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The Cobra 50XLR CB has it all 
AM/FM Stereo. Cassette. And 
CB. All in one compact unit. All 
engineered to bring you the same 
loud and clear sound Cobra is 
famous for. 

The remote mike houses the 
channel selector, squelch control, 
and channel indicator. So all you 
need for talking CB is right there in 
your hand. The cassette player fea- 
tures through the dial loading and 
four -way fader control. 

Because they're only five inches 
deep, there's a Cobra in -dash radio 
to fit almost any car with little or no 
modification to the dash. This 
feature, plus the step -by -step 
Installation Manual and Universal 

Installation Kit makes them the 
easiest in -dash radios to install. And 
our Nationwide network of Author- 
ized Service Centers makes them 
the easiest to service. 

There are four Cobra in -dash 
models to choose from including 
AM /FM /Stereo /8- track/CB. But no 
matter which you choose you can 
be sure of getting the best sounding 
radio going. The ultimate car radio. 

The Cobra. 

a3b reL 
Punches through loud and clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W Cortland St., Chicago, Illinois 60635 
Write for color brochure 

EXPORTERS: Empire Plainview, NY CANADA: Atlas Electronics Ontario 
CIRCLE NO. 11 ON FREE INFORMATION CARD 

THE ULTIMAS 
CAR RADIA 
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NEW CONCEPT 

ial Free 
The Supreme Court of the United States, 
GTE, and a major new telephone breakthrough 
open the door to new consumer savings. 

The new pocket -sized Flip -Phone 
telephone from GTE will save 

consumers millions. 

America's phone system is the world's 
greatest. No country can compare. But what 
has, made our phone system even greater is 

the recent Supreme Court decision that per- 
mits consumers to plug in their own phones - 
phones that they can buy themselves. 

We are now free to choose which phone we 
want to plug in. And that creates competition 
and competition usually results in lower prices, 
innovative products, and better service. 

We now do have lower prices and a very 
exciting new product which we have selected 
as the best example of the new telephone 
ownership decision. The big breakthrough, 
however, is not the product itself, but an 

attitude. But more on that later. 

THE NEW PHONE 
It's called the Flip -Phone and it's manufac- 

tured by General Telephone and Electronics 
(GTE), a supplier of phones to other telephone 
companies. The Flip -Phone is a major break- 
through described by GTE as "the most ad- 
vanced new telephone in the last ten years." 

Most telephones contain a handset (the 
thing you talk over) and the base (where the 
electronics are located). GTE was able to 
condense the electronics on tiny integrated 
circuits which have been placed in the handset 
making the telephone base unnecessary. 

THE MISSING MOUTHPIECE 
Telephones contain large magnets which 

add to the handset's weight. The new 
Flip -Phone uses a very small and lightweight 
condenser microphone so sensitive that it 

picks up your voice even better than the 
conventional phone with its large mouthpiece. 

And then there's the dial itself. It's gone. And 
in its place is a keyboard -a device that lets 
you tap out numbers without having to dial. 
This is a major breakthrough for three 
reasons: 1) It is a very fast way to dial. 2) It 

works on telephone systems that do not 
even accept touch-tone* dialing, and 3) Even 
if you owned a touch -tone phone, you could 
plug in the Flip -Phone and not be charged for 
the extra service. You actually are able to 
push- button dial for free. 

We're now going to tell you a few of the other 
new features, but the really big breakthrough, 
we'll tell you about later. 
Privacy Switch Just flip a switch and you turn 
off the phone's ringer. It's ideal when you go to 
sleep, at dinner, or when you want privacy. 
New Ring Most telephone ringers sound the 
same. The Flip -Phone emits an electronic 
warbling sound -a very pleasant tone. 
New Cord Even the cord on the Flip -Phone is 

different. It's 14 feet long -twice ac long as a 

The Flip -Phone flips open to reveal the 
keyboard and the privacy switch. 

conventional cord. One end is coiled and the 
other is straight. You can use either end to 
connect to your phone while the other end 
connects to the wall. And if your cord gets 
twisted, dirty, or plain chewed up, just unplug it 

and put in a new one. It's just that easy. 
Low Cost The Flip -Phone costs only $49.95 
which means that it will pay for itself quickly - 
not only in convenience, but with savings of up 
to $4 a month in some cities. When you 
determine the true cost of telephone owner- 
ship, you compare costs over a five -year 
period. In five years even a $2.00 telephone 
charge per month equals $120 or over twice 
the cost of the Flip -Phone telephone. 
Small Size The Flip -Phone is the size of a 

large stapler. When you pick it up, a panel flips 
open revealing the touch -pad dial, and the 
panel acts as a guide to funnel your voice to 

the condenser microphone. The Flip -Phone is 

only 21/4" wide x 11/4" high x 7" long and weighs 
only seven ounces. 

THE BIG BREAKTHROUGH 
The really big breakthrough is not the Flip - 

Phone. GTE did indeed spend several million 
dollars developing the item, and we feel that it 

will be the single most important phone in 

America within a few short years. No, the real 
breakthrough is the change in attitude of the 
telephone companies. We can remember 
when even putting a telephone answering unit 
on your line almost caused you to lose your 
phone service. 

TIMES HAVE CHANGED 
The telephone companies are now so 

cooperative that they deserve great respect. 
After all, they lose money every time you plug 
in your own phone, so their cooperation in light 
of their loss must be commended. 

And they have made connecting your phone 
easier than ever before. Remember those big 
four -pronged jacks? Now there's a small 
connector which the phone company installs 
for around $15 (depending on your city). 
Where can you find an electrician or a plumber 
to come to your home for $15? 

If you want to plug in your own phones and 
don't have the modular receptacles, just call 
the phone company and see how courteous 
they are. Tell them that you are ordering a 

phone with a ringer equivalent of 1.2B, an FCC 
registration number of AB898Y- 62927 -TE -R, 

and that you want them to remove your phones 
and stop charging you for them. That's all you 
have to do. 

They'll promptly send a repairman to your 
home to attach the modular connector for the 
Flip- Phone. If you already have a four-pronged 

jack you can use a modular adapter and avoid 
the service charge completely. 

Then order a Flip -Phone from GTE. They'll 
be in most retail stores sometime this year. Or 
avoid the wait and order one now directly from 
us. We were the first major national distributor 
of the Flip -Phone and have already delivered 
thousands to homes throughout the country. 

Put one in your kitchen, in your study, in your 
children's room, or even in your office. You'll 
appreciate the convenience and savings. 

If service is ever required, GTE has a 

prompt service -by -mail center. About the only 
thing that goes wrong with today's phones is 

the tangled cord. With the Flip -Phone tele- 
phone, you just unplug the old cord and plug in 

the new one. It's just that simple. 

A PERSONAL TEST 
We urge you to at least give the Flip -Phone a 

personal test right in your own home under 
your everyday conditions. Order one from 
JS &A under our 30 -day trial period. Plug it in. 

See how easy it is to dial numbers by pressing 
buttons. See how good it looks and how little 
space it takes up. Find out how much better 
you sound at the other end. Then within 30 

days decide if you want to keep it. If you are not 
convinced that the GTE Flip -Phone is a very 
good investment, return your phone and we'll 
promptly refund your money -every penny 
including our $2.50 postage and handling 
charge. You can't lose. 

To order your Flip- Phone, simply send your 
check for $49.95 plus $2.50 for postage and 
handling to the address shown below. (Illinois 
residents, please add 5% sales tax.) Or credit 
card buyers may call our toll -free number. 

The Flip -Phone comes in four colors: white, 
yellow, brown and beige. Just specify the 
color, and we'll send you the phone, cord, 90- 
day limited warranty, and simple instructions. 
If you have four -pronged jacks, just order the 
adapter plugs for $2 each. 

Why not act ahead of the crowd and order an 

exciting new space -age way to cut down on 

your phone bills? Order your Flip -Phone at no 

obligation, today. 
*Touch -tone is a registered trademark of AT &T. 

o PRODUCTS 

O THAT 
® THINK 

Dept.PE One JS &A Plaza 
Northbrook, Ill. 60062 (312) 564 -7000 

Call TOLL -FREE 800 323 -6400 
In Illinois Call (312) 564 -7000 

©JS &A Group, Inc.,1979 
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0ur 120's do something unusual. 

Anyone who uses 120 minute cassettes 
knows the tape is not only a lot thinner than 
the tape in a 60 minute cassette, its also more 
susceptible to stretching, buckling,and tearing. 

Yet few people realize the fault lies not 
in the tape itself, butin poorly cons ructeo 

maxell 11111111111 111111111111111111 

cassette housings. 
At Maxel6, we build our cassettes to higher 

standards than the industry calls for. We use 
heavy -duty styrene in our cassette housing, 
Del rin guide rollers with precision steel pins 
and Teflon slip sheets. All of which help 

1111111111111111111111 IIIV 

eliminate sticking and jamming. 
So if you're looking for a 120, why look . 

for trouble. 
Try Maxel I . The two hour cassette that's 

guaranteed to work. 
Forever. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1111!IIIIIIIIIIIIIIIIIIIIII 
Mm.el. Cornoration of An.enca. 500xfod Dnae, Moonachie, N.J. 70.'4. 

CIRCLE NO. '.13 ON FREE INFORMATION CARO 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


FEBRUARY 1979 

VOLUME 15, NUMBER 2 

Coming 
Next 
Month 

BUILD THE 
"MORSE -A- WORD" 

SPECIAL FOCUS ON 
HI -FI SPEAKERS: 

DESIGN INNOVATIONS 
HOW TO INTERPRET 

TEST RESULTS 
LOUDSPEAKER POWER 

HANDLING 

COMPUTER I/O 
BUYING DIRECTORY 

Cover Art by George Kelvin 

POPULAR ELECTRONICS, February 1979, Vol- 

ume 15, Number 2. Published monthly at One Park 

Avenue. New York, NY 10016. One year subscrip- 
tion rate for U.S. and Possessions, $13.00, Cana- 

da, $16.00. all other countries, $18.00 (cash or- 

ders only, payable in U.S. currency). Second Class 

postage paid at New York. NY and at additional 
mailing offices. Authonzed as second class mail by 

the Post Office Department, Ottawa. Canada, and 

tor payment of postage in cash. 
POPULAR ELECTRONICS including ELECTRON- 

ICS WORLD, Trade Mark Registered. Indexed in 

the Reader's Guide to Periodical Literature. 
COPYRIGHT c 1979 BY ZIFF -DAVIS PUBLISH- 

ING COMPANY ALL RIGHTS RESERVED. 
Ziff -Davis also publishes Boating. Car and Driv- 

er. Cycle. Flying, Popular Photography, Skiing. 
Stereo Review, Electronic Experimenter's Hand- 
book. Tape Recording A. Buying Guide, Stereo Di- 

rectory 8 Buying Guide, and Communications 
Handbook 

Material in this publication may not be repro- 

duced 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 ELEC- 

TRONICS, 1 Park Ave.. New York, NY 10016. Edi- 

torial contnbutions must be accompanied by re- 

turn postage and will be handled with reasonable 

care, however, publisher assumes no responsi- 
bility for return or safety of manuscripts, art work, 
or models. 

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

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. 

. Ma r Anit Bureau 

Popular Electronics 
WORLD'S LARGEST- SELLING ELECTRONICS MAGAZINE 

Feature Articles 
41 AUDIO "LISTENING -ROOM EXPANDERS" / Julian Hirsch 

How time delay enhances sound; buyers guide; and performance comparisons. 

74 A NEW APPROACH TO DATA STORAGE: BUBBLE MEMORIES / Leslie Solomon 

A typical bubble memory can store up to 92K bits with an access time of 4 ms. 

Construction Articles 
57 BUILD "CRUISEALERT " -A 55 MPH SPEED -LIMIT ALARM / Robert P. Bisey 

Automobile add -on device for highway safety. 

63 BUILD A MULTIPLE -CHOICE DIGITAL MULTIMETER / John T. Bailey 

A 51/2-digit meter with either LED or LCD displays and other options. 

77 A SIMPLE TOUCH CONTROL SWITCH / George Peterka 

Single FET amplifier can be used to control low- current devices. 

Columns 
20 STEREO SCENE / Ralph Hodges 

Playing by the Numbers and Other Ruminations. 

80 EXPERIMENTER'S CORNER / Forrest M. Mims 

Analog Computer Circuits, Part 2. 

86 DX LISTENING / Glenn Hauser 
Fine Arts Shortwave Service. 

92 COMPUTER BITS / Leslie Solomon 
APL /S -A Better Language? 

Julian Hirsch Audio Reports 
24 HITACHI HMA -7500 STEREO POWER AMPLIFIER 

28 AKAI PRO -1000 STEREO TAPE RECORDER 

Electronic Product Test Reports 
78 ELECTRA BEARCAT 250 SCANNING MONITOR 

4 

11 

12 
94 
95 

115 
/ 116 

FEBRUARY 1979 

Departments 
EDITORIAL / Art Salsberg 

A Visit to Japan. 

LETTERS 

NEW PRODUCTS 

SOFTWARE SOURCES 

OPERATION ASSIST 

ADVERTISERS INDEX 

PERSONAL ELECTRONICS NEWS 

3 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


Popular Electronics 
JOSEPH E. MESICS 

Publisher 

ARTHUR P. !ALBBERG 
Editorial Director 

LESLIE SOLOMON 
Tar tin v-u l I Aren tor 

JOHN J. McVEIGH 
"fl, horn al Editor 

JOHN R. RIGGS 
Managing Editor 

ALEXANDER W. URAWA 
Features Editor 

EDWARD I. BUXBAUM 
.Art Director 

ANDRE DUZANT 
Terhaical Illustrator 

CARMEN VELAZQUEZ 
Production Editor 

RUTH POLEKV 
Editorial Assistant 

Contributing Editors 
Hal Chambarlln, Lou Garnar, Ohioan Hausar 
Julian Hirsch, Ralph Hodges, Format Mims 

JEFF NEWMAN 
.Assistant to the Editor 

LINDA BLUM 
Advertising Service Massager 

KATHERINE REINHARDSEN 
Esecutive Assistant 

EDGAR W. HOPPER 
Publishing Director 

ZIFF -DAVIS PUBLISHING COMPANY 
Phrhp B Korsant. President 

Furman Hebb. Executive Vice President 
PhJlip T Heffernan. Sr Vice President 
Edward D MuhlfeId. Sr Vice President 

Philip Sine Sr Vice Presdent Secretary 
Lawrence Sporn, Sr Vice President Circulation and Marketing 

Barn Days Prmducnnn 
George Morrissey. Vice Presdent 
Sydney H Rogers Vice President 

Sidney Hoitz Vice President 
Albert S Traira Vice President 
Paul H Crook. Vice President 

Edgar W Hopper Vice President 
Robert N Ravier. Jr Vice President 

Selwyn Taubman Treasurer 

W Bradford Briggs. Vice Chairman 

ZIFF CORPORATION 
William Ziff, Chairman 

I Martin Pompadur President 
Hershel B Sarbrn Executive Vice President 

ZIFF -DAVIS PUBLISHING COMPANY 
Editorial and Executive Offices 

One Park Avenue New York New York 10016 
212 -725 -3500 

Joseph E Mesics ( 725 -3566) 
John J Cor-ton (725- 3578) 

Bonnie B Kaiser (725 -3580) 

Midwestern Office 
Suite 1400. 180 N Michigan Ave 
Chicago IL 60601 (312- 346 -2600) 

Midwest Representative Buzz Vincent 

Western Office 
9025 Wilshire Boulevard Beverly Hills- CA 90211 

213- 273 -8050, BRadsnaw 2.1161 
Western Advertising Manager Bud Dean 

Western Representative Norm Schindler 
Suite 205, 20121 Ventura Blvd 

Woodland Hills CA 913641213-999-14141 

Japan James Vagi, Or Palace Aoyama. 
6 -25. MinaTn Aovama 6 Crome Minalo -Ku. 

Tokyo. 407- 1930/6821 582 -2851 

4 

Editorial 

A VISIT TO JAPAN 
Last November I withstood the debilitating effects of a 15 -hour nonstop flight to 

Japan as part of a small group of electronics press people invited by TDK Electron- 
ics. It was worth it. 

Uppermost in my business thoughts was the progress being made with metal - 
particle tape, the new formulation that promises to deliver a significantly higher lev- 
el of performance capability to slow -speed audio tape machines, whether cassette 
or microcassette. How close are they to finalizing bias and equalization standards 
for metal tape? How many tape deck manufacturers are prepared to enter ma- 
chines into the marketplace to record these tapes, which require higher bias and 
greater erase current than non -metal -alloy tapes do? What comes first, the chick- 
en or the egg? 

Happily, both tapes and machines are moving along at a brisk pace. TDK, in 
fact, gave us a sample metal -particle cassette. We learned, too, that Tandberg is 
not the only deck maker with a machine that can record on metal tape. At the Octo- 
ber Japan Audio Fair, cassette decks with metal -tape record provisions were said 
to have been displayed by Aiwa, JVC, Lux, Marantz, Matsushita, Nakamichi, NEC, 
Pioneer, Sony, and Toshiba. 

On the tape side, the first standards meeting by EIAJ (Electronics Industries As- 
sociation, Japan) was held July 26, with a fourth one scheduled at the end of '78. 
It's expected that test results will be firmed down by that time and passed on to 
tape -deck makers and to the IEC for their consideration and comments. 

TDK kindly showed us how metal particles were extracted from metal salt by a 
reduction process with sodium borohydride in an aqueous solution. It was a fas- 
cinating lab demonstration! We were also treated to a dubbing session from a mas- 
ter tape running at 15 ips to a metal particle cassette tape (at 1 7/8 ips, naturally). 
Three types of music were played, dubbed, and replayed on metal tape -the Bea- 
tles' "Yesterday," Stockhausen's percussion music, and a Beethoven piano sona- 
ta. The results were impressively good at first listen. 

Metal -alloy tape research has 
been going on for some three dec- 
ades now, with the knowledge that 
metal's high coercivity and rema- 
nence were most desirable attri- 
butes for magnetic tape. (As the 
drawing here illustrates, metal tape 
has four times the magnetic energy 
of ferric -oxide tapes.) Two basic 
problems had to be whipped, how- 
ever- tape -head technology had to 
advance and rust had to be prevent- 
ed. I understand that both chal- 
lenges have been met, the latter with 

-4000 a chemical substance that provides 
a rust -preventive coating around 
each particle so that the magnetic 
stability of metal tapes will be high. 

We had an opportunity, too, to 
question audio critics for Japan's tape sound magazine on how they tackle equip- 
ment and raw tape reviews. They recently dropped publication of test results, we 
were told, and substituted personal review observations. 

B (G) 

4000 METAL 

SA 

-4000 -2000 4000 

H (0e) 

Hysteresis loops of TDK rnetal 
and SA magnetic tapes. 

(Continued on page 6) 
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The Age of Affordable Personal 
Computing Has Finally Arrived. 
Ohio Scientific has made a major breakthrough in small corn - 
puter technology which dramatically reduces the cost of per- 

sonal computers. By use of custom LSI micro circuits, we have 
managed to put a complete ultra high performance computer 
and all necessary interfaces, including the keyboard and power 
supply, on a single printed circuit board. This new computer 
actually has more features and higher performance than some 
home or personal computers that are selling today for up to 

$2000. It is more powerful than computer systems which cost 

over $20,000 in the early 1970's. 
This new machine can entertain your whole family with spec- 

tacular video games and cartoons, made possible by its ultra 
high resolution graphics and super fast BASIC. It can help you 

with your personal finances and budget planning, made possible 
by its decimal arithmetic ability and cassette data storage capa- 

bilities. It can assist you in school or industry as an ultra powerful 
scientific calculator, made possible by its advanced scientific 

ptrrc R EEif1 
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- Standard Features 

math functions and built -in "immediate" mode which allows 
complex problem solving without programming! This computer 
can actually entertain your children while it educates them in 

topics ranging from naming the Presidents of the United States 

to tutoring trigonometry all possible by its fast extended BASIC, 

graphics and data storage ability. 
The machine can be economically expanded to assist in your 

business, remotely control your home, communicate with other 
computers and perform many other tasks via the broadest line of 

expansion accessories in the microcomputer industry. 
This machine is super easy to use because it communicates 

naturally in BASIC, an English -like programming language. So 

you can easily instruct it or program it to do whatever you want, 

but you don't have to. You don't because it comes with a com- 
plete software library on cassette including programs for each 

application stated above. Ohio Scientific also offers you 
hundreds of inexpensive programs on ready -to -run cassettes. 
Program it yourself or just enjoy it the choice is yours. 

Ohio Scientific offers you this remarkable new computer two ways. 

Challenger 1P $349 
Fully packaged with power 
supply. Just plug in a 

video monitor or TV 
through an RF con- 
verter to be up and 
running. 

Superboard Il $279 
For electronic buffs. Fully 
assembled and tested. Re- 
quires + 5V. at 3 Amps 
and a video monitor or TV 
with RF converter to be up 
and running. 

Uses the ultra powerful 6502 microprocessor 
8K Microsoft BASIC -in -ROM 

Full feature BASIC runs faster than currently available 
personal computers and all 8080 -based business corn - 
puters. 

4K static RAM on board expandable to 8K 
Full 53 -key keyboard with upper /lower case and user 
programmability 
Kansas City standard audio cassette interface for high 
reliability 
Full machine code monitor and I/O utilities in ROM 
Direct access video display has 1K of dedicated memory 
(besides 4K user memory), features upper case. lower 
case. graphics and gaming characters for an effective 
screen resolution of up to 256 by 256 points. Normal TV's 
with overscan display about 24 rows of 24 characters: 
without overscan up to 30 X 30 characters. 

Extras 
Available expander board features 24K static RAM (addi- 
tional), dual mini -floppy interface, port adapter for printer 
and modem and an OSI 48 line expansion interface. 
Assembler /editor and extended machine code monitor 
available. 

Interested in a bigger system? Ohio Scientific offers 15 

other models of microcomputer systems ranging from 
single board units to 74 million byte hard disk systems. 

CIRCLE NO. 40 ON FREE INFORMATION CARD 

,_ORDER FORM 
I Order direct or from your local Ohio Scientific dealer. 
I I'm interested Send me information on your I 

I Personal Computers Business Systems I 

I Send me a Superboard It $279 enclosed I 

I Send me a Challenger 1P $349 enclosed I 

I Include 4 more K of RAM (8K Total) $69 more enclosed I 

I Name I 

I I 

I Address I 

I City State_ Zip 

Payment by: BAC(VISA) - _Master Charge 

Expires Interbank #(Master Charge) 
Oh'o Residents add 4' Sales Tax 

( TOTAL CHARGED OR ENCLOSED 
All orders shipped insured UPS unless otherwise requested FOB Aurora. OH I 

L 

Credit Card Account # 

Money Order I 

NIENTIFIG 
America's Largest Full Line Microcomputer Company 
1333 S. Chillicothe Road Aurora, Ohio 44202 (216) 562 -3101 

5 
FEBRUARY 1979 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


The 
cost effective 

way to 
MEASURE 

CAPACITANCE 

EDITORIAL (Continued from page 4) 

Our visit to Tokyo's consumer electronics shopping area, the Akihabara, was a 
mind -boggling experience. I've never seen such breadth and depth in electronics 
gear in my life! I was assured, too, that merchandise was not on a consignment ba- 
sis. It was here that I viewed a number of miniaturized true hi -fi stereo components 
on the shelves. An AM- stereo FM model with digital frequency readout (blue color) 
measures only 23" high, with matching integrated amp, and a twice -as -high 
matching cassette deck. They can be stacked atop each other and still come in un- 
der one -foot! A pair of miniature three -way powered speaker systems are par for 
the system setup, too. There was also a mini, high -power basic power amplifier 
that was the smartest -looking amplifier we've seen owing to its chrome -plated 

The 
B &K- PRECISION 

MODEL 820 
Only $130 

For about one -third the cost of the most 
popular digital capacitance meter, you 
can own five times more measurement 
capability. The new B &K- PRECISION 
820 reads all the way to 1 Farad, in ten 
ranges. With 0.5% accuracy, the 820 re- 
solves to 0.1pF for a maximum count of 
9999. 

The battery operated 820 stays on the 
job over a wide range of temperatures, 
making it ideal for field use. The bright 
LED display is easily readable under all 
lighting conditions. 

The 820 has almost unlimited applica- 
tions in engineering, production line 
work, QC, education and field service. 
For example, you can measure un- 
marked capacitors ... Verify capacitor 
tolerance... Measure cable capacitance ... Select and match capacitors for 
critical circuit applications ... Sample 
production components for quality as- 
surance ... Measure capacitance of 
complex series -parallel capacitor net- 
works... Set trimmer capacitors to spe- 
cific capacity ... Check capacitance in 
switches and other components. 

