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Kit for kit,

ext for text.
dollar for dollar, your
best home training

buy is NRI

NRI “hands on’’ method gives you as much as 2 years
of on-the-job experience. Pick your field and enroll now!

After over 55 years of training men for Electronics in
their homes, NRI knows that theory alone is not
enough. That’s why NRI concentrates so heavily in
the development of special training equipment. Your
hands must be trained as well as your head, and NRI
gives you both kinds of training in a manner no other
school can match.

You get your hands on professional parts and demon-
strate theory you read in NRI’s unique “bite-size”
texts. You build designed-for-learning Electronic cir-
cuits and complete, operating equipment. You use
what you build to prove out what you read. Elec-
tronics comes alive in the most valuable, practical
manner. You experiment with the same kinds of solid-
state and transistorized and tube circuits you’ll find
on the job—not hardware or breadboard hobby kits.

NRI prepares you for your choice of careers in Color
TV Servicing, Communications, Industrial Electron-
ics and the growing field of Computer Electronics.
Many NRI graduates start earning $5 to $7 an hour
extra soon after they enroll, fixing home Electronic
equipment for friends and neighbors in spare time.
NRI’s remarkable teaching method simplifies, organ-

izes, dramatizes subject matter so that any ambitious
man, regardless of his education, can effectively learn
and profit from the Electronics course of his choice—
and NRI gives you 15 training plans to choose from.

Over three-quarters of a million men have enrolled
with NRI since 1914. Proof of the value and experi-
ence you get when you choose NRI for your Elec-
tronics training . . . proof of why NRI continues to be
the country’s largest Electronics home-study school.
Discover for yourself how easy it is to move into
Electronics and move up in a rewarding career. Mail
the postage-free card for the new NRI Catalog. There
is no obligation. No salesman will call on you because
NRI does not employ salesmen. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

If postage-free card is missing, write to:
NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

GET FACTS ABOUT Gl BILL

If you have served since January 31, 1955, or are in
service now, check GI line on postage-free card.




...first and only school to include

training equipment designed from
chassis up for your education

.

Earn $5 to $7 an hour spare or tull
time in COLOR TV SERVICING

It’s easy to learn as you build, stage-by-stage, the only
custom designed Color TV receiver engineered specifically
for training purposes. You grasp a professional under-
standing of all color circuits through logical demonstrations
never before presented. The end product is a superb Color
TV set that will give you and your family years of viewing
pleasure. NRI gives you the option of selecting either
Color or black-and-white training equipment.

-

T
T

Fill technical jobs without a degree
in INDUSTRIAL ELECTRONICS

NRI’s Electronics Technology course gives you completely
specialized training kits engineered for business, industrial
and military Electronics fields. On completing this train-
ing, competent technical ability can be instantly demon-
strated by you. As you learn, you actually build and use
your own training center in solid-state motor control and
analog computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, even the latest integrated cir-
cuits are included in your home training program.

There’s glamour, success awaiting
Technicians in COMMUNICATIONS

NRI gives you the experience you need to qualify for
jobs in TV broadcasting stations, or operating and servic-
ing mobile, marine, aviation communications equipment.
You build and use a solid-state voltohmmeter; perform
experiments on transmission lines and antenna systems,
even build your own 25-watt, phone-cw amateur transmit-
ter band. In all NRI Communications courses, you must
pass your FCC exams—or you get your money back.

a

Prepare quickly for a high pay career
in COMPUTER ELECTRONICS

This may well be the most unique and exciting educational
aid ever developed for home training—a digital computer
with memory you build and use to learn organization,
trouble shooting, operation and programming. It performs
the same functions as commercial computers you encounter
on the job. Lessons stress computer repair. You perform a
hundred experiments, build hundreds of circuits, Your own
solid-state voltohmmeter is included among the ten training
kits you receive.

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING
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The $95 Misunderstanding.

It seems there’s been some confusion about the
price that appeared in our first ad for the new KLH Model
Thirty-Two loudspeakers. To clear up any misunderstand
ing, the price is, indeed, $95 the pair ($47.50 each). t

If you're wondermg how we could make a KLH
loudspeaker for $47.50, it's really quite simple.

We had two choices.

Either we could make a fair speaker and a lot of
profit. Or we could make a lot of speaker and a fair profit

We chase the latter. We always do. That's why KLH
speakers sound fike KIH speakers

Of course our Model Thirty-Two won't deliver as

tSuggested reroil price Stightly higher in the west.
*A trodemark ol The Singer Company

much bass response as, say, our Model Seventeen. But the
basic listening quality of the new KLH Thirty-Two s superb
by any standard. In fact, we'll match the Thirty-Two
against any speaker in ifs price class: even against most
Speckers costing twice its price. For when it comes to
making reasonably-priced speakers that deliver an in-
ordinate amount of sound, that's really what KIH is all
about.
And abaut that, there can be no misunderstanding.
For more information on the Model Thirty-Two, write
ro KLH Research and Development Corporation, 30 Cross
, Combridge, Mass 02139. Or vwsn your KLH dealer.

0 L

ll!.
KLH RESEAPCH AND DEVELOPMENT
A Division of The Singer Company
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PE-2035

J
94"

Now, there’s absolutely no
reason you shouldn’t own
a PE automatic turntable

At $99.95, the PE-2035 has many of the exclu-
sive features of the top-rated PE-2040. Ultra-

gentle, fingertip cueing control . . . Fail safe
stylus protector . . . Automatic record scanner

. Single lever control for all modes of op-
eration Continuous record repeat, and
much more. Visit your PE dealer for a demon-
stration of PErfection in PErformance. Or, fill
in the coupon and receive the complete
story of why the PE-2035 is your
inevitable choice of an automatic
turntable around $100. Other PE
models from $70 to $155.

ELPA MARKETING INDUSTRIES, INC.
New Hyde Park, N.Y. 11040

Please send additional information on the
PE-2035 as well as the complete line of PE
automatic turntables.
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Tenth in a Monthly Series by Oliver P. Ferrell, Editor

SOMETHING GOOD ABOUT CB—AFTER ALL!

It’s doubtful whether radio amateurs would be willing to admit it,
but isn’t the current flood of interest in 2-meter FM mobile
operation a direct result of CB? Wouldn't it be strange if, after all
the complaints and name calling, radio amateurs have CB’ers to thank
for the first dramatic innovation in their hobby since the
introduction of SSB?

Mobile operation on 2 meters has been around for the past two
decades. Until a few years ago the majority of mobiles were AM.
Then someone discovered that commercial narrow-band FM equipment
for the 152-174-MHz band was easily converted to 2 meters and
simultaneously some notable progress was made in extending the
operating range through the use of repeaters—also a technique
similar to that employed by the commercials. After it looked like
the surplus commercial equipment market might either dry up or
limit growth of 2-meter mobiles, a half-dozen ham equipment
manufacturers introduced transceivers looking deceptively like
CB units. They were compact, powered by 12 volts dc, were solid-state,
had crystal-controlled channels (receive and transmit) and were
just a little more powerful than CB transceivers. To make the
story complete, 2-meter FM mobile is now the “in”’ thing for amateur
radio—while SSB is getting ready to make a massive invasion
in the CB market!

A PEEK AROUND THE CORNER

| have received hundreds of letters and postcards commenting
on the ““new look’’ in PoPULAR ELECTRONICS. One advantage to the
change in format that is not immediately obvious to the reader
has been the fact that the editorial staff can now engage in some
very long-range planning. Much of the editorial content for
PopuLAR ELEcTRONICS that will be published in the next six issues
is now either being proof-built, tested, or polished up for the
best possible presentation. A few things you may find of interest
are the construction projects for the Electro-Voice 4-Channel
Decoder scheduled for July or the September issue’s unusual TV
preselector/preamplifier that builds up the strength of a TV signal on
one channel while suppressing the two adjacent channels—guess what
that’s for! In November, we will present plans for building
a desk calculator!



Discover the power
of your own voice!

Takeour
reevoice
analysis

Find out if you can be trained

asa newscaster, sportscaster,
disc jockey or announcer.

Now, find out—~FREE—if you have a voice that
can be trained for broadcasting. Just mail in
the coupon for information about our free voice
test. It was created with the help of John
Cameron Swayze, Curt Gowdy, Fran Allison,
and other members of the faculty of Career
Academy’s Division of Famous Broadcasters.

