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NRI “hands-on” training
in TV-Radio, Electronics
can give you as much as
2 years of on-the-job
experience.

EARN YOUR FCC LIEI\SE OR YOUR MONEY BACK

NRI Communications training programs will qua ]fyyo for Fx:rstClss(‘mm erc a.

Radioteley han Lcena: ss ed by the FCC. 2§ you fail to pass the FCC examina ticms
for this licemse after suceessfu lly ocralletirg en NRI Communications ¢o we wll
on request, - efu d1l_llthttc ohmepdTh agreement i dfo te

period of yoar active s-udent memb--: }pa d for six months ftcrcompltmofyo:
tamlgl\osch ol cffers a more liberal FCC _icense agreement.




Experience is still your best teacher

NRI Achievement Kit :. .sueator ac.

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and
personalized for you and your training objective. It has one
purpose — to get you started quickly and easily.

o
“BI te'Size” TeX tS average an easily-digested

40 pages of well-illustrated, scientifically prepared subject

matter in the course of your choice. Questions in each book

are carefully hand-graded and returned to you with helpful

instructional notes. You get unlimited personal help from the.
_ day you enroll.

e e ,' -___ s o -
Designed-For-Learning Equipment

Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modified hobby
kits for training, but the finest parts money can buy, pro-
fessionally and educationally applied.

April, 1971

... here’s how you get it with
unique NRI training at home

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That’s how you learn at home
with NRI. You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you’ll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-shooting and design tech-
niques that will make you employable in Electronics.

Train with the leader—NRI

NRI lab equipment is designed from chassis up for
effective, fascinating training— not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone/cw transmitter. It’s suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
... or use the coupon below. No obligation. No
salesman will call on you. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW Gli BILL

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

MAIL THIS COUPON IF CARD IS GONE

NATIONAL RADIO INSTITUTE :
Washington, D.C. 20016 1-120

Please send me your new NRI Catalog. | understand
no salesman will call and there is no obligation.

|

|

:Name — Age
l Address

|

| City. State Zip.

= [ Check for facts on new Gl Bill

L ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL a2
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ELECTRONICS
TECHNICIANS:

If you really want
to go places in this

Age of Electronics...

Grantham School of Qnginm’ing\3

fas conterred on

John Joe

ot

ree

EARN YOUR DEGREE
AND GET INTO ELECTRONICS ENGINEERING!

Advance beyond the technician level. Become an engineer. If you are a high
school graduate and have a good aptitude for electronics and mathematics,
you can earn the Degree of Associate in Science in Electronics Engineering

MOSTLY BY STUDYING AT HOME

while you remain on your present job. Grantham School
of Engineering (GSE) offers a home-study program,
followed by a two-week class, for the ASEE Degree.
This degree is accredited by the Accrediting Commis-
sion of the National Home Study Council.

In this college-level program (presented at the same
level as resident-college engineering courses), the les-
sons have been prepared especially for home study. They
have been written, revised, added-to, revised, expanded,
revised, re-oriented, revised, etc., over a period of many
years, by home-study experts in the teaching of engi-
neering, with the one objective of providing a betler
way for technicians to learn engineering.

This accredited ASEE Degree program includes a re-
view of basic electronic circuits and systems, a thorough
coverage of applied engineering mathematics (includ-
ing algebra, trigonometry, and calculus), classical and
modern physics, technical writing, computer science.
electrical networks, and semiconductor circuit analysis
and design.

We award the associate rather than the bachelor's
degree because our educational program covers only
engineering and engineering-related subjects and does
not cover general subjects such as English, History,
Foreign Languages, etc. Notice, however, that the
ASEE is a degree in engineering rather than the usual
junior-college kind of associate degree.

We Teach Better Because We Specialize

The main purpose of the GSE eduational program is to
upgrade electronics technicians to the engineering level.
Therefore, as a GSE student, you are not, for example,

studying math with accounting students or studying
physics with medical students. Instead, all of the lessons
covering all subjects are written for students just like
vourself — for electronics technicians upgrading to the
engineering level. This method allows electronics engi-
neering examples and applications to be tied in with the
study of all subjects in the curriculum.

Since all of our students have backgrounds similar to
yours and the same professional objective as yours, we
can teach all of the required subjects more directly to
the point —the way they should be taught (for maxi-
mum advantage) specifically to electronics technicians
who are upgrading to the engineering level — not gen-
eralized to the extent that they apply equally well to a
dozen different professions! So our way of teaching elec-
tronics engineering is more applicable to your need.

G.l. Bill Approved

® Mail the coupon below for our free Bulletin ®

CIRCLE NO. 14 ON READER SERVICE PAGE
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__________________________ 1
| q . 4
| Grantham School of Engineering PE-4-71 |
| 1505 N. Western Ave., Hollywood, Colif. 90027 :
| Gentlemen |
| I have been in electronics for years. | am interested ]
I in the Grantham degree program in Electronics Engineer-

|
: ing. Please send me your free bulletin, |
| |
| Name Age |
1 |
: Address - :
| |
| City _State Zip |
e e e e e e e e e e e e e e e e e e e e e e '
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ools of the

Serviceman

TUN-0-BRITE
Cleans, Brightens
& Lubricates Tuner
Contacts

The only tuner
spray with built-in
polishing action,
Won’'t harm pre-
cious metal plat-
ing. Heavy-duty
lubricant keeps
tuners working
better, longer.

SUPER FROST AID
Pin-Points Thermal
Intermittents

1solates defective,
heat affected com-
ponents in TVs and
radios, A must for
every serviceman,
Saves hours of
probingiand testing
for intermittents.

TUN-0-WASH

¢ Tuner Cleaner &
W Degreaser

The TUN-0-WASH
power spray melts
away ‘‘gunk’, dirt
and corrosion.
Like an ultrasonic
bath in a can, it
gets tuners really
clean.

Spray chemicals and cleaners are among the

most important tools of professional TV serv-
jcemen. TUN-O-BRITE, SUPER FROST AID
and TUN-O-WASH are three such tools. Each
is formulated to do a specific job, and is
guaranteed to do it better and easier. Avoid
costly callbacks. Build customer satisfaction
. . . make more money servicing. Available
at your local distributor.

CHEMTRONICS INC.

1260 Ralph Avenue, Brooklyn, New York 11236
CIRCLE NO. 5 ON READER SERVICE PAGE

QQAVIS‘
Shge .
. a
'20? e: M'uabor lAl.;di! Bureau
o reviations
[ ““rshne

Popular Electronics

Publisher

OLIVER P. FERRELL
Editor

LESLIE SOLOMON
Techunical Editor
JOHN R. RIGGS

Wanaging |

EDWARD |. BUXBAUM

Art Direetor

ALEXANDER W. BURAWA

Asgociate Fditar

ANDRE DUZANT

Technseal [Hiustrator

PATTI MORGAN

JUDITH L. HOGAN
Editorinl Aszistant
J. GOROON HOLT
L. E. GARNER, JR.
DAVID L. HEISERMAN
Contribhuting Editors
J. ROYCE RICHARD
Sanisiant Publish.
RICHARD J. HALPERN
Advertizing Manager
ROBERT UR
Marketing Manager
MARGARET DANIELLO

Advertinmg Service Mawmager

FURMAN H. HEBB
Group Vice President
Elrctronics nnd Photographic

ZIFF-DAVIS PUBLISHING COMPANY
Editarial and Executive Offices
One Park Avenue, New Yark, New Yark 10016
212 679-7200
Midwestern Office
The Pattis Graup, 4761 West Tauhy Ave.,
Lincalnwaad, i!linais 60646, 312 679-1100
GERALD E. WOLFE, DICK POWELL
Western Office
9025 Wilshire Baulevard, Beverly Hills, Califarnia 90211
213 CRestview 4.0265; BRadshaw 2-1161
Western Advertising Manager, BUD DEAN
Japan: James Yagi
Qii Palace Aayama; 6-25, Minami Aayama
6-Chame, Minata-Ku, Takya 407-1930/6821
Circulatian Office
P.O. Bax 1096, Flushing, N.Y. 11352

William Ziff, President
W. Bradfard Briggs, Executive Vice President
Hershel 8. Sarbin, Seniar Vice President and Secretary
Stanley R. Greenfield, Seniar Vice President
Philip Sine, Financial Vice President and Treasurer
Waiter S. Mills, Jr., Vice President, Circulatian
Phillip T. Heffernan, Vice President, Marketing
Frank Pamerantz, Vice President, Creative Services
Arthur W, Butzaw, Vice President, Praductian
Edward D. Muhlfeld, Vice President, Aviatian Divisian
frwin Rabinsan, Vice President, Travel Divisian
] Gearge Marrissey, Vice President
Sydney H. Ragers, Vice President

Ziff.Davis also publishes Airline Management and Marketing In-
clading American Aviation, Boating, Business & Commercial Avia-
tion. Car and Driver. Cycle, Electronics World. Flying. Modern
Bride. Popular Photography. Skiing, Skilng Area Newa., Skiing
Trade News, Sterce Review. and Travel Weekly,

Forms $379 and all suhseriptions correspondence should be ad.

PLT. ELECTRONICS. Circulation Nepartment, P.O.
.Y, 11332, Plcasc allow at lcast six weeks for
Include vour old address. as well as new—en-

R
i, N

change L 83,
closing if possible an address label from a recent issue.,

[EDITORIAL CONTRIBUTIONS must he accompanied by retorn post.
age and will be handled with rcasonable care: however, blr:hcr
assunics bo responsibility for return or safety of art work, photo-
graphs or manoscripts.

POPULAR ELECTRONICS



ﬂ

DIRECT (& CURRENT

=

April, 1971

Eighth in a Monthly Series by Oliver P. Ferrell, Editor

HOPEFULLY, NOT A SECOND TIME AROUND

If you haven't noticed, the audiophiles have a new vocabulary. All
their serious discussions now involve words and phrases such as:
ambiance, encoder, L-R, total compatibility, etc. It all has to do with
either getting something for nothing or making an attempt to compress
four channels of music information into the same track width or
groove depth that last year was occupied by two channels—in other
words, surround quadriphonic stereo.

This editorial is not a progress report on four-channel sound—
simply because events in this field are moving so rapidly that,
in the relatively short time between the writing and publication
of an editorial, there is almost certain to be the birth of another
new idea or innovation—and more new words. Also, | find it
difficult to stifle a nagging sensation that all is not right with
four channel. Has the hi-fi industry turned its engineers loose
to run amuck and stimulate business through new product developments,
or is there a ‘“call’” for four channels? Does good listening really
require total immersion of the listener or are the first four-channel
demonstrations minimizing musical values for electronic showmanship?

It's fascinating from an engineering point of view to see and
hear what a relatively simple decoder—~such as that used in the
Electro-Voice system—reveals to be hidden away on present disc
or tape stereo recordings. But simultaneously, it's musically
unnerving to be bombarded with sound from all directions.

There’s a good chance that properly used (whatever that might be)
four-channel reproduction has some very desirable advantages
for the serious, or even the background music, listener. However,
at the moment, it is difficult to believe that four channel is
of great interest to anyone other than the devotee of modern pop
and rock music. Certainly my teenagers—more than |—would find
four channel to their liking—although that affinity might well
be due to the fact that four channel sounds louder and gets the
listener more ‘"‘involved.”

The outboard gadgets, the doubling up of amplifiers and speakers,
recall the introduction of the stereo disc in 1958. Hopefully,
the hi-fi industry recalls the confusion created then after the
first flush of success. | think that four channel is on the threshold
of something big. Whether it’s in the techniques of recording
or playback remains to be seen; but, gentlemen, don’t make us
go around again.
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INTERFACE

ELECTRONICS SELF-STUDY PROGRAM

I would like to congratulate the author and
the staff of PoruLAR ELECTRONICS for the very
fine article in the December, 1970 issue on
page 45. Unfortunately, of the 12 manuals
that I have ordered, only five have been de-
livered and there is an indication that four
will be sent within the future and three seem
to be permanently out of stock.

W. StroH III
Short Hills, N.J.

Reader response to the “Electronics Self-
Study Program” article far exceeded our best
estimates. The Government Printing Office
apparently received over 1000 orders for the
electronics training manuals mentioned in
the story and soon found that stocks of cer-
tain manuals had been depleted. Our apolo-
gies to those readers who didn’t get their

orders into the GPO in time to receive the
full complement of manuals.

THOSE HARD-TO-FIND PARTS

Your Direct & Current editorial (February
issue, p 7) emphasizes a very annoying prob-
lem. However, I believe the blame lies more
with the manufacturers than the distributors.
Here are some of the reasons the local store
may not have the “latest and greatest”:

1. New devices are announced months be-
fore they can be made available. This is a
deliberate sales policy to feel out the market.

2. Manufacturing the device runs into
trouble and after products have been an-
nounced they cannot be manufactured.

3. There are frequent minor mechanical or
electrical parameter changes and/or the num-
bering may be changed.

4. Many manufacturers bring out devices
first under their “house” numbers and after
they become popular the same device is as-
signed a new, but standard, EIA number.
Conversion lists from house numbers to stan-
dard EIA numbers are hard to come by.

5. For many uses, there may be devices that
are equally suitable and many manufacturers
offer ‘“replacement” devices. However, some-
times replacements do not work and the
original number would have been preferred
in the article—in other words, how does the
magazine reader without access to a full list
of standard numbers replace a replacement?

I agree that it would be good business to

it's the BSR McDonald 310/X,
w» and it's the best buy in automatic
turntables. Anywhere.

This is no “little brother” turn-
table, either. it's got a full-size
platter, cue and pause control,
low mass tone arm system and a
visible stylus pressure indicator.

And because it's a famous BSR
Total Turntable, it comes com-
plete with a tinted dust cover,
custom molded base and a Shure
M-75 magnetic cartridge—all fac-
tory-installed and balanced and
included in the fow price.

The BSR McDonald 310/X. It's
gerfect for people who want the

est, no matter how little it costs.

Send for free full color catalog
on all our automatic turntables.
BSR(USA)Ltd.,Blauvelt,N.Y.10913

CIRCLE NO. 2 ON READER SERVICE PAGE
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The does-it-all turntable
at a do-it-yourself price.
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CONTAINING THE LATEST STATE OF THE ART ELECTRONIC COMPONENTS FROM
THE NATION'S LEADING MANUFACTURERS OF SOLID STATE SEMICONDUCTORS

Logiconcepts is dedicated to linking the association with top electronic engineers
latest electronic hardware to the practical keeps our designs and kits up-to-date.
understanding of its function by actual State of the art hardware, latest circuitry
use of the product. Our volume purchase and design . ..

practices, industry knowledge and our .. . that’s Logiconcepts.

PSYCHODELIC LIGHTS

A bright, colorful, 6 bulb audio activated
light. Volume control for variable sensi-
tivity, 3 channel light system. Solid state
circuitry. Walnut base with diffused pat-
tern translucent plastic cover. Easy to
assemble kit. Arrange lights in variable
configurations. 13 inches high.

Complete kit and instructions. . $24.95

POWER SUPPLIES

MODEL D-200 DUAL POWER SUPPLY: A
bench type regulated supply featuring 2
independent outputs. Ideal for testing all
1C or Semi circuits. Independent output
adjustments. 0 to 22 VDC at 750 MA.
10 MV RMS max. ripple.

Complete kit w/instructions. .. $69.95

DIGITAL CLOCK

A totally solid state clock. Troubfe
free, sharper clearer display with
R.C.A. Numitron 7 segment read-out
tubes. MSI-TTL Logic on one simple
circuit board. New design eliminates
line noise common in other digital
clocks. Displays hours, minutes and
seconds. Assemble a 12 or 24 hour
version.

Cost on complete kit...... $79.95
Walnut cabinet $9.95 extra.

MODEL $-100 SQUARE WAVE GENERATOR
& POWER SUPPLY: Bench type. TTL com-
patible. 10HZ to 1 MHZ. 5V at 1 amp.
digital supply. Continuous variable clock
outputs. Fixed supply, short circuit
protected.

Easy to assemble kit......... $44.95

SQUA WAVE GENERATOR

IT SET UP

LOGICONCEPTS has several advanced

project educational kits featuring

latest components and circuitry.
WRITE FOR DETAILS.

A positive way to develop circuits, experimental or
permanent. No soldering necessary, reusable. Spring
action, positive connections. Assemble, rearrange,
disassemble easily. Can be linked for more complex
circuits. Regular model: $8.95 Deluxe model: $9.95

Gentlemen: Enclosed is my check for $
to cover the cost of

[] Send me details on:
[0 Send information on your Educational Kits.

Advancing electronlcs wllh practical kits that
utilize the latest electronic components.

22513 SO. NORMANDIE AVE.  TORRANCE, CALIF. 90501

PHONE: (213) 328-5031/775-3613 City:

|

!

I

I
A0GICONCEIPTN, INC. | = Greense wo)

I

*California residents add 5%:% sales tax |_state: _ Zip: I
CIRCLE NO. 18 ON READER SERVICE PAGE
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|

|

9

April, 1971



CB gets a first ever from Turner
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Get the most out of your base rig. Put some-
thing new into it. Buy a Turner Modulation
Indicator and be sure of full modulation
every time. There's no other way to keep a
steady eye on your signal. And nothing
could be easier to operate. Just work the
volume control on your Turner +2 or +3
microphone until the indicator shows 100%.
You'll get a clearer signal. You'll send it a
fot farther. Buy now. Be among the first to
own this handsome instrument with a black-
lucite and brushed-aluminum finish. Works
with all CB sets, comes with complete oper-
ating instructions. Features solid state con-
struction, plug-in installation, self-contained
standard 9-volt battery operation. CB users
net price $39.50. Manufactured in the United
States by the Turner Company, A Subsidiary
of Conrac Corporation, 909 17th Street N.E.,
Cedar Rapids, lowa 52402,

The Turner Company

CIRCLE NO. 2s ON READER SERVICE PAGE

lNTERFACE (Continued from page 8)

make such devices available to experimenters.
but the good will you mention does not pay
salaries. I think the semiconductor industry
deserves credit for holding down single unit
costs to usually two times the thousand lot
price—the factor that is more than likely
to be more than 10 or 20 times greater for
most other components.
T. LamB
Mansfield, Ohio

THE LONER

One of the biggest obstacles for the hobby-
ist-experimenter is that by situation he is
basically an outsider or loner. His progress is
hampered by lack of contact with other hob-
byists and he often does not own or even have
access to “essential” test equipment.

Unlike the radio amateur, the hobbyist is
hard put to find other hobbyists even in his
own town. And, these problems are com-
pounded if the hobbyist does not live in or
around a large city or some electronically-
conscious area.

I think we need a middleman—such as
POPULAR ELECTRONICS—to maintain a
file of information about individual hobbyists
—arranged by geographic locale. If this were
put to work, the hobbyist could send in some
personal data, list his equipment, activities,
desires, address, phone number, availability,
etc. If each listing were accompanied by a
nominal flling fee, the cost of distributing this
information to people of like interest could
be amortized.

R. A. BRUSH
Salt Lake City, Utah

SMALL ORDER DEPARTMENTS

We are presently opening a mail order di-
vision for integrated circuits and all other
semiconductor sales. We will cater especially
to the experimenter. Our prices should be in
line with distributor prices; for example, the
SN7400N will be sold for $1.90 and the MC724P
for $1.10 each, plus shipping.

E. L. RoBINSON
Robinson Laboratories
104 Greenwood Ave.
Wakefield, MA 01880

A new, quick-service “Small Order” depart-
ment has just been announced by Simpson
Electric Company, Chicago. By isolating
small orders (50 pieces or less) we have found
that both large and small orders can be expe-
dited. Simpson manufactures a complete line
of test equipment including the world-famous
260 family of VOM's.

MEL BUEHRING

Simpson Electric Company
5200 West Kinzie St.
Chicago, Ill. 60644

CIRCLE NO. 26 ON READER SERVICE PAGE —»
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...the new Heathkit 25" ultra-rectangular
TV color picture is that perfect.

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

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

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

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

Exclusive owner-service capability...only Heath offers you this
money-saving advantage: built-in dot generator and tilt-out con-~
vergence panel let you do periodic dynamic convergence adjust-
ments required of all color TVs. Modular plug-in glass-epoxy
circuit boards with transistor sockets permit fast, easy service

12

and adjustment. Volt-Ohm meter supplied for detailed trouble-
shooting right down to the smallest part.

PR ehod

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

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

20" solid-state

color TV

Kit GR-270, 109 Ibs.,
less cabinet

14” portable solid-state
color T

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

23" solid-state
color TV

Kit GR-370, 124 Ibs.,
less cabinet

POPULAR ELECTRONICS



New 25-pedal
“Legato”

1,495*

New solid-state
amateur recejver

New
microwave
oven

399.95*

©

New 15 MHz
frequency counter

319.95* 199.95*

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

® New Heathkit solid-state “Legato”
25-pedal Theater Organ

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

Kit TO-101, 299 1bS. ...ovutvirtrnnnrnninrnneeennenns 1,495*

New Heathkit microwave oven

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

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

CALIFORNIA: Anaheim, 92805, 330 E. Batl Road; El Cerrito, 94530, 6000 Potrero
Avenue; La Mesa, 92041, 8363 Center Drive; Los Angeles, 90007, 2309 S. Flower St.;
Redwood City, 94063, 2001 Middlefield Rd.; Woodland Hifls, 91364, 22504 Ventura
Blvd.; COLORADO: Oenver, 80212, 5940 W. 38th Ave.; GEORGIA: Atlanta, 30305, 5285
Roswell Road; ILLINOIS: Chicago, 60645, 3462-66 W. Devon Ave.: Downers Grove,
60515, 224 Ogden Ave.; MARYLANO: Rockville, 20852, 5542 Nicholson Lane; MASSA-
CHUSETTS: Wellesley, 02181, 165 Worcester St.; MICHIGAN: Oetroit, 48219, 18645
W. Eight Mile Rd.; MINNESOTA: Hopkins, 55343, 101 Shady Oak Rd.; MISSOURI:
St. Louis, 63123, 9296 Gravois Ave.; NEW JERSEY: Fair Lawn, 07410, 35-07 Broad-
way (Rte. 4); NEW YORK: Jericho, L.I., 11753, 15 Jericho Turnpike; New York, 10036,
35 W. 45th Street; OHIO: Cleveland, 44129, 5444 Pear| Rd.; Woodlawn, 45215,
10133 Springfield Pike; PENNSYLVANIA: P ia, 19149, 6318 R: 8ivd.;
Pitisburgh, 15235, 3482 Wiiliam Penn Hwy.; TEXAS: Dallas, 75201, 2715 Ross Aves
nue; Houston, 77027, 3705 Westhelmer; WASHINGTON: Seattle, 98121, 2221 Third
Ave.; WISCONSIN: Milwaukee, 53216, 5215 W. Fond du Lac

Retail Heathkit Efectronic Center prices slightly higher to cover shipping, local
stock, an; ation facilities. Local service also available whether

you purchase focally or by factory mail order.

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

Kit GD-29, 97 IbS. ....ovvviittinernnennnneennnens 399.95*%

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

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

Kit SB-303, 21 1bs. .........ccvvnunnn 50000000000000 319.95*

©® New Heathkit solid-state
15 MHz frequency counter

Another Heathkit first...highly accurate frequency measurement
at a price you can afford to pay. Delivers stable, accurate count-
ing from 1 Hz to over 15 MHz. All integrated circuitry for top
performance, high reliability. Automatic trigger level for wide
range input without adjustment. Five digit cold-cathode readout
with Hz/kHz ranges and overrange indicators give 8-digit capa-
bility. Input Z 1 megohm shunted by iess than 20 pF for low
circuit loading.

KitIB-101, 71bs. ... oviinineen e 199.95*
R -
1 Benton Harbor, N'Il:nigan 49022 a Schiumberger Company :

OeEnclosedis $_________ —, plus shipping. I
' Please send model (s) — — - |

[J Please send FREE Heathkit Catalog.  [J Please send Credit Application. 1

Name S — |
| Address |
| City _State _ 7l i
| *Mail order prices; F.0.B. factory. ]
L Prices & specifications subject to change without notice. CL-403R ]
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Scanningly New and Field Tested
for Automatic, Positive, and Clear
Reception of the Intricate UHF Band

Push the buttons. They're there to give you program control
over your choice of eight UHF crystal controlled frequencies
—450-470 MHz.

Program it to hear both sides of two-way conversations, even
though they may be on different frequencies. Operate it auto-
matically or manually. Each of 8 channels has a push button for
placing the frequency in or out of service. Hear what's happen-
ing on all or any combination of channels. Fascinating scanning
lights detail over busy receiver’s signal search. It stops to hear
all of an active message. . . . then resumes search for a return
or other signal.

Our new monitoradio/scanner has been developed and tested to
perform in areas of high density interference. With Regency,
you get the result of exacting performance: .05 second per
channel scan rate and 0.7 microvo!t sensitivity @ 20 db.

It comes complete with AC and DC cords, mobile mounting
bracket, detachable telescope antenna, built-in 4” speaker plus
terminals for external speaker and remote antenna. All for only
$159.00. Crystals $4.95 each. Also single channel Model TMR-
1U $119.00. See them at your favorite Regency retailer ail over
the country,

Amenc an o
ne Year Warranty

Patent Pending

w
F%%%ELECTRONICS, INC.

7900 Pendleton Pike ¢ [ndianapolis, Indiana 46226
CIRCLE NO. 23 ON READER SERVICE PAGE
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LITERATURE

Blonder-Tongue Labs., Inc., recently made
available their No. 70-72 “Home Products
Catalog.” The catalog contains specifications
and photos for mast-mounted preamplifiers,

| broadband amplifiers, amplified signal divid-

ers, UHF converters, antenna rotors, anten-
nas, and miscellaneous home TV system
accessories.

Circle No. 75 on Reoder Service Poge 15 or 95

More than 150 current and forthcoming titles
are listed in the Winter 1970 Catalog of Elec-
tronic, Electrical & Hobbyist Books recently
issued by Tab Books. The 20-page catalog
covers schematic/servicing manuals, broad-
casting, basic technology, CATV, electronics
engineering, reference, audio, TV and radio,
hobby and experiment topics, to cite just a
few. Some of the forthcoming titles featured
are “Computer Circuits & How They Work,”
“Electronic Musical Instruments,” and “TV
Trouble Diagnosis Made Easy.”

Circle No. 76 on Reoder Service Poge 15 or 95

A six-page catalog (No. C171) available from
Bell P/A Products Corp. gives detailed speci-
fications and descriptions of the company’s
broad line of commercial sound components
and special-purpose sound systems. The cata-
log covers amplifiers, tuners, boosters, mix-
ers, turntables and record changers, carrying
cases and cabinetry. Complete specifications
and photographs of the Bell P/A Mod Series,
the Carillon Series, the Transistor Power
Amplifier Series, and the SLA Series of auto-
matic limiting amplifiers.

Circle No. 77 on Reoder Service Poge 15 or 95

More than 25,000 American, European, and Ja-
panese semiconductors are cross-referenced
to HEP equivalents in Motorola's new re-
placement guide/catalog No. HEP HMA-07.
Listings for thousands of manufacturers’
regular and “house” numbers are also in-
cluded. The semiconductor cross-reference
guide features the company’s full-line HEP
product catalog which gives minimum and
maximum ratings and electrical character-
istics for 285 HEP devices. The devices are
listed by type number with a packaging in-
dex, dimension drawing, and selection guide
information.

Circle No. 78 on Reoder Service Poge 15 or 95
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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. Jusk 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
M 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 H
advertised products also appear in the Advertisers’
Index.) Print or type your name and address on the
lines indicated.

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

o s P v

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.O. Box 1096, Flushing, N.Y. 11352.

4/71-1
Void after May 31, 1971

Popular Electronics ez, v

1 23456 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 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

NAME (Print clearly)

ADDRESS
CITY STATE ZIP CODE

et el ettt DL

L
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RADIO SPECTRUM HANDBOOK
by James M. Moore

A reviewer is inevitably faced with one
nagging question when a new book appears
on his desk: Why was this written and pub-
lished? Sometimes the answer is self-evident,
but on occasion a book arrives concerning
a subject that was never covered in print
before and that defies rational explanation
as to why it should be covered. That, un-
fortunately, is the case with Mr. Moore’s
Radio Spectrum Handbook.

This is an imposing collection of data on
radio frequency assignments and usage, bit-
by-bit and channel-by-channel from 10 kHz
to 40,000 MHz. It is extraordinarily well-done,
in an orderly, detailed fashion—with ample
illustrations. But, who needs, requires, or
wants this sort of information? Although
there appears to be no similar collection of
data available to the public, each piece of
information in the book is readily available

from the proper source for the asking. Since
no one would envy Mr. Moore the task he
undertook, he must be congratulated on the
reduction of so much data to such a palatable
format, This is a reference work and hope-
fully will find its way into many technical
libraries and possibly the hands of a few
SWL’s who tune between the broadcast bands.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Indianapolis, IN 46268. Hard
cover. 192 pages. $7.95

AMATEUR RADIO TECHNIQUES
by J. P. Howker, G3VA

The British, and in particular The Radio
Society of Great Britain, are favored by the
presence of J. P. Hawker, G3VA, on the edi-
torial scene. Pat (what else is there to call
him) has the talent for wading through a
jungle of schematics and finding the crucial
circuits. Once he has located them, Pat em
ploys what must be one of the world’s most
underrated photographic memories to point
out what is different, new, unusual, or worth-
while. It is a constant amazement to those of
us who look forward to reading his monthly
“Technical Topics” column in Radio Com-
munication how one man can know so much
about so many aspects of electronics.

This book is a nicely put together collection
of several hundred “Topics” columns ar-
ranged in categories such as: components,
receivers, audio, power supplies, antennas, etc.

(Continued on page 94)

the tape that
turned the
casseltte into
a high- fidelity
medium

e

JIK

Until TDK developed gamma ferric oxide, cassette

recorders were fine for taping lectures, conferences, verbal
memos and family fun—but not for serious high fidelity.

TOK CASSETTE C-SOS0D

Today you can
choose among
high-quality
stereo
cassette
decks.

" .
FRQULNTY =

The new magnetic oxide used in TDK Super Dynamic
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 meaningful
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.

) & - -
TDK SUPER DYNAMIC (SD) TAPE

Available in C60SD and C90SD lengths.

TDK ELECTRONICS CORP.

® LONG ISLAND CITY, NEW YORK 11103
CIRCLE NO. 24 ON READER SERVICE PAGE
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The new KLH Thirty-Two is the best speaker
you can buy for the money.

Bravado has never been our bag. But affer carefully
comparing the new model Thirty-Two with our competi-
tor's best-selling loudspeaker, we're going to break our
rle.

Our product is superior.

You see, the Thirty-Two sounds like a very close rela-
tive of our now famous Mode! Six.

With good reason.

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

But the Thirty-Two not only sounds like an expensive

speaker, it looks like one, too. It is unquestionably the
fsuggested cetord price. Slightly hghee in the wesl,

best looking loudspeaker in its price range.