Available for immediate delivery 
at your local electronic distributor 

¡+KPRECIS /ON DYNASCAN 
CORPORATION 

6460 W. Cortland Street Chicago, IL 60635 
312/889 -9087 

In Canada: Atlas Electronics, Ontario 
Intl. Sls: Empire Exp.. 270 Newtown Rd. Plainview, LI, NY 11803 

CIRCLE NO. 10 ON FREE INFORMATION CARD 
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Electronic micrographs of TDK SA fer- 
ric -oxide (left) and metal -alloy tapes il- 
lustrate the individual, needle -like 

shape of SA and the strung- together na- 
ture of metal particles, which has more 
magnetic ions in a given area. 

chassis. For sure, the U.S. market will have the Lilliputian audio components at 
some future time. 

TDK, which also manufactures VHS -and Beta -format video tape, arranged for 
us to visit a "Victor Video Center," opened last year in mid -Tokyo. Here, consum- 
ers can bring in movie film for transfer to a VHS video tape cassette, get first -hand 
experience on video cassette recorders, etc. And it was here that I heard a video 
tape playback of a TV broadcast that included stereo multiplex sound. A -B'ing 
mono and stereo, the latter was obviously a quantum advance in quality. 

These very brief highlights are indicative of the new level of electronics technolo- 
gy coming out of this island country. Add double- screen TV receivers, pulse -code- 
modulation disk players, and other developments, and one can see where a large 
part of consumer electronics products emanate from. Economic pundits note, 
though, that the pendulum should swing back to the U.S. owing to the depressed 
value of dollars versus yens, which amounts to about a 20% loss in a dollar's worth 
in the past year alone. One cannot raise prices 20% in one fell swoop, they say, so 
the advantage should move to U.S. makers. 

POPULAR ELECTRONICS 
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-\,\//Kg3(c-i)R3 

ALL THE MOST WANTED FEATURES 

AT A MOST WANTED PRICE... 
31G 1A" HIâ -1 LCD DISPLAY 

JSE INDOCIFS OR O.T 
200 I- OUR 9V BATTERY LIFE 

AUTO ZERO, P DLARITY, 
OVER RANGE 1NDIC JION 
100 ft,V 0O F.S. SENS TIVITY 

19 RANGES MID FL VCTIONS 

$74.95 
HICKOK 

Here is the handfull of 
accuracy you've been 
waiting for Hand- 
somely encased. 

Compact. Efficient. 
Only 8 ounces. 
Hickok's exciting, 
new LX 303, 3 

digit Mini- Multime- 
ter with high quality 
components, one 
year guarantee 
and rugged Cyco- 
lac fl' case offers 

features previously 
found only in ex- 

pensive units...at a 
price under $75.00! 

So why wait any 
longer? The 

amazing LX 303 
is here NOW! 

Another Arr erican 
made test equip- 

ment breakthrough 
from Hickok, The Value 
Innovator. Order today! 

RemoS.able cover stores tesi k a 
set furnishac as part of the Lui*. 

Availab e accetssories includa. AC 
adapter pad del virvlcarryirécase. 
40KV DC r rc bE, -O.amp DC siunt. 

X10DC'ipc eadarteravatable 
for protes t n ispJt 1p to 101.». 

SPECIFICAT ONS 

DC VOLTS (5 RANS): 0.1 mV to 1000V; Accuracy 
±C.5 -d; +15 % Input impel 10M 0; Ma;:. 
input 1kV Except 560)V on 200mV Large. 
AC VOLT'S (41)Hz t: 5kHz): 0.1 V to _ 00V: Accuracy: 

d-4 ±3.5 % -.F.. ( -2dB max. at 54(Hz); Max 
input: 5001. 
RESIS-ANC_ (6 LOW POWER Ra.IGES):0.1:110 
2C 1 A:cu -acy: -±15% rdg ±0.5 .1.s. (at 1.59,' rig 
or 204V0 range); it gut protected :o 123VAC all 
rar ges. 
DC CURRENT (6 RANGES):.01nA tD -OOmA; 
Ac:ura.y: ± 

- .0% r=ig -!-0.5% f.s. 
DI MIENS ONS AND WEIGHT: 5-7',";;'' 3 -3/811 < 

1 -;_/4 ', 8 oz.; POWER: 9V battery (nnt mcludec) Dr 

HicKck A2 adapter; READ RATE: 3,sec. 

your cal Hickok distributor or order below 

arICRoNA 
Send Chec< or Money Order to P 0. Eox 2208P. 

Culver City Calif. 90230. California residents add 

6% sales as. Add $3.00 to cover postage and handling. 

Master Charge and Visa welcomed. Please inc ade your 

charge card number, IMeroank number and Expiration date. 

PLEASE SEND ME 
Hickok LX303 Digital Mult meters 
RC -3 AC Adapter, 115VAC (22C VAC avail ) 

_ _ CC -3 Deluxe Carrying Cave 
VP -10 X10 DCV Probe Adapter 
CS -1 1C ADC Current ShLnt ._ 

VP -4040 KV DC Probe 

Name 

Address 

CALIFORNIA ANCRONA 

11090 Jellarsoe Blvd., Culver City.A 90230 
1213) 390-3595 

1300 E. Edinger Ave.. Santa Ana, CA 92705 
1714) 541 -25 

1054 E El Campo Reel. Sunnyvale. CA 94087 
.408) 243 -4121 

PHONE ORDERS: 213 -541 -4064 

. @ 74.95 ea. 
@ 7.50 ea. 
@ 7.50 ea. 

.... @ 14.95 ea. 
@ 14.95 ea. 
@ 35.00 ea. 

City State Zlp 

ARIZONA GEORGIA OREGON TEXAS CANADA, B.C. 

ANCRONA ANCRONA ANCRONA ANCRONA ANCRONA 

?BtB E. Broadway 3330 ,edmont Rd. N.E. 1125 N.E. 82nd Ave. 2649 P, mr d tv 5656 Fraser. 5l. 

Tucson, AZ 85711 Atlante GA 30305 Portland. OR 97220 Vancouve B C. USN' 2V4 

L (802) N- -2349 (404) 281 -1190 (523) 25455x1 8041 ]21 07x7 
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language 
Translator 

Communicate in any language without saying a 
word, or learn a new language with the world's 
first computerized language translator. 

Learning languages is not easy. It takes 
books, classes, cassettes, and hard work. 

Now, however, you have, a choice. You can 
communicate in a foreign country without 
speaking the language, or you can learn the 
language more easily thanks to a new elec- 
tronic miracle. 

Craig Corporation has just introduced the 
Translator -a pc,cket -sized personal com- 
puter that stores up to 7,000 words and trans- 
lates them from one language to another at the 
touch of a button. 

You enter a word in English on the alpha- 
betical keyboard, press the translate button, 
and the word is shown on the display in the 
foreign language. You have a choice of lan- 
guages such as Japanese, French, German, 
Italian, and Spanish. And you can translate 
from any one language into another. 

You program the unit with four small 
memory capsules which contain approximate- 
ly 1500 words each. By swapping capsules, 
you can change languages, so the unit will 
hold a total of 7,000 words in its four memory 
capsules. 

WORLD COMMUNICATION 
The Craig Translator is truly a pocket -sized 

translation computer that will help you com- 
municate in practically every major nation in 
the world -even if you don't want to learn the 
language. There are a series of numbers listed 
on the back of the computer which correspond 
to 50 of the most commonly used and most 
practical phrases. 25 of the phrases are com- 

plete statements such as: "How much does 
this cost ?" The remaining 25 statements re- 
quire one or two additonal words like: "May I 

please have the..." You simply press the 
number for the phrase you want and then enter 
the missing word on the keyboard which has 
keys with both letters and numbers. 

When you press the translate button, your 
phrase is flashed on the display in the foreign 
language. If the phrase is longer than the 16 
character width of the screen, it rolls to the 
left -just like on a movie marquee. 

Armed with the 50 phrases and up to a 7,000 
word vocabulary, you can take your small in- 
formation retrieval system throughout the 
world and literally carry on complete conver- 
sations without saying a word. Just enter the 
translated phrase or word and show it to the 
person with whom you are communicating. 
Have that person enter the answer, and before 
long you'll be carrying on complete conver- 
sations. You can negotiate prices at an out- 
door market, order from menus, clarify state- 
ments, read newspapers, and street signs. 

Phrase books are handy for travelers 
because all the most common words and 
phrases are indexed by category. The Craig 
Translator is also indexed, but for instan- 
taneous retrieval. Just enter the subject, press 
a button, and you can recall a subject and its 
related words in alphabetical order. You can 
index travel, shopping, business, or medical 
terms and scan them faster than turning the 
pages of a book. 

FOR THOSE WHO WANT 
TO LEARN A LANGUAGE 

Learning a language is not easy, and the 
Craig Translator is not a substitute for practice 
and hard work. The Translator is, however, a 
very valuable teaching aid -one that can 
accelerate the learning process and teach you 
more vocabulary faster. 

The most rewarding aspect of learning a 
language with the Craig system is "memory 
retention." When you need to know a word and 
can look it up at that very moment, your 
chances of remembering it are several times 
greater than in a classroom environment. 

The Craig Translator not only gives you the 
answer, it does so immediately -at that 
moment -so it provides a very useful learning 
function. And it's fun to use and carry with you 
all day long. 

The Craig Translator uses four systems of 
reinforcement. Reinforcement is a teaching 
concept in which the teacher praises you when 
you're right and gives you the correct answer 
when you're wrong. 

FOUR TEACHING SYSTEMS 
The Craig's four reinforcement systems are: 

Frequency You can sort out words by how 
frequently they come up in normal conversa- 
tion and then learn these words. Each one will 
be flashed on the display for a few seconds, 
and you say aloud the correct translation. 
Spelling A word is flashed in English and you 
guess the spelling of the foreign word which 
you then enter on the keyboard. If you enter it 
wrong, the unit tells you and then flashes the 
correct answer on the display. 
Category You can learn by category. Select a 
subject and access the associated words 
alphabetically. If you are preparing for a trip, 
you can learn all the words that relate to travel. 
Alphabet You can learn by the alphabet. Start 
at any letter and the unit will display all the 
words that start with that letter. 

ALL THE ANSWERS 
There are other features that make the 

Craig Translator an outstanding teacher: 
Spelling Program If you enter a misspelled 
word, the display will flash a question mark. By 
pressing a key, you instruct the unit to find the 
correct spelling. On the display will flash a 
series of words it thinks are the correct ones, 
and you simply select the right One. 
Double Meanings When you enter an English 
word that has two meanings in the foreign 
language, the unit will ask you which meaning 
by listing the possible choices. Again you 
select the right one by pressing a key. For 
example, "watch" would be two different 
things depending on whether it was meant as a 
verb or a noun. 

MEMORY CAPSULE 
The languages are contained in small 

memory capsules four of which hold up to 
256,000 bits of information or 7,000 words. 
The Craig Translator will accept other data so 
that eventually you will be able to store com- 
plete dictionaries, recipes, calorie equiva- 
lents, useful statistics, and other learning 
programs and then display this data on your 
pocket -sized information retrieval system. 
Language capsules cost only $24.95 each - 
about the cost of a few language textbooks, so 
the unit can inexpensively grow to fit many 
different applications. 

You don't even have to read the instructions 
to operate the unit. A free starter Memory 
Capsule that comes with the unit will tell you 
how in six different languages. The capsule 
also contains the programs necessary to use 
your unit as a calculator or for currency con- 
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versions. It contains the metric conversion 
tables and 20 words or phrases in six lan- 
guages -words such as hello, goodbye, thank 
you, etc. 

ADVANCED TECHNOLOGY 
There was no existing display that could be 

used in the Translator, so the display had to be 

developed exclusively for Craig. The letters 
appear in bright fluorescent blue /green and 
are very easy to read. 

The unit, its memory, its Memory Capsule 
system - all represent major breakthroughs in 

technology. But with all its sophisticated elec- 
tronics, it was built simple enough to be easy 
and fun to use. 

MANY PERSONAL USES 
If you are a language student or a frequent 

traveler, the Craig Translator would be the per- 
fect companion. That might appear obvious. 
But what about the shop owner who has to 
communicate with people from other coun- 
tries? Or the grandparents looking for the per- 
fect gift for a young high school student learn- 
ing a new language? 

And don't overlook the young grammar 
school child. With the Craig Translator and a 

little tutoring, you'll be amazed at how quickly 
he or she picks up a language. 

You'll really appreciate the Translator the 
first time you use it. It's like a friend - always 
ready to give you an answer when you need 

one. It's your interpreter in a foreign country, 
your resident genius with its huge data bank, 
and your personal advisor with its indexing 
system. 

TRY ONE FIRST 
We would like to offer a suggestion. Order 

the Translator on a special 30 -day trial. Use it 

to begin learning a language, or see how easy 
it is to communicate with somebody who 
doesn't speak your language. Take it on a 

business trip to Europe or Japan. Take it shop- 
ping with you. Use it at a restaurant, or negoti- 
ate a business deal with it. See how much fun it 

is to learn a language and how much faster 
your vocabulary increases. 

After you've really discovered how valuable 
a friend your Craig Translator can be, then 
decide if you want to keep it. If not, return it 

anytime during our 30 -day trial period for a 

prompt and courteous refund including your 
$2.50 postage and handling. There is no risk. 

JS &A offers you the opportunity to own, use, 
and experience the world's first pocket -sized 
language translator. But don't wait. The 
demand for the Craig Translator may be great, 
and since the announcement in this magazine 
is one of the first ever made on this product, we 
urge you to place your order promptly. Deliver- 
ies will start in January, 1979 and then only on 

a limited basis. 
The Craig Translator is manufactured by 

Craig Corporation -a substantial public com- 
pany. Both JS &A and Craig Corporation have 
been doing business together since 1971 

when JS &A introduced the world's first pocket 
calculator -the Craig 4501. Back in 1971, we 

said that the technology represented in the 
first pocket calcultor was "...the most impor- 
tant electronic breakthrough since the transis- 
tor." The Craig Translator represents another 
quantum leap in technology, and we are proud 
to be associated with Craig Corporation in its 

introduction. 
Craig Corporation has a complete service - 

by -mail facility should service ever be re- 

quired. Just slip your unit in its handy mailer, 
and it will be repaired and shipped back to you 
promptly. You shouldn't have a single problem 
with your unit, but it's reassuring to know that 
even service is an important consideration in 

this program. Your unit is also backed by a 

one -year parts and labor limited warranty. 

Mini Travel 
Alarm 

It's small. And because it's small, it fits anywhere. In 

your briefcase or in your pocket. 
The new JS &A Mini Travel Alarm measures only 3/8" x 

11/4" x 21/2" and has a small easel support on the back. 

Just set the alarm, and the electronic beep will wake you 

up. The clock movement is totally solid- state, and a built - 

in night light lets you view the time in the dark. 

But the JS &A Mini Travel Alarm does more. First, it 

JS &A is America's largest single source of 

space -age products- further assurance that 
your modest investment is well protected. 

To order your Craig Translator, send your 
check for $199.95 plus $2.50 for postage and 
handling. Credit card buyers may call our toll - 
free number below. With each unit you will 

receive a free starter cartridge plus the English 
language cartridge, an AC adapter, and carry- 
ing case. Four rechargeable "AA" batteries 
cost only $12.40. Or you can use any Four 
"AA" cell alkaline batteries. 

You may also order the other languages at 

$24.95 each. Please specify French (order 
number 5121), German (5131), Italian (5141), 
Spanish (5151), and Japanese (5161). Other 
languages will be available later. 

Remember, the unit holds four cartridges at 

the same time, and you will receive from us a 

list of cartridges that will be available in the 
future. Only one cartridge in each language is 

available now, although later, more advanced 
vocabulary capsules will be available. 

For the first time in history, Americans can 
carry with them the information contained in 

volumes of books and communicate with this 
information faster and more efficiently than 
was ever thought possible. Join the era of the 
real personal computer. Order a Craig Trans- 
lator at no obligation, today. 

PRODUCTS 

O THAT 
THINK 

Dept.PE One JS &A Plaza 
Northbrook, III. 60062 (312) 564 -7000 

Call TOLL -FREE 800 323 -6400 
In Illinois Call (312) 564 -7000 

©JS &A Group, Inc.,1979 
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makes a great pocket watch. The small imitation black 

leatherette carrying case that comes with the unit has a 

window so you can view the time even when the unit is in 

its case. Secondly, it tells accurate time - within fifteen 

seconds accuracy per month. And finally, it's inexpen- 

sive -only $29.95 complete with carrying case and two 

readily -available hearing aid batteries. It makes a perfect 

gift for everyone on your gift list. 
There is also a deluxe version for $39.95 with a built -in 

timer and dual time zone capability. You can now display 

one time while keeping the second time in memory. 

Each model has a one -year warranty. Order by sending 

your check to the address shown above or call our toll - 

free number above. Please add $2.50 for postage and 

handling and Ill. residents add 5% sales tax. 

©JS &A Group, Inc.,1979 
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Completely 
pre -assembled 
and pre -tuned 
Just take it out of 
the package, and 
install it on the 
car. No tuning 
necessary... 
check It out with 
a watt meter and 
see for yourself! 

Super -good looking 
low silhouette 
design. 
Your choice of 
cup colors 
design -coordinated 
to late -model cars. 

SIERRA 
BRONZE 

DIAMOND -FIRE 
BLACK 

A1LAN11[ 
Pl V1 

EIRETHORN 
Pt 

60 Stainless steel 
tapered whip... 
and NO spring 

SNOWCAP 
WHITE 

CLASSIC 
SILVER 

AS 
SHOWN 

AND 
CRYSTAL 
CLEAR 

These new 
Persuader4 ntennas 
low profile, extra long whip 
deliver performance 
equal to, or better than 
anything else on the road! 
There's a hand -wound, hand -tuned 
coil in the cup... 

a major advance in 
antenna technology 
from the Antenna Pros 
field tested and 
field proven by 
thousands of CBers 

Only $34 98 suggested retail. Compare 
with K -40 at $38.50 or any other antenna. You'll see 
there's no comparison. 

5 year guarantee 
Materials and WL. 'nanship of PERSUADER ANTENNAS 
(Models 13505 &17605) are guaranteed for a full five years 
if this antenna is installed by the dealer and a full three years 
if this antenna is installed by the consumer. 
Any part that fails within the guarantee period will be replaced absolutely free 
provided the registration card has been completely filled out and returned to 
Antenna Incorporated. 

A word from the Old Pro: 
When you buy this antenna, 
my reputation ...built over 38 years in 
the antenna business ... will be riding on 
your roof. I'm confident that the 
Persuader Antennas will persuade you ... 
you've chosen the Best. 

M.R. Friedberg, President 
Antenna Incorporated 

In stock at your dealer now... 
or call the Antenna Hotline ...1 -800- 447 -4700. 
(Illinois. 800-332-4400; Sorry, no Hotline service in Alaska or Hawaii). 

Charge to Visa or Master Charge ...and we'll 
Q have your nearest dealer ship your Persuader 

Antenna promptly, in the mount and color of your choice. Hotline 
orders add S1,50 for shipping and handling. Applicable local 
taxes extra. Allow 2 to 4 weeks for delivery. 

The family of fine antennas from the fine antenna family. 

1 ilnienna V 
26301 Richmond Road. Cleveland, Ohio 44146 (216) 4647075 

In Canada Cardon Import Canada Ltd , PO. Box 937 Hamilton. Ontario L8N 3P9 

Antenna Incorporated. international Division, PO Box 1002 Rockville Centre. New York 11571 

CIRCLE NO. 4 ON FREE INFORMATION CARD 
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These features will 
persuade you... 
The Persuader'" Antenna 
is Your Best 
Antenna Choice 
60" Stainless Steel Tapered 
Whip...and No Spring 

The super -long whip increases the aperture of the 
antenna. This increases 

the signal capture area on reception 
the transmit signal and radiation intensity at the 

horizon 
bandwidth to well over a 40- channel capability 

The .125" diameter whip is tapered, so shock is 

distributed evenly. There's no spring to stretch, 
break, or bend the whip away from the straightest 
possible upright position. 

Exclusive coil -in -cup design 

Loading of most low- profile antennas is by a simple 
printed circuit board that can't be tuned and will 
eventually burn out. These new Persuader anten- 
nas are completely pre -assembled and pre -tuned 
and feature an actual hand -wound, hand -tuned 
copper wire loading coil tested with 500 watts, 
rated at 100 watts continuous. It's even more effi- 
cient than our base -loaded coils because it's 
wound to a larger diameter, with fewer turns. 

This unique design also involves fewer mechani- 
cal and electrical connectors -fewer resistive con- 
tacts between loading coil and cable termina- 
tions -less chance for dust, moisture or road 
gunk to contaminate the contacts. 

This concept has been field tested by thousands 
of CBers in our Model 13503 (shorter whip, plain 
white cup). Your good buddies will tell you every- 
thing we say about it is true. 

Available with Trunk -Lip or 
Magnet Mount 

for performance: 
SWR of 1.5:1 or less across all 40 AM and SSB 

channels. 
Shunt -fed loading coil is DC grounded for quiet 

performance; bleeds off static from rain, snow, air 
particles. Performance is virtually identical to body 
mount antennas. 

Center -roof placement of magnet mount pro- 
vides your most uniformly omni -directional signal. 
(Can also mount on trunk lid). 

Unique Antenna Incorporated design provides 
capacitive coupling. Aluminum plate puts the 
ground potential right at the mounting surface. 

for convenience: Magnet and trunk lip, 
the two easiest installations! Place the antenna 
where you want it, plug the cable into the trans- 
ceiver. No holes to drill. Readily removed for anti- 
theft protection. Magnet mount supplied with 12' 

RG -58/U coaxial cable with PL -259 type connector; 
trunk lip mount with 17' of cable. 

for magnet mount adherence: 
Heavy -duty 21/2" magnet in plastic cup with soft 
rubber gasket. Holds at top highway speeds of 55 
mph. (Trunk lip mount recommended for vinyl roof 
cars.) Since it won't walk, it won't detune! "Oil- 
can" effect of cup; resting on gasket, provides a 

larger magnet plane than if the magnet itself were 
touching the surface -yet there's less weight on 

the car, less scratch potential. 

All magnet mount benefits 
are standard... 
not an extra -cost accessory! 
FEBRUARY 1979 

Letters 
NiCd ZAPPER WORKS 
When I first read the article on the NiCd "Zap- 
per" in your July 1977 issue, I didn't think it 

would work so I didn't build it. Then I saw a 

reader's recent comments on the device in 

your "Letters" column so I decided to give it a 

try after all. Surprise! It works great! So far, 

I've run into only two cells that haven't re- 

sponded to the treatment. The secret seems 

to be to catch the cells before they've been 

shorted too long. However, the heavy current 

through the cell burns the switch contacts. 

Therefore, I've modified the circuit slightly 

CHARGE 

ZAP 
250fí 5,000- 

0/V 6000,uí 
(325 ) 

25A 
(400V) 

2Y-56 l/OC 
UNF/LTEREo 

with good results. Perhaps your readers 
might like to try the modification as shown 

here. -Zack T. Hinckley, Melbourne, FL. 

DIRECT -DRIVE IS OLD TECHNOLOGY 

In reference to Julian Hirsch's Audio Re- 

ports in the February 1978 issue, I would like 

to point out that the concept of direct -drive 

turntables is not new. Many years ago I had 

an RCA Victor 78 -rpm phonograph with an 

AM radio broadcast oscillator built into it. It 

was probably manufactured in the late 

1930's. The bottom of the turntable had an in- 

ternally toothed metal ring attached to it, and 

spaced around the spindle bearing there 

were stationary electromagnet coils that were 

driven by 60 -Hz power, providing the turnta- 

ble drive. This "motor" operated similarly to 

what we call today an outer -rotor or Pabst 

motor (used mostly in tape decks as reel - 

drive motors). 
The RCA turntable motor was low in 

torque, requiring an initial spin to get it start- 

ed, and it was noisy in operation. Even so, it 

was an old idea that required today's tech- 

nology and refinements to bring it back to life. 

-Barry Feurst, Oak Park, IL. 

LARGER RECTIFIERS NEEDED 

The Digital Frequency Readout featured in 

your February 1977 issue has been one of 

the most useful accessories I have built for 

my ham or SWL receivers. However, the rec- 

tifier diodes (1 N4002) specified for the power 

supply were pushed to their limit by the cur- 

rent of nearly one ampere drawn by the unit. 

After about a year of operation, the rectifiers 

aged and began to fail intermittently, causing 

the operating voltage to fall to 4.2 V, with a 

subsequent stalling of the counter and incor- 

rect configurations on the readout. Eventual- 

ly, the failures became worse until the unit 

was inoperative. Substituting three -ampere 

rectifiers in the power supply fixed the prob- 

lem.-W.J. Kreamer, Troy, NY. 