If you qualify for training, you can study at
one of the Academy's many studios, or at home,
in your spare time. Either way, your Career
Academy Certificate prepares you for a Fed-
eral Communications Commission Third Class
Operator’s License with Broadcast Endorse-
ment—in as little as a few months,

MAIL COUPON
NOW...

for details on your
free voice analysis,
plus a free record
and colorful booklet. :
There's absolutely
no obligation.

i - 1
|;m1 CAREER |
|44 » ACADEMY'S |
|
|

1
J DIVISION OF FAMOUS BROADCASTERS
' International Headquarters School
| 611 E. Wells Street, Dept. NO87227
Milwaukee, Wisconsin 53201
| want to know if | have broadcasting talent
worth developing. Please rush me more informa-
tion. | am interested in:

[] Home Study

[ Studio Training

|

|

Name |

I (please print) I

I Address I

I City I

| states |

I Province Zip I

l Phone Age |

I (Home, Business, or Neighbor) I

I Year of high school graduation — z I
I Check here if eligible for Veteran's Benefits []

L Accredited by the NATTS and NHSC. I

"L

CIRCLE NO. 5 ON READER SERVICE PA

THE PROJECT BUILDER SPEAKS

I rarely write to magazines, but wanted to
express my appreciation for the March issue.
I was beginning to lose interest in PoruULar
ELecTrRONICS, but I like to find a number of
under-$20 state-of-the-art projects. I hope the
March issue is the beginning of a trend in
that direction.

L. LAURENCE
Hat Creek, Calif.

Just a note to tell you how much T enjoy
the caliber and type of articles you're now
carrying in PopurLar ELECTRONICS. It's better
than ever! Your test equipment building sec-
tions have been received warmly. In particu-
lar, I am waiting for all of the follow-up sec-
tions to the Digital Lab rcadout cquipment
series. Thanks for maintaining a periodical
of supcrior quality.

D. D. HoLtz, WB2HTH
Rochester, N.Y.

MUSINGS AT TWILIGHT

I hope that what you say in your cditorial,
“Twilight of the Shortwave Listener,” March.
1971, is not true. I have found considerable
pleasure in listening to broadcasts from other
countries—especially those in the English
language. Shortwave broadcasting is a mess,
not becausc of the listener, but because of
the selfish interests of the broadcasters. The
number of shortwave listeners would un-
doubtedly increase if the countries involved
would put their own houses in order and
realize the vital importance of communicat-
ing to the rest of the world.

A. ScroLL
Brant Lake, N.Y.

1 tune shortwave for its news value and
for the human interest of hearing the distant
or the unusual. It is a hard ganmec and I've
never made a convert. You have to have heen
an SWL for DX reasons to know how to tune
shortwave. The stations are little help and
there is little real news (except for the BBC).
1f some of the stations end their transatlantic
service, it’s okay with me—less is more!
There’s too much propaganda and lack of
planning.

H. Box
Brooklyn, N.Y.

About two yvears ago I decided to set up a
listening post and purchased a well-known

POPULAR ELECTRONICS
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NOW! THIRD VOLUME AVAILABLE!
Color-TV Field-Service Guides

These invaluable guides have been com-
piled to enable the technician to service
color-TV more efficiently in the custom-
er’s home. Charts provide chassis lay-
outs showing type, function. and loca-
tion of all tubes and ‘or transistors used
in a particular chassis, ratings and loca-
tions of fuses and circuit breakers, loca-
tionofservice controlsand adjustments,
ete. Specific {ield-adjustment proce-
dures are shown on page opposite chas-
sis layout. Index provides instant
reference Lo Lhe proper chart for any
particular TV chassis. Each volume
contains 80 diagrams covering over
3000 chassis.

Volume 1. Order 20796, only $4.95
Volume 2. Order 20807, on/v .$4.95
Volume 3. Order 20847, onlv $4.95

New 11th Edition

Transistor Substitution Handbook

by Lhie HOWARD W. SAMS ENGINEERING
stari. Fully updated to include over
100,000 substitutions. Covers all manu-
facturers and gives proper substitutions
for all types of bipolar transistors: U. S
and foreign, home-entertainment and
industrial. Computer-compiled for ac-
curacy. Also includes manufacturers’
recommendations for general-replace-
ment transistor substitutions. Tells how
and when to use substitute transistors.
An invaluable reference book for every-
one in electronics.
Order 20835, only $2.25

Replacement Control Guide
1971 Edition

by the HOWARD W. SAMS ENGINEERING
sTaFr. Shows replacement controls
manufactured by Centralab, CTS-1RC,
and Mallory for television sets: home,
auto, CB radios; and tape recorders and
tape players. Covers replacements for
over 70,000 models manufactured from
1955 through 1970. Lists over 28,000
parts numbers in an alphabetical nu-
merical index system using industry
numbers. Provides quick, easy selec-
tion of proper replacement controls.

Order 06401, only $1.

Television Broadcasting: Equipment,

Systems, and Operating Fundamentals

by HaroLD E. ENNES. This book is a
valuable treatise on the entire televi-
sion broadcast system. It is not only a
practical and basic course for new and
prospective television broadcast tech-
nicians, but il serves also as a useful
source of reference information for prac-
ticing technical personnel. Presents the
hasics of the NTSC color system. rein-
forced by a special detailed exercise sec-
tion. Describes the fundamentals of
camera chains, sync generators. televi-
sion recording systems, and transmit-
ters. Each chapter is accompanied by
exercises to help reinforce understand-
ing of the subjects covered. Hardbound.
Order 20786, only $14.95
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Important New

SAMS Books

Electronic Organ Servicing Guide

by ROBERT G. MIDDLETON. Provides a
complete understanding of the basic
circuitry of the individual units em-
ployed 11 an electronic organ and ex-
plains how they function together. Once
these principles are gr asped the servic-
ing of electronic organs is fairly easy to
accomplish. The book explains in de-
tail how to diagnose and repair troubles
in each section of the organ, how to
practice preventive maintenance, how
to make required adjustments and how
to master tuning techniques.

Study Guide for CET Examinations

by J. A. WILSON, CET and DICK GLASS,
ceT. Here is an invaluable study guide
for those who want to qualify for a Cer-
tified Electronic Technician (CET) li-
cense or for a required state or local
license. The material assumes that the
reader is already competent to service
home enlertainment equipment. The
book places special emphasis on recent
developments and uses of such special
devices as FIXT's and variable voltage
capacno:s Includes keyed study assign-
ments in the two Howard W. Sams
books, Photofact® Television Course,
and Color-TV Training Manual. Cov-
ers the important basic concepts that
are likely to be encountered in the CET
and other exams. Programmed ques-
tions and answers, as well as practice
tests and their answers, appear in the
back of the book.
Order 20834, only $5.50

ELECTRONIC

Seaa e

101 Questions and Answers
About Electricity

by LEO . saNDs. This book is a valu-
able reference source for experimenters
and students, or for anyone who wants
a basic understanding of electricity and
its applications. Answers the most fre-
quently asked questions about electri-
city in easily understood terms. Kspe-
cially noteworthy are the explanations
of the practical aspects of e]cuncnty
which are presented with a minimum of
theory. All topics are covered with ex-
treme clarity for easy understanding.

Address.

Order 20826, only $4.95 Order 208086, on/y $3.50
[ —— =i HOWARD W. SAMS & €O., INC.— — — — — — — 9
| Order from your Electronic Parts Distributor, |
| ormail to Howard W. Sams & Co. Inc.. Dept. PE.061 |
| 4300 W. 62nd St., Indianapolis, Ind. 46268 (020796 720835 |
| Send books checked at right. $ enclosed {please in- D 20807 a 20826 l
| clude sales tax where applicable). 20847 |
| (J Send FREE 1971 Sams Book Catalog O () 20806 I
1 []20786 []06401 |
[ (120834 |
I f
| |
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receiver. The roadblock I have found is in

locating a few good technicians and dcalers
interested in the SWL market.

R. L. DavENPORT

Raleigh, N.C.

BATTLE SUMMARY
Your feature article (“Battle of the Giant

akiug |

Brains,” April, 1971, p 39) on the early his-
torv of computers was interesting and in-
formative. How about a follow-up article on
the history of analog computers many of
which still use intricate mechanical devices
such as integrators and differentiators to
great advantage?
R. Luesyax
Flushing, N.Y.

R e T
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HAWAIIAN LASER
After a year, working one after-
noon a week, students in Elec-
tronics Technology Program
completed building optically
safe HeNe gas laser which will
be used in Science Department
physics classes at Honolulu
Community College. Laser op-
erates on wavelength of 6328
Angstroms while generating 0.4
mW output power. Laser, based
on PopuLar ELECTRONICS article
was $60 to build. Students in-
volved in project, left to right,
are Roy Araki, Sheiton Goto,
and Don Tang. Students study
faser in physics course ''Sound,
Light, and Electricity” as a ma-
jor

the tape that
turned the
casselte into
a high- fidelity

medium
%

2

TDK SUPER DYNAMIC (SD) TAPE

®

10

JIK

Until TDK developed gamma ferric oxide, cassette
recorders were fine fortapmg Iectures conferences ver,bal
memos and 1am|Iy funsbut hg

Today you can
choose among
high-quality:
steteo
cassette

decks, ‘ ;

L] 100 30 00 1000 2000 3000 10000 20000

FRQUENCY W )

The new magnetic oxlde used in TDK Super Dynamlc
tape distinctively differs from standard formulations in such
important properties-as coercive force, hysteresis-loop
squareness, average particle length (only 0.4 micron!) and
particle width/length ratio. These add up to meaningfui
performance differences! response capability from 30 to
20,000 Hz, drastically-reduced background hiss, higher
output level, decreased distortion and expanded dynamic
range. In response alone, there's about 4 to 10 db more
output in the region above 10,000 Hz—and this is
immediately evident on any cassette recorder, including
older types not-designed for high performance. There's a
difference in clarity and crispness you can hear.

