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Experience is the best teacher. You 
might settle. for any CB first time Ie around., . 
Understandably. A lot of people think 
they're all pretty -much alike. But you'll. 
soon discover that, like everything else, 
there.are exceptions. 

Ask the pros. America's long distance 
truckers. These guys- talk _CB day in and 
day out. And .they demand the best. 
.That's why truckers refer, to the Cobra 
29 as "The. Diesel,Mobile" 

Listen to Cobra. You'll hear a big 
difference. Because the Cobra 29 :gives 
you features which assure crystal clear 
reception. Like switchable noise limiting 
and blanking, to cut out practically all 

. pulsé and ignition interference..Add 
squelch control.and RF. gain and you've 
got exceptional =adjustable - receiver 
clarity. Even in the héayiest CB traffic. 
You also get Delta Tuning which makes 
úp for the other guy, because' even off- 
frequency transmitters are pulled in. 
Perfectly. 

Talk to Cobra. And you know you're 
punching through. One glance at the 

29's over -sized illuminated meter tells 
you_just how much power you're punch- 

-. ing out and pulling in. For voice. modula- 
r tion the DynaMike delivers at 100%. . - 

Same way; with power: The 29 transmits 
at maximum power levels.. . - 

Sooner or later you'll get a Cobra. 
And you'll. get engineering and crafts- 
manship second to -none. Performance 
that will make your. first CB seem .. 

obsolete, Reliability and durability that 
have set standards for the industry. 
Above you'll get power. The ,power 
to punch through loud and clear like . 

nothing else. Because when it,corries to , 

CB radio, nothing punches through loud 
and clear like a Cobra. 

Punches through laid and clear. 

Cobra Communications Products . 

DYNASCAN CORPORATION 
6460 W. Cortland St., Chicago, Illinois 60635 
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IF YOUR FIRST CB ISN'T A COBRA 
YOUR SECOND ONE WILL BE. 

COBRA 29 
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Both of these new books get down to 
basics-present clear, readable dis- 
cussions. Loaded with examples, 
references, graphs, tables. Also, 
data sheets, bibliography and ap- 
pendices. You're encouraged to learn 
-and apply your knowledge to 
practical situations. 
Software Design for Microprocessors. 
Helps you understand the hard- 
ware/software relationship of micro- 
processors.. A convenient, stand- 
alone text, suitable for both first- 
time users of microprocessors and 
the technically advanced. 

Beginning chapters deal with 
basic terms, basic machine archi- 
tecture, instructions and address- 
ing. Successive chapters treat the 
process of generating software, de- 
fining required support and docu- 
mentation, and designing a simple 
machine to program a problem. Sam- 
ple problems at the conclusion allow 
you to apply your new knowledge. 

Whether you're a 
seasoned practitioner 
or a striving beginner... 

ere are the 
fund amentals. 

Basic Electricity and DC Circuits. 
A self -teaching course designed to 
enable you to predict and control the 
behavior of most basic and complex 
DC circuits. Each lesson begins with 
a listing of objectives -what new 
skills and knowledge you should 
have upon successful completion. 
The text within each chapter is ar- 
ranged so that you progress at your 
own pace, with answers to common- 
ly asked questions presented at key 
points. 

Examples show you how to use the 
principles of basic DC electricity as 
r 

Software Design 
for Microprocessors. 

378 pages 

only $12.95.* 

Basic Electricity and DC 
Circuits. 1,016 pages 

only $19.95.* 
NC, 

they are taught. You'll analyze basic 
DC circuit schematics and find your- 
self experimenting with your own 
designs. Plus, a quiz included at the 
end of each lesson allows you to 
gauge your progress. 

If you're a hobbyist, student,or 
simply interested in broadening 
your knowledge of electronics, these 
books are must ad- 
ditions to your library. 
Use the coupon below 
to order your copies 
today. 

I Texas Instruments Learning Center. 

Mail checks and money orders to: P.O. Box 3640, M/S 84, 
Dallas, Texas 75285. Postage paid. Add state and local taxes 
where applicable. f 

Mail company purchase orders to: P.O. Bou 5012. M/S 84. 
Dallas, Texas 75222. Postage and taxes will be added to 
your invoice. 

Please send me-copies of (LCB 1891) Softwaré Design for 
Microprocessors at $12.95' per copy._ copies of Basic 
Electricity and DC Circuits at S19.95 per copy. 

I enclose O check O money order for $ 

Name 

Address 

City State 

fAll states except: AK, DE. HI, MF, NH, OR. 

Zip 

'Suggested retail price; subject to change 
without notice. 

©1976 Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 61011 
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is not just another word 
In fact, "innovation" is the word that guides SBE engineers in 
their quest for better ways to improve personal communica- 
tions equipment. 

An example of SBE innovation at its imaginative best is 
OPTI/SCAN. This compact 10 -channel scanning monitor 
requires no crystals but is capable of scanning over 16,000 
radio frequencies between 30 MHz and 510 MHz. 

The secret of such electronic wizardry lies in the unique 
use of digital frequency synthesis, combined with an exclusive 
optical scanner and program card system. The "memory" for 
specific frequencies to be monitored is programmed in 10 - 
frequency groups on a smaFl plastic card no larger than a 
credit card. Frequency bands can be mixed on the same card; 
and frequency groups to be scanned can be changed instantly 
simply by replacing one pre-programmed card with another. 

SBE innovation has transformed the scanning monitor 
from a fixed, inflexible unit of limited range and scope into an 
infinitely versatile electronic marvel that puts a limitless range 

of frequencies at your fingertips, -i,.:, , wherever you are, wherever 
you may travel. 

The same innovative skill and 
imagination that goes into OPTI/ SCAN 
is reflected in the full SBE line of 
communications equipment: 
citizens band, land mobile, marine and 
special application. 

Discover how you can benefit from 
SBE's electronic innovations. 

Better Communications through Creative Technology 

For information write: SBE, Inc., 220 Airport Blvd., Watsonville, CA 95076 

INTERNATIONAL OFFICES: E.S. Gould Marketing Co. Ltd., Quebec, Canada/Linear Systems S.A. Geneva 1, Switzerland 

CIRCLE N0. 58 ON FREE INFORMATION CARD 



OCTOBER 1976 VOLUME 10, NUMBER 4 

P:0 ar 
FEATURE ARTICLES 

ectronicss 
WORLD'S LARGEST SELLING ELECTRONICS MAGAZINE 

WHAT'S NEW IN TAPE RECORDERS? Leonard Feldman 
An overview of the latest in tape decks and formats. 

TOOLS FOR ELECTRONICS EXPERIMENTERS A A. Mangieri 
Today's projects require some special tools and techniques. 

FIND THE HIDDEN ELECTRONICS WORDS Thomas R. Sear 

45 

55 

71 

CONSTRUCTION ARTICLES 
A CAR IGNITION MONITOR Walter B. Henry 37 

Visual indication of timing angle, rpm, dwell, and dc voltage. 
A LED DIGITAL CLOCK FOR VEHICLES William Green 41 

THE "ROADMATE" CB CONVERTER Dean Todd 43 
Allows you to listen to all 23 CB channels on any AM radio. 

BUILD PANAMIX James Barbarello 50 
Low-cost, 5 -input stereo/mono audio mixer. 

BUILD THIS LOW-COST CAPACITANCE METER Thomas McGahee 64 

A STROBE FLASHER FOR NIGHT CYCLING Matthew Fitchenbaum 68 

COLUMNS 
STEREO SCENE Ralph Hodges 30 

Consumer Electronics Show -Summer 1976. 

CB SCENE Ray Newhall 86 
The Long and the Short of Antennas. 

COMPUTER BITS Hal Chamberlain 88 
Computer Music -Part II. 

AMATEUR RADIO Herbert S. Brier 92 
250 Watts for Novices. 

INSIDE BASIC ELECTRONICS Sol D. Prensky 94 
Capacitors and RC Circuits. 

EXPERIMENTER'S CORNER Forrest M. Mims 107 
High -voltage DCIDC Converters. 

PRODUCT TEST REPORTS 
ADC ACCUTRAC 4000 RECORD PLAYER 72 

MICRO -ACOUSTICS MODEL 2002e PHONO CARTRIDGE 74 
PHASE LINEAR MODEL 200 BASIC POWER AMPLIFIER 76 
PACE MODEL 145 AM CB TRANSCEIVER 82 
PROCESSOR TECHNOLOGY MODEL VDM-1 VIDEO DISPLAY MODULE 84 

DEPARTMENTS 
EDITORIAL Art Salsberg 4 

Solar Energy. 
LETTERS 6 

OUT OF TUNE 8 
"Learning Electronic Theory With Hand Calculators, Part One" (July 1976) 

NEW PRODUCTS 10 

NEW LITERATURE 22 
NEWS HIGHLIGHTS 34 
OPERATION ASSIST 105 
ELECTRONICS LIBRARY 106 
ADVERTISERS INDEX 131 

POPULAR ELECTRONICS, October 1976, Volume 10. Number 4. Pub- 
lished monthly at One Park Avenue. New York. NY 10016. One year sub- 
scription rate for U.S.. $9.98: U.S. Possessions and Canada, $12.98; all 
other countries, $14.98 (cash orders only, payable in U.S. currency). Sec- 
ond Class postage paid at New York, NY and at additional mailing offices. 
Authorized as second class mailby the Post Office Department. Ottawa. 
Canada and for payment of postage in cash. 

POPULAR ELECTRONICS including ELECTRONICS WORLD. Trade 
Mark Registered. Indexed in the Reader's Guide to Periodical Literature. 

COPYRIGHT C 1976 BY ZIFF-DAVIS PUBLISHING COMPANY. ALL 
RIGHTS RESERVED. 

Ziff -Davis also publishes Boating. Car and Driver, Cycle, Flying. Modern 
Bride, Popular Photography, Skiing and Stereo Review. 

Material in this publication may not be reproduced in any form without 
permission. Requests for permission should be directed to Jerry 
Schneider, Rights and Permissions. Ziff -Davis Publishing Co.. One Park 
Ave., New York, NY 10016. 

Editorial correspondence: POPULAR ELECTRONICS. 1 Park Ave.. New 
York, NY 10016. Editorial contributions must be accompanied by return 
postage and will be handled with reasonable care: however, publisher 
assumes no. responsibility for return or safety of manuscripts, art work, or 
models. 

Forms 3579 and all subscription correspondence: POPULAR ELEC- 
TRONICS, Circulation Dept.. P.O. Box 2774. Boulder, CO 80302. Please 
allow at least eight weeks for change of address. Include your old address, 
enclosing, if possible, an address label from a recent issue. 

OCTOBER 1976 3 



Popular Electronics® 
EDGAR W. HOPPER 

Publisher 

ARTHUR P. SALSBERG 
Editorial Director 

LESLIE SOLOMON 
Technical Editor 

JOHN R. RIGGS 
Managing Editor 

STEPHEN B. GRAY 
Senior Editor 

ALEXANDER W. BURAWA 
Feature Editor 

EDWARD I. BUXBAUM 
Art Director 

JOHN McVEIGH 
Associate Editor 

ANDRE DUZANT 
Technical Illustrator 

PATRICIA GIRRIER-BROWN 
Production Editor 

Contributing Editors 
HAL CHAMBERLAIN, LOU GARNER 
GLENN HAUSER, JULIAN HIRSCH 
RALPH HODGES, ART MARGOLIS 
FORREST MIMS, RAY NEWHALL 

SOL PRENSKY, WILFRED SCHERER 

JOSEPH E. HALLORAN 
Advertising Director 

JOHN J. CORTON 
Advertising Sales 

LINDA BLUM 
Advertising Service Manager 

PEGI McENEANEY 
Executive Assistant 

STANLEY NEUFELD 
Associate Publisher 

ZIFF-DAVIS PUBLISHING COMPANY 
Popular Electronics 

Editorial and Executive Offices 
One Park Avenue New York, New York 10016 

212-725-3500 
Hershel B. Sarbin, President 

Furman Hebb, Executive Vice President 
John R. Emery, Senior Vice President, Finance and 

Treasurer 
Phillip T. Heffernan, Senior Vice President, Marketing 

Edward D. Muhlfeld, Senior Vice President,Sports Division 
Philip Sine, Senior Vice President 

Frank Pomerantz, Vice President, Creative Services 
Arthur W. Butzow, Vice President, Production 
Lawrence Sporn, Vice President, Circulation 

George Morrissey, Vice President 
Sydney H. Rogers, Vice President 

Sidney Holtz, Vice President 
Al Traina, Vice President 

Philip Korsant, Vice President 
Paul H. Chook, Vice President, Market Planning 

Charles B. Seton, Secretary 
Edgar W. Hopper, Vice President, Electronics Div. 

William Ziff, Chairman 
W. Bradford Briggs, Vice Chairman 

íªm 

s 

Midwestern Office 
The Pattis Group, 4761 West Touhy Ave., 
Lincolnwood, Illinois 60644, 312 679-1100 
GERALD E. WOLFE, THOMAS HOCKNEY 

Western Office 
9025 Wilshire Boulevard, Beverly Hills, CA 90211 

213 273-8050; BRadshaw 2-1161 
Western Advertising Manager, BUD DEAN 

Japan: James Yagi 
Oji Palace Aoyama: 6-25, Mtnami Aoyama 

6 Chome, MInato-Ku, Tokyo 407-1930/6821, 
582-2851 

IL 

MPA 
¿co - Member Audit Bureau 

of Circulations 
The publisher has no knowledge of any proprietary 

rights which will be violated by the making or using of any 
items disclosed in this Issue. 

T;-=i Editorial 
SOLAR ENERGY 

People continually ask me, "What do you think the next hot product will be?" 
Of late, I've answered, "solar energy devices," mischievously. When 
pressed, however, I'll readily admit that it won't really be the next 
exciting product for the public, but one day solar energy will surely 
have a significant impact on our lives. 

Today, there are a few solar -powered homes, most of them experimental 
and, without mass-produced solar panels, certainly costly. But Edmund 
Scientific Company's catalog devotes three pages to energy -from -the -sun 
devices, so there's obviously a coterie of hobbyists already 
experimenting in this field. There's also a host of recent books published on 
solar energy (though nothing approaching the plethora of books on CB radio) 
as well as journals, newsletters and industry directories. 

In truth, energy from the sun to heat homes and feed electric appliances 
is not destined to provide us with a very substantial part of our power 
needs in the near future. Estimates of solar power expected to be 
supplied in the U.S. are not at all awesome at this time. For 
example, projections by the Energy Research and Development 
Administration (ERDA) indicate only 0.07% of our energy consumption to 
be from solar means by 1985, 5% by the year 2000 and 15% by 2020. But 
though percentages are not great, it still adds up to a lot of power 
(almost 11/2 electrical gigawatts in 1985). 

Solar thermal system research is moving along, however, with about 
31 -million dollars budgeted for 1977 by ERDA (compared to almost 
1.1 -billion dollars for breeder nuclear reactor and fusion systems). But 
the greatest potential for making use of the sun's energy for electric 
power rests with satellite solar stations orbiting the earth. Materials 
launched from the earth can then be assembled at zero gravity to 
simplify the operation. More importantly, the sun is always shining beyond 
our atmosphere and it's a virtually unlimited energy source. The solar 
energy would be transmitted to earth by beaming microwave energy 
to a receiving station. (Klystron amplifying tubes won't be needed 
because space is a vacuum.) 

Although the benefits of solar energy for obtaining massive amounts of 
electric power will not become apparent to many of us in our lifetime, 
low -power needs are today being met by this source. There are 
solar -powered wrist -watches in use and solar food -cooking apparatus. 
Automatic electric generators that get all their power from the sun are being 
produced for army units in Israel. So on a small scale, solar energy is 
being used right now; and it shows promise of having much wider 
applications even with present technology. 

With silicon solar cells and panels widely available to experimenters 
at modest cost, we expect more and more POPULAR ELECTRONICS 
readers to develop solar power supplies for a variety of needs. We will 
publish plans for building an inexpensive, reasonably accurate solar 
meter in an upcoming issue. It will enable one to make quantitative 
measurements of solar energy. 

4 POPULAR ELECTRONICS 
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The B&K-PRECISION Model 1403A is a real exam- 
ple of taking a good idea and making it even better. 
We've redesigned our most popular 3" scope to 
bring you new features and higher performance 
but retained the same ultra -compact cabinet. 

The new high -brightness 3" CRT produces sharp 
waveforms on a P31 blue phosphor- A smoked 
glass graticule helps increase image contrast for 
clear viewing in the brightest rooms. The 1403A 
is conservatively rated at a 5MHz bandwidth for 
10mV/div. vertical sensitivity and will typically sync 
on signals at 8MHz. This rugged small scope has 
DC amplifiers on both vertical and horizontal axes 
and direct deflection terminals for waveform dis- 
play up to 450MHz! Maximum input is 600Vp-p. 
Input impedance is 1 megohm for both vertical and 
horizontal inputs. A Z-axis is also provided. 

Perhaps the most striking feature of the 1403A is 

its ultra -compact size, (HWD) 5.24 x 7.44 x 11.2". 

ACTUAL -SIZE PHIOTO ;5.24" x 7.25" x 11.2") 

Model 1403A $209 

This feature, combined with a sturdy integral han- 
dle, makes the 1403A ideal for field service appli- 
cations. When bench or storage space is at a pre- 
mium, you'll come to appreciate the convenient 
size even more. 

We think the 1403A is the most cost-effective small 
scope available. Compare the specs, features, size 
and price, and we're sure that you'll agree. Avail- 
able options include the LC -14 carrying case and 
PR -21 isolation/ direct probe. 

For immediate delivery, contact your B&K- 
PRECISION distributor. 

PRECISION 
PRODUCTS OF DYNASCAN 

6463 W. Cortland Avenue, Chicago, IL 60635 312/889-9087 

OCTOBER 1976 
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a 
class 

itself. 
The Phase Linear 400 Power 
Amplifier has only one serious 
competitor when it comes to 
advanced design, superior perfor- 
mance, made -one -at -a -time 
craftsmanship, proven reliability, 
elegant appearance ... and 
incomparable value. And that's 
the Phase Linear 700B. Hear 
them both at your dealer soon. 

eYitaáv yi/5 

400 
THE POWERFUL DIFFERENCE 

201 watts per channel. min. RMIS at 8 ohms 
from 20 Hz -20 kHz with no more than .25% 
total harmonic distortion. 

PHASE LINEAR CORPORATION 
20121 - 48th Avenue S.W. 
Lynnwood, Washington 98036 

6 
CIRCLE NO. 50 ON FREE INFORMATION CARO 

Letters 
BUILDING THE COSMAC "ELF" 

Congratulations on "Build the Cosmac 
'Elf' " (August, p 33). It is refreshing to read 
about a project that involves an MPU other 
than the 8080 or 6800.-W. J. Haberhern, 
Cocoa Beach, FL. 

I very much enjoyed "Build the Cosmac 
'Elf' " in the August issue. The price and 
complexity were just at my level.-D. Mor- 
ris, Midland, Ml. 

I really appreciated the Cosmac "Elf" ar- 
ticle. I intend to build it as soon as I have 
found suppliers for the parts. In my search 
for the parts, I have encountered some 
problems: 

(1) The article says that the CDP 1802 
microprocessor sells for less than $30. The 
only supplier that I could find for the chip 
sells if for $40. 

(2) The memories called for are 2101 (256 
x 4). Every 2101 I can find is 256 x 1. 

(3) I have been unable to find the 5082- 
7340 hex displays anywhere. I realize that 
others could be substituted but I would like 
to use the one suggested.-David Borgelt 
Kingdom City, MO. 

In answer to Dave's questions, we have 
the following information: (1) The MPU you 
want is COP1802CD. (The last CD means 
4 -6 -volt operation in a ceramic package.) It 
sells for $29.50. RCA tells us that the MPU 
has been in short supply due to the heavy 
demand, but it should be available again 
soon. A list of RCA -appointed distributors 
around the country and CDP1802CD data 
sheets are available free of charge from: 
RCA Solid State Division, Box 3200. 
Somerville, NJ 08876. 

(2) Despite what some advertisements 
may say, the 2101 is 256 x 4. 

(3) The 5082-7340 displays are available 
from most distributors who carry Hewlett- 
Packard products. 

A BETTER CURVE TRACER 

I would like to make a few comments 
about the circuit in "Curve Tracer Checks 
Semiconductor Quality" (March 1976). 
First, this circuit will not check zener 
diodes rated at voltages greater than the 
transformer's 12.6 -volt secondary poten- 
tial. Any zener diode rated at greater than 
this voltage will produce a trace like an 
ordinary pn junction. Secondly, the largest 
capacitance that can be tested is 1 pF. Val- 
ues greater than this will produce a 

"shorted" trace, while values less than 
0.033 pF will produce an "open" trace. The -:- 
limitation here is the 60 -Hz line frequency; 
a possible answer to this would be to use a 

signal generator in lieu of the filament 
transformer. Finally, with the base open, a 

true picture of the device under test cannot 
be represented, since the base -emitter 
junction is very important to the operation 
of the device. The Beta test circuit can be 
enhanced by use of a signal generator to 
permit the frequency to be changed and 
thus give a better picture of gain. 

Below is a circuit I have used quite often 
for testing semiconductors, rheostats, 
capacitors, and coils. The variable trans- 
former allows for a wider range of test volt- 
ages to solve the zener test problem. Power 
transistors can also be easily tested, using 
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a calibrated dial to list selected test volt- 
ages. Switch S3 can be used to switch in an 
external square wave (scope calibrator or 
signal generator) for ringing coils. Switch 
S2 provides fumble -free out -of -circuit 
testing.-D.D. Dempsey, Fort Gordon, GA. 

VIDEO GAME READER NOTES 

I've seen two table tennis (April 1976) 
games that have the same flaw: The vertical 
interval from the vertical sync generator 
(Fig. 2) is too long. I've seen it as long as 28 
lines when it's supposed to be only three 
horizontal lines. Also, with the components 
specified, a 60 -Hz vertical rate can't be ob- 
tained. I've discovered that by increasing 
the value of C3 to 0.15 or 0.12 pF and de- 
creasing the value of R10 to 1500 ohms, the 
problem will clear up, and tearing at the top 
of the displayed picture will cease.-Cary 
Sagady, Lindenwold, NJ 

I couldn't resist building the "Space 
War" game (April 1976), but when I got it up 
and running, the space ships remained at 
the top of the screen and I had little control 
over their positioning. I discovered that the 
trailing edge of the 555's output occurred 
about 1 ms after the vertical sync pulse. By 
changing the values of C14 and C15 to 4.7 
pF and inserting a 470 -ohm resistor in 
series with each position -control poten- 
tiometer's wiper, I solved the problem.- 
Charles F. Brillowsky, Southgate, Ml 

ULTRA -UNIQUE DEVICES 

It appears that POPULAR ELECTRONICS is 
continuing with construction projects that 
contain ultra -unique components. After 

POPULAR ELECTRONICS 



EVERY PROJECT IN 
THIS BOOK IS ANOTHER 

REASON TO OWN 
CSC'S 61T SOCKETS AND 

BUS STRIPS. 
With QT solderless bread- 

boarding sockets and bus strips, 
you can build twice the projects in 

half the time. Because making 
connections or circuit changes is 

as fast as pushing in -or pulling 
out -component leads. No special 
clips or jumpers required, either. 