ADDENDUM TO CARING FOR DISKETTES 

In preparing for publication the article "How 

to Care for Diskettes," in the November 1978 

issue, one page of the original manuscript 

was inadvertently omitted. As a result, some 

additional information is necessary to clear 

up some misconceptions that may have been 

created due to the omission. 
In small diskette systems, the type most 

popular with computer hobbyists, the actual 

diskette rotates within a protective jacket. Af- 

ter the diskette is loaded and the loading door 

closed, the internal mechanical arrangement 

forces a pressure pad to "squeeze" the flex- 

ible diskette to the head. In a sense, this pro- 

duces a "dimple" in the relatively soft diskette 

at the point of contact. 
Depending on the diskette and drive used, 

the relative head -to- diskette speed can reach 

about 8 mph. Thus, if there are any scratches 

on the head or if any foreign substance gets 

on the diskette so that it is forced between the 

head and the soft diskette surface, minute 

physical grooves can be cut creating data 

dropout. Figure 2, shown for what is called a 

"flying head" disk system, dramatically illus- 

trates how foreign matter on the surface can 

create data loss on the disk. 

During diskette operation, the pressure 

pad on the other side of the diskette "scours" 

the surface. It is possible for the pad to ac- 

cumulate a layer of relatively hard dust, or 

even minute (metal) oxide particles scraped 

from the diskette -in most cases, even 

though only one side of a diskette is used, 

both sides are coated with magnetic oxide. 

After some hours of use, the tiny hard parti- 

cles adhering to the pressure pad can scratch 

the diskette surface. If the other side of the 

diskette is to be used, the rotation is then 

"backwards," which can cause surface dam- 

age and result in loss of data. It is probably 

for this reason that no small diskette drives 

use both sides of the diskette. 
It should have been stated at the beginning 

of the "Foreign Matter" section that the me- 

chanical data was for a large disk system 

whose diameter and drive speed are much 

higher than those of a small diskette. Thus 

the rpm is much higher. However, the infor- 
mation on the damage that can be caused 

by foreign matter- including smoke parti- 

cles, dust, and grease -holds true for all 

diskettes. -Les Solomon, Technical Director. 
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New Products 
Additional information on tick' products 
covered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card 
or écrite to the manufacturer at the 

address given. 

Sansui 
Di rect-D rive 
Automatic Turntable 
The Sansui Model SR -5090 two -speed 
single -play turntable has a servo -con- 
trolled dc direct -drive motor and a single 
knob which controls automatic operation, 
including power turn -off at the end of play, 
with the tonearm returned to rest position. 

It is also equipped with a repeat control for 
one to five plays and an option for endless 
play. Automatic play can be interrupted at 
any time for manual operation. The manu- 
facturer claims wow and flutter are down to 
0.038 %, rumble is better than 67 dB, S/N 
better than 57 dB. A built -in strobe light 
permits visual check of speed using pat- 
terns on the edge of the platter. Platter 
speed adjustment of ±3.5% can be made. 
An arm -lift lever is oil damped. $280, in- 
cluding base, dustcover, and 45 -rpm spin- 
dle. Address: Sansui Electronics Corp., 
55 -11 Queens Blvd., Woodside, NY 
11377. 

CIRCLE NO. 890N FREE INFORMATION CARD 

Royel 
Soldering Iron 

The Royel "Duotemp" soldering iron deliv- 
ers full power on demand with the press of 
a button but idles at half power. The latter 
serves two purposes -it saves wear and 

tear on the soldering tip itself and delivers 
the correct safe temperature for delicate 
soldering jobs on printed- circuit boards. 
For heavy -duty joints and long sequences 
of solder connection, the operator simply 
presses a BOOST button on the soldering 
iron's handle to double the heating power 
available. Address: Royel Soldering Sys- 
tems, Inc., 213 S. Brand Blvd., Glendale, 
CA 91204. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 

for the given component being tested. The 
analyzer also has a comparator function 
for comparing circuit boards with ICs and 
solid -state hybrid circuits and in- circuit 
testing for electrolytic capacitors. Address: 
PTS Electronics, Inc., P.O. Box 272, 
Bloomington, IN 47401. 

CIRCLE NO. 93ON FREE INFORMATION CARD 

Robyn AM /SSB 
Mobile CB 
The Robyn Model SB -505D CB mobile 40- 
channel transceiver, for AM and SSB oper- 
ation, is said to be the first such unit with a 
clarifier switch on the microphone. Other 

features include an S /r -f meter, LED digital 
readout with dimmer, mike gain control, 
tone control, and noise blanker switch. 
Specifications are: 0.5 microvolt sensitiv- 
ity, 65 dB min. adjacent channel rejection, 
75 dB min. image rejection, 100% modula- 
tion max. and 68 dB min. spurious har- 
monics. Dimensions are 21/4 "H x 71/4 "W x 
91/4 "D(6 x 19 x 24 cm). $259.95. Ad- 
dress: Robyn International Inc., 10901 
Northland Dr., Rockford, MI 49341. 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

PTS Component Tester 
PTS Electronics has introduced a compo- 
nent tester for troubleshooting solid -state 
circuitry. The Model PTS 8001 component 
analyzer works both in- and out -of- circuit 

with any standard oscilloscope to test ICs, 
transistors (all kinds), diodes (all kinds), 
and thyristors. A high /medium /low range 
switch is provided for adjusting conditions 

Tape Recorder 
Care Kit 
A Tape Recorder Care Kit from Maxell 
Corp. is intended especially for the clean- 
ing of tape heads in hard -to -reach places. 
It contains a variety of specially shaped 
plastic tools which can be plugged into 
each other to reach around and into places 
where tape heads are otherwise hard to 
clean. A mirror is included for inspecting 
heads in remote locations. A variety of re- 
placeable felt applicator tabs and a spe- 
cially formulated tape head cleaner are 
supplied for cleaning purposes. $8.95. Ad- 
dress: Maxell Corp. of America, 60 Oxford 
Dr., Moonachie, NJ 07074. 
CIRCLE NO. 94 ON FREE INFORMATION CARD 

TRS -80 
Power Interface 
JC Enterprises has developed a new pow- 
er interface module, A828 AC -P, for the 
Radio Shack TRS -80 computer. It provides 
4 channels of programmable ac, with 600 
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W in each channel or 1600 W total. Advan- 
tages to be gained with the modules use 
are said to include expansion of the com- 
puter's capability to include sensing switch 
closures, photo sensors and 5 -volt logic 
levels, driving LED displays, and operating 
motors, solenoids, alarms, etc. The A828 
has its own 5V power supply, interface ca- 
ble, I/O port connector cable, enclosure, 
and sample programs. The 8 -bit input and 
output ports are addressed with LEVEL II 

BASIC, or with T -BUG and LEVEL I BA- 
SIC. $165. Address: JC Enterprises, Box 
23445, San Diego, CA 92123. 
CIRCLE NO. 95 ONFREE INFORMATION CARD 

(Continued on page 14) 
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Breakthrough 
A new computerized burglar alarm requires no 
installation and protects your home or business 
like a thousand dollar professional system. 

It's a security system computer. You can 
now protect everything - windows, doors, 
walls, ceilings and floors with a near fail -safe 
system so advanced that it doesn't require 
installation. 

The Midex 55 is a new motion -sensing com- 
puter. Switch it on and you place a harmless 
invisible energy beam through more than 
5,000 cubic feet in your home. Whenever this 
beam detects motion, it sends a signal to the 
computer which interprets the cause of the 
motion and triggers an extremely loud alarm. 

The system's alarm is so loud that it can 
cause pain - loud enough to drive an intruder 
out of your home before anything is stolen or 
destroyed and loud enough to alert neighbors 
to call the police. 

The powerful optional blast 
placed outside your home 
your neighbors. 

Unlike the complex and expensive com- 
mercial alarms that require sensors wired into 
every door or window, the Midex requires no 
sensors nor any other additional equipment 
other than your stereo speakers or an optional 
pair of blast horns. Its beam actually pene- 
trates walls to set up an electronic barrier 
against intrusion. 

NO MORE FALSE ALARMS 
The Midex is not triggered by noise, sound, 

temperature or humidity -just motion -and 
since a computer interprets the nature of the 
motion, the chances of a false alarm are very 
remote. 

An experienced burglar can disarm an ex- 
pensive security system or break into a home 
or office through a wall. Using a Midex system 
there is no way a burglar can penetrate the 
protection beam without triggering the loud 
alarm. Even if the burglar cuts off your power, 
the four -hour rechargeable battery pack will 
keep your unit triggered, ready to sense 
motion and sound an alarm. 

ARRIVE HOME SAFE 
There's personal danger in arriving home 

and finding a burglary in progress. And, if you 
surprise the burglar, you risk the chance of 
serious injury. With the Midex 55 protecting 
your home, you can open your front door with 
the confidence of knowing that no burglar lurks 
inside. 

When the Midex senses an intruder, it re- 
mains silent for 20 seconds. It then sounds the 
alarm until the burglar leaves. One minute 

horns can also be 
or office to warn 
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after the burglar leaves, the alarm shuts off 
and resets, once again ready to do its job. This 
shut -off feature, not found on many expensive 
systems, means that your alarm won't go wail- 
ing all night long while you're away. When your 
neighbors hear it, they'll know positively that 
there's trouble. 

PROFESSIONAL SYSTEM 
Midex is portable so it can be placed any- 

where in your home. You simply connect it to 
your stereo speakers or attach the two op- 
tional blast horns. 

Operating the Midex is as easy as its instal- 
lation. To arm the unit, you remove a specially 
coded key. You now have 30 seconds to leave 
your premises. When you return, you enter 
and insert your key to disarm the unit. You 
have 20 seconds to do that. Each key is regis- 
tered with Midex, and that number is kept in 

their vault should you ever need a duplicate. 
Three keys are supplied with each unit. 

As an extra security measure, you can leave 
your unit on at night and place an optional 
panic button by your bed. But with all its 
optional features, the Midex system is com- 
plete, designed to protect you, your home and 
property just as it arrives in its well -protected 
carton. 

The Midex 55 system is the latest electronic 
breakthrough by Solfan Systems, Inc. -a corn - 
pany that specializes in sophisticated profes- 
sional security systems for banks and high 
security areas. JS &A first became acquainted 
with Midex after we were burglarized. At the 
time we owned an excellent security system, 
but the burglars went through a wall that could 
not have been protected by sensors. We then 
installed over $5,000 worth of the Midex com- 
mercial equipment in our warehouse. When 
Solfan Systems announced their intentions to 
market their units to consumers, we immedi- 
ately offered our services. 

COMPARED AGAINST OTHERS 
In a recent issue of a leading consumer 
publication, there was a complete article 
written on the tests given security devices 
which were purchased in New York. The 
Midex 55 is not available in New York 
stores, but had it been compared, it would 
have been rated tops in space protection 
and protection against false alarms -two 
of the top criteria used to evaluate these 
systems. Don't be confused. There is no 
system under $1,000 that provides you 
with the same protection. 

YOU JUDGE THE QUALITY 
Will the Midex system ever fail? No product 

is perfect, but judge for yourself. All com- 
ponents used in the Midex system are of aero- 
space quality and of such high reliability that 
they pass the military standard 883 for thermal 
shock and bum -in. In short, they go through 
the same rugged tests and controls used on 
components in manned spaceships. 

Each component is first tested at extreme 

The Midex security computer looks like a 
handsome stereo system component and 
measures only 4"x 101/2"x 7." 

tolerances and then retested after assembly. 
The entire system is then put under full elec- 
trical loads at 150 degrees Fahrenheit for an 

entire week. If there is a defect, these tests will 
cause it to surface. 

PEOPLE LIKE THE SYSTEM 
Wally Schirra, a scientist and former astro- 

naut, says this about the Midex 55. "I know of 
no system that is as easy to use and provides 
such solid protection to the homeowner as the 
Midex. I would strongly recommend it to any- 
one. I am more than pleased with my unit." 

Many more people can attest to the quality 
of this system, but the true test is how it per- 
forms in your home or office. That is why we 
provide a one month trial period. We give you 
the opportunity to see how fail -safe and easy 
to operate the Midex system is and how 
thoroughly it protects you and your loved ones. 

Use the Midex for protection while you sleep 
and to protect your home while you're away or 
on vacation. Then after 30 days, if you're not 
convinced that the Midex is nearly fail -safe, 
easy to use, and can provide you with a 

security system that you can trust, return your 
unit and we'll be happy to send you a prompt 
and courteous refund. There is absolutely no 

obligation. JS &A has been serving the con- 
sumer for over a decade - further assurance 
that your investment is well protected. 

To order your system, simply send your 
check in the amount of $199.95 (Illinois resi- 
dents add 5% sales tax) to the address shown 
below. Credit card buyers may call our toll -free 
number below. There are no postage and 
handling charges. By return mail you will 
receive your system complete with all con- 
nections, easy to understand instructions and 
a one year limited warranty. If you do not have 
stereo speakers, you may order the optional 
blast horns at $39.95 each, and we recom- 
mend the purchase of two. 

With the Midex 55, JS &A brings you: 1) A 

system built with such high quality that it com- 
plies with the same strict government stan- 
dards used in the space program, 2) A system 
so advanced that it uses a computer to deter- 
mine unauthorized entry, and 3) A way to buy 
the system, in complete confidence, without 
even being penalized for postage and hand- 
ling charges if it's not exactly what you want. 
We couldn't provide you with a better oppor- 
tunity to own a security system than right now. 

Space -age technology has produced the 
ultimate personal security computer. Order 
your Midex 55 at no obligation, today. 

o PRODUCTS 

o THAT 
THINK 

Dept. PE One JS &A Plaza 
Northbrook, Ill. 60062 (312) 564 -7000 

Call TOLL -FREE 800 323 -6400 
In Illinois Call (312) 564 -7000 

©JS &A Group, Inc.,1978 
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NEW PRODUCTS (Continued from page 12) 

"No- Knob" Micro- 
processor-Controlled 
Car Stereo 
The FultronR Ultra Il (Model 16 6800), by 
Arthur Fulmer, is an in -dash cassette tape 
player with AM /FM stereo radio. The unit 
is designed around a microprocessor, 
which allows up to 14 stations to be pre- 
programmed and recalled. Touch -sensi- 

®® 
0-0 .. 

® ® ® + 

five electronic controls are used to control 
volume, balance, fader, treble and bass. 
Four -way balance is adjusted by a touch 
control for each speaker that increases its 
volume while reducing the volume of the 
opposite speaker. Other features include: 
12 W continuous power per channel at 
10% THD, auto reverse, locking fast -for- 
ward /rewind, dimmable LED digital read- 
out, and mono- stereo and local- distance 
sensitivity controls. Stereo separation is 
said to be more than 32 dB; frequency re- 
sponse 30 to 18,000 Hz -3 dB; and wow 
and flutter less than 0.20%. Dimensions 
are: 7'W and 23/4"H x 57/8'D (17 x 7 x 15 
cm). Address: Arthur Fulmer, 260 Monroe, 
Memphis, TN 38103. 

CIRCLE NO.96 ON FREE INFORMATION CARD 

Dynaco FM Tuner 
Dynaco's Model 2501 FM tuner features a 
Varactor front end with six tuned stages, 
numeric time /frequency display, and four 
station presets. It also has PLL multiplex 
circuitry driven by a double -tuned quadra- 

Lure detector; a DYNATUNE feature that au- 
tomatically locks in on a desired station 
and continues to precisely track the center 
of the channel; and a LED signal- strength 
indicator with a 60 -dB display range in 10- 
dB steps. Other features include a full -time 
clock, front -panel selectable deemphasis 
(25/50/75 µs), and low- impedance 600 - 
ohm audio outputs. Specifications: 16 -dBf 
mono, 36 -dBf stereo 50 -dB quieting sensi- 
tivity; 1.75 -dB capture ratio; 80 -dB alter- 
nate- channel selectivity; 100 -dB image re- 
jection; 30- to -45 -dB stereo separation; 

0.19% to 0.4% THD; 0.15% IM distortion; 
70-dB mono, 65 -dB stereo S/N ratio; 65- 
dB hum and noise in mono. Address: Dy- 
naco Inc., Box 88 /Coles Rd., Blackwood, 
NJ 08012. 

CIRCLE NO.97 ON FREE INFORMATION CARD 

minimum, 50 watts maximum; nominal 
impedance is 4 ohms. $139. Address: Au- 
dioanalyst, P.O. Box 262, Brookfield, CT 
06804. 

CIRCLE NO. 99ON FREE INFORMATION CARD 

Compact 
Color Pattern 
Generator 
The Model 1210 color pattern generator 
from B &K Precision generates 10 patterns 
for color -TV servicing and setup. Patterns 
include vertical lines, horizontal lines; large 
and small crosshatch; large and small 
dots; single horizontal and vertical lines; 
single dot; gated and ungated rainbow; 
and purity. Video and sync signals are de- 
rived from and synchronized to a crystal- 

controlled oscillator. A color -level control 
permits adjustment from zero to 100 %, 
while another control permits adjustment 
of the r -f output level from 10,000 to 35,000 
tLV (into 75 ohms). Five different output 
channels (2, 3, and 7 on vhf and 23 and 52 
on uhf) can be selected. Power for the gen- 
erator is from a 9 -volt battery (not sup- 
plied). Size is 6'/2'1N x 3% "H x 13 "D 
(16.5 x 9.1 x 3.5 cm) and weight is 1 lb 
(about 0.45 kg). $97.50. Address: B &K- 
Precision, Dynascan Corp., 6460 W. Cort- 
landt St., Chicago, IL 60635. 

CIRCLE NO. 98 ON FREE INFORMATION CARD 

Audioanalyst 
Mini Speaker 

The Phasematrix M2 is a walnut- veneered 
mini -speaker (95, x 6 x 7 in.) designed for 
home or car use. The two -way system has 
a 5 ", polymer -cone low- frequency driver, 
crossing over at 2 kHz to a 1" tweeter. Re- 
sponse is rated at 46- 20,000 Hz ±4 dB; 
sensitivity, 89 dB SPL at one meter for 
one -watt input; and maximum SPL at 2 
meters, 100 dB average and 102 dB peak. 
Recommended amplifier power is 10 watts 

Technics 
Cassette Deck 
A rack -mounting, front -loading cassette 
deck occupying only 3'.á inches of rack 
height has been announced by Technics. 

The RS -M85 uses linear flourescent bar - 
graph displays, which can be set to glow 
brightly or dimly and to display peak or av- 
erage (VU) levels. It also features a record - 
mute switch; memory rewind and timer - 
recording facilities; separate input and out- 
put level controls; a full -visibility cassette 
well; a quartz -locked, direct -drive capstan 
motor; and a coreless reel motor. There is 
also a three -position tape selector, plus a 
fine -bias adjust. Wow and flutter are 
claimed to be less than 0.035% wrms, 
speed deviations no more than 0.3 %. 
$700. Address: Technics by Panasonic, 
One Panasonic Way, Secaucus, NJ 
07094. 

CIRCLE NO. 100 ON FREE INFORMATION CARD 

Digital Logic Trainer 
The Broder Model 100 Logic Trainer is re- 
ally a "hands -on" course in digital electron- 
ics. It is built around a plastic box (with re- 
movable plastic cover) and a series of 
cards. The box contains a number of digital 
logic devices, a row of nine slide switches, 
and a liquid -crystal display bar graph. The 
cards, on which are printed 40 logic prob- 
lems, fit between and are keyed to the col- 
umn of switches and display. Represented 
on the cards are all gates (AND, NAND, 
OR, NOR, XOR), flip -flops (D, JK, T, RS, 
one -shot), positive and negative edge trig- 
gered devices, master /slave clocking, pre- 
set and clear functions, etc. Switch circuit 
and Venn diagram, as well as BCD and bi- 
nary counting, problems are presented. 
Problems are related to computers, corn - 
munications, etc. In operation, the student 
operates logic switches to force a 1 to be 
displayed on the designated bar indicator. 
A manual is included. $69.95. Address: 
L.J. Broder Enterprises Inc., 3192 Darvany 
Dr., Dallas, TX 75220 (Tel: 214 -357 -7763). 
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FISHER INTRODUCES THE WORLD'S 
FIRST CASSETTE DECK WITH 
WIRELESS REMOTE EDITING. 

Tape recording will never be 
the same. 

In Fisher's 41 years of audio 
leadership, we've introduced 
many important high fidelity 
"firsts." But we honestly think 
the new CR4025 tape deck is one 
of our most exciting and practi- 
cal innovations. 

Remote electronic editing is 
as important an advance in tape 
recording as the cassette. 

Now for the first time, you 
can really enjoy creating your 
own personal music library 
from FM broadcasts or record al- 
bums. The editing is done elec- 
tronically while recording. A 
great leap forward from the old 
way of recording... without jump- 
ing up and down every 3 min- 
utes to edit. 

Fisher's wireless remote elec- 
tronic editor makes tape record- 
ing a pleasure. The CR4025 tape 
deck has a built -in wireless re- 
ceiver that operates the deck's 
solenoid- actuated Pause 
mechanism. The remote control 
transmitter operates the Pause 
control instantly from up to 20 
feet away. Relax, listen, and cap- 
ture the selections you want to 
keep at the push of a button. 

`Lap! You eliminate any com- 
mercial or announcer's voice 
from your off- the -air FM broad- 
cast recording ..: or skip any 
unwanted track on an album 
you're taping from. 

Of course, this fantastic con- 
venience wouldn't be worth 
much if you had to sacrifice per- 
formance. Fortunately, you 
don't - the CR4025 has the ex- 
cellent frequency response and 
extremely low wow & flutter 
that you expect from Fisher, 
plus Dolby noise reduction for 
clean. noise -free recordings. 

The Fisher CR4025 is priced 
at $270* and is available at se- 
lected audio stores or the audio 
department of your favorite de- 
partment store. 
New guide to buying high fidelity equip- 
ment. Send $2 for Fisher Handbook, with 
name and address to Fisher Corp., Dept. H, 

21314 Lassen St. Chatsworth, Calif. 91211. 

'Manufacturer's suggested retail value. Actual 
selling price is at the sole discretion of the indi- 
vidual Fisher dealer. 

L?*H FISHER 
The first name in high fidelity. 

1978 Fisher Corp.. t;hetswolL, Calil. 91311 Dolby is registered trademark of Dolby Laboratories. 
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At CIF,, you get electronics career 
training 
from 
specialists. 
If you're interested in learning how to fix air conditioners, service cars or install heating systems -talk to some other school. But if you're serious about electronics, come to 
CIE -The Electronics Specialists. 

/if 
Special Projects Director 

Cleveland Institute of Electronics 
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My father always told me that 
there were certain advan- 

tages to putting all your eggs in one 
basket. "John," he said, "learn to 
do one important thing better than 
anyone else, and you'll always be 
in demand " 

I believe he was right. Today is 
the age of specialization. And I 
think that's a very good thing. 

Consider doctors. You wouldn't 
expect your family doctor to perform 
open heart surgery or your dentist to 
set a broken bone, either. Would you? 

For these things, you'd want a 
specialist. And you'd trust him. Be- 
cause you'd know if he weren't any 
good, he'd be out of business. 

Why trust your education 
and career future to 
anything less than a 
specialist? 

You shouldn't. And you certainly 
don't have to. 

FACT: CIE is the largest inde- 
pendent home study school in the 
world that specializes exclusively 
in electronics. 

We have to be good at it because 
we put all our eggs in one basket: 
electronics. If we hadn't done a good 
job, we'd have closed our doors 
long ago. 
Specialists aren't for 
everyone. 

I'll tell it to you straight. If you 
think electronics would make a nice 
hobby, check with other schools. 

But if you think you have the 
cool -and want the training it takes 
- to make sure that a sound blackout 
during a prime time TV show will be 
corrected in seconds - then answer 
this ad. You'll probably find CIE has 
a course that's just right for you! 

At CIE, we combine 
theory and practice. You 
learn the best of both. 

Learning electronics is a lot 
more than memorizing a laundry list 
of facts about circuits and transis- 
tors. Electronics is interesting be- 
cause it's based on some fairly recent 
scientific discoveries. It's built on 
ideas. So, look for a program that 
starts with ideas - and builds 
on them. 

That's what happens with CIE' 
Auto -Programmed® Lessons. Each 
lesson uses world- famous 
"programmed learning" methods to 
teach you important principles. You 
explore them, master them com- 
pletely ... before you start to 
apply them! 

But beyond theory, some of our 
courses come fully equipped with 
the electronics gear to actually let 
you perform hundreds of checking, 
testing and analyzing projects. 