Avaifable in C60SD and C90SD lengths.
TOK ELLECTRONICS CORP.
LONG ISLANO CITY, NEW YORK 11103
CIRCLE NO. 25 ON READER SERVICE PAGE
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ALLIED RADIO SHACK ISSUES A

NEW AND DIFFERENT CATALOG!

.avaluable "FIRST EDITION". and it's FREE!

1000'S OF ITEMS. —
100'S OF |
EXCLUSIVES!

PREVIEWS OUR COMPLETE
SCIENCE FAIR® AND t&
KNIGHT-KIT® LINES FOR '72!\l

950 STORES NATIONWIDE!
EVERYTHING IN THIS BOOK &
AVAILABLE FAST & EASY!

First & Only Catalog of its kind . . . The new
Buying Guide for kit builders, hobbyists, Hams,
experimenters, all “do-it-yourselfers” and ‘‘fix-it
men''! Lists 1000's of handy but hard-to-find
“little things’ (and lots of not-so-httie things)
most stores don't stock. Like tubes and transistors
cables and plugs, adapters and antennas—you
name it-—the pieces and part and accessories
that make equipment keep working after you've
bought it. Or work even better. Or DO MORE. If
you own anything electronic or electrical, you
need this catalog.

A newer, easier way to shop . . . Use this book

at home, unhurried, to find exactly what you need. . e@

Then go to your neighborhood Allied Radio Shack L ,’ ) -
store and purchase your selections. It's that simple! L 8 L sl "&', 7 ‘
Combines the best features of catalog and in-person & i 4 % gpxg!«w : k& 24

oreS or caté

shopping. If we don’t have a store near you (unlikely!
you may order by mail.

- o =, ot
-Bargain$ not N other s.

il 2725 West 7th Street
SPECIAL W71 RADI0 SHACK ot Wonth, Texas 36107

BoNus g‘ TANDY CORPDRATION COMPANTY DEDt PE-1

]

|

|

UFFERS [0 Send me your FREE Spring/Summer Cat. 212 :
INCLUDED Apt. No._ ) |
Box _ l

State Zip ] |
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Please include an address label when writing about your
subscription to help us serve you promptly.
Write to: P.0. Box 1096, Flushing, N.Y. 11352

CHANGE OF ADDRESS: Please let us know you are moving at
least six to eight weeks in advance. Affix magazine address
label in space below and print new address in space pro-
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SUBSCRIPTION

Your subscription to POPULAR ELECTRONICS is
maintained on one of the world’s most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of POPULAR ELECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficulties. For exam-
ple, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.

NEW |
LITERATURE

To obtain a copy of any of the catalogs or
leaflets described below, fill in and mail the
Reader Service blank on page 15 or 95.

Literature describing the Ensign and En-
sign II VHF-FM marine radiotelephones and
accessories can be ohtained on request from
RF Communications Inc. Included along with
the specifications for the items listed, includ-
ing antennas, is a complete price list.

Circle No. 75 on Reader Service Poge 15 or 95

A Digital Multimeter priced at only $195.50
is described in Form DM 3550-1(171) from
Esterline Angus. The four-color pamphlet in-
dicates that the Digital Multimeter has 21
switch-selectable ranges for ac and dc volt-
age and current and resistance.

Circle No. 76 on Reoder Service Poge 15 or 95

A new line of modular “Designer Series” ex-
truded aluminum instrument cases is illus-
trated in Bulletin No. 171 available from
Buckeye Stamping Co. The pamphlet de-
scribes how these new Bord-pak cases are
assembled with concealed fastenings and
how. by assembling the matching extruded
shapes, it is possible to achieve an extremely
hroad range of case sizes—including standard
rack panel heights.

Circle No. 77 on Reoder Service Poge 15 or 95

Multi-function furniture and wall decorations
with built-in full-spectrum color lighting and
geometric patterns or abstract designs in
ever-changing motion are listed in “Chro-
matic Fantasy,” a catalog available from
Control Research Iine. Featured are light col-
umns. Plexiglass cubes, and speaker lites
that double as color organs.

Circle No. 78 on Reoder Service Page 15 or 95

Digital panel meters are the subject of Form
101570-25M, a two-color, six-page catalog from
Triplett Corp. Listed is the company's full
line of 2-, 2%-, 2%,-, 3-, and 3%-digit panel
meters. In addition to providing the complete
electrical, physical and mounting specifica-
tions for each meter, the catalog also con-
tains a comprehensive specification selection
guide.

Circle No. 79 on Reoder Service Poge 15 or 95
POPULAR ELECTRONICS



NEW IR-18M solid-state 12-speed
chart recorder kit

-

NEW GD-29 microwave oven kit

NEW GR-371IMX 25" square-corner
solid-state color TV kit

NEW I1B-101
solid-state
15 MHz frequency
counter kit

NEW 1B-102 175 MHz
solid-state
frequency

scaler kit

NEW 10-102 solid-state
57 scope kit

NEW IM-105 solid-state
YOM kit

Seven new Heathkit improvement ideas for home or shop

NEW! Heathkit IR-18M 10” chart recorder kit provides 12 different
chart speeds...instant pushbutton selection from 5 sec/in. to 200
min/in. Digital logic delivers accuracy unobtainable with ordinary
gear trains. Two input ranges permit accurate measurements from
0-1 & 0-10 mV full scale. Hi-Z input minimizes loading. 3-terminal
floating input. Light-operated modulator eliminates problems of a
mechanical chopper...operates at 240 Hz to reduce 60 Hz noise. In-
ternal temperature-stabilized reference voltage eliminates trouble-
some reference battery. Coarse & Fine zero controls allow fast,
accurate pen positioning. Other features: versatile pen holder that
accepts virtually any writing instrument & hinged top for easy paper
loading. For the best value going in a chart recorder, order your
IR-18M now. Kit IR-18M, 15 ibs., 149.95*

NEW! gr-371Mx 25” solid-state ultra-rectangular color Tv. Check
out the competition for standard features like these: 25” square cor-
ner Matrix picture tube for the biggest, brightest, sharpest color pic
ture ever...high resolution circuitry plus adjustable video peaking

Automahc Fine Tuning...pushbutton channel advance..." Instant-
On".... Automatic Chroma Control . .factory assembled 3-.'.tage solid-
state IF and VHF & UHF tuners for superior reception, even under
marginal conditions...adjustable noise limiting & gated AGC...ad-
justable tone control...hi-ti sound output to internal speaker or your
hi-fi system. Plus your choice of installation in one of the three
beautiful Heath cabinets or custom wali mounting capability. And
the exclusive Heath seif-service features let you do all normal ad-
justment & servicing, saving hundreds of dollars in service costs. If
you want the finest, this is it...order your 371MX now. Kit GR-371MX,
125 Ibs. 579.95*

NEW! GD-29 microwave oven...the most modern way to prepare
food. Cooks up to 70% taster with better vitamin retention. Cooks on
glass, ceramics, even paper plates. low profile design fits under cup-
boards easily, yet has one of the largest oven capacities in the indus-
try. Operates anywhere on standard 120 VAC current. Kit includes
specially prepared cookbook. Kit GD-29, 97 ibs. 399.95*
Roll-around cart gives oven easy moblhty, Model GDA-29-1, 24.95*

NEW! I8-102 Scaler and 18-101 Frequency Counter combination
give you frequency measurement capability to 175 MHz at low, low
cost. 1B-101 counts from 1 Hz to over 15 MHz. Hz/kHz ranges & over-
range indicator let you make an 8-digit measurement down to the

last Hz in seconds. 5-digit cold-cathode readout...extremely low in-
put triggering...all solid-state with 26 ICs, 8 transistors. NEW 18-102
Frequency Scaler can be used with virtually any counter on the
market to extend your measurement capability well into the VHF
range...at a price far below the cost of a 175 MHz counter. 10:1 and
100:1 scaling ratios give resolution down to 10 Hz... 1:1 ratio provides
straight-thru counting for frequencies in range of counter. Exclusive
Heath input circuit triggers at very low levels — at 100 MHz less than
30 mV is needed. A handy Test switch gives a quick, accurate check
of proper operation. All solid-state; fully regulated supplies; conven-
ient carrying handle/tilt stand. Extend your frequency measurement
capability now with these two new kits. Kit 1B-101, 7 Ibs. ....199.95*
Kit 1B-102, 7 ibs. .99.95*