When you're building circuits 
just for the fun of it, you can take 
them apart in minutes -not hours. 
So you save money by re -using parts, 
while eliminating heat damage to 
expensive components. Interlocking 
QT Sockets and Bus Strips are 
infinitely expandable, too: start small 
and "grow'. breadboards as large as 
you wish. 

For as little as $3.00, you can get 
a lot more out of your time in electronics 
-so why not treat yourself to a QT 
Socket today? 
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Length 
Length 

Hole- 
to -Hole Terminals 

Unit ' 
Price S 

14-- ---01 4- Hole - to -Hole -01 

*?;°,0l, '"ili'.uA i 1, iNlJllNi-` QT -59S -.1..... . t 1' Rbü 1Ortilllftt 6.5" 6.2" 118 12.50 

t,'". -..:.- ,-__aLw OT -59B 6.5" 6.2 20 2.50 
:, 

QT -47S 5.3" 5.0" 94 10.00 
. -. 

rTi ......» -:._ . QT -47B 5.3' 5.0" 16 2.25 

1.32" ; QT -35S __t_ 4.1" 3.8" 70 8.50 

4.1" 3.8" 12 2.00 Ip^ QT -35B 
-T 
s QT -18S 2.4' 2.1" 36 4.75 

OT -12S 1.8" 1.5' 24 3.75 

QT -8S 1.4" 1.1" 16 3.25 

All OT units 
are .33" thick QT -7S 1.3" 1.0" 14 3.00 

See your CSC dealer or call 
203-624-3103 (East Coast) or 415-421-8872 (West Coast) 
major credit cards accepted. 

Manufacturer's suggested list Prices and specifications subject to change without notice 

.t 
i i . 
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Variety- 10 models from 70 to 590 solderless 
tie -points feature snap/lock design to expand or 

contract your breadboard to fit every circuit 
and budget requirement. 

Versatility- Use with virtually all types of parts, 
including resistors. capacitors. transistors, 
DIPS, TO -5's, LED's, transformers, relays. 

pots, etc. Most plug-in directly and instantly, 
in seconds. No special jumpers required -just 

lengths of #22-30 AWG solid hookup wire. 
Molded -in holes let you mount QT units 

securely on any flat surface with 4-40 flat 
head screws. or 6-32 self -tapping screws, 

from behind panel. 
Economy - Sockets are priced as low as 
$3.00' Save more money by eliminating 

heat and mechanical damage to 
expensive parts, re -using components. 

Speed -For fast circuit layouts, OT 
Sockets have 5 interconnecting tie - 

points per terminal: Bus Strips feature 
2 separate rows of interconnecting 

terminals. Both connect and dis- 
connect easily, without damage to 

socket or parts. 
Visibility -All parts are instantly and 

easily visible and accessible. for 
quick signal tracing, circuit analysis 

and diagramming. 
Durability -Higher-temperature 
sockets with abrasion -resistant. 

glass -filled plastic, rated better 
than 100°C. Screw -down -and - 

interlocked design provides high 
mechanical strength. 

Reliability- Ruggedly designed 
to professional engineering 
standards, for heavy day -in, 
day -out use. Non -corrosive 

prestressed nickel -silver contacts 
insure more secure mechanical 
and electrical connections. Vinyl 
backing prevents shorting when 

mounted on conductive surfaces. 

CONTINENTAL SPECIALTIES CORPORATION 

44 Kendall Street. Box 1942 
New Haven. CT 06509. 203-624-3103 TWX: 710-465-1227 

West Coast office: Box 7809. San Francisco. CA 94119.415-421-8872 
TWX: 910-372-7992 

Canada: Len Finkler Ltd.. Ontario 

e, 1976. Continental Specialties Corporation 
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considerable searching, I have been un- 
able to locate a source other than Phoenix 
Systems from which to buy the Matsushita 
MN3001 shift register IC called for in 
the"Audio Delay Line" article (June 1976). 
This IC must be available from another 
source for less than the $15 price fixed for it 
by Phoenix Systems. Having no way to 
compare prices, I can't be sure, however: 

-Mark Mitckes, Knoxville, TN 

To bring readers sophisticated elec- 
tronic projects, it is sometimes necessary 
to use devices not widely available to hob- 
byists. In such cases, we *try to have the 
device offered in single quantities at a fair 

price, such as the $15 for the MN3001. For 
OEM needs, contact Matsushita (Pana- 
sonic), One Panasonic Way, Secaucus, NJ 
07094. 

TIME AND SCORE 

I would like to pass on to my fellow hob- 
byists the following corrections for "Build 
a Giant -Size Digital Timer -Scoreboard For 
Athletic Events" (August .1975): connect 
pin 6 (not pin 5) of IC7 to pin 10 of IC1O; 
connectpin 4 (not pin 2) of lC8 to ground; 
reverse the pins 4 and 5 connections of 
IC12; connect pin 7 to ground and pin 14 to 
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V,.,. to get power to IC12 through 1C22 and 
IC24 if you're using 14 -pin DIP's (for 16 -pin 
DIP's, pins 8 and 16 go to ground and Ve.,., 

respectively); connect pin 4 to Vi... and pin 
11 to ground to get power to IC23.- Phillip 
Partin, Homestead, FL 

INEXPENSIVE ALTERNATIVE 

Congratulations on presenting "A LED - 
Readout Audio Power Meter" (March 
1976). I have been using a similar device for 
almost a year. While it may not be as accu- 
rate as the one presented in POPULAR 

ELECTRONICS, it Costs only about $12 to 
build. The schematic for my "poor man's" 
LED VU meter is shown below. The trimmer 

potentiometer and diode between the 
transformer and rectifier assembly are op- 
tional. If used, however, they will compen- 
sate for the initial forward drop of the diode 
junctions: 

-Bertram A. Thiel, Frostburg, MD. 

Out of Tune 
In "Learning Electronic Theory With 

Hand Calculators, Part One" (July 1976), in 
calculating the total capacitance for Fig. 
7A, the value for C3 should have been con- 
verted from 500 pF to .0005 µF instead of 
.005 µF. This makes the display for CT 

4.854368932 -04, which rounds off to 485 
pF instead of 3850 pF. 

For corrections to "Build a Giant -Size 
Digital Timer -Scoreboard For Athletic 
Events" (August 1975), see letter "Time 
and Score" above. 

In the Parts List for "Build the 'Delta - 
Graph' Octave -Band Equalizer" (Sep- 
tember 1976, Q1 should be a D42C1 npn 
silicon transistor and Q3 a D43C1 pnp sili- 
con transistor. 
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If you thought a rugged, 
professional yet affordable 
computer didn't exist, 

think 
IMSA! 
8080. 
Sure there are other commercial, 
high -quality computers that can 
perform like the 8080. But their 
prices are 5 times as high.There is. 

a rugged, reliable, industrial com- 
puter, with high commercial -type 
performance. The IMSAI 8080. 
Fully assembled, it's $931. 
Unassembled, it's $599. And ours 
is available now. 

In our case, you can tell 
a computer by its cabinet. The 
IMSAI 8080 is made for commer- 
cial users. And it looks it. Inside 
and out! The cabinet is attractive, 
heavy -gauge aluminum. The 
heavy-duty lucite front panel has 
an extra 8 program controlled 
LED's. It plugs directly into the 
Mother Board without a wire 
harness. And rugged commercial 
grade paddle switches that are 
backed up by reliable debouncing 
circuits. But higher aesthetics on 
the outside is only the beginning. 
The guts of the IMSAI 8080 is 
where its true beauty lies. 

The 8080 is optionally 
expandable to a substantial system 
with 22 card slots in a single 
printed circuit board. And the 
durable card cage is made of 
commercial -grade anodized 
aluminum. 

The IMSAI 8080 power 

I. 

supply produces a true 28 amp 
current, enough to power a full 
system. 

You can expand to a 
powerful system with 64K of 
memory, plus a floppy disk con- 
troller, with its own on -board 
8080-and a DOS. A floppy disk 
drive, an audio tape cassette input 
device, a printer, plus a video 
terminal and a teleprinter. These 
peripherals will function with an 
8 -level priority interrupt system. 
IMSAI BASIC software is avail- 
able in 4K, that you can get in 
PROM. And a new $139 4K 
RAM board with software 

IMSAI 8080 ?+--"- 
C 

-- 
. 

-^) . 
`I J . _' 

memory protect. For the ultimate 
in flexibility, you can design the 
system for low-cost multiprocesscr, 
shared memory capability. 

Find out more about the 
computer you thought didn't 
exist. Get a complete illustrated 
brochure describing the IMSAI 
8080, options, peripherals, soft- 
ware, prices and specifications. 
Send one dollar to cover handling. 

Call us for the name of the 
IMSAI dealer nearest you. 

Dealer inquiries invited. 

MS Associates, Inc. 
14860 Wicks Boulevard 
San Leandro, CA 94577 
(415) 483-2093 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

SWL FREQUENCY CALIBRATOR 

Gilfer Associates' Model C-10 calibrator 
provides selectable marker signals every 
10, 25, 50, 100, and 1000 kHz across the 
long- and short-wave regions of the radio 
spectrum. A front -panel gating switch en- 

ables identification of markers even on 
a crowded band. The calibrator uses 3 

CMOS IC's and a transistor amplifier, and 
draws low current from an internal 9 -volt 
battery. Enclosed in a Ten-Tec cabinet. 
$54.00. Address: Gilfer Associates, 52 Park 
Avenue, Box 239, Park Ridge, NJ 07656. 

2 -METER FM TRANSCEIVER 

Regency Electronics has introduced a new 
2 -meter FM amateur transceiver, the Model 
HR -312. Selection Of 12 crystal -controlled 
simplex channels or 144 transmit/receive 
frequency combinations is made by lock- 

ing or unlocking the transceiver's mode 
switch. Adjacent channel selectivity is 
rated at 75 dB, intermodulation rejection at 
65 dB, and receiver sensitivity at 0.15 µV at 
12 dB SINAD. Transmitter power is rated at 
35 watts. Comes with a mounting bracket 
and a PTT microphone. $269.00. 

CIRCLE NO. 85 ON FREE INFORMATION CARD 

SHURE STEREO/FOUR CHANNEL CARTRIDGE 

The new Shure Model M24H Dynetic cart- 
ridge features low effective stylus mass 
(0.39 mg), and a hyperbolic diamond stylus 
tip, making it suitable for use with stereo, 
matrix, and discrete quadraphonic discs. 
Its frequency range is said to be 20 to 

10 

50,000 Hz, its output 3.0 mV per channel at 
1000 Hz with a 5 cm/sec peak recorded 
velocity, and channel balance within 2 dB. 
Channel separation is rated at a minimum 
of 22 dB at 1000 Hz. Typical trackability at 
11/4 grams in a Shure/SME tone arm is 20 
cm/sec at 400 Hz and 25 cm/sec at 30,000 
Hz, with a peak of 50 cm/sec at 10,000 Hz. 
Tracking force ranges from 1 gram 
minimum to 11/2 grams maximum, with an 
optimum figure of 11/4 grams. Net weight is 
6 grams. $74.95. 

CIRCLE NO. 86 ON FREE INFORMATION CARD 

CB BASE MIKE WITH PREAMP 

The new Expander 500 from Turner is a 

base -station microphone with a built in 
preamp. Slide -type volume and tone con- 
trols, together with a meter, allow the user 
to adjust the microphone output for 

maximum intelligibility. The meter also 
functions as a battery -condition indicator 
when used with a press -to -test button. The 
mike head has adjustable tilt and a press - 
to -talk bar with a slide lock. Comes with a 
six -conductor (one shield) cable. $65.00. 
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WESTON PORTABLE LCD DMM 

Weston Instruments' new Model 6000 is a 

portable digital multimeter with autorang- 
ing for five measurement functions: ac 
voltage, ac current, dc voltage, dc current, 
and resistance. Twenty-six ranges cover 
voltage measurement from 200 mV to 1000 
V, current from 2 mA to 10 amperes, and 
resistance from 200 ohms to 20 megohms. 
A HOLD input jack provides memory reten- 

tion capability for remote measurements. 
Automatic zero and automatic polarity are 
built-in. Accuracy for the Model 6000 is 
said to be 0.35%. The 31/2 -digit liquid crystal 
display has 0.5 -inch high characters, and 
blinks on over -range. Uses two 9 -volt tran- 
sistor batteries. Measures 7" x 5.75" x 2.25" 
(17.8 x 14.6 x 5.7 cm); weighs less than 2 
lb. $195.00. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

CORDLESS SOLDERING IRON 

Wahl Clipper Corp.'s new Model Iso-Tip 60 
is a rechargeable soldering iron that is said 
to be able to heat up to 125 joints on a 

single charge. It can be recharged from 
"dead" to "full" in one hour, at which point 

IÉ 

a LED indicator lights. The iron can be kept 
in its recharging stand, where it will be 
trickle -charged if the battery is not dis- 
charged or fast -charged if it is low. The 
standard cordless soldering kit, Model 
7800, includes the Iso-Tip 60 soldering 
iron, recharging stand, a fine tip, a chisel 
tip, and an instruction booklet. The iron will 
also accommodate any of Wahl's 16 snap - 
in soldering tips. 
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BIC MONITOR SERIES LOUDSPEAKER 

The new Formula 7 speaker system by BIC 
Venturi has a ported bass reflex design 
with a 12 -inch woofer, a "T -slot" horn as- 
sembly with a dynamic compression driver 
for the midrange and lower treble, and a 

piezo-electric driver for the upper treble 
range. It also features an amplifier clipping 
indicator which glows when the amplifier is 

being over -driven. The woofer and 
midrange/treble transducer are protected 
by overload indicator lights and circuit 
breakers. Also included are a midrange/ 
treble level control, a dynamic tonal ba- 
lance circuitry, and a series of indicators 
which measure the output sound level over 
a range of 75 to 117 dB. Claimed frequency 
range is 20 Hz to beyond 30,000 Hz; power 
handling is rated at 125 W rms/channel; 
dispersion is 180° horizontal, 120° vertical. 
Nominal impedance is 6 ohms. Cabinet 
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Measuring just 11 wide x 11" deep x 5" high, and weighing a 

mere 7 pounds, the Altair 680h is a complete, general-purpose 
computer. 

The secret to this revolutionary, small computer is its CPU 

board. This double -sided board fits along the bottom of the Altair 
case and plugs directly into the front panel board. It contains 
the new 6800 microprocessor, 1,024 bytes of RAM memory, a 256 

byte PROM monitor, provisions for 768 bytes of additional PROM 

or ROM, and a single Interface port with a Motorola ACIA serial 

interface adapter which can be configured either RS -232 or TTY. 

A five level Baudot interface option is also available. 
The Altair 680b can be programmed from front panel switches, 

or it can be interfaced to a video display terminal, or teletype- 
writer. Three additional circuit boards can be plugged inside the 
Altair 6801) for further memory and interface expansion. The first 
of these boards is a 16K static RAM memory board. 

Softssare already developed includes Altair 680 BASIC with 
all the features of the 8K BASIC previously developed for the 
Altair 8800. These include Boolean operators, the ability to read 

or write a byte from any I/O port or memory location, multiple 
statements per line. and the ability to interrupt program execution 
and then continue after the examination of variable values. This 

software takes only 6.8K bytes of memory space and a copy is 

included free with the purchase of the Altair 680 16K memory 
board. 

Other sottware includes a resident two pass assembler. The 

Altair 680b is also compatible with Motorola 6800 software. 

The Altair 680b is ideal for hobbyists who want a powerful 
computer system at an economic price. Altair 6806 owners qualify 

for membership in the Altair Users Group, and like other Altair 
owners, they receive a complimentary subscription to Computer 
Notes and complete factory support. 

PRICES: 
Altair 680h kit with complete, easy -to -understand assembly man- 
ual, operator's man-ial, and programming manual $466 
Assembled Altair 6801)...... $625 

Altair 680b Turnkey model kit 395 
Expander Card 680MB (requited to expand 680) $ 24 
Altair 68OBSM 16K static RAM board kit ssith 680 BASIC 5685 
Altair 680 BASIC when purchased separately._ $200 
Baudót option $ 42 

MAIL THIS COUPON TODAY 

Enclosed is a check Mr s 

t3ankAmericard u or Master Charge ñ I 

Altair 680h Kit Assembled Other (specify) I 

enclose 58 for postage and handling I 

Please send free information package. I 

NAME 

ADDRESS 

CITY STATE n ZIP 

DEuna 
2450 Alamo SE/Albuquerque, NM 87106, 505-243-7821 

NOTE: Altair is a trademark of MITS. Inc. Price, specifications subject to change. Please allow up to 60 days for delivery. 
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Three different 
schools give you 
this Z5" hobby - 

DIAGONAL 

kit Color TV... 

No other home training 
school gives you both an ex- 
clusive solid state color TV 
and an SQ® Quadra- 
phonic Receiver complete 
with four speakers ... all in 
one course. You get both for 
hundreds of dollars less than 
the combined tuition cost of 
TV and Audio courses at 
another school. And only 
NRI's Master Course in Color 
TV/Audio servicing lets you 
train on equipment specifi- 
cally designed for training with 
exclusive "power -on" features. 
NRI doesn't give you hobby 
kits or commercial sub -assem- 
blies. We invested the time 
and money to design equip- 
ment with learning in mind. 

Only NRI gives 
you this oZS" 
designed -for. 

learnin Color TV... 

It's the only way you can (1) 
get the feel of typical com- 
mercial circuitry, (2) learn 
bench techniques while build- 
ing complete units from the 

ground" up, (3) perform 
over 35 "in -set" exper- 
iments during con- 
struction, and (4) 
end up with a 25" 
diagonal solid-state 
color TV with console 
cabinet and a 4 -chan- 
nel quadraphonic 
Audio Center. 

NRI passes the 
savings on to you 

NRI can save you money 
because our engineering 
eliminates the cost of buying 
from an outside source. We 
pay no salesman's commis- 
sion. Students are enrolled 
by mail only. The savings are 
passed on to you in the form 
of low tuition fees, extras like 
the TV's console cabinet and 
the four speaker Quadraphonic 
System; a 5" triggered sweep 

oscilloscope, CMOS digital 
frequency counter, and an 
integrated circuit color TV pat- 
tern generator. Where NRI 
supplies a professional color 

pattern generator, most 
other schools use a TV 

set with a built in align- 
ment generator of no use for 
servicing other sets. Only NRI 
designs, engineers, and sup- 
plies training kits specifically for 
learning and professional use. 
You can pay hundreds of dol- 
lars more for a similar course 
and not get a nickel's worth 
more in training and equipment. 

é9 Trademark of CBS, Inc. 
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More know-how per dollar 
That's what it all boils down 
to, the quality of training you 
get for the money you spend. 
In our 62 -year history, more 
than a million students have 
come to NRI and we're fully 
approved for career study 
under the G.I. Bill. We must 
be teaching something right. 
Some of those "right" things 
are bite -size lessons to ease 
understanding and speed 
learning ... personal consul- 
tation, and prompt grading 
of all tests ... a full-time staff 
of engineer/instructors to help 
if you need it ... plenty of kits 
and experiments to give you 
hands-on training .. . 

and fully professional 

.~C 4.1 

...plus complete 
Quadraphonic 
Audio Center! 

programs oriented to full 
or part-time career needs, 

Widest Choice of Courses 
with Communications, 
CB, Digital 
Computer, and 
other careers. 

NRI offers not one, but five 
excellent TV/Audio servicinc 
courses so you can tailor 
your training to your budget. 

.._ ». .. 
:' 

Or you can study other 
opportunity fields like Digital 
Computer Electronics, Citi- 
zens Band Radio, Commu- 

nications, 
Aircraft or 
Marine Elec- 
tronics, 
Mobile Ra- 
dio, and 
more. Send 

for our free cata- 
log and see for yourself 
that no one gives you 
more training and equip- 

ment for your dollar. There's 
no obligation, and no sales- 
man will call. 

If card is missing, write to: 

NRI 
NRI SCHOOLS 
McGraw-Hill Continuing 

5,5Education Center 
3939 Wisconsin Avenue, 

.15.,«S: 

l 

4,iWashington, D.C. 20016 

.n 
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finish is walnut veneer, and front grille is 
dark brown. Measures 411/4" H x 16" W x 
133/4" D (104.8 x 40.6 x 34.9 cm), weighs 88 
lb (40 kg). $445. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 

BREAKER CB BURGLAR ALARM 

The Model 13-188 CB burglar alarm from 
Breaker Corp actuates the horn of the ve- 

hicle in which it is installed if the ground 
connection to either the antenna or the 
transceiver is broken. Once actuated, the 
horn will continue to sound - even if the 
ground connection is quickly restored - 
until the alarm is reset. Designed for use in 
vehicles with 12 -volt negative- or positive - 
ground electrical systems, the alarm is said 
to be easy to install. $21.95. 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

CB QUAD BASE ANTENNA 

The Avanti PDL II is a cubical quad base 
station antenna. It has two elements and a 

gamma match which do grounds the an- 
tenna. Front -to -back rejection is rated at 32 
dB. VSWR is said to be 1.2:1. Boom length 
is 4'10" (1.5 m). Requires a light -to -medium 
duty rotor. The quad uses aluminum tubing 

NOW: FROM.,: -TEXAS .IÑSTRUMENTI. : . ° 

'Wee. machines in cine.: s 
. 

,programáble - 

slide-rullé calculator' 
SR -52. 

10 user defined keys . 8 preprogrammed condition statements 
224 program storage'lócations 20 independent addressable memory registers ° 

23 preprogrammed key functions Permanent program storage on magnetic cards 

It took TEXAS INSTRUMENTS to invent the SR -52 calculator. It took. C & S 

MARKETING ASSOCIATES to offer it at a price you can afford, now only $249.95. 
With such versatility and such an affordable price, you can not afford to be without the 
problem solving power of card programability. Now solve problems in seconds that would 
take hours with are ordinary calculator or slideruler if they could be done at all. 

For more information or the answer to any question you may have about the SR -52 
calculator, call toll free (800-251-6771)". Tenn. residents call (800.262-6706). Other 
TEXAS INSTRUMENT models available from $49.95. 

Each TEXAS INSTRUMENT calculator 
comes with a 1 -year warranty. Should your 
unit prove defective within 60 days, just return 
it for a new unit! Finally should you be dissatis- 
fied with your calculator return it within 15 

days for a prompt refund. ' COD orders please 
add $5.00 shipping and handling. 

. C & S MARKETING ASSOC. 
P.O. BOX 165 ALGOOD, TENN. 38501 

I QTY. PRICE 249.95 ea.! 

ID CHECK M.O. C.O.D.I 

INAME I 

!ADDRESS 

!CITY, ST., ZIP 

spreaders, cast aluminum hubs, stainless 
steel clamps and cadmium -plated 
hardware. $108.95. 