In fact, depending on the course 
you take, you'll do most of the basic 
things professionals do every day - 
things like servicing a beauty of a 
Zenith color TV set ... or studying a 
variety of screen display patterns 
with the help of a color bar generator. 
FEBRUARY 1979 

Plus there's a professional quality 
oscilloscope you build and use to 
"see" and "read" the characteristic 
waveform patterns of electronic 
equipment. 
You work with experi- 
enced specialists. 

When you send us a completed 
lesson, you can be sure it will be 
reviewed and graded by a trained 
electronics instructor, backed by a 
team of technical specialists. If you 
need specialized help, you get it fast 
... in writing from the faculty spe- 
cialists best qualified to handle 
your question. 
People who have known 
us a long time, think of us 
as the "FCC License 
School." 

We don't mind. We have a fine 
record of preparing people to take . . 

and pass ... the government - 
administered FCC License exams. 
In fact, in continuing surveys nearly 
4 out of 5 of our graduates who take 

the exams get their Licenses. You 
may already know that an FCC 
License is needed for some careers 
in electronics - and it can be a 
valuable credential anytime. 
Find out more Mail this 
card for your FREE 
CATALOG today! 

If the card is gone, cut out and 
mail the coupon. 

I'll send you a copy of CIE's 
FREE school catalog, along with a 
complete package of independent 
home study information. 

For your convenience, I'll try to 
arrange for a CIE representative to 
contact you to answer any questions 
you may have. 

Remember, if you arc serious 
about learning electronics ... or 
building upon your present skills, 
your best bet is to go with the elec- 
tronics specialists -CIE. Mail the 
card or coupon today or write CIE 
(and mention the name and date of 
this magazine ), 1776 East 17th 
Street, Cleveland, Ohio 44114. 

Patterns shown on TV and oscilloscope screens are simulated. 

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

Accredited Member National Home Study Council I YES ... John, I want to learn from the specialists in electronics -CIE. 
Send me my FREE CIE school catalog - including details about troubleshooting 
courses -plus my FREE package of home study information. PE-83 

Print Naine 

Address Apt 

City 

State 

Age 

Zip 

bone (area code ) 

(heck box for G.I. Bill information: 1 Veteran 

Mail today! 
] Active Duty 
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Stereo Scene 
By Ralph Hodges 

PLAYING BY THE NUMBERS AND OTHER RUMINATIONS 
AS I WRITE, the 61st Convention of 

the Audio Engineering Society is 
in full swing and the corridors of New 
York's Waldorf Astoria are abustle with 
convocations of the great, the near 
great, the just -getting- started, and the 
thoroughly bewildered. The energy level 
of this year's New York convention is ex- 
ceptionally high, and the impetus seems 
to be the new digital recording tech- 
niques that are already impinging on the 
sound industry with perhaps unexpected 
vigor. The Soundstream digital master- 
ing recorder, which is generally toted 
around by the company's chief execu- 
tive, Dr. Thomas Stockham, seems to 
be everywhere these days, backing up 
direct -to -disc recording sessions, under- 
going close scrutiny by the record- indus- 
try majors, and frequently winning the 
place of honor as the source for the 
master tape from an important recording 
project. 3M has sworn that initial deliver- 
ies of its fabulous 32 -track recorder will 
have taken place by the time you read 
this. Also, the associated editing sys- 
tem, seen for the first time at this con- 
vention, is scheduled for availability later 
on in the year. Sony has managed to 
sneak a U -matic video recorder and a 
PCM adapter into a recent recording 
session of Beethoven's Ninth Symphony 
by the St. Louis Symphony. The digital 
system was plugged straight into CBS's 
mixing console; and while the results 
were not overwhelming, the Sony tape 
still managed to attract considerable in- 
terest. The Ampex people have yet to 
demonstrate an actual digital tape ma- 
chine; but they are clearly close to it. 

20 

RANGE OF 
GAP POSITIONS 

Fig. 1. Gap 
scatter makes 
phase -time 
errors between 
tape tracks. 

The Quality Question. Now over the 
years "God's Gift to Audio" has ap- 
peared in various forms and guises, but 
no one has noticed that the big record- 
ing outfits like CBS, RCA, and Capitol 
are celebrating its advent to any extent. 
In the case of digital of course, we are 
hardly talking about a gift, because with 
the possible exception of RCA, virtually 
all digital purchases or rentals are going 
to come from outside sources. And they 
are going to cost. So why are the majors 
taking such a pointed interest in the 
problematic technology of digital record- 
ing at this time? I could be wrong, but I 

think we audiophile types may have fi- 
nally succeeded in hounding them to 
death. The Angel division of Capitol Re- 
cords has recently announced that it will 
take all its final production to Wakefield 
Manufacturing, a pressing plant in 
Phoenix, Arizona that has earned an en- 
viable reputation for quality work. This is 
despite the fact that Capitol has its own 
pressing plants scattered about the 
country. Presumably Capitol has 
enough pop -music releases to keep 
them working at capacity. Still, Capitol's 
willingness to take its classical produc- 
tion "out of the house " -incurring signifi- 
cant additional costs, no doubt -is a 
very gracious admission of past prob- 
lems and an encouraging sign of deter- 
mination to do better. Other companies 
have made similar concessions. 

God's Gift to Audio. At this point, 
when direct -to -disc and other activities 
of relatively small producers have raised 
the quality- consciousness of the major 
record companies to new highs, along 
comes digital with what seems to be the 
ideal way out. Digital is clean, and digital 
is quiet. It permits editing -very precise 
editing as we shall soon see -and re- 
takes; and it evokes images of "Tech- 
nology" with a capital "T." (In other 
words, it will look very good emblazoned 
on the front cover of a record jacket.) Di- 
rect -to -disc may be clean and quiet, but 
it permits none of the mechanical pro- 

cesses to which the big companies have 
become accustomed in assembling the 
best possible performance. Hence, ex- 
pensive or not, digital seems a godsend 
in a world in which consumers are be- 
coming very particular about the techni- 
cal quality of records they buy. 

But is it actually a godsend? Let's look 
at two aspects of digital performance: 
one on the positive side of the ledger 
and the other (possibly) on the negative. 
The positive one occurred to me while 
puzzling over the magnificent violin 
sound on a tape of Copland's Appalachi- 
an Spring that was brought to the con- 
vention by 3M. The tape was initially re- 
corded on 3M's 32 -track digital master- 
ing machine; and it certainly had many 
of the sonic "signatures" of a multitrack 
production: close -up perspectives on 
the orchestra, a relatively low content of 
ambient sound, some subtle discontinui- 
ties in the stereo image, etc. It was not, 
in other words, exactly the way I like to 
hear an orchestra reproduced. How- 
ever, the violins and lower strings still 
sounded glorious in a way that I just 
don't associate with close -miked, multi- 
track recording sessions. 

Explanation? Well, there's a hypothe- 
sis that I can't absolutely vouch for, but 
which seems to fit some of the facts. It 

goes like this. 
Suppose you are conducting a multi- 

track recording session involving a large 
symphony orchestra. You send your as- 
sistants out to various positions right in 
front of the orchestra -and sometimes 
in its very midst -and have them set up 
microphones wherever they look right. 
When this process is completed, you 
may have as few as two or as many as 
six or more mikes directed at the violin 
section alone. At this point you may as- 
sign each of the violin mikes to its own 
track on the master tape recorder, or 
you may mix their outputs down into just 
a few tracks. But in any case, you know 
that sooner or later the contributions of 
all those mikes are going to have to be 
electrically mixed together in complex 
ways to create the final recording. And 
here -if you know what you're doing -is 
where you foresee trouble. All over the 
left-hand side of that orchestra, there 
are microphones picking up the same vi- 
olin, but the mikes are not equally dis- 
tant from that violin. The phase relation- 
ships between the outputs of those mi- 
crophones become very interesting in- 
deed; and, when they are electrically 
mixed, there are a host of severe or mi- 
nor signal reinforcements and cancella- 
tions that, at worst, can reduce those 
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SAVE UP TO 50% 
ON PARTS. 

Hobbyist or professional, there 
are probably a lot of circuits you 
build just for the fun of it. And a lot 

you'd like to build. but never get 
around to 

One reason is the cost of parts. 
Parts you buy for one project, but 
can't re-use... because you haven't 
time to take them carefully apart. 
Or because of heat and mechanical 
damage that occur when you do. 

Now, there's an easier way that 
can save you big money on parts 
and hours on every project, as well: 

Proto- Board' Solderless 
Breadboards. 

Now, assembling, testing and 
modifying circuits is as easy as 

pushing in pulling out -a lead. 
IC's, LEDs, transistors, resistors. 
capacitors...virtuallyevery kind of 
component ...connect and inter- 
connect instantly via long -life. nickel - 
silver contacts. No special patch 
cords or jumpers needed -dust 

MODEL 

NO. OF 

TIE -POINTS 

14 -PIN DIP 

CAPACITY 

SUGG. 
LIST * 

PB-6 630 6 $15.95 

PB -100 760 10 19.95 

PB -101 940 10 22.95 

PB 102 1240 12 26.95 

PB -103 2250 24 44.95 

PB -104 3060 32 54.95 

PB -203 2250 24 75.00 

PB -203A 2250 24 124.95 

OTHER 
FEATURES 

Kit - 10- minute 
assembly 

Kit - with larger 
capacity 

8 distribution 
buses higher 
capacity 

Large capacity, 
moderate price 

Even larger 
capacity, only 
2.70 per tie point 

Largest capacity: 
lowest price 
per tie -point 

Built-in 1°k-regu- 
lated 5V 1A low - 
ripple power 
supply 

As above plus 
separate ';,-amp 
+15V and -15V 
internally adjust - 
able regulated 
outputs 

'Manufacturer s suggested list 
Prices und srr`cihcations subtecf fu chuargE- without notice 

lengths of ordinary #22 -30 AWG 
solid hookup wire. 

Circuits go together as quickly as 
you can think them up. And parts 
are re- usable, so as your junk box" 
builds, you build more and more 
projects for less and less money. 

Before you invest in your next 
project. invest in a CSC breadboard. 

NEED MORE INFORMA- 
TION? CALL 203 - 624 -3103 to 
order, or for the name of your local 
distributor. Prices slightly higher 
outside USA 

CONTINENTAL SPECIALTIES CORPORATION 9C 
Corporate Headquarters: 

Continental Specialties Corporation 
70 Fulton Terrace, Box 1942, New Haven, CT 06509 

351 California St., San Francisco, CA 94104 
(4151421 -8872, TWX 910- 372 -7992 

Europe, Africa. Mid -East: CSC UK LTD. 

Shire Hill Industrial Estarv, Jnits 1 und 2 

Saffron Walden, Easoo CB 1' 3A0 
Telephone: SAFFRON NALDEN 21682 

Telex: 817477 

CIRCLE NO. 13 ON FREE INFORMATION CARD 

° 1978. Continental Specia ties 
Corporation 
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glorious string choruses to the sound of 
an overage soprano with a bad cold. 

So you do a preliminary mix, just to 
get an approximation of the way you 
hope the final record will sound. As nec- 
essary while doing this, you move micro- 
phones to reduce interference and per- 
haps subtract or add a few. Then you roll 
some tape so that the conductor and 
others can come back into the control 
room to hear how it's all working out. Fi- 
nally, once they've given their approval, 
the session gets down to business trying 
to produce some acceptable outtakes. 

With the session successfully corn - 
pleted, you hop a plane hack to wherev- 
er your studio headquarters are located 
and begin to mix the multitrack tape. But 
suddenly there is trouble; the approved 
mix doesn't sound right in the mix -down 
room. Why? Because, although you 
paid close attention to microphone posi- 
tioning at the session itself, you had no 
control whatever over lack of gap coli- 
nearity in the multitrack head stacks 
(Fig. 1). Such a lack of colinearity is 
called "gap scatter," and even the best 
tape heads have some, but never in ex- 
actly the same pattern, of course. So 
here you are, back home, trying to mix 
your tape on an entirely different ma- 
chine (you have presumably left the ses- 
sion recorder back in the orchestra's 
home city for reuse in the next session), 
and its differing pattern of gap scatter is 
giving you much the same trouble with 
phase- interference effects that you suf- 
fered with microphone placement. 

Digital really comes to the rescue 
here. The gap- scatter problem on some- 
thing like the 3M 32 -track machine, 
would have to be at least an order of 
magnitude worse to have any effect on 
its operation. This is because the rate at 
which information is retrieved from the 
tape depends not on whether one gap in 
the head stack leads or lags another, but 
on the intervals defined by a carefully 
controlled clock frequency. If one gap 
"reads" the tape a little ahead of anoth- 
er, no problem. The system will place 
the signals from all the gaps into memo- 
ry and release them, with precise simul- 
taneity, when the clock so directs. This 
means that, for the first time, one studio 
tape recorder can be functionally identi- 
cal to any other. What's more, gap -scat- 
ter problems between the record and 
playback heads of a single machine are 
also taken care of. 

A Slight Difficulty. Now, although 
we can show that any digitized signal we 
manage to get on a tape is almost literal- 
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ly carved in stone, getting the signal on 
to the tape is quite another story. Take, 
for example, a 20 -kHz signal that we 
want to record on a digital system with a 
40 -kHz sampling rate (all the practical 
digital audio -recording systems have a 
higher sampling rate than this, but not all 
that much higher). Figure 2 shows the 
20 -kHz waveform and the points along it 
that are quantized by the recording sys- 
tem. (These quantization points could 
occur anywhere along the waveform, 
depending only on how the evolution of 
the waveform synchs with the clock 
rate.) The second part of Fig. 2 shows 
the output, before low -pass filtering, of 
the D/A converter we are using to re- 
trieve the signal. Note that there is an 
amplitude error "built into" the record- 
ing. The third part of the figure illustrates 
the output of the low -pass filter, with an 
obvious shift in the zero crossing of the 
waveform -a phase shift, that is. 

Digital systems introduce these ampli- 
tude and phase errors in a relatively ran- 
dom fashion. The only thing certain is 
that their occurrence and probability of 
severity increase as the input -signal fre- 
quency approaches the sampling rate. 
Analog audio systems introduce them 
with fair predictability. They can be mea- 
sured and plotted in the form of frequen- 
cy- response curves and group -delay 
characteristics. Those authorities in- 
clined to worry about phase /time dislo- 
cations are particularly concerned over 
gradually evolving standards that would 
seem likely to peg the sampling rate of 
professional digital recording systems 
somewhere in the neighborhood of 50 
kHz. This is too low a rate, they believe, 
and the resulting ambiguities in quanti- 
zation at the highest audio frequencies 
are certain to show up as intermodula- 
tion- distortion products well within the 
audio band. 

How do they account for the easy tol- 
erance most humans have exhibited for 
similar effects during the analog era? 
Some think that the other conspicuous 

ZERO CROSSING NOTE 
AMPLITUDE 

-ERROR 

QUANTIZATION 
POINTS 

ORIGINAL 
SIGNAL 

NEW ZERO 
CROSSING 

AFTER 
FILTERING 

OUTPUT OF D/A 
CONVERTER 

BEFORE FILTERING 

Fig. 2. A 20 -kHz 
sine wave digitized 
with a 40 -kHz 
sampling rate. 

faults of analog recording systems have 
masked these aberrations, but that the 
superior overall performance of digital 
systems will bring them right out in the 
open for all to hear. Another camp pro- 
claims that the randomness with which 
these distortions will come and go in a 
digital system is sure to become an irri- 
tant. In other words, everything will be 
fine at one moment and terrible at the 
next. But all seem agreed that we de- 
serve something better than the present 
proposals for digital standards, the idea 
being that the technology is too good to 
be introduced in a half -baked form, and 
that we risk widespread consumer rejec- 
tion if we don't take preliminary pains to 
ensure that everything works as well as 
it can. 

I hope you've notice that I have been 
careful to avoid taking a stand on this is- 
sue. In general I have been quite happy 
with what I have heard from the profes- 
sional studio recorders that employ digi- 
tal techniques. I am almost equally satis- 
fied with the PCM disc and video -cas- 
sette systems that are intended for con- 
sumer use (and which have come in for 
a much greater amount of preliminary 
criticism than the professional tape sys- 
tems). Granted that an open demonstra- 
tion of these systems before audio 
professionals would be handled in a 
rather painstaking way, and any record- 
ed material that did not measure up to 
standards would be scratched. Yet 
some of the digital machines have be- 
haved superbly in actual recording ses- 
sions, during which there is no time to 
sort out difficulties in the hardware. Thus 
it seems to me that neither the pro's nor 
the con's have contructed an irrefutable 
case as yet. 

Standards. The critics of digital re- 
cording want standards that will en- 
sure-or at least permit -evolution or 
recording systems to encompass signifi- 
cantly higher sampling rates and bit den- 
sity. Those who favor digital want to get 
on with it. Neither group is having its way 
at the moment because an importer 
(from Europe) of high -quality analog re- 
cording equipment has successfully 
shut down the activities of the Audio En- 
gineering Society's committee on digital 
standards with a court injunction claim- 
ing restraint of trade. Is this individual 
protecting us from our own worst inclina- 
tions, or is he merely trying to strengthen 
his own market position? I certainly don't 
know, but I would like to. And the rest of 
you would certainly not be ill advised to 
take an interest in this question also. O 
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The New Realistic Nigh - Power, 3 -Way 
Speaker for Sensational Autosound 

6x9 Woofer! 2-1/4 Midrange! Solid-State Tweeter! 

A car speaker like no other. Why? We 
gave it a big woofer with a 11/4-pound 

magnet and a 4 -layer voice coil for deep 
and powerful bass - without cone 

breakup and distortion. For midrange 
realism, we built -in a separate coaxial 

cone with its own magnet and 
4 -layer voice coil. And for brilliant 

high frequencies, we added a 

piezoelectric tweeter with solid -state 
reliability, simplicity and freedom 
from distortion. The result? True 
hi -fi quality in a system handling 

up to 60 watts RMS, yet efficient 
enough for moderate power 
amplifiers. Manufactured by 

Radio Shack in our own 
Fort Worth factory. Ask for 

#40 -1256 and drive a 

thunderous bargain at 49.95* each. 

-Retail peces may vary at individual stores and dealers 

1 

Heavy -duty acoustically 
transparent grill included! 

"Installing my Realistic 
speakers was easy - all 
mounting hardware and 

I 
instructions were 

I included." 

.r 

Another Great Value -OLr 
High -Power Two -Way Speacer 

Same great looks and po.-o r 

capacity, but with a dynamic -type 
tweeter, at $ 10.00 less. #40-1255. 

Just 39.95' eac-ii. 

FEBRUARY 1979 

FREE '79 Catalog! 
See what's really new in electronics. 

Bigger and more colorful than ever -176 
pages. over 2000 exclusive items! 

Sold Only Where You See This Sign: 

jh ark ftadie 
A i)icrsinn of Tends Corporation. Fort Worth. Texas '6102 
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Julian Hirsch Audio Reports 
basic stereo power 
amplifier provides 
75 W /ch at 

0.02% THD 
The new Hitachi 
Model HMA -7500 
basic power am- 
plifier is rated to 
deliver 75 watts/ - 

channel into 8 ohms from 20 to 20,000 
Hz with no more than 0.02% total har- 
monic distortion. It uses high -power 
MOSFET output transistors instead of 
the customary bipolar devices. The 
FET (field effect transistor) offers sev- 
eral major advantages over bipolar 
transistors, including high linearity, 
extremely fast switching time, and 
high input impedance. 

The amplifier measures 171/4'W X 
14 "D X 6 % "H (43.8 X 35.5 X 16.5 cm) 
and weighs 34.8 lb (15.8 kg). Optional 
handles are supplied. Suggested re- 
tail price is $500. 

General Description. The most 
prominent physical feature of the am- 
plifier is a pair of large, well -lighted 
power meters on the front panel. They 
are logarithmically calibrated over a 
range from 0.1 to 200 watts (based on 
8 -ohm loads) and respond fast 
enough to follow program peaks. Sep- 
arate pushbutton switches energize 
two sets of speaker outputs. A toggle 
power switch and a headphone jack 
complete front -panel features. 

On the rear apron are the input 
jacks, binding -post speaker terminals, 
a single unswitched ac outlet, and a 
slide switch labelled NORMAL and DC. 

In the first position, the switch inserts 
a capacitor into the signal input path. 
In the DC mode, the amplifier is com- 
pletely direct- coupled from input to 
output (including all internal feedback 
paths). Internal sensing circuits actu- 
ate a relay that cuts off the speaker 
outputs if any significant dc potential 
appears at the amplifier's output. (The 
latter might occur if the drive is from a 

signal source that has a leaky output 
coupling capacitor or if too great a sig- 
nal amplitude is applied to the inputs.) 

Since the power MOSFET is a high- 

MOSFET output transistors 
simplify circuitry in 

the Hitachi HMA -7500 
stereo power amplifier 
impedance device and is driven by a 
voltage instead of a current, the 
HMA- 7500's circuitry differs consider- 
ably from that of the typical bipolar - 
transistor power amplifier. In the lat- 
ter, much of the circuitry is devoted to 
stabilizing the operating conditions of 
the transistors against temperature 
changes and protecting the output 

outputs clipped 
at 881/2 W /ch 
into 8 ohms 

transistors against damage from ther- 
mal runaway or excessive drive. The 
MOSFET, on the other hand, is inher- 
ently stable and free from runaway 
and secondary breakdown problems. 
As a result, the circuits of the Model 
HMA -7500 are unusually simple. 

The amplifier has a differential bipo- 
lar transistor input stage, which is fol- 
lowed by a differential driver stage 
with an active collector load (so- called 
"current mirror" operation). This latter 
stage drives the complementary out- 
put MOSFETs directly. The overall 
negative feedback goes from the out- 

put to the second input of the input dif- 
ferential stage. 

Hitachi and several other amplifier 
manufacturers believe that very low 
frequency transients in one channel of 
an amplifier, which can also affect the 
supply voltages on the other channel, 
are responsible for crosstalk effects 
that can cause a "wandering" of the 
stereo image. The most obvious solu- 
tion is to power each channel from its 
own power supply. This is what Hita- 
chi has done in the Model HMA -7500, 
providing separate power transform- 
ers, rectifiers, and filters for the ±52 
volts supplied to the output stage of 
each channel. Second windings on 
each transformer are combined to 
feed a common rectifier and voltage 
regulators that supply ± 12 volts and 
±58 volts to the low -level stages of 
both channels. Since these stages op- 
erate in class A mode, their current 
drain is constant. 

Laboratory Measurements. The 
characteristics of a MOSFET power 
amplifier are so different from those of 
a conventional bipolar power amplifier 
that few of our test results followed a 
familiar pattern. For example, follow- 
ing a one -hour preconditioning period 
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New "customized" look! 
Model M -500 sidebody mount. 

top loaded fiber glass whip 
with super performance. 

For over a quarter century, buying the 
very best CB antenna has meant buying 
Antenna Specialists. From superior materials, 
like resilient 17 -7 PH stainless steel whips -to 
superior engineering, like the cool running coil in the famous "Big 
Momma" -these are the finest antennas money can buy. Only now you can 

buy them for less! Because your Antenna Specialists dealer is offering big 

25th Anniversary savings on over a dozen of our newest and most popular 
models. It's a silver opportunity to move up to the stripes of quality... so 

see your dealer today! 

s,.pes o, neb,y, 

the antenna specialists co. 
a member of The Allen Group Inc. 
12435 Euclid Ave. Cleveland, Ohio 44106 
Export: 2200 Shames Drive, Westbury. L.I.. Newyork 11590 
Canada: A. C. Simmonds & Sons. Ltd, 
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at 25 watts output, the amplifier was 
barely warm. Outputs clipped at 88.5 
watts /channel when driving 8 -ohm 
loads at 1000 Hz (for an IHF clipping 
headroom rating of 0.72 dB). Into 4 
and 16 ohms, the amplifier delivered 
93 and 48 watts, respectively. IHFdy- 
namic headroom rating was 1.25 dB, 
since the amplifier was able to deliver 
100 watts for short periods. 

Input sensitivity was 0.11 volt for a 
reference output of 1 watt, while out- 

slew factor was 161/2.. . 

most amps are pressed 
to achieve 2 or 3 

put noise was below our measure- 
ment limit of 100 microvolts ( -90 
dBV). The input resistance of 50,000 
ohms was shunted by 200 picofarads 
of capacitance. 