NEW! 10-102 solid-state 5” scope ideally suited for general purpose
service & design work. Features wide DC-5 MHz response, 30 mv/cm
sensitivity and 80 ns nise time. Switch-selected AC or DC coupling
for greater versatility. Frequency-compensated 3-position attenu
ator. FET input provides hi-Z to minimize circuit loading. Recurrent,
automatic-sync type sweep provides five ranges from 10 Hz to 500
kHz with vernier. External horizontal and sync inputs are also pro-
vided. One volt P-P output provides an accurate comparison voltage
source. Additional features include a big 5” CRT with high visibility
trace; 6x10 cm ruled graticule that can be replaced with a standard
camera mount; solid-state zener-regulated supplies for extra display
stability and 120/240 VAC operation. An excellent all-around scope
that belongs on your bench now. Kit 10-102, 29 Ibs., 119.95*

NEW! 1M-105 solid-state portable VOM...an extremely rugged, high-
ly accurate, low cost meter for hundreds of applications. High impact
Lexan® case and ruggedized diode & fuse protected taut-band meter
movement will suffer extreme abuse and still maintain specifica-
tions. 95° wide viewing area provides high resolution. 3% DC accu-
racy; 4% AC accuracy; 3% DC current accuracy. Temperature
compensated. 8 DCV ranges from 0.25 to 5000 V full scale...7 ACV
ranges from 2.5 to 5000 V full scale...6 DC current ranges from 0.05
mA to 10 A full scale...5 ohms ranges from x1 to x10k with center
scale tactor of 20...5 dB ranges from — 10 to +50 dB. Other features
include DC polarity reversal switch; front panel thumbwheel ohms
Zero; self-storing handle and fast, easy assembly. A fot of meter at a
II{)me cost...that's the new IM-105. Order yours now. Kit IM-105, 7
s., 47.95*

CALIF.: Anaheim, 330 E. Ball Road; EI Cerrito, 6000 Potrero Avenue: La Mesa, 8363

See these kits at your local Heathkit Electronic Center ... or Send for Free Catalog
il . o e ——— B g r ATl
|

Center Drive, Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.;
woodland Hills, 22504 Ventura Blvd.; COLD.: Oenver, 5340 W. 38th Ave., GA.: At-
lanta, 5285 Roswell Road; ILL.: Chicago, 3462-66 W. Devon Ave.; Oowners Grove,
224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Wellesley, 165 Wor-
cester St.; MICH.: Detroit, 18645 W. Eight Mlle Rd.; MINN.: Hopkins, 101 Shady Oak
Rd.; Mo.: St. Louis, 9296 Gravois Ave Fair Lawn, 3507 Broadway (Rte. 4};
N.Y.: Jericho, L.I., 15 Jericho Turnplke: New Vnrk 35 W. 45th Street; OHI0: Cleve-
land, 5444 Pearl ‘Rd. Woodlawn, 10133 Snnngheld pike. PA.: Philadelphia, 6318
Roosevelt Blvd Pittsburgh, 3482 william Penn Hwy.. TEXAS: Dallas, 2715 Ross
avenue; Houston, 3705 westheimer; WASH.: Seattle, 2221 Third Ave.; WIS.: Mil-
waukee, 5215 W, Fond du Lac

Retail Heathkit Etectronic Center prices slightly higher to cover shipping, local
stock, consultation and demonstration facilities. Local service also available

whether you purchase locally or by factory mail order.

| HEATH COMPANY, Dept. 10-6

gan 49022 a Schiumberger company

_, Plus shipping.

Benton Harbor, Michi
| Enclosed is §
| Please send model (s)

| ] Please send FREE Heathkit Catalog. Please send Credit Application

|
|
|
|
| address. - |
|
|
|

CIRCLE NO, 11 ON READER SERVICE PAGE
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| *Mail order prices; F.0.B_ factory,

| Prices & specifications sub]ecl to change without notice.  CL-411R
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two channels

simultaneously

*DUAL RECEIVE
CAPABILITY

Johnson’s advanced
engineering has developed the
most useful CB transceiver function
since the introduction of full 23-channel operation.
It's DRC—Dual Receive Capability.

While you operate the transceiver normally, on any
channel you choose, separate receiver circuitry
monitors either of two selected channels (such as
your local calling frequency or Emergency Chan-
nel 9). When a call is transmitted on the monitored
channel, you'll know instantly! First, the signatl is
detected by the DRC circuits and automatically an
indicator light is flashed on the front panel. You
see the call! Then with the DRC switched to the
fully automatic mode, it interjects the message
through your speaker. You hear the call! (DRC
can also be switched to a ‘‘'signal light only”
mode, if you don’t want your normal operation
interrupted.) Separate squelch controls provide
you with total convenience and versatility!

AVAILABLE NOW AT YOUR DEALER!

New Messenger 124-M complete with 23-channel
master control and a Channel 9 crystal for the
DRC monitor. (Additional DRC monitor crystal
and base station microphone, optional extras.)
$339.50

E.F.JOHNSON £0.

Waseca. Minnesota 56093

2
CIRCLE NO. 12 ON READER SERVICE PAGE
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Electronics

LIBRARY

ELECTRIC ENERGY SYSTEMS THEORY
by Olle |, Elgerd

The newest addition to the McGraw-Hill
Electrical and Electronic Engineering Series
represents possibly the finest modern text-
book on power systems to come along in
vears. The author presents the main objectives
of a power system against a background of
the national energy situation, future power
trends, and ecological and economical con-
siderations.

Published by McGraw-Hill Book Co., 330 West
42 8t., New York, NY 100386. Hard cover. 564
puyes. $16.50

AN INTRODUCTION TO
LASERS AND MASERS
by A. E. Siegman

Intended for use in an introductory course in
lasers and masers at the senior or first-vear
graduate level, this book combines basic prin-
ciples with examples of practical applications.
The text contains descriptions of many simple
and inexpensive experiments and demonstra-
tions that illustrate the basic principles or
important device characteristics. In the tra-
dition of a textbook, each chapter concludes
with a set of problems and a list of selertl\e
references tor turther reading.

Published by McGraw-Hill Book Co., 330 West
42 St., New York, NY 10036. Hard cover. 520
pages. $18.50.

ELECTRONIC DESIGN DATA BOOK
by Rudolph F. Graf

This book simplifies the task ol locating es-
sential design data. A single encvclopedic
source, it contains a wealth ol timely, practi-

cal information, presented in ready-to-use
formulas, nomograms. tables, and charts.
Ready answers to problems are provided

without lengthy derivations and proofs.

Published by Van Nostrand Reinhold Co., }50
West 38 St., New York, NY 10001. Hard cover.
312 payes. $17.95.

FIRST-CLASS RADIOTELEPHONE
LICENSE HANDBOOK, Third Edition
by Edward M. Knoll

This book has two major objectives: to help
the reader obtain a license, and to prepare
him for the responsibility of operating and
maintaining broadcast equipment on the job.
Third edition has been completely revised to

POPULAR ELECTRONICS



free information service:

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

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

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

note' If you want to write to the editors of
®m POPULAR ELECTRONICS about an article
on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inquiries concerning circulation
and subscriptions should be sent to POPULAR
ELECTRONICS, P.0. Box 1096, Flushing, N.Y. 11352.

6/71-3
Void after July 31, 1971

Popular Electronics sz

1 2 3 45 6 7 8 91011121314151617 181920
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70 71 72 7374 7576 77 78 79 80
81 82 83 84 85 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100

NAME (Print clearly)

ADDRESS
CITY STATE ZIPCODE____

—— i e o —————— " —— - - -
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The best
base station
microphone
in the world.

Turner +3

Modern styling. Transistorized pre-amp.
Volume control. Modu-Gard ™ : a com-
pression amplifier circuit that guaran-
tees you cannot over-modulate. Clear
signal, always. No interference with
adjacent channels, regardless of volume
setting. 300-3,000 Hz frequency re-
sponse for best voice transmission. Relay
or electronic switching. Push-to-talk bar,
Lock lever. The Best. At your local
dealers, list price $75.00.

The TURNER Company, inc.

A subsidiary of Conrac Corporation
909 17th St. N.E., Cedar Rapids, lowa 52402

CIRCLE NO. 21 ON READER SERVICE PAGE
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‘ LIBRARY (Continued from page 14)

contain all of the new material included in the
recently revised FCC Study Guide. To ac-
complish its aims. the text follows an informal
question-and-answer format that has proven
very effective for digesting the essential in-
formation.

Published by Howard W. Sams & Co., Inc..
4300 West 62 St., Indianapolis, IN }6268. Soft
cover. 416 puayes. $6.50.

