout, $12.88 Sheet!
5. . . aa R 18 | [ 5314 24.pin, plastic, LED and $12.88 o
MONSANTO MAN-5 27 | Green Yes |[SN7337| 6.50 | 3 for $18 o e e T NS Compare
MONSANTO MAN.8* 27 !vYetlow! Yes 1SN7447 ] 6.50 | 3 for $18. | Coge: A—Hold Count.  C—1 pps Qutput. Save!
—_— o s D—B
“REFLECTIVE LITE BAR” (SEGMENT) LED READOUTS! ' ** Decimal right or left Bee=0utput Strobe™
[ LITRONIX 707%* (MAN-1} .33 Red Yes SN74aa7 I 3.50 3 for $9. .
[ LITRONIX 704%++ (MAN-4) .33 | Red | Yes |SN7448 | 3.50 | 3 for $9. POLY LINEAR s
(] OPCOA SLA-1¢% (MAN-1} .33 | Red ves |sw7aa7 | 3.50 | 3 ter 55 | PAKS racTony
STOCKS ...u.‘""“ racromy vnv(
[J OPCOA SLA-1** (MAN-1) -33 Red No SN7447 1.95 3 for $5.
) OPCOA SLA-3M Giant Digit .70 | Red | ves |SM7447 | 6.60 | 3 tor 52a. | 'C-MOS"" | 0 531 Hi slew sp.amp (10-5)32.30
Ic ] 532 Micro power 741 (T Clas
1] OPCOA SLA-2 Plus/Minus/1 .33 | Red No |SN744a7 | 3.50 | 3 for $9. CUITS B 533 Micro power 709 (ro 5) . .;;0
2 =t T 1 536 FET Input op amp (TO.5) . 3.9%
] OPCOA SLA-11C (MAN-5) .33 | Green | **%¢ [SN7447 | 4.95 | 3 for $13. CiRr | O 37 Precision 781 (T0-5) ‘250
(] OPCOA SLA-12 Plus/Minus/1 .33 | Green SN7447 | 4.95 | 3 for $12. |Type saie | [ 530 70W pwr driver amp (T0.5) 2.50
>_ = 5D i74coo $.95 ‘ [] 550 Preclsion 723 volt'reg. (DIP) 1. “
74C02 75| [0 556 5 Times faster than 741C . .2.
EXPERIMENTAL LED ~ KORNER G746 113/ 0 358 Bl T BT U
[o] TMAN-3® e T ST 1% vs1.00 |573c%e VssiO se lock loops (DIP}
m x MAN- nme >w.n-‘llg m Lreandout. oL . 1.00 [(174c73 1.78 O e lock loops (DIP)
1.SLA- 7 Opcoa’s MAN:1 Segi Ll L lil 1.as Glacaa [ias ( a lock {00Ps (DIP) -
° 1-SLA-7 Opcoa's MAN 1, b < m .. 1.00 Cl7acye 1790 lock looPs (A). . .
10-LED HOBBY g::wg-zsl s flo o I L0 reo |07E78, 1718|0566 Funciion semerator 4y
s Opto Coupler =iir 2 L TR . 567 Tone generator (A) .
X ] 3.PC. KIT, MAN-1, ALAY e segments missiog ... .. 1.49 u;:g:g? 3':8 % 95 Four Guadrant multiplier
0 1-SLA-13H Opcoa, giant 0.7 character readout, some seg missing 1.88  [578C181 3301 5 Jozc Hi- grain, DC amp (T0-S) .
O 1-SLA-11 Opcoa, lihe MAN-1, green, some scg mussing, readout - 1.49 O7ac1e3 3-50 ] 703C RF-IF, emp, 14 ckts (TO-5)
O 2-SPERRY SP332, twin-digit, factory fallouts, no test ... - 1.00 |- 250 | O 708 TV sound IF system .
74C195 4.50 | 709C Operational amp (A)
L"m Prices = 8 709CV_Op amp (minl DIP)
a 710C Differantial amp (A)
gest Selection TTL IC’ 5 phiE sl o)
Bre "‘ Ko OIP"* Packages Order by type number! Sprc sheets on request "ONLY* ; B ?’ggc""‘{'o‘:’.'::‘:?u""ot *
L'sN7430 .30 []SN7470 .45 | sN = . ¥ O 731C Freq compensator 709 (A)
Dsu7aoo $o 30 ] SN7432 30| sN7a72 ‘38 Ds":’mloa .55 [[] SN74161 1.65 H O 741CV Freq. comp 708 (Mlm DIP .49
CISN7401 = .30 | (] sN7437 60 |0 envays 32 [HEn7aros  .ss|[)sN74162 1.95| © (] 747C Dual 741C (A) 1.28
O sN7402 .30 | O sn7a36 60|01 sN7a78 52 |{ SN :lgs 1.2s5 [0 SN74163 1.98 ¢ O 748C Frea. adf. 741C (A) . ... .49
(JSN7403 30 | [JsSN7440 .30 |()JSN7475 .95 DSN;a:aZ 60 |[] SN74164 3.50| & [] 748CV Freq. adj. 741C (mlnl DIP) .49
Bsnnoa 35 [ sN74a1 1.30|[iSN7476  'ss ([ onra1sa 138 |0 SN74165 3.50 O 753 Gain Block . .. .75
DsN7405 .32 | (1SN7as2 125 |U1SN7477 1130 |0 Sn7a113 125 |0 enrarve 2.3 0] 709-709 Duat 708c (DIP) .. ... 1.00
SN7406 (35 | (JSN7443 1.35|CIsN7478 .95 |0 enyda1y L35 |0 SN74173 210 [ 739-739 Dual stereo preamp . ... .1.98
BSN"W 55 | (] SN7444 1.35|[] SN7480 75 |0 sn74121 7o Esnnns 210 0 741-741 Dual 741C (A) .. .....1.00
D3N7498 .33 (O sN7a4s 1.35|[1SN7a81 1015 (O sh7a122 75 |0 snydirs 219 175150 Dual peripheral driver 88
o sn;,:(;g 35 [ () sN7446 1.65|() sN7482 ‘ss | O sn74133 135 ESN74177 210 [0 75154 Dual perl river .88
O SN7410 .30 | [15N7447 1.50|()SN7483 1115 |(] sn74135 1.50 |[) sNraiso 259 [] 745512 Dual line driver 39
Oenrars 3% Dg:;:;g 1.50 g Sh748s 141 |(sn7aid0 ‘so |01 Sn74181 4 a9 8 PAZ6S S-Watt voltage reguistor . . 1.95
s . 86 .55 |(] sN74145 b ULN2300M Op amp with SCR ... 1.50
DSnrais .58 Osnras1 3510 sn7489 425 [ sn74148 SR S SERE (S D CA306S Video Audlo system - ... 1.50
B enra17 s |8 ::;::: gg 0SN7490  1.30 |(] sN74151 1.25 |(JsN74193 1.98 (A) TO-5 or DIP dual in line pak
CISN7420 30 | [ snrace 39| CSN7491 150 |0 5N74153 1.60 [(JSN74194 195
O sNn7421 35 [ () sn74 . 0sN7492  1.10 |{] SN74154 1.95 |[] SN74195 1. 35 | Terms: add postage ~Rated: net 30
] SN7422 35 61 -35|[15N7493 1,10 |(] SN74156 1.42 |[] SN74196 1.50 Orders: Wakefield, Mass. (617) 245-3829,
o [ISN7a62  .35([]SN7494 1110 . Del Carmine St.. Wakefield, Mass,
B SN7425 .30 | [] sN7464 s0| ] SN7495 110 B g:;::” Miss E SIS B0 (oﬁ % te e sty G.0.D S MAY BE PHONED
SN7426 . . . 58 1.55 |[] SN74139 ater Stree
* Factory M 37 [Lisn7a6s  .50[[IsN7496 110 O SN74160 155 2.62
actory arked .
! bt Money Back Guarantee Buy 100 -— Take 20%
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OCTOBER 1973