CIRCLE NO. 93 ON FREE INFORMATION CARD 

RF SIGNAL GENERATOR 

VIZ Test Instruments Group has introduced 
its Model WR-50C solid-state signal 
generator, a successor to the RCA WR- 
50B. It covers fundamental frequencies 
from 85 kHz to 40 MHz in six ranges, and 
harmonic outputs for higher frequencies. 
The range -selection switch also has two 

VIZ 

. wecw_ .o- . - 
positions for 455 kHz and 10.7 MHz sweep 
outputs for AM and FM radio i -f alignment. 
R -f output is rated at 75 mV minimum. The 
generator has a built-in modulator and a 

crystal controlled oscillator circuit with 
front -panel crystal socket for markers or 
calibration. A two-step 10:1 attenuator 
switch is included, as are a vernier attenu- 
ation control for sweep output, and a two - 
position 7:1 attenuator switch for crystal 
oscillator output. Measures 73/4' x 5v/e" x 
41/e" (19.7 x 14.9 x 10.5 cm). $117.00. 

CIRCLE N0. 94 ON FREE INFORMATION CARD 

TECHNICS INTEGRATED STEREO AMPLIFIER 

The new Model SU -8600 from Technics by 

Panasonic has a rated power output of 73 
watts per channel minimum (rms) at 8 

ohms from 20 to 20,000 Hz with no more 
than 0.08% total harmonic distortion. it is a 

complementary direct -coupled OCL power 

POPULAR ELECTRONICS 
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When you've got: a Pace [B radio, 
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ot the wórÍd bthé .yoüvev = g ears. 

There are millions out there with their ears 
on waiting to talk to you Pace to Pace. 

And with a Pace CB two-way radio you've got 
every bit of power the law allows. Power to 
cut through interference and "bleeders" 
from other channels. . 

What's more, it's assembled with computer- 
ized circuitry and it's 1100D%D solid state, so it's 
as troüble-free as a CB can be. 

It all adds up to your voice getting 
out there clearer and with 
less distortion, and the . 

, /. 
PACE CB l 

other guy's voice coming back just as cl:aar 

To learn more, drop into a Pace place near 
you. The dealer will tell you just how economi- 
cal and easy -to -install a Pace is. He'll help you 
choose the one that's just right for you, too. 

Ask him for the best-selling CB in the world. 
He'll know which one you're talking about. 

PLACE CB 
PACE TWO-WAY RADIO PRODUCTS. 

BY PATHCOM, INC.. HARBOR CITY, CA 90710 
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Saving 
the best 
for last. 

The chances are good that when you first bought a stereo 
system, it was a "package" that included a receiver, 2 speakers, 
and a record player with cartridge. But how much time was spent 
selecting the cartridge? Most probably it was just a minor 
element of the package. Even if it had a famous name, it 
probably was not a truly first -rank model. 

Yet the cartridge is more important than that. It can limit the 
ability of the entire hi-fi chain to properly reproduce your 
records. It can affect how many times you will enjoy your 
favorite records without noise and distortion. And it can 
determine whether you can play and enjoy the new four -channel 
CD -4 records. 

Consider the advantages of adding an Audio-Technica ATISSa 
to your present system. You start with response from 5 to 
45,000 Hz. Ruler flat in the audio range for stereo, with 
extended response that assures excellent CD -4 playback if 
desired. Tracking is superb at all frequencies and distortion is 
extremely low. The sound is balanced, transparent, effortless. 
Stereo separation is outstanding, even at 10kHz and higher 
where others fall short. Our Dual Magnet design* assures it. 

And the ATI5Sa has a genuine nude -mounted Shibata stylus. 
Which adds a host of advantages. Like longer record life. 
Better performance from many older, worn records. Exact 
tracing of high frequencies, especially at crowded inner grooves. 
And tracking capability-at a reasonable 1-2 grams-that 
outperforms and outlasts elliptical styli trying to track 
at less than a gram. 

We're so certain that an ATI5Sa will improve your present 
system that we'd like to challenge you. Take several of your 
favorite records to an Audio-Technica dealer. Have him 
compare the sound of your present cartridge (or any other) 
with the AT15Sa. Listen. We think you'll be impressed. And 
convinced. 

Audio-Technica Dual Magnet cartridges protected by 
U.S. Patent Nos. 3,720,796 and 3,761,647. 

The AT15Sa. 
Very possibly the 
last phono 
cartridge 
you'll ever 
need. f 

[ÚIÑIÑiAu= 
BEST FOR 1/2/4 CHANNEL 

audio technica 
® INNOVATION o PRECISION o INTEGRITY 

AUDIO-TECHNICA U.S., INC., Dept. 106P, 33 Shlawassee Ave., Fairlawn, Ohio 44313 
Available in Canada from Superior Electronics, Inc. 

e 

-0` 1)- 
_ -- 

4 4 -1-4.4 <-5- 

amplifier with differential input stage and 
an emitter follower for impedance match- 
ing. It also has a 2 -stage phono equalizer. A 

current -mirror differential amplifier is 
employed in a 3 -stage direct -coupled 
tone -control circuit. Other features include 
a turnover frequency selector, a tone - 
defeat switch, a 26 -step attenuator-type 
level control with loudness switch, -12- 
dB/octave low and high filters, a -20-dB 
audio muting switch, two speaker system 
outputs, two tape monitor loops, a head- 
phone jack, and inputs for two phono- 
graphs, a tuner, and an auxiliary signal 
source. $329.95. 

CIRCLE NO. 95 ON FREE INFORMATION CARD 

CB CHANNEL BILLBOARD 

Controls/Inc. announces its new CB Chan- 
nel Billboard Advertiser, which allows a 
mobile operator to display which channel 
he is monitoring. It is composed of two 
units. One is a display box with 2 -inch 
(5 -cm) seven -segment numerals to indi- 

' I --i Ili I i . 

cate the monitored channel. It can be 
mounted on the rear deck of an automobile 
or in any other visible location. The second 
unit is a control box with a 24 -position rot- 
ary switch (1 through 23 and OFF). The two 
are interconnected by means of a flat rib- 
bon cable. Requires 12 volts dc, and comes 
with mounting brackets and hardware. Ad- 
dress: Controls/Inc., Box 522, Consumer 
Sales Dept. 17, Logansport, IN 46947. 

DBX SIGNAL PROCESSOR 

The Model 128 signal processor by dbx 
contains a two -channel record/playback 
noise reduction system similar to the dbx 
Model 122, and a 2:1 dynamic range en- 
hancement providing linear compression 
and expansion. The noise -reduction sys- 
tem is said to provide 30 dB of noise reduc- 
tion and 10 dB headroom improvement 
when used for live recording and to prevent 
hiss and noise build-up when copying pre- 
viously recorded material off a disc or tape. 
The dynamic range enhancement section 
offers restoration up to 20 dB of the 
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ie Bláck Watch Kif 
Sinclair 
Black WarCh ail 

THE KIT CONTAINS 

1. printed circuit boards 
2. integrated circuits 
3. encapsulated quartz crystals 
4. trimmers 
5. capacitors 
6. LED displays 
7. 2 -part case with window in positions 
8. batteries 
9. battery -clip 

10. black strap (black stainless -steal 
bracelet optional extra - see order form.) 

11. full instructions for building and use. 
All you provide is a fine soldering iron 
and a pair of cutters. 

The Black Watch Kit by Sinclair 
is unique. Controlled by a 
quartz crystal...powered by 
two hearing aid batteries. 
Styled in understated elegance 
the Sinclair way. No knobs 
no buttons. To see the exact 
time or date just touch the 
face of the case. A re -set 
control is on the back. 

Dimensions: 1.1/7' X 1" X 3/10" 

Weight: 1/2 ounce 

Strap: 3/4" wide 
Case: Specially designed unbreakable black matte 

plastic. Water resistant. 

Batteries: MalloryRM41H 
Accuracy: On a built watch we guarantee accuracy 

within a second a day. In building it yourself 
you may be able to adjust the trimmer to 

achieve an accuracy within a second a week. 

I' a 2 0 
sinClir 

, 

Ein=lair (Actual Size) 

SÓIeritifiáCáIcüIatorkft 
Slrrc>oir 

Scientific (ctculatw 
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KIT COMPONENTS 
1. Coil 
2. LSI chip 
3. Interface chips 
4. Printed circuit board 
5. Keyboard panel 
6. Electronic components pack 
7. Battery assembly and on/off switch 
8. Case moldings, with buttons windows and 

light-up/display in position. Soft carrying case 
9. Comprehensive instructions 

10. Assemble time is approximately 3 hours. 

Designing the Sinclair 
Scientific was no small feat 
of engineering, but you 
don't have to be an engineer 
to assemble it with our kit. 
You can put together the world's 
most remarkable scientific cal- 
culator from eight groups of com- 
ponents, using only a soldering 
iron and a pair of cutters. (Com- 
plete instructions are included.) 
Less than 3/4 -inch thin and 3-3/4 
ounces light. British -made Sin- 
clair Scientific isn't just portable, 
it's pocketable. 
All parts are tested before ship- 
ment - and we guarantee any 
correcly assembled calculator for 
one year. 

Features of the 
Sinclair Scientific 

FUNCTIONS SUMMARY - 
Algebraic logic 
Five function memory 

Sine, cosine, tangent, arcsine, 
arccosine, arctangent 
Degrees/radians switch 
Ln and ex 

Square root, pi and reciprocal 
8 digit mantissa, plus 2 digit exponent 
Automatic constant 
Pocket -sized. 41/3" X 2" X 11/16". 

Weight:4 ounces. 

Battery life. Low-cost, disposable 

MA batteries (not included) operate for 
around 25 hours of continuous use. 

1. FREE TRIAL OFFER If you decide not to keep and 

assemble your kit, you may return it undamaged with- 
in 10 days for a refund of its purchase price. 

2. SERVICE If a problem arises in building your kit, 

Sinclair Service Department will fix it for yoe at a 

nominal charge. 

3. WARRANTY Your correctly assembled kit will be 

repaired or replaced by Sinclair if it fails to operate 
within one year of purchase free of charge )except in 

the case of misuse). 

4. To order your kit, just use the coupon and mail it 

with your check or money order to: GFN Industries, 
Inc., 6 Commercial Street, Hicksville, New York 11E01. 

To: GFN INDUSTRIES, INC., 6 Commercial Street, Hicksville, New York 11801 

_Black Watch Kit(s) at $19.95 $ 
_Black Watch Kit(s) with stainless steel band at $24.95 
_Scientific Calculator Kit(s) at $14.95 
_Assembled Black Watch(es) with stainless steel band at $39.95 
_Assembled Scientific Calculator(s) at $19.95 
_Sales Tax (N.Y. Residents) 
_Shipping and handling ($2.00 PER UNIT) 

Enclosed is check/MO (payable to GFN Industries Inc.) 
TOTAL $ 

L 
OCTOBER 1976 

iarne rnaeK 

NAME 

ADDRESS 

CITY STATE ZIP 

Quantity discount: For 6 or more units, the total shipping and handling charge is W.W. 

A TANDY CORPORATION COMPANY 

OVER 5000 LOCATIONS 50 STATES 9 COUNTRIES 
*Retail price may vary at rndlvidual stores and dealers 

1'aedra 11131 1, a- 

.. 
iii' FREE, 

' 164 -page 1977 catalog. Full color. See what's 
Imom;g ¡ really new in elerxronics. Get your copy now .. , 

br' y - 
) 

at our store near you. 

KEY # PE -1 OWC 
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YOUR FIRST 
MICROPROCESSOR KIT 
SHOULD BE COMPLETE, 

UNCOMPLICATED 
AND INEXPENSIVE. 

THAT'S WHY SCHWEBER 
OFFERS NATIONAL'S 

SC/MP KIT. 
Nobody has to tell you that microprocessor technology is revolutionary. 

Trouble is, it's a development with such far-reaching implications, for science, 
for business, for you, that it can be a little intimidating. 

That's why Schweber Electronics wants to introduce to you National's 
SC/MP microprocessor kit. It's the newest 8 -bit, low-cost microprocessor 
system on the market. 

SC/MP is ideal for use in those sophisticated calculators, electronic games, 
appliance controls, heating and security systems, and mobile communications 
units you'd like to design and build. 

Schweber has the complete SC/MP Kit in stock right now. So, order yours 
today. Be the first to get the very capable, very economical SC/MP Kit from 
Schweber -a leader in microprocessor distribution. 

What your National SC/MP Kit 
from Schweber includes: 

The SC/MP MPU chip. 
Voltage Regulator. 
256 Bytes of RAM. 
ROM with KITBUG Program. 
8 -Bit Data Buffer. 
1-mHz Crystal. 

e TTY Interface. 
Plus: PC Board, - 

Connector, 
Sockets, 
Resistors 
and Capacitors. 

Mail coupon & check to: 
Schweber Mail Order Division 
P.O.' Box #152 
Jericho, New York 11753 

111111 RR IN MI 

*BE THE FIRST 
TO GET IT! 

D 

1 
L© 1976, SCHWEBER ELECTRONICS CORPORATION 

(] Please send me kits @ $99.00 plus $5.00 
handling & mailing charges (add sales tax where 
applicable). 

Name 

Address 

City State 

22 
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"Schweber speaks 
Microprocessor" 

SCHWEBER 
ELECTRONICS 

New Literature 
ELECTRONICS DESIGN AND TESTING 

"59 Ways to Save Time and Money Design- 
ing and Testing in Electronics" is a new, 
32 -page, full -color, pocket-size catalog 
from Continental Specialties. Designed for 
electronics hobbyists, technicians and de- 
signers, the catalog features some of Con- 
tinental Specialties' new items (a precision 
digital pulse generator, a selective - 
threshold test instrument that indicates 
logic status, and a circuit -powered, multi- 
function test tool with memory). There are 
also sections with helpful hints on the use 
of solderless breadboarding sockets and 
breadboards; a section on digital and 
linear breadboarding design and construc- 
tion; and a block diagram and connection 
chart of the most popular digital IC's. Ad- 
dress: Continental Specialties Corp., 44 
Kendall St., P.O. Box 1942, New Haven, CN 
06509. 

ELECTRONIC CIRCUIT HARDWARE 

AP Products announces its new 19 -page 
booklet on state-of-the-art breadboarding 
and testing devices. Included are AP's All - 
Circuit Evaluator series, designed to give 
greater flexibility and reliability to circuit 
building; IC test clips; strips; breadboards; 
unicards; pc extender cards; tie -point 
blocks; accessories, patch cords; minia- 
ture 8 -pin connectors; connector pins and 
sockets; male and female headers; and dig- 
ital test probes. The catalog is fully illus- 
trated and technical specifications, dimen- 
sion and application information are pro- 
vided: Address: AP Products, Inc., Box 110, 
72 Corwin Dr., Painesville, OH 44077. 

CASSETTE TAPE BOOKLET 

Fuji announces á new booklet, "Cassette 
Tape and How to Make it Work for You." 
Written on a nontechnical level, the book- 
let contains information on the. selection 
and use of cassette recorders/players. It 
features a section describing the uses of 
cassettes as creative aides and explains 
the steps to take to ensure optimum re- 
sults. Also included is a section on the lan- 
guage of cassette tapes, converting tech- 
nical engineering language into under- 
standable terms for consumers. Address: 
Fuji Photo Film U.S.A., Inc., Audio Tape 
Div., Empire State Building, New York, NY 
10001. 

CB ACCESSORIES CATALOGS 

Turner announces new catalogs for its 
Citizens Band products. A 12 -page micro - 

POPULAR ELECTRONICS 
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Royce builds CB's that rice the roughest roads. Because one loose connection 
and your CB is 10=7-out of service. Building CB's that can hold up under the 
shock of road bumps and wide temperature extremes isn't easy. It takes more 
than care in construction. It takes advanced engineering design. That's what 
Royce gives you. We developed the modular printed circuit for CB's. 
Our modular units eliminate most of the wires normally .found in CB's. By 
eliminating these wires, we've eliminated a major source of repair problems. 
Then, to make sure your Royce is working perfectly before you buy it, we 
electronically check every CB we build. And make sure each one is FCC -type 
accepted. Granted, it takes more time and know-how to build a Royce CB. 
But we feel the problem of keeping a CB working should be ours, not yours. 
That's why ... 

Everybody's talking 'bout 

Dyce 
©Royce Electronics Corp. 1976 

i ! 
,,. 

I ` ,d1 
o 

... 

Write for a free brochure to Royce ElectronicsCorp., 1746 Levee Road, North Kansas City, Missouri 64116 
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Revolutionary! 

Sound -shaping taping mike. 

Never before -a single microphone that gives you the versatility of 
16 microphones! Four tiny frequency filter switches built into the new 
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio 
effects in virtually any recording situation: flick a switch to add sizzle 
Ea. to vocals .. . flick another switch to 

highlight the sound of a bass drum. You 
can even compensate for the acoustic 
response of a room - right from the 
microphone! In all, the 516EQ creates 
16 different response variations that 
can add a new, professional sound to 
.every tape you make. Available singly 
or in pairs for stereo recording. Ask to 
hear a recorded demonstration at your o participating Shure dealer. 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 
In Canada: A. C. Simmonds & Sons Limited j SHU i=t E 
Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
24 CIRCLE NO. 66 ON FREE INFORMATION CARD 

phone catalog features seven new prod- 
ucts, including an amplified base -station 
mike with tone -control and voice -strength 
meter, and an amplifier mobile micro- 
phone that uses readily accessible 9 -volt 
batteries. Also available is the new Signal 
Kicker antenna catalog, which has been 
expanded to 16 pages, including a section 
on recreational vehicle antennas. Address: 
Turner Division of Conrac Corp., 716 Oak- 
land Rd. N.E., Cedar Rapids, IA 52402. 

1976 SEMICONDUCTOR GUIDE 

General Electric announces a new 200 - 
page 1976 edition of its Semiconductor 
Guide, ETRM-4311. The revised and up- 
dated catalog cross-references GE univer- 
sal replacement semiconductors and 
supplies application and technical data on 
the devices. Included are 52 new enter- 
tainment semiconductor devices for TV, 
FM and FM stereo applications, and infor- 
mation on five semiconductor kits, 19 
experimenter/hobbyist components and 
22 accessories such as transistor heat 
sinks, sockets and micas, and IC sockets. 
$1.00. Address: General Electric, Suite 301, 
2001 Gardiner Lane, Louisville, KY 40205. 

POLYPHONY 

PAIA announces a new quarterly magazine 
"Polyphony." Directed toward the elec- 
tronic music enthusiast, the publication in- 
tends to be an information exchange be- 
tween the related fields of electronic theory 
and circuit design, music theory, acoustics 
and recording techniques. Containing 
reader contributions, PAIA staff material 
and new product information, the 
magazine combines the information into a 
usable format for electronic music applica- 
tions. Current issue free upon request. Ad- 
dress: "Polyphony," % PAIA Electronics, 
Inc., 1020 W. Wilshire Blvd., Oklahoma 
City, OK 73116. 

CB CATALOG SERIES 

A new, 11 -page catalog from Shakespeare 
illustrates its line of citizens, marine and 
business band antennas with related 
mounts, hardware and test equipment. In- 
cluded are fiberglass whip, base -loaded, 
top -loaded, co -phased, and new 2 -foot 
stick mobile antennas; half -wave om- 
nidirectional CB base station antennas in- 
cluding the first fiberglass directional an- 
tenna; vhf -FM and SSB marine antennas; 
and mobile, base station and ground plane 
business band antennas. A section on 
mobile CB mounts and accessories and 
marine accessories is also included. In ad- 
dition, Shakespeare offers a series of illus- 
trated minicatalogues, featuring CB 
mobile transceivers; CB antennas and ac- 
cessories; and marine antennas and ac- 
cessories. Address: Shakespeare Co., 2805 
Millwood Ave., Columbia, SC 29205. 
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ACOUSTIC FIBE.fj;3`OUND SYSTEMS, INC? 
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Caned a til.' n Distr, tOi M"untz-Canada L td..1 149 Pioneer Road Burlington Ontario, Canada (416) 639 - 

AII AFS®/KRIKET® speakers are ani f ctured in the U.S.A. using Arrer'ican materiali:and craftimak., 
- , , Co yri~'976 Acoustic Fiber Sound Systems, I -1c. 

ffi 

d 

.. 

i. - ._._ 

TM 

Hump-mwntspeaker 

y peakers are our Only business. 
-a' . L, , r- 

Degiá d;,'with sécurity and superior sound 

dr Ymind, I e AFS / KRIKET KAN.EL KC -3085 hump- , Lñ unt-otterna speaker rests snugly on the transmis- 
r yiQn htnp while driving. CB dials are readily visible. 

CB tr-psceiver mounts on sneaker base forning single ' n, 'drill. No installation problens. Fer maximum security, 
unplug antenna and powerlleads, lift unit and place in 

trunk. No screws to unscre .,No,hassle. No annoying 
rattles while drying. Solid! 

"WORKING WALL"- enclosur of Ns -laminated 
fiberboa-d deadens static and channel noise eliminates 
voice dstortior. 
AFS manes having an expensive CB rig in your carbr 
truck sate and worthwhile. Isn't it about time somebody 
did? 

They have to 1 L tter! 
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CREI brings college -level training 
to you with eight educational 
advantages, including special 

arrangements for engineering degrees 

The best way to qualify for top positions 
and top pay in electronics is obviously 
with college -level training. The person 
with such training usually steps more 
quickly into an engineering level posi- 
tion and is paid considerably more than 
the average technician who has been on 
the job several years. 

A regular college engineering pro- 
gram, however, means several years of 
full-time resident training-and it often 
means waiting several years before you 
can even start your career. This, of 
course, is difficult if you mustwork full 
time' to support yourself and your fam- 
ily. 

If your career in electronics is limited 
without college -level training, take a 

look at the advantages a CREI home 
study program can offer you. 

1. Convenient Training 
CREI brings the college to you. 
Through the convenience of home study, 
you receive exactly the same level of 
training you will find in any college or 
university offering programs in elec- 
tronic engineering technology. With 
CREI, however, you can "go to college" 
whenever you have spare time at home 
or on the job. 

2. Specialized Programs 
With CREI, you enjoy the advantage of 
specialized training. That is, your pro- 
gram will include only those courses 
directly applicable to your career in 
electronics. We omit such courses as 

English, social studies and other sub- 
jects, which are usually required in 
resident schools. Therefore, with CREI, 
you move ahead faster to the more in- 
teresting and useful part of your train- 
ing. 

3. Practical Engineering 
CREI programs give you a practical 
engineering knowledge of electronics. 
That is, each part of your training is 
planned for your "use on the job." By 
using your training, you reinforce the 
learning process. And by demonstrating 
your increased knowledge to your em- 
ployer, you may qualify for faster ca- 
reer advancement. 