The price?

Almost as amazing os the sound. Just $47.50 {$95
the pair).t

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

Anybody’s money.

For more information on the Model Thirty-Two, write
1o KLH Reseorch and Development Corporation, 30 Cross
St., Combridge, Mass. 02139. Or visit your KLH dealer.

i |

A

KLH PESEAPCH AND DEVELOPMENT CORPORATION
*A trodemarh of KLH Research ond Development Corporation

1
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A Government FCC License can
help you bring home up to
$10,000, 312,000, and more a year.
Read how you can prepare for

the license exam at home in your
spare time—with a passing grade
assured or your money back.

F YOU'RE OUT 10 BAG A BETTER JoB in Electronics,

you'd better have a Government FCC License.

For you'll need it to track down the choicest, best-
paying jobs that this booming field has to offer.

Right now there are 80,000 new openings every
year for clectronics specialists—jobs paying up to $5,
$6. cven $7 an hour...$200, $225, $250, a week...
$10.000. $12,000, and up a year! You don't nced a
college education to make this kind of money in
Electronics, or even a high school diploma.

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one na-
tionally accepted method of measuring this knowl-
edge ... the licensing program of the FCC (Federal
Communications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engineer, or get into serv-
icing any other kind of transmitting equipment—
two-way mobile radios. microwave relay links, radar,
ctc. And even when it's not legally required, a li-
cense proves to the world that you understand the
principles involved in any electronic device. Thus,
an FCC “ticket” can open the doors to thousands of
exciting, high-paying jobs in communications, radio
and broadcasting, the aero$pace program, industrial
automation, and many other areas.

So why doesn't everyone who wants a good job in
Electronics get an FCC License and start cleaning up?

The answer: it's not that simple. The govern-
ment’s licensing exam is tough. In fact, an average
of two out of every three men who take the FCC
exam fail.

There is one way, however, of being pretty certain
that you will pass the FCC exam. And that is to take
one of the FCC home study courses offered by
Cleveland Institute of Electronics.

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
Thut's why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses, you must be able to pass the FCC exam and
get your license—or you'll get your money back!

They got their licenses and went on to better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thous-
ands of successful students and graduates.

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING ., .
now includes Video Systems, Monilors, FM Sterco
Multiplex. Color Transmitter Operation .

2. ELECTRONICS ENGINEERING. .. covers steady-
state and transient network theory, solid state physics
and circuitry, pulse techniques, computer logic and
mathematics through calculus. A college-level course
for men already working in Electronics.

Ed Dulaney, Scottsbiuff, Nebraska, for example,
passed his st Class FCC License exam soon after
completing his CIE training...and today is the
proud owner of his own mobile radio sales and serv-
ice business. “Now | manufacture ' my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees or my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
1 was promoted to manager of Bell Telephone at
La Moure, N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he’s an inspec-
tor of major electronics systems for North American
Aviation. "I'm working 8 hours a week less,” says
Mr. Frost, “and earning $228 a month more.”

Send for FREE book

If you'd like to succeed like these men, send for
our FREE 24-page book “How To Get A Commercial
FCC License.” It tells you all about the FCC License
...requirements for getting one ...types of licenses
available ... how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
“How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attached
postpaid card. Or, if the card is missing, just mail the
coupon below.

ENROLL UNDER NEW G.1. BILL. All CIE
courses are available under the new G.1. Bill. 1f
you served on active duly since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.

o .
CI Cleveland Institute
of Electronics

1776 EA7th St..Cleveland, Ohio 44114

[

Accredited Member National Home Study Council
A Leader in Etectronics Training ... Since 1934

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

Please send me without cost or obligation:

Your 44.page book "How to Succeed In Elec-
tronics”’ describing job opportunities in Electronics
today, and how your courses can prepare me for
them.

Your book on “How To Get A Commercial FCC
License.”
| am especially interesteg in:

["] electronics Technology [ | Electronic Communications
[. Broadcast Engineering E] Industrial Electronics

[] First Class FCC License [ | Electronics Engineering

Name.

(PLEASE PRINTI

Address.
City.

State = Zip
[ Check here for G.1. Bilt information

r-—————"—"—————-T— /77771
L e ———
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Y\ Additional information on products described
in this section is available from the manu-

b NEW facturers. Each new product is identified by

a corresponding number on the Reader Service

Page. To obtain additional information on any

PRODUC“ 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.

ESTERLINE ANGUS DIGITAL MULTIMETERPriced just
under $200, the new Esterline Angus multimeter has eight
ac voltage and current ranges, eight dc voltage and cur-
rent ranges and five ohm ranges. It measures in 10-mV
and 10-#A steps on the lowest voltage and current ranges.
Accuracy on linear readings is 1% with a 10% over-range
on all scales. Three-digit display has automatic position-

ing of decimal point.

Circle No. 79 on Reoder Service Poge 15 or 95

LBJ BOOKSHELF SPEAKERS—Originally developed for re-
cording studios where high quality but small size (1.5

cu. ft.) were necessary, the L100 Century speaker system -
is now available from James B. Lansing Sound, Inc. S ENEE
Though small in size each unit still contains 3 speakers: . _
a long-excursion 12” woofer, a 4” midrange for 2500 to {'

7500 Hz, and a direct radiator for the top notes. Tonal - T 1

balance can be controlled from the front of the unit. 11
Note the three-dimensional grille material, which is re- - . AL z

portedly better than cloth.

Circle No. 80 on Reoder Service Poge 15 or 95
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LAFAYETTE DUAL-BAND RECEIVER —Monitoring the police
and fire frequencies is made easier by Lafayette Radio
Electronics Corp.’s new Model PF200, covering 30 to 50
and 144 to 174 MHz. It uses 19 transistors, 9 diodes, 1 IC
and 3 ceramic i-f filters for *325 kHz, 60 dB selectivity
and 1 microvolt sensitivity. There are two crystal posi-
tions on each band as well as squelch, built-in speaker,
tape recording output jack and external speaker jack.

Circle No. 81 on Reader Service Poge I5 or 95

SCOTT 12S-WATT AM/STEREO FM RECEIVER —The exclu-
sive Perfectune automatic tuning circuit—which provides

a visual indication when FM tuning is optimum—is one B e o o

of the features of the H. H. Scott Model 636 receiver. - : N O
Another is the use of field effect transistors in the front -

end (to get the most stations with the least distortion) ¢ 6 & ¢ ¢ 3 emmmmm—n
. . ¢ o o
and in the tone control for maximum range. All the con- [

—

trols and input and output jacks are there too—at a

price of $249.95, including the case.

Circle No. 82 on Reoder Service Poge 15 or 95
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CROWN PREAMPLIFIER—You can do just about anything
in the way of mixing and controlling with Crown’s new
IC-150 preamplifier. A 7-position stepped program selec-
tor accommodates 2 phonos, 2 tape recorders, 1 tuner,
and 2 auxiliaries; plus controls for balance, panorama,

POPULAR ELECTRONICS



- loudness compensation, tone control cancel, rumble and
scratch filters, and tape monitors for 2 recorders. Rated
output is 2.5 volts with unmeasureable THD, IM under
0.01%, and 90 dB minimum S/N.

Circle No. 83 on Reoder Service Poge 15 or 95

AR FM TUNER —In the last 2 or 3 years, Acoustic Re-
search has been building up a line of electronic compon-
ents to go with their speakers and turntables. (A re-
ceiver and an amplifier are already on the market.) Now
they are introducing a stereo multiplex FM tuner. It is
all solid state and has a FET front end with 4-section
variable capacitor, multisection phase-linear i-f filter
and integrated circuit i-f amplifiers. Guaranteed distor-
tion is less than 0.5% IM or THD—a good feature for
off-the-air recording.
Circle No. 84 on Reoder Service Poge 15 or 95

SONY CASSETTE/RECEIVER SYSTEM—As if we needed
proof that the cassette is here to stay, Superscope, Inc.
has introduced a new line of Sony systems which in-
clude a stereo cassette recorder, an AM/stereo FM re-
ceiver, and two speakers. Top of the line is the CF-620
(at $299.95) which features a tape select switch to opti-
mize performance for both standard and chromium
dioxide cassettes, straight-line volume and tone controls,
and FET tuner. Other models (CF-610 and CF-500) vary
in packaging and sophistication of controls at somewhat
lower prices.

Circle No. 85 on Reoder Service Poge 15 or 95

B&K COLOR GENERATOR—The professional TV repair-
man and the do-it-yourself-at-home guy can choose be-
tween two new IC digital color generators available from
Bd& K-Dynascan. Deluxe Model 1246 (pictured) has crys-
tal-controlled picture carrier oscillators for channels 3
and 4, a 4.5-MHz unmodulated carrier, and red, blue, and
green color killers. It provides 9 patterns including center
dot. More modest Model 1243 has 6 patterns and is tun-
able to channels 3, 4 or 5 but factory set to channel 3.

Circle No. 86 on Reoder Service Poge 15 or 95

COURIER CB TRANSCEIVER/FM MONITOR —There’s a new
combination for CB'ers who would like to monitor the
VHF/FM band from 150 to 175 MHz. Courier Communi-
cations’ Chief 23 is a 23-channel mobile transceiver com-
bined with a 3-channel monitor for police, fire, weather,
and industrial frequencies. All 23 crystals are supplied
for the CB channels and all the necessary controls are
included. In addition, an auxiliary speaker-phone jack
and built-in PA system with volume control.

Circle No. 87 on Reoder Service Poge |5 or 95

SONAR BATTERY ADAPTER—Combining a battery charger
and audio booster, Sonar's Model CH2913 Mobile Adapter
provides mobile capability for any 2300 series FM trans-
mitter receiver. The nickel-cadmium battery charger
and 5-watt amplifier are all solid-state for low power
consumption and can be used in any vehicle having a
12-volt dc, negative-ground, system. There is a fast
charging rate (12-14 hours) and an indefinite trickle.

Circle No. 88 on Reoder Service Poge |5 or 95
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2FREE
GIFTS FROMRCA

BuyAny of These RCA Test Instruments
and getin on the bonus free gift offer.

< ; T
&=
—amVV 5104

“ . e, 0.
*
3 L ‘ Q( e o
Co a0 5054 =W s0sa “ WRS2A WR 994
Just send in your warranty card on any of these RCA test
instruments purchased between February 25 and May 8. With
each instrument purchased, you get free a leather tool holder
and another gift of your own choosing from the 37 handsome
offerings described in the RCA gift catalog. The catalog will be
sent to you without charge when your warranty card is received

This offer is good in the U.S.A. only. See your RCA distributor
for more information and an advance look at the catalog gifts,
Do it now, because the offer expires on May 8.

RCA |Electronic Components | Harrison, N.J. 07029,

——

save
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Chemicals
or
Electronics

I'l' IS SURPRISING that so tew electronte
experimenters make use of the many chemi

al aids available to them trom innumerable
Jobbers and distributors. Store slielves hold a
wide variety ol chemicals and cleaners in
either convenient acrosol ¢an~ or bottles. Many
of these chemieal tools should be as important
to the experimenter as a good screwdriver or
a pair of pliers. Chemicals can be used for
evervthing from lheat sinks to troubleshoot

e, althoueh this particular article will con-
centrate on control and contact ¢leaners, chem

cals for the andiophile, and tuner or hand-
switeh sprayv cleaners.

Types of Cleaners. Sooner or later every
clectronies hobbyist encounters problems with
“aoisy contaets, raspy potentiometers, er
ratie switching and/or sticking relays. [T you
know what i~ behind the advertising claims
and verbiage, von can pick the right cleaner
ofl the shelt to solve each problem.

April, 1971

Getting to know
degreasers, cleaners,
and polishing agents

In the very early davs of radio and elee-
tronies, carbon tetrachloride was the most ani
versally used eleaner. Many experimenters
think carbon tet i~ still the basis for most
cleaning chemiecal~—but in 9 cases out of 10
this is not so. Carbon tet s both an ineflicient
and daneerons cleaner. Fames from carbon
tet are approximately 200 tnnes as toxic a
those of most modern electronte cleansin
compounds

Today, eleaners are nsually blends of Freon
solvents. Freon i Dupont’s registered trade
mark for ¢hloroflnora derivatives of methane
and ethane. There are two types of I'reon
ecnerally used in aerosol contact and eontrol
eleaners: Freon 12— a propellant that pro
vides only slieht cleaning power, but supplies
the necessary pressure to spray the eleansine
formula out of the ean. Freon 11, on the
other hand, is similar, but in itself is an ex
cellent cleaning awent.

Freon is nontlammable, relatively nontoxie

PART 1| OF A 2-PART STORY 8Y LON CANTOR
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and stable in use. Freon 11 is a sclective sol-
vent meaning that it dissolves oils and greases,
vet will not affect most metal contacts, com-
mon plasties, or earbon-type potentiometers.
In cleansing action Freon 11 ranks above
hyvdrocarbons and just helow chlorinated
solvents.

Besides dissolving oils and greases, Freon
11 also provides a “washing™ action, espe-
cially if sprayed on the target arca wnder
high pressure. The high density and low sur-
face tension of Freon 11 enables this solvent
to thoronghly wet the surface of most mate-
rials thereby washing away dirt and “gunk.”

The Allied Chemical name for a solvent
roughly equivalent to Freon 11 is Genesolv-D.
In fact, Genesolv-D has the same mouthfnl of
a name as Freon—trichlorotrifluoroethane.
The Dow Chemical Company sells two similar
types of chemicals nsed by some manufae-
turers in the electronies industry—Chloro-
then NU and Dow Clene EC.

The above basie cliemieals are blended by
the varions manufacturers of eleetronie
cleansing chemicals to produee commereial
produets. None of these manutacturers is will-
ing to reveal the formulation of its cleaners,
so it Is impossible to know—by true ¢hemical
definition—exactly what you're bnying. Never-
theless, any cleaner incorporating any of the
above mentioned chemieals is good. The prob-
lem in eleetronies is to avoid the cheaper
produets which nse kerosene, benzine, or de-
natured aleohol as solvents. You can unsually
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deteet any of these produets by the smell.
They are also flammable and should be so
identified on the can or bottle. These products
may alzo be cheaper, but yon pay for this
cost =aving throngh detuned cirenits and de-
formation of =oft plastic parts. For every
experimental application you are better off
to pay a little more money for a better and
safer cleaner.

To Lubricate or Not to Lubricate. .\side
from the cleansing action, =some electronie
acrosol chemicals also include Inbricants. Lub-
ricants not only reduee the frietion of moving
contacts, they mayv also minimize arcing and
provide a protective coating to inhibit fur-
ther corrosion.

Lubrication, however, is not an undisguixed
and unmixed blessing. .\ lheavy residue of a
Inbricant can detune a eritieal eirenit and
for this rea<on, most electronics technicians
prefer non-lubricating c¢leaners for work
aromul eritical tuned cireunits,

Until the late 1960’s, hydroearbon lubri-
cants were seen in most eleaning solutions in-
corporating a hibricant. Sinee hydrocarhon
lubricants are organie, they are not partien-
larly long lasting or known for their chem-
ical stability. In addition, the hydrocarbon
lubricant is itself flammable.

Today, some of the newer cleetronie chem-
teal cleaners nse silicone lnbricants. Organie
Inbricants are hydrocarbon polymers, but sil-
icone Inbricants are derived from silicon-

8§
4
This is exactly what you want a cleaner in an aerosol can NOT to do—be flam-
mable. Though spectacular, a test like this is relatively safe in a wide open area.
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CAUTION =

mable Mixture, Do not %
or flame. Pressurizes Sy
neted compounds, Keep Senl
heat. Do not puncture. Keep
reach of .children, Use S
adequate ventilstion. AR
ged or repeated breathulgof

. Avoid prolonged or repatid

ikt with skin, Do not lakel

fly. May be harmful if swallowed

| CoMtains Refined Petroledm

L 171 Trichloroethpae

CAUTION: Contents under pi do not p
tures above 120°F. Avoid prolonged breathing of

mvm

WLL NCT HARM INSULATORS
AFFECT ELECTRICAL PROI

LEAYES NO RESIOUE
NON-CONDUCTIVE

NON FLAMMABLE
Caution Contents ynder pressure
Read precavtions befote using

, throw -mo fire or store in direct sunlight or in tempera-

flames as the contents can

not spray
decompose and produce taxic gases. Not 1o be taken internally. KEEP AWAY FROM CHILDREN.

Read the label before buying. For most cleansing
operations around tuned circuits you will probably
be better off with a non-flammable chemical that
leaves no residue. Look for a possible warning
about use around plastics and if in doubt check
as described on the next page. As with all aerosol
cans, be circumspect about disposing the empty can.

oxyeen linkages which should wive this sort
ol lubricant better high temperature capa-
bilities.  Silicone lubricants  generally  last
longrer and are tnert, Whereas hydrocarbon
lubricants sometimes break down under ap-
plication of high voltage or heat, leaving a
carbon residue, synthetic silicone lubricants
seem to withstand ereater variation of volt-
ace and temperature without noticeable ill
clfects.

Polishing. Recently a new dimension has
been added to switehing contact =prays: pol-
ishing, In addition to cleansing and lubrica-
tion, these new produets attempt chemically
to assist the polishing of switching contacts
throngh the normal wiping action of the
switel itsell. However, eleaners containing
polishing compounds nst be nsed with eare,
Many switeh contact= in electronic equipment
nse a precious metal plated on a base metal.
It is quite possible for the polishing agent—it
it ix abrasive—gradually to scrape away the
thin precious metal plating—along with the
dirt. Onee the base metal is exposed, it tends
to corvode rapidly, ruining the contaet.

April, 1971

DIRECTIONS: Spray all tuner
Swz-Lube . . . rotate tuner several
inboth directions. NON-DRIFT, W
DE-TUNE TV TUNERS. This .
tins 2 solvent used and approved B
National Aeronautics and Space
tation and appears in Military
. Yon Number MSFC Spec. 237A.

Varions manutfacturers are currently em-
phasizing the incorpovation ol polishing com-
ponnds in their eleaners. One manufacturer
calls  polishing, “the continnous  cleaning
method,”™ while another emphazizes the non-
abrasive polishing agent in lis cleaner. RRe-
eardless of the advertising eliims, all cleaners
that e¢lean, Inbricate and polish have partien-
lar applications. The basic ground rule calls
tor a moderately thick permanent Inbricant
that is les= likely to “run’ into adjacent cir-
enitry, These eleaner/polishers must be ap-
plied with considerable care—just on the
contacts—and in the ease of TV tuners or
band <witching components in reecivers or
transmitter=—never near capacitive, sensitive
devices.

Making Your Own Tests. .\ few “recom-
mendations™ ])l(‘pdl(‘(l by the Editors of
PortLir ELECTRONICS appear in eonjunetion
with this article, Tlowever, it you encounter
an nnknown chemical eleaner, here's i quicky
test vou ean use to get an idea of just what
vou have bought :

1. Spray the cleaner onto a elean picce of
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white paper. Smell it carefully to see if you
can deteet the odor of aleohol, kerosene, or
camphor. If any of these odors are detected,
wse this cleaner ONLY on equipment that you
can sacrifice.

2. Feel the paper you have just sprayed
with your fingertips. If the produet is adver-
tised as including a lubricant, vou should be
able to feel it. Rub the paper between your
thumb and forefinger to sce if there is any
decrease in lubricating action. Simultane-
ously, if the produet is supposed to contain
a polishing agent, you should be able to feel
an initial grittiness. This grittiness shonld dis-
appear after a few rubs. If the grittiness
persists, this produet should be rejected or
used with eare.

3. 1f in donbt as to the action of the un-
known eleaner on plastie, lightly spray it on
several types of serap plastic. A good cleaner
will have no effeet on plastie—neither dis-
solving it or making it turn cloudy.

4. Asillustrated in the photograph on page
26, carefully spray the unknown cleaner di-
rectly at a lighted mateh. There should not
be a “flame thrower” effeet and if the produet
supports eombustion it should be rejected.
However, certain reputable produnets will de-
compose in a flame and produce toxic gasses.
Do this experiment last—and do it carefully.

Chemicals for Audio Equipment Main-
tenance. (Chemicals ean be very useful in

For effective spraying many aerosols have hollow
xtension tubes that plug into the release button,

WHAT TO USE WHERE

Work to Be Suggested Products
Performed

Chemtronics
Tun-O-Wash

Miller-Stephenson Freon
TF Degreaser

““No Noise”” Super Spray

Bath

Rawn Power Degreaser

Tech Spray Blue Shower

Cleaning (washing)
around rf circuits

Chemtronics Tun-O-Brite
CRC Contact Cleaner
GC Magic Vista

Krylon Tuner Cleaner
““No Noise'’ Super Lube
Quietrole

Tech Spray Blue Stuff

Chemtronics Contact
Kleen

Miller-Stephenson
Contact Re-Nu

Workman Lubrite

Cleaning
bandswitches

Cleaning noisy
potentiometers

Chemtronics Super
Trol Aid

GC Spra Kleen

““No Noise' Spray Lube

Cleaning relay
contacts

Cleaning
tape heads

Ampex Tape Head
Cleaner

Chemtronics Tape Head
Cleaner

GC Audio/Video
Magnetic Tape Head
Cleaner

Miller-Stephenson Mag-
netic Head Cleaner

Tech Spray Tape Head
Spray

Cleaning
PC Boards

Miller-Stephenson
Flux Remover
Print-Kote Solvent
Tech Spray Rosin
Flux Remover

maintaining hi-fi and stereo equipment. The
most obvious use is in cleaning. Aerosol chem-
icals can be used to wash away dust and dirt
from records and a few chemicals leave an
antistatic charge which tends to repel the ac-
cenmulation of future dust. It pays to clean
vour dises before use.

Record changers and turntables should be
cleaned with a good washing type degreaser
that leaves no residue. Spindles on changers
often “gunk up” and refuse to drop records
properly, but this problem is easily resolved
with an application of a good Freon 11 or
cquivalent spray.

One of the more important uses of chemi-
cals for audio is to clean tape recorder heads.

(Continued on page 91)
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BUILD A

IMBRE GATE

ENVELOPE GENERATOR FOR GREAT NEW SOUNDS

HAT is the quality that distinguishes the

sound of one musical instrument from
another? The answer, of conrse, is timbre;
and timbre is determined primarily by the
geometry of the sound wave generated by the
instrument—be it mechanieal, clectronie, or
human.

Electronie synthesizers have added new di-
mensions to the ereation of music because
they can generate sounds of many different
timbres—some closely resembling known in-
struments, others previously unknown. They
do this by producing amplitude envelopes of
rarious shapes and sizes. The “Timbre Gate”
deseribed here is an envelope gencrator that
creates any number of different timbre ¢ual-
ities and will be a valuable addition to your
sound setup at a fraction of the cost of com-
mercially available generators.

As shown in Fig. 1, the amplitude envelope
of a musical note consists of an imaginary
line drawn from T = O across the peaks of

In addition to bis writing, Craig Anderton is
electronic musician for the group *Anomali.”’
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BY CRAIG ANDERTON

each suceessive evele of the note. The ampli-
tude envelope shows rise time (time required
for the envelope to go from initial zero to
maximum), on time (envelope remains at
maximum), and fall time (envelope goes
from maximun to zero). These three pa-
rameters—rise, on, and fall times—geometri-
cally describe the shape of the amplitude en-
velope and, henee, the timbre of the sound.

Theory of Circuit Design. The schematie
diagram of a strietly mannal version—which
can be nsed where economy is important and
complexity is unimportant—is given in Fig.
2, Field cffect transistor QI operates as a
voltage-controlled amplifier where the gain of
the stage is a function of the magnitude of
the bias voltage. Applyving a negative bias to
the gate of @1 allows the stage to eonduct
until at about —4 volts bias, @1 ceases to con-
duct current from souree to drain. This cutoff
action is the key to envelope generation.

With momentary-action switeh S in its
normal position (shown}), negative bias cur-
rent flows through 21 and is stored in C1.
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TYPICAL GENERATOR ENVELOPES
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Fig. 1. Shown at top left
are amplitude envelopes of
various well known musical
instruments. Some typical
amplitude envelopes capa-
ble of construction by Tim-
bre Gate, shown at bottom.

DRUM

The charge on €7 maintains Q7 at eutoff. De-
pressing N1 to its alternate position allows
the charge on 7 to be dumped to cround
through 102, The resistance setting ot [02 de-
termines the sunount ot time required tor ¢'1
to lose its newative charge and thns controls
the rise time of the envelope. With [i2 set at
maximum resistanee rise times of a few see-
onds are obtained.

For the duration of the time S7 is in its de-
pressed position, there will he no neaative
bias on @7 and the stage will operate at full
eain. Consequently, the length of time N7 re-
mains in this position determines the dura-
tion of the on time of the envelope heing wen-
erated.

Releasing N7 allows (7 to acain charee up
to the —4 volt level reguired to ent off Q1
and reduee stage gain to zervo, The lareer the
resistance =etting of /7 throngh whicl the
chargine curvent for €1 Hows, the longer will
be the fall time of the envelope, Conseguently,
simply by depressing and releasing N7, a
complete envelope can be  wenevated.  OF
course, as has just been demonstrated, the
ccometry of the envelope must be constrieted
by =etting 17 and 1'2 and holding depressed
N1 for a discrete interval of time.

When piteh and level controls must be op-
erated, having to operate a switeh to cenerate
the envelope as well ean become a hother. To
alleviate this problem, the trieger process see-
tion shown in Fie. 3 which allows a single
short-duration pulse to initiate the envelope
action was designed. The trigcger processor is
used in conjunetion with the basie cenerator
cirenit, Conneeted to the generator via a re-
lay, K1, whiel replaces 871, the processor pro-
vides both antomatie and manual modes of
operation. Iere, AUTO/MANUAL switeh S2 is
used to seleet the desired mode of operation,
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In the MANUAL mode momentarv-action
pushbutton switel 83 is briefly depressed to
initiate envelope weneration. The pnolse de-
livered by closing this switell charges 5
which, in turn, applies a bias voltage to Q2.
With the bias applied. Q2 euts off and de-
energizes K1, allowing the npper contaet eir-
cuit to he completed and initiatine the rise
and on time characteristies of the envelope.
The charee on 5 now slowly  discharees
through ox time control 119 until suflicient
bias is removed from Q1 to allow K1 to again
enereize and initiate the fall time eharacteris-
tie, thus completine the exvele.

Setting N2 to the svTo position allows
pulses to be developed at the B1 terminal of
unijunction transistor Q3 to provide the trig-
ver, The speed of the pulse zenerator, with
the component values specified, 1= adjustable
over a wide range.

A second optional attachment that can be
used with the envelope generator syvstem is
shown schematically in the box on page 33.
This cirenit consists of a dnal-gate 1€ and
operates as a fnzz hox nsed with guitars,

Construction. Straightforward design
makes assembling the envelope generator,
trigger processor. and elipper a relatively
wncomplicated operation. s shown in the
photos, the eirenits were assembled on per-
forated phenolie boards, But if youn are en-
terprising, vou might want to design printed
cirenit hoards for yonr projeet.

Sinee the prototype shown in the photos
employed all three subassemblies, one hoard
wis sed for mountine both the generator and
tricoer processor, while the clipper was as-
sembled on a separate board. If you plan to
use perl” board, mount the components and
make conneetions—{rom the under side of the

POPULAR ELECTRONICS
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Fig. 2. Fall and rise times of the envelope are controlled by R1 and R2,
respectively; on time is determined by the time S1 is in alternate position.

PARTS LIST

C1—10-uF, 10-volt electrolytic cupacitor
(2—25-uF. 20-volt electrolvtic capacitor
(2 4—0.]-uF ceramic disk capncitor
€5.06—20..F 20-volt electrolvtic capucitor
(7—200-1F, 20-volt electrolytic capacitor
D1—IN749 zener diode (see text)
D2—1N911 or sinilar silicon diode
}1-17—Single circuit phone juck
K I1—1.5-rolt spdt relav with 1000-0hm, 3.5-mA

cotl (Calectro D1-962 or similar)
(1—2V3459 field effect transistor
i}2—Bipolar transistor (Motorola MPS2926)
(03— nijunction transistor (General Flectric)

R1.R2—500.000-0hm linear-taper potention:-

eler

Ro—1-megohm logarithmic-taper putentiom-
&tel

RYU—100 000-0hm linear-tuper potentiometer

>

P 15— 30.000-0hm linear-taper potentiometer

R3—1-mezohm
RA—10.000-0hm
R5—1000-0hm
R7.R8—100.000-0hmn
R10—4700-0hm
R11—1500-0hm
RI12—100-0hm
RI13—470-0hm
R14-3300-0hm
RI6.RI7T--2200-0hm

All resistors
1 aweatt 10%
tolerance

SI—Spdt switch (see text)

N2—Spdt switeh

S3—Spst normally-open

pushbutton sicitch

momentary-action

Si—Spst switch (part of R15)

Misc.—Perforated phenolic board with flea
clips: 17" x 4" x 3" aluminum chassis:
cover for chassis (see text); control knobs;
machine hardiware: hookup wire; solder;

etc.

+

[«

CcT C6
lZOOpF 20uF

|
A AVAVA‘A'A A
53
on
o

Fig. 3. When adding this automatic circuit, match let-

tered contacts on K1 to same lettered points in manual
circuit and eliminate S1. Use S3 to initiate envelope.
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Single piece of perforated board was used in prototype to accommodate all

parts (except jacks and controls)

board—via flea clips. And be as neat as von
possibly can when laying out the components,

Certain precantions must be exereized when
soldering transistors and diodes into the
cirenit. Use a low-wattage =oldering iron
with a clean tip and a heat =ink. Remember
that cxeessive heat ecan damage solid-state
components rather easily. So, use the heat
sink on all transistor and diode leads and
apply the iron tip long enongh only for the
solder to flow over the connection.

The prototype project was bnilt into a
177 X 47 X 3”7 aluminum chassis, fitted with
a white Plexiglas<® front panel on which were
mounted all controls and inpnt, output. and
monitor jacks. This size ¢hassix is more than
adequate to accommodate all of the compo-
nents, If you wish, yvon can considerably re-
duce the size of the chassix required.

Setup and Use. (‘onneet a snitable power
supply to the circuit. 1f a dual-polarity 24-
volt de power snpply cannot be obtained, a
single-polarity 24-volt sapply  will provide

in basic circuit and auto/manual

add-on.

~—RISE——’

[=]
Z

FALL

LEVEL

_n_ INITIATING PULSE

Fig. 4. Diagram shows influence each con-
trol has on geometry of envelope. Momentar-
ily closing S3 generates initiating pulse.

most of the voltazes needed, and a 9-volt tran-
sistor battery can be used to snpply the nega-
tive voltage required tor biasing Q1.
Conneet the ontpmt ol the envelope gen-
erator to an instrument or hi-fi amplifier.
Then feed into J7 a sienal from an clectrice
cuttar or andio eenerator. Set the avto/
MANUAL switeh to the MaANTAL position and
the risE, ox, and FaLL time controls to zero.
With the LrvEL control set for midposition,

AMP

GUITAR
MIXER
CLIPPING ENVELOPE
AMPLIFIER GENERATOR
FOOTSWITCH

Fig. 5. Mixer/amp system allows Timbre Gate to be
used with guitar.