SERVICE CARD

125

www americanradiohistorvy com


www.americanradiohistory.com

TAPE AND RECORDERS

RENT 4-Track open reel tapes—all maJor labels—3,000 different
—free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401

SCOTCH MAGNETIC TAPE (USED)

=150,
OLYE
RAS

1P

1 0 FT. 7 INCH REEL, 1 MIL
STER, RECORDED ONCE, BULK
ED (NO BOX). 99¢, PLUS 100/
HIPPING & HANDLING (MIN. ORDER

10.00): SLIGHTLY USED 101/9 INCH

IBERGLASS REELS. 33” HOLE. SOc s

ﬁ PLUS SHIPPING BY WEIGHT d

CH
D ZONE -~ {
SAXITONE TAPE SALES - S

1776 Columbia Rd., 'N.W. Washington, D.C. 20009

3
E
S
5
F
E
A

RECORD BTRK cartridges with anv player. Instructions, $2.00.

C. Faust, Rancocas, New Jersey 08073.

1930-1962 Radio Programs on reeis, $1.00 hour! Cassettes, $2.00
hour! Send $1.25 for huge catalog and hour samples. AM Treas-
ures, Box 192F, Babylon, N.Y. 11702,

UNIQUE introductory offer A $22.50 value for $8.95 on over 300
spoken word audio cassette tapes. Send for special order blank
and complete catalog. Send to Superscope Tape Products Divi-
sion, 455 Fox Street, Dept. PE-1, San Fernando, CA 91340.

SCOTCH TAPES. Discounts! Catalog 10¢. Tower, Box 33098,
District Heights, Md. 20028.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00 up. Catalog 35¢.
PARKS, Box 15201A, Seattle, Wash. 98115,

CONVERT Tv to 6-ft. wide screen' B&W/Color. Do-It-Yourself
—easy! Kit, instructions, lens, $12.95 ppd. Free illustrated
details. MACROCOMA, PE-10, Washington Crossing, Penna. 18977.

PERSONALS

MAKE FRIENDS WORLDWIDE through international correspon-
dence. Iliustrated brochure free, Hermes, Berlin 11, Germany.

Electronic Detector locates hidden transmitters.
Security Devices, Box 671, Westwood, New

BUGGED??7? . . .
Literature 25¢.
Jersey 07675.

INSTRUCTION

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

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Auto-
suggestion, Box 24-ZD, Olympia, Washington 98501.

ASSOCIATE DEGREE IN ELECTRONICS through correspondence
instruction. G.1. Bill approved. Free catalog. Grantham, 1509 N.
Western, Hollywood, California 90027.

F.C.C. MANUAL ;é

PASS FCC EXAMS' Memorize, study | ,5‘
—*1973 Tests-Answers™’ for FCC |/
First and Second class Radio-
telephone licenses. Newly revised
multiple-choice questions and dia-
grams cover all Jareas tested in FCC
exams. —plus— ‘Self-Study Ability
Test.'" $93.95 postpaid.