4. Engineering Degrees 
CREI offers you a number of special 
arrangements for earning engineering 
degrees at recognized colleges and uni- 
versities. You can earn college credit 
while you are taking your CREI pro- 
gram or apply later, whatever is best for 
your career plans. 
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Career Training at Home 

5. Unique Laboratory 
Only CREI offers you the unique Elec- 
tronic Design Laboratory Program. This 
complete college laboratory makes learn- 
ing advanced electronics easier and it 
gives you extensive practical experience 
in many areas of engineering, including 
design of electronic circuits. No other 
school offers this unique program. It is a 

better "Lab" than we have found in 
many colleges. And the professional 
equipment included in the program be- 
comes yours to keep and use throughout 
your professional career. 

6. Wide Program Choice 
CREI gives you a choice of specializa- 
tion in 14 areas of electronics. You can 
select exactly the area of electronics best 
for your career field. You can specialize 
in such areas as computer electronics, 
communications engineering, micro- 
wave, CATV, television (broadcast) 
engineering and many other areas of 
modern electronics. 

7. Prepared by Experts 
Experts in industry and technical orga- 
nizations of government develop CREI 
programs. Each part of your training is 

developed by a recognized expert in that 
area of electronics. That means you get 
the most up-to-date and practical in- 
struction for your career. 

8. Industry Recognition 
That CREI training is recognized by in- 
dustry and government is evident from 
the fact CREI provides training to ad- 
vanced technical personnel in over 
1,700 technical organizations. Many sub- 
sidize the training of their employees 
with CREI. If there is any question 
about the advantages of CREI training 
for you, ask your employer or any engi- 
neer to evaluate the outline of a CREI 
program for you. 

Other Advantages 
Of course, there are many other ad- 
vantages to CREI training. For ex- 
ample, throughout your training, CREI's 
staff gives you personal instruction for 
each step of your program. And in 
many industrial areas, both in the U. S. 

and abroad, CREI Field Service Repre- 
sentatives provide a number of impor- 
tant personal services for your training 
and your career. 

FREE Book 
There isn't room here to give you all of 
the facts about career opportunities in 
advanced electronics and how CREI 
prepares you for them. So we invite 
you to send for our free catalog (if you 
are qualified). This fully illustrated, 80 
page catalog describes in detail the pro- 
grams, equipment and services of CREI. 

Qualifications 
You may be eligible to take a CREI 
college -level program in electronics if 
you are a high school gradúate (or the 
true equivalent) and have previous 
training or experience in electronics. 
Program arrangements are available de- 
pending upon whether you have exten- 
sive or minimum experience in elec- 
tronics. 

Send f or? this FREE Book 
'describing your opportúnities' 
'and: CREI college -level 
programs, in electronics 

14` 
...-- , _:{ f 

Mail card or write describing qualifications to GI Bill 

CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 

CRE7 programs 
are approved 
for training of 
veterans and 
servicemen under 
the G.!. Bill. 
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... Stereo Scene 
By Ralph Hodges 

CONSUMER ELECTRONICS SHOW-SUMMER 1976 

THIS YEAR'S SUMMER Consumer 
Electronics Show was orderly 

and level-headed. Among the 
majors-Pioneer, Marantz, Kenwood, 
Sansui, etc.-there were precious few 
introductions of top -of -the -line mod- 
els, but there were scads of lower - 
price components to continue a series 
begun last year with one or two "flag- 
ship" products. This was especially 
true for receivers and integrated 
amplifiers, and even for some 
preamplifiers and power amplifiers. 
For example, Yamaha's premier intro- 
duction was the Model B-2 at 100 
watts per channel, It is a V-FET power 
amplifier cast from the mold of the 
more powerful B-1. The Luxman 
5M21, with the same power rating, is 

obviously a descendent of that com- 
pany's larger power amplifiers. In ad- 
dition, both manufacturers intro- 
duced companion preamplifiers at 
lower prices than heretofore. 

Trends & Themes. It was a banner 
show for direct -drive turntables-to 
the point where it is a rare major turn- 
table line that does not include at least 
one. The elite among the direct -drives 
now derive their reference frequen- 
cies from quartz -crystal oscillators, 
and their servos employ phase -locked 
loops. Technics, JVC, and Sansui all 
had brand-new machines with these 
features at CES. 

Apparently the market for three - 
head cassette decks is suddenly com- 
ing to life once again. It seems that a 

Yamaha B-2 power amplifier. 
30 

serious tape -alignment problem has 
balked the widespread availability of 
such machines up to now. The prob- 
lem has been that any significant spa- 
cing between the record and playback 
heads gives the cassette's relatively 
crude tape -guidance system ample 
chance to skew the tape. And since no 
cassette is (in theory) exactly like any 
other, there was no predicting what 
sort of azimuth error the skew would 
introduce. Even turning a cassette 
over to use its other side would often 
significantly alter the alignment. 

The Models 1000 and 700 from 
Nakamichi, now a few years old, in- 
corporated the first practical remedy 
for this state of affairs: an alignment 
"beacon" system that enabled one to 
reset the azimuth of the record head 
quickly and unambiguously for each 
cassette side. Then, last year, Hitachi 
presented a deck, the D/3500, with a 

wholly new approach-record and 
play heads that snuggled against each 
other so closely that any tape skew 
within the short space separating the 
two sets of gaps was a scant possibil- 
ity. In fact, the gaps were so close they 
could even share the cassette's single 
pressure pad. Apparently, this innova- 

. 
tion lent impetus to other cassette - 
deck manufacturers who had thought 
that azimuth adjustments were a bit 
too arcane and expensive to attract an 
appreciable market. Fisher acted first, 
and now has three models employing 
this scheme. Akai has used it for its 
new GXC-570D, among other 
machines. And now this year, Teac has 
adopted it for its long -anticipated 
three -header, the 860, which will head 
the company's brand new "Esoteric" 
series. In place of azimuth adjust- 
ments, the 860 has continuously vari- 
able bias and equalization controls on 
its front panel, as well as elaborate 
mixing facilities. 

A few manufacturers have elected to 
stick with separate, spaced record and 
playback heads. Among them are 

Tandberg, whose new TCD 330 has a 

record -head azimuth adjustment with 
a meter to indicate correct alignment. 
The Lenco C-2003 also has spaced 
heads, but seems to lack any special 
alignment features. 

In the world of loudspeakers, the 
CES brought a small inundation of 
products designed to be phase - 
coherent, following the lead provided 
(in their various manners) by Ohm, 
Dahlquist, and B & O. The most popu- 
lar approach is obviously the 
staggered -array configuration. In 
other words, if the tweeter is a little 
"faster" than the woofer in getting off 
the mark, simply locate the tweeter's 
diaphragm a little farther from the lis- 
tener to even things out. This results in 
staggered drivers, each occupying its 
own mounting plane. The B & W DM6 
from England is a good example, as is 
a new floor -standing system from Eng- 

III I -I -I -I -I @ 

, 

Akai GXC-570D cassette deck. 

land's KEF. From the U.S., the Au- 
dioanalyst "Anthem Array," the Jen- 
nings Research Contrara Vector One, 
and the Paradox TA -12 "Time Align" 
(highly reminiscent of the B & W pro- 
duct in its appearance) are all adher- 
ents of this phisolophy. Even Japan 
demonstrated interest via the "Pro- 
fessional Series" from Technics by 
Panasonic. The top -of -the -series 
model, the SC -9000, is truly a sight to 
behold, with four large woofers and 
three enormous mid- and high -fre- 
quency horns, looking powerful 
enough to be lethal to houseflies and 
other frail life forms. 

New amps or old? You've probably 
noticed a trend to Class A amplifiers 
from some manufacturers of the more 
esoteric electronic products. This 
was continued by new CES products 
from Stax, Mark Levinson, and some 
other lesser -known companies. The 
claimed benefits and the performance 
of such devices have been tempting to 
consumers and other manufacturers 
alike. However, the reduced gain and 
comparative inefficiency of Class -A 

POPULAR ELECTRONICS 
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Form follows function. 
At Yamaha, it's been that way since 1887, when we began 

making music by making the finest musical instruments in 
the world. 

Today, the same advanced technology found in our musical 
instruments has made Yamaha a leader in state-of-the-art 
audio components. 

For example, we engineered our innovative Orthodynamic 
HP -1 and HP -2 stereo headphones to give both the smooth, crisp 
highs of the best electrostatic headphones and the rich, clean bass 
of the best dynamic types at a surprisingly low price. 

But it wasn't enough to make them the best sounding head- 
phones ever heard. We consulted world-famous designer Mario 
Bellini to help us make them the most comfortable headphones 
ever worn. Because we knew if they were uncomfortable, you 
wouldn't put up with them. 

That's why a soft strap distributes the featherlight weight of 
the HP -1 and HP -2 evenly over your head. Special foam ear pads 
form a supple, compliant seal. Height and angle are completely 
adjustable to your head. 

Yamaha musical technology is also highlighted ;in our 
superlative TC-800GL and TC-800D stereo cassette decks, 
offering cassette convenience with performance rivaling that of 
some of the finest open red decks. 

To satisfy the most sophisticated recordist, both the 
TC-800GL and TC-800D offer incredibly low 0.06% wow -and - 
flutter, Dolby* Noise Reduction, and Variable Pitch Control. 
(The TC-800GL can even be used for remote recording.) But, if 

H? -1 

you don't like to do a lot of fiddling around, both models offer 
automatic convenience features like Auto Timer Start, Auto Stop, 
Auto Memory Rewind, and Auto Switching for Cr02 tape. 

Also showing Mr. Bellini's touch, the functional wedge styling 
and stepped controls of these cassette decks give you easy control 
and visibility from any standing, sitting, or reclining position. 

If you'd like a closer look at some other examples of form 
following function, send for our free catalog of stereo components. 
Or see your local Yamaha Audio Specialty Dealer. You'll get a 
lot more than just a demonstration. 

"Dolby is a registered trademark of Dolby Laboratories, Inc. 

r Yamaha International Corporation 101 

Audio Division, P.O. Box 6600, Buena Park, Calif. 90622 

Please send my free copy of the Yamaha stereo components 
catalog and a fist of Yamaha Audio Specialty Dealers. 

Name 

Address 

City 

State Zip 

v 
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operation have made the whole idea 
seem impractical in a power - 
competitive market. Class AB or 
something close to it has therefore 
remained supreme up to now. But 
CES gave evidence that some design- 
ers are out to get the best of both 
worlds. 

In the SR/903 receiver, Hitachi pre- 
sented the first example I have per- 
sonally encountered of a Class -G 
amplifier. Briefly, the equivalent of two 

Hitachi SR 903 reciever. 

Audionics PZ3, is also said to use a 
bias -shifting control circuit. 

The Elcaset. CES served as the offi- 
cial debut arena of the Elcaset format, 
for which its co -developers, Ma- 
tsushita (Panasonic and Technics), 
Sony, and Teac, have high hopes. The 
Elcaset principally. differs from the 
Philips cassette in being considerably 
larger, using 1/4 -inch tape and a 3 3/4-ips 
tape speed. Also, it does not depend 
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push-pull output sections is 
employed. One handles small 
amplitude signals and the other is 
switched in for large transients. If I un- 
derstand the whole business correctly 
(details were still sketchy at show - 
time), the two sections are biased dif- 
ferently, enabling the low -output sec- 
tion to approach Class -A operation, 
and the high -output section to operate 
in a very efficient mode. The idea re- 
calls to mind the Sharma circuit from 
the Mattes amplifier of the mid 60's, 
although the actual configuration of 
the circuit is, of course, different. At 75 
watts per channel continuous, the 
Hitachi receiver is not a powerhouse 
by today's standards, but the power it 
does have comes in a competetively 
sized and priced package, with some 
intriguing technical features. 

The Nakamichi 620, a 100 -watt - 
per -channel power amplifier, is said to 
operate-I am tempted to say "nomi- 
nally" operate-in the Class -B mode. 
Of course Class B, efficient though it 
is, can be beset by crossover distor- 
tion and other troubles if the designer 
is not very careful. But this amplifier 
has a 0.005 percent guaranteed dis- 
tortion level. Apparently (again details 
were few at the moment of writing) the 
nastinesses of Class B have been 
cured by a carefully designed bias - 
control circuit. In any case, the 620 is 
certainly compact enough to support 
its claims for highly efficient operation 
and only two transistors per channel 
are used in the output stage. Another 
amplifier introduced at the show, the 

32 

on the cassette package itself to pro- 
vide tape guidance. Instead, the tape 
is drawn out of the cassette in the form 
of a loop, so that the machine's inter- 
nal guides and tensioners are solely 
responsible for its transport and 
alignment. 

In these respects, the Elcaset re- 
sembles the BASF Unisette an- 
nounced last year, but as yet not really 
seen in this country. However, while 
the Unisette envisioned professional 
users, the Elcaset is intended as a 
consumer product. 

The CES brought forth four 
machines that can record and play El- 
casets: the Sony EL -7 and EL -5, a de- 
luxe Technics, and a Teac prototype. 
The Sony decks were three -head 
three -motor (the EL -7) and two -head 
single -motor (the EL -5). The Technics 
extravaganza had four direct -drive 
motors (two in the dual -capstan 
tape -drive system) and four heads (the 
fourth for the narrow control tracks for 
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Teac 860 cassette deck. 

which room is provided in the center 
of the Elcaset tape). 

No one doubts that the Elcaset for- 
mat can measurably outperform the 
Philips cassette. But the big question 
being asked is: Will this measurable 
superiority translate to a significant 
audible superiority? In other words, is 
it possible that the Philips cassette 
format, over its years of refinement, 
has become good enough to compete 
with any other high-fidelity program. 
source-the Elcaset and even high- 
speed open-reel-for certain types of 
program material? And if it hasn't, 
isn't it likely to in the near future, ob- 
viating the, need for another quality 
tape cassette format at this time? 

The coming months should yield 
some answers to these questions. In 
the meantime, it is true that the Elcaset 
doesn't face the restrictions on four - 
channel that have troubled the Philips 
cassette. But if this is to be a factor, we 
then have to ask whether the appa- 
rently waning interest in quad- 
raphonics will justify any manufac- 
turer's offering a four -channel Elcaset 
machine. 

A final question being asked about 
the Elcaset format concerns the tape 
itself. Who is going to be supplying 
Elcasets, and in what form? Sony is 
into production already, of course, 
and will be offering a low -noise tape 

. 

-t5' _. 

Lyman 5M21 power amplifier. 

formulation as well as Ferrichrome 
(the first 1/4 -inch Ferrichrome tape to 
appear on the market). The positions 
of the other tape manufacturers have 
not been clarified, however. Another 
matter: the Technics machine has 
switch positions for chromium - 
dioxide bias and equalization, al- 
though Sony has not announced a 
chromium -dioxide Elcaset and at the 
moment there seems to be some 
doubt whether it will. To what extent 
might the Elcaset format get em- 
broiled in the chrome -vs. -ferric debate 
that is being waged rather briskly right 
now? 

Whatever happens, the Elcaset 
promises to be a superb if rather ex- 
pensive tape medium. But certainly it 
will not be beloved by all. Some man- 
ufacturers are talking about serious 
ventures into microcassettes. If they 
make a move, things should really be 
jumping by this time next year. O 
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LR-9090 

The new Powerhouse line. 
It's only competition 

is on this page. 
No one can compete with Lafayette's new Power- 

house line of receivers. 
And the top of the Powerhouse line is the best 

yet. Check the spec chart. Compare it to what you're 
listening to now. And to what the competition is 
offering. You'll see the Powerhouse line delivers. 

The two top of the line receivers have features 
you've never had on any receiver before. Advanced 
features like Dolby® FM noise reduction system (on, 
the LR-9090) and a mike mixing feature on both 
models. Even features like mid -range frequency 
emphasis and tape dubbing controls are included 

LR-5555 

Yn Lf 

11#' e 

for your control of the sound. And they share many 
of the features of the line like digital phase -lock - 
loop circuitry, positive detent controls and con- 
venient push/lock speaker terminals. 

If the competition could give you all these 
features they still couldn't deliver extras like 
Lafayette's protective warranties, and audio experts 
who care about you. Stop in at one of the Lafayette 
dealers or stores coast to coast. 

You'll see the only competition for Power- 
house features and performance is another Power- 
house receiver. 

Specifications LR-9090 LR-5555 

Power Min. RMS 
20-20,000 Hz 90+90 55+55 

Total Harmonic 
Distorlion(Less Than) 0.1% 0.5% 

Input Sensitivity: 
Phono/Aux/Mike mV 2.5/150/6 2.5/150/6 

Tone Bass/Mid/Treble Bass/Mid/Treble 

Speakers A, B, C A, B, C 

FM Sensitivity (Stereo) 21.0 dBf (1.8 µV) 21.0 dBf (1.8 µV) 
Selectivity 80 dB 80 dB 

Capture Ratio 1.25 dB 1.25 dB 

Price 5599.95 5399.95 

@ 40-20,000 Hz IHF ('58) Sensitivity (Mono) 

Lafayette 
There is no competition. 

For more information and a free catalog please write: Lafayette Radio Electronics, Elox122, 111 Jericho Tpke., Syosset, 
Copyright 1976 Lafayette Radio Electronics 
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HIGHLIGHTS 
CB Channel Expansion, Etc. 

The FCC will add 17 AM 'oice channels to the present 
23 on the 27-Mllz CB radio band, effective January 1, 

1977. Technical specification requirements will 
change, too, with spurious response requirements more 
stringent. Receivers with 40 voice -communication 
channels won't be available very soon. however, since 
the equipment must he type accepted by the FCC 
(which recently rejected 25 applications for certifica- 
tion of 23 -channel rigs). Then there are production and 
distribution to be taken care of. Moreover, there won't 
be many people to talk to on the 17 new channels for 
some time to come. Additionally, truckers are expected 
to continue to use Channel 19, while Channel 9 will 
remain as the emergency/assist channel. So the 23 - 
channel CB transceiver promises to be with us for some 
time, ,just as vhf television hasn't been supplanted by 
the addition of uhf stations. 

Among other rulings, Channel 11 is no longer the CB 
"calling channel." It will be used just as other allocated 
frequencies (except Channel 9, of course). And CB'ers 
will not be able to blithely ignore harmonic interference 
to a neighbor's television receiver (Channels 2, 5 or 6) 
due to insufficient harmonic suppression. The licensee 
causing the interference is now directed to insert a 
low-pass filter between his r -f output connnector and 
the antenna feedline. Furthermore. a host of proposed 
changes were shot down. For example, the present 
27 -MHz Class C radio control frequencies will not be 
reallocated to the Class D band, although the FCC indi- 
cated that alternate frequencies must be found at some 
time due to the problem of interference to Class C oper- 
ations. Also, a proposal to lower the age requirement for 
a Class D station license from 18 to 16 has been turned 
down for now. 

Test Cassette Series 
A new series of cassette tapes for test purposes has been 
introduced by TDK. The "AC" series consists of' 12 cas- 
settes for testing crosstalk, recording calibration, head 
alignment, frequency characteristics, wow and flutter, 
tape speed, and playback calibration with and without 
Dolby. Cassettes range in price from $10 to $35 each. 

Needle -Fine Solder 
Solder with 5 rosin cores, capable of fitting through the 
eye of a need e (a one -pound reel of 34 S\VG is nearly 
one mile long), has been developed by Multicore Sol- 
ders of Westbury, New York. Designed for integrated 
circuit, miniature component and micro -electronic ap- 
plications, the extremely fine solder makes it easier to 
control the placement, amount and speed of soldering. 

Video Game Chip Shortage 

The rising demand for home video game IC's and MPU's 
was evident this year at the Summer Consumer Elec- 
tronics Show, where a number of toy manufacturers and 
electronics companies displayed their games. It's esti- 
mated that the tota number of video games sold this year 
will range from two to five million. Most suppliers ex- 
pect, however, that the demand will continue to outstep 
the supplies, pushing manufacturers farther back in 
their delivery schedules. Though the parts shortage is 
expected to be temporary, supplies promise to be tight 
through the pre -Christmas season. 

Computers At Golf Classic 

For the first time, the R and A Golf Club of St. Andrews, 
Scotland employed computer terminals to improve spec- 
tator information on scores at the 105th British Open 
Championship held in Southport, England this summer. 
The terminals, supplied by Sperry Univac, automatically 
relayed scoring information throughout the club for 
printout and scoreboard posting. Ultimately, the goal of 
the R and A Club is to use a computer which can provide 
detailed information on the progress of the champion- 
ship tourneys, as well as historical statistics and analyses 
of the players' performances hole -by -hole. 

AM Stereo Broadcasts 

Kahn Communications, Inc. has filed a petition with the 
FCC to institute proceedings for a change in regulations 
which would allow AM broadcasters to operate 
stereophonically. The petition stresses that the system is 
compatible with standard AM broadcasting, that it cov- 
ers large reception areas, and does not contain the noise 
bursts found in FM stereo automobile reception, and 
that many listeners already own radios that can receive 
the AM stereo signal. Reports have been submitted to the 
FCC by \\ FBR, Baltimore and XETRA, Tijuana, Mexico 
concerning on -the -air experiments that have been made 
over a total of three and a half years. 

PSB Frequency Assistance 

To help owners of vhf%FM monitors and scanners learn 
which frequencies are used in their reception areas, the 
Electra Company has established a Frequency Assist- 
ance telephone line to serve their customers in most 
areas of the U.S. It's open each working clay from 8 a.m. 
to 5 p.m., and can be reached by calling, toll free, 800- 
428-2326 (in Indiana 800-382-2072). 
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You put a CB radio in your And caoable of enduring mile after 
car, truck or camper for a reason. mile of challenge on the open road. ° 

To know what's happening cn the Shakespeare's mighty serious 
highway. And Shakespeare :earns .. when it comes to electronic corn - 
power and performance in CB municatior-s equipment. And 
radio to give you the ultimate con- . - you've chosen the best. 
trol ever what you need to know. 

Punching signals [ hrough 
loud and clear. For emergencies. 
For direr_ions. Or - ° 

just for fun. 
The same 

'rugged reliabil- 
ity that has set 
Shakespeare 
marine gear in Vf; - t- 
a class by itself r ' 
stands beside 
every Shakespeare CB radio. 

Shakespeare CB units are a 
cut above the ordinary. Eng:- 
neered better to he the best_ 

Less than 
$140. 

.o 

Shake re GB51900° 
Ths compact bwcost unit is designed for easy 

installation and is t=e perfect traveling companion. 
For long and short trips - monitorroad ccnditions - 
check ar safe arrhorages, advise family á your 
arrival tine. 

The G3S/ 1500 slid -state transceiver utilizes 
Shakespee s adv-anced circuitry and design to 
assure opt8mumclarito with redur~d interference. 

O 

Sea tough. Highway dependable'. 
Shakespeare ElectronicsGroup, P.O. Box 246, Columba, 3.0 29202 USA 

- 
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that beats the Citizens Bandit 

I.- 
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AIt's no wonder people are worried about 
CB thefts. All a thief has to do is spot a car 
with a CB antenna and he has his target. 

But he can't spot ours. 
Because the TennaPower Disappearing 

CB Electric Antenna hides inside the 
fender when it isn't being used. 

But there's no hiding from it when 
it's up. Because it performs like 

gangbusters. 
Oneflick of the switch extends it fully or 

drops it out of sight. And even turns your 
transceiver's power on or off, automatically, 
at the same time. 