Footswitch initiates envelope.
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CLIPPING AMPLIFIER

In its simplest form, the envelope gener-
ator consists of the eirenit shown in Fig. 2.
Incorporating the cirenit in Fig. 3 merely
adds an antomatic/mannal feature, For addi-
tional signal processing, the elipping ampli-
fier shown here can greatly inerease the
versatility of the system. The clipping ampli-
fier is similar to the fuzztone circnits often
used with electriec gnitars and ecan, in fact,
be used separate from the envelope generator
by having a 9-volt battery at the point in-
dicated instead of the 24-volt supply.

The clipping amplifier consists of an in-
expensive dual two-input gate RTL integrated
cirenit, 101, in which cach of the wates is
hiased into linear operation. The gates are
then easeaded. The output from the second
ate is clipped by D3 and D4.

Two controls are provided in the elipping
amplifier. Potentiometer R22 allows von to
adjust the percent of elipping you desire,

while potentiometer 1223 lets you adjust the
output signal level from the subassembly.
Wlen the elipping amplifier is connected
at the output of the envelope generating sys-
tem, the pereent (%) control can be adjusted
so that clipping oceurs only after a certain
amplitude has been exceeded. Henee, the sig-
nal would start ¢lean, but past a certain level
would start to sound “fuzzy.” If, however,
the clipping amplitier were connected at the
input of the envelope generator, the signal
from the input souree should be clipped re-

gardless of amplitnde. Then it would bhe
given an envelope.
When assembling the clipping amplifier,

use the same teehniques employed with the two
circuits that make up the envelope generator.
Be particnlarly careful when installing /€1
to make the proper orientation of the index-
ing tab. Also, use caution when soldering the
1C Teads in place.

Operation of system is greatly
simplified when rise, on, and
fall controls (R2, R9, and R1)
are grouped together as shown.

April, 1971
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Solder shields of audio cables to the housings of potentiometers R22~and R23.
Also note that capacitor C8 mounts on the bottom of clipper amp circuit board.

there should be no sound coming ont of the
svstem. If Q1 is not being overloanded and
von liear sound, not enough bias is avail-
able to cut off QT: use a higher voltage zener
diode for D1 in this case.

Depress and hold down 83; you should hear
whatever signal is connected to the input of
the system. In Fig. 4 are shown the effects
the varions controls have on the shape of the
envelope being geuerated. Bear in mind that
thie on and rise times overlap.

Try varions adjustments until you hecome
familiar with cael control. Plae into J.2 an
oscilloscope or VTV if you have cither of
these items, and you can monitor the effect

cach control has on the envelope. Set S2 to
AUTo and the RATE control fully clockwise.
You should now hear a pulsing sound. (Note:
if the on or fall time is longer than the period
of the pulse generator, the signal will remain
on indefinitely.)

External pulse jack J3 is another handy
built-in feature of the envelope generator.
It allows yvou to use a footswiteh to initiate
the envelope generating eyvele while vour
hands are busy playing your musical instru-
ment. Thisx feature is typically used with a
guitar setup as shown in the block diagram
in Fig. 5. The straight sound of the guitar
feeds to one input of a two-input mixer, while

For operating convenience, all jacks (except those used for power) are best
located in a group. Power jacks J6 and J7 can be located on side of box.
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Wired clipper amp board fas-
tens to front panel with 4-40
machine hardware and small L
bracket. Wires connecting sub-
assembly into system are soi-
dered to terminals on the bot-
tom side of the circuit board.

the output of the envelope generator conneets
to the second mixer input. When the envelope
generator is triggered, a slowly rixing wave of
fuzz can be initiated—or, for that matter, a
burst ot fuzz can be initiated by presetting a
fall time with zero rise and on times.

The system ean also be set in the antomatie
eveling mode, with rise and fall times ad-
justed so that the end of a fall coincides
with the beginning of a rise. Under these
conditions, the sonnd generated is like a super
tremolo with adjustable amplitude slope.

Sometimes the slowest pulse generator
range will appear not to be working at the
low end. To remedy this, turn the sPACE eon-
trol fully elockwise for a few seconds. Then
return the contral to the low end again.

The valnes of certain key components in
the envelope generator can he changed to
tailor the system to vour needs. To double
the maximum rise and fall times, R2 and R1
can be inereased in value to 1 megohm. In-
creasing €5 to 50-pF will vield on times of
up to 20 seconds. Lastly, it the low end of
the pulse generator is too slow for yvour
particular application, rednee 7 to 100 pI.

Several controls interact in the envelope
generator. So, if at first the system does not
secem to be operating correctly, make sure
that the problem ix not a mi=adjnsted control
or switch or an incorrectly installed diode,
transistor, or electrolytic capacitor.

Space limits the deseription of what can
be done with the envelope generator when a
little imagination and a lot of experimenting
are applied. So far, the system has been nsed

April, 1971

sueeesstully with guitar, organ and bass—as
well as both commereial and homemade musie
synthesizers. Even an andio oscillator can be-
come a musical instrument with the aid of
the envelope generator.

Remember that an eleetronic musical in-
strument is really no different from the more
conventional mnsical instrmments with which
vou are familiar. The more practice yon pnt
in, the better will be vour technigue. The num-
ber of controls on the envelope generator
means that it may take you several hours just
to figure out how everything works. But at
the end of that time, you will feel the cffort
well worth while.

A W

S
t TALK

| JUST CAN'T GET
PEOPLE To TALK
TO ME ANYMORE.

v
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Do you work in electronics?
Find out how CREI can give
ou the specialized technical
nowledge you need for
better pay, more security.
Mail postpaid card for

FREE book and complete
information.
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StO klddln You've been working in
electronics long enough to know
the facts. Companies are more
Ourse about selective in hiring and promoting
men now than ever before.
The result: plenty of opportunities

°
yOur fllture ln for men with good technical
rYy ,’ qualifications; almost none for
eleCt . 1 those without them.

Make yourself one of the

specialists who will enjoy good
pay and excellent security in the
years ahead. Supplement your
\3, experience with more education
4 in electronics. You won't have
' to worry about automation or
gllvances in technology putting
Yoy out of a job.

El Home Study Programs
offer you a practical way to get
more education without going back
to school. You study at home,
at your own pace, on your own

4 schedule. And you study with
sthe assurance that what you
Ak i8in can be applied on the job
* Bl ediately to make you worth
B¥e money to your employer.
. ou're eligible for a CRE!
y) Preggam if you work in electronics
g/ andBave a high school education.
' ‘OOU}EEE book gives complete
f
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mation. Mail postpaid card
ryour copy today.

In-depth coverage of solid

% state electronics. . . including
' # integrated circuits!
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I am interested in:

[ Elecwonic Engineering Technology
Spacs Electronics

O Comouters

0 Nuclzar Engineering Technology
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or Electronics Gonquers Al

ONSIDER for a moment the hardware
that goes to make up a digital computer.
Could any way of implementing digital fune-
tions be better or more natural than the use of
electronic components? Our first reaction is
to say “no”—conditioned as we are by a

Frank Y. Dill is a freelance writer specializing
in computers and electronics, Above are copies
of old engravings of Charles Babbage and his
plans for the Difference Engine.

April, 1971
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quarter of a century of electronic computers
and an $8 billion (annually) computer manu-
facturing industry. It happens, however, that
this has not always been the case. In the late
1930’s, the question of how to design a digi-
tal computer was very much up in the air.
For more than a century after its theoreti-
cal invention, the digital computer was an
idea in search of realization through suitable
technology. Electronies, while it was used in
some limited preeision analog devices, was
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generally overlooked for digital applications.
Designers were still thinking of representing
discrete quantities in terms of rotating
wheels, punched cards, and relays. These de-
vices had shown great promise as far as re-
liability was concerned and had proven work-
able in small-scale digital machines. Thus,
when the first large-secale digital computers
were being designed over 40 years ago, they
used non-electronic devices.

Unchallenged success of these non-elec-
tronic “giant brains” would have set impor-
tant design precedents. Fortunately, however,
before this could happen construction of an
electronic digital computer was begun. Ac-
tually, a three-way contest developed be-
tween two electromeehanical designs and one
electronic. The electronic project was at a
disadvantage due to the head start enjoyed
by its rivals. However, the fate of electronics
in computers rested on the success of this
project. If this machine were to fail to op-
erate at all or to be not competitive in re-
liability and overall cost, the future of elec-
tronics would be greatly damaged.

Where It All Began. Before witnessing
this three-way design race, let’s see where
the idea of digital computation began. In
September 1834, an Englishman named
Charles Babbage, hoping to free mathemati-
cians from the drudgery of calculating tables
and to rid the tables of the mathematicians’
errors, made the first drawings for what he
called an “Analytical Engine.” These plans
eontain many of the basic modern computing
principles: punched card input, multiple reg-

isters to store intermediate results, automatic
sequencing of control, sequencing based on
both calculated results and original instrue-
tions, and direct mechanical printout of re-
sults.

Babbage’s device was an extension of the
then two-century-old adding and multiplying
machines in that it included multiple step
calculations whose sequence was controlled
by the machine itself. The older machines
used a wheel with teeth to advance an adja-
cent wheel for an arithmetie earry. Similar
wheels were to be used in the Analytical
Engine to store one thousand numbers of
fifty decimal digits each. Calculations and
control were to be accomplished by a com-
bination of metal cams, rods, shafts, and
levers capable of coupling and decoupling
as the program demanded.

Unfortunately, the Analytical Engine was
never built. Its construction—like that of
twentieth century digital computers—re-
quired considerable financial support. The
most likely sponsor, the British Government,
had already spent £17,000 on an uncom-
pleted, 10-year project of Babbage’s called
the “Difference Engine.” This project had
encountered unexpected delays since the ma-
chinist’s art, lacking modern alloys and
mechanical drawing conventions, was unable
to fashion Babbage’s ideas into metal. So,
when Babbage asked the government wheth-
er he should continue work on the older proj-
ect or begin the more powerful and complex
Analytical Engine, they, in typical bureau-
cratic fashion, deliberated for nine years and
then said, “neither.”

The IBM Automatic Sequence Controlled Calculator, also called the Harvard Mark |, was the first electro-
mechanical, general-purpose digital computer. Neat in appearance, it used counter wheels and relays, had
relatively small size, required little maintenance, but computations were slow. (Photo courtesy I1BM)
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First electronic general-purpose computer was developed by University of Pennsylvania
for the Army Ballistic Research Lab. Not mini in size, it solved the speed problem
and was predecessor of many electronic computers. (Photo courtesy U. of Penn.)

Unable to obtain finaneial support, Charles
Babbage spent the remainder of his life (un-
til 1871) trying to improve the mechanical
techimology of the period. The general pur-
pose digital computer remained unbuilt for
more than a century after Babbage con-
ceived his plans. However, it was a fruitful
period for eleetromechanical technology and
the advances obtained led to the design in
the twentieth century of the first large-scale
computer.

Babbage Is Vindicated. In 1937, How-
ard H. Aiken, of Harvard University, aware
of the school’s need for computational facili-
ties, wrote a paper deseribing the connec-
tion hetween Babbage's ideas and machines
then being produced by International Busi-
ness Machines.! It turned out that IBM was
willing to build such a machine, believing
that many of their existing mechanisms could
be used with little or no modification.

The projeet was begnun in 1939 at Endi-
cott, N.Y., and was ofticially called the TI3M
Automatic Sequence Controlled Caleulator.
Computer jargon was not tolerant of such
long names, of course, so it is now usually
referrved to as the TBM AS.C.C. or the ITar-
vard Mark I, depending on the speaker’s in-
dustrial or academic background.

In this first electromechanical projeet (as
in Babbages machine), variable numbers
were stored on  ten-position metal wheels,
They were rotated by a shaft connected to a
+-hp motor and were engaged by a magneti-
cally controlled eluteh. Unlike the Analytical
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Engine, numbers were not transferred me-
chanically, bnt electrically through a buss.
Relays controlled access to the buss and
provided for arithmetic carries and borrows,
Mechanieal wheels and relays were nsed to
implement the mathematical funetions,

The Second Project. Proceeding con-
enrrently with the 1RBM-ITarvard effort was
a computer design orviginated by George R.
Stibitz of Bell Telephone Laboratories. Not
surprisingly, this desien relied heavily on
existing telephone and teletype devices. The
fundamental computing deviece was the or-
dinary telephone relay, which was so reli-
able that it could be expected to operate
continnally for years without failnre, An
added advantage was that standard telephone
practice already included design and main-
tenanece procednres necessary to keep the
computer in order.

A series of six computer models was even-
tually built by Bell Labs. The suecess of each
provided incentive and design  experience
which contributed to the next. The Model 1,
called thie Complex Computer, was put into
operation in January 1940, It contained 450
relays and was uwsed to perform the arith-
metic of complex numbers for the Labs. In
the Models F1, TT1, and TV, which followed,
440, 1400, and 1425 relays were used, respee-
tively. Finally in 1944, Bell Labs had gained
enongh experience to attempt to build a
9000-relay  general-purpose  computer—the
Model V.

Flectromechanical technology was nsed in
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both of the projects just deseribed. The main
difference was that the IBM-Harvard com-
puter used some purely mechanical deviees
for number storage and for implementing
the arithmetic operations., The neced for a
mechanical drive system however placed se-
vere spatial restrictions on the design. The
Bell Labs machines, using only relays, elimi-
nated these space problems, but speed was
not greatly improved. This problem was a
fundamental one, involving the inertial mass
of the moving parts, Even the short time re-
gunired to elose the relay contaets was an im-
portant factor.

Solving the Speed Problem. Events
leading to a solution of the speed problem
were taking place at the same time. Soon
after the start of World War I1, the Army's
Rallistic Research Laboratory needed more
capacity for handling ballistiec tables. Tt had
been using a differential analyzer (an analog
computer) designed by the Moore School of
Electrieal Engincering, University of Penn-
sylvania. Since the Moore School had a
larger analyzer, the BRL contracted to use
it and the combination developed into what
was prabably the largest scientific comput-
ing 2roup in the world.

Unfortnnately, the results were still un-
satistactory. More than a hundred desk eal-
cnlators were needed to supplement the ana-
log computers. The Army needed, as soon as
possible, a better way of producing firing
tables, cach of which involved 250,000 to
500,000 mathematieal operations,

In the spring of 1943, Dr. John W. Manch-
Iv, a professor at the U. of Pennsylvania,
cireulated a report which offered a solution
to the Army’s computing problem. In 1941,
he had visited Towa State College to study

the Atanasoff-Berry computer.? This 300-
tube electronie computer was being built to
solve algebraie equations. It was never fin-
ished but it reinforeced Manchly's belief that
clectronic high-speed computing devices were
feasible. His report advoeated building sneh
a machine. An appendix to the report by
J. Presper Eckert, Jr.,, gave explieit sngges-
tions for implementing Mauehly'’s ideas in
eleetronie hardware.

The Army’s need at that time justified
taking a chance on the project and $61,700
was alloeated in 1943 for six months of re-
search and development on Project PX,
Mauclly's electronie digital ecompnuter. The
project later became known as EILIAC, an
acronyvm which originally stood for Elee-
tronie Nnmerieal Integrator and Computer,
thongl: the last word has sinee been ineor-
rectly reported as Calenlator.

Puring those six developmental months,
the most challenging electronie problems ever
encountered in a single design were tackled.
Since the reliability of a computer is all-im-
portant and sinee the reliability of the whole
is no better than that of its individnal parts,
component reliability was the first major
technieal consideration.

The most likely component to fail was the
vacnum tube, While a single tube had a life
expectaney of many thousands of hours, a
total of 18,000 tubes were to be nsed. This
meant that the probability of a single tube
failure at any partienlar time was rather
high. Prior to this, the largest eleetronie sys-
tem was a radar set with 400 tubes, and the
problem was important even then.

The solution was to nse proven standard
tubes and to operate them well below their
normal ratings. Filaments were run at 5.7
volts instead of 6.3 and they were rarely

COMPARISON OF EARLY COMPUTERS’

IBM AS.C.C. Bell Labs ENIAC
Harvard Mark | Model V
Construction Electromechanical Relay Electronic

2200 Counter wheels
3300 Relays

Major Components

9000 Relays 18,000 vacuum tubes

Floor space 240 sq. ft. 1150 sq. ft. 1800 sq. ft.
Weight 5 tons 10 tons 30 tons
Percentage of time 8% 3% 25.6%
needed for repair
Maintenance staff 3 men 1 man 11 men
Addition time 14 sec. 1/ sec. 1/5000 sec.
| Multiplication time 6 sec. 1 sec. 1/350 sec.
—
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Relay panel from Bell Labs Model ! Complex Com-
puter, first of series of 6 relay computers using stand-
ard telephone apparatus. (Photo courtesy Bell Labs.)

turned off to increase their life.® Plate and
sereen powers were limited to 259, of rated
values.

It is easy to see how the heat generated
by all those tubes provided another problem.
There were 70,000 resistors and 10,000 capa-
citors in the system which eonld be damaged
by exeessive heat. Of the 150 kW of power
consumed by the ENTAC, 80 kW was dissi-
pated by the tubes and another 20 kW was
used to drive eooling fans. In addition, each
panel of the machine was protected by a
thermostat which would shut off that panel if
the temperature got over 115°F,

Another problem encountered in the de-
sign of the eomputer was synelironization.
Control pulses of two to five microseconds
were repeated in eyeles, Still other pulses
were generated by the computing proeess.
Although the idea of gating is now funda-
mental to computer design, one of the first
applications of a “gating tube” was in the
ENTAC computer.*

For storage, the ENTAC used the Eceles-
Jordan trigger cirenit commonly called a
flip-flop. The arrangement of the flip-flops
to represent decimal digits was rather un-
usnal in terms of modern design. Ten flip-
flops were used to represent a single digit.

April, 1971

This resulted in a very expensive main mem-
orv. Eckert estimated that the average cost
of storage was $15.00 per decimal digit. By
comparison if the largest main memory of a
modern compnter like the TBM System 370
Model 165 used such a memory, the 3 mil-
lion bits would cost in excess of one hun-
dred million dollars.

The Race Quickens. When the ENTAC
project was just a vear old, the complete
cleetromechanical Mark 1 was unveiled in a
public dedication ceremony on August 7,
1944, Its impressive 51-foot, neatly eneased
exterior was in sharp contrast to the jumble
of wire and panels that were to comprise the
ENTAC. Actually the Mark T lhad been
tested prior to the start of ENTAC and it
had undergone a complete debugging while
operating in secret. Thie age of digital com-
puters had arrived and the Mark T operated
around the clock with a down-time reeord
that was impressive by modern standards.

Thus the Mark T posed a real threat to
eleetronie computers. The total need for com-
puters had been greatly underestimated. In
fact, a predietion had been made that the
entire computing requivements of the U. 8.
could be satisfied by six computers,®> So the
Army might have heen justified in eancelling
the ENTAC in favor of a Mark T type of ma-
chine, especially if unexpected delays or ex-
penses were cneountered. Such loss of spon-
sorship had happened to Babbage a century
before.

An even more direct challenge to ENTAC
came from the Bell Labs Model V. The same
Army group that had eontracted for ENTAC,
hedging on its gamble, had also ordered one
of the two Model Vs being built. ITowever,
the hedge was not needed sinee ENTAC was
completed and shown to the public in Feb-
mary 1946, after 30 months and $486,804.22
in the making.

(Continned on page 99)
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STEREO HEADPHONES

GETTING TO HEAR 'WHAT THEY HAV= TO OFFER
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TEREO HEADPHCGNES are near the top
of the andiophile’s “most wanted” list.
In an infornupal, statistically irrelevant poll,
[ have tried to turn up some reason~ for the
popularity of headphones. Headpliones have
yeen ¢limbinz on the audio sales charts vear
after yvear sinee ineir irtroduction in the carly
1960's. Use of headphones has expanded from
the orizinal narrow base as a tape recording
aceessory for pro's and advanced aunliophifes,
to take their place among the glanbur kings
of the audio salons. I'ser comments ran as
follows:
“The music i~ so there vou can reach out

and touch it. HHeadphones keep evervihing
plse away—room noise and conversation trom
people you thought would be quiet when you
invited them in to hear vour reeord.”

My roommate hates Bere and Webern
but with headphones. I never worry and we
are staying good friends.”

“Having those cats blowing their horns
richt in my ears turns me on. I can make the
sound loud enough to blow my ears off with-
out stirring up my parents.”

Each of the above conunents tells the story
of the widespread acceptance of headphenes
among audiophiles. Of course, there are some



The list below is a sampling of stereo head-
phones available for a listening check at the
time this article was prepared. Most manu-
facturers offer a variety of models ranging
from the economical to those guaranteed to
stretch your budget. All of the headphones
have the ability to generate sound at very
low distortion levels and up to sound pres-
sure levels far beyond that that any listener
can tolerate. Frequency balance differs nota-
bly from manufacturer to manufacturer and
the listener interested in securing top quality
reproduction should always try two or three
different headphones before finalizing a pur-
chase. A trial run is also desirable to find out
how comfortable the headphones are to the
listener—since this is an individual matter.

Use the tone controls on your amplifier as
a means of achieving optimum frequency bal-
ance. Start any trial with the tone controls
in the flat position, but correct the controls
to suit your hearing. Don't forget that many
headphones must be tightly coupled to your
ear since air leakage around the rim of the
ear-set will attenuate the bass. This does not
mean that the headphones must exert pres-
sure against the listener's head, but that the
earphone pads must be settied snugly.

All of the headphones listed (except the
Sennheiser HD-414) are low impedance and
must be used at the amplifier's speaker ter-
minals or plugged into the headphone jacks
now a part of the package of most amplifiers
and receivers. High impedance headphones
may be driven from a preamplifier or from a
tape recorder with a high impedance head-
phone jack. High impedance headphones are
considered those at 600 ohms and up. Low
impedance headphones used in high imped-
ance circuits will produce some sound with a
slight loss in bass response, but this is not
considered a satifactory arrangement. Most of
the headphones listed are dynamics which in
effect means that each earpiece is a miniature
loudspeaker. The exceptions are the Koss ESP
series and the Stanton 770 which are electro-
statics.

AKG-60 (Div. of North American Phillips
Co.). Good balanced sound with extended clean
high end. Seven foot cord. Less than $40. The
AKG-120 is similar and less expensive.

Beyer DT-48 (Gotham Audio). Used mostly
by professionals. Notable presence and high
end. Ten foot cord. Less than $100.

BUYERS' GUIDE TO STEREO HEADPHONES

Bogen EP10 “Row 10" (Lear Siegler). Good
overall balanced sound with strong bass re-
sponse. Six foot cord. Under $30.

Clark 100A (David Clark Co.). Smooth re-
sponse with good balance and strong bass. Ten
foot cord. High impedance models available.
About $50.

Fisher HP-100 (Fisher Radio Corp.). Well
balanced sound with strong presence and high
end. Extremely light and outstanding in com-
fort. Eight foot cord. Under $40.

Koss Pro-4AA (Koss Electronics). Excellent
low bass response with extended highs—pos-
sibly one of the best available. Ten foot cord.
About $60.

Koss ESP-9 (Koss Electronics). Electrostatic
headphones with separate energizer that must
be connected to amplifier speaker terminals.
Extremely wide, flat frequency response with
superior sound reproduction. Ten foot cord.
About $150.

Lafayette F990 (Lafayette Radio Electron-
ics). Smooth response with good bass and
clean high end. Seven foot cord. Under $40.

Pioneer SE-50 (Pioneer Electronics). Two
reproducers in each earpiece with tone and
volume controls permitting independent ear-
piece adjustment. Flat response. Sixteen foot
cord. Under $50.

Sennheiser HD-414 (Sennheiser Electronics
Corp.). Good to excellent balance with strong
presence and high end. Appears similar to
Fisher HP-100. High impedance (2000 ohms).
Fifteen foot cord. Under $30.

Sharpe 660 (Sharpe Audio, Div. Scintrex).
Good low end with very dominant presence
and high range. Ten foot cord. About $65.

Stanton Model 770 (Stanton Magnetics
Corp.). Electrostatic design with separate ener-
gizer connected to amplifier speaker termi-
nals. Very light and comfortable. Very wide
range with smooth response. Ten foot cord.
About $150.

Telex Studio 1 (Telex). Smooth response
with individual tone and volume controls on
each earpiece. Fifteen foot cord. Under $100.

negative aspeets of using headplones and on
some people headpliones may be physieally
bothersome or downright uncomfortable.
However, the comfort index has also shot up-
ward in the past few years and there are
many headphones that now sit lightly—almost
imperceptibly—on the user’s head and put
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only a small measure of pressure on each ear.
Don't be fooled by the bulky shape of some
headphones. Frequently the bulky headphones
—probably becanse of weight distribution-
are more comfortable over a long period of
time than some of the smaller minute—almost
stethosecopic—headphones.

POPULAR ELECTRONICS



The Road to Success. Keeping room and
environmental noise out of the musie von want
to hear is more than reducing an annoyance.
Headphones may well be a positive eontribn-
tion to improved fidelity because room noise
can, in cffect, diminish the frequency re-
sponse of a @ood andio svstem by masking
the highs or lows, or hoth. Room noise ean
also be so inftense at a particular frequency
that it may puneh a hole in the response of
an otherwise good system—or even create a
sort of intermodulation distortion.

Naturally, no one is going to buy just head-
phones and forget about his speaker svstem.
We will always use speakers. Ieadphones
have simply added a wonderful, eonvenient
additional way to listen to recorded music.

If you want to give yvour friends a quick
impressive dose of headphone listening, play
for them Stereo Review’s “Binaural Demon-
stration Record.”™ which, in effeet, takes cach
of yonr ears back to the scene of the original
recording. This particular record, designed
specifically to be listened to with headphones,
provides the truest reproduction of the orvigi-
nal aconstie environment since the recording
mieropliones were literally “installed” in the
cars of a life-sized dnmmy head. The sounds
reaching the microphones have been reflected
and refracted by the head, just as real sounds
are at a real head: all of the directionality
and spacing enes are those of actual listening.

The New Experience: Pro and Con. If
vou are one of the few that hasn’t listened to
one of vour favorite recordings through a
top-quality pair of headphones (driven by a
first-rate audio system) you will be stunned
by the immediacy and super-fidelity of all
instrnmental sounds, This experience is not
likely to be a first-contact thrill that gradu-
ally fades away with further listening. Head-
phones have an addictive quality; you rapidly
hecome acelimated to the freedom from noise,
phus the coneentration and closeness of the
musice,

The best headphones rival the performance
characteristies of the best stereo speakers.
Yon can obtain headphones where the fre-
quency response is excellent without peaki-
ness or hills and dales from the bottom of the
bass range to the top treble notes. In fact, the
bass range can ometimes be smoother than
that heard via speaker systems because the
headphones are free of room reflections and

=Available from Ziff-Davis Service Division,
595 Broadway, New York, NY 10012, Price $5.98.
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resonanees, These resonant effeets often cause
large and uncontrollable unevenness in bass
response, Since the amplifier power that must
be handled by the headphones is very small,
distortion can be extraordinarily low and the
heavy damping nsed to prodnce a smooth re-
sponse with excellent transient handling
gualities in the middle and high audio fre-
quencies.

There is one area in headphones perform-
ance that may not be to your liking. This is
the abnormality evident in certain American
stereo dises manufactured in the mid-1960’s.
The acoustics of the recording space—as re-
produced by the headphones—may seem
strange. Instruments heard right-of-center
through speakers will, through headphones,
be far, far ont on the right; and those left-of-

F 50 Ao ™

——

All stereo headphones are lightweight and average
less than 1 Ib. These new headphones are from Game.

center will be way out on the left. Reverbera-
tion effects are frequently unreal.

These dise and tape effects resulted from
the spread-microphone recording technique
that was so poular in the ’60’s. This tech-
nique makes stereo playback in rooms through

(Continued on page 96)
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The In-0Out Annunciator

GETS THEM COMING AND GOING

HE ELECTRIC “EYE” has been a faith-

ful, reliable workhorse in all sorts of bur-
glar alanns and counting systems since before
the word “electronies” was eoined. Even to-
day, it is extensively used in these applica-
tions. But too often it is used in cireuits that
are far from up-to-date.

The “In-Out Anmunciator” deseribed here
is, in faet, an eleetric eye system—using a
highly sophisticated eireuit. Designed for the
special case where it is not enough to know
simply that someone or something has inter-
rupted the beam of light, the Annunciator
tells you whether the person was entering or
leaving the passage-way covered.

Uses of the Annuneiator inelude monitor-
ing one-way-only garage doors, operating au-
tomatice doorbells or chimes that do not sound
when a visitor is leaving, guarding high-secu-

Jobn S. Simonton, Jr. is a graduate electrical
engineer who now spends most of his time de-
veloping unusual projects.
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BY JOHN S. SIMONTON, JR.

rity areas, and diseriminating sizes of objects.
1t also makes an interesting, attention-getting
Science Fair projeet.

Two inexpensive resistor-transistor logie
IC’s are at the heart of the Annunciator, con-
taining enough eleetronies to provide the am-
plification needed for good sensitivity in high
ambient light areas and the logic necessary to
distinguish between objects passing in either
of two directions.

Theory of Circuit Design. Before going
into a detailed examination of the operation
of the Annuneiator’s cireuit, it is useful to
point out that gate pairs G1/G3 and G2/G4
in IC1, as shown in Fig. 1, are wired with re-
generative feedback through resistors 1271 and
R2, respectively. This feedback arrangement
adds hysteresis to the response of the eireuit
so that slight changes in ambient light level
will not be misinterpreted by the cireuit and
generate “false” ecounts, Capacitors C3
through C6, by rolling off the high-frequency

POPULAR ELECTRONICS



response of 1C1, reduce the sensitivity of the
cireuit to transients. Also, G3 and G4 are
cross-coupled to form a set-reset lateh.

The steady-state outputs of the NOR gates
with both LDR1 and LDR2 fully illuminated
are: GI and G2, high; G3 and G4, low; G5
and G6, high; and G7 and G8, low.

Now, suppose the light souree is interrupted
on first LDR1 and then on LDRZ2. By darken-
ing LDRI1, its internal resistance increases
and eauses a high input to be presented to G1.
In turn, the output of GI goes to low. Since
both inputs to G3 are now low, the output of
this gate goes to high and is then inverted by
G3. The output of G3 is also applied to one
of the inputs of G4 to guarantee that this
gate’s output will remain low.

Gate G7 now has one of its inputs at low
and the input from G2 at high; so, its output
it still low. When LDR2 is darkened, the out-
put of G2 goes to low, applying a second in-
put to G7 and causing the output of G7 to
2o to high. As a result, Q1 conduects and ener-
gizes K1. The state of G4 does not change he-
cause the ontput of this gate is held low by
the high output of G3.