COMPUTER DATA HANDLING
CIRCUITS
by Alfred Corbin

Most formal electronics courses contain much
material that is unnecessary or only remotely
related to a practical understanding of the

subject. This handy one-volume course in
digital circuit analysis has eliminated the
noncssentials.

Published by Howard W. Sams & Co., Inc..
4300 West 62 St., Indianapolis, IN 46268. Soft
corer. 176 payes. $4.95.

ANALOGUE AND ITERATIVE METHODS
by B. R. Wilkins

Starting with the classical techniques of ana-
log computation, the text leads to a discus-
sion of asynchronous control of computer
syvstems which allow optimization and other
problems to he solved by iterative (succes-
sive approximation) methods.

Distributed by Barnes & Noble, Imc., 105
Fifth Ave., New York, NY 10003. Hard cover.
273 puyes. $11.25.

RCA PHOTOMULTIPLIER MANUAL,
PT-61

This manual was written to provide design-
ers and users of electro-optical equipment a
thorough understanding of today's photo-
multiplier tubes. In addition to explaining
photomultiplier tube theory, photometric
units, photometric-to-radiant conversion, ra-
diant energy sources, and spectral response
are dealt with.

Published by RCA Electronic Components,
Harrison, NJ 07029. Soft cover. 192 pages.
$2.50.

COMPUTER CIRCUITS & HOW THEY

WORK
by Byron Wels

Everyone associated with electronics should
have at least a rudimentary understanding
of computers. The field of computer technol-
ogy is broken down into bite-size areas. Then,
in step-by-step fashion, descriptions and func-
tions of various parts of the computer are
explained.

Published by TAB Books, Blue Ridge Sum-
mit, PA 1721}. 192 pages. $7.95 hard cover;
$4.95 soft cover.

POPULAR ELECTRONICS



TH E Siereo Ren Jew SThRE
DEMONSTRATIO!?
2 MOST RECORD¢ =l

IMPORTANT

STEREO TEST
RECORD

WO, FA T !
FOR HOME AND LABORATORY LISE '

RECORDS IN
YOUR ENTIRE
COLLECTION!

New Standard in Stereo Testing! The All-New  The Most Spectacular Sound Exhibition
Model SR12 STEREO TEST RECORD of STEREO FIDELITY
The most complete . .. most sophisticated . Ever Available on one Disc.
most versatile Test Disc available today!

This record is the result of two years of intensive research in the

Whether you're an avid audiophite who'll settle for nothing but peak sound libraries of Deutsche Grammophon Gesellschaft, Connoisseur
performance from his stereo components ... a casual listener who'd Society, Westminster Recording Company and Cambridge Records
like more insight into the challenging world of stereo reproduction Incorporated. The Editors of Stereo Review have selected and edited
. or a professional technician who needs precise standards for lab those excerpts that best demonstrate each of the many aspects of
teshng the new MODEL SR12 will be the most important disc the stereo reproduction of music. The record offers you a grea_lev
in, your entire collection. SR12 has been produced by Stereo Review variety of sound than has ever before been included on a single disc.
Magazine for music lovers who want immediate answers to ques- It 1s a series of independent demonstrations, each designed to show
tions about the performance of their stereo systems and how to get off one or more aspects of musical sound and jts reproduction.
the best possible sound reproduction. SR12 is the most complete Entirely music. the Record has been edited to provide self-sufficient
test record of its kind—containing the widest range of checks ever capsule presentations of an enormous variety of music arranged in
inciuded on one test disc a contrasting and pleasing order. It includes alf the basic musical
¥ and acoustical sounds that you hear when you listen to records,

MAKE THESE IMPORTANT STEREO CHECKS BY EAR . .. isolated and pointed up to give you a basis for future critical listening.

{NO INSTRUMENTS OF ANY KIND REQUIRED)
FREQUENCY RESPONSE — a direct warble-tone check of nineteen 2 ; .
sections of the frequency spectrI\:m, 1ror:1 20 tg 20,8‘510 Hz ® SEPA- e Tachniques of Separation & Multiple Sound Sources oDAcougt\c
RATION — indicates whether you have adequate separation for good Depth & Ambiance of CodncertVHaIIHq Eh&ar\? COL”"aSP‘.St °hf dy’\;‘\arr]lcsl
stereo  CARTRIDGE TRACKING — devised for checking the per- Qe (I BTl a7l AP G e lge
formance of your cartridge. stylus and tone arm e CHANNEL BAL- Sounds e Polyphony (2 or more melodies at once) With Both Similar
ANCE — two broad-band r.andom-noise signals which permit you to & Contrasting Instruments @ TonaIAOuaHllels of Wind, Smgg & F'er-t

At 5 QUL AL 8 5 A cussion Instruments e Sounds of Ancient Instruments & Sounds o
g]r'smg}a:ioﬂ'yaérg‘?;!igcfsHol;'ﬁ'r}_\a'j"gQREMCBa':‘E”(P?'O;rgﬁjlg;eész’ﬁa:; Oriental Instruments Sound of 8inging Voice, Both Classically
help you evaluate the actual audible levels of rumble and hum in T.’a'”eﬂ a'(’jd Untrained F. Plgs a _Larg(; Sgrpplm’a o Flmge; Snap-
your system e FLUTTER — a sensitive "musical” test to check ping. Hand Clapping, Foot Stamping WA LTS A
whether your turntable’s flutter is low, moderate, or high e PLUS: sive Sounds.

WIDE RANGE OF DEMONSTRATIONS

Cartridge and Speaker Phasing e Anti-Skating Adjustment @ “Gun 13 SUPERB SELECTIONS
Shot Test” for Stereo Spread e Multi-purpose Musician's “A” e STRAUSS: Festive Prelude, Op. 61 (excerpt) DGG.
Equal-tempered Chromatic Octave & Guitar-tuning Tones. DEBUSSY: Feux d'artifice (excerpt). Connoisseur Society.
FOR THE ULTIMATE IN STEREO TESTING, BEETHOVEN: Wellington's_victory (Battle Symphony) (excerpt from
7 CRITICAL TEST EQUIPMENT CHECKS the first movement) Westminster Records.
. . R X T MASSAINO: Canzona XXXV a 16 (complete) DGG Archive.
Attention professionals: Model SR12 is also designed to be used as CORRETTE: Concerto Comique Op. 8, No. 6. "'Le Plaisir des Dames’

a highly efficient design and measurement tool. In the following
tests, recorded levels, frequencies, etc. have been controlled to lab-
oratory tolerances—affording accurate numerical evaluation when
used with oscilloscope, chart recorder, output meter, intermodulation-
distortion meter and flutter meter.

® 1,000-Hz square waves to lest transient and high-frequency re-
sponse of phono pickups. & 500 to 20.000 Hz frequency-response
sweep. @ Sine-wave tone-bursts to test transient response of pick-

{third movement) Connorsseur Society.

KHAN: Raga Chandranandan {excerpt) Connoisseur Society.
RODRIGO: Concert—Serenade for Harp and Orchestra (excerpt from
the tirst movement) DGG.

MANITAS DE PLATA: Gypsy Rhumba (complete) Conn. Soc.
MARCELLO: (arr. King): Psalm XVIl "The Heavens are Telling”
(complete) Connoisseur Society.

up. ® Intermodulation test using simultaneous 400-Hz and 4.000-Hz PRAETORIUS: Terpsichore: La Bourrée XXXII (complete) DGG
signals. @ Intermodulation sweep to show distortion caused by ex- Archive.

cessive resonances in tone arm and cartridge. & 1,000-Hz reference BERG: Wozzeck (excerpt from Act [1l) DGG.

tones to determine groove velocity. e 3.000-Hz tone for flutter and BARTOK: Sonata for two pianos and Percussion (excerpt from the
speed tests. ® Sample waveforms — lilustrating both accurate and first movement) Cambridge Records.

faulty responses are provided in the Instruction Manual for compari- BEETHOVEN: Wellington s Victory (Battle Victory) (excerpt from the
son with the patlerns appearing on your own oscnlloscope screen. last movement) Westminster.