Our antenna is center -loaded for better 
range. Its unique "skinny" coil disappears into 
the fender. Our motor is lifetime lubricated. 
Our materials are virtually corrosion -proof. 
And the antenna is designed to obtain an 
optimum SWR of 1.5:1 or better. 

And our Disappearing CB Electric Antenna 
gives you this big, exclusive advantage: it's 
made by Tenna. We're the world leader in 
electric car antennas. Because we've built 
over 5 million disappearing electric car radio 
antennas for GM, Ford, Chrysler and Rolls 
Royce. 

So buy the TennaPower Disappearing CB 
Electric Antenna at a dealer near you who 
sells CB or car stereo. You can ask him about 
installation or you may want to do it yourself. 

Then beat the Citizens Bandits with the 
CB antenna thieves can't see. We think you 
can see why. 

Tenna 
Corporation 

Cleveland, Ohio 44128 

;Á` 
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WITH THE high cost of gasoline 
and annual increases in new car 

prices, it is becoming increasinggly 
more important to keep our cars in 

perfect tune for maximum economy 
and engine life. Unfortunately, most of 
us put off periodic checks until our 
cars get "sick" and force us to do 
something about them. Hence, what 
every car needs is a device that keeps 
tabs on ignition performance at all 
times and provides a warning of po- 
tential problems before the car breaks 
down. This is exactly what the full-time 
Ignition Monitor described here is de- 
signed to do. 

The Ignition Monitor lets you make 
all the common ignition system 
checks simply by flipping a switch and 
glancing at a meter. The parameters 
the system is designed to check in- 
clude: ignition timing angle in degrees 
BTC, rpm, dwell angle, and electrical 
system voltage. The monitor can be 
permanently mounted in your car so 
that these parameters can be checked 
under all driving conditions-not just 
at idle. It can also be built into a hand- 
held case for tuning other cars equip- 
ped with the necessary sensor. 

The system can be used with any 4-, 

6-, or 8 -cylinder engine equipped with 
either conventional (Kettering) or 
electronic ignition systems with 
breaker -point, magnetic, or optical 
switching. It can even be used with 
most magneto systems. An inexpen- 
sive accessory tachometer is used as 

'Tachometer is not included 
in kit given in Parts List. 

Popular Electronics® 
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Build a CAR 
IGNITION 
MONITOR 
Provides a visual indication of timing 

angle, rpm, dwell, and system dc voltage 

while you drive. 

the system's parameter indicator, 
while the electronics 'package is 
housed in a separate box that mounts 
under the dashboard. 

Once your car is properly tuned and 
the Ignition Monitor is installed, you 
will soon get a "feel" for detecting 
even subtle changes in ignition opera- 
tion. By monitoring the timing meter 
and driving for maximum advance, 
you can stretch your gas mileage and 
begin to economize immediately. 

How It Works. The timing circuit of 
the ignition monitor utilizes an in- 
frared LED/phototransistor optoelec- 
tronic sensor that senses a reference 
position of the engine's crankshaft. 
The sensor mounts close to the front 
pulley, or harmonic balancer. Once 
each crankshaft revolution a small 
metal "flag" attached to the pulley 
passes through the sensor and inter- 
rupts the infrared beam. Thís gener- 
ates a signal that precisely indicates 
the position of the crankshaft. 

In the circuit shown in Fig. 1, IC1A 
forms a flip-flop. Interruption of 
crankshaft sensor current causes the 
flip-flop to turn on. The suosequent 
arrival of an ignition pulse from the 
distributor terminal of the car's igni- 
tion coil triggers the shaping circuit 
made up of IC1B. The shaper output 
then turns off the flip-flop via D6 and 
resistor R28. 

The output of the flip-flop is a series 
of pulses with a duty cycle that is in- 
versely proportional to the timing an- 
gle. A smoothing circuit made up of 

BY WALTER B. HENRY 

/C1C conditions the pulse train to 
drive the meter movement. 

Most conventional and transis- 
torized ignition systems have an initial 
positive pulse from the coil. This posi- r 

tive signal is routed to the ICI B shaper 
through a jumper in the IC1B input 
Circuit. Most capacitive -discharge 
systems have an initial negative pulse 
output, which is routed through the 
C.D. side of the jumper. 

The tachometer circuit uses a one- 
shot multivibrator circuit formed by 
IC1D. The constant -width pulse out- 
put from this stage has a duty cycle 
that is directly proportional to engine 
speed. The pulse output is smoothed 
by the inertia of the meter movement. 
Transistor Q1 delivers a pulse output 
whose duty cycle is proportional to the 
dwell angle. A 10 -volt zener diode, D1, 
allows the meter to function as an 
expanded -scale volt -meter that regis- 
ters potentials greater than 10 volts. 
Any potential less than 10 volts will not 
register on the meter. 

Construction. You can assemble the 
entire circuit on perforated board or 
on a printed circuit board, the actual - 
size etching and drilling guide and 
components -placement diagram for 
which are shown in Fig. 2. There are 
two sets of connections to the circuit 
board. One set is via terminal strip 
TS1, which is for making connections 
to the car's ignition coiland electrical 
system, the sensor, and the meter. The 
other connections come from. mode 
switch Si. the circuit board assembly 
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TS -1 CONY. 

COIL O^-O-MM~-Ú- JUMPER 
R29 

2201( 

SENSOR 

METER 

+12V 

GND 

0 

D5 
IN914 

R28 
22K 

D7 
IN914 

D3 
IN914 

+8.6V 

PARTS LIST 

R25 .OIyF 

14 

C I ,C6-0.05- pF, 100-V disc capacitor 
C2-I-µF, 10-V electrolytic capacitor 
C3,C4,C5,Cl0-0.01-µF, 100-V disc ca- 

pacitor 
C7 -0.005-µF, 100-V disc capacitor 
C8 -0.001-µF, 100-V disc capacitor 
C9-Not used 
DI through D8-IN914 diode 
D9- IN758 10 -volt zener diode 
ICI-CA3401, LM3900N, or MC3401P 

quad operational amplifier 
1C2-CA3046, CA3086, LM3046, or 

LM3086 transistor array 
QI-2N3646 transistor 
RI,R2,R4-50,000-ohm upright pc -type 

trimmer potentiometer 
R3 -5000 -ohm upright pc -type trimmer 

potentiometer 
R5 -2500 -ohm upright pc -type trimmer 

potentiometer 
The following resistors I/ -watt, 10% toler- 

ance: 
R6,R8,R9,R 14,R 16,R 17-1000 ohms 
R7.R10,R25-4700 ohms 
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IC2 

12 

+ 

ICI B 

41 

RI5 
39011 

7 

RI6 

C6 RII 
.05yF . 101( 

08 
1N914 

Ó05yF 22K 

5 

IN914 

10 

R3 
51( 

TACH 
CAL. 

+ 

IC IC 

2N3646 

1W,MW- 
R30 

2201( 

.CI R2 RIO 
501( 4.71( 

DWELL - CAL. 

R13 
330K --.ANJvVJr 

+8.6V 

ICI c 3900 
IC2=TRANSISTOR ARRAY CA3086 

C3 
.OIyF 

R 1 1,R27-10,000 ohms 
R 12,R 19,R20,R23,R24,R26-100,000 

ohms 
R I3-330,000 ohms 
R15-390 ohms 
R 18,R28-22,000 ohms 
R2 I,R22,R29,R30-220,000 ohms 
R31-680 ohms 
SI-Two-pole, four -position nonshorting 

rotary switch 
Sensor-GE Photo -coupled H 13A I or 

H13A2 module 
TSI-Six-lug screw -type terminal strip 
Misc.-Suitable metal enclosure (see 

text); control knob; tachometer (see 
text); stranded hookup wire for inter- 
connections; metal shim stock for flag 
(see text); epoxy cement; spacers; 
machine hardware; solder; etc. 

Note: The following items are available 
from Kingston Instruments, 3805 
Ashford Ave., Fort Worth, TX 76133: 
Etched and drilled printed circuit board 
for $5.50; pc board with components 
and sensor for $21.50; complete kit ex- 
cept for tachometer for $26.50; sensor 
for $3.00. Texas residents, please add 
5% tax. 

Fig. 1. Output of ICIA is smoothed to provide tuning signal. 
Output of IC1B operates one-shot IC1D to form tach signal. 
Transistor QI forms dwell -angle measurement signal source. 

R6 
I1( 

+8.6V 

R5 
2.5K 

0°ADJ 

5C 
TIMI 

CA 

+8.6V 

+12V 

DWELL D9 10V 

SIA 
TIMING VOLTS 

R7 
4.7K 

RI 
501( 
VOLTS 
CAL. 

can be mounted inside any metal or 
plastic enclosure that will comfortably 
accommodate it. 

The mode switch can be mounted 
on one wall of the circuit board's en- 
closure. Alternatively, it can be 
mounted externally, on its own brack- 
et, with suitable stranded hookup wire 
interconnecting its lugs with the cir- 
cuit board assembly. 

Almost any electronic tachometer 
can be used for the display. The only 
requirement is that the meter move- 
ment can be driven to full-scale with 1 

mA or less current. If the tachometer 
you buy has an electronic circuit in it, 
disconnect the circuit from the meter 
movement. Then solder a length of red 
stranded hookup wire to the move- 
ment's + terminal and a length of 
black stranded wire to the - terminal. 
Reassemble the tach's case, and ter- 
minate the free ends of the wires to the 
terminals labelled + (red) and 
(black) METER On TS1. 

Different tachometer scales can be 
used in this application. For example, 
if you buy a tach with a 0 -to -6000 -rpm 
scale, it can indicate timing from 0° to 
60° BTC, dwell from 0° to 60°, and volt- 
age from 10 to 16 volts. A 0 - 
to -8000 -rpm tach will yield top -end 
figures of 80° BTC, 80°, and 18 volts, 
respectively. 

The sensor must be mounted close 
POPULAR ELECTRONICS 



SWITCH 

Fig. 2. Actual -size etching and drilling 
guide (above) and coauponent placement 
guide (below) for printed circuit board. 

R7 
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D+ 
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METER 
T 

R19 
R21 

DI* R20 

1 

-R17 
RIO 

If 9-R22- 

$1 
R25 1 

I 1 R27 
} t 

C5 1 1 D2 R26 

9-714_198 --41............... ,r,./ 
D8 - R9 

'T' RI2, 1 11 1I RI6 

I I 

CI 
11 

13 C2 C3 I RI5 

il 1 
¿ j R14 

. \ ^,i 
- 9-C8-9C8- 

1 *I1 R14 
R23 +............ D7 -- 111 
i 9--D6- 9-R28-- 

99- 

9-D4 -9 

to the front engine pulley, or harmonic 
balancer, as shown in Fig. 3. Fabricate 
a stiff metal bracket that will support 
the sensor with its gap facing toward 
and about 1/4" (6.4 mm) away from the 
pulley's rim. This mounting bracket 
can be mounted as required on a 

water -pump bolt, pan bolt, or any 
other rigid mounting point near the 
pulley. Make the mounting bracket as 
short and stiff as possible to eliminate 
any vibration. Then route the three 
sensor leads away from any hot areas 
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+12 V 
GND 
COIL 
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sensor's gap once with each revolu- 
tion of the crankshaft. Anchor the flag 
to the pulley with epoxy or any other 
strong water- and oil -resistant ce- 
ment. 

To properly position the flag on the 
pulley, refer to Fig. 4 and use a large 
wrench to turn the engine so that the 
timing mark on the pulley exactly lines 
up with the 0° timing point. Measure as 
closely as possible a 73° angle from 
the sensor in the direction of pulley 
rotation and attach the flag at this 
point. (Alternatively, use the wrench to 
pull the engine through 73° against the 
direction of rotation and cement the 
flag so that it is centered in the gap of 
the sensor.) The angle can be mea- 
sured with a protractor. Another way 
to measure the angle is to measure the 
circumference of the pulley, divide by 
five, and with the engine on the 0° 

mark measure the calculated distance 
from the sensor to the flag position. 
The angle is not critical, but it must fall 
between 68° and 78°. 

Installation & Adjustments. The 
installation wiring of the system is de- 
tailed 'in Fig. 5. In conventional igni- 
tion systems, the coil lead goes to the 
distributor terminal. In electronic sys- 
tems, it may be necessary to try both 
terminals to locate the "hot" one. (In 
factory -installed systems, it may be 
necessary to consult a service manual 
to determine the proper hookup point 

TERM. 
STRIP 

in the engine well and pass them 
through the firewall at a point near 
where the circuit board assembly's 
enclosure will be mounted inside the 
passenger compartment. 

The sensor flag can be fabricated 
from thin aluminum or brass shim 
stock trimmed to about 5/8" x 3/16" to 1/4" 

(15.9 x 4.8 to 6.4 mm). Normally, about 
1/4" of the flag's length will be glued to 
the rim of the pulley, leaving about 3/8" 

(9.5 mm) of its length protruding 
beyond the rim to pass through the 

if the coil is contained in a module or 
in the distributor assembly.) Do NOT 
under any circumstances connect the 
coil lead to the high-tension (spark) 
terminal of the coil; if you do, you will 
destroy the monitor and introduce a 

dangerous shock hazard. 
Route the coil lead through the 

firewall, spacing it a few inches away 
from the bundled sensor leads to 
avoid having noise pulses causing er- 
ratic operation. Then wire in a ground 
lead and a separate +12 -volt supply 
lead. The +12 -volt line should go to a 

source in the car's electrical system 
that is live when cranking the engine 
but off when the ignition is switched 
off. 

Connect the meter and power leads 
to the electronics package. For now, 
leave the sensor and coil leads un- 
connected. Also, leave the electronics 
subassembly box unmounted so that 
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the trimmer potentiometers are easily 
accessible. 

Five adjustments are required for 
accurate operation of the Ignition 
Monitor. You will need a voltmeter, 
tachometer, and timing light. (For a 

4 -cylinder engine, you will also need a 

dwell -meter.) Make the adjustments 
according to the following sequence: 

1. Set all trimmer potentiometers to 
midrange. Connect the meter and the 
power leads to the electronics box but 
leave the sensor and coil wires un- 
connected. Do not start the engine yet. 

2. Set the mode switch to. VOLTS. 

Use the voltmeter to measure the ve- 
hicle's supply voltage and adjust 
VOLTS CAL pot R1 to obtain an identical 

PULLEY 
(HARMONIC 
BALANCER) 

SENSOR 

METAL 
FLAG 

Fig. 3. Metal flag, %/B in. by 
1/4 in. is attached to rim of 
harmonic balancer pulley to 
pass through slot iii sensor 
interrupting light beam. 

reading on the monitor's tach meter. 
Bear in mind that only potentials that 
exceed 10 volts will be indicated on 
the tach meter. (If the meter's pointer 
swings below the zero index, reverse 
the meter leads.) 

3. Set the mode switch to DWELL. 

For an 8 -cylinder engine, adjust DWELL 

CAL pot R2 for a 45° reading; for a 
6 -cylinder engine, adjust for a 60° 
reading. For 4 -cylinder engines, the 
adjustment must be made by com- 
parison with a dwell -meter with the 
engine running. The correct reading 
here would be 90°, but most tachs will 
not have scales calibrated up to 9. 

Therefore, complete step 4 before 
making the 4 -cylinder dwell adjust- 
ment. 

4. Connect the reference tachome- 
ter and the coil lead to TS1 and start 
the engine. For a 4 -cylinder engine, 
connect the reference dwellmeter and 
adjust for an identical dwell reading. 
Set the mode switch to TACH and ad- 
just TACH CAL pot R3 for. an identical 
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rpm reading. Check the calibration at 
various engine speeds. (Note: Acci- 
dental connection of the coil lead to 
the sensor input terminal may damage 
the IC's if the engine is started.) 

5. Stop the engine. Connect the 
timing light and hook up the sensor 
leads to the monitor as shown in the 
wiring diagram. Loosen the dis- 
tributor, disconnect the vacuum lines, 
and start the engine. Using the timing 
light, turn the distributor until the en- 
gine is timed at exactly 0° BTC. Then 
adjust 0° ADS pot R5 for a meter read- 
ing of exactly 0°. 

6. Turn the distributor for the 
greatest advance that can be read on 
the engine timing marker with the tim- 
ing light (usually about 16° to 20°). 
Then adjust TIMING CAL pot R4 for the 
same reading on the meter. Recheck 
the 0° adjustment, and if it is not right 
on 0°, repeat steps 5 and 6. 

7. This completes the adjustments. 
Set the timing back to the factory 
specification and reconnect the vac- 
uum lines. 

PULLEY ROTATION 

SENSOR 

FLAG T 

Fig. 4. Flay is positioned 
approximately 73 (leg. from 
sensor when pulley is at 
0 -degree timing mark. 

l 
How To Use the Monitor. To get the 
most from your Ignition Monitor, we 
suggest that you make notes of igni- 
tion timing under different operating 
conditions. Do this when your car has 
been perfectly tuned, including a full 
distributor check. Make a note of tim- 
ing at idle (on some engines, this de- 
pends on speed, vacuum, and engine 
temperature). By developing á feel for 
what to expect, you will quickly learn 
how to detect even subtle changes in 
engine performance. 

Ignition timing specifications can 
be obtained from your car dealer and 
service manuals. Centrifugal advance 
and vacuum advance are normally 
specified separately. The engine can 
be run at various speeds with the vac- 
uum lines disconnected to check cen- 
trifugal advance against the specs and 
then with the vacuum lines connected 
to determine vacuum advance. Make 

sure that the dwell reading is steady. 
Jittery readings or sudden changes 
may indicate a worn distributor shaft. 
With most of the newer CD electronic 
ignition systems, the dwell reading is 
meaningless since current does not 
have to build up in the coil. In some 
systems, the dwell is electronically 
varied, depending on engine speed. In 
these cases, the manufacturer's 
specifications should always be con- 
sulted. 

Some newer engines may have a 

negative timing angle under certain 
operating conditions (spark occurs 
after TDC). The Ignition Monitor will 
read down -scale from O under these 
conditions, but only until the pointer 
comes to the mechanical stop. Some 
newer cars, especially expensive 
foreign makes, come with voltmeters 
rather than the more common amme- 
ter. In colder climates, proper voltage 
readings with the engine running and 
the battery charged should be 14 to 15 
volts, while in hot weather, the reading 
should be 13 to 14 volts. The voltage 
regulator is designed to compensate 
for ambient temperature variations. 

If you use your Ignition Monitor in 
more than one car, the flag must be 
properly placed by trial and error in 
each car. The 0° adjustment cornpen- 
sates for flag positioning on first car, 
so the flag on all other cars must be 

TO 
MITER 

+12V 

ELECTRONICS 
BOX 

COIL 
(DISTRIBUTOR TERM. 

SENSOR 

Fig. 5. External connections 
to the ignition monitor. 

positioned in exactly the same man- 
ner. Keep in mind that small adjust- 
ments can be made by moving the 
sensor slightly, instead of moving the 
flag. We suggest that you permanently 
install a flag and sensor in each car 
with which the Ignition Monitor is to 
be used. 

The Ignition Monitor has been de- 
signed for the serious auto enthusiast. 
When properly installed and used, it 
can help you diagnose engine prob- 
lems and obtain optimum perform- 
ance and economy. 
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A Digital Clock for Vehicles 
Six -digit, crystal -controlled LED clock keeps 

accurate time in hostile environment. 

CLOCKS with digital readouts are 
seemingly omnipresent today. 

However, you seldom see one in a car, 
camper, or boat. The clock project de- 
scribed here can change this. You can 
construct a low-cost 6 -digit clock that 
is powered from a 12 -volt do source on 
anything from a pick-up truck to a 

cabin cruiser. 
Obviously, such a clock is required 

to keep accurate time in a very hostile 
environment (including temperature 
extremes) and with a very noisy elec- 
trical supply. Also, since the clock 
must run continuously to maintain the 
correct time, it must require very little 
current. To avoid calling attention to 
itself when strangers look into an 
empty car or boat, the display should 
be darkened except when the ignition 
key is inserted. The mobile clock dis- 
cussed in this article meets all of these 
requirements. 

The 6 -digit, 12 -volt clock requires 
nominally 13 mA with the display off. 
Thus, if a 50 -ampere -hour battery is 
used, battery life in excess of five 
months without recharging can be 
expected for the clock. 

Circuit Operation. Timing for the 
clock (Fig. 1) is derived from a 

crystal -controlled oscillator operating 
at 6.5536 MHz. This is part of IC2. Also 
in IC2 is a 16 -stage binary counter that 
delivers an output of 100 Hz at pin 1. 

Trimmer capacitor C5 is used to adjust 
the frequency (hence clock time keep- 
ing) for the desired accuracy. The 
100 -Hz output of IC2 drives a divide - 
by -two flip-flop in IC3 whose output at 

pin 1 is 50 Hz, the frequency needed to 
drive clock chip IC1. 

The clock chip contains the count- 
ing, dividing, display drive and multi- 
plexing, and time -setting circuits. 
Some of the outputs energize the 
segments of the display, while others 
energize 01 through Q6 to multiplex 
the display. Capacitor Cl and resistor 
R1 determine the multiplex frequency. 
Switch Si controls the slow set and S2 
controls the fast set. 

Zener diodes D2 and D3 (with C2 
and C3) protect the IC's from poten- 
tially damaging voltage spikes. They 
also eliminate false counting due to 
noise from the ignition. Diode D1 pro- 
tects the circuit from wrong voltage 
connection. 

Construction. Although any type of 
construction can be used, a printed 
circuit board (Fig. 2) is recommended 
to keep the size down. The IC's are 
protected against static discharge, 
but care must be used in handling and 
installing them. 

install all of the jumpers except for 
the one between IC1 pin 16 and IC3 
pin 1. Then install all of the compo- 
nents as shown in Fig. 2. Be sure to 
observe the polarities on capacitors, 
diodes, and IC's. Sockets can be used 
for the IC's, if desired. 

Solder a short length of bare wire 
into each hole in the bottom edge of 
the display board. The wire should 
protrude from the back side of the 
board and, after soldering, should be 
trimmed flush with the front side. 
Place the main board on a working 

surface with the foil side down. Then 
position the display board with the 
readouts face up and the bare leads 
facing the front of the main board (to- 
ward the line of holes). Slip the leads 
from the display board into their mat- 
ing holes on the main board and bend 
the display board up so that it forms a 

90 -degree angle to the main board. 
The two should be just barely touch- 
ing. Keeping the display board per- 
pendicular to the main board, care- 
fully solder all of the interconnecting 
leads. Connect the insulated jumper 
between /C1 pin 16 and IC3 pin 1. Use 
short lengths of insulated wire to con- 
nect S1 and S2 to their respective pads 
on the board. Connect longer lengths 
of insulated wire to the power, ground, 
and display control pads. 

Select a small metal case that will 
accommodate the assembly with the 
digits close to the front. The two set 
switches should be installed on the 
rear of the case, with the three leads 
(power, ground, and display control) 
coming out through a grommetted 
hole on the rear. If desired, the front 
panel can be cut so that a red plastic 
window magnifier (similar to those 
used in calculators) can be used over 
the numerals. The magnifier can be 
cemented in place on the inside of the 
front cover. 