As the light again illuminates LDRI, the
state of the cireuit does not change by virtue
of feedback from G7 which holds the output
of G1 at low. When the light illuminates ful-
ly LDRZ2, the output of G2 goes to high and,
consequently, the output of G7 goes to low,
unlocking the loop formed by G1, G3, and GJ.

Objecets passing between the light sonree

and the =vstem so that LD1’2 is darkened first,
followed by the darkening ot LDR1, generate
a similar chain of events to energize K 2.

Construction. Since integrated -ecireuits
are used in the Annunciator, printed eireuit
board construction is the only realistie ap-
proach to assembly. You can cteh and drill
vour own circuit board by carcfully following
the actual size etching guide provided in Fig.
2, or vou ean purchase a ready-to-use board
from the source given in the Parts List,

Begin assembly by mounting the compo-
nents on the board (sce Fig. 2). Be careful to
orient properly polarized eomponents, and
use heat from a 35-watt soldering iron spar-
ingly. Also, as yvou solder, take pains to avoid
solder bridges between closely spaced foil eon-
ductors—particularly aronnd the 1C solder
pads.

Mount K7 and K2 on the cireuit board with
4-40 machine hardware. Then use insulated
jumper wires to conneet the relay coils to the
appropriate solder points on the foil pattern
of the cirenit board.

Wlen mounting trimmer pots R5 and 26,
bend their leads to position the adjustment
slot dircetly over the 1,”-diameter holes in the
cireuit hoard. This allows the system to be ad-
justed through access holes in the plastie
cabinet onee final assembly is complete.

A standard 64”7 X 3347 X 2”7 Bakelite
case makes for an exeeptionally eompact
project. 1Towever, steps mnst be taken to keep

All components except power transformer, on/off switch, and LDR's mount on printed
circuit board. Spacers and 4-40 machine hardware fasten circuit board to case top.
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Fig. 1. Two quad two-input gate digital IC's
supply all functions for proper bidirection-
al operation of Annunciator system. Relays

control

counters and/or signalling devices.

/]

[/ T

Qi
2N2712

R8
680N

AAAAAAA

PN}
2/1c

1y

14

.

G5
IC

_Ill

PARTS LIST

C1.C2—100-pF, 15-volt electrolytic capacitor
(3-C6—0.1-pF.disc capacitor
1C1.1C2—Integrated circuit (Motorola MC.

2

41P)

KN1.K2—12.volt, 1640-0hm relay (Sigma No.

63F14-12Dc¢ or similur)

LDRI.LDR2—Light-dependent resistor

{Clairex No. CL703L or similar)

Q1,02—2N2712 transistor
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R1.R2—68,000-0hm

R3.R4—2200-0hm All resistors, Yaacatt,
R7—470-0hin 10% tolerance
R8.R9—680-0hm

R5.R6—50.000-0hm trimmer potentiometer

RECTI—50 PIV, l-ampere rectifier bridge
assembly (Motorola MDA942A-] or similar)

S1—Spst switch

T1—12.6-volt, 300-mA filament transformer

Misc.—Printed circuit hoard, terminal strips
(2). line cord and strain relief: %"-long
spacers: 6%” X 3%" X 2" plastic or Bake-
lite box: S-dram pill containers (2): hook-
up wire: 4-40 hardware: solder: etc.

Note: The following items can be obtained
from PAIA Electronics, Inc., P.O. Box
14359, Oklahoma City, OK 73114: etched
and drilled circuit hoard No. 5701pc for
83.50 postpaid: complete kit of all parts,
including eireuit board and unfinished case,
No. 5701K for §19.75 plus insurance and
postage on 2 1.

components and assemblies from interfering
with each other. The following general as-
sembly sequence should be followed as elosely
as possible.

Begin mechanical assembly by drilling the
mounting holes for transtormer T1. Loeate
the transformer so that it is in contact with
one of the long sides of the ease. (Note that
the same machine hardware nsed to fasten
71 in place is also nsed to anchor the terminal
strips which serve as tie points for the leads
of the LDR's.)

Position the light shields (5-dvam pill con-
tainers) at opposite ends of the transtormer,
and nse a peneil or seoring tool to mark their
outlines on the Bakelite case. Then remove
and set aside the shields. Locate the centers
of the light shield outlines and slowly and
earefully drill first a 44s” hole, following it np
with a 147 bit to enlarge the holes. At this
point, von can nse a multiple-drilling tech-

Fig. 2. At top is given actual size etching and drilling guide for fabricating the printed circuit
board. In the component location and orientation guide (above) note particularly orientations of IC’s.

April, 1971
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nique, a nibbling tool, or a chassis punch to
enlarge the holes or entonts =0 that they are
shghtly larger in diameter than the shiclds.

The monnting holes for power switeh 81
and the civenit board, and the aceess holes for
the slots of 125 and 16 trimmer pots can now
he aceurately located and drilled. Position
the etrenit board as close as possible to the
front of the caze to obviate any possibility of
the lugs on 87 tfrom contacting 71,

Wheu all front-panel holes are drilled, paint
and label the panel as desired. Allow sufficient
time for the paint to drys then drill a hole for
and mount the line cord—via its strain relief
and the terminal bloek on the rear of the case.

Drill two #60 holes, abont 30° apart and
as close as possible to the bottom of each pill
container. Then use {lat black paint to coat
the interior surfaces of both containers, When
the paint dries, use a pin to clear the #60
holes of paint. Insert the leads of the LDR'-
throngh the holes, daub a drop ot epoxy co-
ment on the undersides of the LDIRs, and
press the LDR's to the bottoms of the con-
tainers,

Slip the light shield assemblies into theiv
respective entouts, taking eare not to tear oft
the LDIY leads. Run a thin bead of epoxy
cement aronnd the lip of eacl shield: then seat
the shields squarely in their cutonts and allow
the cement to set at least overnight.

Interconneet all components and assemblies
as shown. Then mount the eirenit board in-
side the case with 4-40 machine hardware and
3,”-long spacers,

o QO [}
Z2 O 2 20O 2Z
o[¢[e[e[o]o
[ J
BELL
TRANSFORMER
|Oi 2]
===
25 d
geotw
w
DUAL CHIME

Fig. 3. When wiring dual chimes into system, use
only normally open and common contacts on relays.

Setup and Use. Rotate I'5 and 16 fully
clockwise (viewed from the component side of
the board). Point the LDR's at a relatively
bright light source, plug the power cord into
a convenient ac outlet, and close 1. Use a
piece of opague eardboard to eompletely cover
LDI'1: neither relay should be energized.
With LDI'1 still covered, place another piece

(Continued on page 92)

Access to contacts on K1 and K2 is through solder lugs mounted on small phe-
nolic boards which are on relay frames facing toward on/off switch S1 in photo.
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RECHARGES ANY NICKEL-CADMIUM OR
ALKALINE AA, C, OR D CELL

NAME vour battery charging problem! The
“Charge Now” solves them all—with some
added extras. With a Charge Now in your
workshop or lab, you have all the advantages
of an expensive commercial unit—at much
less cost.

11ere are some of the uses to which you can
put the Charge Now. It provides de currents
in values from less than 1 mA to 1 A in ten
ranges for recharging nickel-cadmium cells. Tt
recharges any alkaline AA, C, or D cell in
fourteen hours using voltage-limited, tapered
charging to automatically prevent overcharg-
ing. With a well-filtered de output available
at a pair of binding posts, the charger serves
as a fully adjustable constant-current source

A. A. Mangieri, when not developing projects or
writing articles, is an amateur radio operalor.

April, 1971

for testing semiconductors and many other
components and circuits. And with a zener
diode across the output, a well-regulated, low-
voltage source is available for other testing.

Construction. The schematic of the bat-
terv charger is shown in Fig. 1. Wiring and
layout are not critical. In the prototype shown
in the photos, a picce of perf board 315" X
4” was used to support most of the com-
ponents. Layout is shown in Fig. 2. Optional
transistor sockets were used in the prototype.
Note that the metal cases of R27, 1:28, and
R29 provide ncgative return to terminal ZZ.

Another piece of perf board 2”7 X 2" was
mounted directly on the meter terminals to
hold all of the components directly associated
with the meter circuit. Terminals on the board
should be identified for making connections.
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Your

paycheck

It tells you more than how much you make, It tells
you how far you've come. And if your paycheck
looks very much the same as it did last year, or the
year before, it simply means that you look very
much the same as you did last year and the year
before.

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

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

r_“c" Ins

Vs a
about you

lot

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

Check over these RCA benefits:

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

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

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

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

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

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

]

titutes
Home Study Dept. 694-004-1

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

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

Address .

City. . -

I Name

(please print)

Veterans: Check here []

_Age

If reply card

is detached—
send this

| cninon today

State________Zip

April, 1971
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Fig. 1. The letters in circles are terminals on the main perf board. The position
identifiers for S3 and S4 should be duplicated at these front-panel controls.
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PARTS LIST

C1—5500-uF, 25-volt electrolytic capacitor

C2—0.22-uF disc capacitor

€3—25-uF, 25-volt electrolytic capacitor

DI1-D6—1.ampere, 50-P1V silicon divde
(IIEP151 or similar)

Fl—Il.ampere fuse and holder

[1—117-volt ac neon lamp

J1,J2—F ive-icay binding post (one red,
one black)

MI—I-mA dc milliammeter
(Allied Radio Shack 701-0020 or similar)

Q1.03—Transistor (IIEP33 or similar)

(2—Transistor (HEP247 or similar)

04,05—Transistor (HEP31 or similar)

R1—=2200-0hm

R2—47-0hm

R3.R4—1000-0hm

R5—33,000-0hm

R6.R7T—35.6-0hm

R8.R9—I1-ohm

R10—150-0hm

R11—22-0hm (see text)

R12—6.8-0hm (see text)

R13—3.3-0hm (see text) )

R14—1000-0hmn

R15—=270-0hm .

RI6—130-0hm .4lllre'sutors

R17—56.0hm swate

R18—22-0hm

RI19—11-ohm, 2.watt resistor

R20—6.8-0hmn, 2-watt resistor

R21—2-0hm, 5-watt resistor

R22—1-ohm, 5-watt resistor

R23—3.6-0hm, 2-watt 5% resistor

R24—0.68-0hm, 2-watt, 3% resistor

R25—0.22-0hm, 2-watt, 5% resistor

R26—1200-0hm, 1-watt resistor

R27.R28—1.5-0hm, 2-watt, wirewound
potentiometer (Centralah V-1.5 or similar)

R29—600-0hm, 2-watt wirewound
potentiometer (Centralab V-600 or similar)

R30—100-0hm, 2-1catt wirewound
potentiometer (Centralab V-100 or similar)

R31—1000-0hm, wirewound potentiometer
(Centralab W W-102 or similar)

RECTI—I-ampere, 200-P1V rectifier
(HEPI176 or similar)

SI—Spst slide or toggle switch

S2—Double-pole triple-throw slide switch
(Wirt SP3T8, Allied Radio Shack 759-5580,
or similar)

S$3—6-pole. 6-position non-shorting rotary
switch (Centralab PA-2023, Allied Radio
Shack 747-2023, or similar)

S4—O0ne-pole, 10-position. non-shorting
rotary switch (Centralab PA-1001, Allied
747-1001, or similar)

T1—12-volt, 2-ampere filament transformer

Misc.—Heat sink and mounting kit (Motorola
HEP500 or similar), plastic case with cov-
er for cell holder, 2" corner braces, perf
hoard, eye bolts, springs, capacitor mount-
ing bracket, lug strips, thin sheet brass or
stainless steel, line cord, mounting hard-
ware, copper sheet for RECTI mounting,
1 wood V blocks, vinyl tape, solder lugs,
etc.

> All resistors Y-watt

April, 1971

When assembling the power supply within
the chassis, make =nre that filter capacitor C'1
is completely insulated from the metal chassis
by a plastic <leeve, The rectifier (RECTI) is
mounted on fonr heat sinks, one attached to
each leg, so that sufficient heat is conducted
away during use with 1 ampere drain. The
heat sinks were made of four copper L brack-
ets momnted on perf board with the bottom of
the L np. The leads of the reetifier were then
soldered to their respective heat sinks. Also
on this per{ hoard was the fuse holder.

The large heat sink for @2 can be mounted
on the rear wall of the chassis using four in-
sulated shoulder washers for support. It is
then possible to omit the usual mica washer,
but use silicone grease hetween the transistor
and the heat sink. The transistor was fitted
into a socket on the other side of the heat sink
and a three-lug terminal strip was monnted
on one of the heat sink nuts for connections
to the transistor. Incinde some vent holes if
the rear wall of the chassis is solid metal.

Cell Holders. Before building the chassis,
determine what type of cell holders you pre-
fer. Obvionsly, conventional holders for AA,
C, and D cclls may be used. In this ease, sim-

|

Z g rHFXceH I OMTMOO DB

.

Fig. 2. Component installation on the perf board.
The dark lines duplicate the insulated wire connec-
tions made between the various mounting clips.

ply mount the eccll holders to an omthoard
wooden frame and conneet them to the charg-
er through short lengths of insulated wire.
To duplicate the prototype, a special cell
holder nmst be niade as follows.

Obtain a 1147 deep X 254" X 334 plastic
utility box with plastic cover. Cut two loles
in the rear of the box as shown in Fig. 3.

Two-inch steel eorner braces must be made
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and filed smooth; also make a thin brass or
stainless steel cover for the arm that protrudes
into the case, Make sure that both braees slide
smoothly up and down in their slots. Swage a
conventional solder evebolt to the rear of each
slide as shown, Cut two slots in the plastie
cover so that the evebolts can slide np and
down to the maximmm travel of the steel
braces. Then sccure a pair of solder lugs to
the bottom of the cover directly under each
slot. Use small spacers to attach the cover
to the rear of the box so that, when assembled,
the two braces can slide up and down unhin-
dered. Mount a spring to each soldering lng
and attach the other end to the evebolt. The
clectrieal connection is made throngh a short
length of insnlated wire.

The interior of the case is fitted with wood
V blocks faced with black vinyl tape, These
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blocks are cemented in place after test align-
ing a cell. Use donble-sided tape to attach the
blocks while aligning them. Then use c¢ement
or epoxy for final monnting.

With an AA cell in place on the V blocks
and with the steel braces partially np in their
slots (the rear spring providing tension), lo-
cate the lower minus contact button and use
6-32 X 34 hardware and a spacer to mount it.
With a cell in place, the brace shonld aunto-
matically clamp the cell between the brace and
lower minus contact,

Becanse of different cell diameters, two set=
of minus contacts shonld he provided for each
side of the cell holder. Electrical connections
to these contacts are made throngh a soldering
Ing at cach minns contact. Identify the cell
holders as B1 and B2 and identify the PLUS
and MINUS sides ot the holder,

POPULAR ELECTRONICS




Tlie face of meter M1 must be reionched to
add two more seales. The original 0-1 seale
will be nzed for the 1000-mA range. Using
some form of press type, add the mmbers
50, 100, 150, 200, and 250 over the original
indications for .2, 4, .G, .8, and 1.0 respec-
tively. This is the 230-mA seale. Similarly,
add 10, 20, 30, 40, and 50 for the 30-mA
seale. When making these additions, take care
not to damage the meter movement or the
needle.

The front panel of the chareer is <hown in
the photographs. Note the entout for the plas-
tie cell holder, which i supported by four
monnting sevews, Switeh 83 is marked for
VLTC (voltage-limited tapered charge) on
thvee positions and ('O {eonstant current) on
fwao positions, The CC positions are further

identified by a line woing to the 237 (FINE)
and S4 (COARSE) controls, This aids in set-
ting np the correet switches.

Note the placement of the other switches
and controls on the panel and inside the chas-
siz. Sinee lead length and placement are not
eritical, it is not necessary to duplicate the
prototype exaetly: but the arrangement has
heen found to be convenient.

Adjustment. Before making any adjnst-
ments, conneet a H-to-10-watt, 20-olun resis-
tor between the plus of the power supply and
the remainder of the eireuit to test the VLTC
ranges and cheek the CC mode for positions
1 throngh @ of N4, For position 10 of N{, nse
2 10-to-15-ohm resistor.

Set 1229 for a resistance of about 300 ohins

Jl

+ f\t\F *?
WL

RI - | T

'
2SR3I
Q3 : S
2R2 SR29 PS4
+ 3 h
RI43 R20

Iy

~ (A)CONSTANT CURRENT

THEORY OF CIRCUIT DESIGN

The schematic shown here is a stmplifica.
tion of the Charge Now circuit. Section A il-
lustrates the constant-current (C()) mode. The
load is on the collector circuit of the QI-Q2
Darlington pair. The emitter circuit includes
N4 which ~elects the various current range
<hunts, The constant-current adjustment cir-
cuit (R31. R3, and R29) is a voltage divider
on the base of Q3. Resistor R in the collector
circuit of Q3 al-o supplies base drive for the
Darlington pair. If the emitter current of Q2
rises. 3 receives more base drive and reduces
the drive to Q1 correcting for the change (and
vice versa). With high loop gain through QI
02, and Q3, the current through the load is
regulated very elosely.

In  the voltage-limited tapered-current

R2 S3E

Rl RI2 ZRI3

(B) VOLTAGE LIMITED
TAPERED CHARGE

(VLTC)Y mode, two series-connected shunt
voltage clamps are switched inte the cireuit
of Q2. (See section B.) The CC adjust cireuit
and S$4 are replaced by a current shunt made
up of RII, RI2. or RI3, which are selected
by S3E. Diodes DI and D2 and transistor Q4
are matched so that, with the cell out of the
holder, the open-circuit voltage is 1.7 to 1.75
volts. With a discharged cell tabout 1 volt)
connected between JI and J2. the voltage
clamp does not conduct and current is sup-
plied to the cell. As the cell voltage builds
up, the voltage clamp begins to shunt current
around the cell, thereby providing the voltage
limited tapered charging.

Resistor R3, which is used in the constant-
current mode and shorted out in the VLT
mode, insures base drive to 03 under all con-
ditions when non-shorting switeh 83 is used.

April, 1971
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FRONT VIEW
SLOT
-L BRACKET
~—-V BLOCKS
NEGATIVE
CONTACT
SCREW
m SPACER
| IS—<—SOLDER
LOG
TOP VIEW
—t————

The V-blocks are used to center the cells in the
holder so that good contact is made between the
two electrical connectors. After final positioning,
cover the wood blocks with black plastic tape.

and R27, R28, and R30 for maximum resis-
tance. Place 83 in the CC mode, S4 in the
first LLO position, and S2 on 1000.

Conneet a multi-range milliammeter be-

tween J1 and J2 and furn on the power. As
S4 is advaneed from position 1 to position 9,
observe an inereasing output current from
less than 1 mA to several hundred mA with
variable control through 1?31 in cach position.
Set the output enrrent to 200 mA, place S2
on 250 and adjnst 1230 until the meter on the
front panel indicates 200 mA.

With 1231 set for low current, place S4
on HI1. Adjust 1228 until the meter indicates
400 mA. Shut down the power and replace
the external 20-ohm resistor with a 10-ohm
resistor. Turn on the power, and slowly ad-
vance [t31 and 1?29 wntil the meter indicates
onc ampere with 131 fully clockwise. Repeat
these steps until /037 controls the enrrent from
400 to 1000 mA\. Then set S4 to position 9 and
adjust 127 until 1?31 covers the range up to
500 mA. Check that all lower ranges have a
slight overlap.

Check that the meter on the charger tracks
the external milliammeter on the three major
ranges of S4. DPotentiometer R30 is used to
make any necessary scale adjustments. It may
be advantageous to set I'30 so that the high
range (1000 mA) is correet, and then trim
the shunts of the lower ranges (1:23-1'25) for
reasonably elose meter indications.

In the VLTC mode, diodes are paired off
with Q4 and @5 and resistors 1’11 through
13 are sized to set the charge rates indi-
cated in the Table. Use a 20-ohm resistor in
the plus lead of the power supply and re-

TRIMMER
FOR R25
R24 R25 D6 C2 (OPTIONAL)

Jl

The various components that are associated with the meter circuit are mounted
on a small piece of perf board, that in turn, is mounted on the meter terminals.

62

POPULAR ELECTRONICS



R3I RI8

RI9 R20 S2

Arrangement of the resistors associated with S4 shows an easy method of mounting.

move the outhoard meser from J1 and J 2. Al-
low a 5-to-10-minute warmup for the diodes
and transistors,

Acenracy is more important in setting the
voltage limit than in measuring the charge
rate. Check the aceurney of the low-voltage
de range (5 volts) of the external VOM you
are going to use.

R26 RECT

April, 1971

Place 83 on position 5 (VLTC-D) and, if
neeessary change the value of 12 until /1
indicates 200 mA. Then measnre the voltage
across the Bl and B2 holders. It should be
about 1.7 volts. The diodes in each cirenit
may be interchanged to get a better matcl.
If the voltage is less than 1.7, inerease the
charge rate wsing /713, 1f the matched volt-

Each terminal of the rectifier
is soldered to a copper plate
that acts as a heat sink during
heavy power consumption. Each
segment is individually mount-
ed. Capacitor Cl is insulated
from chassis by a plastic wrap.
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Although the author used sockets for the transistors, they are optional. To avoid wir-

ing errors, clearly identify each terminal and component. To create a neat appear-
ance, leads going to a common area are bundled together to form a wiring harness.

CURRENT AND VOLTAGE LIMITS

VLTC MODE
Mallory Rated Charging
Type Capacity Rate
(mA-hr) (mA)
SA-15AA 300 30-37.5
SA-14C 1000 100-115
SA-13D 2000 200-230

Charge open-circuit voltage limits
(volits): 1.7-1.75.

ares are above 1.75, set the charge rate slight-
Iv under 200 m.\ or select other diodes. Just
make =ure that the voltages on the Bl and B2
holders are matehed.

Set 83 to position 4 (VLTC-C) and adjust
the value of 1212 to obtain 100 mA on M1.
The voltage on the holders should remain the

HEAT

SINK
Power transistor Q2 is mounted
directly to its heat sink, and &
the heat sink is insulated from
the metal chassis. Vent holes
allow cooling air to circulate
within the closed container.
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same. 11 not, interchange or change the val-
nes of '8 and 9. To increase the voltage, it
is preferable to raise the charge rate rather
than use higher resistances.

Follow the same procedure with §3 in posi-
tion 3 (VLTC-AA). In this case, it will prob-
ably be necessary to set the charge rate to-
ward the high limit of the Table.

Application. To charge a single nickel-
cadmium cell, set S3 to position 1 (CC-B1)
and place the cell in the B1 holder. For two
identical cells, place S3 in position 2 (CC
B1-+B2). Recharge nickel-cadmium cells at
the rate and for the time marked on the eell
or as specified by the manufacturer. Both S4
and 1’31 can be adjusted for the correct val-
ues, with the current indicated on A1. If the
charging information is not specified, but the
milliampere-hour rating is known, divide this
rating by 10 and charge at that rate for 14

(Continued on page 97)
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ECHANICAL contacts in electrieal eir-
cuits are known for their tendency to are,
wear, chatter, and gradually change spacing
with use. Sooner or later, every ear owner be-
comes cognizant of the two most important
electrical contacts in his automobile—the
“points” in the distributor and the voltage
regulator in the generator/alternator cireuit.
‘While some minor resetting of the eontaets
in the voltage regulator is always possible,
there is a tendency among automobile me-
chanies to diseard the regulator and replace it
with a brand-new unit.

The voltage regulator performs more tasks
than its name would imply. Mechanieal relays
in this deviee monitor the battery charging
voltage and current and effectively control the
operation of the generator/alternator so the
battery is kept properly charged. Although

C. R. Ball, started on bis oun in TV repair,
was inspired to be a little more creative, got
bis BSEE and wound up a design engineer.

April, 1971

FOR YOUR CAR

SOLID-STATE DEPENDABILITY

BEATS MECHANICAL IRREGULARITY

BY C. R. BALL, JR.

mechanieal regulators have been considerably
improved in recent years, there is an obvions
question in the minds of many electronies
hobbyists and experimenters as to why in this
day of integrated eirecuits it is necessary to
put up with a temperamental mechaniecal
product?

This all-silicon IC and solid-state regulator
provides a solution to all problems created by
the mechanical regulator, This device has been
use-tested for nearly two years and is consid-
ered completely safe, ecan cause no external
damage to the automotive electrical system,
and at very most requires one additional wire
to be added to the average American ear. If
the suggestions are followed as to the size and
insulation requirements of the hookup wire,
vour installation should be as safe as that of
the original automotive equipment manufae-
turers. The deviee is temperature compen-
sated and can be eonstructed for under $18.

Charging Systems. The only major
65
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Fig. 1. The four common types of charging circuits are shown here. The
two at the top are for an alternator system, while the two at the bottom
are for a generator system. The two at the left are for meter circuits, while
the two at the right are for those vehicles using a pilot lamp as charge indicator.

chiange in automotive battery charging syvs-
tenms in the last 15 vears has been the switeh
from the de generator to the ae alternator
svstems.

The old-stvle generator uses mechaniceal
commutation to generate the necessary de to
charge the battery and as a result requires
the use of a relay to disconneet the armature
when the automobile ignition is turned off.
The generator also requires over-current pro-
tection i order to prevent its own self-
destruction in a high charge eondition.

The ac alternator incorporates heavyv-duty
silicon diodes to act as reetifiers and to block
current flow back through the alternator when
it is I a no-charge condition. The alternator
is inherently a self-limiting deviee in eurrent
and requires no over-eurrent outboard pro-
teetion.

Four common types of charging cirenits
are shown in Fig. 1. The four are obvious
combinations of generator with lamp or am-
meter and alternator with lamp or ammeter.
The VR12 Voltage Regulator, whose basic
schematic is shown in Fig, 2, can be used in
any of the four arrangements,
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Construction. DBefore constructing  the
regulator, use Fig. 1 to determine whicell con-
ficuration fit= your needs and refer to Fig. 3
for the proper connections for the VR12.

The main part of the regulator uses the foil
pattern and component lavout shown in Fig.
4. Use an epoxy glass board for the PC. In
installing the components, be sure that the I1C
is properly oriented. 1f power transistor Q8
is used (for lamp ecirenits), it must be ther-
mally connected to a length of metal which is
bolted to the chassis wall as shown in the
photographs. Transistor @5 is thermally
mounted to the rear wall of the ehassis. Solder
leads of adequate length to the board terminal
points, Fixcess solder flux should be removed
and the board inspected for eorreet compo-
nent installation and clean solder joints.
Spray the board with a moisture-resistant,
non-conduetive spray,

For generator systems, the resistor pattern
shown in Fig. 5 must be made (following the
pattern exaetly) on a 2-0z copper-elad board
to provide eurrent-sensing resistor 1274. The
resistance is 0.02 ohms and it can regulate 30
amperes.

POPULAR ELECTRONICS
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PARTS LIST
Cl 82 pk disc capacitor
DI—IN1183 diode
IC1—Integrated circuit (GE PA230)
01.04,06.09—2N3638 transistor
Q2,07—Transistor {Motorola MPS6566)
Q3—Transistor ( Motorela MM4005)
Q5—2N3055 transistor (Motorola MJE3055)
8—2N4921 transistor
R 1—2200-0hm, 5% resistor
R2— 15-ohm thermistor (Fenwal JD12]% or

stmilur)

RA3R5—5360-0hm, 0% resistor
RILRIO—100-0hm, I'C potentiometer
Ro—330-0hm, 105 resistor

NC

R7.R3RI2 - 1000-0lun, 1050 resistor
R9-620.0lhm, 1066 resistor
R11--390-0hm, 10% resistor

R 13—170-0hm, 10% resistor

RI14—-002-0hm resistor (see teat)

Misc.—Heat sink for DI (Delco 7270725),
case, oil-proof flume-retardant wire, 6-
terminal barrier block, moisture-proofing
spray, mounting hardware.

Note—The following are availuble from
BECO Solid State Systems, P.0. Box 680,
Salem, VA 24153: etched and drilled glass
epoxy PC board (820-036) at 52.25: RII
circuit board at £1.75; extruded aluminum
case at £2.60; treated heal sink for DI at
81.10. All prices plus postage. Residents qf
Virginia, add 4% sales tux, 4 complete
kit of parts for any of the four configura-
tions is available. as are assembled and
tested units. W'rite for prices.

I
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Fig. 2. Basic circuit for the regulatar showing both the lamp option (on the nght), and
the generator modification (at the bottom). Resistor R14 Is created from foil pattern.
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Fig. 3. This shows the four possible charging systems when using the VR12.
Select the one that fits your requirements and wire the vehicle accordingly.

The printed civenit board is mounted in a
licavy-duty closed metal chassis. (The one
shown in the photographs was made of ex-
trmded aluminum.) Shock mounts are not
required. Mount the six-terminal barrier strip
on the chassis and conneet the leads to the
appropriate terminals, Make sure that each
terminal on the onter side of the barrier strip
is clearly identified.

An additional small heat sink will be re-
quired for diode D1 for generator systems.
ANl physieal mountings must be made with
lockwashers to prevent loosening dune to vi-
bration.

Adjustment. Before making any adjust-
ments on the VIR12 Regulator, the de voltage
at the present regulator must be measured
and recorded. This nmst he done after the
encine has been running for a while and the
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Transistor Q8 has its own heat sink, while Q5 is
thermally, but not electrically connected to the
metal chassis, via a grease-covered mica washer.

POPULAR ELECTRONICS
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Fig. 4. Actual size foil pattern and component
installation for the printed circuit board. Use
a fiberglass board and do careful soldering to
prevent vibration damage when engine is operating.
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\ v is fully d. Fail t c
this \oltaﬂ(‘ may result in a mis-adju~tment
of the solid-state regulator and taulty charg-
ing of the battery.

Connect the VR12 to a power supply as
shown in Fig. 6A. Set the de power supply to
deliver the exact voltage which was measured

the preceding paragraph. Adjust 4 on
1hie regnlator until the voltmeter indicates this

voltaze. Tnereazing the power supply outpnt
~lightly should canse the voltmeter to drop to
zero.

It a lamp indicator is to he used, set up the
cirenit shown in Fig. 6B, with the output of
the power supply set tor 13 volts. Adjust 1210
on the regulator until the test lamp goes ont.
Decreasing the power supply output slowly
should canse the lamp to come on. This ad-

Fig. 5. To make R14, a 0.02-ohm resistor
able to regulate up to 30 amperes, follow
this actual size foil pattern layout. A
2-0z copper-clad board must be used. As
a substitute, use a plain board of the
same size with 8 feet of #14 PVC insu-
lated wire wound neatly around the board.

April, 1971

69



THEORY OF CIRCUIT DESIGN

In the basic circuit. the combination of RI,
Q! (acting as a zener diode), and thermistor
R2 provides a reference voltage for the non-
inverting input of the differential operational
amplifier IC1. The thermistor provides tem-
perature compensation.