The wide frequency range of the 
MOSFET was effectively demon- 
strated by the amplifier's low -level fre- 
quency response and its IHF slew fac- 
tor. The frequency response was flat 
within ±0.1 dB from dc to about 
50,000 Hz and was down 1.5 dB at 
200 kHz and 6 dB at 500 kHz. With 
the input switch set to NORMAL, the 
low -end response was down only 1 

dB at 5 Hz. 
The slew factor is measured by 

driving the amplifier to rated power at 
1000 Hz and maintaining the same in- 
put level while increasing the frequen- 
cy until the distortion in the output 
reaches 1%. We were unable to make 
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distortion measurements above the 
audio range, but we watched the 
waveform on an oscilloscope and did 
not see any departure from a sinusoid 
up to 330 kHz. Assuming that to be 
the 1% distortion point, the slew factor 
was 330/20, or 16.5. Since most am- 
plifiers are pressed to achieve a slew 
factor of 2 or 3, this suggests that the 
HMA -7500 will be unlikely to suffer 
from any kind of transient intermodu- 
lation distortion caused by its ability to 
deliver substantial power outputs at 
very high frequencies. 

We are accustomed to finding am- 
plifiers with less distortion at low fre- 
quencies than that of our Radford os- 
cillator (which has figures of about 
0.01% at 100 Hz to 0.25% at 20 Hz). 

However, most amplifiers reveal a 
definite increase in distortion at the 
higher audio frequencies. In the case 
of the HMA -7500 amplifier, the low - 
end distortion followed the expected 
pattern, and the distortion remained at 
a fixed 0.008% from 300 to 5000 Hz at 
any power level from 7.5 watts to the 
rated 75 watts. Beyond 5000 Hz, the 
distortion dropped to 0.004% at 
10,000 Hz and up. This was consis- 
tent with the amplifier's behavior in the 
slew factor tests, but was neverthe- 
less surprising. 

At 1000 Hz, distortion was a con- 
stant 0.008% from 0.1 to 80 watts out- 
put and 0.012% at 90 watts, just as 
clipping occurred. IM distortion was 
0.003% to 0.005% from less than 1 

Performance Specifications 

Specification 
Continuous output, 

8 ohms, 20- 20,000 Hz 
Power bandwidth (IHF) 

at 50% rated output 
Frequency response (DC) 

(at 1 watt output) 
(NORM) 

Input sensitivity 

Channel separation 

S/N ratio (IHF -A) 

Speaker impedance 

Rating 
75 W at 0.02% THD 

5 to 100,000 Hz 
at 0.05% 

Dc to 200,000 Hz 
+0/-1 dB 

6 to 200,000 Hz 
+0/-1 dB 

1 volt 

100 dB (1000 Hz, 
input shorted) 

120 dB 

4 -16 ohms 

Measured 
Confirmed 

Not measured 

Dc- 200,000 Hz 
+0/ -1.5 dB 

5 to 200,000 Hz 
+0/ -1.5 dB 

0.11 V/1 W (50k) 
(equiv. 0.95 V/75 W) 
20 Hz: 115 dB 
1000 Hz: 100 dB 
20,000 Hz: 87 dB 
(1000 -ohm input term.) 
Better than 90 dB re 1 W 
(equiv. better than 109 dB 
re 75 W) Measurement limit 
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Why You should buy a digital 
multimeter from the 

leader in digital multimeters. 
If you're shopping for your first multi - 

meter, or moving up to digital from 
analog, there are a few things you 
should know. 

First, look at more than price. You'll 
find, for instance, that the new Fluke 
8020A DMM offers features you won't 
find on other DMMs at any price. And 
it's only $169.* 

Second, quality pays. Fluke is recog- 
nized as the leading maker of multi - 
meters (among other things) with a 
30 -year heritage of quality, excellence 
and value that pays off for you in the 
8020A. 

Third, don't under -buy. You may think 
that a precision 31 -digit digital multi - 
meter is too much instrument for you 
right now. But considering our rapidly 
changing technology, you're going to 
need digital yesterday. 

If you're just beginning, 
go digital. 

Why not analog? Because the 8020A 
has 0.25% dc accuracy, and that's ten 

1808 -7101 
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times better than most analog meters. 
Also, the 8020A's digital performance 

means things like 26 ranges and seven 
functions. And the tougher your home 
projects get, the more you need the 
8020A's full -range versatility and ac- 
curacy. The 8020A has it; analog meters 
don't. 

If you're a pro. 
You already know Fluke. And you 

probably own a benchtop -model multi - 
meter. 

Now consider the 8020A: smaller in 
size, but just as big in capability. Like 
2000 -count resolution and high -low 
power ohms. Autozero and autopolarity. 
And the 8020A has 3 -way protection 
against overvoltage, overcurrent and 
transients to 6000V! 

Nanoslemens .' 

Conductance To Resistance Conversion 
lo s=. 
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Beginner or pro, you'll find the meter 
you now have can't measure nanosie- 
mens. So what? With the 8020A con- 
ductance function, you can measure 
the equivalent of 10,000 megohms in 
nanosiemens. Like capacitor, circuit 
board and insulation leakage. And, you 
can check transistor gain with a simple, 
homemade adapter. Only with the 8020A, 
a 13 -oz. heavyweight that goes where 
you go, with confidence. 

What price to pay. 

$169.* 
Of course, you can pay more. Or less. 

In fact, you could pay almost as much 
for equally compact but more simplistic 
meters, and get far less versatility. And, 
the 8020A gives you the `plus' of custom 
CMOS LSI chip design, and a minimum 
number of parts (47 in all). All parts 
and service available at more than 100 
Fluke service centers, worldwide. Guar- 
anteed, for a full year. 

Rugged. Reliable. Inexpensive to 
own and to operate; a simple 9V battery 
assures continuous use for up to 200 
hours. 

Where to buy. 
Call (800) 426 -0361 toll free. Give 

us your chargecard number and we'll 
ship one to you the same day. Or, we'll 
tell you the location of the closest 
Fluke office or distributor for a per- 
sonal hands -on feel for the best DMM 
value going. 

*U.S. price only 

Fluke 8OZOA DMM for 
Home Electronics Experts: $169 

FLUKE 
CIRCLE NO. 56 ON FREE INFORMATION CARD 
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Product Focus 

The MOSFET has some powerful ad- 
vantages over bipolar transistors, includ- 
ing its inherent linearity, wide frequency 
response, fast switching speed, and free- 
dom from thermal runaway effects and 
secondary breakdown. For some time, 
MOSFET applications were limited to 
low -level r -f and audio stages, but sever- 
al years ago a type of transistor known as 
the "vertical FET" (or VFET) made its ap- 
pearance. It combined the basic charac- 
teristics of the lower power MOSFET with 
a high power handling ability and has 
been used in a few amplifiers. The VFET 
is an expensive device to manufacture 
and has not made much headway in pen- 
etrating the lower -price ranges of con- 
sumer hi-fi equipment. 

Hitachi has succeeded in developing a 
MOSFET with different internal construc- 
tion from that of the VFET. Its power 
MOSFET is now available in fully com- 
plementary forms for use in audio output 
stages. In the Model HMA -7500 power 
amplifier, the MOSFET's extreme lineari- 
ty is evidenced by very low distortion, 
which our measurements revealed to be 
entirely second harmonic (and thus the 
least offensive from a musical stand- 
point). The frequency response of a pow- 
er MOSFET extends into the megahertz 
region, compared to bipolar power tran- 
sistors whose gain falls rapidly even in 
the upper part of the audible range. 

With this wide frequency range comes 

a high switching speed, which gives the 
power MOSFET its ability to generate 
high power at ultrasonic frequencies with 
very low distortion when compared to 
any bipolar device. Since the MOSFET is 
inherently stable and will not "self de- 
struct" from thermal runaway, many of 
the circuit components that serve to pro- 
tect the output transistors in a conven- 
tional amplifier are not needed in a MOS- 
FET amplifier. The high gain and high in- 
put impedance of the power MOSFET 
give it many of the properties of vacuum 
tubes, with a corresponding reduction in 
overall circuit complexity. 

Hitachi's use of power MOSFETs in 
the Model HMA -7500 has resulted in an 
amplifier with virtually ideal properties. It 
is relatively immune to damage from 
overdriving; does not overheat (in fact, it 
runs far cooler than most amplifiers we 
have tested); and even if it did get hot, 
the output devices would not be in dan- 
ger of destruction. Presumably, the Hita- 
chi MOSFET process is capable of a 
higher yield (and therefore a lower per 
unit cost) than the current VFET manu- 
facturing process. If this proves to be the 
case, we can look forward to seeing 
these devices in lower -priced amplifiers. 
While the Model HMA -7500 is by no 
means inexpensive, one should realize 
that, in addition to using the MOSFETs, it 
is a heavily constructed, deluxe amplifier 
with two separate power supplies. 

watt to about 50 watts. It reached 
0.007% at 90 watts. The distortion, in 
all cases, was purely second- harmon- 
ic. We never detected any higher - 
order distortion components. 

Channel separation measured 100 
dB at 1000 Hz, exactly as rated. We 
drove one channel, terminated the in- 
put of the other in an IHF standard of 
1000 ohms, and measured the output 
of the undriven channel. At 20 Hz, the 
separation was 115 dB; and at 20,000 
Hz, it was 87 dB. No doubt this ex- 
treme isolation can be credited, at 
least in part, to Hitachi's use of entire- 

ly separate powér supplies for the two 
channels. The power meters were 
about as accurate as most we have 
seen. Typical errors were 30% to 
40 %, but the fast response of the 
pointers made the meters useful in- 
dicators of output power. 

User Comment. We could detect 
no audible differences between the 
Hitachi Model HMA -7500 and other 
fine amplifiers to which we compared 
it. The Hitachi amplifier is completely 
free of any unwanted sound, whether 
it be a turn -on or turn -off transient 

(eliminated by the time -delay circuit 
that keeps the speakers disconnected 
until the amplifier has been on for 
about seven seconds and all tran- 
sients have decayed), or hiss and 
hum (which are unmeasurable as well 
as inaudible). 

Although Hitachi recommends that 
the amplifier be operated in its dc 
mode unless a dc offset voltage is 
known to be present in the input sig- 
nal, there is no particular advantage to 
doing this. When operated in the dc 
mode, it can cause some baffling ap- 
parent malfunctions in the system. For 
example, when we inserted certain 
accessories between the preamplifier 
and the power amplifier, the outputs 
remained silent. At first, we thought a 
cable had come off or that some corn - 
ponent had failed. We soon found, 
however, that the "fault" was caused 
by a very low -level dc leakage in the 
output of the device connected to the 
amplifier that activated its protective 
circuit. When we switched to NORMAL, 
all was well. Since there is no signal 
indicator to notify the user that the 
protective circuit has been activated, 
one has no clues to the cause of the 
silence. (The power meters indicate 
zero under this condition, since they 
are driven by the speaker outputs.) 

For a 75- watt /channel amplifier, the 
Hitachi HMA -7500 is far from inexpen- 
sive. On the other hand, even though 
one can buy a more powerful amplifi- 
er, we doubt that there are any that 
are "better" in any substantive re- 
spect. We are agnostic on the matter 
of the audibility of transient- inter- 
modulation (TIM) or slew- induced dis- 
tortion under real -world listening con- 
ditions, as readers might know. How- 
ever, true believers may find solace in 
the thought that this amplifier can de- 
liver a healthy power output in the 
range of hundreds of kilohertz and will 
certainly not be fazed by any signal 
reaching it from an audio source. 

CIRCLE NO. 101 ON FREE INFORMATION CARD 

the Akai PRO -1000 is a 
"semiprofessional" 
three -speed, open -reel 
tape recorder 
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The Akai Model 
PRO -1000 is a 
deluxe open -reel 
stereo tape re- 
corder whose fea- 

tures and performance bridge the gap 
between good home recorders and 
true professional equipment. As such, 
it is an excellent example of a genuine 
"semiprofessional" tape recorder. 
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11 fact: 
1 dramatic freedom 

from distortion comes to a 
mid -priced cartridge: 
the new Shure M95HE... 

the Shure M95HE 

an affordable, audible improvement 

One of the critically acclaimed advances 
introduced in Shure's incomparable V15 Type IV 

pickup is its revolutionary and unique 
distortion- reducing Hyperelliptical stylus. Now, 

you can enjoy this standard of sound purity in a 

new, ultra -flat frequency response, light tracking, 

high trackability cartridge that will not tax your 

budget: the new Shure Model M95HE. 

the Hyperelliptical stylus tip 

SUnDIAL IFLLIPTICAL 
STYLUS SUCH AS 

IN MOSEL) 

34TIe0eN` IN SECTION 
VIEW NJ 

DIRECTgN A 
B r DIRECfIDN "A'. 

ih 
HYPE Nf L LIPTCAL 

STYLUS LW 

THE 14994 

The Hyperelliptical nude diamond tip 
configuration represents a significant advance in 

tip design for stereo sound reproduction. As the 

figures show, its "footprint" (represented by black 
oval) is longer and narrower than the traditional 
Biradial (Elliptical) tip -groove contact area. 
Because the Hyperelliptical footprint geometry is 

narrower than both the Biradial and long- contact 
shapes such as the Hyperbolic, it is pre- eminent 
for reproduction of the stereo -cut groove. 

SEND FOR FREE BROCHURE AL600: 
CIRCLE NO. 49ON FREE INFORMATION CARD 
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9 0% 

HARMONIC AND INTERMODULATION 
DISTORTION FOR VARIOUS TIP SHAPES 

6°% 

2 3% 2.3% 

3.5 % 

SPHERICAL 

1 7% 

HYPERBOLIC BIRADIAL HYPERELLIPTICAL 

Second harmonic distortion Intermodulation distortion 

Average both channels, 8 kHz, Average both channels. 

5 cm /sec peak recorded velocity 1 kHz/1.5 kHz 

a measurable drop in distortion 
As a result of the optimized contact area of the 

Hyperelliptical tip, both harmonic distortion 
(white bars in graph above) and 
intermodulation distortion (black bars) are 

dramatically reduced. 

upgrade your present M95 If you already 

have a Shure M95 Series Cartridge, you can improve 

its freedom from distortion right up to the standards of 

the new M95HE cartridge simply by equipping it with 

a Model N95HE stylus. The cost is extraordinarily low - yet the difference in sound will be immediately 

apparent. Takes only seconds to install - requires no 

tools whatsoever. 

M95HE cartridge & 
N95HE stylus 

HUR 
Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204 

In Canada: A. C. Simmonds & Sons Limited 

Manufacturers of high fidelity components, microphones, sound systems 

and related circuitry. 
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tape transport 
and electronics are 
housed in separate 
portable sections 

The PRO -1000 is a three -speed re- 
corder that accommodates 101/2" 
(26.6 cm) reels and operates at 15, 
71/2 and 3' /s ips (38, 19, and 9.5 cm /s). 
It is designed for two -track recording 
and playback, although it also has a 
separate quarter -track playback head 
to give it compatibility with tapes re- 
corded in that format. The recorder 
also has extensive input mixing facili- 
ties and front -panel controls for ad- 
justing the bias and recording equali- 
zation to match any specific tape. 

The PRO -1000 is packaged in a 
"portable" form consisting of two 
units, each with handles and a cover 
to protect it in transit. The exterior of 
the recorder is covered in black leath- 
er -grain vinyl. The tape transport sec- 
tion measures about 19'W x 161/4"H 
x 11"D (486 x 412 x 284 mm) and 
weighs 621/4 lb (28.3 kg). The amplifier 
section is 19 "W x 12 "D x 9 "H (486 x 
231 x 309 mm) and weighs 221/2 lb 
(10.2 kg). The two units are joined by 
three cables that allow them to be 
placed side -by -side or with the trans- 
port atop the amplifier. Suggested re- 
tail price is $1995. 

General Description. Front pan- 
els of the Model PRO -1000 are fin- 
ished in satin aluminum with contrast - 
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ing black knobs whose large index ar- 
rows make their settings visible at a 
glance. The tape is driven by a dual 
capstan system, with a servo -con- 
trolled ac motor, that maintains a con- 
stant tape tension across the heads 
for minimum flutter. Tension arms on 
both sides of the heads control tápe 
movement during start-up and shut- 
off. The arms also stop the transport 
when the tape runs out or if it should 
break. Each reel is driven by its own 
six -pole eddy- current motor. 

The tape transport has a button on 
the control panel to adjust reel tension 
for either 101/2" or 7" reels. Other 
pushbuttons are provided for select- 
ing tape speed, controlling ac power 
to the entire recorder, and activating 
the AUTO PLAY system. The last 
switches the machine from fast for- 
ward or rewind to play at a point 
where a piece of conducting foil is at- 
tached to the back of the tape. Re- 
movable hub adapters for large -hub 
101/2" reels are supplied, as is a 10 1/2" 

metal reel that is stored in the tran- 
sport's cover. The cover over the tape 
heads is hinged for easy access to ad- 
just and clean the heads. 

Other pushbuttons control the 
transport solenoids. They include the 
usual basic tape -speed and direction 
selectors, a REC (recording) button 
with a red indicator light, and a PAUSE 
button with a yellow light. A CUE but- 
ton allows a partial contact between 
the tape and the heads during fast 
winding so that recorded portions can 
be located easily. In this mode, the 
output level is automatically reduced 
by 15 dB to prevent tweeter burnout, 
since signal levels in the ultrasonic 
range can be generated. On the back 
of the transport unit are two un- 
switched ac outlets, the line cord, a 

socket for a remote -control accesso- 
ry, and three integral cables whose 
plugs mate with connectors on the 
amplifier unit. 

The amplifier unit has four separate 
inputs, each with its own recording - 
level control, and a master recording - 
level control. Each level knob has a 
concentric metal ring that functions as 
a preset stop mechanism. The ring 

four separate 
inputs provide 
mixing flexibility 

can be set to any point of a knob's ro- 
tation; and when that point is reached, 
a definite resistance to the knob's 
movement is felt. The knobs normally 
have a very light, effortless "feel." 
This makes it very easy to drop the re- 
cording gain on any input to zero and 
fade it in smoothly to the desired pre - 
s et level without having to look at pan- 
el markings. 

Each of the four recording inputs 
has a three -position switch that con- 
nects it to either a LINE or a Mlc input. 
The third position introduces a 20 -dB 
attenuation into the microphone circuit 
to prevent amplifier overload on very 
loud program material. INPUT 1 and IN- 
PUT 4 go to the left and right channels, 
respectively. However, the INPUT 2 
and INPUT 3 signals can be positioned 
anywhere on the stereo stage, from 
full left to full right, by means of their 
individual PAN POT controls. The latter 
have center detents for a mono (cen- 
ter- channel) placement. Dots on 
either side of center correspond to a 
placement 45° off- center. 
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Playback responses at 71/2 ips on 4 and 2 tracks and at 3% ips on 2 tracks. 
POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


PROFESSIONAL 
The New #1 in Professional Applications.... 

Stanton's Calibrated 8815 Cartridge 

EXPANDED 
CONTACT AREA 

S- ,3nnrnrl Electron Beam Microscope phobot Stereotant on s'ylu;. 2000 Ames mayndir. atior, Brackets piral out w roe rOetdc' aren 

Mike Reese of the farhouF Mastering Lab !n Los Angeles says ".Mille 
maintaining the Cahbratron Ctccndarc, the 881S sets new levels fnr 

tracking and high frequency response Ils an audrhle rroprovemert 

We use the 8813 exc'usrveiy for cairoration and evaluation in o Jr 

operation` 

No wonder this cartridge has achieved such domi- 
nance so swiftly. It has design, engineering and quality 
features that no other cartridge has. Stanton's new Profes- 

sional Calibration Standard 881S cartridge is designed for 

maximum record protection. This requires a brand new tip 

shape. the Stereohedron,tM which was developed for not 

only better sound characteristics but also the gentlest 
possible treatment of the record groove. This cartridge 
also possesses a revolutionary new magnet. It is made of 

an exotic rare earth compound which, because of its 

enormous power, is far smaller than ordinary magnets. 
Stanton guarantees each 881S to meet its specifications 

within exacting limits. The most meaningful warranty pos- 
sible, individual calibration test results come packed with 

each unit. 
Whether your usage involves recording. broadcasting 

or home entertainment, your choice should be the choice 
of the professionals...the STANTON 881S. 

For further irformation write to Stanton Magnetics, Terminal Drive, Plainview, New York 11803. 

FEBRUARY 1979 

c -.r.r.Irorv 5U'°4 

STANTON! 
The choice of the professionals ̀ " 

This new Stanton advertisement will appear in major consumer publications. 
CIRCLE NO. 520N FREE INFORMATION CARD 
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scorck 206 TAPE 
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Frequency responses at O and -20 dB for Scotch 206 tape at three speeds. 
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The PLAYBACK knob is similar in 
size and appearance to the recording 
level controls. The ring around it, how- 
ever, is the playback level control for 
the right channel -not a preset stop. 
This permits the playback levels in the 
two channels to be adjusted indepen- 
dently. A detent at the center of rota- 
tion gives the reference playback level 
of zero VU (0.775 V) from a signal re- 
corded at zero VU. The two large il- 
luminated meters serve a triple func- 
tion. They have separate scales for vu 
and PEAK levels, as selected by a 
knob to the right of the meters. In the 
vu mode, the meters have the ballistic 
characteristics specified for vu me- 
ters. The vu scale covers the pre- 
scribed range from -20 to +3 dB, 
while the PEAK scale is logarithmic 
over a range of -40 to +5 dB. A sine 
wave that indicates 0 VU will read -8 
dB on the PEAK scale. The PEAK read- 
ings can be used as an accurate indi- 
cation of recording level, with the as- 
surance that program peaks that do 
not exceed a 0 -dB reading will not 
overload the recording. 

The third position of the METER 
switch is labelled BIAS. In this mode, 
the meters indicate relative bias cur- 
rent, which is adjustable separately 
for the two channels. The nominally 
correct bias is at zero (center) on the 
meter scale. There is a range of ±40% 
about the zero point. The bias controls 
are center -detented at the point corre- 
sponding to a zero percent meter 
reading, which is the factory-set level 
for optimum performance with Scotch 
206 tape. Two knobs labelled EC) are 
for adjusting the recording equaliza- 
tion. They are calibrated from 0 to 10 
and are detented at the center setting 
of 5, which is also the optimum equali- 
zation for Scotch 206 tape. The in- 
struction manual lists the recom- 

mended BIAS and Ea settings for 
some 20 popular tapes. (Of course, 
with an external oscillator, one can 
adjust the deck for any tape, using 
these controls.) 

A stereo headphone jack is provid- 
ed. It is driven from its own amplifier 
stage, which is rated to deliver up to 
50 mV into 8 -ohm loads. The head- 
phone level control operates on the 
playback signals after their level has 
been set with the PLAYBACK control. (lt 
does not affect the LINE outputs.) 

The remaining controls include a 
MONITOR switch for channeling either 
the incoming (souRcE) or playback 
(TAPE) signals to the LINE outputs and 
the headphones, and a switch that se- 
lects either the half- or quarter -track 
playback head. A small knob permits 
the recording and playback equaliza- 
tion to be simultaneously changed to 
match the tape speed. 

On the rear of the amplifier unit are 
four phono jacks for the LINE inputs 
and four 1/4" (6.35 -mm) phone jacks 

(Continued on page 38) 

Product Focus 

Among the more interesting features of 
the Akai Model PRO -1000 open -reel 
tape recorder are its front -panel controls 
for adjusting recording bias and equaliza- 
tion and its AUTO PLAY system. Al- 
though the importance of matching the 
bias closely to the tape requirements is 
recognized by users and manufacturers 
of cassette recorders, it has been little 
publicized in relation to open -reel record- 
ers for the home. This is probably be- 
cause bias is much less critical for open - 
reel recording than it is for the cassette 
medium. Although the necessary adjust- 
ments are generally available within the 
machine, as a rule they are not made ac- 
cessible to the consumer, who rarely has 
the equipment, know -how, or actual need 
to optimize the bias. 

In true professional recorders, where 
every bit of performance must be extract- 
ed from the tape, the bias adjustment is 
accessible for trimming prior to any major 
recording session to match the particular 
tape being used. In the model 
PRO -1000, the adjustments are accessi- 
ble on the front panel, and the instruction 
manual tells where to set them for each 
type of tape. 

The other important factor in optimiz- 
ing tape recordings is the recording 
equalization. This is conveniently ignored 
in virtually every home tape deck we 
have seen. The internal factory-set ad- 
justments are assumed to be sufficiently 
close to ideal. As a rule, they are, but 
when one wishes to obtain the flattest 
possible frequency response with very 
low noise and distortion, the equalization 
characteristics cannot be ignored. The 
PRO -1000 is the first consumer tape re- 
corder we can recall that places the 

equalization and bias controls on the 
front panel. The user is not encouraged 
to do more than set them to the positions 
recommended for the tape being used. 
But anyone who has an inexpensive au- 
dio oscillator can learn much about the 
interrelationship of bias and equalization 
and their effect on the recorder's overall 
performance by experimentation. 