COMMAND PRODUCTIONS

P.O. BOX 26348 P
RADID ENGINEERING DIVISION SAN FRANCISCO,  CALIF. 94126
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INTENSIVE 5 week course for Broadcast Engineers. F.C.C. First
Class license. Radio Engineering Incorporated, 52 S. Palm Ave.,
Sarasota, Florida 33577.

SHORTCUTS To Success! Highly Effective, Profitable Short Courses.
(75 Choices). Study At Home. Diploma Awarded. Our 27th Year.
Free Literature. CIEE-D, Box 10634, Jackson, Miss. 39209.

TAPE RECORDING COURSE: Taught by studio engineers. Free in-
formation. NNA, Box 721R, Rye, New York 10580.

DIGITAL:THEORV,DESIGN s
CONSTRUCTION

LOGIC
NEWSLETTER °©

SAMPLE COPY $1.00
LOGIC NEWSLETTER
POB 252
WALDWICK,NJ. 07463

SCORE high on F.C.C. Exams . . . Cver 300 questions and an-
swers. Covers 3rd, 2nd, 1st and even Radar. Third and Second
Test, $14.50; First Class Test, $15.00. All tests, $26.50. R.E.I.,
Inc, Box 806, Sarasota, Fla. 33577.

DEGREE Program in Electronics Enginleering. Qur 27th Year! Free
Literature. Cook’s Institute, Dept. 13, Box 10634, Jackson, Miss.
39209.

NEW! ‘“‘Revised 1973." Basic: Third, Second. Advanced: Radar,
First. Phone Exams. *‘1000" Questions, Answers, Diagrams, For-
mulas Taken from actual FCC material. $7.75. Evaluation Re-

search Hill, Dept-R3, Box 19A56, Ahoskie, North Carolina 27910.

REPAIRS AND SERVICES

1610 Melville,

PRINTED Board Design, Fabricatian. PCDS,

Fairfield, CT 06430,

INVENTIONS WANTED
CASH-ROYALTIES for patented, unpitented inventions. Giobal

Marketing Service, 2420-P 77th, Oakland, California 94605.

FREE ‘“‘Directory of 500 Corporations Seeking New Products.’
For information regarding developmeint, sale, licensing of your
patented ‘unpatented invention. Wrize. Raymond Lee Organization,
230-GR Park Avenue, New York City 10017

PATENT >earches |nc!udmg Maximun speed full airmail report
and closest patent copies. Quality Searches expertly adminis-
tered. Complete secrecy guaranteed. Free Invention Protection
forms and ‘‘Patent Information,”" Write Dept. 9, Washington
Patent Office Search Bureau, Benjamin Franklin Substation,
P.0. Box 7167, Washington, D.C. 20G44.

INVENTORS: Protect your ideas! Free ‘‘Recommended Proce-
dure’”. Washington Inventors Service, 422T Washington Building,
Washington, D.C. 20005.

FREE PAMPHLET: “Tips on Safeguarding Your Invention.” Write:
United States Inventors Service Company, 708-T Carry Building,
Washington, D.C. 20005.

INVENTORS! Either we will sell your Invention before you or
anyone else does, or we will pay you a cash bonus. Get Free
Invention Evaluation and information: Write Gilbert Adams Or-
ganization, Invention Brokerage, Dept. 20, 81 Wali St., New
York, NY 10005.

INVENTORS are invited to join the INTERNATIONAL SOCIETY of
INVENTORS, Rosenstrasse 1 Thalwil 8800, Zurich, Switzerland.
Request Information.

MR. INVENTOR: Ideas and inventionis urgently needed by manu-
facturers. Product development assistance and quality patent
searches. Financial assistance plan if required. Write: Charles S.