Checkout and Calibration. Con- 
nect the power and ground leads to a 

source of 11 to 14 volts dc observing 
the correct polarity. The display will 
come on when the control lead is con- 
nected to the positive supply. Operat- 
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Fig. 1. Crystal oscillator is counted down by IC.2 and ICS to drive clock circuit in ICI. 

CI -0.005-µF 16-V disc capacitor 
C2 -100-1.1F, 16-V electrolytic capacitor 
C3 -10-µF, 16-V electrolytic capacitor 

. C4-5-pF ceramic disc capacitor 
C5-5-to-50-pF trimmer capacitor 
DI -1N4001 diode 
D2,D3-1N4746 zener diode 
DISI-9-digit, 7 -segment board (only 6 

digits used) See Note. 
ICI-MM5314 clock module (National) 
IC2-SCL54II oscillator -l6 -stage binary 

PARTS LIST 
divider (Solid State Scientific) 

1C3-4013 dual D flip-flop (only one used) 
QI through Q6 -2N5139 transistor 
R1 -470,000 -ohm, 1/4-W resistor 
R2 -1000 -ohm, V4 -W resistor 
R3 -10,000 -ohm, '/-W resistor 
Sl,S2-Spst, normally open, pushbutton 

switch 
XTAL-6.5536 MHz crystal 
Misc.-Suitable enclosure, red plastic 

01-06 
2N5I39 

magnifier, cement, double -sided tape, 
mounting hardware, etc. 

Note: The following are available from 
Alpha Electronics (Texas), Box 64726, 
Dallas, TX 75206: complete kit of parts 
less case (AC -1) at $29.95 plus $2.50 
postage and handling; crystal at $7.50; 
aluminum case with cover and magnifier 
(C -l) at $4.50; etched and drilled pc 
board (140576) at $5.00; assembled dis- 
play board (AE -9) at $4.95. 

ing the slow set switch, Si, should 
cause the seconds to "run" rapidly 
and the minutes to operate at a faster 
speed than normal. The fast set 
switch, S2, causes the seconds to stop 
and the minutes and hours to run 
rapidly. Operation of both switches 
can be used to set the time. 

TO DISPLAY BOARD 

To adjust the accuracy, and if you 
have a frequency counter, connect the 
latter between IC2 pin 7 and ground. 
Then adjust trimmer capacity C5 for a 
reading of 6,553,600 Hz. If you don't 
have a frequency counter, adjust C5 
periodically by trial and error. Even if 
C6 is off slightly, the clock should still 
keep better time than most standard 
automotive clocks. 

Fig. 2. Actual -size 
etching and drilling 
guide (right) and 
coanponant layout (left) 
for digital clock. 
Holes at top of board 
align with those on 
the display board. 

Installation. The clock can be in- 
stalled under the dash or in any other 
convenient location. Connect the 
ground wire to any ground point on 
the vehicle and the +12 -volt line to any 
point that is fused and is "live" even 
when the ignition key is removed. 
Connect the display control lead to 
any +12 -volt line that is live when the 
ignition key is inserted. 

42 POPULAR ELECTRONICS 



BY DEAN TODD 

IN -CB 

OUT -RADIO 
gEI.ECTOR 

to all 23 CB -channels on any °AM- radio. - 

- 

erter r 

. ° 23 Dianne! CB Co 

- 

Compact converter allows you to listen 

THE NEXT best thing to having a 

CB transceiver in your car is to be 
able to listen to any of the 23 CB chan- 
nels through your car's AM radio. This 
way, you can keep up with the latest 
traffic information, know where the 
jams are and which roads are open 
and closed, etc. The low-cost "Road - 
mate" AM -to -CB converter discussed 
here lets you listen in for less than $14 
in parts. 

The Road mate connects directly be- 
tween the existing antenna and car 
radio and only requires hookup to the 
car's electrical system to complete in- 
stallation. You can leave the converter 
permanently connected because a 

switch allows selection of CB or AM 
listening. 

How It Works. The schematic dia- 
gram of the converter is shown in Fig. 
1. The converter, installed between 
the antenna and the radio's r -f input, 
serves as an added "front-end" for the 
radio. The antenna plugs intoJl, while 
P1, located at the end of a length of 
coaxial cable (the same type used in 

car radio antenna installations), plugs 
directly into the antenna jack of the 
car radio. 

When S1 is set to CB, field-effect 

transistor Q1 is used as a mixer that 
accepts the incoming 27 -MHz CB fre- 
quencies from antenna transformer 
Ti. It mixes these signals with the 
26 -MHz third harmonic signal de- 
veloped by the crystal -controlled Q2 
oscillator to produce an i -f of approx- 
imately 1 MHz. Since the car radio 
tunes from 550 to 1600 kHz, the output 
of the converter is roughly in the 
center of the AM broadcast band. This 
means that the car radio can be used 
as a "tunable i -f" so that the CB chan- 
nels appear spotted along the AM 
band. Oscillator -to -mixer coupling is 

through C4, while r -f decoupling is 

provided by Li, L2, C7, and C8. 
With S1 in the CB mode, LED1 is 

energized to give a visual indication of 
the type of operation. 

Setting Si to RADIO switches LED1 
out of the circuit. It also completely 
bypasses the converter circuits and 
connects the antenna directly to the 
radio's input connector. 

Construction. Best results will be 
obtained if the converter is assembled 
on a small printed circuit board, the 
actual -size etching and drilling guide 
and components -placement diagram 
for which are shown in Fig. 2. 

Pushbutton switch S1 and indicator 
LED1 should be mounted so that they 
protrude through holes drilled in the 
front panel of the box in which the 
circuit is mounted. (The prototype 
project was housed in a 41/4" x 31/4" x 
11/4'-10.8 x 8.3 x 3.2 cm-metal box.) 
Suitable mounting holes should also 
be drilled to allow the pc board to be 
mounted on spacers inside the box. 

Mount antenna jack J1 on the rear 
panel of the box, with the coaxial 
cable to which P1 is connected exiting 
the box near the jack. Use red and 
black stranded hookup wire for the 
"hot" (+) and ground power leads, re- 
spectively. These wires should exit the 
box through a rubber -grommet -lined 
hole in the rear panel. 

Use a pair of small L brackets or 
double -sided adhesive foam tape to 
mount the converter to the underside 
of the dashboard or wherever you feel 
it will be convenient to reach. 

Installation and Operation. With 
the converter mounted as desired, 
connect the black power lead to any 
metal portion of the car's chassis and 
the hot (red) lead to any 12 -volt line 
that is "live" when the ignition or car 
radio is turned on. Unplug the antenna 
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Fig. 1. Converter circuit puts CB channels near middle of AM dial. 

PARTS LIST 
CI,C2-0.001-µF disc capacitor 

12-14 C3,C7-0.01-9F disc capacitor 
v C4-l0-pF disc capacitor 

C5-68-pF disc capacitor 
C6-100-pF disc capacitor 
C8 -25-µF, 15 -volt electrolytic capacitor 
DI-IN4001 rectifier diode 
J1-Automotive antenna jack 
LI,L2-2.5-mH rfc 
LEDI-Red light -emitting diode 
P1-Automotive antenna cable with plug 
QI-MPF102 field-effect transistor 
Q2 -2N4124 bipolar transistor 
RI,R3-3900-ohm, 1/2 -watt resistor 
R2 -100 -ohm, 1/2 -watt resistor 
R4,R5-39,000-ohm, 1/2 -watt resistor 
R6 -1500 -ohm, 1/2 -watt resistor 
SI-Dpst pushbutton switch 
T1-R-f transformer (primary 2 turns, 

secondary 20 turns of No. 25 enamelled 
wire on I/á' slug -tuned form) 

XTAL-8.69692-MHz crystal 
Misc.-Printed circuit board; suitable box 

(see text); spacers; red and black 
stranded hookup wire for power leads; 
rubber grommet; L brackets or double - 
sided adhesive foam tape; machine 
hardware; solder; etc. 

Note: The following items are available 
from Bowman Electronics, Inc.,'1180 
Sylvan St., Linden, NJ 07036:Complete 
kit of parts, including case, for $13.95; 
etched and drilled printed circuit board 
for $4.00; 8.69692 -MHz crystal for 
$6.00. 

ANT 

ol 

12V TO CAR RADIO 

+ '1 
e L I --+ 9--D 

I -. o 

-14- 

9- R1-- t 

l9-C3 XTi L I 
R2 ,,,,__ l 

1 ,....._C6-+ I + 
R4 

R3 '1 

1 02 1 ---C8 
. 

C7 

1 
KILN/ 

LED I 

Fig. 2. Etching and drilling guide (top) 
and component placement for the converter. 

from the car radio and plug it into J1 
on the rear of the converter. Then plug 
P1 at the end of the converter's coaxial 
cable into the radio's antenna input 
jack. 

Turn on the car's ignition (or radio) 
and depress Si. This sets the convert- 
er up for CB operation. The LED on the 
front panel should glow. Tune the car 
radio to about the center of the AM dial 
(approximately 1000 kHz) until you 
hear a CB transmission. As you con- 
tinue tuning, you should be able to 
pick up all 23 CB channels. You can 
now "peak" Ti and the car radio's an- 
tenna trimmer capacitor for best re- 
ception. 

Set S1 to its alternate (RADlo) posi- 
tion. The LED should extinguish and 
you should be able to tune standard 
AM broadcast stations as usual. 

Options. By changing the crystal fre- 
quency, it will be possible for you to 
pick up other frequencies near the 
27 -MHz CB band, such as hams work- 
ing 10 meters (28 MHz). By changing 
the windings of Ti and the crystal fre- 
quency, it is possible to tune in some 
of the popular shortwave bands, in- 
cluding WWV. Of course, you will have 
to experiment with the windings ofTi, 
and you will have to select a crystal so 
that one of its harmonics falls within 1 

MHz of the desired frequency. O 
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An overview of recent developments in tape decks and formats. 

... Four.. Three. Two. One ... 
0.0005: Oscillator start-up. 

.008: Commence roll program. 

0.100: Brakes off; pinch rollers on; motion start-up; head lock -in. 

0.520: Motion stabilized; commence R & P programs. 

0.590: Record current in line. 

0.750: Play circuits in operation. 

THAT isn't dialogue from a Cape 
Kennedy blockhouse of course, 

but an accountof what happens inside 
a late model cassette deck in the first 
three quarters of a second afteryou go 
from stop to record. However, the re- 
semblance to the programmed opera- 
tions of Mission Control is boll strik- 
ing and intentional and is indicative of 
the sophistication in control and per- 
formance features found in many of 
today's recorders. To update you on 
such new developments, let's take a 

brief look at the cassette and open - 
reel -scene. 

Noise Reduction Systems. The 
slow tape speed and narrow track 
width of cassettes make some form of 
noise reduction necessary If hiss 
levels are to be kept competitive with 
phono discs and open -reel tapes. Six 
years ago, Dolby -B was about to be 
incorporated into a cassette recorder 
(the Advent 200) for the first time. To- 
day, excepting inexpensive portables, 
it's hard to find a cassette that isn't 
equipped with this valuable system, in 
either discrete or IC form. To facilitate 
comparison with some of the newer 
alternatives to Dolby, a short review of 

its operation is in order. The Dolby -B 
record characteristic, shown in Fig. 
1A, affects only high -frequency, lbw - 
level signals, which are boosted (pre - 
emphasized) by carefully -controlled 
amounts before they reach the record- 
ing head. All other signals pass 
through the Dolby circuitry un- 
changed. The recording process will 
subsequently add some hiss, of 
course, but it is now below the level of 
the high frequencies which it might 
otherwise mask. On playback, the 
same frequency -sensitive network 
that was used for pre -emphasis now 
brings the highs back to their original 
levels (de -emphasis), as shown in Fig. 
1B. Tape hiss is treated just like any 
other low-level, high -frequency sig- 
nal, and is attenuated. An overall in- 
crease in signal-to-noise ratio (S/N}of 
about 10 dB is possible using this sys- 
tem. 

The JVC "ARNS" noise -reduction 
system is sufficiently close in its oper- 
ation to Dolby -B that tapes made on 
the one can successfully be decoded 
on the other. Recently, however, JVC 
has developed a second NR system 
called "Super ANRS" which treats the 
high-level, high -frequency signals 

that Dolby and regular ANRS leave un- 
touched. Within the upper portion 
(about -15 VU and above) of the 
dynamic range, the problem that cas- 
settes face is not audible hiss, but 
high -frequency tape saturation. The 
large amount of record pre -emphasis 
that is an essential part of cassette re- 

cording can boost seemingly low-level 
program material, if high enough in 
frequency, to a level beyond what the 
tape can handle. The Super-ANRS cir- 
cuitry detects these dangerously 
"hot" high frequencies and compres- 
ses them to a point that is acceptable 
to the tape before they are applied to 
the record head. On playback, these 
high frequencies are expanded back 
to their original level. This process, 
whose record and playback charac- 
teristics are shown in Figs. 2A and 2B, 
respectively, permits a somewhat 
higher overall recording level to be 
used than would otherwise be possi- 
ble, resulting in an increase in S/N. 

JVC is not the only company with an 
alternative to Dolby -B processing, 
however. Dbx has recently announced 
that henceforth the Teac line will offer 
consumers a choice between incor- 
porating Dolby ordbx noise -reduction 
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Fig. 1. Dolby -B noise reductiónuses level -`sensitive pre -emphasis 
on record,(A) and complementary de -emphasis on playback (B). 

circuitry. Unlike the systems previ- 
ously discussed, the dbx technique, 
which has already generated consid- 
erable enthusiasm in the field of pro- 
fessional recording, does not restrict 
itself to portions of the frequency 
range and signal -level range. It's an 
all-out 2:1 compressor -expander (or 
compander) which in theory could 
turn a cassette machine with a 45 -dB 
signal-to-noise ratio into one with a 
90 -dB S/N! Because a certain amount 
of this tremendous increase will be 
used to provide additional headroom, 
the company's claims are slightly 
more modest-an effective noise re- 
duction of 30 dB, as compared to 
Dolby -B's 10 dB. (Dbx cannot, how- 
ever, decode Dolby -B cassettes, or 
vice versa.) Furthermore, because it 
has so much dynamic range to spare, 
the dbx system has no need of level - 
calibration tones and matching, which 
can make the Dolby system difficult to 
use. (If you use a tape with higher or 
lower overall sensitivity than that 
which was used to calibrate a Dolby 
system, frequency response will be al- 
tered when the tape is decoded.) To 
date, dbx noise -reduction has been 
available only as an add-on accessory; 
but now that Teac has taken the 
plunge, it is probable that other man- 
ufacturers will follow suit. 

All three systems we have examined 
require flat frequency response, be- 
cause roughly speaking, any fre- 
quency response errors between the 
encoding and decoding process will 
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be multiplied by the amount of com- 
pression used. For example, assume 
you are using the dbx system. (Dolby 
or ANRS would be similar, but not as 
drastic.) Your overall record/playback 
is down 3 dB at 10,000 Hz and you're 
recording a tone at this frequency 
whose true level is -30 VU. The 
noise -reduction circuitry compresses 
it by 2:1, and so records the tone on 
the tape at -15 VU. The tape, in this 
example, however, loses 3 dB at this 
frequency, so that, when the tone 
comes back for decoding, it does not 
arrive at -15 VU, but at -18 VU, in- 
stead. The decoder doesn't know 
about the error, however, and applies 
its 2:1 expansion factor, so the tone is 
now reproduced at a -36 VU level, 
representing a 6 -dB loss in level. 

The attempt to achieve wide, flat 
frequency response from the cassette 
medium goes beyond the specific 
needs of noise -reduction systems, of 
course, and today's cassette record- 
ers are responding to the challenge in 
two basic ways: more bias and equali- 
zation combinations to meet the re- 
quirements of improved tapes; and 
improved heads. 

The New Tapes. For years, every 
"quality" cassette recorder has car- 
ried a two -position switch to change 
bias, equalization, and (usually) meter 
calibration for ferric oxide and 
chromium dioxide cassettes. Indeed, 
there has even been considerable 
success in getting hardware and 
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Fig. 2. Record (A) 
and playback (B) 
characteristics_ 
for JVC's new 
Super ANRS. It has 
high-level treble 
compression to avoid 
tape saturation. 

software manufacturers to use a small 
slot in the rear of the cassette housing 
for a sensing arm that would make this 
switching automatic. But this pre- 
supposed that there was one basic fer- 
ric bias and equalization machine set- 
ting (as there is for CrO,), which, up to 
and including development of TDK SD 
tape, was essentially true. With the ex- 
ception of 3M's "Classic" cassettes, it 
remains true for American and Euro- 
pean tapes, which are manufactured 
to use "DIN" or "standard" bias. 
(There are, of course, frequency re- 
sponse differences among these 
tapes, but no one has proposed 
adding switch. positions to equalize 
these). However, to achieve a high - 
frequency response as good as (or 
slightly better than) chromium di- 
oxide, tape formulations from Japan 
have been introduced (Fuji FX, Maxell 
UD and UD-XL, TDK Audua, 
Nakamichi EX and EX -II, etc.) which 
require more bias current and (de- 
pending somewhat on the machine) 
slight equalization changes as well. 
This would mean a three -position 
switch-HIGH, STANDARD, and Cr02_ 
or at least a choice (often unstated in 
owner's manuals) as to which "ferric" 
bias was being used. Then, to add to 
the confusion, came the "ferri- 
chrome" tapes (Sony FeCr and 3M 
Classic), consisting of a very thin layer 
of chromium dioxide on top of a 

thicker coating of ferric oxide, which 
require still another equalization 
characteristic (or, sometimes, a bit of 
juggling between bias and equaliza- 
tion switch settings.) 

To round out the picture, the most 
recent crop of ferric tapes (TDK SA, 
Nakamichi SX, and Maxell UD XL -II) 
are designed to work with the 
chromium dioxide settings, taking ad- 
vantage of the additional signal-to- 
noise ratio that they afford. All this 
represents progress, of course, but it 
adds an element of cost and potential 
consumer confusion if decks are to 
keep response as flat as possible with 
more and more tape innovations. 

Heads and Transports. As long as 
cassette machines weren't expected 
to have a frequency response beyond 
about 12 kHz, a combination record/ 
playback head with a gap width of 
about 2 microns (78 millionths of an 
inch) was considered an acceptable 
compromise. But many of today's 
decks go well beyond this, which 
means using a head with a narrower 
gap, such as 1.5 microns (60 mi - 
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Fig. 3. Structural featines of the new Elcaset. Format 
imclndes provisions for automatic switching of bias, etc. 

croinches). Unless a special head de- 
sign (for example, the "focused gap" 
Nakamichi technique) is employed, 
there is no way the head is going to be 
able to penetrate the full depth (about 
5 microns) of the oxide coating on the 
tape during the record cycle. 

The inability to "monitor off the 
tape," which requires separate record 
and playback head gaps, represented 
the final point of resistance in accept - 
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ing the cassette as a full-fledged high- 
fidelity recorder. The Nakamichi 1000 
(and 700), with a separate record (5- 
miicron gap) and playback (0.7 -micron 
gap) heads, and an alignment system 
tc optimize adjustments for each cas- 
sette (frequency response on many 
premium cassettes goes beyond 20 
kHz), settled anybody's lingering 
doubts, but at a price very few au- 
diophiles could even consider. 

Tape Type Identification 
Holes (Side 1) 

Dolby NR Detector Hole (Side 1) 

In today's market there are several 
"three -head" cassette machines to 
consider (Technics, Fisher, Sony, and 
Hitachi), and this is clearly the direc- 
tion more manufacturers will take. The 
Hitachi is particularly interesting in 

this connection, for its 1.2 -micron 
playback head and 4 -micron record 
head actually share the same shell, re- 
ducing the need for "fine tuning" the 
record azimuth (a la Nakamichi) for 
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each cassette. As to whether heads 
should be made of ferrite or permal- 
loy, each partisans's choice is much 
clearer than his argument. If wear is 
the principle concern, the nod goes to 
ferrite; but for very narrow gap appli- 
cation or very high record currents, 
permalloy appears to have the edge. 

The transport mechanisms of many 
of today's cassette decks have taken 
full advantage of developments in 
semiconductor control circuitry. 
Servo -control capstan drives, which 
are now common, have contributed to 
the lowering of wow and flutter figures 
generally. Another important step in 
this direction is the dual -capstan 
drive, which isolates the length of tape 
actually crossing the heads from any 
eccentricities in the supply and take- 
up spools. Two -motor transports have 
further simplified the drive mech- 
anisms and provided greater reliabili- 
ty. Logic circuits operating solenoids 
have made possible such features as 
automatic rewind and even selectable 
"memory rewind," in which the cas- 
sette will return to a specified point 
and "play it again, Sam." If the au- 
tomatic reversing feature is of interest 
to you, you'll find it in decks by Akai 
and Dual. 

Cassettes began their meteoric rise 
to popularity simply as battery - 
operated dictating devices; but after 
acquiring "hi-fi" status, scant atten- 
tion to truly portable operation was 
paid. Happily, among today's models, 
that oversight has been corrected. If 
you need a quality machine capable of 
being battery powered, you can 
choose models from Sony, Nakami- 
chi, JVC, Uher, and Yamaha. 

New Cassette Sizes. The only 
troublesome cloud on the horizon for 
today's cassettes is the fact that the 
once standardized cassette package 
is now being threatened by two new 
cassette sizes. On the one hand, 
Philips (originators of the standard 
cassette format) has been experiment- 
ing with another portable dictating 
device, which is even smaller and op- 
erates at slower speed than the "cas- 
sette." In all likelihood, this mini - 
cassette package will remain confined 
to voice recording applications, 
though one never knows! 

Of greater immediate threat to the 
standard 17/s-ips cassette as we know 
it is a recent announcement made by 
three tape deck manufacturers- 
Sony, Technics by Panasonic and 
Teac. The three have reached an 
48 
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Fig. 4. Elcaset has four audio 
and two control tracks on 
quarter -inch wide tape. 

agreement on the "standardization" 
of a tape package which they call the 
Elcaset. The Elcaset system realizes 
both the convenience of the more 
compact cassette (the new Elcaset 
package is approximately as large as 
an 8 -track cartridge), but from all pre- 
liminary indications will be able to 
offer further improvements in sound 
quality and consistency of tape mo- 
tion. 

For example, the Elcaset will house 
quarter -inch tape, the same width 
used in open -reel machines. This, 
combined with a tape speed of 33/4 ips, 
should provide much wider dynamic 
range (or improved S/N) than is possi- 
ble with regular cassettes. In addition,. 
the tape itself is pulled out of the El- 
caset shell for transport across the 
tape heads, so that precision of shell 
construction (or lack of it) will have 
little effect on the running of the tape. 

A diagram of the new Elcaset's con- 
struction is shown in Fig. 3. Note that 
several "detection holes" for a variety 
of automated features are built right 
into the cassette shell. These extra 
holes can provide for automatic selec- 
tion of proper bias and equalization to 
match at least three types of tape. A 
notch will also detect whether or not 
noise reduction circuitry is to be 
switched on for playback of a given 
Elcaset, which side is being played, 
etc. 