8 Page Instruction Manual Descriptive Booklet Enclosed includes discus-
FREE includes detailed instructions, u"l eanh sion of the selections on the record. plus a FREE
charts, tables and diagrams. flll)ll::lpolféebg:j;:ﬁluft‘sundgl'-l'\gzgthraslﬂic.hon and the
NOTE — THE STEREO DEMONSTRATION RECORD ONLY IS AVAILABLE IN YOUR CHOICE OF 33Vs RPM OR 45 RPM

Both the Model SR12 Stereo Test Record and Stereo Demonsiration Record are processed and pressed on a newly developed, improved viny!. It is permanently
anti-static, repels dust and dirt and promotes longer stytus wear. The use of this matenal is conductive fo low surface noise and contebutes to the produs-
tion of full dynamics and frequency range. The record continually [00ks new, sounds new and wears longer.

please add local sales tax.

r----—-------—------------------—------------:E--

RECORDS « Ziff-Davis Service Division e

J 595 Broadway + New York, N.Y. 10012 Print Name g

1 - 1

1 My check (gr money arder) for § — o _isenclosed. Address [
ease send: B

i Stereo Review Stereo Demonstration Recards at $5.98 each, postpaid. City o o o o ]

I Check one: [J 33% RPM 7 45 RPM N ]

o Stat i
] Model SR12 Stereo Test Records at $5.98 each, postpaid. e S 1
1 (Outside U.S.A. please send $8.00 per record ordered.) New York State residents PAYMENT MUST BE ENCLOSED WITH ORDER ]

-------—--------------------------------—------J
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The best way to get electronics into your head

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

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

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

Each kit contains illustrated instruc-
tions.

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

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

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

Color TV
295 sq. in. picture.

18

NTS COLOR AND B&W TV
SERVICING

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

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

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

NTS COMPUTER
ELECTRONICS

One of the 10 important kits included
is this remarkable Compu-Trainer"
— an NTS exclusive. It's a fully oper-
ational computer logic trainer —
loaded with integrated circuits. It in-
troduces you quickly to the how,
what, when, and why of computers.
This unit is capable of 50,000 opera-
tions per
second.

Exclusive
Compu-Trainer

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

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

POPULAR ELECTRONICS



is to have the actual equipment in your hands.

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

5 watt AM
transmitter/
receiver.

L

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

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

June, 1971

complete workshop
that lets you builtd
five industrial
controls to reguiate
motor speed,
temperatures,

o SO e

pressure, liquid & ®
level, smoke, and

b i s »
much more. ) @

5" Oscilloscope

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

Remember. the best way to get electron-
ics into your head is to have the actual
equipment in your hands. The sooner you
mail the card, the sooner you'll get your
hands on the finest, most advanced elec-
tronics home tiaining ever offered.

CLASSROOM TRAINING

AT LOS ANGELES You can take class-
room training at Los Angeles in sunny Cali-
fornia. NTS occupies a city block with over
a million dollars in facilities devoted ex-
clusively to technical training. Check box
in coupon.

APPROVED FOR VETERANS

Accredited Member: Nationai Association of Trade
and Technical Schools; National Home Study Council.

NATIONAL G2d SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
4000 S. Figueroa St., Los Angeles, Calif. 90037

It card Is missing check
I coupon and mail for free 1§
color catalog and sample i
lesson. Now. la
I Please rush Free Color
Catalog and Sample |
tesson, plus informa-
tion on course checked
beiow. No obligation.
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No salesman will call.

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

A
PEEIARS

Master Course in Color TV Servicing
Color TV Servicing

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

Master Course in Electronic Comm.
FCC License Course

Master Course in Electronics Tech.
Industrial and Automation Electronics

Computer Electronics
Basic Electronics Dept. 205-061
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Additional information on products described
in this section is available from the manu-
NEW facturers. Each new product is identified by

~ a corresponding number on the Reader Service
i Page. To obtain additional information on any
PRODUCTS of them, circle the number on the Reader Ser-

vice Page, fill in your name and address, and
mail it in accordance with the instructions.

HARMAN-KARDON OMNIDIRECTIONAL SPEAKER SYSTEM
—Audiophiles will be wanting to try the new Citation 13
system from Harman-Kardon, Inc. Three 77 low-frequency
drivers are loaded by a double-chambered enclosure which
brings bass response down to 30 Hz without doubling.
All of the drivers are fastened to a mounting board which
is tilted at 14° off the horizontal in the top section of the
baffle. By tuning the double chambers an octave apart, the
higher frequency creates acoustic loading in the middle
bass, while the lower frequency maintains loading down
to a suitable low-frequency limit. Specifications on the
$295 speaker system are available at Harman-Kardon
dealers.

Circle No. 80 on Reader Service Page 15 or 95

LAMPKIN THREE-WAY INSTRUMENT —Versatility hashcen
achieved by Lampkin Laboratories, Inc. in the Type 107A
Digital Frequency Meter/Synthesizer/Signal Generator.
As a heterodyne frequency meter, it will measure carrier
frequencies of nearby transmitters or signals picked up
on a receiver—AM, FM, TV, SSE or CW —from 10 kHz
to above 500 MHz. As a synthesizer, frequencies from
1000 to 9,999.9 Hz can be generated in steps of 100 Hz.
Finally, as a signal generator, the 107A provides CW,
amplitude- or frequency-modulated signals on fundamen-
tal frequencies as described for the synthesizer up to 10
MHz. From 10 MHz to above 500 MHz, harmonics are em-
ployed. Dials are direct reading in MHz and kHz,

Circle No. 81 on Reader Service Page 15 or 95

TOYO FOUR-CHANNEL TAPE DECK—One of the first four-
channel tape cartridge players is the Qaudio CH-702,
available from Toyo Radio Co. of America, Inc. With a
master volume control for all four channels, there are
also balance controls for left/right and rear speakers.
Four illuminated VU meters monitor all the channels.
Frequency response extends beyond 10,000 Hz with a total
of 20 watts rms output to t-ohm speaker loads for 80
watts peak power. S/N is 50 dB, wow and flutter is less
than 0.35 percent at 3 kHz, and distortion at 1 kHz is 2 dB.

Circle No. 82 on Reader Service Page 15 or 95

HEATHKIT FREQUENCY SCALER—Experimentersand tech-
nicians can measure into the VHF range with the new
IB-102 Frequency Scaler from Heath Co., which will di-
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vide input frequencies from 2 MHz to 175 MHz. The scaled
output can be fed to any frequency counter with a 1-meg-
ohm input. The kit contains 8 IC’s, 6 transistors, 1 FET,
11 diodes and fully regulated power supplies. Front panel
switches allow selection of 10:1 or 100:1 scaling ratios,
with counter resolution down to 10 Hz when used with a
counter having a l-second tinie base.

Circle No. 83 on Reader Service Page 15 or 95

RAYMER SPEAKER LINE TESTER —Sound installers and
servicemen can use the Raymer Model LTS-1 to check
the wattage requirement of any 25- or 70-voit speaker
line up to 200 watts, determine the wattage drawn by a
speaker with a 25- or 70-volt transformer, and measure
the impedance of a speaker voice coil. Made by Tritone
Electronics, Inc., the L'TS-1 has an illuminated sensitive
meter for null detection. Operation is direct read-out
with no graphs or charts necessary.

Circle No. 84 on Reader Service Page 15 or 95

KOSS STEREO HEADPHONES - New dynamic ‘‘stereo-
phone,” the “Red Devil” from Koss FElectronics, Inc.
weighs 12 oz and retails at $29.95. Frequency range is 20
to 20,000 Hz and the phones are usable with low-imped-
ance jacks or direct speaker output taps. Headband is
flexible, high-strength polypropylene with neoprene foam
ear cushions.

Circle No. 85 on Reader Service Page 15 or 95

RAMECO AUDIO SWEEP GENERATOR Designed to dis-
play the response characteristics of either active or pas-
sive circuits on a standard scope, the Model ASG-1 Sweep
Generator from Rameco Corp. has a frequency range of
0 to 100 kHz. Both swept and CW modes of operation are
provided and output is adjustable for 0 to 5 volts peak-to-
peak. Sweep time is variable from 20 milliseconds to 20
seconds. Generator blanking pulses are available for trig-
gered operation.

Circle No. 86 on Reader Service Page 15 or 95
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SONY SUPERSCOPE CASSETTE DECK-—-Said to be the
first true high-fidelity stereo cassette deck on the market
the Model 160 marketed by Superscope compares favor-
ably in features and performance with the most expen-
sive cassette decks currently available. Yet, it is priced
in the under $200 range. The deck incorporates several
engineering advances, including Closed-Loop Dual Cap-
stan Tape Drive which eliminates modulation distortion
and reduces wow and flutter to 0.1 percent: built-in Peak
Limiter which reduces high-level transients to 0-VU level
to prevent tape saturation and distortion without alter-
ing the dynamic range of the recording; an illuminated
Tape Pilot indicator for the operating mode; and a Head-
phone Leve!l switch which adjusts the playback volume
level when monitoring.