Prince, Invention Consultant, 509-E ISth Avenue, New York City
10017.
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LIGHT EMITTING DIODES TRANSISTOR SPECIALS New Raytheon
FLV 100 VIS. LED .$ .59 | 2N3137 NPN Si  To-5 6 20 .5 70 500 4/$1.00 | ASCII Encoded
m{:$ ;rgt:oY:anlsntstor glgg 2ZN3584 NPN S+  TO0-66 35w 250V 2A 10MHz100Hfe $51.50 Terminal Keyboards .$60.00
- pto. Isoiator . - o o T4 e
MCD-2 Opto. Isolator . . ..$1.00 | MP53393 NPN Si T0-92 325 -17190 2 4uS1.00 | o e Wrap Sockets .50
MCA-2-30 Photo Relay .. $1.95 | 2N1605 NPN GE TO-S .15w 24V 1A 14 125 5/%1.00 o Wrap Sockets $.50
My SoZeRVISHLED, .$ .65 | 2N5324 PNP GE TO0-3 60W 250V 10A 20 35 $1.50 QEe— ;
Z'“E‘E'N“G‘;E,DOSSL T TED :l:;’g 2N10150NPN 51  TO-B2 150W 200V 7.5A .025 10 $1.45 | princed circuit boare 41" x 61"
RED GaP OS5L-3 LED . ‘95 | 2N3772 NPN S5 T0-3 150w 60V 30A .2 30 $1.25 dloulbslg t:’_gf(d lrn‘bgcrmu‘ass board
Hi Intensity Red | 283866 NPN si  TO-S 5 30 RF Power s .75 ok 0 6a. 5 52.50
PLhRitetiecton $1.25 | 586109 PNP S5, T0-220 36W 40V 4R 8 60 s0¢
30 | 2N5296 NPN si T0.220 36W 40v 4A .8 60 s5¢ MULTI-TURN TRim POTS
.30 - 40 L\ 40 a6 s .60 | Similar to Bourns 3010 Style
-39 2N4B98B PNP si T0-66 25w v 4aA a0 46 5 € B e e s PR Ton
'35 | MJ2251 NPN Si  T0-66 10W 225V .5A 10 a0 S .70 | 30k ohms. $2.00 3 $5.50
.50 2N3055 NPN S| TO-3 115W 100V 15A .2 44 $1.00
-1.00 PAZ234 1 watt
ab SLA-3 7 Segment LED Readout 77” Num- FuLL :’AVE:X'|DG§S Audio Amips
N PRV A LM 309 5v
'75 | bers 45 ma 1 Seg. $9.95 . h SRS
. 65 200 .85 1 1.25 | 541 OpER. AMP
1.25 Data-Lit 707 direct replacement for MAN-1 400 | 1.15 | 1.50 Dual 709
o HoE R LED seven segment Reouts $3.75 600 | 1.35 | 1.75 ;%,%_;8%;:;;?5"
L3O [ - poweer 723 .
1.33 4 D READOUT .%3.50 | Silicon Power Rectifiers 703R Amp .. ... s .
L1 —
139 MAN-3 LED READOUT . .$2.95 | pry jA 34 12A S0A gsgogsa:PMLYoxkAL"(‘)gp :
. 1.20 I . T | A - - o i
B 128 | oV 1 Amp. revurated power | _100 06 117 Ti30 " .85 | 567 Tone Decoder ... £3.2%
7381 1 .1.98 | supplies. These units are similar 200 .07 .16 .35 1.25 561 Phase Lock Loop '$3.25
7446 1! '}‘32 to analog devices encapsulated 400 .03 .20 .45 1.50 5558 Dual 741 o(Mml bip) .88
7447 1l ‘1,75 SE905 power supplies $24.95 600 .11 30 70 1.30 SICMEETMILutEO e A MY 322
7438 1 HaH o 800 .15 .40 .85 2.30 530 70W Power Driver slz'.gg
N CA 11 1024 Bit RAM .$8.00 Y - 10 - Dual 741 .
1000 .20 .s5 1.10 2.75
Lo -2.35 | NEC6003 2048 Bit RAM $14.50 LM308 Oper Amp $1.95
1101 256 Bit RAM . .s4.00 NS et 5 o
8225 64 BIT MEWORY %$4.00 Silicon Control Rectifiers 320 5vaeg £2.28
VERIPAX PC BOARD T - 35035V Reg Sa¥as]
h . TRIACS PRV | 1.5A 6A  10A 70A -
This board is a 1/16" single I 700 - E 3 T 424—Zero Voltage SWI(Ch $1.25
sided paper epoxy board 412" x | PRV | 1A | 10A | 15A | 20A* ! :40] .50 ] .60 748 Oper Amp S .90
61/3” (standard veripax) DRILLED | 10D | .46 | .70 | 1,00 | 1. | 200 .60 .70' .80 6 LM 3900 Quad Oper Amp $1.49
and etched, which will hold 21 200 701 1.10 | 1.50 | 1.60 | 400/1.00]1.20 1.30 9.50 PA 264 Regulator $1.25
single 14 pin IC's. or 8,156 or = 5 | eoo| |1.70  11.00
LS! DIP IC's with busses for ’ X0 | el || S5 || EREIS 1310 3 S S
power supply connections, It is | 400 [ 1.10 1 1.60 | 2.30 2.40 715 73 N Channel FET ..5 .75 : . -
also etched for a 22 pin connec- | 500 | 1.50 | 2.00 | 2.70 | 2.80 2N4891 WJT % .50 Send check or Money Order. In-
tor. $5.25 3 '$14.50 Press Fit ER900 Trigger Diode. .4 $1.00 clude postage. No €.0.D."s.
NIXIE TUBE
AYTHEON 8753 WITH Minimum Order $3.00 Send $ .20 for our latest cataloy featuring

R
SOCKEY AND DATA SHEET $2.25 3/%6.00

Rated companies 30 days net

Transistors and Rectifiers

SoLiD STATE SALES

Post Office Box 74A

Somerville, Mass. 02143

Tel. (617) 547-4005

CIRCLE NO. 37 ON READER SERVICE CARD

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Maitorder!
money! Start with $15.00—Free Proof.
Ypsilanti, Michigan 48197.

Helped others make
Torrey, Box 318-N,

$200.00 DAILY In Your Mailbox! Your opportunity to do what
mail-order experts do. Free details. Associates, Box 136-J, Hol-
tand, Michigan 49423,

FREE CATALOGS. Repair air conditioning, refrigeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201.
MAILDRDER MILLIONAIRE helps beginners make $500 weekly.
Free report reveals secret plan! Executive (1K10), 333 North
Michigan, Chicago 60601.
PIAND TUNING LEARNED QUICKLY AT WOME! Tremendous field!
Musical knowledge unnecessary. Gl approved. Information free.
Empire Schoo!, Box 327, Miami 33145.

FREE SECRET BOOK '2042 Unique, Proven Enterprises.’”” Beat
inflation with fabulous, successful ““Little Knowns.”” Work home!
Haylings-B2, Carlsbad, Calif. 92008.

HIGHLY

PROFITABLE ON E'MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings facts
about this unusual opportunity. Write today! Barta-
DEPI, Box 248, Walnut Creek, CA 94597.

BECOME our Mail Order Distributor with $150 investment. Free
brochure. Audit Controls, 141 Brookside Ave., Ffair Lawn, NI}
07410.