Compatibility between mono and 
stereo tapes will be retained (just as it 
is in standard cassettes) and the track 
pattern, at least as far as audio tracks 
are concerned, will be the same as that 
of standard cassettes, as illustrated in 
Fig. 4. Note, however, that there are 
two additional narrow tracks running 
along the center of the tape. These are 
intended as control tracks-one for 
each direction of tape travel-which 
could be used to record synchronizing 
pulses (for film or slide presentations, 
etc.) and may also serve for other con- 
trol purposes not yet imagined. 

Sony has already produced at least 
two tape decks designed for use with 
the new Elcaset package and others 

are sure to follow. The three sponsors 
of the new package indicate that Aiwa 
and the Victor Company of Japan, Ltd 
(JVC) have also agreed to adopt the 
new Elcaset format in products they 
will manufacture for consumer use. It 
is difficult to predict what impact the 
Elcaset will have on the presently ex- 
panding standard cassette market; 
but certainly with many important 
companies behind the new project, 
the Elcaset bears watching in the fu- 
ture. At the very least, its potential for 
better fidelity is sure to appeal to the 
really demanding audiophile, who, 
until now, would settle for nothing less 
than a high -quality, open -reel tape 
deck. 

Open -reel Tape Decks. These 
machines have always enjoyed their 
greatest popularity among serious re- 
cordists, whose frustrated desire all 
along has been to own the genuine 
studio article. They accepted the 
quarter -track format only with reser- 
vations. After all, the pro's gain 3 dB in 
S/N by using half-track, and if you ex- 
pect to be doing a certain amount of 
editing, there's not even a tape saving. 
How about 33/4 ips? Suitable for 
background music perhaps, but 
surely not for anything serious! The 
very inconvenience of tape threading 
is turned into a ritual to be performed 
with practiced ease to conjure up the 
closest approximation to the live per- 
formance. And now that cassettes 
have all but completely driven the low 
and middle priced open -reel 
machines from the market (there seem 
to be more decks for over $1000 than 
for under $500, though most are in 
between), the open -reel enthusiast 
can survey the current offerings with 
the satisfaction of having been right 
all along. The studio goodies, right 
down to multi -tracking, are simply 
pouring forth. 

For starters, 101/2" reels and a 15-7 1/2 

ips option are in almost everyone's 
line, and anything less than three 
heads and three motors has virtually 
disappeared. The higher tape ten- 
sions, rotational forces encountered, 
and greater demands on the braking 
systems that go with the big reels have 
had the salutory effect of forcing re- 
corder manufacturers to pay more at- 
tention to the design of their transport 
mechanisms. In addition to heavier 
motors, one result has been the wide- 
spread introduction of "logic - 
controlled" decks, whose solid-state 
circuits sense tape motion and speed, 
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and prevent the accidental execution 
of commands (e.g. to go directly from 
rewind into play without first coming 
to a full stop) that would fill the room 
with flying tape bits. And once logic - 
actuated solenoids are in place, full 
remote control, automatic reversing 
(Akai, Sony, Teac), and memory re- 
wind (Teac and Revox) are relatively 
easy to provide. 

Quite a number of open -reel man- 
ufacturers turned to dual -capstan, 
"closed -loop" drives (Akai, Revox, 
Sony, Teac) to insulate the tape from 
any shocks that might be transmitted 
from the supply reel. The Sony TC-880 
and Revox A700 take advantage of this 
to provide a counter that reads directly 
in minutes and seconds rather than in 
arbitrary revolutions. The Revox goes 
even a step further by providing a 

sensing device that servo -controls the 
supply and take-up reel tensions even 
when reel sizes are intermixed. The 
Sony, for its part, boasts what is surely 
the most advanced metering system 
made available to the home recordist: 
a 55 -dB range, light -actuated meter 
whose characteristics can be set 
either for VU, for peak -reading, or to 
hold the highest peak encountered. 
Again, to control tape speed both in- 
stantaneously (i.e. to ensure against 

wow and flutter) and over a period of 
time (for variable pitch, for example), a 

number of machines have gone to 
servo -controlled capstan motors. 
Several, too, utilize plug-in head block 
assemblies, so one can select be- 
tween half-track and quarter -track 
formats, and many provide front - 
panel bias adjustment (by switching, 
continuous control). 

While 4 -channel sound in general 
has not taken the country by storm, 
response to 4 -channel recorders with 
a multi -sync capability (Akai, Crown, 
Dokorder, Otari, Teac) has been ex- 
tremely strong, underlining the desire 
of many recordists to copy the studio 
technique of multi -tracking, or 
"over -dubbing." If this sounds 
strange to you, consider that in pro- 
ducing a typical pop hit, 8, 16, 24, or 
even 32 individual sound tracks will be 
recorded-often over a period of days 
or even weeks-all of which must ul- 
timately be combined ("mixed down") 
into conventional stereo. Each track 
must nonetheless be recorded in per- 
fect synchronization, or the mix -down 
becomes an impossibility. To achieve 
this, each successive performer lis- 
tens (via headphones) to a playback of 
what has been previously recorded. 
But this playback must not come from 

the normal playback head, or his own 
efforts would be displaced by the 
amount of time it takes the tape to 
move from the record to the playback 
head. Instead, a "multi -sync" switch 
(known by various trade names) is 

thrown to temporarily convert part of 
the record head (where a track has 
already been laid down) into a 
playback head. The fidelity of this kind 
of playback isn't as good as the regu- 
lar playback head will later provide, 
but it keeps everything together. 

A home 4 -channel recorder doesn't 
have the full flexibility of the studio 
machine, of course, but surprising 
things can be done. If tracks 1, 2, and 3 

are recorded individually, they can 
then be combined (adding still a 

fourth live part, if desired) onto track 4. 

If the mix is satisfactory, tracks 1, 2, 

and 3 can be erased and re -used, after 
the same fashion. This tends to meet 
the needs of most groups, allowing 
them to work out their arrangements 
so fully that if they have to go into a 

studio at ail, they will require minimum 
studio time. Given what studios 
charge today, the savings can pay for a 

4 -channel machine rather quickly. But 
maybe even more important in the 
long run, is the fact that it's fun to be 
your own engineer! O 

Gn* l^, r 
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SPECIAL OFFER 
Free Micro -Spade Element Tip 

Present this coupon to your local participating 
Ungar electronic distributor and receive a FREE 

#195 Micro -Spade Element Tip worth $1.99 with 
your purchase of a #200 QUICK -CHARGE 
CORDLESS SOLDERING STATION. 

HURRY! Offer EXPIRES December 1, 1976. 

(Ungap Division of Eldon Ind., Inc. Compton, CA 90220 

Fix it Qúick.1. 
with hn 

Ungar Cordless-Quick-Chlrg.e 
Soldering iron' 

Cordless portab lity 
Quick 4-hcu- charge 
Holder autprnatibally charges 
high perfo.rranoe NI -CD battery 
Rigid coaxal tip rotates to 
desired working position 
Easy -touch switch, tunnel light 
Quick flea --up 
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A low-cost, 5 -input 
stereo/mono audio mixer 

with full panning 
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BY JAMES BARBARELLO 

i 

pANAMIX is a stereo/mono mixer 
that can handle up to five inputs 

at once, and has full panning capabili- 
ty. Unlike many other mixers, it will 
allow you to position each program 
source at full left, full right, or any- 
where in between. 

All controls, including input and 
master level controls, are slide poten- 
tiometers, giving the project the look 
and "feel" of a studio -type mixing 
panel. Panamix also uses readily 
available components, such as 741 - 
type op amps. Current drain is so low 
that 9 -volt transistor batteries are a 

practical and economical power 
source. Total parts cost is only about 
$30. 

About the Circuit. Referring to the 
schematic diagram (Fig. 1), three dis- 
tinct sections can be identified. The 
first is the input level control section 
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CHANNEL I 

INPUT 

RI 

R21 

V- 

CHANNEL 2 

R33 

LEFT 
°UTPUT 

CHANNEL 3 

INPUT 
o 

CHANNEL 4 

o 
INPUT 

R25 R26í - R27 

+ 

9.9,J=BVI- 

B2 

9VT 

Fig. 1. Schematic diagram shows how five input channels 
are mired down to a stereo output by an op amp summer. 

B I, B2 -9 -volt transistor battery 
CI, C2 -1-µF, 16 -volt electrolytic capac- 

itor 
ICI -747 dual operational amplifier 
RI, R3, R4. R6, R7. R9. RIO, R12, R13. 

PARTS LIST 
R IS, R32. R35 -10,000 -ohm slide poten- 
tiometer (Radio Shack 271-223) 

R2, R5, R8, RII. R14, R16 through 31, 
R36 -10,000 -ohm, 5%, 1/ -watt resistor 

R33, R34 -1000 -ohm, 5e4, 1/4 -watt resistor 
SI-DPDT toggle switch 

(R1 for Channel 1), a 10,000 -ohm 
potentiometer. It presents a constant 
resistive input impedance of 10,000 
ohms and provides a variable 
amplitude signal to the second sec- 
tion, the panning circuit. For the input 
Channel 1, it consists of R2, R16, and 
potentiometer R3. As the wiper of R3 is 
moved upward, less and less signal 
appears at the right output, while 
more and more appears at the left out- 
put. If the wiper is then moved down- 
ward, the apparent position of the sig- 
nal source moves from left to right. 
Although the position of the panning 
control does affect the total output of 
the panning section, the variation is 
not audibly noticeable. 

The left and right outputs of the 
panning section are then processed 
by the third section, which performs 
output summing and level control 
functions. For the left channel output, 
it is composed of R21, R23, R25, R27, 
R29, R31, R32, R33, Cl and IC1A. 
These components form an op amp 
summer whose gain, allowing for 
losses in the panning section, is about 
15 dB over the input signal level. The 
output impedance of each section of 
IC1, a 747 dual op amp, is about 75 
ohms. Thus it will drive almost any 

R34 

RIGHT CH 
C2 

CHANNEL 5 

Misc.-Battery clips; 10" x 7" printed cir- 
cuit board: 7 miniature phone, RCA 
phone, or 14 -inch phono jacks; hookup 
wire: solder: wood and sheet metal 
screws; etc. 

preamp or power amp with a medium 
to high input impedance. Each output 
is capacitively coupled to dc -isolate 
the output stage of the op amp from 
the output jacks. 

Construction. "Panamix" is best as- 
sembled using a 10" x 7" (25.4 x 17.8 
cm) printed circuit board. Figure 2 

shows the etching and drilling and 
parts placement guides. Start by in- 
serting all fixed resistors and solder- 
ing them into place. Then insert and 
solder IC1, using an IC socket or 
Molex Soldercons, if desired. 

The slide pots have three terminals 
(one at one end and two at the other) 
and two tabs near the center. Insert 
each potentiometer carefully, so that 
the two tabs are touching the circuit 
board and the body of the potentiome- 
ter is perpendicular to the pc board. 
When you have correctly positioned 
each potentiometer, solder it in place. 
Then install Cl, C2, R33 and R34 on 
the foil side of the board. This is done 
so that the board can be mounted in a 
custom enclosure. Attach leads for the 
input and output jacks and forSl, also 
using the foil side of the board. These 
leads are connected to the foil side to 
prevent any interference with the mo- 

tion of the slide pots. All input and 
output leads should be shielded. The 
choice of connectors is optional. The 
author used miniature phone jacks for 
input and output connections, but 
RCA phono or standard 1/4 -inch phone 
jacks can also be used. 

Because the circuit draws only ± 
4mA, two nine -volt transistor batteries 
are used for a power source. You can 
power the Panamix from a line - 
operated supply, of course. 

With all parts and connectors in 
place, Panamix is electrically com- 
plete. However, you will probably want 
to build an enclosure for the mixer. So 
a custom cabinet plan is included. 

Layout of the front panel, which is 
formed from an 11" x 81/2" x V/B" (27.9 x 
21.6 x 0.32 cm) piece of Masonite is 
shown in the photo. Twelve 21/4" x Ye" 

(57 x 3.2 mm) cutouts should be made 
to accommodate the control slides. A 
1/4 -inch (6.4 -mm) hole is for power 
switch Si. Assembly details for the 
case are shown in Fig. 3. Hardwood is 
suggested for all sections except the 
circuit -board supports, which should 
be pine. White glue and 1/4 -inch (6.4 - 
mm) dowels can be used for mechani- 
cal rigidity and a pleasing appearance. 

When the case and front panel have 

OCTOBER 1976 51 



8 

. 

I r171-1-6 
P 

.a. 

POPULAR ELECTRONICS 
52 



R21 ihR23 R27i 

Rt7 

1 
RI6 - i 

R9 R15 
R3 

r1 

R6 

1 1 

R12 

1 

t 
11 

R2 R22 

11 

1111 

f. 
R5 R24 

l l r 
I:2 

R8 Rt6 
1 1 

1± 3 

¡d RIR28 
11 

IN 4 

f 
Lq 

1 

R4 

I 

E 

R7 RIO 

I 

RI3 

Fig. 2. The actual size etching anti drilling guide for the 
printed circuit board is shown mi the opposite page. 
Layout of componauts on the board is above. 

been assembled, mount the panel and 
secure it to the support, with wood 
screws. Then turn the case upside 
down, and insert S1 into its mounting 
hole. Position the printed circuit 
board so that the slide controls move 
freely in their front panel slots. It might 
be necessary to bend the controls' 
solder lugs slightly to obtain smooth 

Fig. .3. A custom case .for 
the Panamix can be mode 

using this guide. 

Bill of Materials 

1-piece of Masonite I I" x 81/2" x 
2-pieces of hardwood 93/4" x 3" x I" 
I-piece of hardwood 11" x 2" x I" 
1-piece of hardwood II" x 1/2" x 'h" 
I-pine support 73/4" x 1'/R" x 'h" 
I-pine support 3" x 11/2" x '/z" 
I-pine support 'h" x '/z' x 1" 
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motion, but be careful not to damage 
the pots, the board, or its foil. When 
the board has been properly aligned, it 
should be secured to the pine sup- 
ports with self -tapping sheet metal 
screws. Press knobs down on each 
slide control. 

A rear panel should be fabricated 
from a 12" x 11/2" (30.5 x 3.8 cm) piece 
of 16 -gauge aluminum stock. Bend 

1/8" 1/2" 
BEVELI' 1 

1/8' 
CROSS 

SECTION 

ALL LUMBER HARDWOOD EXCEPT AS NOTED 

the piece of aluminum at right angles 
1/2" (1.27 cm) from each end to form a 

stubby "U" shape. Then attach the 
panel to the case, sinking sheet metal 
or wood screws through both arms of 
the "U". Drill mounting holes for the 
connectors you wish to use along the 
rear panel, and secure the jacks to the 
panel. Situate the batteries in any con- 
venient location that will allow easy 
replacement. A retaining bracket for 
the batteries can be fashioned from a 

scrap of aluminum stock and should 
be secured to the case with a sheet 
metal or wood screw. 

Using the Mixer. You can perform 
many different mixing functions with 
Panamix, such as converting a four 
channel "master" of a musical per- 
formance into a stereo format, mixing 
a multiple microphone conference 
setup into one or two tracks for re- 
cording or PA purposes, etc. You need 
only remember that panning position 
integrity with respect to the front 
panel markings is maintained only 
when both master level controls are 
set for equal volume. A significant dif- 
ference between the levels of the out- 
put channels will shift the apparent 
"center" to one side. Experiment with 
all controls to get used to their "feel." 
For mono use, place all PAN controls to 
one side and use the appropriate out- 
put channel. Q 

SUPPORT -(PINE) 
1/2" X 1/6" X 7-3/4" 

(I REO'D) 

SUPPORT 
1/2" X 1-1/8" X 3" 
MOUN rED IN CORNER 

ENDS 
I" X 3" X 9-3/4" 

(2 REO'D) 

SUPPORT 
1/2" X 1/2" X 1/2" 
MOUNTED IN CORNER 
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FOR THE BEST CAR SPEAKERS AROUND 
THIS IS WHATYOU SHOULD LOOK FOR. 

5 $c . derSet 
^ 0T211lidpie Speaker Systems 

1 
In -Door 

6x91 
Speaker Kit _ 

Stereo Speaker Set 
Witlr 20oz Magnets iMang-Onor In -Door 

Stereo SPeaker Set 
Wee 20 oz. Magttete 

_. ll: 

For the past eight years we've had 
more speakers on the road than any- 
one else. So even though you may 
not have heard of the Sparkomatic 
name, you've probably been listening 
to the Sparkomatic sound. 

Our SK -250 stereo speaker set un- 
doubtedly helped make us number 
one. When we first engineered this 

"dual" speaker con- - - cept eight years 
ago, it was the 
only car speaker 

that could pro- 
duce anything close to the 

high fidelity sound of 
home speakers. 
Since then everyone's 

} been trying to 
J imitate us. 

After breaking that 
sound barrier for 
the car, we soon 
went even further 
and engineered 

our coaxial speakers. 
We mounted the woofer and the 

tweeter on the same axis (to deliver 
more natural bass and treble 
reproduction) and connected a 
capacitor crossover network to 
allow each speaker to operate at its 
peak level. Now our coaxial stereo 

c Rear Deck 63c9 
Stereo Speaker Set 
5th 20Oí Magtoa 

w> 

r UI¡r 
o 

I *..1 1r 

Í. 
f t ,» 

I10 -0.1w 1.<130.SWeal, Sp.. Set WMg2O: 1.1., u 

AND THIS IS WHY. 
speaker line-up includes the 
SK -620C which is a trim in -door 
model, the SK -520C, an easy -to - 

install hang -on and the SK -6920C, 
a rear deck mount designed to fit 
most existing rear deck cut-outs. 
All have twenty ounce magnets, 
well worth their weight to produce 
the best there is in car sound. 

Our SK -355 stereo set is another 
example of Sparkomatic engineer- 
ing know-how. We kept it small 
in size so it would be very much lé á 'o at home in compacts and mini sX90 o 

imports. It has respectable five 
ounce magnets and air suspen- 
sion cones so you can have big 
sound in small places. The SK - 
303 "tach" style speaker is also 
designed for small car applica- 
tion with the ease of hang -on 
installation. 

No matter what size or price 
our speakers are, we put the 0000wi 
same Sparkomatic expertise , 
into everyone of them. 

Like our SK -510 stereo speaker 
set. Moderately priced, yet, with 

SPARK? MATIC 

hard working ten ounce magnets 
and excellent range and delivery. 
It's an easy hang-on.---,-"""...t.,.v. ""`\ 
installation. Or, if ( O41 
you're looking for 
the same character- 
istics in an in -door 
application, our 
SK- 610 is the one. 

If you're still into monaural 
sound we have a wide range of indi- 
vidual high fidelity speakers. (We're 
perhaps the only company that 
does.) These rear deck speaker kits 
come complete with a dash mount- 
ed switch for adjusting the sound 

from front to rear or for a 
combination of both. They're 
available in two sizes, 6 x 9 and 
5 x 7, and they fit the existing 
cutouts in the rear decks 
of most cars. 

We make all of our speakers 
easy to install-most people do 
it themselves. All are quality 
engineered for every kind of car 
radio and tape deck there is. 
With Sparkomatic speakers you 
can fill your car with a world of 
sound that is comparable to 
what you hear at home. And now 

you know why Sparkomatic makes 
the best car speakers around. 

Sparkomatic Corporation, Milford, Pa. 18337, CB Equipment Automotive Speakers Cl Car Radios El Competition Shifters El Mechanics Creepers 
54 CIRCLE NO. 69 ON FREE INFORMATION CARO 

POPULAR ELECTRONICS 



Today's.-components'and circuit designs 
require_ -some special,, tools ,arid .techniques. 

TODAY'S hobbyist/experimenter 
must cope with many problems 

that never existed before the advent of 
printed -circuit technology, integrated 
circuits, and other microminiature de- 
vices. In the old days, you could get 
along with a set of screwdrivers, 
longnose pliers, diagonal cutters, and 
a soldering iron qr gun. Now, without 
the aid of suitable tools, and technical 
aids, you will find it difficult-if not 
impossible-to build a complex IC 

project. 
Printed circuit boards alone have 

created a number of problems. Spe- 
cial tools are required to cut the 
boards to size, drill numerous tiny 

BY A. A. MANGIER' +N/ 

holes with bits that can't practicably 
be chucked into a massive electric 
hand drill, and solder components 
without lifting the copper or scorching 
the board material. 

Even solid-state devices place de- 
mands on tools that the old tool lineup 
can't begin to meet. Heat -sensitive, 
and now even static -electricity - 
sensitive, transistors and integrated 
circuits can be permanently damaged 
by old-fashioned tools. Obviously, 
then, you need special tools to work 
with modern electric devices and 
techniques. Some of these tools are 
highly specialized; but if you do a lot of 
experimenting, they'll pay for them- 

imo 

selves. Other tools can be used for a 

broad range of jobs. The main point is 

that if you need a special tool for a 

given job, you can't make do as you 
could in the past. 

First, let's review some of the basic 
tools every hobbyist/experimenter 
must have. Then we'll describe a few 
tools that aren't essential but will be 
great time savers when you do a lot of 
experimenting. Finally, we'll discuss 
how to judge tool quality to make your 
investment pay for itself in long tool 
life. 

Pliers and Cutters. At the very 
minimum, you will need longnose 
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pliers, wire cutters, and slip -joint 
pliers. These three plier-type tools will 
see the most service in assembling 
kits and projects. Start with standard - 
size longnose pliers and diagonal cut- 
ters. Then, if you anticipate doing a lot 
of work with miniature components, 
you can add miniature longnose pliers 
and diagonal cutters. As your budget 
allows, you might consider adding 
tip -cutting, end -nipping, and round - 
nose and flatnose pliers. Each tool you 
add can be used for special types of 
jobs, and most are interchangeable. 

One type of plier tool that most 
people in electronics often overlook is 
the plier-wrench, commonly called 
"vise -grips." Not only is this tool ex- 
cellent for applying brute torque for 
turning bolts and nuts, it also can 
serve as a "third hand" for holding 
small parts, printed circuit as- 
semblies, and small circuit as- 
semblies. For a light grip, you close 
the jaws on the work by turning the 
adjusting screw. Used with C clamps 

to serve as legs, the visegrip plier will 
allow you to elevate and position the 
work as required. 

Pliers should never be used on nuts 
and hex or square -head screws. At 
least that was the rule before Brook - 
stone Co. came out with a plier spe- 
cially designed for nuts. Resembling 
standard linesmen's pliers, this tool 
has two large sets of notches in its 
jaws that afford a slip -proof grip on 
nuts and screws. 

The Brookstone, Jensen Tools and 
Alloys, etc., catalogs list several diffe- 
rent kinds of plier tools of various 

grades and functions. There are 
carbide -edged cutters, round- and 
box -nosed pliers, pliers with brass in- 
serts in their jaws for mar -proof work, 

and even pliers made from surgical 
steel. Needless to say, you don't need 
all-or even a majority-of the pliers 
and cutters mentioned, but if you add 
a few of the special items to your tool 
lineup, you'll find your project and kit 
building a great deal easier. 