Circle No. 87 on Reader Service Page 15 or 95
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The RCA portable
- color bar generator

Performs like the big ones Costs only $75°

* Provides color bar, dot, cross hatch, and blank ¢ Lightweight — less than 20 oz., only 6%" wide x
raster patterns 4" deep x 3" high

* All solid state circuitry including 1Cs For all the technical specs get in touch with your
e Pattern signals, RF output frequency and color RCA Distributor. RCA | Electronic Components |
subcarrier all crystal-controiled Harrison, N.J. 07029,

¢ Battery operated, AC adapter avaitable * Optional User Price

CIRCLE NO. 19 ON READER SERVICE PAGE “c"
24



About Phono Cartridges

HOW TO INTERPRET MANUFACTURERS' SPECS

WHO was the first person to suspeet that it

was impossible for a phono cartridge to
track pertectly the indentations in a tiny
groove on a recording ? Possibly it was Fdison
stnee he undoubtedly encountered the prob-
lem. (Though the mechanical arvangement
and materials he used were qguite dilferent
from those we know today.) At any rate,
through the years it has heen calmly aceepted
that perfect tracking is impossible.

TFor a while, designers of’ reproduction =ys-
tems simply made the styvlus do what they
wanted it to by inereasing the tracking foree
until the stylus fiadd to stay put in the groove,
Thi~ had its obvious disadvantages: and,
thouglt today they still recognize the funda-
mental dilemima, designers have heen learn-
ing what the problems are and finding hetter
wavs of cirenmventing them than by the use
of brute foree.

Improvements in cartridge design are by
no means the least important in the changes
that have been made to get better tracking.
While no cartridge is vet perfect, the past
few vears have seen an end to the worst im-
perfections that made dise reproduction an
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BY J. GORDON HOLT

audiophile’s headaelie. Tlowever, in picking a
eartridee, be aware that they are not all the
same—and not all equally good. So eheek
voursel out on these fifteen points (arranged
alphabetically for ready reference) :

Compliance. As the stylus rides in the
eroove ol a record, there is a great deal of
actual contaet pressure between the two. Thix
pressure is a result of nothing more than the
applied tracking loree (which see) HLan -
modulated groove. When the groove sfarts
pushing the stylus aronnd, contact pressures
can rise considerably above 24 tons per square
ineh and the amount of rise depends on how
mueh the stylus resists the groove’s etforts to
move it, Wlhen the resistance {o movement is
significant, groove destruetion does take place,
and the stylus starts to rattle around helween
the groove walls to produce the famitiar shat-
ter of tracking distortion.

IPor many vears, cartridge designers were
convineed that botli record wear and tracking
distortion stemmed from excessive stiffness of
the stylus’s flexible mounting., Manutacturers
tried to “out-compliance’ one another until
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some styli were barely rigid enough to keep
the tone arm following the stylus movement,
Today, complianee is no longer the limiting
factor in trackability of most eartridges—al-
though =ome designs intended for use in see-
ond-rate tone arms are made to have less
compliance  than  the  top-flight  preeision
products. High comphance didn't solve the
trackability problem anvway: it just helped.
Obvionsly, something else was involved, and
the culprit now scems to be stylus inertia or
moving mass (which see).,

Distortion. One of the difficulties in
evaluating eartridge performance is the lack
of meaninglul measurenents for andible dis-
tortion. Aundio {esting orennizations custo-
marily publish harmonie and intermodulation
distortion ficnres, but these do not gauge what
we hear as {racking distortion, They only
measure things which usually (but not al-
ways) accompany it, Trackability measure-
ments are more {o the point, but these too are
usetul only for comparisons hetween different
cartridges, sinee it is possible for one pickup
that i tracking better than another to souwnd
ax though it were tracking worse—purely as a
result of differences in other aspeets ol the
reproduced sound,

Very small amounts of amplifier distortion
can make tracking distortion sound mueh
worse than it really is, as ean high-trequency
peaks i the cartridge and/or londspeakers;
while & response dip in the upper requency
range can make a cartridee sound as il it
were tracking more eleanly than it actnally is,

Durability. I"ew cood carfridees will with-
stand a elumsy “tinger-dusting™, but the days
when an initially exeellent pickup would wo to
pot in a few months heeause of hardening of
the flexible stylus suspension seem lareely
behind ws, With today's styvlus-saving low
tracking forees, though, many cartridges will
start to sound =our for this reason long bhetore
the styvlus shows audible signs ot wear, This
is a bit ot an annoyvanee but it is better than
having a worn styvlns chewing up dises hel'ore
the wear becomes audible, Styhi should be
checked onee o vear anywav—just to make
sre.

Elliptical Styli. The clliptical stylus was
a result. of observations that, while high-tre-
queney modnlations are best followed by an
extremely small-radins stylus, radii below a
certain size tend to ride in the bottom of the
egroove instead of staving propped ap be-
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tween the groove walls, Combining small side
radii with large tront and back radii produced
the elliptical tip.

Ellipticals do generally sound cleaner in
the inner grooves of “diflicult” dizes (com-
pared to spherical styvli), but the gain is not
achieved without =ome Because the
stvlus/groove contaet area of an elliptical 1=
smaller, contact pressure at a given tracking
force ix considerably higher. Reducing the
tracking foree can help to offset this, but it
cammot cause a concomitant deerease in con-
tact pressure against the walls of & modnlated
groove sinee the complianee and moving mass
figures of an elliptical cannot be made any
better than those of a spherieal. As a conse-
quence, the 0.7 X 0.2-mil elliptieal that is
tracking eleanly at around T gram will do
more damage than a 0.7-mil spherieal tracking
at 3 grams.

Only when the spherieal is starting to mis-
track on passazes where the elliptieal ix elean
will their rate of record wear be about the
<ame. And a good spherieal will track the vast
majority ol dises of serious musie as eleanly
as a good elliptical, So licht tracking foree
alone ix no guarantee of” low record wear; the
tracking foree must be equated with groove/
styvlus contaet area,

losxes,

Frequency Response. Of the gualitative
measurements that ean be made on cartridees,
A check of Irequeney response reveals the
most information about how a cartridee actu-
ally sounds—or how it makes the record sound.
The sound should, ot comrse, be as mueh as
possible like that tfrom the master tape from
which the dise was cut, but the recent mania
for improved trackability has fended to ob-
seure the aet that most cirvent desiens do not
produce sonnds like those from the tape. And
much of the blame for this lies with the el-
liptical stylus,

Beenuse of the differences in groove-con-
tact characteristies, cellipticals tend to have a
broad response dip i the “brilhance™ range
that. spherieals do not. Thus ellipticals <onnd
rather muted and *=ol't™ by comparison, One
of the most highly respected top-priced el-
lipticals, noted Tor its clean tracking, has a
substantial dip in the brilliance range whicl,
apart from making it sound dull, makes it
sonnd eleaner tracking than it is,

A second factor which is somewhat against
clliptieals results trom the ael that recording
studios nse sphevieal cartridees in judeine
what they're putting on their dises. The -
proved higlhi-requency tracing ol the ellipti-
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cal eauses a rising high end on dises that were
cut to ~ound flat,

Some ellipticals do sound quite “tapey,”
though two of the most aceurate dise repro
ducers available (Decea 4RC and Stanton
G81A) are spherieal.

Magnetic Attraction. This was a problem
when some  cartridges  (Ortotons, Deceas)
were used with iron or steel turntable platters
aund the eartridee's magnet would draw it
toward the platter cansing a drastie and in-
consistent inerease in tracking foree. Tt is
seldom a problem today since virtually all
transeription  turntables and many  record
changers have aluminum platters. 11 in doubt,
clieck the platter before nsing 1t with a car-
{ridge that has its magnet or pole pieces close
to the stvlus tip,

Moving Mass. Thix is another term for
inertin—which i= the ineclianical characteristic
thalt makes auy objeet *wani to” retain its
present state of motion (or rest). When a
dize groove is undulating 20,000 times per see-
ond (half evele of a 10,000-TTz signal), it
takes little stylus inertia to make the groove's
task an impossible one. The lighter the stylus
and itz =upporting member, the more readily
it follows the groove's high frequeney undula-
tions, the less record wear there will be, and
the cleaner the sound will be. Unfortunately,
lichiness entails fragility, so a practical stylis
assembly must be a compromise. This is one
arca in whicl different eartridges have sig-
niticantly  different attributes  and  traeck-
ahilities.

Noise. ['ntil the vinyl disc was invented,
subtleties of noise like amplifier Inim and hiss
were usually covered by the noise of the
shellae record surtace. Today's dise is virtual-
Iy noiseless (when new), =o the temptation to
play it at high listening levels reveals hiun
tendencies that might have vone nnnoticed as
recently as five years ago, In response to this,
cartridees and turntables now have better
shielding than ever belore <o that, witli a fow
notable exceptions, it is no longer neeessary to
“mate” eartridge and turntable For minimun
hum.

Price. The picture here has changed f'rom
what 1t was a few vears ago when you had
to pay top price for a cartridge that wouldn't
butcher vonr dises, Prices at the top are still
about what they woere five yvears ago, but the
money buys vou a better cartridge. And of
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course, now vou can buy a high-compliance,
low mas~ licht tracking cartridge (such as
the Goldring G-830) for under $10.