The AUTO PLAY feature is somewhat 
similar to the "auto- stop" devices used 
on a number of tape recorders. Its actual 
function and purpose, however, are total- 
ly different. On some tape decks, the me- 
tallic foil attached to the back of a tape 
can close a contact to stop the tape at 
normal playing speed or sometimes to 
reverse the tape's direction so that all 
four tracks' of a quarter -track stereo tape 
can be played without interruption or in- 
terchanging reels. In the PRO -1000, its 
chief application will be for playing mas- 
ter -wound tapes, which are normally 
stored in a fully wound state and must be 
rewound before being played. This is 
done because the tape winds more even- 
ly on the reel at normal operating speed 
than in its fast operating modes. Master 
tapes are normally stored in the wound 
condition and must be rewound just prior 
to being played. 

As used in the Model PRO -1000, the 
AUTO PLAY system (which operates from 
both fast speed modes) can be set so 
that the master -wound tape is loaded 
and put into rewind. At the beginning of 
the reel (where the metallic foil has been 
previously attached), the tape comes to a 

stop and automatically enteres the play- 
back mode. The convenience of this fea- 
ture to anyone who normally stores his 
tapes in a wound condition is obvious. 
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The Complete Handbook Of Robotics 

An Extraordinary Offer to introduce you to the benefits of Membership in 

ELECTRONICS BOOK CLUB ) 

invites you to take 
this 1,302 -page 
robotics library 

for only 

You 

Get ALL 

FOUR Of These 

Huge Books 
For Only 

$1.99 

Build Your Own Working Robot 
Complete instructions- plans, schematics, logic circuits, and 

wiring diagrams -for building Buster, the most unique pet in 

the world! Not for novices, Buster is a sophisticated experiment 

in cybernetics. You build him in 3 phases, and watch his 

personality develop as you add progressively more advanced 

circuitry to his mainframe. The first -phase robot, Buster I, is 

"leash -led," and dependent on his master for decision -making; 

Buster II has a basic brain; equipped with a wireless mike, he 

can enter a room and talk with the occupants. Buster Ill responds 

when called, and when "hungry" finds his charger, and plugs 

himself in. Watch his personality evolve as you build him from 

the ground up in a learning experience unparalleled in electronic 

construction. 238 pps., 117 illus. List $8.95. 

Handbook Of Remote Control i Automation Techniques 

A practical, step -by -step guide to designing, building, and 

installing hundreds of remote control systems, and scores of 

automated devices...from garage door openers to light sensors, 

from intercom controls to electromechanical timers -to inter- 

facing a microprocessor with household devices. You'll learn how 

to apply electronic and mechanical techniques to remote -control 

with computers, with audible tones, with ultrasonics, with radio 

waves, with light beams, with dozens of special systems. You 

can build light and power failure sensors, position indicators, 

tone -operated systems, tone generators, RC hydraulic de- 

vices...and you'll see how to interface mechanical devices, 

hydraulic systems, and electric motors with electronic systems. 

294 pos.. 250 illus. List $12.95. 

Digital Interfacing With An Analog World 

A GIANT 406 -page handbook that shows you how to design 

circuits to interface microprocessors, computers, telephones, 

and other digital devices with the analog world...that shows you 

how to really put your microcomputer to work to measure certain 

conditions, or to control external devices. Tells you all about how 

to go about it -how to convert energy produced by pressure, 

force, position, temperature, etc. into an electrical voltage or 

current your microcomputer can deal with. It shows you, tells you, 

describes and discusses things you can do with those I/O ports 

other than connect them up to a prefabricated peripheral! It's a 

"meaty" volume chock -full of practical info on a wide range of 

topics for engineers, computer hobbyists, engineering techni- 

cians, and robotics builders. 406 pps., 277 illus. List $12 95 

How to design and build ANY kind of robot... including ones with 

microprocessor "brains " -PLUS how to interface robots with 

computers! It's a single sourcebook that contains all the 

techniques you'll need for creating, designing, building, and 

operating your own robot from beginning to end...with enough 

options to create a whole family of robotic wonders -controls 
can be electrical or electronic; power can be electrical, hydraulic, 

or pneumatic; your robot can operate by radio control or with a 

full range of sensors to move about on its own. This practical 

volume gives ALL the info needed to build a walking, talking 

friend and companion, or even a helpful servant. Includes 7 

Chapters on advanced robot circuits, controls, and sensors. 364 

pps., 137 illus. List $12.95. 

FEBRUARY 1979 

Let us send you this 4- volume, 1,302 -page 
Robotics Library as part of an unusual offer 

of a Trial Membership in Electronics Book Club. 

Here are quality hardbound volumes, each 

especially designed to help you increase your 

know -how, earning power, and enjoyment of elec- 

tronics. Whatever your interest in electronics, 
you'll find Electronics Book Club offers practical, 
quality books that you can put to immediate use 

and benefit. 
This extraordinary offer is intended to prove 

to you through your own experience, that these 
very real advantages can be yours...that it is pos- 

sible to keep up with the literature published in 

your areas of interest, and to save substantially 
while so doing. As part of your Trial Membership, 
you need purchase as few as four books during the 

Facts About Club Membership 
The 4 introductory books carry a publisher s retail pn ce of 

$47 80. They are yours for only $1.99 for all 4 (plus postage/ 

handling) with your Trial Membership. 

You will receive the Club News, describing the current Selec- 

tion, Alternates, and other books. every 4 weeks (13x a year) 

If you want the Selection, do nothing; it will be sent to you 

automatically If you do not wish to receive the Selection, or if you 

want to order one of the many Alternates offered. you simply give 

instructions on the reply form (and in the envelope) provided. 

and return it to us by the date specified This date allows you at 

least 10 days in which to return the form If, because of late mail 

delivery, you do not have 10 days to make a decision and so 

receive an unwanted Selection, you may return it at Club ex- 

pense 
To complete your Trial Membership. you need buy only four 

additional monthly Selections or Alternates during the next 12 

months. You may cancel your Membership any time after you 

purchase these four books 

All books- including the Introductory Offer -are fully return- 

able after 10 days if you're not completely satisfied 

All books are offered at low Member prices, plus a small 

postage and handling charge 

Continuing Bonus: If you continue after this Trial Membership, 

you will earn a Dividend Certificate for every book you purchase. 

Three Certificates.plus payment of the nominal sum of $1.99 will 

entitle you to a valuable Book Dividend of your choice which you 

may choose from a list provided Members. 
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1 Only $1.99 for 
ALL FOUR! 

Regular List 

Price $47.80 

ifTop -Quality 
Hardbinding 

Contains the 
very latest 
info on 

Robotics! 

I/ Almost 800 

illustrations 

IfContains over 

500,000 words 

1,302 data - 
packed pages 

coming 12 months. You would probably bu at 
least this many anyway, without the substantial 
savings offered through Club Membership. 

To start your Membership on these attrac- 
tive terms, simply fill out and mail the coupon 
today. You will receive the 4- volume Robotics 
Library for 10 -day inspection. YOU NEED SEND 
NO MONEY. If you're not delighted, return the 
books within 10 days and your Trial Membership 
will be cancelled without cost or obligation. 

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214 

NM MI MI MI MOfftli 
i 
1 

1 
1 

1 

1 

1 

1 

1 
1 

1 

1 
1 
1 

(Valid for new Members only. Foreign and Canada add 15'x.) PE -29 

ELECTRONICS BOOK CLUB 
Blue Ridge Summit, Pa. 17214 

Please open my Trial Membership in ELEC- 

TRONICS BOOK CLUB and send my 4- volume 

Robotics Library, invoicing me for only $1.99 

plus shipping. If not delighted, I may return the 

books within 10 days and owe nothing, and 

have my Trial Membership cancelled. I agree 

to purchase at least four additional books 

during the next 12 months after which I may 

cancel my membership at any time. 

Name Phone 

Address 

City 

State Zip 
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Everybody's making money 
selling microcomputers. 

Somebody doing to make money 
servicing them. 

New NRI Home St dy Course Shows You How to Make Money Servicing, Repairing, 
and Programming Personal and Small Business Computers 

POPU LAR ELECTRONICS 
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Seems like every time you turn around, 

somebody comes along with a new 

computer for home or business use. 

And what's made it all possible is the 

amazing microprocessor, the tiny little 

chip that's a computer in itself. 

Using this new technology, the 

industry is offering compact, affordable 

computers that will handle things like 

payrolls, billing, inventory, and other 

jobs for businesses of every size...per- 

form household functions including 

budgeting, environmental systems 

control, indexing recipes, and more. 

And thousands of hobbyists are already 

owners, experimenting and developing 

their own programs. 

Growing Demand for 
Computer lëchnicians 

This is only one of the growth 

factors influencing the increasing 

opportunities for qualified computer 
technicians. The U.S. Department of 

Labor projects over a 100% increase in 

job openings for the decade through 

1985. Most of them new jobs created by 

the expanding world of the computer. 

Learn at Home 
in Your Spare Time 

NRI can train you 

for this exciting, rewarding 

field. Rain you at home 
to service not only micro- 

computers, but their larger 

brothers, too. Train you at 

your convenience, with 

clearly written "bite- size" 

lessons that you do evenings 

or weekends, without 
going to classes 

or quitting your 
present job. 

FEBRUARY 1979 

Assemble Your Own 
Microcomputer 

NRI training goes far beyond 

theory. It includes practical experience, too. 

As you progress, you perform meaningful 

experiments building and studying elec- 

tronic circuits on the NRI Discovery Lab® 

You assemble test instruments that in- 

clude a transistorized volt -ohm meter and 

a CMOS digital frequency counter... instru- 

ments you learn on, use later in your work. 

And you build your own microcomputer. 

Each step of construction advances your 

knowledge, gives you deeper insights 

into this amazing world that's upon us. 

This is the only microcomputer de- 

signed for learning. It looks, operates, and 

performs just like the finest of its kind... ac- 

tually does more than many commercial 

units. But NRI engineers have designed 

components and planned the assembly 

procedure so it demonstrates important 

principles, gives you working experience 

in detecting and correcting problems. 

And that's 

what NRI 

training 
is all 

about. 

Other Opportunities 
in Electronics 

Since 1914, before commercial radio 

was even on the air, NRI has been the way 

to learn new electronics skills. Tbday's 

modem offerings include, in addition to 

three different computer courses, TV/Au- 

dio/Video Systems Servicing, with training 

on the only designed -for -learning 25" 

diagonal color TV,, with state -of -the -art 

computer programming. Or, check out 

our Complete Communications Course, 

preparing you to enter this booming 

field servicing, installing, and repairing 

equipment like microwave, broadcast, CB, 

shortwave radio, paging, radar, and more. 

Mail Postage -Paid Card 
for Free Catalog 

No Salesman Will Call 
Send today for your free copy of our 

100 -page, full-color catalog. It describes all 

of our electronics courses in detail, show- 

ing kits, equipment, and lesson plans. 

Look it over at your convenience, then 

decide how NRI can help you make the 

most of your talents. There's no obligation 

and no salesman will ever call or bother 

you. With more than a million students 

and unmatched experience in home train- 

ing, NRI gives you the most in training 

for new opportunity! If card has been 

removed, write to: 

NRI Schools 
McGraw -Hill Continuing 

Education Center 
Wis A 

rl Washington, D.in C. 

venue 

20016 

Inn" 
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(Continued from page 32) 
for the microphones (which should be 
medium -impedance types in the 
range of 600 to 10,000 ohms). There 
are also two parallel sets of LINE out- 
put phono jacks and two MIXER output 
jacks that carry the SOURCE program, 
the latter, regardless of the setting of 
the MONITOR switch. Three sockets 
accept the cables from the transport 
unit to the power supply, the record 
and erase heads and the playback 
heads. 

A novel and convenient feature of 
the PRO -1000 is its provision for in- 
serting a noise -reducing processor 
into its recording and playback cir- 
cuits. This is done through two groups 
of phono jacks on the rear of the am- 
plifier section, which are normally con- 
nected through by a slide switch. 

Laboratory Measurements. Ba- 
sic specifications of the Model 
PRO -1000 were derived with Scotch 
206 tape, which we used for all our re- 
cord /playback measurements. Play- 
back equalization was checked with 
Ampex standard alignment tapes at 
71 and 33/4 ips (19 and 9.5 cm /s). At 
71/2 ips, the response was within ±1.25 
dB from 50 to 15,000 Hz. The 33/4-ips 
tape was recorded with a 120 - 
microsecond time constant, while the 
recorder uses 90 microseconds. In 
spite of the discrepancy, the mea- 
sured response was flat within ±1.6 
dB from 50 to 7500 Hz. 

At 33/4 ips, the record -playback fre- 
quency response was within +1/ -5 
dB from 23 to 12,000 Hz at a 20 -dB 
recording level. At 0 dB, it covered a 
25- 9000 -Hz range with the same vari- 
ation. At 711 ips, the recorder's true 
capabilities became more obvious. 
The 20 -dB response was +0.5/ -5 
dB from 20 to 26,000 Hz. Not surpris- 
ingly, the recorder was at its most im- 
pressive at 15 ips. There were no 
signs of tape saturation, so the 0 -dB 
and 20 -dB response curves were 
identical. Including the small low -fre- 
quency "head contour" ripples, the re- 
sponse was within +0.5/ -5 dB from 
28 to 29,500 Hz. 

A UNE input of 75 mV or a MIC input 
of 0.26 mV was required for a zero -VU 
recording level. The MIC preamplifier 
overloaded at a very safe 183 mV, 
which increased to 1.45 volts when 
we used the 20 -dB microphone at- 
tenuator. The playback output from a 
zero -VU recording read zero VU on 
the meter when the PLAYBACK control 
was set to its center detent. The corre- 
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response at 0 VU 
is impressive 
32- 24,000 Hz ±-1 d B 
at 15 ips 

sponding output voltage was the rated 
0.78 volts. (At the lowest speed, the 
playback level registered 1 dB). The 
headphone volume was fairly good 
with 200 -ohm phones, although the 
design is for 8 -ohm phones. 

The meter ballistics were close to 
those specified, though not exactly 
correct. In the VU mode, the meters 
registered 1 dB on the 0.3- second 
tone bursts that should read the same 
as a steady -state signal of the same 
level. The PEAK mode gave a +3 -dB 
reading on the same signal and read 
1.5 dB on 10 -ms bursts. A sine 
wave of exactly 0 VU gave the rated 8 -dB reading on the PEAK scale. 

Third -harmonic distortion in the 

playback was low at all three speeds. 
At a 0 -VU level, it measured 0.32% on 
the two lower speeds and 0.22% on 
the higest speed. The reference 3% 
playback distortion was reached at a 
recording input of +6.5 to +7 dB, de- 
pending on the speed. At low levels 
( -10 dB), the distortion was the low- 
est we have measured from any tape 
recorder. It was 0.032% to 0.056 %, 
depending on the speed. 

The A- weighted S/N ratio, relative 
to the 3% distortion reference level, 
was about 66 dB at the highest speed 
and 67 dB at the lowest speed. By a 
small margin, the S/N was best (68 
dB) at 71/ ips, but it should be noted 
that the S/N differences between all 
three speeds were negligible. Noise 
level through the microphone input at 
maximum recording gain was 10 dB 
greater than through the line inputs. At 
the maximum recommended setting 
of the microphone gain (7 on a scale 
of 10) the increase was only 3 dB. 

We measured the playback flutter 
at the two lower speeds with Ampex 
test tapes. The weighted rms (JIS) 

Performance Specifications 

Specification 
Tape speed 
Tape speed deviation 
Wow /flutter (wrms) 

15 ips 
71 /z ips 
33/4 ips 

Tape start time 
Frequency response 

15 ips 
71 ips 
33/4 ips 

Harmonic distortion 

S/N ratio 
Playback equalization 
Erase ratio 
Recording bias frequency 
Fast forward /rewind time 

MIC inputs 

Line inputs /outputs 

Level meter 

Power supply 

Rating 
38, 19, 9.5 cm /s 
±0.5% 

0.025% 
0.04% 
0.08% 
0.8 s at 38 cm/s 

50- 20,000 Hz ±1 dB 
40- 24,000 Hz ±3 dB 
60- 12,000 Hz ±3 dB 
Less than 1% at all 
speeds (1000 Hz, 0 VU) 
60 dB 
NAB 
70 dB 
150,000 Hz 
Within 120 s for 
2400 ft of tape 
600/10,000 ohms, 
min. input 0.3 mV 
10,000 ohms in 

100 ohms out 
Ref. out 0 dB = 
0.775 V 
PEAK -DIN 
0.01 s response 
0.8 s decay 
VU- Stand. response 
120 V, 60 Hz, 116W 

Measured 
Confirmed 
Confirmed 

0.023% (R /P) 
0.05% 
0.065% 
Not checked 

32- 24,000 Hz ±1 dB 
20- 24,000 Hz ±1 dB 
23- 12,000 Hz ±3 dB 
Less than 0.32% 

Over 66 dB 
Confirmed, -± 1.6 dB 
Not checked 
Not checked 
62 s for 1000 ft 

Min. input 0.26 mV 

Not checked 
Not checked 
Confirmed 

Confirmed 
Confirmed 
Approx. confirmed 
Not checked 

POPULAR ELECTRONICS 
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flutter was 0.065% at 3' /1 ips and 

0.05% at 71/2 ips. The weighted peak 
(DIN) readings were -0.09% at both 

speeds. We also measured the com- 
bined record /playback flutter at all 

three speeds. The DIN and JIS mea- 
surements were ±0.11% and 0.085% 
at 3' /a ips and -±0.1% and 0.06% at 

71/ ips. At 15 ips, the recorder again 
delivered its most outstanding perfor- 
mance, with a DIN flutter of ±0.04% 
and a JIS of 0.023 %. 

In its fast -wind modes, the recorder 
wound a 1200 -ft (366 -m) reel in 62 

seconds. 

User Comment. Anyone who 
thinks that open -reel tape recording is 

"dead" for home users should get ac- 

quainted with the Akai Model 

bias and 
equalization are 

front -panel adjusted 

PRO -1000. True, it is not "every- 
man's" tape recorder. It is very heavy 
and expensive, and it does much 
more than most home recordists will 

ever need. But it is well- suited to the 
needs of the serious amateur recor- 
dist, for whom it was obviously de- 

signed. Standard phone plugs are 

employed rather than "Cannon- type" 
connectors used universally for micro- 
phone inputs in professional recording 
(where balanced microphone circuits 
are the norm). The input and output 
lacks are also standard phono types, 

for easy interfacing with other home 
audio components. 

The tape transport operated per- 
fectly. Its logic system made it practi- 
cal to operate the controls in any se- 
quence with no risk of damaging the 

tape. Touching the PLAY button during 
fast -wind operation brought the tape 
to a swift stop for an instant before it 

resumed at normal speed. "Flying - 
start" recordings can be made at any 
time while playing a tape by holding in 

the PLAY button and touching the REC 

button at the desired point. The re- 

verse is also possible; while record- 
ing, a touch of the PLAY button instant- 
ly returns the machine to playback. 

As for actual performance, at 71/2 

ips, this is a very fine home recorder, 
with many of its qualities optimized at 
that speed. This is an important con- 
sideration for the nonprofessional 
user, most of whose tapes will prob- 
ably be in the quarter -track format at 

71/2 ips. At 15 ips, on the other hand, 
the recorder is nothing less than su- 
perb in its frequency- response, head- 
room, and flutter performance. Even 
at 33/4 ips, it is creditable. 

As we see it, the special virtue of 

the PRO -1000, compared to some 
other fine open -reel recorders, is its 

highly versatile input mixing arrange- 
ment. It will not do the synchronized 
multitrack recording of a four -channel 
recorder, but it will enable the imagi- 
native amateur to create professional - 
quality tapes from live program 
sources. That is what it was made for, 

we think, and it is admirably equipped 
for the task. 
CIRCLE NO. 102 ON FREE INFORMATION CARD 

c 
I OIb/ 

C? )0 Q U Z 
#Y0V1i rv" 
iavou S E-N9 

FEBRUARY 1979 

HTTh 
i, 

"Yes, Martha! I agree it would be cheaper to call these 

people by phone! Now will you please leave me alone ?" 

lilt Infnsh 
"A Technological 
Masterpiece..." 

McIntosh C 32 

"More Than a Preamplifier" 

McIntosh has receided peerless ac 

claim from prominent product 

testing laboratories and outstand- 

ing international recognition! You 

can learn why the "more than a 

preamplifier" C 3? has been 

selected for these unique honors. 

Send us your name and address 

and we'll send you the complete 

product reviews and data on all 

McIntosh products, copies of the 

international awards. and a North 

American FM direc-ory. You will 

understand why McIntosh product 

research and development always 

has the appearance and tech- 

nological look to the future. 

Keep up to date. 

Send now - 

McIntosh Laboratory Inc. 

Box 96 East Side Station 

Binghamton, NY 13904 

Name 

Address 

City State Zip 

If you are in a hurry foi your catalog please 

send the coupon to McIntosh. For non -rush 

service send the Reader Service Card to the 

magazine. 

CIRCLE NO. 34 ON FREE INFORMATION CARD 
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THERE ARE A LOT OF WAYS 
TO BUILD A RECEIVER 

THAT SELLS FOR 
UNDER$40Q 

You can leave out dual wattage meters 
like Marantz did, instead of providing them to give you 
an accurate picture of what you're 
listening to. 

You can install an inexpensive press 
board bottom like Technics did, instead of a metal one that 
shields the tuning section from spurious noise and 
CB interference. 

You can use a conventional power amplifier like 
Kent %ood did, instead of an advanced DC amplifier that 

provides cleaner, more natural sound. 

At Pioneer, we build a moderately 
priced high fidelity receiver somewhat 
differently than our competitors. 

We build it the same way we build 
a receiver that sells for over $1000. 
Without compromising quality, 
features, or sound. . 

You see, what really separates 
our SX -780 from others is more than 
just a matter of things like wattage 
meters, metal bottoms, DC power, 
advanced circuitry, or even price. 

It's Pioneer's commitment to 
giving you a quality hi fi receiver, no 
matter how much, or how little you plan 
to spend. 

You can use standard high band filters for 
FM stereo reception like Yamaha did, instead ()la special 
integrated circuit that cancels out the unwanted 
FM stereo pilot signal. 

PIONEER 
DID IT 

HE RIGHT WAY 

PIONEERS SX 780. 

So if you're planning to spend less than $4CC on a receiver, you couldn't ask for more than the SX -780. 
OD PIONEER We bring it back alive. 

CIRCLE NO. 54 0N FREE INFORMATION CARD 

©1978 U S Pioneer Elea i conics C ofp_ 
85 Orford Drive Moonachie, N 07074. 
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Popular Electronics' 
FEBRUARY 1979 

DIRECT SOUND 

ECHOES (EARLY REFLECTIONS) 

REVERBERATION 
(LATER REFLECTIONS) 

- 3 

TIME 

AUDIO "LISTENING - ROOM" 

EXPANDERS 
How time delay enhances sound reproduction 

Buyer's guide to eight models 

Performance comparisons 

MOST RECORDINGS are unlikely 
to make you believe you are truly 

listening to "live" musicians. There are 

several reasons for this, a major one be- 

ing that the ambience of a typical home 
listening environment is totally different 
from that of a concert hall or night club. 
In brief, indirect sounds caused by 

sound reflection and absorption in a 

large hall are different from those ex- 
perienced at home. Consequently, one's 
listening sensation is clearly influenced 
by room size, room material, etc. 

FEBRUARY 1979 

A new crop of audio components de- 

signed to apparently expand the size of 

a listening room insofar as hearing is 

concerned has aroused much interest 
among audio enthusiasts. All of these 
components introduce signal delays to 

simulate selectable degrees of reverber- 
ation, making reproduced program 
material sound more realistic. Here's a 

close look at each model currently avail- 
able to the consumer, with an examina- 
tion of special features and how well' the 

units perform. 

By JULIAN HIRSCH 
Hirsch -Houck Laboratories 

Reflections. The first sound to reach 

a listener from any point in a room ar- 

rives by a direct path. Our ability to local- 

ize the source of the sound depends 
heavily on this direct signal. It is soon 
followed by a number of reflections from 

the various surfaces of the room, all of 

which travel a longer distance than the 

direct sound. In general, the later arriv- 

als have less nigh- frequency content 
than the earlier ones due to absorption 
by room furnishings and the audience. 
This combination of reflected and direct 
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sound gives the listener a sense of the 
size and acoustic properties of the room, 
as well as his spatial relationship to the 
sound source. A recording that lacks 
these reflected or indirect sounds is 
dead and lifeless, but most do contain at 
least some of the ambience of the origi- 
nal environment. Ambience is often cap- 
tured by suitable microphone placement 
or artificial means. If the latter is done 

f 

properly, the result is a more pleasing 
and "natural" sound as compared to a 
recording of the same material without a 
satisfactory sense of ambience. 