The voltage sensing network consisting of
R3, R1. and R5 comes into operation when
the ignition i< on. The wiper of R4 provides
an adjustable sensing point for the inverting
input of 1C1.

1f the alternator (generator) output voltage
increases, the input to ICI from R+ increases.
This causes Q35 to go toward cutofl. reducing
the field current to the generator and causing
the output voltage to decrease. The voltage at
point A is stabilized at the value preset by R1.

In the indicator lamp circuit. as long as the
wiper of RI0 is at a sufficient level to fire Q6
(corresponding to a correctly charging sys-
tem) transistor Q7 is held on and Q8 is cut
off. 1f the input voltage drops so that R10 does
not supply enough voltage to Q6 (acting as a
zener diode), 08 turns on and the lamp is lit.

The generator modification consists of
blocking diode DI, which prevents current
flow back into the generator when the battery
is not being charged. If the voltage across R14
exceeds the base-emitter drop of Q9, this trans-
istor turns on bringing the voltage at point B
close to that at point A and causing the regu-
lator to reduce its output. This, in turn, forces
the generator to decrease its output.

POWER
SUPPLY 5

142v 9
|
()
—_—
POWER VRIZ |
SUPPLY e s
[(PEREY 3Ee3238
| |
1
(8) 12V LAMP

Fig. 6. Test circuit for the voltage (A). and
the charge lamp (B). A metered bench dc¢
power supply is used to make these tests.

justment will iave to be re-checked when the
regulator is mounted in the velicle to insure
that the lamp is on when the ignition is on
(but the engine is not running) and goes off
wlhen the engine is charging thie battery.

This indicating cirenit is mueli more sensi-
tive than the conventional system and the
lamp may remain on for as much as a minute
after the engine is started—depending on the

(Continued on page 98)

MOUNTING
CLAMP

R4 Ict

The VR12 may be mounted within any small, but substantially built chassis, capa-
ble of withstanding vehicle vibration. Use lockwashers on all mounting hardware.

POPULAR ELECTRONICS



MOBILE RADIO

Comparative Tests—Motorola has been given a license for experimental/
developmental station KB2XWL to compare radio communications on the

900-MHz band with the 450-MHz band. The tests will be made in the northern part
of Chicago on 451.65 and 956.1 MHz, usually during daylight with various widths
of narrow-band FM and approximately 100 watts of output power. Results may
enable greater development of mobile radio in the 900-MHz band.

CITIZENS RADIO (CB)

Two CB Projects-—In cooperation with the Community Council, a CB
base station has been installed in the headquarters of the 24th Police
Precinct, 100th St. and Amsterdam Ave., Manhattan, New York City.
Manned by REACT members, the station will monitor channel 9 and
hopefully will be a successful and useful experiment in convincing

the police force of a major city that they could make greater use of

CB. Volunteers are being sought for this program and CB'ers in the
area should contact Patrolman Tom Kelly . . . Meanwhile, the Louisiana
Sabine River Authority has requested the FCC for permission to use
channel 9 for *distress calls” on the 60-mile long Toledo Bend Lake,
extending from Leesville to Logansport, La. The Authority hopes to
install 24-hour CB stations along the lake and to require manning
similar CB stations at sites leased by the state.

TELEVISION

The Vertical Interval—T here’s a lot more information being transmitted in
conjunction with your TV picture than ever appears on the screen. To see for
yourself, adjust the vertical hold on your receiver until the black blanking bar
appears. Especially on network relay transmissions, yow'll see a line of white
dots and bars that appear to be modulating the first few lines just above the

top of the picture. Besides controlling various test patterns for both monochrome
and color, these signals contain the white level reference, facsimile (called
Homefax by RCA), time signals (sometimes courtesy of the National Burean of
Standards), and any number of other experimental things. Most TV viewers are
unaware that the last 12 lines of each scanned field—each line having the
capability of a 12,000-Hz channel—are technically available for special signals.

CITIZENS RADIO (CB)

More Uses for Channel 9—-Designation of channel 9 for emergencies

has not been without headaches and problems. The Pennsylvania League
of Emergency Associations (PLEA) has petitioned the FCC for “looser”’
contrels as to who should or should not use channel 9. PLEA asked the
FCC to permit use of channel 9 in non-emergency cases to maintain

control of their mobile units on the road. In addition, PLEA feels

that “broadcasts’ should be made periodically (not oftener than every
half hour) to motorists to assure them that channel 9 is being monitored.
PLEA says looser rules would ultimately provide greater road safety.

April, 1971 n



The best way to get electronics into your hea

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

Each kit contains iBustrated instruc-
tions.

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

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

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

Color TV
295 sq. in. picture.

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-ti,
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-
aticnal 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.

Ssvanga,,

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



Telephone License. NTS assures you
will pass this FCC exam within 6
months after successfully complet-
ing your course — or your tuition is
retunded. You receive 14 kits to build
an amateur phone 6 meter VHF tran-
ceiver plus NTS' exclusive 6 transis-

'H $ 11y

i;allz;i;lo;iz_rwd volt-ohmmeter.
5 watt AM

transmitter/
receiver.

L)
u
R

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

April, 1971
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is to have the actual equipment in your hands.

complete workshop
that lets you build
five industrial
controls to regulate
motor speed,
temperatures.

B .

o SWerew

pressure, !iquid e »
e > ®
much more. _@a
5" Oscilloscope ¢
Mail card today for free, full-co ata-

log that details what each training prograr
offers. (Or if card is missing, send cou-
pon.) No obligation. No salesman 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 fin most advanced elec-
tronics home training 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

NATIONAL G229 SCHOOLS

WORLD-WIDE TRAINING SINCE 1905

40( g oa St s Ange!

——— o e s e
it card is missing check

coupon and mall for Iree
color catalog and semple

fesson. Now. - -
lease rush Free Color 'P'm
Catalog and Sample e : \
Lesson, plus informa- ’[ -~
tion on course checked Bl
T

below. No obligatior
No salesman will call

National Technical Schools

Master Course in Color TV Servicing

Color TV Servicing

Masier Course in TV & Radio Servicing

Practical TV & Radio Servicing

Masier Course in Electronic Comm.

FCC License Course

Master Course in Electronics Tech.
\rial an i

Compuler Electronics
Basic Electronics

Dept. 205-041

Name

Address

State

<
<

-
I
|
I
e —

~N
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THE PRODUCT GALLERY

LOOK at the workbench of a serious elec-

tronics hobbyist and experimenter shows
a variety of test equipment that only a few
yvears ago was only to be found in the most
advanced laboratories. Digital readout mul-
timeters, super-clean waveform generators,
triggered-sweep oscilloscopes, etc. are read-
ily available to any experimenter, techni-
cian, or engineer with a modest budget. Until
a few months ago, the only area not covered
was frequency measurement. Of course digi-
tal readout frequency counters have been
around for years, but always at a price!

There are a multitude of obvious uses for
a frequency counter. Audio frequencies can
be determined by eye straining interpreta-
tion of Lissajous figures—assuming that the
reference frequency is correct. If you test
audio systems using some form of audio gen-
erator or pre-recorded tones; how do you
know that the tape deck or the disc player is
on frequency? In the case of audio genera-
tors, there is always the chance of significant
error due to warm-up drift and dial accuracy
even if the unit is one with switch-selected
frequencies.

When it comes to r-f alignments, there is
little chance that a manually tuned oscillator
can ever be placed exactly on frequency. In
digital circuits, especially in long countdown
stages, a frequency counter is the easiest
way to check for proper operation. There are
also uses for frequency counters in ham
radio equipment, designing filters, etc. In
general, knowing the exact frequency invari-
ably saves a lot of headaches.

HEATHKIT FREQUENCY COUNTER
MODEL 1B-101

Once again, the Benton Harbor Rangers
have come to the rescue. This time it's the
Heathkit IB-101 counter currently offered at
a price just under $200. This is a solid-state,
five Nixie® tube readout device that actually
produces the equivalent of eight-digit accu-
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Eighth in a Monthly Series by ‘‘The Reviewer''

racy. The frequency range is from 1 Hz to
slightly over 15 MHz with an accuracy of plus
or minus one count within the crystal-con-
trolled time base stability. Sensitivity is well
under 100-mV up to 1 MHz and substantially
less than 250 mV from there on up to 15
MHz. The IB-101 has automatic triggering
and an input impedance of 1 megohm shunt-
ed by less than 20 pF.

Assembly. The circuit for the IB-101
is assembled on a single fiberglass dou-
ble-sided printed circuit board and total
construction time-—-including mounting the
Nixies and switches should be about 7 hours.
However, one word of caution: that figure
assumes that you have had some previous
experience assembling a digital circuit kit
and have a narrow-tipped, low-wattage sol-
dering iron available. Heath provides %"
diameter solder with details on how to con-
vert your heavy soldering iron tip to a more
usable tip for working with pins of the digi-
tal IC's.

As usual, if you follow the well illustrated
Heathkit manual, you should have no prob-
lems assembling the IB-101. Your reviewer
has found that it saves a lot of troubleshoot-
ing time (if necessary) to go over a PC
board with snuggly mounted components
using a small magnifying lens. Look for
cold solder connections and whisker solder
bridges between adjacent foil sections.

Operation. Once assembled, the IB-101
is self-calibrating. There is no secret to the
unit’s operation and if you attempt to make
a kilohertz reading while on the hertz scale,
the “overflow” light comes on. Your reviewer
would suspect that most advanced experi-
menters and technicians after using the
I1B-101 for a few weeks will find that they
have it ready to be attached to a signal gen-
erator and used as a “tuning dial” rather
than depend on the accuracy of the mechani-
cal dial on the instrument itself. Psychologi-
cally, there’s a nice glow of confidence in

POPULAR ELECTRONICS



FREQUENCY COUNTER
(Heathkit 1B-101)

Heathkit 1B-101 Frequency Counter is built around 26 in-line
integrated circuits, 8 transistors and 5 cold-cathode display
tubes. The IC’s plug into special strips of IC pin connectors.
The component density is rather high and the buiider must ex-
ercise great care not to form solder bridges on board. Glow
tubes are hidden by light shield in upper teft-hand corner.

April, 1971

Handtle on 1B-101 swings through a 180°
arc and is used for carrying and instru-
ment tilt on workbench. Handle action
is controlled by spring-loaded square
detent visible in photo above. Also in
this shot is back of overrange light.

Discrete component wiring density is par-
ticularly bad under the two range lamps.
There are about 20 different components
within range of this photo. The input
sensitivity potentiometer can barely be
seen at bottom. Sensitivity and cali-
bration can be established without re-
sorting to laboratory test instruments.

77



knowing that you are on the right frequency.

This reviewer had only two minor objec-
tions to the operation of the IB-101. For
some reason, there appears to be no provi-
sion for protecting the input circuit from a
reasonably high dec voltage. This can happen
if the IB-101 is used to measure a frequency
from the plate of a vacuum tube oscillator
or from a high voltage output transistor. A
blocking capacitor between the board and
input terminal of the IB-101 is an easy and
ready cure to this problem. There is plenty
of room to install this component. Also, in
the hertz position, the IB-101 takes a couple
of “bites” at the frequency and requires
three or four seconds to settle down. This is
a slight annoyance—especially to those fa-
miliar with instruments that read on a “one
and only one” basis.

LAFAYETTE RK-890
CARTRIDGE RECORDER/PLAYER

The 8-track cartridge has a tenacious
foothold in the field of stereo playback for
automobiles. Having arrived on the scene
before full-fidelity cassettes, cartridges are
probably here to stay for a long time. How-
ever, pre-recorded cartridges are expensive
and this reviewer sees a trend toward home-
recording—either off the air or off of discs
and tapes that the car owner has available.
If this recording can be done on a decent
piece of equipment at a respectable price, the
monetary saving can be substantial. In our
travels, we have noticed advertisements for
a reasonably priced 8-track cartridge re-
corder/player tape deck that might prove of
interest to readers with tape cartridge play-
ers in their cars.

The RK-890 is a household tape deck with
all the essential features of a 1971 open reel
or cassette tape deck—modified by the spe-
cial requirements of the 8-track tape medi-
um. It allows recorded material to be played
in the home through your stereo system and,
perhaps more important, it makes record-
ings on blank cartridges for playback while
driving.

The RK-890 has separate AUX and MIC in-
puts with individual channel level controls,
concentrically mounted—for recording. The
two sources can be mixed and each channel
has an illuminated recording level meter—
which also functions on playback.

Operation. Most of the routine functions
—once the gain level has been set—are push-
button controlled. The pushbuttons are for:
EJECT, RECORD (lock), STOP, PLAY, and FAST
FORWARD (FF). There is no ‘*‘pause” button
and the stopping action of the RK-890 is not
quite instantaneous, since although the mo-
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tor power is shut off, the internal fily wheels
keep the tape advancing for a couple of sec-
onds. The FAST FORWARD (FF) operation is by
no means as fast as you find on a cassette
player or open reel deck. Using FF, you can
move to any portion of a 32-minute cartridge
within about 90 seconds.

The EJECT button clears all other controls
and literally pops the cartridge out of the
slot. Ideally, this sort of interlock arrange-
ment should prevent a cartridge from re-
maining in the machine with the rubber
drive wheel engaged when the power is shut
off. However, this disengagement does not
take place if the cartridge is in place and the
line cord is pulled out. There is also an AuTo
EJECT switch, which can be set to play (or
record) in sequence 1, 2, 3, or 4 tracks of the
cartridge, and to eject the cartridge after
the selected number of tracks has been
played. With this switch in the OFF position,
the recorder plays through all four tracks
(in stereo) and then repeats the procedure
indefinitely until either the EJECT or STOP
button is actuated.

A manual pushbutton in the lower left-
hand corner advances the RK-890 by one
track each time the button is pressed. The
number of the stereo track in use is always
illuminated above the cartridge loading slot.
This is a useful function in attempting to
provide instant access to any track at any
part of the cartridge. Obviously, there is
really no way of determining what part of
the track is being played, except at the tape
splice, which triggers the automatic advance
to the next track.

Test Results. The Lafayette RK-890 has
a very respectable record/playback frequen-
cy response. Using BASF tape, the response
was measured to be within +3.5 dB from 22
Hz to 12 kHz. Nominal playback output was
but 0.7 volts. At 1000 Hz, stereo crosstalk
was —27 dB. The signal-to-noise ratio was
also very good and, in a 22-kHz bandwidth,
was measured at 49 dB. On record, the RK-
890 required a 90-mV input at the AUX input
and 0.85 mV at the MIC input.

Flutter was measured at 0.33¢% and al-
though slightly higher than that of the bet-
ter grade of cassette or open reel tape ma-
chines was not obvious on most program
material. Wow was measured at 0.03% and
distortion was measured at 29 at 0 dB,
1.89, at -3 dB, and 2.4% at 43 dB.

A Few Final Words. If you have become
addicted to cartridge-player stereo in your
car, the Lafayette RK-890 will soon pay for
itself. The surprisingly high cost of pre-
recorded tape cartridges makes this machine
a worthwhile investment. The RK-890 can be
used to make recordings on blank tape car-
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Builder assembling the 1B-101
must be very careful soldering
the IC pin connector strips.
If a finetip soldering iron
is not available (such as the
Ungar ’Princess’ shown here),
Heath recommends shaping up
a piece of large bare wire into
a tip extension for an ordi-
nary 25-watt soldering iron.
Inspect the soldered connec-
tions with a magnifying glass
to see if any cold joints or
bridges might have been made.

CARTRIDGE

RECORDER/PLAYER

(Lafayette RK-890)

April, 1971

HEATHKIT IB-101 (Cont'd)

The five-digit readout enables accurate
readings to be made into the megahertz
range. The right-hand digit is always
within plus or minus 1 count. Decimal
point in the lower right corner of the
glow tube showing most significant dig-
it is always ‘‘on.”” The range lamps indi-
cate the frequency in either kHz or MHz.

This 8-track stereo record/playback deck
makes a nice addition to household setups
that make use of cartridges. The owner can
record off-the-air, tapes and discs on blank
cartridges for playback in his car. Opera-
tion of the RK-890 is simple and all of the
important record and playback controls are
seen here. On/Off pushbutton is under the
operator's thumb. Microphone and Aux inputs
may be mixed at the operator's pleasure.
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tridges for subsequent playback in your car.
In other words, you could take material off
the air, or tape your favorite disc or open
reel tape. The RK-890 is non-critical as to
recording level and any program material
that does not consistently drive the record-
ing level meters to full scale should be re-
corded with satisfactory quality.

Of course, higher flutter seems to be in-
herent in the endless loop tape cartridge, but
this also appears to vary widely between dif-
ferent brands of blank tape cartridges—and
possibly even within each brand.

As a clincher, you will find your home-
recorded cartridges sound much better
than commercially recorded cartridges. If
you don't believe this is possible, ask some-
one who has similar equipment and has tried
it.

TOMPKINS ‘‘MOBILINK"’

In the beginning, CB was proclaimed the
“everyman’s two-way radio system” and the
air was filled with visions of instant short-
range radio communications. Things didn’t
turn out as expected and many plans to
make more and better use of CB were
dropped. Not so for one accessory that re-
cently arrived on my desk. It is called a
“Mobilink” and is manufactured by Tomp-
kins Radio Products and distributed by Her-
bert Salch & Company. It is a simple gadget
consisting of a separate miniature transmit-
ter and receiver. The transmitter is wired to
the CB transceiver speaker and broadcasts
signals picked up via CB to a pocket receiver
that may be carried by the user. The range
possible between this ‘extra” transmitter
and receiver varies from 100 to 900-1000 feet
depending on location of the transmitter and
the surrounding terrain.

The Mobilink package received by your
reviewer consisted of a crystal-controlled
transmitter set on 27.264 MHz with a power
input of about 90 mW. The pocket receiver
was the shape and size of an ordinary broad-
cast-band AM receiver. The receiver itself is
obviously an AM i-f strip with a new crystal-
controlled mixer/oscillator stage in the spot
normally occupied by the ferrite antenna.
There is no tuning adjustment, only an
on/off switch and volume control, plus a
short collapsible antenna. The transmitter
is'apparently USA-made and consists of four

transistors, a crystal control circuit, and a
type 131 pilot bulb strapped across the input
for volume limiting. The Mobilink transmit-
ter is inoperative until an audio signal is
received. The installation literature accom-
panying our test prototype indicated that the
transmitter had VOX control, although we
did not see a wiring diagram and it was dif-
ficult to disassemble the transmitter for cir-
cuit analysis.

Some Test Results. The Mobilink pack-
age was used with several CB transceivers
and very satisfactory re-transmission of CB
was noted from our laboratory workbench
out to a range of just under 200 feet. Of
course, everything audible on the base sta-
tion CB was fed down the pipe and out
through the Mobilink. Obviously, for a satis-
factory type of “Page Call” relay the squelch
control must be adjusted to eliminate as
much background interference as possible.
For maximum receiving range the short an-
tenna on the receiver had to be extended, al-
though more than adequate reception within
50-75 feet of the laboratory was obtained
with the antenna partially collapsed.

The instructions supplied by the manufac-
turer of the mobilink recommend that the
user try to cut into the CB transceiver at
the speaker terminals. We found this rather
inadvisable and prefer to drive the Mobilink
transmitter from the “EXT SPKR'" phono
jack on the back of the transceiver (an out-
put that is available on at least three out of
every five units).

Comment. Because of its low cost, it is
difficult to fault the Mobilink, although
the manufacturer could have given more
thought to the physical design of the trans-
mitter. An RCA phono input would be pre-
ferred. The antenna out the top of the Mo-
bilink is rather insecurely mounted and sub-
ject to breakage at the insulated base where
it enters the transmitter package.

It's also worth mentioning that the manu-
facturer or distributor neglected many other
uses for the Mobilink—including ham radio
and SWL'ing. Tying the Mobilink transmit-
ter to a communications receiver enables the
operator or listener to be somewhere else in
his own home or backyard while monitoring
a specific channel or frequency. Undoubted-
ly, other uses could be dreamed up for this
surprisingly handy little item.

FOR MORE INFORMATION

Heothkit 1B-101-Circle No. 91 an Reader Service Page 15 ar 95.
Lafayette RK-890-Circle No. 92 on Reader Service Page 15 or 95.
Tompkins Mabilink—~Circle No. 93 on Reader Service Page 15 ar 95.

£Q

POPULAR ELECTRONICS




LAFAYETTE RK-890 (Cont’'d)

TRACK advance pushbutton and Auro Eesect rotary switch
add to flexibility of the RK-890 cartridge tape deck.
Switch may be set to play or record, in sequence, 1, 2,
3, or 4 tracks. Pushbutton advance is indicated by the
illuminated numeral (1 is visible) on panei above car-
tridge. Frequency response (below) shows test results
from Hirsch-Houck Laboratories. See text for details.

l
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MOBILINK

(Tompkins Radio Products)

Two components of Mobilink are seen in the upper left
photo. Above, transmitter is shown upside down. Lamp
for volume limiting is soldered to the input terminal
strip. At left, the open receiver shows how the AM mixer/
oscillator, tuning capacitor and ferrite antenna have
been eliminated and replaced by a miniature PC board,
containing the crystal-controlled mixer on 27.264 MHz.
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Eighth in a Monthly Series by J. Gordon Holt

THE BEST OF

GET TO LISTEN to a lot of stereo equip-

ment that I could never hope to buy. Some
of it I wouldn’t care to have around the
house even if I could, but things have
changed since those halcyon days when a
four-figure price tag was no guarantee of
anything except a designer’s delusion of
grandeur. Today, top price usually means
top quality.

This is not to say that a speaker costing
$1234 is $34 better than a speaker costing
$1200. In fact, in performance the more ex-
pensive speaker may not be as good, but in
most cases, the price tag is a fairly good
guarantee that that system will be substan-
tially better than a $500 speaker. Or, at least,
I would personally judge it to be better—
and not on the basis of price alone.

For some people catalog-perusing is not
the fun it is for most serious audiophiles; it
has become an agonizing chore. When you
get down to it, these people do not want to
choose; they want to be told what is The
Best, preferably by a bonded, licensed Ex-
pert. For the benefit of those unhappy souls,
Iet me say that the words below are going to
disappoint them. I'm going to talk about
some equipment that could be The Best, but
I'm not going to name the very best equip-
ment simply because I can’t. I don’t think
anyone can, and here’s why.

Is There A Best? Going at things in a
typically backward fashion, let’s consider
loudspeakers. The Altec A-7-500 system isn't
in the top price category, but it is certainly
capable of reproducing cleanly almost any
sound at absolutely ear-shattering levels.
It also has excellent blending between the
woofer and tweeter. But, the A-7-500 has a
distinct coloration that says “horn” all over
it. It puts you, the listener, in a seat close to
the orchestra. It has rolled-off response at
both ends of the audio range although it’s
fine between 60 and 10,000 Hz. The A-7-500
beams the high frequencies and as a result
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seriously restricts the stereo listening area.

An entirely different type of loudspeaker
—the KLH Nine full-range electrostatic—
sells at a bit over $1000 for a stereo pair and
offers the closest thing to a perfectly clear
window on sound that money can buy. It has
a stupendous transient response, but it is as
inefficient as the Altec is efficient and will
overload or blow its fuses before you can get
anything like ‘“row A’ concert hall volume
out of it. On the minus side of the ledger, the
KLH Nine also beams its high frequencies
and has a somewhat restricted low end that’s
effective down to about 60 Hz. It produces
a slightly remote sound and is devilishly sen-
sitive to listening room characteristics. Since
it is an electrostatic speaker, it’s heavily
capacitive load throws most power ampli-
fiers into hysterics. If money presents no
barriers, you can use four Model Nine panels
coupled two per channel. This carries the
bottom end down to a healthy 35 Hz and
slightly increases the maximum volume ca-
pability. All of the other problems will re-
main, but this sort of four-panel setup is one
of my favorite systems.

Of course, given unlimited funds, I might
pick the Infinity Servo-Static I, which sells
for $2000 for the complete system. Said sys-
tem includes two large electrostatic panels,
a rather large cube-shaped bass ‘“‘commode”
and a combination of electronic crossover
and bass range amplifier. It also takes two
stereo preamplifiers to drive the SS-I, so the
total may come to well over $2700. Although
the SS-I has much of that window-on-the-
sound characteristic of the KLH Model Nine
(plus better treble distribution and better
stereo imaging), it's low end goes just a
shade deeper than the four panels of the
Model Nine and it is a much closer-sounding
system but without the marked coloration of
the Altec A-7-500. To my ear it seems to
have more detail than the KLH and the
Altec; and the SS-I can deliver something
approaching close seat concert hall volume
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into a typical listening room if you have
enough amplifier power. Nevertheless, the
SS-1I has certain colorations that the Model
Nine doesn’t have—including a slight lower
mid-range hollowness and a subtle high-end
hardness that sometimes becomes annoying-
ly sharp when abetted by the performance
of the usual top-quality solid-state amplifier.

So nothing’'s really perfect, but to my taste
—1I emphasize that this is strictly a personal
view—the SS-1 is the most nearly perfect
system that I have heard to date. All of this
assumes that you don’'t demand discotheque
listening levels and don’t have the patience
or desire to experiment maybe for weeks or
months with various room placements, al-
though like the Model Nines, the SS-I panels
are very critical as to room placement.

Have I actually heard all the contenders
for top speaker rating ? Of course not. I have
never heard an L. W. Erath, or a BBC Moni-
tor, or the new Canadian Dayton-Wright. 1
have heard the J. B. Lansing Paragon which
I felt sounded raucous, bass-shy, and some-
what dull at the top end. And, for all of their
magnificent spaciousness, the Bose 901 setup
strikes me as being a bit flabby at the low
end and too steely at the top. Analogous to
electrostatic speakers, the 901’s have a repu-
tation for being hard to place optimally in
the listening room.

The Audio Research Dual 50 is an all-vacuum-tube
power amplifier with impressive figures for output,
distortion, frequency response, hum and noise.

The speakers designed and manufactured
by Paul Klipsch have an enviable reputation
among audiophiles striving to obtain the
very best. His new Klipschorns may be ex-
cellent, but I will probably never know, since
I was not overwhelmingly impressed with
some earlier models and Mr. Klipsch appar-
ently feels that my ears are not adequate to
judge his speakers.

The Question of Amplifiers. The pre-
amplifier is probably the easiest component
to evaluate sonically and I can make that
qualification because, when it comes to the
matter of “features,” personal taste is going
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to rule the roost. Some audiophiles will never
be happy unless they can control every as-
pect of the sound—from separation to distor-
tion and for these few a preamplifier with
basic controls will have little or no appeal—
even if it is a perfect piece of equipment.
Most preamplifiers have enough diddling ad-
justments to satisfy the audiophile, but per-
formance is always something else again
and this is one field in which high price is
not a guarantee.

I believe it was Julian Hirsch who first
said, in describing the perfect preamplifier,
that it should be nothing more than a
“straight wire with gain.” In other words a
device that amplifies and does absolutely
nothing more. You can check this yourself
by setting the controls to have minimal effect
on the program material, then switching the
preamplifier in and out of the signal circuit
—in other words, bypassing it—and noting
the audible difference. Whether or not the
preamplifier sounds ‘“‘good” or “bad” is irrel-
evant, since if the preamplifier changes the
sound in any way, it isn’'t a perfect piece of
equipment.

To my knowledge, the most expensive
preamplifier currently available is the Audio
Research Model SP-1 currently selling at
about $750. Oddly enough, it does not pass
the bypass test, but neither do any of the
preamplifiers selling at somewhat lower
prices. The frustrating thing is that some
preamplifiers do extremely well in half of
their circuitry-—the phono preamplifier stage
—and less well in the high level circuits—
the tone controls and outputs.

The Model SP-1, and its less costly cousin
the SP-2, have the most nearly perfect phono
preamplification sections of any preamp I've
heard, but fare less well through the latter
stages. The Harman-Kardon Citation 11,
selling at just under $300, has a superb
high-level section and by comparison to the
Audio Research units, a less than success-
ful phono preamp. The SAE preamplifier
(weighing in at about $500) has an e),ccellent
front end, but the high-level stages lack
some of the transparency of the Citation. I
haven’t heard the Infinity preamplifier, but
users have told me that some of the early
samples sounded hard and had a tendengy
to blow the opamp modules, but later sam-
ples now sound as good as anything avail-
able—if not better.

Power amplifiers are harder to assess be-
cause they don’t lend themselves to the
“straight-wire-with-gain” bypass test. The
best you can do and hope for when evaluat-
ing a power amplifier is to make laboratory
measurements and then listen to them on a
variety of speakers that have elicited the
“pest” sound from previous amplifiers that
have been tested. If this all sounds like cir-
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cular logic, it is. The technique does work
most of the time and amplifiers that I have
judged to be “best” are usually ones pre-
ferred by other finicky listeners. The most
expensive stereo power amplifier is another
Audio Research product—the Dual 100
(meaning 100 watts rms per channel) that
sells for a mere $2000. There is a cheapskate
model—the Dual 50B—that only costs $440
and like their matching preamplifiers, the
two Dual models are not solid-state—they
are all vacuum tubes! Over most of the audio
range, the Dual 50B sounds a shade better
to my ears than any solid-state amplifier and
even the 100-watt model is a smidgen better,
although I will not stick my neck out to
claim that it is worth an additional $1600.
When it comes to controlling the speaker's
low end, neither of these power amplifiers
can touch the performance of the better
solid-state units.

The Crown Model DC-300 (at just under
3700) produces a much deeper and tighter
low end—probably due to its very high
power and exceedingly high damping factor.
In fact, the DC-300 may be overdamped for
some speakers and even cause a thinning out
at the bottom. The DC-300 is not quite as
transparent in the upper range as the Cita-
tion 12 which has a comparatively modest
price ($300—or $225 in kits).

An Easy One. When discussing an FM
tuner, there's really no contest—the Marantz
10B was and still is the best that money
could buy. Unfortunately, money may not be
able to buy it, since it's been discontinued
and used Model 10B tuners now cost more
than they did when brand new. Of course,
there is the question whether or not the 10B
is worth the money since there’'s only one
FM station in the country—WFMT in Chi-
cago—that transmits a signal clean enough
to justify the price of the 10B tuner. The
only saving grace is the 10B won't exagger-
ate the distortion that the average FM sta-
tion is transmitting.

My personal choice for a solid-state tuner
that stands out as conspicuously as the 10B
is the Heath AJ-15. Not only is the Heath
nearly $800 cheaper, but the performances
of the two are closely matched.

Players, Turntables, and Pickups. For
the man who probably wants the best of the
most, the Thorens TD-125 turntable is prob-
ably as good a choice as any. If you don't in-
sist on three speeds and a vernier speed ad-
justment, the Acoustic Research Model XA
offers equally good performance at a mere
$87. The XA comes with its own tone arm—
about which the less said, the better. I al-
ways advise replacing it and it's worth in-
vestigating the Rabco Model SL8E which
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has become available with an adapter kit for
installation on the AR turntable. If you opt
for the Thorens you will be pleased to note
that the Rabco arm matches the styling of
the Thorens turntable so closely that they
look as though they were made for each
other.