OCTOBER 1973

START SMALL, highly pro}itﬁe electronic production in your
basement. Investment, knowledge unnecessary. Postcard brings
facts. Barta-PEM, Box 248, Watnut Creek. California 94597.

$2000.00 MONTHLY seliing information by mail. Ropchan, Box

5341X, Sherman Oaks, Calif. 91413.

SILVER RECOVERY Dealers WANTEO!—Earn $24,000.00 by second
year'—No Investment!—No Risk!—Equipment Provided!—Our
manual ‘“How To Start and Operate Your Own Silver Recovery
Business’’ gives complete details!—Manual only $9.95—Limited
Offer!-—Creative Products, 8415 Lofland, Dept. 103, Houston,
Texas 77055.

PARTNERS WANTED—Sound Repair Centers operates stereo
repair stores in 3 states. If you are qualified, we'll train you to
manage a store of your own. You'll be guaranteed sets to repair,
and the tools to repair them. A $10,000.00—$25,000.00 invest-
ment is required. Call: Donald Bailey, collect, (215) 563-4400.

SECRET mailorder techmque 500% profit. $1.00. Gallery, Box
48212/7D10, Atlanta 30340.

IMMEDIATE CASH in your spare time. It’s easy to sell nationally
famous Knapp Shoes. Very high commissions plus bonuses. Your
own business with no investment. Free selling and training kit.
Lowell Harris, Dept. PE-1, Knapp Centre, Brockton, MA 02401.

MOVIE FILMS

8MM-SUPER 8-16MM MOVIES! Biggest Setection! Lowest Prices!
Free Catalog! Cinema Eight, Box PE, Chester, Connecticut 06412.

PRINTING

Rubber stamps.

FREE Literature, Business cards, letterheads,
Geer’s, 111 North Drive, Ottawa, Ohio 45875.
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RCA COMPUTER BOARDS
- @ & = .

3

13

R
-y

)
Jg":’z}

New glass epoxy boards, from last computers made
by RCA. All kinds of semiconductors, trimpots, res-
istors, capacitors, time delays etc. STOCK NO.F9662
%6/5.00, 14/10.00, 22/15.00, all different.

P -

™
- ..
-

HEAVY DUTY MULTIPLE VOLTAGE
REGULATED TRANSFORMER

7 voltages, 15 volts @ 10 A,
36 volts @ 5 A.,10 volts @

5 A., 20 volts ct @ 2 A, 36
volts @ 5 A.,42 volts @5 A,
36 volts @ 4 A, Resonant
primary regulated,(no change
in output voltages for up to
20% change in primary). 5%’
x4%!/x6". Complete with reg-
ulating capacitor and data for
many more uses and voltage i
combinations. S

STOCK NO.F9584 20 Ibs. 12.50 ea.

2/22.00

OUR NEW 56 PAGE CATALOG JUST OUT,
LOADED WITH NEW AND DIFFERENT
ITEMS, NEVER BEFORE AVAILABLE.

Include postage. Excess refunded.MIMIMUM
ORDER, $3.00. Write for new 56 page catalog.

A BEE!.T&E[ECTROCNIQ c0.

617-388-4705

CIRCLE NO. 8 ON READER SERVICE CARD

SUBSCRIPTION

Your subscription to POPULAR ELECTRONICS iS
maintained on one of the world’s most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of PopuLaR ELECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficulties. For exam-
ple, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.

— ABOUT YOUR=— |
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HOME ENTERTAINMENT FILMS

GIVE FILMS THIS CHRISTMAS—join SPORTLITE's Film Club. Send
$1.00 for your catalog today. This entitles you to $1.00 off
on six (6) separate films (color; B&W; Regular 8; Super 8)—
your choice from the entire Columbia or Castle catalogs.
Offer expires November 30, 1973. Treat yourself, a friend, too!
SPORTLITE, Eiect Dept., Box 500, Speedway, Ind. 46224.

PLASTICS

CASTOLITE pours like water, hardens like glass without heat.
Crystal clear, colors. Embed flowers, seashells, momentos, any-
thing. Make fine gifts. Form flexible molds over zny pattern,
size. Reproduce your own designs in plastics, candle wax, metat,
plaster, cement. Profitable, Iilustrated Manual and Catalog Only
$1.00. CASTOLITE, Dept. 73L/PE, Wobdstock, IlI. 60098.

HYPNOTISM

SLEEP learning. Hypnotic method. 92% effective. Details free.
ASR Foundation, Box 7566EG, Fort Lauderdale, Florida 33304.

FREE Hypnotism. Self-Hypnosis. Sle2p Learning Cataicg! Drawer
H400, Ruidoso, New Mexico 88345.

&MAZING Hypnodisk pul:?sujnj?cts in{l Dieep Hypnosis!! Instruc-
tions! Rushed!! Guaranteed! $2.00. Hydnodisk, 508 Mourningdove,
CiM-10, Audubon, Pennsylvania 19407.

RUBBER STAMPS

RUBBER address stamps. Free catalog 45 type styles. Jackson’s,
Box 443G, Frank!in Park, 11l. 60131.

EMPLOYMENT INFORMATION

EXCITING Overseas jobs. Directory $1.00. Research Associates,
Box 889-E, Be!mont, California 84002.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLVOYMENT OPPORTUNITIES. Report
on jobs now open. Details FREE. Aviation Employment Informa-
tion Service, Box 240E, Northport, NFW York 11768.