Unfortunately, the program material is 
usually reproduced in a room that differs 
drastically from the recording environ- 
ment. It has its own reflection paths and 
delay times which are, as a rule, much 
shorter than those of the original loca- 

tion. The ambience of the listening room 
thus tends to conflict with the recorded 
ambience, contributing to the listener's 
awareness that he is hearing an artifici- 
al, "out -of- context" sound. No matter 
how effectively the ambience of the re- 
cording environment is captured, it will 
not sound natural in another room of 
very different size and proportions. 

One of the most promising solutions 

ADS Model 10 

The ADS (Analog & Digital Systems) 
Model 10 Acoustic Dimension Synthesizer 
is described by its manufacturer as a "third 
generation" product. Built -in is a power 
amplifier rated to deliver 100 watts per 
channel to 4 -ohm loads. Rounding out the 
ADS "package" is a pair of small speaker 
systems whose properties have been opti- 
mized for this application. 

The Model 10 is a digital system using a 
proprietary form of Delta Modulation. Shift 
registers act as the delay storage ele- 
ments. It has a choice of four short delays, 
selected by a STAGE DISTANCE Switch. Mo- 
mentarily toggling this switch up or down 
from its center neutral position increases 
or decreases the initial delay time, respec- 
tively, as indicated by a series of LEDs on 
the panel. The LED string is calibrated in 
feet: 10, 24, 33, and 45 feet. Because 
sound travels approximately 1 foot per mil- 
lisecond in air, these numbers also corre- 
spond to the delay in milliseconds (ms). A 
second group of delays, selected in a simi- 
lar manner with a HALL SIZE switch, are i- 

dentified as CLUB, SM. HALL, LG. HALL, and 
CATHEDRAL. These terms are self- explana- 
tory. Each operation of the HALL SIZE 
switch simultaneously changes two delay 
times, the ratio of one to the other being a 
predetermined optimum value. 

The instantaneous program level is 
shown by four LEDs, labelled PEAK, -10, 
-20, and -40, dB. An input selector 
switch and level control allow the user to 
drive the Model 10 with a wide range of 
available signal levels. So long as one of 
the dB LEDs is flashing but the PEAK LED 
is dark, the program level is suitable for 

correct operation of the system. Other con- 
trols govern the output level of the delayed 
signal, the amount of reverberation intro- 
duced, and the STAGE DEPTH (a controlled 
injection of the delayed signal into the front 
channels). Toggle switches set the upper 
cutoff frequency of the delayed channels at 
5000, 8000 or 13,000 Hz, and connect 
either the direct or the delayed signals to 
the rear speakers. 

A unique feature of the ADS Model 10 is 
its SOURCE AMBIENCE Switch. In its MONO 
position, the delay circuits respond in the 
normal manner to both stereo and mono 
input signals. One problem associated with 
ambience synthesis is the "announcer in a 
cave" effect. When an amount of reverber- 
ation optimum for many kinds of music is 
used, an FM station announcer's voice 
sounds as though he was speaking at a 
great distance in a huge cave. This is most 
unnatural and disconcerting, destroying 
the illusion of reality that was created for 
the music by the time delay system. 

ADS has virtually eliminated this prob- 
lem by providing a mode of operation se- 
lected by the STEREO position of the 
SOURCE AMBIENCE Switch. In this condi- 
tion, the delay circuits respond only to the 
difference between the input channels 
(L -R signal). Not only does this give a very 
pleasing quality to much of the stereo pro- 
gram material transmitted on the FM band, 
but because announcers are usually locat- 
ed "center stage ", the ADS Model 10 does 
not delay their voices. Rather, it leaves 
them at front center without the disturbing 
effect of delay and reverberation. The sys- 
tem is not perfect, but it does greatly ameli- 

orate one of the few "bugs" seemingly in- 
herent in the concept of time delay ambi- 
ence enhancement. 

Separate access to the delayed outputs 
and the power amplifier inputs can be had 
via rear panel jacks. Also provided is a pair 
of outputs, called DELAY 2, which carry the 
same delay components as the regular 
outputs, but with a different reverberant 
pattern that simulates the reflections from 
the ceiling and rear wall of the concert hall. 
They can be used to drive a second delay 
power amplifier and pair of speakers, on 
the ceiling and rear wall of the listening 
room, for a further enhancement of the 
overall effect. 

A headphone jack mounted on the front 
panel can drive stereo headphones with a 
mixture of the direct and variously delayed 
signal components. Plugging in the 
phones silences the rear speaker outputs. 
The power switch of the ADS Model 10 has 
a gradual turn -on characteristic, that brings 
the unit into operation over a period of sev- 
eral seconds in order to avoid any transient 
noises. 

The ADS L10 speakers, supplied with 
the Model 10 system, are small two -way 
systems with 7" woofers and 1" soft dome 

tweeters. Each speaker is 5 "H x 9.75'W x 
6.5 "D (38 x 24.8 x 16.5 cm) and weighs 
12.5 pounds (5.7 kg). 

The ADS Model 10 is completely fin- 
ished in flat black and measures 15.75'W x 
12 "D x 3.5 "H (40 x 30 x 8.9 cm). An option- 
al set of rack -mount adapters can be in- 
stalled, making the unit 10" (48.3 cm) wide. 
It weighs 23.5 pounds (10.7 kg). The price 
of the ADS Model 10 system is $995. 
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to this problem was quadraphonic 
sound. It still is, perhaps, the best solu- 
tion. In theory, it is possible to capture 
the ambience of a recording environ- 
ment in a four -channel recording and ef- 
fectively reproduce it in a different listen- 
ing room. The necessary time delays 
are "built into" the recording and allow 
the four speakers to recreate the acous- 
tics of the original hall. Some quadra- 
phonic recordings were able to achieve 
this goal, but recording companies soon 
began to concentrate on "gimmicks" 
and flashy effects that, however impres- 
sive, were completely unreal and uncon- 
vincing. Moreover, one had to pay for a 

second amplifier and another set of 

speaker systems. The result has been 
the rejection of quadraphonics by many 

people. 
At about the same time that quadra- 

phonics began to fade from the high - 
fidelity market (1976), a few small com- 
panies announced the development of 
time -delay ambience synthesizers. The 

principles on which they were based had 
been known for many years, but hard- 
ware was not practical until the develop- 
ment of suitable integrated circuits. 
Their purpose was to delay, electronical- 
ly, the normal stereo program material 
(usually by several different amounts to 

simulate different path lengths) and re- 

circulate the delayed signals sufficiently 
to approximate the effect of multiple re- 

flections in a hall. When these delayed 
signals were reproduced through a sec- 
ond pair of speakers, located along the 

sides or toward the rear of the room, the 

"spaciousness" of a large hall could be 
transferred to a much smaller listening 
room with remarkable success. 

These first -generation ambience en- 

hancers were quite expensive, and once 
the amazement of experiencing their ef- 
fects had worn off, their limitations be- 
came more apparent. Second- and even 
third -generation ambience synthesizers 
are now made available to the audio- 
phile by at least seven or eight manufac- 
turers. To varying degrees, they have 
overcome many of the limitations of the 
early units, although none is completely 
free of idiosincrasies. They are still ex- 

pensive, and because of their inherent 
complexity will probably remain an ex- 

pensive "add -on" to a music system. 
There might be some decrease in cost if 
delay circuits are incorporated into re- 

ceivers and integrated amplifiers. 
To assess the current state of the art 

in time delay ambience synthesis, we 
undertook to compare major consumer 
models on the market. We were well 

This is a digital PCM system using RAM 

storage. The delay time, selectable from 1 

to 100 ms in 1 -ms steps, is displayed on a 

large two -digit, seven -segment display 

whose reading of 0 to 99 is always 1 ms 

less than the actual delay. To adjust the 

delay, a spring -loaded SIZE switch is held 

up to increase delay, or down to decrease 
it. The delay increments or decrements in 

1 -ms steps at a rate of about 10 ms per 

second. Two green fluorescent bar indica- 

tors show when the program levels are 

within the normal operating range of the 

unit, and ;ed lights flash if an overload oc- 

curs. A three -position switch selects one of 

three fixed input sensitivities to match the 

levels of the incoming signal. 
In addition to the sizE control, the only 

control of the Model 500 that requires reg- 

ular attention is the continuous reverbera- 
tion adjustment knob. Smaller knobs con- 

trol volume and the bass and treble tone 

controls. The treble tone control injects 

more and more undelayed high frequen- 

aware that this would be a very difficult 
task because of the peculiarly subjective 
nature of the entire process. Not only 

are measurements of an orthodox na- 

ture difficult to perform, they probably 

convey nothing about the strengths and 

weaknesses of the individual units ex- 

cept, perhaps, to an expert in the design 

of such equipment. The usual numerical 

test data associated with preamplifiers 
and power amplifiers really do not tell us 

much about how these devices sound. 
Nevertheless, we tried to do more than 

simply listen to them and evaluate their 
comparative merits. 

Analog vs. Digital. Before examining 
any specific units, let's consider some of 

the basic concepts employed in design- 
ing them. The two broad classifications 
of time delay circuits are analog and di- 

gital. There are, of course, advantages 
and disadvantages associated with 

each. We will first look at the basics of 

cies (above 6000 Hz) into the rear outputs 

as it is advanced from its minimum setting. 

The response of the delay circuit drops off 

sharply above 6000 Hz. A three -position 
switch cuts off the delayed sound, or re- 

places it with the direct sound, and another 

switch silences the front (undelayed) pro- 

gram. A rear -panel DELAY switch allows 

the Model 500 to be used only as a delay 

device (no mixing or reverberation) whose 

two channels can be cascaded to obtain a 

mono delay up to 100 ms. No power switch 

is included because the unit is intended to 

be powered by a switched ac receptacle 

on the associated amplifier or receiver. 

The Advent Model 500 SoundSpace 

Control is finished entirely in black, with 

contrasting white panel and knob mark- 

ings. The cabinet and panel are rounded, 

making the unit look more compact than it 

really is. Actual dimensions are 15.75'ß/v x 

10.75 "D x 3.25 "H (40 x 27 x 8 cm) and 

weight is 10.25 pounds (4.7 kg). The price 

of the Model 500 is $595. 

analog delay techniques and then those 

that are digital. 
Analog delay lines in the form of me- 

chanical spring reverb units have been 
used for many years. In fact, one of the 

units tested (the Phase Linear Model 
6000 Series Two) employs springs to 

obtain long delay times. State -of -the art 

analog delay circuits, however, employ 
electronic circuits in place of springs to 

overcome certain less- than -ideal perfor- 
mance characteristics usually associat- 
ed with them. 

Contemporary analog delays are built 

around integrated circuits generally 
known as Charge- Transfer Devices or 

CTDs. There are two types of CTDs, 
each of which is essentially a clock -con- 

trolled analog shift register. The first to 

be developed is commonly referred to 

as a "bucket brigade." This nickname 

comes from an analogy to the fire- fight- 

ing technique of passing buckets of wa- 

ter from one person to the next to move 
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the water over a considerable distance. 
In this type of analog shift register, the 

instantaneous amplitude of the input sig- 
nal is sampled upon receipt of a clock 
pulse and is used to charge a small input 
capacitor within the IC. When the next 
clock pulse arrives, the packet of charge 
is transferred via a MOSFET to the fol- 
lowing capacitor in the shift register, 
leaving the first to be subsequently 
charged by the next sample of the input 
signal. At the end of the string of capaci- 
tors, the sampled analog voltages are 
recovered (delayed by the time it took 
them to pass through many hundreds or 
even thousands of intermediate storage 
elements) and are smoothed together to 
reconstruct the original waveform. The 
total delay time is determined by the 
number of storage elements in the shift 
register and the clock frequency. 

The second generation of Charge - 
Transfer Devices has been given the 
name Charge -Coupled Devices 
(CCD's). In many respects CCDs are 
similar to bucket brigades, but instead of 
passing packets of charge through a 
string of capacitors, these delay line ICs 
transfer bias levels from one MOSFET 
to the next. Each sample of the input sig- 
nal biases a FET at a particular point on 
its load line, and this bias level is shifted 
from one FET to the next until it reaches 
the end of the shift register. The stream 
of continuously changing bias levels is 
converted after having been delayed 
into a reconstructed version of the input 
signal. In terms of performance, CCD's 
offer longer delays and higher S/N 
ratios as compared to bucket brigades. 
As before, the total delay time depends 
on the number of storage elements 
(MOSFETs rather than capacitors) and 
the frequency of the clock oscillator. 

Digital delays use either Pulse Code 
Modulation (PCM) or Delta Modulation 
(DM). In both systems, the analog signal 
is first converted into digital form by an 
analog -to- digital (A /D) converter, whose 
output is a group of logic levels that de- 
fine in binary form the instantaneous 
amplitude at the moment the waveform 
was sampled. In DM, the end result of 
the encoding is a signal that specifies 
the change in amplitude since the last 
sampling interval. This information is 
employed after having been suitably de- 
layed to reconstruct the input signal's 
waveform. 

Once the program has been digitally 
encoded, the binary information is trans- 
ferred through a shift register com- 
posed of a series of interconnected flip - 
flops. The transfer is under the control of 
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a clock oscillator; and, as with the anal- 
og systems, the total delay is a function 
of the number of shift register elements 
and the clock frequency. In some digital 
units, delay is achieved by storing the bi- 
nary information in a random access 
memory (RAM) for a given length of time 
before being retrieved for further 
processing. 

After the desired delay interval, the di- 
gitally encoded signal, whether stored in 
shift registers or a RAM, is applied to a 
digital -to- analog (D /A) converter. In a 
PCM system, the D/A converter recre- 
ates an analog version of the input sig- 
nal directly. In a Delta Modulation unit, 
the output of the D/A converter is not a 
replica of the input signal itself, but rath- 
er a control signal describing the way in 
which the input signal has changed. This 
signal governs the operation of a ramp 
generator, whose output (after being 

smoothed by a low -pass filter) is the re- 
constructed input signal. As a practical 
matter, all of the commercial time delay 
units incorporate special precautions to 
keep the signal -to -noise ratio from being 
degraded, and to allow circuits with limit- 
ed range to accommodate signals with a 
large dynamic range. To this end, all of 
them have some form of preemphasis 
and deemphasis, and, in many cases, a 
compressor /expander (compander). 

Adding Ambience. As mentioned 
earlier, an ambience synthesizer must 
supply a number of different time delays 
in order to achieve realistic effects. Most 
of the models commercially available 
provide at least two different delays as 
well as provisions for recirculating them 
to add reverberation to the sound. This 
is accomplished by feeding a portion of 
the output of one channel back to the in- 

Audio /Pulse Model One 

Audio /Pulse was the first manufacturer 
to offer a digital time delay to the consumer 
and its Model One is still in production. It 

has been joined by the slightly less expen- 
sive Model Two, which includes a power 
amplifier (but no speakers). 

The Audio /Pulse Model One employs 
Delta Modulation and shift register storage 
elements. Its operating controls might 
seem to be unconventional but they were 
designed to avoid the formidable appear- 
ance of a large number of knobs and 
switches without any loss of flexibility. The 
front panel contains only a row of LED lev- 
el indicators and two slider controls that 
adjust the output levels of the delayed 
channels. The other controls are pushbut- 
ton switches mounted along the top front of 
the unit, inset slightly from the front. To set 
the input level within the dynamic range 
capabilities of the unit's A/D converters, 
one of six interlocking buttons simultane- 
ously reduces the input signal and in- 
creases the gain of the stage processing 
the reconstructed analog signal to main- 

tain a constant output level. A gross misad- 
justment of these buttons can produce 
either audible noise or distortion in the rear 
speakers, but correct adjustment is easily 
obtained with the aid of the LED indicators. 

The Audio /Pulse Model One has four 
initial time delays, selected from a group of 
six by a pushbutton switch with SHORT and 
LONG positions. The available delay 
ranges from 8 to 94 ms. Delayed signals 
are recirculated for a time determined by 
the settings of the five DECAY TIME push- 
buttons, which can be energized singly or 
in groups to produce a reverberation decay 
of 0.2 to 1.2 seconds. The Model One also 
has auxiliary outputs that can supply short- 
or long- delayed signals to additional 
speakers near the front or rear of the room 
to form a six- or even eight -channel ambi- 
ence system. 

The Audio /Pulse Model One is finished 
in black with walnut side panels. It meas- 
ures 14.5'W x 10 "D x 4.5 "H (36.8 x 25.4 x 

11.4 cm) and weighs 10 pounds (4.6 kg). 
Its price is $700. 
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Fig. 1. Typical outputs when a single time delay 
is introduced (A, horizontal scale is 5 ms /cm), 
when multiple delays are generated (B, scale 10 

put of the other channel. The result is a 

decaying reverberation that can take a 

second or more to fade away, as it 

would in a real concert hall. Scope 
traces of typical time delay outputs with 
one delay, multiple delays, and a single 
delay interval with recirculation are 
shown in Figs. 1A, 1B, and 1C respec- 
tively. The amount of reverberation that 
should be added is a function of the orig- 
inal signal, as well as personal taste. A 

"dry" recording will benefit from consid- 
erable reverberation while a "live" 
sounding recording will be muddied and 
confused by adding too much. 

One fundamental difference between 
the units we tested is the coherence of 

their delayed outputs (or lack of it). 

When a mono signal is fed to both inputs 
of a delay unit, and the two delayed out- 
puts are in phase, they are said to be co- 
herent. Some designers feel that this is 

a desirable quality, while others hold 
that there should be no fixed phase rela- 
tionship between the two delayed out- 
puts. This is based on the assumption 
that the multiple reflections in a real con- 
cert hall do not have any defined phase 
relationship. Consequently, some of the 
delay units contain "randomizing" cir- 
cuits that give completely random phase 
between the two outputs. Oscilloscope 
traces of coherent, partially coherent, 
and noncoherent outputs are shown in 

Fig. 2. 

Connecting an ambience enhancer to 

a stereo system is a fairly straightfor- 
ward process, and all are treated in the 
same manner. The best place to con- 
nect them is between the preamplifier 
output and the power amplifier input so 
that the preamplifier's volume control 
will affect all output signals. This point is 

accessible in many receivers and inte- 
grated amplifiers. The time delay unit 
provides both front- and rear -channel 
outputs. The front -channel signals are 
returned to the power amplifier inputs of 
the integrated amplifier or receiver. In 

ms /cm), and when a single delay is used in con- 
junction with recirculation to simulate decaying 
reveration (C, scale 5 ms /cm). 

most models they pass through a 

straight -wire connection, though in 

some cases there is an active stage in 

which some of the delayed signals can 
be mixed with the front -channel signals. 

The rear (delayed) channels require a 

separate stereo power amplifier, but not 
one with elaborate control facilities. Its 

Fig. 2. Some time delay components 
have coherent (in- phase) outputs (A) 
as in Bozak Model 902. Others, such 
as the Advent Model 500, are partial- 
ly coherent (B). Still others, such as 
the Audio /Pulse Model One, are non - 
coherent (C). 

power output, as a rule of thumb, should 

be roughly one half that of the "front" 
amplifier. In a few of the units we tested, 
the power amplifier is built in. However, 

those audiophiles who have a spare am- 

plifier on hand will not accord this fea- 

ture as much weight as those who don't. 
The delayed channels also call for an 

additional pair of speakers, whose op- 

timum placement and performance 
characteristics are a matter of debate 

among users of time delays. 
It is most generally held that the rear 

speakers should be along the side of the 

room, preferably in front of the listener. 

Wherever they are placed, it is most im- 

portant that they are not heard as dis- 

tinct sound sources (sometimes placing 
them at a wall /ceiling junction, or on the 

floor facing upward, will produce the 

most suitable results). To further ensure 

that the rear speakers cannot be aurally 
localized, wide dispersion is desirable. 
Extended frequency response is not 

needed, because most of the time delay 

units have restricted high- frequency re- 

sponse. This corresponds to the re- 

duced high- frequency content of natural 

reverberant signals. One of the most in- 

teresting subjective effects of time delay 

ambience synthesis is its apparent en- 

hancement of the audio system's bass 

response. It also makes the overall pro- 

gram sound louder, without in itself hav- 

ing much real bass or contributing much 

to the acoustic output of the system. 
At least two of the manufacturers who 

build power amplifiers into their time de- 

lay units also supply speakers with the 

system, but the units can be purchased 
without speakers if desired. In general, 

the systems we tested are priced very 

comparably when allowance is made for 

the cost of an amplifier and pair of 

speakers. Although some of the acces- 
sory delay units have a full complement 
of controls, the system will, after initial 

set -up, normally be controlled entirely by 

the main stereo preamplifier or integrat- 
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ed amplifier. Once the controls of the 
time delay unit have been set for the de- 
sired effect, they will need re- adjustment 
only to accommodate different types of 
program material. One of the inherent 
disadvantages of time delay ambience 
synthesis is that the optimum amount of 
delay and reverberation is not the same 
for all types of program material, so a 
certain amount of fussing with the con- 

trots will be necessary when shifting 
from one type of material to another. 

Having examined the basic operating 
principles of both analog and digital time 
delay units, the reader should take a 
close look at each of the eight products 
available to our test lab, as they are de- 
scribed in the accompanying boxes. 

Test Procedures. The data supplied 

This unit was received too late for com- 
plete testing, but was set up for compara- 
tive listening tests with the other units. 

A second- generation time delay, the 
Model Two employs some of the circuitry 
of the Audio /Pulse Model One, especially 
its "delta modulation with memory" used to 
convert the analog input signal to digital 
form. However, storage of the digital infor- 
mation is accomplished with a RAM rather 
than shift registers as in the Model One. 
Furthermore, the Model Two has built -in 
power amplifiers rated to deliver 25 watts 
per channel into 8 -ohm loads from 40 to 
8000 Hz with no more than 0.5% THD. The 
power bandwidth of this amplifier is much 
more restricted than that of even a modest 
contemporary component amplifier. It must 
be remembered, however, that the upper 
cutoff frequency of the delayed channels is 
only 8000 Hz so the limited bandwidth of 
the amplifier section does not compromise 
the performance of the unit as a whole. 

In appearance, the Audio /Pulse Model 
Two is more like other second -generation 
delay units and bears little external resem- 
blance to the Model One. It is about the 
same size as the Model One (but an inch 
lower in height), finished in flat black, with 
rounded corners on the cabinet. Its general 
styling is not unlike that of the Advent Mod- 
el 500. In place of the pushbutton switches 
used in the Model One, the Model Two has 
knob controls for most of its functions. A 
row of LEDs to monitor input level is used 
in conjunction with an INPUT LEVEL potenti- 
ometer. This control is not ganged with an 
output level control (as is accomplished by 
the pushbutton system of the Model One), 
so it is necessary to readjust the OUTPUT 
LEVEL control when the input level is 
changed. Bass and treble tone controls 

DIGITAL TIME -DELAY SYSTEM 

affect only the delayed signals. Once ad- 
justed to suit the requirements of the de- 
layed channel speakers and the room lay- 
out, they need not be changed. The opera- 
tion of the unit is governed by a main FUNC- 

TION control, a four -position switch marked 
SHORT DELAY, DEFEAT, LONG DELAY, and 
DIRECT. In the SHORT DELAY mode, the sig- 
nal undergoes initial delays of 19, 33, and 
51 milliseconds. The LONG DELAY mode 
gives delays of 39, 66, and 103 mil- 
liseconds. In DEFEAT, the delayed outputs 
are silenced, and in DIRECT, they are driv- 
en with an undelayed signal. Like the Au- 
d3 /Pulse Model One, the Model Two has 
incoherent outputs, bearing a random 
phase relationship to each other. 

The remaining major control is a hori- 
zontal slider marked AMBIENCE. This ad- 
justs the mixing weights of the fully and 
partially delayed signals as they are recir- 
culated through the system. At MIN, the 
shorter, partially delayed signals are em- 
phasized, but at MAX the fully delayed 
ones are emphasized and maximum rever- 
beration is added. The rear apron of the 
unit accommodates circuit breakers which 
protect the rear -channel speakers. The IN- 

PUT phono jacks accept a signal from the 
preamplifier output or a tape monitor loop. 
Two jacks carry an unmodified front chan- 
nel signal back to the main amplifier and a 
DIN socket is provided for driving the Au- 
dio /Pulse Two from the front speakers if 
this is more convenient. Finally, delayed 
outputs are furnished for driving an exter- 
nal power amplifier if more power than is 
available from the built -in amplifier is re- 
quired. 

The Audio /Pulse Two is 15'W x 101 /2"D 
x 31/2'H (38.1 x 26.7 x 8.9 cm). It weighs 14 
lb (6.4 kg). The price is $539. 

by the various manufacturers, either in 
the form of specifications or actual mea- 
surements, ranged from virtually nothing 
(SAE) to extremely complete test infor- 
mation (from ADS). Rather than attempt 
to duplicate their figures, we preferred to 
accept any manufacturer's rating as val- 
id (especially since almost all of the in- 
formation would be difficult for anyone 
not highly skilled in the techniques in- 
volved to understand or interpret). 