Of course, the Rabco has problems and
you can hear the servo system’s vibration
coming through the speakers when the audio
gain is cranked way up. Unfortunately, the
pivots are rarely adjusted for optimum per-
formance when you buy the arm. In addition,
there is no damping to the arm at all and
this can lead to acoustic feedback problems.
The Decca International arm has a superb
damping system and is as feedback-resistant
as anything you can get, but it just can’t be
mounted on most modern turntables—sim-
ply because it requires over 4” of depth
under the motor board.

Finally, we come to the beginning of the
system—the phono cartridge or pickup. And,
if you say, “Why, of course, the Shure
V-15-1I is the best pickup,” I'll argue with
you. I grant that it does track splendidly,
but trackability isn’t the only criterion for
judging a phono cartridge. A cartridge
should be able to make good discs sound as
much as possible like master tapes, and this
is the one thing that the Shure pickup does
not do—thanks to a rather peculiar re-
sponse dip through the “brilliance’” range.
Personally, I've only found two pickups that
really approach that master-tape sound and
it may be heresy to add that both of them
are spherical-stylus models—not ellipticals.
These pickups are the Decca 4RC and the
Stanton 681A. The Decca sounds a bit bet-
ter than a Stanton, but it hums with some
turntables and has a fierce magnetic pull
toward ferrous platters. Decca's quality
control is certainly nothing to cheer about
and the 4RC is best pre-tested before buy-
ing. The Stanton, on the other hand, has no
problems—it just doesn't sound quite as
good as a hand-selected Decca. But then,
how can anyone say which pickup is best?

Lastly, in discussing tape recorders, I
won’t even try to name the contenders—
because there is really no audiophile ceiling
in tape equipment. Quality and price range
all the way up to the big professional ma-
chines costing nearly $5000 and there is no
line of demarkation between the profession-
al and the audiophile tape deck. In truth,
some obvious machines for home playback
like the Revox A-77 perform with higher
fidelity than the studio machines, but the
studio machines are more consistent and
dependable and infinitely more rugged.

Now that you’ve heard the ifs, buts, and
ands, what is the best of everything? You
tell me.
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Thoughtful Reflections On Your Future

Twelfth in a Monthly Series by David L. Heiserman

Wages-—Yours vs Average

Houw can | find out whether or not my wages

are in line with other electronic technicians

working in my part of the country?
@ The statistics division of your state em-
ployment bureau compiles the most com-
plete and impartial wage statistics for your
part of the country. These annual reports
break down the wage figures according to
occupation, type of business or industry,
and city or geographic area.

You can generally get a free copy of the
report—or at least see one—by visiting your
nearest state employment office. If that
doesn’t work, write directly to your state’s
division of labor statistics.

Also, your local library should have a re-
cent copy of Employment and Earnings
Statistics for States and Areas. This book,
published by the U.S. Department of Labor’s
Bureau of Labor Statistics, is a collection of
all the wage reports submitted by the states.

Engineering College Drop-Out

I am in my third year of study at a 5-year
engineering college. Although the VA is
belping me, I am finding it more and more
difficult to be a responsible family man and
full-time engineering student at the same
time. So I will be dropping out of college
at the end of this term to get a full-time job.
I have four years of experience as a Navy
Electronics Technician and three full years
of college bebind me. How can 1 use this
background to help me get a good job in
electronics?

You may think your three years of col-
lege add to your value as an employee; and
strictly speaking, you're right. However,
without some kind of diploma in your hand,
you'll most likely find yourself making
some tough compromises at job interviews.
You certainly won't be able to get a grad-
uate engineer’'s position and salary, for in-
stance, but you should be able to do better
than a man who has no higher education at
all. You'll find yourself being classified
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somewhere in a murky gray area between
a technician and an engineer. The question
is “where?” Unless you can get some kind
of diploma or know someone who can vouch
for your abilities, you'll probably have to
start out more on a technician level.

A transcript of grades might help con-
vince prospective employers you have the
potential for becoming a good engineer or
engineering technician. Unless your grades
are exceptionally good, however, displaying
then at a job interview may do more harm
than good.

It’s a sad fact of life that a college drop-
out with an “A” or “B"” average has a
tough time commanding the same kind of
respect granted a college graduate with a
“C" average.

You may have guessed by now that my
advice is to stay in college—at least on a
part-time basis. If you don’t have the
money or time for part-time college work,
I suggest you transfer your credits to a
two-year technical school and attend eve-
ning classes. You might be able to get a de-
gree in Electrical Engineering Technology
in less than a year.

The point is to get some formal creden-
tials. You'll still have to work hard for
what you want, but formal credentials will
give you a better foothold at the start.

Out-0f-Town Jobs

In our October 1970 column, we suggested
that readers looking for jobs in distant locali-
ties, should contact the headquarters of Snell-
ing and Snelling (a nationwide employment
agency) in Paoli, Penn. Since they have 540
offices in 45 states, the agency tells us that
they can serve you better if you contact your
local office or the one in the nearest large city.
(See the white pages of the telephone book.)
A list of these offices may be obtained by writ-
ing to the Public Relations Dept. of Snelling
and Snelling, Inc., 2 industrial Bivd., Paoli, PA
19301, but resumes should be sent to local
offices.
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One Hundred Seventy-Ninth in a Monthly Series by Lou Garner

IGITAL counting is growing up. For the

last three years, this magazine has been
featuring the latest in digital readout cir-
cuits, usually involving separate pulse count-
ers, latches, decoders and readout devices for
each decade. We have often wondered why
some semiconductor manufacturer didn't
package the whole “works” in one IC. It
would appear logical (no pun intended) since
the counter/decoder/readout always go to-
gether anyway.

Now, Motorola (Box 20924, Phoenix, AZ
85036) has brought us part of the way home
with the introduction of their MC4050 IC.
The unit, shown schematically in Fig. 1. con-
tains a single MSI chip that includes a decade
counter, a four-bit latch, a seven-segment
decoder, and display driver transistors able
to handle 15 volts with up to 40 mA of col-
lector current, which is more than enough
for most seven-segment readouts. Provisions
are also made for lamp blanking to suppress
leading zeroes in a display, and for a lamp

test to check that all seven segments of the
readout are operating properly.

Present cost is around $10 per unit. The
TTL logic used is good to 35 MHz, making it
very attractive for the serious electronics ex-
perimenter or engineer.

All that remains now is to add another
layer on the IC and include a solid-state
seven-segment readout under a transparent
cover. How about it Motorola ?

Other Digitals. Hewlett-Packed has been
manufacturing logic-readout devices for
quite a while, primarily for very high quality
instruments and government projects. Now
they are mounting a major push into the dis-
play market with their 5082-7300 logic/read-
out package. At this stage, the 7300 costs
$10 per digit and includes a decoder/driver
on the same chip as the LED 7-segment
readout. With any kind of large orders, H-P
hopes to bring this price down to about $5
per decade within two years. That’s some-

MC4050
| —
IENAB:’LE " AMP13
STROBE ¢ ° L HIGH-CURRENT
| 1 r TESTL DRIVERS
ICLOCK i ‘
| — T
I _{ | ]
- - T
Qu b Zuw -4 |
2r =5 e — o
52 B 03 l —
w3 +< wo
(=] wnw
° (i mmay
[ ]
=

150 121 SERIAL L

3 BLANKING

LAMP

Fig. 1. Because they are always used together, having the counter, latch, and readout driver
in the same package makes for smaller and neater readouts using a much simpler PC board.

86

POPULAR ELECTRONICS

I



thing to look forward to. A spokesman for
Monsanto, another manufacturer of LED
7-segment readouts, calls $5 per decade a
reachable target by the end of this year,
even though their present readout (MAN-1)
now sells at $11. Meanwhile, back on the
East Coast, the president of Opcoa (Edison,
N.J.) claims that his company's present $8
readout could conceivably drop to $2 each in
large quantities.

On the other side of the coin, Burroughs,
which manufactures the world-famous
Nixie® tube has a contender of its own. The
Panaplex, a multi-digit gas discharge read-
out with up to 14 decades in a single tube,
now averages about $3 per digit including
drive circuits.

No matter what happens now, it would ap-
pear that the day of the analog meter is just
about over.

On a slightly different subject but still in
the digital world—when we used to use RTL
logic, we were accustomed to providing a
supply of 3.6 volts at several hundred milli-
amperes. When we graduated to TTL, we
found that 5 volts of power was needed but
at slightly less current. It now comes as a
pleasant surprise to learn that a new class of
logic, called COS/MOS by RCA, operates
from a 1.5-volt supply with microwatt power
dissipation. Some of the new devices are the
TA5987, which can be used as an ultra-low-
power crystal oscillator, NAND/NOR gate,
triple inverter, dual transmission gate, etc.;
the TAbH5938, a 14-stage ripple carry binary
counter-divider; and the TA5939, an oscilla-
tor plus 14-stage ripple carry binary counter-
divider that also includes an input inverter.
This kind of power reduction is almost like
a quantum jump for an old fogie like me.

Reader’s Circuit. While acknowledging
that Vincent Wood's PLL SCA adapter
(“Build an SCA Adapter for FM Recep-
tion,”” PoPULAR ELECTRONICS, December
1970, p 53) does a fine job, reader Allen R.
Jackson (2334B Riverside Dr., Beloit, WI
53511) was disappointed, nonetheless, in the
unit’s lack of interstation muting. Of course

TO PIN 7
OF ICI

TO EMITTER
OF Q2

he hadn't seen the squelch circuit we pre-
sented in last month’s column, but he de-
signed one (see Fig. 2), which has merit
of its own.

Allen employed a three-stage direct-cou-
pled amplifier to control @2’s emitter bias,
adding a zener diode to provide a reference
voltage for comparison with PLL’s (IC1)
output. In operation, removal of the SCA
subcarrier, as between stations or when cut
off by the broadcaster, is sensed by the con-
trol circuit, which then effectively grounds
Q@2's emitter cutting off both this stage and
the emitter follower output. When the sub-
carrier returns, @2's emitter bias is restored
and normal operation resumes.

Relatively few inexpensive components
are required for the muting circuit. All
three transistors are general purpose audio
silicon devices. Except for the potentiom-
eter, the resistors are conventional half-
watt types, while D1 is a low-to-medium
wattage (actual rating not critical) 9-volt
zener diode (although another voltage rat-
ing may be required if other than a 12-volt
power supply is used with the SCA adapter).
The correct zener value is 1 volt less than
the dc voltage measured at pin 7 of ICI.
If preferred, the zener may be omitted and
the 2500-ohm potentiometer replaced with
a 25,000-ohm type; but, according to Allen,
this modification will result in less decisive
action.

Although neither parts placement nor
the wiring arrangement are critical, good
wiring practice should be followed when
duplicating the circuit. If the SCA adapter
is being assembled from ‘scratch,” Wood's
original circuit board design could be modi-
fied to include the muting feature. On the
other hand, the circuit could be added to
an existing instrument as an outboard ac-
cessory simply by assembling it on a small
board and connecting it to the main SCA
circuit board using short, direct leads.
After installation, the potentiometer is ad-
justed for optimum performance.

Manufacturer’s Circuit. With potential

Fig. 2. Squelch circuit was designed
to work with PLL SCA adapter described
in the December, 1970 issue. It will re-
move the background hiss that is present
between the groups of music selections.
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applications in volume expanders, signal
compressors, analog computers, recorders,
radiotelephone transmitters, receivers, PA
systems, background music distribution
equipment and test instruments, the linear
agc amplifier circuit illustrated in Fig. 3 is
one of several application circuits described
in the 14-page specifications brochure for
Motorola’s type MC1594L/1494L four-quad-
rant multiplier IC. Squaring, multiplication,
division, square root, modulation and phase
detection circuits also are included in the
comprehensive booklet. Copies of the com-
plete specifications brochure are available
through Motorola Semiconductor represen-
tatives and franchised distributors or on
direct request from Motorola Semiconductor
Products, Inc., Box 20912, Phoenix, AZ
85036.

A four-quadrant multiplier arrangement
offers several advantages over more familiar
agc systems. First, the agc is truly linear,
for the output signal amplitude is directly
proportional to the dc control voltage. Sec-
ond, its agc dynamic range is theoretically
infinite, in that a zero dc control voltage will
reduce the output to zero regardless of the
input signal. Of course, in practice the cir-
cuit’s actual dynamic range is limited to
some extent by the control ability of the in-
put offset potentiometers. Third, unlike older
circuits, changes in the agc control voltage
have no effect on its signal handling capa-
bility, nor do they alter its input impedance.
Finally, the multiplier's output voltage swing
capability and output impedance both re-
main unchanged despite variations in the
agc dc voltage.

According to Motorola, the circuit shown
in Fig. 3 is capable of handling input signals

-5V

INPUT
O

ICt
MCIS94L/1494L

O—0—®

AGC
O

+15V

of up to 1 volt rms while providing a maxi-
mum gain of approximately 20 dB, In opera-
tion, however, its gain can be controlled
through a 60-dB dynamic range by the ap-
plication of agc voltage from 0 to 1 volt dc.
Since the basic IC's effective frequency re-
sponse is determined by the value of its out-
put load and distributed circuit capacitances,
an emitter follower stage (Q17) is used as a
buffer amplifier to provide an over-all band-
width of better than 1 MHz.

Assembled in a 16-lead dual-in-line ce-
ramic package, the MC1594L used as the
heart of the agc amplifier is a monolithic sili-
con integrated circuit. Essentially a variable
transconductance multiplier with an output
voltage which is the linear product of its two
input voltages, the device has internal level-
shift circuitry, permitting its input and out-
put offsets and scale factor to be adjusted by
means of external potentiometers. A pair of
built-in complementary voltage regulators
serve both to simplify the offset adjustments
and improve power supply rejection. De-
signed for operation on a dual 15-volt dc
source, the basic device has a 3-dB frequen-
cy response to 1 MHz, The MC1494L is es-
sentially similar to the MC1594L except for
linearity tolerances and offset voltage and
current characteristics.

Aside from the MC1594L, relatively few
components are needed for project assembly.
Motorola recommends that cermet multi-
turn potentiometers be used for offiset
controls R6é and R7 to permit precise ad-
justments, but all other resistors are
conventional half-watt types. Needed to in-
sure adequate input bias, input load resistor
R1’s size is not critical, and values up to 100,-
000 ohms may be used, depending on the im-

Fig. 3. One of the many
uses for the four-quad-
rant multiplier is this
output exceptionally linear agc
system having a 60-dB

!':I?( range via application of
!  gididdida t a 0O-l.oit signal on pin
SRI 2R2 R6 2Rre RO 10. Bandwidth is 1 MHz.
3 216K 20K 351K 3K
2] e ' .. 3
" -8V
20K
GND GND
o o
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pedance of the signal drive source. As a
general rule, however, R1’s value should be
as low as practicable for minimum noise and
optimum temperature performance.

Circuit layout and lead dress are fairly
critical and, therefore, care must be taken to
keep signal carrying leads short and direct
and, for maximum frequency response, dis-
tributed wiring capacities at a minimum. As
long as these precautions are observed, the
agc amplifier may be assembled either bread-
board fashion or on a suitable etched circuit
board. At the builder's option, the circuit
could be used either in a self-contained agc
instrument amplifier (with suitable power
supply, of course) or incorporated into more
complex equipment as a functional sub-
system.

Pulsar—Phase II. The all IC solid-state
digital readout wristwatch discussed in
our September 1970 column (Watch That
Watch!) has moved a giant step closer to
commercial availability with the announce-
ment that Electro/Data, Inc. of Garland,
Texas, has placed a million dollar order with
RCA’s Solid State Division (Somerville,
N. J). for the integrated circuits to be used
in production versions of the watch. Electro/
Data developed the original prototype in
cooperation with the Hamilton Watch Co.

(Lancaster, Pa.), which is marketing the '

instrument under the trade name *Pulsar.”

Booklets and Other Tidbits. The Semi-
tronics Corporation (265 Canal St., New
York, NY 10013) has published a new and
revised edition of its popular *Semiconductor
Replacement and Interchangeability Guide.”
Carrying a nominal 25 cent price tag, the 40-
page booklet lists thousands of domestic and
foreign semiconductor devices by their ori-
ginal type numbers, together with recom-
mended Semitron replacement types.

All major IR semiconductor devices are
presented in an easy reference format in a
new 20-page, full color, illustrated *'Short
Form" Semiconductor Device Digest released
recently by International Rectifier's Semi-
conductor Division (233 Kansas St., El Se-
gundo, CA 90245). Accurate dimensional
case drawings and terminal connections are
given, with each category of semiconductor
devices presented in compact tables and
charts giving ratings, parameters, and other
important specifications. Among the items
covered are such devices as—SCIR'’s, power
logic triacs, high power silicon rectifiers, se-
lenium rectifiers, zeners, low power silicon
rectifiers, silicon assemblies, light sensitive
devices, and heat exchangers.

Unisem (P.O. Box 11569, Philadelphia, PA
19116) is now offering a unique r-f power
transistor guide. A three-fold chart printed
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These long playing
cartridges will
outperform any long
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wa— FEIX “Meas: ent Standard”"—
Tracks as low as 0.1 grams in laboratory play-
back arms. List Price—$99.95.

999VE/X “Professional”—Recommended
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$79.95.

Free copy of “Guide to Sound Design for
1971"; Empire Scientific Corp., 1055 Stewart
Ave., Garden City, N.Y. 11530
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... butit's really two 5 element beams.
This is the one that started a CB revolution.
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on heavy card stock, the guide has been
designed so that it can be used either as an
insert in a loose-leaf binder or as a handy
wall chart. High-frequency power transistor
package outlines and condensed electrical
characteristics are presented in the guide,
together with a useful applications table. One
of the most interesting features, in our opin-
ion, is a unique graph-like chart correlating
transistor types with power ratings and fre-
quency capabilities, thus permitting a de-
signer to choose a suitable device almost at a
glance, given the power level needed and
operating frequency.

New Developments. GE's Research and
Development Center (Schenectady, N. Y.)
has announced the invention of a new solid-
state circuit element which has been dubbed
a surface-charge transistor. Based on a
unique concept involving the transfer of
electrical charges between insulated elec-
trodes, the new device has a potential infor-
mation storage capability of a million bits
per square inch,

The basic surface-charge transistor is a
sandwich-like device consisting of a silicon
substrate, a thin insulating film, two metallic
electrodes separated by a narrow gap, a sec-
ond insulating film, and a third metallic elec-
trode positioned so that it overlaps the thin
slit between the other two electrodes. The
first two electrodes are identified as the
source and receiver, the third as the transfer
gate.

In operation, an electrical charge applied
to the transfer gate serves to control the
transfer (or movement) of a much larger
charge through the gap between the source
and receiver electrodes, referenced to the

90

semiconductor substrate, thereby providing
a substantial signal gain.

Still in the experimental stage, the sur-
face-charge transistor might well be the first
in a whole new class of semiconductor.

Motorola’s recently introduced line of low-
cost Functional Circuits now totals twenty
devices, including flip-flops, voltage regula-
tors, general purpose and audio amplifiers
and an electronic attenuator. Unit prices
range from a low 92 cents for the type MFC-
4040 Single Toggle Flip-Flop to only $3.81
for the type MFC9000, a 4-watt audio ampli-
fier complete with an integral preamplifier.
Simpler than complex integrated circuits,
the devices provide common circuit functions
at less cost than designs using discrete
components. The relatively low prices are
achieved by the use of high-volume TO-92
stripline production facilities.

RCA Electronic Components (415 South
Fifth St., Harrison, NJ 07029) has expanded
its popular line of IC project kits to include
four interesting units that will convert any
standard AM broadcast band receiver into a
VHF receiver by simply placing a loop of
wire around the radio. The four new Kits,
shown below are the KC 4007 Aircraft IC
Converter Kit, tuning 118-136 MHz; the KC
4008 Ham, Government and Space Research
IC Converter Kit, tuning 134-150 MHz; the
KC 4009 Marine, Mobile, Fire and Police IC
Converter Kit, with an expanded range from
148 to 164 MHz; and the KC 4010 Police and
Fire IC Converter Kit, covering the 160-174-
MHz band. All four kits are priced at $10.95
each and are available through RCA fran-
chised outlets.

That's our Solid State story, for now-—
happy April Showers, everyone! —Lon.

If you want to snoop around
various VHF bands at reason-
able cost, RCA is now offering
four kits covering 118-136-
MHz; 134-150-MHz; 148-164-
MHz; and 160-174-MHz. Out-
put is inductively coupled to
an ordinary AM receiver unit.
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CHEMICALS

(Continued from page 28)

L _

Recorder hicads accumulate the oxidized coat-
ings of tapes and if they are not cleaned
periodically, the heads will wear excessively
and cventually rnin the tapes themselves.
Some technicians still use aleohol to ¢lean tape
heads, but this is not a good idea. Aleohol is
flammable, is not a particnlarly good ¢leaner,
and las an adverse cffect on some plasties,
Even today, some commereial tape head clean-
ers are based on the use of isopropynal aleo-
liol, but the better products use blends of
flitorocarbons ( Freons).

('leaner chemieal manufacturers are at odds
as to whether or not a tape head cleaner
should include a lubricant. At least one man-
nfacturer has a cleaner containing a minor
amount of silicone. The elaim is made that
this produet leaves a thin coating which per-
mits the tape to slide freely across the head,
but other manufacturers, while acknowledg-
ing this good effect, say that lnbricants tend
to accumulate excessive oxide eoating par-
ticles. Oddly enough, tape equipment manu-

the job.

your own

business
with the

Cobra ‘6’

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

STRIKE CLEAR
THROUGH WITH
COBRA POWER

facturers appear to have no firm views on the
subject saving that any good effect may re-
sult from a lessening of wear from excessive
tape tension (a mechanieal defeet).

Tape head cleaners are available both bot-
tled and in acrosol cans. 1t is generally pref-
erable to use a bottled componnd and to apply
it with a elean cotton swab and then wipe the
tape head clean. Where space is not avail-
able (in ecompaet cassette reeorders, for ex-
ample) a high pressure acrosol cleaner will
do a fairly good job of flushing away oxide
without leaving residne.

As above, choose vour tape head cleaner
by the smell and feel. Rejeet anything that
feels abrasive or smells like aleohol,

Chemicals for Cleaning R-F Circuits.
Many hams and SWL’s tolerate erratie band-
switches when these defeets eould be readily
cured throngh the application of a TV tuner
spray cleanser. Generally speaking, althongh
these produets are advertised for TV tuners,
they will obvionsly have the same beneficial
cffect in a receiver, transceiver, or transmitter.

Tuner sprays usunally fall into one of four
relatively distinet eategories:

1. Pure cleaners. Sometimes referred to as

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

The Cobra 6 features six CB channels*, quick push
button channel! selectors, and slide controls for
volume and squelch. And an exclusive 'S' meter,

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

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

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

circuitry and switching, too.

obra

Product of
DYNASCAN CORPORATION
1801 W. Belle Plaine
Chicago. lllinois 60613

&

)
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*Channel 11 crystals furnished,
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McGEE RADIO Co.

WORLD'S BEST SELECTIONS ~
AND LOWEST PRICES

SPEAKERS

ALMOST EVERY SIZE FROM 11/, TO 18 INCH
WOOFERS—TWEETERS—CROSSOVERS
MANY HIGH FIDELITY KITS
McGEE'S 176 PAGE 1971 CATALOG
SENT FREE ON REQUEST

NORELCO HI-FI SPEAKERS

McGEE HAS ADDED A FULL LINE OF NORELCO
HI-FI SPEAKERS FOR THE SYSTEM BUILDER.

McGee ships orders all over the U.S. When requesting
our catalog pleose give nome, oddress and zip code.
Our 41st yeor in Kansas City. Catalog offers every-
thing for Hi-Fidelity oudio P.A. systems. All kinds of
microphones, Nomes such as Shure, Bogen, Electro-
Voice, University, Altec, Ampex, G.E, Tubes ond Tron-
sistors. All kinds of parts. Everything for Educational
and Industriol electronics. Write for your cotolog today.

McGEE RADIO CO.—1901—PE

McGee St., Kansas City, Mo. 64108
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KITS & WIRED

Build all-professional Eico Kits and save 50%. The

more you know about electronics, the more you appre-

ciate Eico. Over 2500 local Eico' dealers offer you all

the top brands, personal technical counsel, fast off-

the-shelf service.

o SOUND N' COLOR® high fidelity color organs, trans-
lators, strobes.

o TEST EQUIPMENT: new solid state instruments guar-
anteed 5 years.

o CORTINA® solid state stereo receivers, amplifiers,
tuners.

o EICOCRAFT® solid state jiffy project electronic kits.

Top Engineering
at Lowest Cost since 1945,

Write for FREE catalog to: EICO Electronic Instrument
Co., Inc., 283 Malta Street, Brooklyn, N.Y. 11207
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“wash™ eleaners, these products are generally
based on a blend of Freons and may be
spraved on TV tuner contacts or band
switehes with the assurance that they will
leave no residne. These cleaners are especially
recommended where foreign matter of any
kind might nnbalanee a critical r-f circuit.

2. Cleaners with light lubricants. It’s prob-
ably safe to say that these are the traditional
TV tuner spray cleaners, These products work
reasonably well, but may need to be reapplied
to the same switching or contact area within a
year.

3. Cleaners with heavy lubricants. This
type of spray cleaner is becoming increas-
ingly popnlar. They may usually be distin-
guished by the “foaming” action. Many tech-
nicians believe these products to be preferable,
since they tend to keep tuners and band-
switches in good operating condition for
longer periods of time.

4. Cleaners with heavy lubricants and pol-
ishing agents. This is a relatively new cate-
gory and may well eventually replace those
cleaners mentioned above in category 3.

Any cleaner should be applied to a tuner
or a bandswiteh with care and the degree of
care should follow the numerical order indi-
cated above with category 4 being applied
only to switching contact surfaces. Virtually
any bandswitch or tuner cleaner will tempo-
rarily detune an r-f cireuit, but if the cleaner
is a good one, the chemical preparation will
evaporate in about three minutes and unless
the cleaner has been misapplied, no touching
up or slug tuning adjustments should ever be
necessary.

A follow-up article will deseribe the use of
highly specialized chemicals for electronies—
including insulating ecompounds, coolers, ete.
with emplasis on troubleshooting techniques.

30

ANNUNCIATOR

(Continued from page 52)

of cardboard over LDE2; now K1 should im-
mediately be energized.

Alternately exposing and covering LDR2
should cause K1 to open and close. Leaving
LDRZ2 covered, illuminate LDR1; K1 should
remain energized. Removing the ecover from
LDR2 should cause K1 to deenergize.

The reverse of this procedure to test K2 is
as follows: cover LDI2 (K1 and K2 open);

POPULAR ELECTRONICS



cover LDI'T (K2 closes): illuminate LDI2
(K2 remains energized); illuminate LD
(K1 and K2 open). While the system is oper-
ating properly, it should be impossible tor
hoth relays to energize simultancously.

Although the system employs two LDR sen-
s0rs, It 1s not necessary, in most cases, to use
two light sources. A single light source and a
flashlight reflector can be used to Hlnminate
both LDR’s satisfactorily if the distanees are
reasonable. Of course, if the distance between
light sonree and Annuneiator is excessive, a
two-light source system would be required.

When vou get veady to set up vour system.
orient it so that the minimum amount of am-
bient light reaches the LDR sensors. Avoid
peinting the LDR's toward windows or bright
room lighting, and do not set up the system
so that an opening door will trigeer it. Finally,
when counting people passing by, it is a good
idea to loeate light sources and sensors about
547 from the floor so that swinging arms will
not produce multiple counts,

Now, turn on the system and orient the set-
up for maximum illumination of the LDR's.
I necessary, you can use niirrors to hend the
lirht beam around corners so that more than
one area can be surveyed.

Adjusting !5 and 16 is simple. Rotate both
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controls fully counterclockwise (viewed from
the front of the case). Temporarily mask
LDR1 from the hght source and rotate V6
until A7 pulls in: then back off until K7 just
opens. luterrupt the beam to LDR2 onee or
twice with your hand to check that K7 opens
and closes properly,

Remove the mask from LDIYT and place it
in front ot LDEI2. Rotate 1’5 until K2 ener-
vizes; then back off until the relay just de-
energizes. The controls are now set for maxi-
mum sensitivity,

The velay contaces can be used to activate
a variety of alarms or counters. In simple
one-way svstems, use the normally open con-
tacts of the appropriate relay to turn on the
system. A slightly more elaborate system,
using both relays and a dual door chime is
shown in the wiring diagram in Fig. 3. People
passing in one direction will cause the chime
to sound onece: people passing in the opposite
direction will eause the chime to sound twice.
This same basic arrangement can be used as
a secure area monitor by substituting two
counters. Anyone entering the area will be
reeistered on one counter, while those leaving
the area will be registered on the other coun-
ter. In this way, von can tell it someone has
gone into the area and has not come ont. 30—

Making better, clearer, amplified sound waves
is the THING Cadence does ... better than

R (=105 anything else in the industry. Cadence Speakers are built
S L 3 to withstand heat from sustained notes at a high power
"N ; 8\ level and the vibrations and stresses which are continually
BARIEE = placed upon them. Cadence is guaranteed one full year

at the power level specified. This proven speaker
family has been selected by the manufacturers of most
of the world's fine amplified music instruments.

If making beautiful, clear sound waves is your

thing, ask for CADENCE SPEAKERS.

For complete information and the name of your
Cadence Dealer, write:

UTAH ELECTRONICS DIVISION
WM ieraeicn o
Huntingtan, Indiana 46750
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nuldriver e

With Locknut/Screw adjusting leature

Speeds, simplifies setting of combination lock-nut/slotted
screw adjustments on rheostats and similar controls used
in a wide variety of electrical and electronic equipment.

Handle is dritled so you can run an 8" screwdriver blade
right through its center and down through the hollow nut.
driver shaft.

Ideal for all-round production,
maintenance, and service work,
this new HSC-1 Set contains
eight interchangeable

inp

hollow nutdriver shafts |
in the most popular hex
opening sizes from
Hs” thru "

LAY

Really compact! Set is sma!l
enough, light enough to carry
in your hip pocket. Sturdy, see-
thru, plastic carrying case
doubles as a bench stand.
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XCELITE, INC. « 20 BANK ST., ORCHARO PARK, N. Y. 14127
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LIBRARY

(Continued from page 16)

There are close to 500 diagrams, dozens of
tables, over 200,000 words of explanation, a
virtual absence of mathematics, and a modest
index.