Drivers and Wrenches. A minimum 
list of screwdrivers should include 1/a" 

(small with pocket clip), 3/16", and 1/4" 

slot -type and No. 1 and No. 2 Phillips - 
type drivers. Although you won't have 
as frequent a call for them as for 
standard -size drivers, a set of jewel- 
er's screwdrivers is generally inex- 
pensive enough to include in your 
basic list. Many shaft coupler anc 
control -knob setscrews and the 
hardware on variable capacitors, etc., 
are so tiny that only a jeweler's 
screwdriver is safe to use with them. 

Much of the machine hardware in 
commercial electronic equipment and 
the setscrews in about half of all con- 
trol knobs use hex -head hardware. 
For these, you'll need a hex -key set. 
You can buy a set consisting of indi- 
vidual keys, individual keys in 
screwdriver -type handles, and even in 
fold -up "jacknife" sets. Prices range 
from very inexpensive to relatively in- 
expensive. 

Nutdrivers are used in electronics 
work almost as often as are screw- 
drivers. Nutdrivers are available in 
both solid- and hollow -shaft config- 
urations, as individual drivers with 
separate handles, individual drivers 
that plug into a common handle, and 
separate sockets that plug into a univ- 
ersal handle/shaft combination. The 
least expensive and most convenient 
way of putting together a set of nut - 
drivers is to buy one of the plastic - 
cased assortments sold by such com- 
panies as Xcelite, Vaco, X -acto, etc. 

Stubby nutd rivers, such as Xcelite's 
No. PS -120 set, are handy to have 

when you must work in tight places; 
they even have an extra -large slip-on 
handle for increased turning torque. 
Large -size "nut" drivers for volume - 
control and rotary -switch hardware 
allow you to install the large hex nuts 
without the danger of marring the con- 
trol panel. Supplement your nutdriver 
lineup with a set of miniature preci- 
sion drivers. These are the nutdriver 
equivalent of the set of jeweler's 
screwdrivers. 

Vaco has an interesting all -in -one 
self-adjusting nutdriver that fits 
hardware ranging from 1/4" to 7/16" (6.35 
to 11.11 mm). You simply press the 
driver head against the nut to be dri- 
ven, and the proper "socket" automat- 
ically fits over the screw. This tool can 
save lots of time that might ordinarily 
be wasted as you hunt through a sepa- 
rate assortment to find the right driver 
for a given nut. It also has the advan- 
tage of requiring the space of only a 
single driver in your tool kit. 

You'll find that a 6" or 8" (15.2 or 20.3 
cm) adjustable wrench will suffice for 
most of your nut and bolt turning op- 
erations. However, there always 
comes a time when your working 
space is so restricted that the adjusta- 
ble wrench proves useless. In this 
case, you'll really come to appreciate 
an assortment of ratchet box 
wrenches. In general, you'll need only 
two rachet wrenches 1/4"-5/16" and 3/8"- 
7/16" (6.35-7.94 and 9.53-9.94 mm). You 
can, of course, buy individual box/ 
open-end wrenches, but there is really 
no call for the added expense and the 
space and weight they will take up in 
your tool kit. 

Soldering Equipment. Although 
it's not the only method of mechani- 
cally and electrically assembling a cir- 
cuit, soldering still ranks as the most 
practical for the great majority of as- 
sembly projects. Since most modern 
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electronic components are small and 
either heat -sensitive or static - 
electricity -sensitive or both, the most 
practical soldering tool is a low - 
wattage soldering iron or pencil with a 

grounded tip. (If you have, or antici- 
pate having to do, heavy-duty solder- 

ing, figure on buying a 100/140 -watt 
dual -heat soldering gun.) 

Your soldering iron or pencil should 
be rated at 25 to 50 watts, with a good 
average rating of about 35 watts. Make 
certain that it is UL approved for safety 
insurance. Modular soldering pencils, 
with separate power handles, heat 
elements, and soldering tips, offer 
maximum flexibility. They allow you to 
change heat -element cartridges 
and/or tips to suit the work in hand. 
And if any one piece goes bad, only 
that piece need be replaced, which 
adds up to good economy. 

Soldering tips are available in raw 
copper, iron -clad copper, and nickel - 
plated copper. The raw -copper tip is 

the least expensive but is prone to 
rapid pitting and wear and must be 
replaced fairly frequently. The plated 
tips, although initially quite expensive, 
last a long time and need little mainte- 
nance to keep them in good condition. 
Needless to say, plated tips are more 
economical and less troublesome in 
the long run than are raw copper tips. 

Soldering tips are also available in a 

wide variety of configurations, rang- 
ing from a blunt pyramidal shape to a 

wide chisel to a very fine needle -like 
point. The blunt tips are best for 
heavy-duty soldering, using a 50 -watt 
heat element. For more general sol- 
dering jobs, a medium chisel -point tip 
on a 35 -watt element is best. But when 
you're dealing with IC projects where 
foil traces on the printed -circuit board 
and the component leads are very 
close, a fine chisel or needle point is 

best to minimize the possibility of sol- 
der bridges. 

A starter soldering tool should in- 
clude a 30 -to -35 -watt heating element 
and medium -chisel and needle -point 
plated soldering tips. You can buildup 
a heat element and tip assortment as 
the need for them arises. 

Most soldering irons and pencils do 
not have the grounded tips required 
for safe soldering of static -electricity - 
sensitive MOS devices. (Ungar's 
"Condensed Line" does.) However, 
it's a simple job to ground the tip of 
any soldering iron. Tightly wrap 
around the tip-away from the work- 
ing point- a strip of 20 -to -24 -gauge 
copper and fasten to it with machine 
hardware a length of heavy-duty 
stranded hookup wire. Terminate the 
free end of the wire at earth ground, 
using a cold -water pipe. 

Although the great majority of sol- 
dering irons are designed to be used 
on line power, there are now available 
a number of cordless irons. These sol- 
dering irons are powered by built-in 
rechargeable nickel -cadmium cells, 
which allows them to be used any- 
where, even when line power isn't av- 
ailable. The cordless irons have small 
tips that heat up rapidly (5 to 10 sec- 
onds) and provide 100 or more solder 
connections, depending on the sizes 
of the connections. Although the tips 
attain a high temperature, the rela- 
tively small heating unit and tip greatly 
reduce the chance of lifting fine cop- 
per traces and pads from pc boards. 
Most cordless irons are equipped with 
a built-in work light and offer a limited 
variety of tip configurations. 

For electronics work, use only 60/40 
(percentage of lead to tin) rosin core 
solder. Select 16-guage solder for 
general-purpose and 18- or 20-guage 
solder for fine pc work. When - 

ing any semiconductor device or 
heat -sensitive component, heat sink 
the component leads with spring 
clips, longnose pliers, locking forceps 
or tweezers, or alligator clips. Keep 
handy soldering aids with pointed, 
slotted, chisel, and brush tips. 

For removing solder from crimped 
connections and pc boards, you can 
use a rubber -bulb -type solder sucker 
or a plunger -type sucker. The latter is 

generally the more efficient tool, 
though it ís also the more expensive. 
The most thorough device for remov- 
ing solder is the solder "wick" made of 

finely stranded untinned copper braid. 
When the wick is placed over a con- 
nection and heated, the capillary ac- 
tion, or "wicking," that occurs be- 
tween the fine strands takes up virtu- 
ally all solder and eliminates most of 
the risk of delaminating fine copper 
pads and lines on pc boards. 

Tools For PC Boards. The wrong 
way to drill the fine holes required in 

pc work is with a standard hand -type 
power drill. You'll only succeed in 

breaking the fragile bits and possibly 
gouging the board. An excellent tool 
for drilling holes in pc boards is the 
Micro Electronics Systems Mini Drill 
that can be either AA -cell or line pow- 
ered, the latter with an ac adapter. The 
tool accepts bits ranging from No. 80 

to No. 54 (0.343 to 1.4 mm). 
Another good tool for pc board work 

is the Dremel Moto Tool high-speed 
drill and grinder, which comes in 

models ranging from the 0.5 -ampere 
Model 260 to the heavy-duty variable 
0.9 -ampere Model 380. Light in 
weight, it is easy to manipulate and 
accepts drill bits ranging from No. 80 
to No. 30 (0.129 to 3.26 mm), depend- 
ing on which of three chuck collets are 
used. For maximum working conveni- 
ence, you can convert the Moto Tool 
to a deluxe pc board drill. press by 
mounting it in the No. 210 drill stand. 
Used in this manner, the Moto Tool 
will permit you to spot the bit on the 
smallest of copper pads with perfect 
accuracy. 

An interesting new tool from Dremel 
is the Model 232 Moto -Flex, a high- 
speed drill and grinder with a 34" 
(0.86-m) flexible shaft and handpiece. 
This tool affords very precise control 
over hand -machining operations on 
the pc board. Its 23/32" (18.4 -mm) 
diameter handpiece has ball bearings 
and accepts all Moto Tool collets and 
accessories. 

With many accessories, these tools 
permit you to cut, score, or notch cir- 
cuit boards using steel saws; cut off 
potentiometer and rotary switch 
shafts and screws with the cutoff 
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Tools .for a well -stocked electronics workbench. 
Both common and special tools ease project construction. 

wheel; and grind, debur, and polish 
other items. You can, for example, 
make inexpensive ground -plane 
boards using the No. 9909 router bit 
and Vector No. P138C circle pad cut- 
ter. (See "Perfboard Wiring Tech- 
niques," POPULAR ELECTRONICS, April 
1976 for details.) 

Special Tools and Aids. The fastest 
and lowest -cost perforated -board wir- 
ing method is with one of the wiring 
pencils, which eliminates wire cutting 
and stripping. You can interconnect 
any nimber of terminals with a single 
unbroken run and cut off the wire with 
the tip of the tool. You simply solder 
terminals through the insulation, 
which instantly vaporizes when heat is 
applied. . 

Automatic wire cutters/strippers, 
although rather expensive, can be a 
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real time saver when you have a lot of 
point-to-point wiring to do. These 
tools come with steel blades that do 
the cutting and stripping. If you don't 
mind first cutting your wires to size, 
one of the best strippers there is is the 
Alpha Model STRP-25 with plastic 
stripping blades. The plastic material 
is easily deformable to cut through in- 
sulation without nicking the wire. You 
can get thousands of strips from a 
single pair of blades. As the blades get 
used up on one size wire, they're still 
good for larger sizes. When the blades 
are finally used up, you simply inject 
new blades and start over again. 

For holding and positioning pc 
boards and small electronic circuit 
modules, you can get a work -holding 
jig from X -acto or Brookstone. For de- 
tailed work, you'll want a work - 
inspection magnifier, preferably with 
a built-in flourescent lamp, like the 
Luxo Model LFM-1. 

You can easily damage the pins on 
DIP IC's when inserting or removing 
the devices from sockets. To play it 
safe, you can use either the GC Elec- 
tronics No. 9481 Pul-N-Sertic 
insertion/removal tool or No. 9227 re- 
moval tool. For round transistors and 
IC's, use the No. 9216 Quick -Pick 
sleeve -type grippers from GC. (Inci- 
dentally, the Quick -Picks also serve as 

GC Electronics Quick Pick Tools 
(left) and IC remover (right), with 
Pul-N-Sertic semiconductor inserter 
and remover (center) -all very handy. 

excellent heat sinks for transistors 
and IC's during soldering operations.) 

Among the handiest of tools, the 
locking forceps serve as both 
needle -nose pliers for light work and 
heat sinks when soldering. The GC 
Electronics tweezer forceps come in 
two lengths, with either curved or 
straight jaws. Three assorted tweezers 
are included in the GC No. 7960 kit, 
two of which are locking types to allow 
their use as heat sinks. 

Building a project from scratch re- 
quires a number of tools not so far 
mentioned. These include a bench 
vise, set of drill bits, combination 
square, assorted files, hole reamer, 
center punch, nibbling tool, hacksaw, 
etc. Unusual tools, such as a pin vise, 
small hand vise, and razor saw, also 
come in handy. Many common and 
specialized tools are listed in the 
catalogs of Sears Craftsman; GC Elec- 
tronics; Brookstone Co. (13 
Brookstone Bldg., Peterborough, NH 
03458); and Jensen Tools & Alloys 
(4117 N. 44 St., Phoenix, AZ 85018). 
Hobby centers are also good places to 
look for fine -quality precision tools. 

A Word About Quality. Price and 
appearance are not always related to 
tool quality. High-grade hand tools are 
drop forged of various alloy tool 
steels, hardened and properly tem- 
pered. In the case of pliers, the tools 
should open smoothly and without er- 
ratic binding or looseness. Sight 
through and along closed jaws and 
cutting edges for proper alignment. 
Most pliers are made with the com- 
mon lap -joint pivot that eventually 
loosens. You'll make a much wiser in- 
vestment if you look for plier-type 
tools constructed with box -joint 
pivots that retain jaw alignment. 

At all costs, avoid buying "bargain" 
pack tools or tools that are extremely 
low priced. Good and top-quality tools 
are rarely ever bargain priced; only 
tools that will fall apart or quickly wear 
out ever go on "bargain" racks. If you 
buy the latter, you'll only have to re- 
place them in short order. It's better to 
buy the best when you can afford them 
than to build up a tool kit that will fail 
to do the job. A good rule of thumb is 
to stay with brand names that you 
know are of good quality. 
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Learning new skills isn't 
something you just breeze through. 
Especially in electronics. You've 
got to really want success if you're 
going to build your skills properly. 

Herb knew that right from the 
start. But he also knew what 
rewards he could earn íf he took 
some time and did it right. He knew 
that, in today's world, people who 
really know electronics find a lot 
of other people ... even whole 
industries ... looking for their help. 

How about you? How much do 
you want that thrilling feeling of 
success ... of being in demand? 
Enough to work for it? 

Why it pays to build 
skills and know-how. 

One of the things that got Herb 
interested in electronics is that 
electronics seems to be something 
just about everybody needs. Almost 
everywhere you look these days- 
in a business office ... a 
manufacturing plant ... a 
department store ... a doctor's 
office ... a college ... even your 
own home you'll find all kinds of 
electronic devices. 

That spelled "opportunity" to 
Herb. Plus he liked the idea of 
having a set of skills that might 
lead to jobs in places as different 
as a TV station ... a hospital ... an 
airport ... a petroleum refinery. 

But what Herb liked most about 
electronics is that it's just plain 
interesting. Even though it takes 
time and effort to learn, the subject 
is so fascinating it almost doesn't 
seem like "studying" at all! 

How CIE 
keeps you interested. 

CIE's unique study methods do 
a lot to keep you interested. Since 
electronics starts with ideas ... with 
principles ... CIE's Auto - 
programmed® Lessons help you get 

J 
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the idea-at your own most 
comfortable pace. They break the 
subject into bite -size chunks só 
you explore each principle, step by 
step, until you understand it 
thoroughly and completely. Then 
you start to use it. 

How CIE helps you 
turn ideas into reality. 

Depending on the program you 
choose, CIE helps you apply the 
principles you learn in a number of 
different ways. 

If you're a beginner, you'll likely 
start with CIE's Experimental 
Electronics Laboratory. With this 
fascinating workbench lab, you 
actually perform over 200 
experiments to help you grasp the 
basics! Plus you use a 3 -in -1 

precision Multimeter to learn 
testing, checking, and analyzing. 

In some programs, you build 
your own 5MHz triggered -sweep, 
solid-state oscilloscope - and learn 
how to "read" waveform patterns 
... how to "lock them in" for closer 
study ... how to understand and 
interpret what they tell you. 

To help you develop practical, 
skill -building knowledge you then 
receive a Zenith 19" diagonal 

`:.1.11:: 
yéÁó ® ,. 

olid-state color TV featuring nine 
removable modules. You learn 
how to trace signal flow ... how to 
detect and locate malfunctions... 
how to restore perfect operating 
standards. 

OCIE 

What to do first. 
Get all the facts. Send for CIE's 

FREE school catalog and career 
information package TODAY. 
Check all the CIE programs-and 
see which one's right for you. Do 
it now. 

Why it's important 
to get your FCC License. 
More than half of CIE's courses 

prepare you for the FCC License 
exam. In fact, based on continuing 
surveys, better than 4 out of 5 

CIE graduates who take the exam 
get their License! 

That's important. For some jobs 
in electronics, you must have your 
FCC License. For others, 
employers often consider it a mark 
in your favor. It's government - 
certified proof of specific 
knowledge and skills! 

Free catalog! 
Mail the card. If it's gone, cut 

out and mail the coupon. If you 
prefer to write, mention the name 
of this magazine. We'll send you a 
copy ofCIE's FREE school 
catalog-plus a complete package 
of independent home study 
information! For your convenience, 
we'll try to have a representative 
call to help you with course 
selection. Mail the card or coupon 
... or write: CIE, 1776 East 17th 
Street, Cleveland, Ohio 44114. 
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Cleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 
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BUILD THIS LOW-COST 

CAPACITANCE 

METER 

Five linear ranges 
to 10,000 µF 

WHEN a capacitor is connected 
to a constant -voltage source 

through a resistor, the charge on the 
capacitor increases exponentially. If 
the source supplies a constant cur- 
rent, however, the charge on the 
capacitor increases linearly. This 
linear charging principle is used here 
in the design of a capacitance meter 
which will measure values outside the 
range of most such meters. By using a 

constant -current source, the meter 
determines the time it takes to match 
the charge on the unknown capacitor 
to a known reference voltage. The 
meter has five full-scale ranges of 1, 
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BY THOMAS McGAHEE 

10, 100, 1000, and 10,000 µF. On the 
1-µF scale, values as small as 0.01 µF 
can be read easily. 

2 04 

How It Works. As shown in Fig. 1, 

D1, D2, R6, Q1 and one of the resistors 
(R1 through R5) selected by S1A pro- 
vide five decades of constant current. 
With S2 in the position shown in Fig. 1, 

this current is shunted to ground via 
S2A. When S2 is placed in its alternate 
position, the constant current will be 
pumped into the unknown capacitor 
connected across BPI and 8P2, forc- 
ing it to charge in a linear fashion. 

Op amp /C1 is connected as a corn- 

10 100 

,1K 
OFF 

r1OK 41113 

e 

parator, with its noninverting (+) input 
connected to R8, which determines 
the reference voltage. When the volt- 
age developed across the unknown 
capacitor, connected to the inverting 
input (-) of IC1, becomes a few mil- 
livolts higher than the preset refer- 
ence voltage, the comparator output 
will switch from +12 volts to -12 volts. 

The output of the comparator drives 
a constant -current source consisting 
of D3, D4, D5, R10, R11, and Q2. When 
S2A was switched to ground, so was 
S28. This action shorts across storage 
capacitor Cl, therefore the voltage 
across this capacitor is zero. 
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Fig. 1. The meter 
determines the time it 
takes to match the charge 
on capacitor under test 
to known reference voltage. 
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PARTS LIST 

BPI, BP2-Five-way binding posts (one 
red, one black) 

Cl, C4 -22-µF, 35 -volt electrolytic 
capacitor 

C2 -0.01-µF ceramic disc capacitor 
C3 -220-9F, 35 -volt electrolytic capacitor 
DI to D6 -1N914 diode 
D7, D8 -50 -volt, 500-mA silicon rectifier 
D9, D10 -12 -volt zener diode 
ICI, 1C2-741 mini -DIP case 
M1 0 1-mA meter (Radio Shack 22-052 

or equiv.) 
Q1, Q2 -2N3638 transistor 
RI-4.7-megohm, 1/2-w 5% resistor 
R2 -470,000 -ohm, 1/2-w 5% resistor 
R3 -47,000 -ohm, 1/2-w 5% resistor 
R4 -4700 -ohm, 11-w 5% resistor 
R5 -470 -ohm, 11-w 5% resistor 
R6, R10 -22,000 -ohm, 1/2-w resistor 
R7 -100,000 -ohm 1/2-w resistor 
R8-i000-ohm, pc -type trimmer poten- 

tiometer 
R9, R.12 -10,000 -ohm, 1/2-w resistor 
R11 -33,000 -ohm, 1/2-w resistor 
R13 -1000 -ohm, 11-w resistor 
R14 -560 -ohm, 1/2-w resistor 
R15 -470 -ohm, 1/2-w resistor 
S 1-Dp 6 -pos. rotary switch (Radio Shack 

275-1386 or equiv.) 
S2-Dpst or dpdt pushbutton or rocker 

switch 
TI-Transformer, secondary 12-V, 300 

mA (Radio Shack 273-1385 or equiv.) 
Misc.-Suitable enclosure (Radio Shack 

270-627 or equiv.), line cord, insulated 
wire, spacers, rubber feet (4). 

The power supply whose circuit is 

shown in Fig. 2, can supply sufficient 
current to power the meter. 

Construction. The circuit can be 
built on the pc board whose foil pat- 
tern is shown in Fig. 3, along with the 
component installation on the nonfoil 
side of the board. Be sure to observe 
the polarity of the two electrolytic 
capacitors and the various diodes. 
The1C's are identified by a notch code. 

The prototype was assembled in a 

61/4" by 33/4" by 2" plastic box having a 

metal cover. The cover was drilled to 
accept M1, range switch Si, switch 
S2, and the two binding posts (BP1, 
8P2). Note that a red binding post was 
used for BP1 as this side is to be con- 
nected to the positive lead of the 
capacitor under test. The line cord 
exits through a small hole in the side 
of the plastic box. 

Meter M1 is linearly calibrated to 1 

mA full scale. Carefully open up the 
meter and using press -on type, or 
other printing medium, mark the scale 
"MFD" or "µF." 

The accuracy of the capacitance 
meter depends on two factors; the 
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When S2 is opened, the constant 
current flowing into Cl causes the 
voltage across it to rise linearly. When 
the voltage across the capacitor under 
test causes the comparator to switch, 
diode D6 becomes reverse biased, 
preventing Cl from charging any 
more. Since Cl only charges until the 
comparator switches, the voltage 
generated across it is directly propor- 
tional to the capacitance value of the 
unknown capacitor. 

To prevent Cl from discharging 
while measuring its voltage, a high - 
impedance buffer, formed by IC2, is 
used. While this buffer draws very little 
current, it does draw some, and this 
results ín a very slow downward drift 

D7 R14 

of the meter-but this drift is actually 
too slow to cause any problems. Re- 

sistor R13 and meter M1 make up a 

simple voltmeter readout of approxi- 
mately 1 volt full scale. If desired, an 
external voltmeter can be used as long 
as it has a full-scale range of less than 
8 volts. (If you use such an external 
meter, set R8 on the 1-µF range, so 
that a known 1-µF capacitor indicates 
1 volt.) Capacitor C2 is used to prevent 
oscillation of the Q1 constant -current 
source, while R9 and R12 protect the 
op amps in case the power is turned 
off while the test capacitor and Cl are 
charged, otherwise they might dis- 
charge via the op amps, causing dam- 
age. 

+12V 

12V 

GND 

Fig. 2. Power supply 
delivers sufficient 
current for meter. 