STAMPS

88 COUNTRIES—ONLY 10¢! Worth $500 at catalog prices!! In-
credible coilection of genuine postage stamps from 88 different
countries—from Afghanistan to Zamhia, North to South Pole!
British, French, Portuguese, Spanish Colonies. Old 19th Cen-
tury, New Issues, Moon and Outer Space stamps, etc. All for
only 10¢! Also, other exciting stamps to examine free. Buy any
or none; return balance, cancel service anytime. Plus Wonder-
ful Free Catalog. H. E. HARRIS, Dept. Slh'-62, Boston, Mass. 02117.
100 ALL DIFFERENT Sweden. Only $1.00. Banknote to: Sjoeberg,
PO Box 102, $-28300, Osby, Sweden.

REAL ESTATE

FREE . . . 264-PAGE FALL CATALOG! Describes and pictures
hundreds of farms, ranches, town and tountry homes, businesses
coast to coast! Specify type property and location preferred.
UNITED FARM AGENCY, 612-EP West 47th St., Kansas City, Mo.

POPULAR ELECTRONICS Including Electranics World
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Popular Electronics

newene Elecetronics World

OCTOBER 1973

ADVERTISERS INDEX

READER
SERVICE NO. ADVERTISER PAGE NO.
1 Airpax international Division .......ceovwirero 109
2 Altee .. . s 7 s g AT Inads s FEEERR 8
3 BSR (USA) Ltd. .... . ]
4 Babylon Electronies .. ........oovevrenrananirioon .. 123
Bell & Howell Schoofs ................... 40, 41. 42. 43
BOSE ... vty - ... 28
Burstein-Applebee Co. . ... ... ... ... 119
CREI Capitol Radio Engineering Institute 58. 5%. 60, 61
6 Cleveland 1nstitute of Electronies ..... ....... 76,77.78. 79
42 Cobra Communications, Dynascan Corporation ....... .. .75
7 Crystek ....... e * 120
8 Delta Electronics Co. ....... P g kg IR S R 128
9 Delta Produets, Ine. -........oc...on.n e 19
10 Digi- ey sl bl a e 121

Il Dixie Hi-Fidelity Wholesalers
12 EICO .
13 E & L tnstruments. Incorporated
14 Edmund Scientific Co.
15 Electro-Voice. Inc. ...

16 Electronic & Control Engineers’ Book Club ....... ... 7
32 Electronics Book Service ....... .. ... ... .27
17 Grantham Schoo! of Engineering . ............... 17
18 Gregory Eleetronics Carp. ... ... ... ... 122
20 Heath Company ... ................... .. 112, 113, 114, 115

1CS International Correspondence Schools ......... S0

CLASSIFIED ADVERTISING

READER
SERVICE NO. ADVERTISER PAGE NO.
21 Illinois Audio ................. ST s, i L1290

22 Lafayette Radio Electronies ...............v.ne
23 McGraw-Hill Book Company ..........cc.oiecovinnnos

24 Mcintosh Laboratory. Inc. ... ...
25 MITS Micro Instrumentation & Telemetry

SyStems. INC. ...\ .o e 15
26 Midwest Hifi Wholesale & Mail Order Division ........119
National Radioc Institute ....... SECOND COVER, 1, 2.3
National Technical Schoels .................. 22, 23. 24. 25

28 Olson Electronics ... ....oovimmenaiimnnrnaooano.

29 Pace Communications

30 Pickering P T R —
31 POly PaKs ...ttt 125
33 SBE illmewmomeihd e inis se ol IPEITASTE 105
34 Sams & Co.. Inc.. Howard W. 4 81
35 Sansui Eléctronics CorB. ... ......coveniiiiiiii 3
36 Schober Organ Corp., The .....c.ooovmmaeiiiinn "7
37 Solid State Sales .........ieiiiiaiiinanas .27
38 Tab BOOKS . .cucvrnenonnonansmanasaassnmaneneeanne. . 106
39 Teehnical Home Study Sthools ................. ... L9
19 Technies By Panasonie ......... g e e FOURTH COVER
40 Tri-Star Corporation - 108
U.S. NAVY ovtineoimacn i 20, 2¢
41 Wahl Clipper Corporation ..................... oot 103

121, 122. 123, 124, 126, 127, 128. 129

TREASURE FINDERS

FREE—Valuable Treasure Finder catalog sent by return mail.
Find Coins, Rings, Gotd, Silver, Metals, Relics. Write today.
JETCO, Dept. CPE, Box 26669, El Paso, Texas 79926.

TREASURE FINDER locates buried gold, silver, coins, treasures.
6 powerful models. $19.95 up. Instant financing available. Write
or cali for free catalog. Phons (713) 682-2728 day or night.
Dealer inquiries invited. Relco, Dept. A-33, Box 10839, Houston,
Texas 77018.

FREE FACT-FILLED CATALOG. World’s largest line of metal
detectors. Mode!s as low as $49.50 and up. Two year Guarantee.
Three factory locations, U.S. and Canada, plus over 1,000
dealers and 35 Service Centers from coast to coast. No finer
instruments made at any price. Budget terms. Write:
White's Etectronics, Inc., Rm# 391, 1011 Pleasant Valtey Road,
Sweet Home, Oregon 97386.

OCTOBER 1973

METAL DETECTORS. Save $$§. Catalog; Detector, Room 1065-W,

102 W. Arrellaga St., Santa Barbara,Calif.93101.

FIND BURIED TREASURE eight transistorized models $19.95 to
$119.95, modular interchangeable heads, full view motors, FREE
Catalog, Sofidtronics Corporation-PE 37, Tennent, N.J. 07763.

MUSICAL INSTRUMENTS

30% DISCOUNT name brand musical instruments. Fres Cafalog.
Ereeport Music, 455N, Route 110, Melville, N.Y. 11746.