More than likely, the author has little to
do with the choice of the book title—since
it is a definite misnomer. True, the major
emphasis is on amateur radio circuits and
construction, but the ideas cut across all lines
of the art of electronics communications.
Certainly no one working with transmitters
and receivers can afford to be without a
personal copy of this refreshing and stimulat-
ing tome.

| Published by Radio Society of Great Britain,

385 Doughty St., London, WCI1, England. Soft
cover. 208 pages $S.75.

RECENT ARRIVALS

BASIC ELECTRONICS PROBLEMS
SOLVED
by Donald A. Smith

Unlike many books that move too fast
through the basics, this handbook starts from
scratch and gives a detailed explanation of
every step. Not only is a detailed explanation
of each point given, but each is backed up by
actual examples on how to work out the prob-
lems.

Published by TAB Books, Blue Ridge Summit,
PA 17214 192 pages. $7.95 hard cover; $495
soft cover.

INTRODUCTION TO SIGNAL
TRANSMISSION
by Williom R. Bennett

Demonstrated in this book is how the knowl-
edge of the response of a transmission system
to sine waves reveals the performance of any
kind of signal. Another book in the Electrical
and Electronic Engineering Series, the text is
written for the advanced undergraduate or
first-year graduate student.

Published by McGraw-Hill Book Co., 330 West
42 St., New York, NY 10036. Hard cover. 266
pages. $12.50.

LABORATORY MANUAL FOR
INTEGRATED COMPUTER CIRCUITS
by Robert F. Coughlin

One of a series of Laboratory Manuals pre-
pared by the Wentworth Institute under a
grant from the National Science Foundation.
Provides useful guidelines for laboratory
study of digital (logic) and operational am-
plifier (linear) circuits. The text format is on
the technician level,

Published by Prentice-Hall, Inc., Englewood
Cliffs, NJ 07632. Soft cover. 152 pages. $5.95.
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STEREO HEADPHONES
(Continued from page 47)

lowdspeakers sound relatively natural. Using
headphones, the two stereo chiannels are kept
apart, right up to your cars. The positioning
“enes” fed vour hearing svstem from the
spread-mike recordings are not like those of
normal listening.

Several vears ago Jensen manufactured a
corrective deviee (ealled the CC-1) that re-
stored loudspeaker perspective to headphone
listening through a complex cross-channel
feed and frequeney alteration. However, this
problem scems to have been corrected by
many dise manufacturers and the Jensen CC-1
is no longer marketed. It seems reasonable to
assume that microphone recording teehnignes
have swung more and more to the munlti-miero-
phone, studio-remix sitnation that is not aim-
ing for a realism in coneert hall sonnd. This
does create some “strange” effects where in-
struments pop in and out of the “space” ac-
cording to what the recording director de-
eides is the most exciting seenario.

Pop and rock eategory music (broadly de-
fined) has moved almost wholly into the do-
main of the recording dircetor. Nevertheless,
with typical pop musie, headphones can pro-
duce exciting effeets and in many instances
much more effective than those heard throngh
speakers—in the view of the yonnger listeners.

Using Headphones. Amplifier manufae-
turers have acknowledged the headphone
boom by putting one or two phone jacks on
the front panel of nearly every amplifier and
stereo receiver marketed in the past two
years. Such headphone jacks make listening
dead casy—you simply plng in the head-

phones, put them on your head and listen. If
all of this appears a little too casy, voun are
right. ITeadphone users soon realize that to
obtain full bass note response with some
headphones, they must be fitted to the listen-
er’s head to make a relatively tight seal
aronnd ecach ear. Any air leakage around the
headphone rims will ent down the low fre-
¢ueney response. A few headphones may not
require a perfectly tight seal and the response
curve of these few headphones has been al-
tered to inerease the normal bass response
output by the order of 6-10 dB. Obviously, an
alternative to a snug headphone fit is turning
up the bass control on your amplifier.

Most stereo amplifiers and reeeivers pro-
vide onc or two headphone jack outputs. If
two headphones are to be used, it is consid-
ered preferable to be sure that they are of
equal sensitivity—hence, from the same manu-
facturer and of the same type. Stereo head-
phones can usually be paralleled without ad-
versely affecting the stereo amplifier receiver.
There are also several ontlet boxes for multi-
ple headphone listening and these are de-
seribed in the 1971 Stereo ITi-Fi Directory.

If vou are one of the few people with an
amplifier or receiver that has no phone jack
output, you can wire yvour own headphones
to the speaker terminals (through a four pole,
double throw switeh) being sure to insert a
100-ohm 2-to-5-watt resistor in series with
each “hot” leg of the headset. Using these two
resistors ensures that the headset cammot be
overloaded and simultaneously becanse it is a
“loss” arrangement, the hnum and noise level
thiat might be passed along to the headset is
virtnally eliminated. Should yon hook np the
headphones withont the series resistors you
are taking your life—and yonr amplifier—in
your hands and conld well be blasted into
kingdom come. 30—

DIREGT FREQUENCY DIALING

International Short-Wave Broadcast RECEIVER

No more guesswork in identifying stations. Set dial at a station’s
frequency and if conditions permit you'll hear it everytime...

@ Ultra-precision tuning dial accuracy, SW and standard AM Broadcast
® Crystal lattice filter for adjacent station rejection and good AF response
® Dual conversion o Solid state AF output e S-meter ® Preselector gives
superior sensitivity by peaking antenna and RF stages ® Crystal-controlled
H. F. Oscillator stability @ Amplified AVC constant AF output ® Price $299.00

write for free Brochure
R. L. DRAKE COMPANY o Miamisburg, Ohio 45342
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CHARGE NOW

(Continued from page G4)

hours. Cells should have been discharged to
1.1 volts before recharging. To recharge nick-
cl-cadminum multicell batteries, run leads to
J1 and J2 and observe the correct polarities
of the leads and battery terminals.
RRecharge Mallory SA-15AA, SA-14C, and
SA-13D cells in the VLTC mode nsing 83
set for the appropriate cell size. For a single
cell, use cither the B1 or B2 battery holder
and charge for 12 to 14 hours. The built-in
voltage limiter permits each cell to take what
it needs at the maximum rate. Therefore, the
cells need not be discharged nor in the same

state of charge before placing them on charge. |

The meter indicates the total eurrent to the
VLTC cirenit and cell and not the cell cur-
rent alone. A quick way to check the charging
progress is to conneet a voltmeter across the
cell with S7 off. If the voltage is above 1.65,
the cell is fairly well charged. As cells age,
the final voltage drops to below 1.7.

Although only three VLTC charge rates are
provided, other eells may be recharged by uns-
ing the nearest lower rate to that actually re-
quired and inereasing the charging time ae-
cordingly.

Drifting. Duc to the base-emitter charac-

teristics of Q3 there is a certain amount of |

drift during warmup. For instance, with a

load of 1 ampere (output terminals shorted), |

there may be a drift of 7% for the first 20
minutes. At Y5 ampere, drift is about 4%,
essentially finished in 10 minutes. At 100 mA,
drift is about 1%, with stabilization in about
5 minutes. Although drifts of these magni-
tudes are of no consequence in battery charg-
ing, the current may have to be reset after a
short warmup period.

Charger “backleak,” or cell discharge back
into the cirenit when 87 is off, is less than one
microampere, which permits storage of the
cells in the charger. Nickel-cadmium cells may
be placed on eontinwous trickle charge, but
only as specified by the manufacturer.

Constant-Current Use. The Charge Now
may be used as a constant-current source for
values up to one ampere. The current is taken
from J1 and J2 with 83 in the CC position.
Tests may then be made on various types of
semiconductors and other eireuits. ~B30-

April, 1971

CONTROLLED
QUALITY
CRYSTALS by ~

EHYS1[K

The "’On-Channel” Crystals
FOR

CITIZEN BAND

23 Channels and "Mars’’

HAM OPERATORS
a
Commercial 2-Way
L ]

Marine-Monitor

See your Distributor for Speedy
“Zip Certificates”

CIRYSTER

formerly Texas Crystals
Div. of Whitehall Electromcs Corp.
1000 Crystal Drive 7 W. Jefferson Blvd.
Fort Myers, Florida 33901 Los Angeles California 90016
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Lafayette’s
1971 Golden
Jubilee
. Catalog

S

¢ )

e Stereo/Hi-Fi Components e Musical Instru-
ments and Amplifiers e Photography Equip-
ment e Ham and CB Gear e Public Address
Systems @ Tools and Test Equipment e Edu-
cational and_Optical Equipment e Black and
White/Color Televisions e Police and Fire Mon-
itor Receivers ® Books and Parts

Plus Thousands of Additional Items

Lafayette Radio Electronics Dept. 35041
P. 0. Box 10, Syosset, L. I, N. Y. 11791

" Q‘m’.

Inniversaty ~

Your Ist Guide To
Everything in Electronics

Solden Jublies 1971 Catatog 710 35041
i Name .
Address
P ity
I state Zip
] (Piease include your zip code)
---------------
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POPULAR ELECTRONICS

SUBSCRIBER SERVICE

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-
vided. If you have a question about your subscription,
attach address label to your letter.

. . =
I If you have no label handy, print OLD address here. l(l

>

aal

\ . J=

name plecse print 5<

i { =

address cz;

b

ity T
| )

state zip-code

e S ey )

T0 SUBSCRIBE: Check these boxes: —I_] New -] Renewal
O 5 years $21 [ 3 years $15 [J 1 year $6

SPECIFY: [ Payment enclosed—You get 1 extra issue per

i )
year as a BONUS! [ Bill me later. 0481

nome please print

oddress

city stote zip
Add'} postage: $1 per year outside U.S., its possessions & Canada.

—— ABOUT YOUR——
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,

——

[
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VR12 REGULATOR

(Continued from page 70)

setting of [¢10. The lamp may also glow
slightly with heavy cleetrical loads at low en-
gine speeds. Neither of these should be con-
sidered to be matfunetions.

Installation. Mount the regulator as close
to the battery as convenient for good tem-
perature tracking. Wire it into the syvstem
(in place of the old regulator) using the
appropriate ecircuit in Fig. 3. Note that the
S and I} terminals of the alternator are not
used with this voltage regulator. An addi-
tional lead may have to be added to accommo-
date the “IGN” terminal on the regulator.
Any convenient point that is “hot” when the
ignition is on is acceptable—except the coil-
ballast connection point.

For generator systems, the DI heat sink
assembly is required. This may be mounted
at any convenient location close to the voltage
regulator. The heat sink must be insulated
from ground and sprayed with a moisture re-
sistant hefore installation. All interconnee-

| tions must be made with oil-resistant, flame-

retardent wire not smaller than #14 AWG
for the IGN, LAMP, FLD, and GND connee-
tions; #10 AWG for BATT, ARM, and D1
conncetions.

After installation, recheck the lamp cirenit
(if used) so that the lamp is lit when the en-
gine is not running and out when the engine
is charging the battery.

Incidentals. The VR12 is a switching
regulator which operates very rapidly. In
ammeter installations, some hunting of the
meter needle may oceur. This is due to the
long time constant of the alternator field. The
hunting is preferable to high power dissipa-
tion in an analog series regulator.

The current drain of the VR12 when the
ignition is off is about 15 mA—a recasonable
value if the car is not left in long-term stor-
age. If desired, the current drain ean be re-
dueed by inereasing the value of R7 and R2
by a factor of 2 and of B3, R4, and R5 by a
factor of 10. 30—
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GIANT BRAINS

(Continued from page 33)

-

Now the time had come to deeide which
design was best—the Mark I, the Model V,
or the ENIAC. The dircetion eomputer de-
sign was to take lay in the balance. Debate
was based on arguments of component re-
liability, problem sct-up time, error-free op-
eration, sclf-checking ability, and mainte-
nance costs. The builders of ENTAC based
their stand on the fundamental advantage of
speed, which really meant decreased cost of
computing—and this attribute far ontweighed
ENTAC(C’s disadvantages.

The deeiding argument was given by Dr.
Mauchly when he said that the life of a
computing device should not be based on
time alone but on the number of operations
it can be expected to perform before fail-
ure.® A good relay may average 100,000,000
operations before failure. A vacuum tube
may be expeeted to operate reliably at a
pulse rate of one operation per microsee-
ond for 5,000 to 10,000 hours. Thus the tube
may perform more than 10'? operations com-
pared to 10° for the relay.

Not only did great speed mean cheaper
computing, it also offered hope of fulfillment
of the evhernetist’s dream of real-time con-
trol of complicated events. The ENTAC
could caleulate the trajectory of an artillery
shell in half the time of the shell’s flight.

The strength of ENTAC's success can be
seen in changes made by other builders of
digital computers. Harvard followed the
electromeehanical Mark T with a relay Mark
I1I. A twelve-fold increase in speed was
achieved. Since this was still no serious chal-
lenge to the ENTAC, there followed the Mark
111, which got on the electronie bandwagon.
The interest of Bell Labs in computer manu-
facturing was too heavily tied to the use of
telephone equipment to convert to eleetron-
ies. Their contribution to computer tech-
nology was to be with the invention of the
transistor, not by the direct manufacture of
computers.

The Eckert-Mauechly team went commer-
cial and designed the Binae and their small
company was absorbed to form the basis of
Univae. And what of IBM, the builder of
Harvard’s Mark 1? Sufiice it to say that they
too recognized the potential of electronie
digital computers.

April, 1971
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V' / < ENGINEERING
through HOME STUDY

HIGHLY EFFECTIVE HOME STUOY COURSES IN:

« ELECTRONICS ENGINEERING TECHNOLOGY

« ELECTRONICS ENGINEERING MATHEMATICS
Earn your Associate in Science Degree in Electronics

Engineering and upgrade your status and pay to the
engineering level. Complete coliege level courses
in Electronics Engineering. We're a forward look-
ing school. Outstanding lesson material—thorough
and easy to understand. Engineering taught on the
basis of application and understanding rather than
on the basis of memorization. Up to date in every
respect. Acquire the knowledge and ability that
means the difference between a low paying techni-
cian job and a high paying engineering position
Low tuition cost with tow monthly payments. Free
engineering placement service for our graduates
Write for free descriptive literature, Ask for
builetin p, no salesman will call on you.

COOK'S ,
'NST'TUTE 0/ é’ﬂ'x'froni('.i éngiuuvn’n(j

Forest Hill Road
P. 0. Box 10634
Jackson, Miss. 39209
Established 1945
Formerly Cook's School of Electronics

OUR STORE
AT YOUR DOOR

ELECTRONICS

Fill in coupon for o FREE One Year Subscription
to OLSON ELECTRONICS' Fantastic Value Packed
Cotalog —— Unheard of LOW, LOW PRICES on
Brond Nome Speakers, Changers, Tubes, Tools,
Stereo Amps, Tuners, CB, and other Values. Credit
plan available,

NAME____

ADDRESS

[ ]  F—

GIVE ZIP CODE -

If you have a friend interested in electronics send
his ‘name and address for a FREE subscription also,

OLSON ELECTRONICS

Dept, IP 260 S, Forge Street  Akron, Ohio 44308
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or in-
dividuals offering commercial products or services, $1.25 per word
(including name and address). Minimum order $12.50. Payment
must accompany copy except when ads are placed by sccredited ad-
vertising ag t: 5% for 6 months; 10%
for 12 months pald m advance READER RATE: For |nd|vnduals
with a persona! item to buy or sell. 80¢ per word (including name
and address). No Minimum! Payment must accompany copy.

DISPLAY CLASSIFIED: 1” by 1 column (2%" wide), $110.00. 2*
by 1 column, $215.00, 3* by 1 column, $320.00, Advertiser to
supply cuts.

GENERAL INFORMATION: First word in all ads set in bold caps at
no extra charge. All copy subject to publisher’s approval. Closing
Date: 1st of the 2nd month preceding cover date (for example,
March issue closes January 1st). Send order and remittance to:
Hal Cymes, POPULAR ELECTRONICS, One Park Avenue, New York,
New York 10016.

FOR SALE

FREE! Giant bargain catalog on fiber optics, transistors, diodes,
photo cells, rectifiers, SCR's, zeners, parts. Poly Paks, P.0. Box
942, Lynnfield, Mass. 09140.

GOVERNMENT Surplus Receivers, Transmitters, Snooperscopes, Ra-
dios, Parts, Plcture Catalog 25¢ Meshns, Nahant, Mass. 01908.

ROCKETS: Ideal for miniature transmitter tests. New illustrated
catalog. 25¢. Single and multistage kits, cones, engines, lsunchers,
trackers, rocket aerial cameras, technical information. Fast service.
Estes Industries, Dept. 18-D, Penrose, Colorado 81240,

LOWEST Prices Electronic Parts. Confidential Catalog Free. KNAPP,
3174 8th Ave. S.W., Largo, Fla. 33540. .
WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphons, Carphone, Phonevision, Legal Connector, Auto Dialer,
Central Dial System. TELEVISION: $35.00 Color Converter, Tape Re-
corder, 3DTV. $25.00 Camera. HOBBY!ST: Electron Microscops,
96 Hour Tape Music System, Ultrasonic Dishwasher, Radar-Oven,
Electronic Tranquilizer. Plans $4.95 each. COURSES: Telephone
Engineering $39.50, Detective Electronics $22.50, Anti-Detective
Electronics $27.50. NEW SUPER HOBBY CATALOG AIRMAILED
$1.00. Don Britton Enterprises, 6200 Wilshire Blvd., Los Angeles,
Calif. 90048.

WEBBER LAB's. Police & Fire Converters. Catalog 25¢. 72 Cottage
Street, Lynn, Mass. 01905. I
INVESTIGATORS, LATEST ELECTRONICS AIDS. FREE LITERATURE.
CLIFTON, 11500-L NW 7th AVE., MIAM], FLORIDA 33168.

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cata-
log $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.
RADIO—T.V. Tubes—36¢ each. Send for free catalog. Cornell, 4213
University, San Diego, Calif. 92105.

PSYCHEDELIC catalog. Posters, lighting, etc. Send 50¢ for handling
to Hole tn The Wall, 6055PE Lankershim, North Hollywood, Calif.
91606.

CLEARANCE SALE rectifiers, transistors, 1000's other items. Catalog
15¢. Gene_gl Sales Company, 254 lain. Clute, Texas 77531.
MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values—
Lowest Prices, Fertik’'s, 5249 "D'_’, Philadelphia, Pa. 19120.
SPACE-AGE TV CAMERA KIT! Terrific for Experimenters, {ndustry,
Education. Solid-state. Only $116.95! Starter kits: $18.95 up.
Plans 25¢ up. Catalog FREE. Phone: 402.987-3771. Write: ATV
RESEARCH, 1301 Broadway, Dakota City, Nebr. 68731.

BURGLAR ALARM SYSTEMS and accessories. Controls, bells, sirens,
hardware, etc. OMNI-GUARD radar intruder detection syst-m, kit
form or assembled. Write for free catalog, Microtech A 0

AMATEUR SCIENTISTS, Electronics Hobbyists, Experimenters, Stu-
dents , . . Construction Plans—all complete, including drawings,
schematics, parts lists with prices and sources . . . Radar—Build
your own ultrasonic doppler radar. Detect motion of people, auto-
mobiles, even falling rain drops. Transistorized, uses 9 volt transistor
battery—$4.50 . . . Long-Range “’Sound Telescope’'—This amazing
device can enable you to hear conversations, birds and animals, other
sounds hundreds of feet away. Very directional. Transistorized. Uses
9V battery—$3.50 . . . Robot Man—Moves hands and arms—$3.50
. Or send 25¢ coin (no stamps) for complete catalog. Other items
include Psychedelic strobes, light shows, lasers . . . 46 different
projects. Technical Writers Group, Box 5994, State College Station,
Raleigh, N.C. 27607,
DIAGRAMS-—Radios $1.50, Television $3.00. Give make and mod-
el. Diagram Service, Box 1151PE, Manchester, Conn. 06042.

ELECTRONIC Ignition. Various Types. Information 10¢. Anderson
Engﬂleering. Epsom, N.H. 03239.

NEW! PHONE PATCH with automatic switch. Now you can record
those important conversati tomatically. ONLY $19.95. Chelco
Electronics, 11835 w:lshue Blvd., Los Angelos, Calif. 90025.
BACKGROUND MUSIC, continuous commercial-free. Solid-state
MUSICON SCA ADAPTER plugs into any FM Tuner, Receiver. Line
powered. 5 year guarantee! Only $39. postpaid. K-Lab, Box 572Z,
So_uth Norwalk. Conn. 06856. B
NEW SEMICONDUCTOR LIGHT EMITTING DIODES——bright red
lights replace light bulbs. Typical life 100 years. Operate at 1.65
volts, 50 milliamps. Order 2 for $2.98 NOW. Data sheet and in-
structions included. M y, Hobby Section, 10131
Bubb Road, Cupertmo, California 95014

CONVERT any television to sensitive, big-screen oscilloscope. Only
minor changes required. No electronic experience necessary. tllus-
trated plans, $2.00. Relco-A33, Box 10563, Houston, Texas 77018.
FREE catalog, parts, circuit boards for POPULAR ELECTRONICS
projects. PAIA ELECTRONICS, Box 14359, Oklahoma City, OK
73114.

MATRIX ARRAY COMPONENT UNITS; needed in experimenter labora-
tory and repair shop, catalog 10¢. CUHINCO, 2404 Stratton Drive,
Rockville, Maryland 20854. - -

CITIZENS Band-Shortwave Listener-Ham equipment from Amrad
Supply, Inc. Free Flyer, 1025 Harrison St., Oakland, Calif, 94607..
COLOR converter for B&W television. Electronic Patented system.
Free Brochure. Bele Electronics Corp., 111 Northeast Second Avenue,
Miami, Florida 33132.

PSYCHEDELIC Strobe Kit: Complete with 110w/sec. tube, reflector,

Inc., Box 10147, St. Petersburg, Florida 33733.

SENCORE, B&K TEST EQUIPMENT UNBELIEVABLE PRICES. FREE
CATALOG AND PRICE SHEET. FORDHAM RAD!O, 265 EAST 149TH
STREET, BRONX, N.Y. 10451.

ELECTRONIC COMPONENTS—Distributor prices, Free catalog, Box
2581, E! Cajon, California 92021 - o
JAPAN & HONG KONG DIRECTORY. Electronics, all merchandise.
World trade information. $1.00 today. Ippano Kaisha Ltd., Box
6266. Spokane. Washington 99207,

FREE Kit Catalog: Shortproof Powersupply $39.50. Ultrasonic Alarm
$37.25, SWTPC, Box B32040, San Antonio, Tex. 78216.
POLICE-FIRE RADIO DISPATCHER CALLBOOKS! EXCLUSIVE, OF-
FICIAL LISTINGS: CALLSIGNS, FREQUENCIES! LATEST REVISIONS,
NATIONWIDE. CATALOG, SEND STAMP. COMMUNICATIONS, BOX
56-PE, COMMACK, N.Y, 11725.
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and binet $17.50 plus postage and insurance. 2 Ibs.
(Extra tubes $3.50) SWTPC, Box E32040, San Antonio, Texas 78216.

CONSTRUCTION PLANS: Laser . . . $2.00. 2-FM microphone trans-

mitters . . . $1.00. FM telephone transmitter . . . $2.00. Sound
telescope . . . $2.00. Space monitor-missile tracker . . . $2.00.
E t and kits ilable. Howard, 20174 Ward, Detroit, Michi-
gan 48235,

REPAIR that set! Individual instructions, sketches, $5. Money-baci
guarantee. Charles Brown, 321 Price, Philadelphia, Penn, 19144,
TV TUNER REPAIRS—Complete Course Details, 12 Repair Tricks,
Many Plans, Two Lessons, all for $1. Refundable. Frank Bocek,
Box 833, Redding, Calif. 96001.

FREE Kit Catalog: Color Organs $11.00, Psychedelic Strobes $17.50,
Professional quality—lowest prices, SWTPC, Box F32040, San An-
tonio, Texas 78216.
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ANTIGRAVITY, experiment and theory; Rushed—$2.00. U.S. In-
quiries, Intertech-7A6, Box 5373, Station-F, Ottaws, Canada.

EXCITING LISTENING! Police—Fire—Emergency calls on your broad-
cast radio, $19.95 up. Also crystals, receivers, scanners, dualband.
Salch Company, Woodsboro 48, Texas 78393.

LEARN the facts of electronics and your privacy. Send for the
Tron-X Manual, P.0. Box 38155, Hollywood, CA 90038. $5.95.

HOBBYISTS—Electronic components at huge savings. Transistors
6/25¢, resistors 5¢, capacitors 10¢. Th ds of items. Catalogue
free. SASCO Electronics, 1009 King Street, Alexandria, Va. 22314,

PRINTED Circuit Boards, solder plated for magazine projects. Send
magazine page or drawing of circuit pattern. 20¢ square inch. Min.
$1.75 per board. Send remittance: General Printed Circuits, Box
4013, Downey, Calif. 90241.

SHORTWAVE—Drake SW4A receiver. Save 25%. Only $225. Sochor,
Box 552, Arlington Heights, llinois 60006.

(duo-bond - autosearch )

Monll:or Receiver

pei 8-channel
scanning monitor
HL-44 locks on
active channel,
then resumes search when channel goes quiet.
Program scanning speed, any number of high or
low band channels by plugging in crystals. NO
WIRING CHANGES. Use it on your desk or in
your car.

& Write for Iree literature.
BT rererseN ELECTRONICS, INC.
¥1000 South Main— Council Bluffs, lowa 51501 J

ALUMINUM, Brass, Copper, Plastic. Rods, sheets, tubing. Send for
free list. J. W. Fowler, 1605 Quill Street, Indianapolis, Ind. 46203,
IC’s, Accessories. Free price list, Tri-Tek, P.0. Box 14206, Phoenix,
Arizona 85031.

‘BRAINWAVE Feedback Elect haloph
Enterprises, 8102E, Bainbridge, Wash. 98110 . )
'PULSE GENERATORS, oscillators, logic modules, booklets, and
plans. FREE LITERATURE. Scientific Measurements, 2945 Central,
Wilmette, 1llinois 60091. - o o
WOULD YOU SPEND 25¢ to save $25.00 or more? Citizens Band,
AM and SSB 2-way radios, USA and export models. Send 25¢ for
catalog to: BAGGY'S RADIO, 6391 Westminster Avenue, West-
minster, CA 92683. Dealer Inquiries Invited,

'SEMICONDUCTORS: Buy from single source. Serving experimenters,
hobbyists. No minimums. SN 7400N, $1.90; MC724P, $1.10, Etc.
RLabs, Box 253, Burlington, Ma, 01803.

Send 10¢, ). & J.

® Write for FREE Catalog.

JEZI:T ELECTRONIC INDUSTRIES, INC.

P O BOX 132. M HUNTSVIL
PHONE ORDER TO- 713,29

NOw! Visible and Infrared Light Emitting Diodes, Matching
Recelvmg Photoduodes Comprehensm Plans . . . You can build
inexpensive secret ions, alarm, control “devices! Catalog
includmg $1.00 discount certmcale 25¢. Lundart, University Sta-
tion 4008-E6, Tucson, Arizona 85717.

_CRVSTAL Calibrator, Integrated Circuit Design. Send For Free Lit-
erature. C.0. Associates, P.O, Box 187, Rutherford, NJ 07070.

FIFTY assorted precision resistors for $4.50. P.0. Box 203, New
Hartford, New York 13413,

FREE Electronics Catalog. Tremendous bargains, Edu-Kits, Depart-
ment C-695 D, Hewlett, New York 11557,
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WOULD YOU SPEND 25¢
to sove $25.00 or more? Citizens Bond, AM ond
SSB 2.woy Rodios, USA ond Export Models,
Send 25¢ for cotolog to:
BAGGY’S RADIO
P. O. Box 778, 6391 Westminster Avenue
Westminster, CA 92683
\ Dealer Inquiries Invited J

PLANS AND KITS

FREE Kit Catalog: Digital Microlab $29.95. Also Segmented and
Nixie Readouts, Timebases, Scalers, Electronic Digital Clocks (all
featured in Popular Electronics) SWTPC, Box C32040, San Antonio,
Tex. 78216. - N

PSYCHEDELIC LIGHTING MANUAL! Make strobes, kaleidoscopes, or-
gans, etc. Send $2.95. Lightrays, 1315-D Weaver, Philadelphia, Pa.
19150,

BUILD your own electronic COMPUTER. New book explains theory,
practical details. $2.25 postpaid. Cinnamon Press, Box 8453-A,
Minneapolis, Minnesota 55408.

FREE kit Catalog: Amazing new Universal Digital Instruments with
plugins as featured in Popular Electronics, Unbeatable prices.
SWTPC, Box D32040, San Antonio, Tex. 78216.

COLOR CONVERTER FOR
BLACK AND WHITE TELEVISION

New electronic patented system. A do-it- yourself kit
for hobbyists and experimenters. Plans and instruc-
tions available. Write for free brochure.

BELE ELECTRONICS CORP.
111 Northeast Second Avenue, Miami, Florida 33132

FREE Kit Catalog. Why does every major College, University, Tech-
nical School, Research & Development Center buy from us? Because
we have the highest quality and lowest prices. Free catalog. SWTPC,
Box H32040, San Antonio, Tex. 78216.

KITS, Electronics Instruction: featuring semiconductor/integrated
circuits, Including test, , amplification, power, con-
trol, computer logic, opticelectrrnics, ultrasonics, electroenviron-
mental and electroautomotive apylications. Kits/Parts Catalog 50¢
Deposit. Electronics Laboratories; Box 738; College Park, Maryland
20740.

SCR (electronic switch) Hobbyist Kit. SCR's, many plans, circuit
theory. $4.95. Catalog free. John Huntley, 909 Wisconsin, San
Francisco, CA. 94107.

PRINTED Circuit kits and supplies to make any P.C. Board in
this magazine. Send $5.00 ppd. for Experimenters Kit, catalog
and instructions. Techniques, Inc., Englewood, New Jersey 07631.

KIT. Three channel audio-controlled Color Organ. $8.95. Includes
all parts, instrucﬁons, and postage., Kustom House Electronics,
8530 Westmi , Westmi , CA, 92683.

TELEVISION Training Kits, Parts, Plans $2.99. Free Flyer Allne
434 West 4th Street, West Islip, New York 11795,

AMPLIFIER 500 WATTS RMS STEREO, 250 RMS per board designed
for guitar and bass amplifiers, PA systems and stereo. nghesl
quality possible. Built in pr ion circuit. t

design, circuit guaranteed, construction cost under $60.00. Easily
constructed. Also includes preamp driver. Specify for guitar, bass,
PA or stereo. Compiete 8 page brochure of complete assembly plans
and applications $9.95 check or M.O. Amplifier Design Corp., P.O.
4, Rossford, Ohio 43460.

EASILY Built Novel Construction Board Tremendous Aid to Electronic
Construction Projects. Plans $2.00. R & R Enterprises, Box 1317E,
Running Springs, Calif. 92382.