Record Wear. [Low {racking [orce in itself
is not what makes a cartridge easy on reeord
erooves. What is important is the ability to
track with a low foree without meurrmg mis
tracking during loud passages sinee this is an
indication that the styvlus complianee is high
enonch and its moving mass is low enough to
offer minimum  resistance to the groove's
thrnsts,

Obviously, st vlus-to-groove contact pressare
ix lowest on each groove when the total ap
plied Toree ix equally divided between the two
contact. points, When the styvlus encounters a
modulation it can't follow readily, it tends to
press more heavily acanst that groove wall
and less heavily against the other. There still
may not he serious groove damage, though,
sinee vinyl is resilient enough to spring back
somewhat after sueh an assault. But when
the stvius meets a really impossible modula-
tion, it tends to plow right in and lose momen-
tary contaet with the other wall of the groove.
Taeh time it regains contact, it does so with
tremendous pressure and an audible ehick. Tt
ixa rapid suecession of these elicks that eanses
the shattering sound of aente mistracking.
And the groove ean't take this kind ot abuse.
Eaeli elick is a =ign that the stylus has plowed
too deeply into the modulation for the vinyl
to recover and the resulting permanent in-
dentations in the groove will continue to
sound fuzzy under any condition.

Since the groove i1s V-shaped, high tracking
force helps to overcome the tendeney toward
momentary losses of" contact with cither groove
wall, thms making the sound cleaner, But if
the stylus is =till plowing into modulations,
fairly elean tracking is no assurance that the
record i=n't being damaged.

W is the ability to track cleanly at a low
foree that ix important, rather than the actual
{racking toree. A high tracking foree aceeler-
ates record wear to adegree but the damage is
not usually as great as that incurred when a
cartridee is allowed to mistrack on an ocea-
sional dise. That 1s why, even though a car-
tridee may be able to track most dises eleanly
at 25 ol agram, record wear may be less when
tracking foree is higher—perhaps 1 gram.

Separation. Ncarly all modern sterco
pliono ecartridees with pretensions to fidelity
have more than the 25 (B3 ol separation
throngh the mid-frequeney  range that is
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GETTING THE CARTRIDGE MOUNTED

All four of the stereo phond cartridges shown on
this month’s cover use slightly different mount-
ing techniques. Manufacturers have refined the pro-
cess of cartridge mounting to virtually eliminate
tracking error and still insure ease and conven-
ience in performing what was once a nuisance un-
dertaking. At right is the Empire 999VE/X, one
of the more highly rated cartridges in $79 (list)
price bracket. Two sizes of molded plastic screws
are provided to secure cartridge clip to special
mounting bracket (not shown). Cartridge is then
easily snapped in place and leads connected. Sty-
lus removal is also quite simple and nameplate
guard shown in photo protects stylus in transit.
Practically every cartridge you buy includes mount-
ing hardware and some form of stylus protection.
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Frequency response graph ahove was made from test
measurements on an Empire 999VE/X. Note the rel-
atively smooth top curve which indicates the over-
all left channel response. The lower curve shows
response in the right channel due to crosstalk
from the left channel—indicating stereo separa-
tion. A graph of phono cartridge response is usu- >
ally published in magazine evaluation reports.

Cartridge at left is the Danish import from B&O
labelled SP 12 and selling for $69.95 (list). Like
the Empire above it has an elliptical stylus. Note
the removable wedge supplied by the manufacturer
to correct cartridge mounting in a record changer
where the record stacking would drastically alter
the preferred 15-degree vertical tracking angle.
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The Shure MIIE cartridge (left) has an elliptical
stylus with a metal guard—shown here under the
photographer’s index finger. Cartridge is partial-
ly disengaged from ‘‘Easy-Mount'’ snap-in bracket
which would normally be attached to tone arm head
or plug-in shell. As mentioned elsewhere, car-
tridges are supplied with a variety of mounting
hardware and a few examples are shown here—
mounting screws (two types with American and Brit-
ish threads), washer/spacers, and lead clips. Most
record players and changers are sold with clips
soldered to the fine wire leads passing through
the tone arm—and color-coded to boot. Mounting
has been simplified by standardizing on 14" (12.7
mm) center-to-center for the two retaining screws
that hold the mounting bracket to tone arm shell.

Pickering and Company has carried phono cartridge
mounting ease one step further by supplying the
buyer a variety of individualized ‘‘Snap-In-Mounts"’
cast from plastic (shown above with connecting
plastic still in place). Starting from lower left
and going clockwise, the mounts are for Dual, BSR.
Garrard, and BSR Single Hole Heads. The cartridge
itself is snapped into place on reverse side of
each mount. Stylus guard has been removed and is
seen near the cartridge. Note also the dust brush
that is attached to cartridge. This is Pickering's
model XV-15/750E cartridge selling for $65, list.

Paralleling the efforts of cartridge manufacturers
to simplify mounting, record player/changer manu-
facturers frequently provide additional informa-
tion, mounting hardware, or even a special plastic
guide. This is the tone arm cartridge mounting
shell for a Dual 1219—note the clips soldered to
connecting wires. The guide (upper right in photo)
is used to align accurately the depth and the sty-
lus overhang to provide minimum tracking error.
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needed to achieve subjectively total channel
izolation, When separation appears to be less,
it ix wsually that way on the dise. Cartridges
do still vary rather widely in high-end separa-
tion, and those with substantially lTess than 15
dB separation at 10 k1Tz can be expected to
exhibit some wandering or lack of speecificity
in divectional information.

Stereo  separation is a  touchy  subject
amone manufacturers, so advertised claims
are often more optimistie than factual. This
information is best gotten from test reports in
magazines.

Signal Output. \ source of noise in some
carly stereo eartridges was their extremely
low signal ontput. Most preamps have a cer-
tain amount of hnm and/or hiss, whieh may
become audible if the volume control has to
he turned up to make the signal lond cnougl.
The answer in most eases was (o feed the Tow-
ontput cartvidge throngh a step-np trans-
former, which was itself’ a potent souree of
lim and frequently gave sueh a high ontput
level that the preamp was driven to the verge
of overload.

Most eartridee designers now recognize the
limitations of preamps and provide a nominal
artridge output of about 1 millivolt (per
cm/see of recorded signal veloeity), 1t is still
wize, thongl, to cheek a cartridge’s rated out-
put before buyving to anticipate potential
noise or overload problems. There s no status
value in oniput ratings <o manufacturers’
specifieations are n=ually accurate,

Tone Arms. The advantages, shorteom-
ings, or incompatibilities in a tone arm in-
fluence the performance of any cartridge.
With the exeeption of  Acoustic Resecareh,
manuiactners ot pivoted tone arms now seem
{o agree that bias compensation iz necessary
For optimum eartridge performance—though
there is less consensis as to the proper amount
ol compensation that ix needed, (Generally,
it ix hest set experumentally.)

Otherwise, there have bheen surprisingly
few developments in tone arms it recent
vears, Most manufacturers seem {o feel there
ix no room for improvement—wlhieh has heen
proved wrong by the fow really improved
desiens that have appeared. One eminently
suecessiul approach has heen the viscous-
damped “unipivot™ arrangement typified by
the Audio & Design and Deeea “International”
tone arms. Both have many audible ad-
vantages and some purely mechanieal dis-
advantages and have not proved to be as
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popular as they deserve to be, The former has
been  discontinued; the latter is available
throngh =everal sourees in the U.S. or directly
from dealers in England.

Trackability. Thix ix a term widely used
by Shure Bros. in their promotional material
after they devised a scheme by which tracking
ability could be measured. A trackability
test. shows, usually in the form of a graph,
how mueh recorded level a ecartridee can
handle (at a given trackine foree) thronghont
the andio range betore it starts to lose inti-
mate eroove contact. Tt is thus an indireet
measnre of hoth complianee (affecting track-
ability at all Irequeneies) and moving mass
(affecting mainly high-frequeney {rackabil-
ity ), in terms that matter the most to the user:
tracking eleanness and record wear, Obviously
the two do o iand in hand.

Tracking Force. It has long been known
that tracking force was directly related to
record wear: but ounly in the last few years
have researchers been learning just how it
ix possible for a "featherweight™ 2-gram car-
tridee to wear erooves, The trouble, it scems,
i that while we think in terms of foree, the
aroove must contend with pressire.

Sinee the groove wall s (nominally) a (lat
surlface and the stvlus tip iz ronmd, they con-
taet one another at a mieroscopic point (actu-
ally two points—one on each side of the
groove). Pressure is foree per unit area, so if
these contact points were true points, with
zoro areq, the contael pressure (loree per unit
arca) {rom that 2 grams would be infinitely
high! Fortunately, the vinyl is flexible enough
to let the styvlus =ink into it at the contaet
points, making each point about 3/10,000 of
an inell in diameter (with 0.7-mil stylus at 2
erams loree). This reduces the contact pres-
snre aeainst ecach eroove wal