WHOLESALE! Professional Guitars, PA Systems, Altec Speakers.
240W RMS Amplifiers. free Catalog, Carvin, Escondido, Calif.
92028.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment. Sem-
plex, Box 12276P, Minneapolis, Minn. 55412.
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LIVE IN THE WORLD OF

A BETTER LIFE
STARTS HERE

\‘---ﬂ—"

CREATIVE AERONAUTICS
' FUN KIT

Complete aeronautics lab_provides |
100 experiments for ages 12 to 90
Learn about air convection. aerody-

a namics, rel. density, drag, altitude
Lo | determination. Easily make 9lider:
!l i 4! rubber - powered aileron - controllod

' B, .3 3 plane; 27” wingspan plane w wgk
i 2. i ailerons & elevators, rudder: hellium
I~ ﬂ.m alloon w passenger transport: heli-
K copter; air-driven tand vehicle: rocket

w automat. chute recovery. Everything you need for weeks of fun
& fearning incl 159 =3 |nstr book!
Stock No. 71.840, . .$15.95 Ppd.

\ .
~--—’—
“FISH” WITH A GIANT MAGNET

Go Treasure Hunting On The Bottom! Sw
Fascinating fun, and sometimes very prof-
itabte! Tie a line to our 5-pound Magnet—
drop it overboard in bay, river, lake or
ocean. Troll it along the bottom. Your
“treasyred’’ haul can be outboard motors,
anchcrs, other meta! valuables. Five-pound
Magnat is war surplus—Alnico V Type that
cost the Government $50. It lifts over 150
pouncs on land—much greater weights under
water!

Ny

K ey
e
e " to

........ $14.00 Ppd.
..$8.75 Ppd.
.$5.75 Ppd.

Stock No. 70,571AV
Stock No. 70,570AV 31 lbs,
Stock No. 60,215AV 112 fbs. .

T e s
130 EXPERIMENTS

IN OPTICS .
and phcotographyl Opt|x® Experiments
Kit is a complete optical & photography
lab for 130 exciting experiments. Lets
you recreate the periscope, telescope,
“imicroscope, kaleidoscope! Build a 35-
mm reflex camera with interchangeable
lens system! Make, develop photo-
graphic film! Enjoy the fun and fas-
cination of having your own optics lab.
Fully illustr 112-pg manual, 8%2x11”,
clearly explains usage of this stlmulahng
kit's 114 precision engineered components.
Stock Ne. 71,646AV . . $22.50 Ppd.

MAIL COUPON FOR £OM
GIANT FREE

TOMORROW...TODAY!

{And our FREE CATALOG is packed with exciting and
vanusual ecologicol & physical science items—plus
4,500 finds for fun, study or profi . . . for every mem-

ber of the family.)
—_——-M

Ll KNOW YOUR

ALPHA FROM THETA!

For greater ral axahon, con-
centration. listen to your
Alpha-Theta bravnwaves
Ultra-sensitive electrode
headband slips on/off in

seconds—eliminates need
for messy creams, etc. Atch'd
to amplifier,” filters brainwaves,
sitinals beep for ea.
Theta wave passed
button simulates Aipha
audio & visual (L.E.D.) feedback.
Reliable. easy-to-usz unit—com-
parable to costlier models.
Completely safe. Comprehensive
mstructuon booklet.
3x4” 24 g=.). . . ... ..$124.50 Ppd.

(8x
(Low Cost startei i Unit) . $49.95 Ppd.

No. 1635AV.
No. 71,809

—1

3CHANNEL COLOR URGAN KIT oy

£asy to buiid low-cost kit needs |
no technical knowlzdge. Com-
pleted unit has 3 bards of audio
frequencies to modu 'ate 3 inde-
pendent strings of calored lamps
(i.e. “lows”—reds, “middles’ —
greens, ‘‘highs’’—tbtiues. Just
connect hi-fi, racio, power lamp
etc. & plug ea. lamp string into
own channel (max. 300w ea.).
Kit features 3 neon indicators,
color intensity controls, con-
/ trolled individ SCR circuits; isolation
transformer; custom plastic housing; instr,

Stock No. 41,831AV $17.50 Ppd.

THE STARS,
MOON, PLANETS
CLOSE UP!

3”7 ASTRCNOMICAL
REFLECTING TELESCOPE

60 To 18¢ Pwr. Famous Mt. Palomar Type
See the rings of Saturn, the fascinating
planet Mars. Seas and Craters of the
Moon, Star Clusters in detail. New im-

I’umlnnzed and overcoated 3"
diameter 10 primary mirror, venti-
lated cell. Equatorial mount with locks
on both aTes Equipped with 60x finder

proved,

telescopa hardwood triped. Included
FREE: VALUABLE '*HOW TO USE YOUR
TELESCOPE'" book: ‘‘STAR CH
Stock No. 85.050AV %34.95 Pod.
Deluxe 37 Reﬂector Telescope 41/, Reflector Telescope(45xt0270x)
Stock No. 80,1 AV .562.50 Ppd. Stock N 1082V .00 FOB
41/4 Reflector‘l’eloscnpewnthIockDrweStack NO 85 107AV 5145 00 Ppd.
eflector Teloscope Stock No. 85, 5215.00 FOB

ART"

85.086AV . . .