COLOR ORGAN Kits $7.50. IC’s 25¢. Catalog. Murphy. 204 Roslyn
Ave., Carle Place, N.Y. 11514,

OSCILLOSCOPE Dual Trace Attachment: 10- 600,000 Hertz; mput
impedance 75 kilo ohms. $15.47, kit. Turgpob, 9632 Brunett, Silver
Spring, Maryland 20901.

INTEGRATED CIRCUIT KITS: COMPUTER, STROBELITE, AUDIO.
Catalog free. KAYE ENGINEERING, Box 3932.A, Long Beach, Cali-
fornia 90803.
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HIGH FIDELITY

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

DIAMOND NEEDLES AND STEREO CARTRIDGES at low, low prices
for Shure, Pickering, Stanton, Empire, Grado and ADC. Send for
free catalog and price sheet. We will be happy to quote on any
cartridge—Magnetic, Ceramic or Crystal. All merchandise brand
new. LYLE CARTRIDGES, Dept. P, 365 Dahill Road, Brooklyn, N.Y.
11218.

LOW, Low quotes: all components and recorders,
Penna. 19001.

FREE Kit Catalog. Amplifiers: Lil Tiger $11.10, Universal Tiger
$30.00, Preamp $44.50 (Featured in Popular Electronics) SCA
Adaptors $14.55. SWTPC, Box A32040, San Antonio, Tex, 78216.

HiFi, Rosiyn,

WANTED
CASH PAID! Unused tubes, electronic equipment. Barry, 512 Broad-
way, NYC 10012.

QUICKSILVER, Platinum, Silver, Gold, (_)resAAnllyzod. Free Circular,
Mercury Terminal, Norwood, Mass. 02062.

WANTED: Radiotelephone study guides—set: $25.00. Mintz, 191§
Maple, Evanston, Illinois 60201.

TUBES

TUBES ‘’'Oldies’’, latest. Lists free. S
Hammond, Indiana 46324.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians, Hobbyists, Experimenters—Request
FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turnpike,
Mineola, N.Y. 11501.

2, 7519 Maplewood,

THOUSANDS and thousands of types of electronic parts, tubes,
transistors, instruments, etc. Send for Free Catalog. Arcturus Elec-
tronics Corp., MPE, 502.22nd St., Union City, N.J. 07087.

RADIO & T.V, Tubes—36¢ each, Send for free catalog. Cornell, 4213
University. San Diego, Calif. 92105,

Ei-----‘n"-u-----n--------i-----;u--------------------u---n------i---u-u--uuu-uu---n---uuu-n--u.--------ﬁ.ﬁnuuu

TUBE Headquarters of World! Send 10c for Catalog (tubes, elec-
tronic equipment) Barry, 512 Broadway, N.Y.C. 10012.

TUBES—Lowest prices. Foreign-American. Obsolete, 71Eceiving,
special purpose, transmitting tubes, Send for tube, parts catalog.
United Radio Company, 56-P Ferry St., Newark, N.J. 07105,

TAPE AND RECORDERS

OLD radio programs on tape. 6 hours for $8.00. Catalog 50¢. Don
Maris, 1926 Cherokee, Norman, Okla. 73069.

STEREQO TAPE RENTAL for particular people. Free catalog. Gold
Coast Tape Library, Box 2262, Palm Village Station, Hialeah, Fla.
33012.

RENT 4.-Track open reel tapes—all maior labels—3,000 different—
free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa, Ca.
95401.

BARGAIN MUSIC, Tape, Equipment Catalog, 25!.7 Saxitone, 1776
Columbia Road, Washington, D.C. 20009.

PERSONALS
MAKE FRIENDS WORLDWIDE through international correspondence.
(ltustrated brochure free. Hermes, Berlin 11, Germany.

INVESTIGATORS, LATEST ELECTRONIC AIDS. FREE LITERATURE.
CLIFTON, 11500-K NW 7th AVE., MIAMI, FLORIDA 33168.

INSTRUCTION

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

LEARN WHILE ASLEEP, —Hypnotize! Strange catalog }roé. AAu;
suggestion, Box 24-ZD, Olympia, Washington 98501.

DEGREE in Electronics Engineering earned mostly by correspon-
dence. Free brochure. Dept. G-9, Grantham School of Engineering,
1505 N. Western Ave., Hollywood, California 90027.

WANT AN F.C.C. 1st CLASS LICENSE? WANT TO BECOME A DISC-
JOCKEY? REI has a school near you VA approved. Call toll free:
1-800-237-2251 or write REI, 1336 Main St., Sarasota, Florida
33577, Florida Residents call: 813-955-6922.

|
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HIGHLY effective home study courses in Electronics Engineering
Technology and Eiectronics Engineering Mathematics. Earn your
Degree. Write for Free Descriptive Literature. Cook's Institute of
Electronics Engineering, (Dept. 15), P.0. Box 10634, Jackson,
Miss. 39209. (Established 1945).

FREE brochure self. improvement books. Eldon McBrayer, 412 Arthur
Strect Huntsville, Ala, 35805.

MEMORIZE STUDY: **1971 TESTS-ANSWERS'"" FOR FCC FIRST AND
SECOND CLASS LICENSE—plus—"Self- -Study Ability Test.'" Proven!
$9.95. Satisfaction guaranteed. Command, Box 26348.P, San Fran-
cnsco 94126.

FCC LICENSE through tape recorded lessons. Radio License Train.
ing, 1060D Duncan, Manhattan Beach, Calit. 90266.

Be your own
musnc teacher

Learn guitar, piano, etc.,

. this low-cost way

Teach yourself at home
in spare time with our
lessons-by-mail. Cost is
just pennies a day.
/ Learn to read notes,
play sheet music. Over
1,300,000 students since
1898. For free booklet,
mail this ad with your
name, address & zip to
U.S. School of Music,
Studio A-3734. Port
‘Washington,N.Y.11050.

HARD TO LEARN THE CODE? Th ds of our cust s don't
think so, The CODEMASTER system has taught code to people all
over the world, Two-hour beginner's tape or cassette (specify) brings
you to at least 7 WPM. $6.95 postpaid USA. More advanced tapes
available. Satisfaction guaranteed, Pickering Radio Company, Pro-
tessiona! Plaza, Portsmouth, Rl 02871,

INVENTIONS WANTED

INVENTIONS ted. Patented t
vice, 2420 P 77th, Oakllnd Clllf 94605.

ted Global Marketing Ser-

GOVERNMENT Surplus. How and Where to Buy in Your Area, Send
$1.00, Surplus Information, Headquarters Bidg.-PE, Washington,
DC 20036.

GOVERNMENT Surplus. éomplete Sales Birectory And B—uying Guide
$1.00. Surplus Publications, Box 26062-F, Los Angeles, Calit.
90026.

REPAIRS AND SERVICES

TV Tuners rebuilt and aligned per facturers specification.
Only $9.50. Any make UHF or VHF Ninety day written guarantee.
Ship complete with tubes or write for free mailing kit and desler bro-
chure. JW Electronics, Box 51C, Bloomington, Indiana 47401.
MIDWEST’S only AR/DYNA independent repair station. We serve
over 20 states from Oregon to Tennessee with a factory-trained
staff and the fargest parts stock in the Midwest. Write: HAYNES
MICROELECTRONICS, P.0. Box 457, Lawrence, Kansas 66044,

BOOKS

FREE catalog aviation/electronic/space books Aero Publishers,
329PE Aviation Road, Fallbrook, California 92028.

FREE book prophet Elijah coming before Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Rochester,
N.Y. 14619.

MAGAZINES

JAPAN PUBLICATIONS GUIDE Busi ducati
INTERCONTINENTAL, CPO 1717, Tokyo 100 91

OVER 2,000,000 backdate magazines! Specify needs. Midtown, Box
917-PE, Maywood, New Jersey 07607.

. $5.00.

HYPNOTISM

“MALE-FEMALE HYPNOTISM'® EXPOSED, EXPLAINED! ‘‘SECRET
METHOD''—THEY NEVER KNOW! $2, RUSHED, GUARANTEED! ISA.
BELLA HALL, SILVER SPRINGS, FLORIDA 32688.

SLEEP Learning. Hypnotic method. 929 effective, Details free.
ASR Foundation, Box 7021PE HC Station, Lexlngton Ky. 40502
'HYPNOTIZE EI.ECI’RONICALI.Y . or money-back! Television re-
pairman's accid Uses;' ion set, $2. Elton’s, Box
12167-PE, St. Petersburg, Flonda 33733,

PATENT § hes including M speed, full llrmlll report and
closest patent copies, $6. 00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention Protection forms and
*'Patent Information,’’ Write Dept. 9, Washington Patent Office
Search Bureau, 711 14th Street, N.W., Washington, D.C. 20005.

WVEN‘TORS! D;n'.t sell your invention, patented or unpatented, untit
you receive our offer. Esgle Development Company, Dept. 9, 79 Wall
Street, N.Y., N.Y. 10005.

FREE °’'Directory of 500 Corporatlons Seeking New Products.’’ For
information regarding develop sale, li ing of your patented/
unpatented invention. Write: Raymond Les Orzamzntlon, 230-GR
Park Avenue, New York City 10017.

PATENT SEARCHES, including copies of related United States Pat-
ents. Inventors, attorneys, manufacturers use our “‘World-Wide'’
Airmail service Free: ’’Invention Record’’ form and ‘‘Information
Every Inventor Needs'’, Hayward Company, 1029HR Vermont, Wash-
ington, D.C. 20005.

-IITVENTORS:_Protect your ideas! Free ‘'Recommended Procedure’’.
Washington [nventors Service, 422T Washington Building, Wash-
ington, D.C. 20005.

FR_EE PAMPHLET: '‘Tips on Safeguarding Your Invention."’ Write:
United States Inventors Service Company, 501-H Thirteenth Street
N.W., Washington, D.C. 20004.

GOVERNMENT SURPLUS

JEEPS Typicslly From $53.90 . . . Trucks From $78.40 . . . Boats,
Typewriters, Airplanes, Multimeters, Oscilloscopes, Transceivers,
Electronics Equipment. Wide Variety, Condition. 100,000 Bid Bar-
gains Direct From Government Nationwide Complete Sales Direc-
tory and Surplus Catalog $1.00. (Deductible First $10.00 Order).
Surplus Service, Box 820-J, Holland, Michigan 49423,
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PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

SCIENCE Barznlns Request Free Giant Catalog “*C)’'~148 pages—
Astr Telescop Micr p Lenses, Binoculars, Kits,
Parts. War surplus bargains. Edmund Scientific Co., 300 Edscorp
Bldg., Barrington, New Jersey 08007,

RECORDS

POPULAR organ albums factory direct. Concert Recording, Lynwood,
Calif. 90262.

SPECIAL interest records available, produced by the editors of the
world's leading special interest magazines. Send for free catalog.
Record Catalog-PE, Ziff-Davis Publishing Company, One Park Ave-
nue, New York, N.Y. 10016,

PRINTING

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

SAVE TIME! 1000 Gummed Address labels with dispenser—$1.00.
Rubber stamp with pad 3 lines—$1.50. Worldwide, Box 339, Hicks-
ville, New York 11802.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available now. Construction,
all trades. Earnings to $3,000.00 monthly. Paid overtime, travel
bonuses. Write: Universal Employment, Woodbridge, Conn. 06525.
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JOBS ON SHIPS! Good Pay! Europe. Asia, Worldwide! Who to see
and Where—$1.00, Seaways, PE, Box 121, Ellicott City, Maryland
21043,

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! Helped others make money!
Start with $10.00—Free Proof. Torrey, Box 318-N, Ypsiianti, Michi-
gan 48197.

FREE BOOK ''999 Schessful Little Known Businesses'’ Work home,
Plymouth 445.A, Brooklyn, N.Y. 11216.

$200.00 DAILY In Your Mailbox! Your opportunity to do what mail-
order experts do, Free details. Associstes, Box 136-J, Hofland,
Mlchlgan 49423.

MAKE BIG MONEV ulsmg chlnchlllls rabbm gulnel prgx for us-
Catalog—25¢. Keeney Brothers, New Freedom, Ps, 17349,

HOW to make $1,000,000 in only ten years! Start with $10! Details

Free! [nternational Service, (PE), Box 11796, Atlanta, Georgia.
30305.

FREE CATALOGS. Repair air conditioning, refrigeration. T-oolis. sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201.
SELL! Home-Auto, Fire-Burglar Alarms, Extinguishers. Watchdog
Alarms, Williamsburg, Ohio 45176, -

MAILORDER! Make big money working home. Free report reveals
millionaire’s trade secrets! Executive (1K4), 333 North Michigan,
Chicago 60601 . )

PIANO TUNING learned quickly at home, Tremendous field! Musicai
knowledge unnecessary. Gl Approved. Information Free. Empire
School, Box 327, Miami, Florida 33145,

SELL New Service to wealthy. Info $3. PSI, P.O, Box 126, Mont.
gomery, Illinois 60538,

hAILORDER. Home Business. Wonderful Method guarantees success.
Valuable lists, concrete information, detailed steps. Free Details,
Pictures. Prudential, Box 327.PEl, Boston 02199,

BIG EARNINGS selling Hertel Bibles, New 3-dimension cover, finest
reference edition sells fast. Demonstrator furnished. Big commis-
sions. International Book, Dept. PE, Box 118, Wichita, Kansas
67201,

| MADE $2,000.00 Monthly by Mailorder—Evenings only. You can
too! Free Proof! Klngmln Box 72378, Montclair, New Jersey 07042,

SHORTWAVE LISTENING
SPY, Clandesti ft Frequencies—Schedules $1.00: Moni-
tor, P. 0. B, 673 Warner Robll'ls GA 31093,

TREASURE FINDERS

FREE TREASURE GUIDE! Fact-filled collectors edition; send 50¢ for
postage. Also request free literature on ultrasensitive, professional
Fisher Detectors. FISHER RESEARCH, Dept. PE-4, Palo Alto, Cali-
fornia 94303.

GOLD, Silver, Relics! Located with powerful Detectron Metal Detec-
tors, Free Information, Terms, Detectron, Dept. PE4, Box 243, San
Gabriel, California 91778,

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

FREE: Jetco Electronics Free 24 page Treasure Finder catalog, Find
metals, minerals, gold, silver, coins and relics, Jetco, Box 132 PE,
Huntsville, Texas 77340,

MUSICAL INSTRUMENTS

30% DISCOUNT name brand musical instruments. Free catalog.
Freoport Music, 127-N Sunrise Highway, Freeport, N.Y. 11520,

RUBBER STAMPS

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

YOUR Call Included! (Pocket.) $3.00. Brown's, 321 Price, Phila-
delphia, PA 19144,
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REAL ESTATE

FREE . . . BIG 1971 CATALOG! Describes and pictures hundreds
of farms, ranches, town and country homes, businesses coast to
coast! Specify type property and location preferred. Zip Code,
please. UNITED FARM AGENCY, 612.EP West 47th St., Kansas
City, Mo, 64112,

AUTHORS’ SERVICES

PUBLISH your book! Join our successful authors: publicity, ad-
vertising, promotion, beautiful books. All subjects invited. Send for
free appraisal and detailed booklet, Carlton Press, Dept, ZDP, 84
Fifth Avenue, New York 10011,

MISCELLANEOUS

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

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

LIGHT bulbs, thousands sizes, specify—Jetronics, Box 67015ZD,
Century City, Calif. 30067.

CLASSIFIED ADVERTISING [N POPULAR ELECTRONICS—Your best
bet for outstanding mail order sales! These pages are read thoroughly
by electronic hobbyists seeking products and services found only
in the ELECTRONICS MARKET PLACE. POPULAR ELECTRONICS read-
ers respond readily—they rely on the advertisers appearing in the
pages of their favorite magazine. Your low cost ad here will result in
increased sales responses for you! Send copy and payment to: Hal
Cymes, Classified Advertising Manager, POPULAR ELECTRONICS,
1 Park Avenue, New York, N. Y. 10016.

DISPLAY CLASSIFIED ADVERTISING
NOW!

available in
POPULAR ELECTRONICS

for adverlisers who want to achieve maximum expo-
sure at minimum expense, this is the opportunity of
a lifetime for you!

The special low rates are:
1" by 1 column (25" wide)....$110.00
2" by 1 column (253" wide)....$215.00
3" by 1 column (253" wide)....$320.00

(Ads larger than 3 column inches not accepted for the
ELECTRONICS MARKET PLACE—Please ask for regular ad-
vertising rates.)

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

For immediate action in gefting your Display (or non-
Display) Clessifieds into the very mext available issue,
call or write:

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

POPULAR ELECTRONICS
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ae-
Tele—

00 EDSCORP BL
BCIENTlFlc co ARINGTON, NEW JERSEY 08007

AY STOCK NUMBER « SIND CHECKE OF MONIY ORDIR + MONIY.BACK GUAR
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and Electronics Circuits

PROGRESSIVE HOME

RADIO-T.V. COURSE

‘smp"'f'ﬁﬁ ECTOR b @ SCHOOL INQUI
IGNA o "
CODE OSCILLATOR % Sold in 79 Countries

YOU DON‘T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

PRACTICAL HOME RADIO COURSE at a

ned to (ra n Radio & Electronics Techniclans, making

ods home_training. vou will learn radlo heo‘ construc.

and servicing, TNIS 1S A COMPLETYE RADIO COUR IN EVE! DETAIL.

1 lerll no\:nt build radios, using reguilar schematics; how to \vire and solde;

s of radio. You will construct, study and \vork with

tors, detectors, rectifiers, test equlpment. You will learn

using the Progressive Code, Oscillator. You w II leam and Dractl e
Gsing the_Progredsive Signal Fracer R Signal .
& Electronics Tester, Square Wave and the

f or the Novice, Technician and General Classes of F.C.C. Radio
ou will build Receiver, Transmitter, Square Wave Generator, Code
ator, sl‘nal Tracer and Signal lnjtclor circuits. and learn how to operate them. You
r » Hi-Fi and Electronics,
ADb3SO Iy no previous kno\vledﬂn M radio or science is required, The * Edu-Kit** ls
odnc( of many years of teaching and engineering experience. The ‘‘Edu-Kit’
basic education in Electronics and Radio, worth man tlmel the low
U pay. The Signal Tracer worth more than the price of the

THE KIT FOR EVERYONE

You do nol need the sll&hlesl background ages and backgrounds have luccuslully
in radio or you are inter- used the ‘*Edu-Kit"’ in more than 79 coul
ested Eleclronlcs because you tries of the worid, The *‘Edu-Kit
n carefully de:

N
*

*

*

* SIGNAL TRAC
* S INVITED
*

*

e Progressive R m Kit foremost educational radio kit in the world.
and ls nnlvemlly lct:emed as the stlml.vm ln he eld of electronics tralning. The *‘Edu-
Kite $ the modern educational principle n by Do} Therefore you construct,
n scnematl:s s!ud{ theory, practice trouhle lhoollnx—al in a closely integrated pro-
gram desllned t0 de an easily-learned. thorough and Inleresﬂnz background in radio.
YO examlnlnx the various radlo part of t *'Edu-Kit."* You then learn the
luncllon. lheory and wiring of mese parts. Then you bnlld a slmnle radio, With this first
rullr hroadcnsl statlons. learn theory, practlce 'estlnl
more a vanced r io, Iearn more advanced

In a prol nd at your own rate, you III

find yourself! constructing more advanced mulll (ube radlo clmults. and doing work like a

BUILD 20 RADIO

ow Includes % No Knowledge of Radio Necessary
e % No Additional Parts or Tools Needed
$Q. WAVE GEE‘;RATOR % EXCELLENT BACKGROUND FOR TV

—
Training Efectronics Technicians Since 1946

Pat. Off.

FREE EXTRAS

SOLDERING IRON

4 ELEC‘I'RONICS TESTER
PLIERS.CUTT

®
[ ABLE DISCDUNT CARD
® CERTIFICATE OF MERIT
® TESTER INS UCTIONS MANUAL
® HIGH FIDELITY GUIDE ® QUIZZES
® TELEVISION BOOK ® RADIO
| UBLE-SHOOTING BOOK
| ® MEMBERSHIP IN RADIO-TV CLUB:
CONSULTATION SERVICE & FCC
Al TEUR CENSE TRAINING
| ® PRINTED CIRCUITRY

! SET OF TOOLS

| SERVICING LESSONS

You will learn trouble-shooting and
servicing in a progressive manner. You
wil} practice repairs o that

n the s
you construct. You will jearn llelDlonln

and causes of trouble In home, rtal
and car . Y wi arn how to
use the professional Signal Tracer. the

Servi
\vlll help you wllh any technical Mob-

fems you may b

FROM OUR MAIL BAG

J. Stataiti of 28 Po r Water~
bury, Con writes: *¢ ve renalred
several sets’ for my 1rlend and

m,
money. The "Edud(ll" paid for itsetf. I
was ready to spend 5243 for a_Course,

but

Code . Signal
-ector l:lrcults. These are not
rd'’ experiments, but genuine radio circuits, constructed by means of nrounlonll
and soldering on metal c'muls plus the new method of radio construction known
as s rinted Clrcuitry.”’ These circuits on your rogular AC or DC house current.

THE "“EDU-KIT” IS COMPLETE

You will receive al rts and lns(rucnons necessary to build twenty dmerent radio and
electronics circuits, each ‘uaranteed 1o opera Our Kits contain tubes, ti ockets. vari«
able, etectrolytic, micra, ceramic and paper ic co s, s, tie strips,
hardware, tubing, punched metal chlnl: Manuals p wire, solder,
selenium rectifiers, coils, volume contro!

In additi you recelve Printed clrcull materllls. lncludln‘ Printed Circuit chassis,
kets. hardware and Instructlons. You also receive a useful set of tools, a
ectric_soldering iron. crowered Dynamic Radio and Electro nlcl

ter. ‘l’he “Euu-l(lt" also Inculde! COde Instnl ns and tOIe Progresslve Code Oscillator,
In addlllon to F.C.C. Radio Licen eive lessons 1or
rvicing th the Pm.nsslve sllnal Trlcor and the Profresslve sllnal Injector, a Mi
Fldelnv Gulde and a Qul ook, You e Membership Radio-TV Club, Free Consull
Ion'm o ice, 5 éﬂca:; ol‘Merh andmo':lcount Privlieges. You ecelve all parts, too!
nstructlons, cfc. Evervihin Is vours
Progressive **Edu-Kits'* Inc., 1189 Bmdway. Oept. 696D, Mewlett, N. ¥, 11557,

found your ad and sent for your

t.

Ben Vvalerio, P. Box 21, Magna,

utah' *'The Edu-l(lls lre wonderlula ere
a

to ork  wi
build Radio Testing Equipment. | en-
Joyed averr"ml ute | worked with the

the Signal Tracer works
fine. Also flke to fet you know that |

feei proud of hecomlnl a member of your

Radi Io-v Club.’
be

[ shu". 1534 Monroe Ave.,

Mumlng(on. W. Va.: “Thought | would

drop you a few lines to say that | re

ceived my Edu- Klt.|and was really amazed

that SuC h A bar

n
rouhle-smmtlnfy ester that comes with

swell, and finds the

trouble, f there Is any to be found.'’

-———-—-UNCONDITIONAL MONEY-BACK GUARANTEE————=
Please rush my Prograssive Radio ‘‘Edu-Kit'’ to me, as indicated below:

| Check one box to indicate choice of model

| O Deluxe Mode! $31.95,

| O New Ex)pandcd Mode! $34.95 (Same as Deluxe Model plus Television Servicing

Course).

| Check one box to indi of

| 3 1 enclose full payment. Ship *“Edu-Kit'* post paid.

| O 1 enclose $5 deposit. Ship *‘Edu-Kit’* C.0.D. for balance plus postage.
O Send me FREE additional information describing **Edu-Kit.’"

I————————————

L PRINTED CIRCUITRY

At no increase in price, the **Edu-Kit"’
now includes Printed Circuitry. You build
a Printed Circuit Signal Injector, a unique
servicing instrument that can detect many
Radio and TV troubles. This revolutionary
new technique of radlo construction is now
beveom:.no popular in commercial radio and

se

A Printed Circuit is a special insulated
chassis on which has been deposited a con-
ducting material which takes the place of
wiring, The various parts are merely plugged
in and soldered to terminals.

Printed Circuitry is the basis of modern
Automation Electronics. A knowledge of this
subject is a necessity today for anyone (n-

terested in Electronics.

lName .o T I T T
Ikddresl . . evescencae
| PROGRESSIVE “EDU-KITS” INC.
| 1189 Broadway, Dept, 696D, Hewlett, N. Y. 11557 Il
e e e e e e
CIRCI.E NO. 21 ON READER SERVICE PAGE
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Important
New

SAMS
Books

Outboard Motor Service Manuals. 5th Ed.

Step-by-step repair and maintenance in-
formation for specific models in the most
popular U. S. and foreign makes. Cove
everything from tune-ups to let

TV Servicing Made Easy. 2nd Ed.

by WAYNE LEMONS. Fully updated to cover
the latest advances in TV circuitry, includ-
ing the new transistor and integrated cir-
cuits; also provides new data on tube-type
sets, both black-and-white and color. In-
cludes an entire new chapter on unusual
color TV -circuits. Through the use of basic
equipment and simple test procedures, this

k shows how in-circuit checking helps
diagnose and solve troubles quickly in tube-
type or transistor-type TV receivers, either
monochrome or color.
Order 20811, only. . .. .$5.25

ABC’s of Short-Wave Listening. 3rd Ed.

by LEN BUCKWALTER. Completely updated
to provide an introduction to the exciting
world of short-wave listening, which in-
cludes international broadcasts, amateur
voice and code operations, police and emer-
gency t issi ial aircraft

and marine communications, and, now, sig-
nals from orbiting spacecraft. Describes the
programs available; provides practical ad-
vice on reccivers and antennas; explains
how to get the most out of short-wave
listening. Order 20797, only

.$2.95

Boolean Algebra

by BRICE WARD. In order to read computer
logic diagrams or to understand the func-
tions of digital circuit systems, a knowledge
of Boolean algebra is a major requirement.
This book, using a programmed format,
makes it possible to master Boolean algebra
without requiring any mathematical back
ground beyond grade-school algebra. Each
section end: with a test question which en
h

overhauls. Each volume includes arspe-
cial section on design fundamentals and
operating principles. Profusely illus-
trated.

Vol. 1. Motors under 30 H. P.

Order 20791, only . .$5.95
Vol. 2. Motors over 30 H. P.

Order 20792, only .. $5.95
2-Volume Set.

Order 20793, only ..$10.50

Snowmobile Service Manual. 4th Ed.

Completely updated to include virtually
all 1969 and a number of 1970 models,
as well as older machines in operation
today. Covers specific models in 34 pop-
ular makes. Provides detailed instruc-
tions for tune-ups, and for every phase
of repair and maintenance. Includes
comprehensive section on snowmobile
engine design and operating princigles.
Order 20825, only .$5.95

tanding. An ideal book for
seii-instruciion in a booming ficid.
.$5.50

Order 20817, only.

Novel Experiments With Electricity

by JOHN POTTER SHIELDS. This book clearly
explains the fundamentals of electricity and
magnetism, and introduces the reader to
their fascinating properties through a series
of novel experiments. These range from a
ground telephone and electric arc to a min-
1ature li’thning generator and ug'nchronoua

motor. The applications range from enter-
tainment to security. Each experiment is

Tube Substitution Handbook. 14th Ed.

The most complete, up-to-date guide avail-
able to DIRECT tube substitutions. Lists
more than 12,000 direct substitutions in the
following categories: American receiving
tubes; lpicture tubes; miniature types; in-
dustrial types; communications and special-
purpose tubes; foreign tubes. Instructions
accompanying each section tell how to make
proper substituttons. Includes valuable
cross-reference between sections showin

additional substitutes. An indispensable ref-
erence for everyone in electronics.
Order 20829 only . . -$1.75

99 Electronic Projects

by HERBERT FRIEDMAN. The projects pre-
sented in this book provide both enjoyment
and personal satisfaction for any electronics
hobbyist. All of the circuits employ solid-
state components of the hobby type, which
are readily available at modest cost. The
projects included are intended for practical
use in the following fields: audio; automo-
tive; home protection; CB, ham, and swl;
musical instrumentation; and more. Each
project offers practical application and a
rewarding building experience.

Order 20818, only . .. $3.50

o Lo coare -

Nowel
EXPERIMENTS
with
ELECTRICITY

ATIONAL

INTERN AINING

International Code Training System

by INTERNATIONAL TEACHING SYSTEMS, INC.
U):lique text and records/or tape teach code
faster, and with greater speed and accuracy,
than any other method known. Special pro-
grammed charts make it unnecessary to
memorize code characters the old-fashioned
way. Practical exercises help develop send-
ing and receiving speed up to 22 wpm!

With three 3314 rpm records.

ok Order 20138, only .$72.50
easy to perform; parts costs are minimal.
This is truly a rewarding book for the ex- With pre-recorded tape cassette.
perimenter. Order 20794, only. . .$3.50 Order 20812, only . ..... ........%$10.95
F——————- HOWARD W, SAMS & €O., INC.— — — — — —— 9
| Order from your Electronic Parts Distributor, |
| or mail to Howard W. Sams & Co., Inc., Dept. PE-041 |
| 4300 W. 62nd St., Indianapolis, Ind. 46268 0 20811 20138 |
| Send books checked at right. $ enclosed (please in- 20797 O 20812 |
| clude sales tax where applicable). 020829 O 20791 |
| [ Send FREE 1971 Sams Book Catalog |

20818 20792

| Name_ S |
| e ) 20817 (120793 |
| Address. — 20794 [ 20825 |
| City_ I __State Zip JI
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Inside the
new E-V
Model 626
and 627A
we've put
one good
idea after
another.

3
B

~
. RN

/stainless steel

side grilles.

/

Virtually indestructible
Acoustatloy®
diaphragm that shrugs
off heat, humidity,
mechanical shock.

Sophisticated dynamic
cardioid Single-D
element for smooth
control of feedback
/plus added bass and
extra-high level when \

working close.

Shock absorbing
internal *‘nesting"’
construction that
soaks up abuse
and noise.

T,

High efficiency
magnetic structure
for full volume from
any modern amp.

\

Fawn beige Integral rear cavity
Micomatte™ maintains "like new"
non-reflecting bass response for
finish. years, eliminates

tiny air leaks.

Reliable, easy to use
On-Off switch.

Modern “black

/ grille screen. \

Acoustifoam® filter
to stop "'pops" and

wind noise, bar

dust and dirt.

Metal screen against
magnetic particles. \

Element locked
positively in place.
Helmholtz resonator
extends high end.

Strong protective

\

itall
adds up.

To more bass,
higher output, and

better feedback control

when working close,

than any other Single-D
microphones at any price.

chrome" satin
finish plating.

Threaded steel
insert for long
connector life,

Model 626
. $49,00 !

Model 627A
$60.00

~~—__ Sturdy cable
strain relief.

ELECTRO-VOICE, INC., Dept. 412P, 630 Cecil Street, Buchanan, Michigan 49107
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a GULTON subsidiary



