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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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LARGEST-SELLING
ELECTRONICS MAGAZINE
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William Ziff, President
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35 INTRODUCTION TO ELECTRONIC MUSIC Don Lancaster

What it is and how to get started with i,

47 ACCESSORIES FOR YOUR CB RIG Richard Humphrey
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Seem. w usuur anoano con® urgtions,

64 ADDITIONAL FUNCTIONS FOR YOUR POCKET CALCULATOR

Edward C. Priest

65 THE EASY WAY TO MAKE PC BOARDS william T. Roubal
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89 ABOUT THE NEW RCA COLOR TV RECEIVERS Johr 7. Frye
92 DO YOU KNOW YOUR BIPOLAR TRANSISTORS? iothdr Stern
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

POPULAR ELECTRONICS Including FLECTRONICS WORLD,
October, 1973, Volume 4, Number 4. Published monthly
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.

POPULAR ELECTRONICS Including Electronics Warld

www americanradiohistorv com


www.americanradiohistory.com

EDGAR W. HOPPER
ARTHUR P. SALSBERG
Oditorial Dircetor

MILTON ? SNITZER
“ditor
LESLIE SOLOMON

Technical Editor 1. GORDON HOLT
JOHN R. RIGGS
Managing Editor

EDWARD |I. BUXEAUM

drt Director

THE SCENES
12 STEREO SCENE J. Gordon Holt
26 HOBBY SCENE

98 CB SCENE Mot P. Spinello

102 TEST EQUIPMENT SCENE Leslie Sofomon
104 SOLID-STATE SCENE Wwalter G. Jung

PRODUCT TEST REPORTS
80 KLH MODEL FIFTY-TWO AM/STEREO FM RECEIVER
83 AKAI MODEL 4000DS TAPE RECORDER
85 RCA MODEL WV-529A MULTIMETER
86 REALISTIC MODEL TRC-46 AM/SSB CB TRANSCEIVER
88 JAMES MODEL C-8600 ELECTRONIC THERMOMETER

DEPARTMENTS

6 EDITORIAL Milton S. Snitzer
The Fork in the Road

8 LETTERS

18 NEWS HIGHLIGHTS

97 TIPS & TECHNIQUES
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Flying, Modern Bride, Pcpular Photography, Skiing, and
Stereo Review.
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addressed to POPULAR ELECTRONICS Including ELEC-
TRONICS WORLD, Circulation Department, P.O. Box 2774,
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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
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’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.
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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
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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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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. @
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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
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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
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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
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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

|||I|I||I|I|II|IIIIIIIIIlIIIIIlIIIIlIIIIIIIIIIIIlIIIIlllIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIHIIIIIIHIIIIIIIII

§IIIIIIIIIIIIIIIIIIIIII|lll|IIIIIIIIIIlIIIIII!IIIIIllll!IllﬂllIIIIIIlllIIIIIIIIIIIllllIIIIIIIIIIIIIIIIIIIIIIII

POPULAR ELECTRONICS [ncluding Electronics World

wwwW americanradiohistorvy com


www.americanradiohistory.com

TG T TR

N N R AR

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.
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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 photo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>