EDMUND SCIENTIFIC CO.
300 Edscorp Building, Barrington, N.J. 08007

S" Reflector W ’(Electric) Clock Drive Nl' 3249.50 FOB

[ ] ' How Many Stock No. Descripticn -_rice Each Total
CATALOG: | T
164 PAGES + MORE THAN I

4,500 UNUSUAL BARGAINS! |
|Comn|e!e|y new '74 Catalog. Packed with huge I
selection of telescopes. microscopes. hinoeulars,
'ma:;nets ?aﬂnlﬁcrs Lrur}|1s‘ms ;;hoto comtuoniq%s .
ecology an nigue Lighting items, parts. kits, MERCHANDISE Total|
accessories—many hard-to-get surplus bargains. (t 5
100°s of charts. illustration. For hobhyists. eguen peease Seno (] GIANT FREE CATALOG AV HANDLING CHARGE| $1.00*

| menters. schools. industry.

|

|

| EDMUND SCIENTIFIC CO. |
'300 Edscorp Building, Barrington, N. j. 08007 I
|

|

|

| Please rush Free Giant Catalog "AV"”

'Namp

' Addres

30 DAY
MONEY-BACK
GUARANTEE

TOTAL $ |

| enclose [] cneck ‘50¢ ON ORDERS OVER $5.00

(1 money order for §

NAME

ADDRESS

CITY STATE.. rald

CIRCLE NO. 14 ON READER SERVICE CARD
Printed in U.S.A.

POPULAR ELECTRONICS Intluding Electronics World
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opular Electronics

incruoine Electronics World

READER SERVICE

re’s an easy and convenient way for you to get additional informa-
m about products advertised or mentioned editorially (if it has a

ader service number) in this issue. Just follow the directions below...
1d the material will be sent to you promptly and free of charge.

the attached
stage- free card,
int or type your
me and address
the lines
licated.

Circle the number(s)

that corresponads to the key
number (s) at the bottom or
next to the advertisement or
editorial mention that is of
interest to you. (Key numbers

Simply cut out

the card and mail.
No postage
required.

for advertised products also
appear in the Advertisers’ Index.)

FREE INFORMATION

| ELECTRONICS

weruona Flectronics World

.lt's the new look in magazine cases! The

ideal way to save your valuable copiges, keep
them well-protected and make it easy for ycu
to refer to any issue at any time. Both ceco-
rative and attractive to enhance the decor of
any room—each case is designed to hold a
full year's copies.

Sturdily constructed to guard your maga-
zines against soiling and tearing, these dur-
able cases are covered in a rich-textwured
leatherette. They are available in either all
black or attractive rnaroon back with black
sides. The gold-embossed back adds to its

elegance and makes each case a welcome
addition to your book shelf or cabinet.

Magazine cases are available for any of your
favorite magazines. They're only $4.50 each,
3 for $12.50 in any combination of titles
ordered. Add 50c per case for postage and
handling. Qutside U.S.A. add $1.00 per
case ordered.

HERE’S HOW TO ORDER

Send your order to Ziff-Davis Publishing
Company, Dept. 721-A, One Park Ave., New
York, N.Y. 10016. Be sure to indicate the
titles of the magazines for which cases are
being ordered. Specify your color choice for
Popular Electronic cases which are avail-
able in either all black or maroon back with
black sides. Colors for other cases are

determined by the respective magazine pub-
lishers. Print your name and address clearly
and enclose the amount indicated above for
the number of cases being ordered PLUS
an additional 50¢ per case for postage and
handling. Outside U.S.A. add $1 per case
ordered.

A?"»f’..‘w
AN EXTRA SERVICE FOR YOU-
CHARGE YOUR ORDER TO YOUR @
AMERICAN EXPRESS DR

BANKAMERICARO ACCOUNT.

Mail your order, name, address and credit
card number. You will be billed for the
amount indicated above.
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The better the turntable
the fewer the moving parts.

Ours have only one.

Theoneis tke Technics direct drive'DC motor.
A DC motor to escape wow, flutter and hum.
A DC motor that is brushless and spins at
3315 or 45 rpm so it doesn’t have the vibration
and noise problems of its faster competitors.

WOW AND FLUTTER

« 0T 7 1
w
£ 4030 /
3 . AAAN pu M AN AL AN
= VVWER TN VT WU UV
z —0.10 }
Q
—0.20 | |
= 1 2 B 4
BBELTORIVE  BDIRECT DRIVE TIME Min.

And it has an analog feedback speed control
so it never suffers from frequency or voltage
fluctuations.

Thedrive system is just as important as
the motor. And direct drive doesn’t depend
on an idler wheel or belt. They had te go
because they show their age and lose their
shape. Instead we put the platter rigk-t on the
motor shaft.

200 PARIGAVE.; MLY.
FOR

TECHNICS DEALFR CALL TOLLFREE- e
800 447-4700. IN ILLINOIS-200 3253800,

CIRCLE NO. 1¢ ON READER SERVICE CARD :

 NY.TCOUR | o e
AREST AUTHCRIZED Mm

Theimprovement is obvicFus
FREQUENCY SPECI’RUT" OF RUMELE

N

a .\
© _50““1“ | r _1
4'— : Tl
T
G~ TN
25 30 © 50 60 80 100 200
l BELT DRIVE FREQUENCY Hz

®DIRECT DFI\IF

We make three direct drive turntables.

The SL-1100A, shown below, comes with a
professional-type tone arm, viscous-damped
cueing, illuminated stroboscope, variable
pitch controls and a dust cover.

The 5L-1200 includes most of the same
eatures at a more madest price. And the
P-10 is for those who insist on choosing their
wn tone arm.

Either way. The concept is simple.

The execution is precise. The performanceis
outstandmg The name is Technics.

echnics

by Panasonic
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