We limited our measurements to fre- 
quency response under various delay 
and other operating conditions, and in 
most cases, the output noise and distor- 
tion. Driving one input with a 4 -cycle 
burst of 1,000 -Hz sine waves, we ex- 
amined the delayed and reverberated 
outputs on an oscilloscope, to see how 
densely the delayed and reverberated 
pulses were "packed" or if the burst 
shape was altered materially. One of the 
more informative tests was to drive both 
inputs from a pink noise source, and 
connect the two delayed outputs to the X 
and Y axes of the scope. This shows 
whether the delayed outputs are coher- 
ent, partially coherent, or completely 
phase randomized. 

Perhaps the most meaningful test one 
can make on an ambience synthesizer 
is to listen to it, to hear what it does to 
and for the sound, and to learn how easy 
it is to adjust for most pleasing results. 
Although this is completely subjective, it 
is still possible to compare different units 
in listening tests. The ADS Model 10 
comes with its own amplifier and speak- 
ers, and was set up in a different room 
where it could not be compared directly 
to the others. The Bozak Model 902 was 
made available to us for only a few 
hours, so our evaluation was very brief. 
However, we bypassed its power am- 
plifiers and did not use its speakers so 
that its delay circuits could be evaluated 
on a more or less even basis with the 
other models. 

For a listening comparison, we set up 
all the time delay units with their inputs 
in parallel, driving them with the same 
preamplifier. Their delayed outputs were 
connected to high -level inputs of an inte- 
grated amplifier that drove our rear 
speakers (a pair of AR -7's, mounted at 
the wall -ceiling boundary). The front 
speakers were usually AR- LST's, al- 
though some other types were also 
used. We tried to adjust the time delay 
units for roughly similar operating condi- 
tions, but this was not really possible be- 
cause they each have different combi- 
nations of delayed signals and many are 
not calibrated. We did match their rear 
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channel levels, however, by switching 
off the front speakers and listening to the 

delayed outputs as we switched from 

one unit to another. Also, a cassette re- 

cording was made of the delayed output 
of each unit, using the same program 
material under various adjustment con- 
ditions, so that we could hear the de- 

layed sounds of all the units under con- 

trolled conditions. 
For the most part, however, we simply 

listened to records and FM broadcasts, 
selecting one or another delay unit to 

see how they could be adjusted to en- 

hance the sound (or how they could de- 

grade it if incorrectly adjusted). This 
procedure took several weeks, and left 

us with some fairly solid conclusions and 

many more unanswered questions. 

Test Results. The test data (see Ta- 

ble) shows that, for the most part, the 

frequency response ratings of the delay 

circuits of the tested components are 

quite accurate. Signal -to -noise data is 

less easily correlated with published rat- 

ings because most are based on A 

weighting, which reduces the output 
noise voltage below our 100- microvolt 
minimum. ( -80 dB re 1 volt). Also, the 

noise of most units varies somewhat 
with different control settings. The im- 

portant thing to know about their S/N 
performance is that noise cannot be 

heard in the output of any of the tested 

units when operated in accordance with 
the manufacturer's instructions. It is not 

even possible to operate most of them 
incorrectly in this respect. (The Audio/ 
Pulse Model One can be set up so that 
hiss can be heard, but it requires a delib- 

erate effort.) 
The measured THD in the delayed 

outputs varies over a wide range, from a 

small fraction of a percent to about 2 

percent at a 1 -volt output level. This is of 

no practical significance because the 
sound from the rear speakers is never 
heard as a separate source if the system 

is adjusted correctly. Furthermore, the 

distortion is composed entirely of low - 

order components and thus is not audi- 

bly offensive even when one listens only 

to the delayed channels. 
Two genuine points of distinction can 

be seen among the tested units, how- 

ever. The upper frequency limit of the 

delayed sound varies from a few thou- 

sand to 13,000 Hz. In the analog delay 

lines, the highs roll off appreciably as 

delay is increased, although this can be 

compensated for with suitable circuits as 

in the Sound Concepts SD550. The digi- 

tal systems have a constant bandwidth 
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Bozak Model 902 

The Bozak Model 902, which includes a 

35- watt /channel power amplifier, is a se- 

cond- generation product from that compa- 

ny. Its delay is derived from the latest type 

of analog shift register, a charge transfer 

device capable of longer delays and much 

better signal -to -noise characteristics than 

the original CCD (charge -coupled device) 

bucket brigades. The delay time is continu- 

ously variable by a large front -panel knob 

from about 20 to 120 ms. Another control 
of the same size adjusts the output level. 

The other controls are slightly unconven- 

tional but highly effective. 
A small SIGNAL BLEND control provides 

only delayed signals to the speakers at its 

extreme clockwise setting, and only un- 

delayed (direct) signals at its fully counter- 

clockwise position. Between these ex- 

tremes, it varies the mix of direct and de- 

layed sound to the rear speakers in "pan 

pot" fashion. Reverberation is governed by 

a DELAY REMIX control which gives a 

smooth transition from a rather "dead" 
sounding room to one that is very "live ". 

The TREBLE CONTOUR control boosts or 

cuts the high- frequency response of the 

delayed channels to suit one's taste. At a 

25 -ms delay, the response of the delayed 

channels is flat to about 6000 Hz, decreas- 
ing to approximately 2000 Hz at 120 ms. 

A novel level monitor at the right of the 

panel spans about 40 dB in two 20 -dB 

ranges. It is an auto -ranging LED bar - 

graph display whose scales shift automati- 

cally with changes in input level. The level 

in each channel is seen as an expanding 

and contracting vertical red bar whose 

height is calibrated by an adjacent scale. A 

0 -dB reading is the maximum recom- 

mended input, and the word CLIP appears 

on the display if that value is exceeded. 
The Model 902 has a built -in power am- 

plifier rated at 35 watts per channel into B- 

ohm loads. It is supplied with a pair of Bo- 

zak Model DS1800 speakers, which are 

compact floor- standing units having up- 

ward- radiating, essentially omnidirectional 

outputs. Low -level delayed outputs are 

also available at panel jacks for use with 

another amplifier. The delay circuits are 

also packaged without the power amplifier 

and speakers as the Model 901. 

The Bozak Model 902 is finished in 

black, with its basic performance curves 

and a functional block diagram screened in 

white on its top cover. It measures 173/4'W 

x 113/4'D x 21/2"H (45 x 29.8 x 6.4 cm) and 

weighs 144 lb (6.5 kg). The price of the 

complete system, including speakers, is 

$975. The Model 901 Delay Unit alone 

(less amplifier and speakers) is $625. 

independent of the delay setting. They 

do not necessarily have wide band- 

widths, merely constant ones. The Ad- 

vent Model 500, for example, has a fixed 

6000 -Hz bandwidth, and the Audio/ 
Pulse Model One has a fixed 7000 -Hz 

bandwidth. The ADS Model 10 has an 

impressive 13,000 -Hz bandwidth at its 

maximum setting. ADS does not sug- 

gest using the full bandwidth of its unit 

on any but the finest program material, 

and in practice there seems to be little 

reason to go above 8000 Hz or so in 

light of the spectral content of the natu- 

rally occuring reverberant signals 

sought to be recreated. 
The coherence of the delayed chan- 

nels varies from being fully in -phase as is 

the case with the Sound Concepts, SAE, 

and Bozak units through partially ran- 

dom in the Advent to fully random in the 

ADS, Audio /Pulse, and Phase Linear 

models. Each of these companies 

claims that their approach is the most 

correct one, so it is difficult to be dog- 

matic about the matter. Logically, it 

would seem that multiple reflections will 

never be in phase on both sides of the 

room, suggesting that a coherent -output 

device is inherently incapable of simulat- 

ing real concert-hall ambience. Offset- 
ting this is the fact that the program 
material on one stereo channel is not in 

phase with respect to that on the other (if 

it were, the program material would be 

monaural), so that even a "coherent" 
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delay unit would have random phase be- 
tween its delayed outputs. Probably, the 
distinction between these types of sys- 
tems will be apparent only in the way 
they treat mono programs, and our lis- 
tening tended to confirm this. 

One cannot help wondering about the 
amplifier power requirements of the de- 
layed channels. Bozak's amplifier is a 
modest 35- watt /channel (into 8 ohms) 
unit, but ADS can deliver 100 watts per 
channel into 4 -ohm rear speakers. Does 
this seem reasonable in view of the fact 
that the rear speakers are never to be 
audible as sound sources? Yes, be- 
cause they are usually played at only 
slightly lower (perhaps -3 to -6 dB) 
levels than the front speakers. They are 
not heard directly because of the Haas 
effect, which causes us to localize the 
sound from its first arrival at our ears. 
This leaves no doubt where the sound is 
coming from (the front speakers), and 
the sound from the delay speakers arriv- 
ing a number of milliseconds later mere- 
ly adds ambience and is not sensed as 
the same program. (If the direct sound is 
fed to the rear speakers, the change is 
dramatic, yet the power level of the rear 
channels might not change at all.) 

Conclusions. We come now to the 
specifics of our evaluation of time delay 
ambience enhancers. Ultimately, opting 
to add ambience enhancement and the 

Phase Linear 6000 Series Two 

This unit employs analog bucket -brigade 
devices as well as mechanical (spring) de- 
lay lines for long reverberation times of up 
to 4 seconds. Most of its control operations 
are handled by eighteen pushbutton 
switches grouped functionally. Large 
knobs control the front and rear speaker 
volume (separately), the application of 
either direct (undelayed) or delayed sig- 
nals to the rear speakers, and select one of 
four rear -channel, frequency- response 
characteristics. In addition to a nominally 
flat response, the switch provides Lo or HI 

cur response or both simultaneously. 
The Phase Linear unit has two primary 

delay times, one 15 or 20 ms and the other 
60 or 90 ms, depending on the clock fre- 
quency. Each is selected individually, with 
a choice of three signal levels ( +3, 0, or 
-3 dB). There are two groups of recirculat- 
ed signals, identified as SHORT and LONG 
(signifying that they have been recirculated 
through the 15- or 20 -ms or the 60- or 
90 -ms primary delay register, respective- 
ly). The levels of the recirculated signals 

can also be set at +3, 0, or -3 dB. 
The REVERBERATION controls affect the 

signals that are passed through the me- 
chanical delay line. The SOURCE buttons 
derive the inputs to the reverberation sec- 
tion from either the SHORT or LONG primary 
delay registers, and the MASTER CLOCK 
pushbutton changes the clock frequency 
by about 20 %. This affects all time delay 
functions in the Model 6000 and is thus a 
fine adjustment for the entire delay circuit. 
Taps on the mechanical delay line are se- 
lected by the TIME pushbuttons, giving rev- 
erberation times of 1, 2, or 4 seconds. 
There are no overload or other level indica- 
tors on the Model 6000, but its dynamic 
range is sufficient to accommodate the 
normal output of a preamplifier. 

The Phase Linear Model 6000 is styled 
to match other Series Two Phase Linear 
components, with a pale gold panel and 
matching knobs. It is 19'W x 10 "D x 5.5 "H 
(49.3 x 25.4 x 14 cm) and weighs less than 
20 pounds (9.1 kg). The price of the Model 
6000 is $600. 

Measured Performance 
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Model HF response S/N unwtd THD (ct- 1 V. Input volts Coherent Comments 
(, - -3 dB re re1volt output ( %) operating delay 
1 kHz (kHz) output (dB) 1 kHz range outputs 

ADS 12.2 66 0.14 NA No Built -in Amplifier 
(100 W /channel 

into 4 ohms) 
Advent 6 (undelayed 

can be boosted 
to +11 dB in 
rear outputs) 

72 0.3 0.015 -3.0 Partial 

Audio /Pulse Model One 7 (CONTOUR 
can boost 10 

dB in 40 -60 Hz) 

54-63 NA NA No 

Audio /Pulse Model Two NA NA NA NA NA 
Bozak 7.7 60 (more 

than 80 
with A -wt) 

0.5 at 0.25 
volt out 
(1 v. in) 

0.03 -1.75 Yes Built -in amplifier 
(35 W /channel 

into 8 ohms) 
Phase Linear 4.5 SHORT More than 2 (a 1 v 3 max. No 

80 0.45 n 0.3v 
SAE 5 57 -60 0.2 (a 1.8v. 

Much higher 
at LF 

0.08 or more Yes High regeneration 
puts large 400 - 
Hz component in 

output 
Sound Concepts 8 70 0.8 NA Yes 
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choice of a particular model are subjec- 

tive decisions. Our experience with 

these devices has convinced us that 

conventional measurements and speci- 

fications are of little or no value to an au- 

diophile making a choice from among 

these products. If the usual undesirable 
contributions of distortion and noise can- 

not be heard (and they cannot, by any 

stretch of the imagination, in any of the 

units we tested), then all that is left that 

should influence the choice is their com- 
binations of available time delays and - 

reverberation, and to some extent their 

delay -channel frequency response 
properties. 

We suspect that a multiplicity of delay 

times might give a more realistic simula- 

tion of concert hall sound than a simple 

single delay plus reverberation. This is 

probably true, yet nothing in our experi- 

ence convinces us of that fact. Plainly 

put, every one of the tested units is ca- 

pable of providing a tremendous en- 

hancement of the natural qualities of 

sound. A good time delay system can do 

more to improve the realism of home 

music reproduction than any other 

$1000 investment we can imagine (as- 

suming that one already has good front - 

channel components). 
The other side of the coin is that virtu- 

ally every one of the units tested can 

also create a terribly unnatural, obvious- 
ly artificial sound when misadjusted. 

Some are more capable of such misad- 

justment than others. This should not be 

held against them because they can just 

as easily be adjusted correctly. For ex- 

ample, the Phase Linear Model 6000 

can be set to give bizarrely long 

SAE Model 4100 

... SAow 
71 `;.. 

Il 11 .: 

OVIIN. WV. 

This component is so new that specifica- 
tions and a complete instruction manual 

were not available when we received the 

unit for evaluation. The preliminary instruc- 

tion manual, apart from a basic description 

of the unit's controls, told us only that the 

Model 4100 has three separate delay 
times, labelled SHORT, MEDIUM, and LONG 

roughly corresponding to delays of 10, 30 

and 50 ms. 

Except for three pushbutton switches, all 

controls are horizontal slider potentiome- 
ters. A DIRECT pushbutton feeds the input 

signal, undelayed, to the rear outputs 

when it is engaged. When the switch is dis- 

engaged, the rear outputs furnish the de- 

layed signals. The Model 4100 is designed 

to be compatible with quadraphonic sys- 

tems and has input jacks for externally de- 

rived rear -channel signals. 
Pressing the DISCRETE pushbutton 

routes the externally derived rear input sig- 

nals directly to the output jacks, allowing 

full quadraphonic operation if the unit is 

connected to a four -channel system. Final- 

ly, the BLEND pushbutton injects some de- 

layed signal into the front channel outputs 

to improve ambience when listening to 

some types of closely miked program 

material. For normal ambience enhance- 

ment, all three pushbuttons are left in their 

our positions. 
An INPUT LEVEL slider matches the unit's 

sensitivity to the incoming program materi- 

al with the aid of a red PEAK LED. Once this 

control has been adjusted so that the LED 

does not flash on the loudest program 

peaks, there is usually no need for further 

adjustment. Each of three delay circuits 

has its own level control slider, and the out- 

puts of the three are added according to 

the settings of the SHORT, MEDIUM, and 

LONG level controls. The REGENERATION 

slider governs the amount of delayed sig- 

nal that is recirculated through the delays 

to produce a reverberative effect. The final 

control is an OUTPUT LEVEL adjustment. 

Because the three delayed signals are 

summed, any substantial change in the 

summer control settings may require read- 

justment of the output level control which 

affects only the delayed channels. 
The SAE Model 4100 has distinctive 

SAE styling with a black cabinet and wal- 

nut side panels. It measures 15.75'W x 

8.4 "D x 3 "H (40 x 21.3 x 7.6 cm) and 

weighs approximately 7 pounds (3.2 kg). 

The price of the Model 4100 is $500. 

Manufacturers' Specification' 

Model No. of Range of Longest Reverb. Input sens. S/N Delay band - 

initial initial delay time range (dB) width (kHz) 

delays delays (ms) (ms) (s) (volts) 

ADS 3 10 -40 100 0-1.6 0.75-3 80 13 

Advent 2 1 -100 100 NA 0.3-3 80 6 

Audio /Pulse Model One 4 8 -94 94 0.2-1.2 0.14-2 65 8 

Audio /Pulse Model Two 3 19 -103 103 0.1-0.6 0.05-3.3 V (low) 72 8 

1.2-60 V (high) 

Bozak 1 20 -120 120 up to 
several 

NA NA 7.7 

Phase Linear 2 15 -90 90 0.2 -4 2.5 max 94 6 (short) 
2.5 (long) 

SAE 3 10 -50 50 NA NA NA NA 

Sound Concepts 5 -50 50 NA NA 85 8 

(100 in 

mono) 
(100 in 

mono) 
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Sound Concepts Model SD550. 

One of the early time delay devices for 
home music systems was a Sound Con- 
cepts product, and the current Model 
SD550 is a second- generation device. A 
bucket -brigade delay system, it is de- 
signed for use with four -channel as well as 
stereo systems. Its operation is controlled 
by five sliders and a group of four rocker 
switches. A DELAY TIME control has a cali- 
brated range of 5 to 50 ms. The REVER- 
BERATION slider calibrated over an arbi- 
trary range of 0 to 10, governs the amount 
of signal injection from the delayed output 
of one channel to the input of the other. 

The high- frequency response of any 
bucket -brigade system drops off rapidly as 
delay time increases. Fortunately, this ef- 
fect is consistent with the natural increase 
in absorption of highs as one moves back 
in a concert hall and longer delays are in- 
volved. It therefore does not result in any 
unnatural or grotesque effects. Neverthe- 
less, one school of thought holds that wide 
bandwidth is desirable or even necessary 
in the delayed channels, and Sound Con- 
cepts has provided a means to achieve 
this result. The HI FREQ ROLLOFF slider is 
calibrated in decibels from +6 to -3 dB, 
and has a separate scale of 5 to 50 match- 
ing the delay time scale. When it is set to 
correspond to the delay in use, the high 
frequencies are boosted to maintain the 
frequency response out to approximately 
8000 Hz, where it is down 3 dB nominally. 

A FRONT MIX LEVEL slider controls the 
amount of delayed signal that is injected 
into the front outputs of the SD550 and a 

REAR LEVEL control governs the overall 
output of the delay channels. 

The DELAY RANGE rocker switch paral- 
lels the two input channels and cascades 
the delay channels to provide a mono out- 
put delayed up to 100 ms. The REAR OUT- 
PUT switch routes either the delayed chan- 
nels or the back channels of a gradraphon- 
ic system to the rear outputs. A DELAY Mix 
rocker switch allows the delayed outputs to 
be injected into the front channel outputs to 
a degree determined by the setting of the 
FRONT MIX slider control. The INPUT switch 
enables the delay processing to be applied 
to the usual stereo or mono input signals or 
to the front channels of a quadraphonic 
system. Sound Concepts suggests that the 
latter alternative will often given a more 
natural result than that obtained using a 
standard four -channel decoder. 

The Sound Concepts Model SD550 is 
exceptionally noncritical in its level require- 
ments. Included is a 2:1 compander that 
reduces internal noise to negligible levels. 
There is no risk of overloading it from any 
normal preamplifier output signal. In fact, 
the unit has no obvious level controls, un- 
like most other ambience enhancers. Actu- 
ally, there are two screwdriver -adjustable 
input level controls in the rear, together 
with overload LEDs, but they are preset 
and it is best not to disturb them. 

The delay unit is finished in flat black, 
measurès, 15.5W x 9 "D x 3.5 "H (39.4 x 

22.9 x 8.9 cm) and is also available with a 
rack mounting panel 19" (48.3 cm) wide. It 

weighs 7 lb (3.2 kg) and is $675. 

reverberations which are intolerable with 
most kinds of music. With some choral 
works, however, the effect is uncannily 
like "being there ". At the other extreme 
is the ADS Model 10, which is the most 
subtle of the group in the nuances of its 
sound modifications. It is difficult to 
make anything sound really wrong 
through this unit, the only one to have 
solved, at least partially, the "announcer 
in a barrel" sound effect. 

If all these units work so well, and 
sound so much alike, are there any real 

J 
distinctions to be made between them? 
Yes, indeed, but first let it be said that 
they do not all sound alike. True, most of 
them sound more alike than different, 
but the one that could never be mistaken 
for any other is the Phase Linear. Its 
drastic loss of highs and general empha- 
sis on mid -bass output make it sound 
extremely muffled and heavy when 
heard without any contribution from the 
direct channel. Nevertheless, when 
used as a time -delay device, its sound is 
not as objectionable. 

The real distinctions are in the area of 
human engineering. That is, how easy 
or difficult the units are to set up and ad- 
just for the desired effect. Here we have 
some definite conclusions, although 
they must be qualified as being purely 
subjective. 

The easiest and most logical time de- 
lay device to adjust and use, without 
question, is the Advent Model 500 
SoundSpace Control. The single -lever 
SIZE control, and the small REVERBERA- 
TION knob, are the only controls that 
must be touched on this unit, once the 
initial installation has been made. The 
unit is so noncritical in matters of level 
adjustment that we consider it to be 
close to a "set and forget" device. In 
spite of this, it has all the flexibility most 
would ever want, and sounds superb. 

The most refined and sophisticated of 
the group (referring to its capabilities, 
not necessarily its internal design) is the 
ADS Model 10. It has, in our view, an 
overabundance of controls, most of 
which have such subtle effects that we 
frequently could not detect them. They 
do give the panel a cluttered appear- 
ance, in spite of the use of miniature tog- 
gle switches for many of them, and we 
never could manage to handle the unit 
without accidentally disturbing the set- 
ting of something. This complexity is off- 
set to a great extent by the superior 
sound from the Model 10. It was espe- 
cially impressive on mono discs, which 
acquired an ambiance that put to shame 
most current stereo records when they 
were played through the time delay sys- 
tem. Also, the speakers of the Model 10 
are small, unobtrusive, and deliver an 
excellent sound quality. 

Although we had a very limited expo- 
sure to the Bozak Model 902, we could 
see that it is one of the simplest to use, 
and probably comes close to the Advent 
500 in that respect. 

The Audio /Pulse Model One has 
been a part of one of our music systems 
for some time. Its performance as a 
time -delay device is first rate, but the 
need to reset the input level switches ev- 
ery time a large change in signaltvel 
occurs is disconcerting. Also, operating 
the decay -time and level pushbuttons 
can sometimes introduce an audible 
"twang" in the sound. 

With respect to sound quality and de- 
lay effects, the Audio Pulse Model Two 
appears to be very comparable to the 
Model One and several other delay 
units. That is, it can give a very satisfy- 
ing sense of ambience or can be set for 
an exaggerated and unnatural echo 

50 POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


sound or any condition in between. 
The major difference from the Model 

One, from the user's standpoint, is the 

vastly simplified operating control con- 

figuration of the Model Two. It is effec- 

tively almost identical with the Advent 
unit in its control complexity and ease of 

use, except that the level indicator LEDs 

of the Audio Pulse give the impression 

of requiring more frequent level adjust- 
ments as program conditions change. 
Because the output level must be ad- 

justed at the same time, this is rather 

awkward compared to the three -position 
input sensitivity switch of the Advent, 
which hardly ever requires attention. 
However, we found the setting of the 

sensitivity to be much less critical than 

that in the Model One; and so long as 

some of the green LEDs are flashing, 
noise in the output is inaudible. 

Considering the substantially lower 
price of the Model Two compared to the 

Model One, and its greatly simplified op- 

eration and built -in amplifier, it is clearly 

an outstanding value. To our ears, it was 

not quite as undetectable in operation as 

the Advent or ADS units, but the differ- 

ence was slight. 
The Sound Concepts SD 550 has also 

been in use here for some time, and we 
find it to be one of the easiest to set up. 

Not only does it not make any noise, but 

we have yet to be able to flash its rear - 

mounted overload lights. Despite its rel- 

ative simplicity as to the number of avail- 

able delays and their processing, it 

sounds natural so long as maximum rev- 

erberation is not used. This can in- 

troduce a' boing" sound sometimes. 
The SAE Model 4100 is especially in- 

teresting because of its price which is 

appreciably less than the others. It has 

all the versatility one would desire and 

sounded, for the most part, as good as 

any of the other units in our comparative 
tests. On the human -engineering side, 

we suspect that a proper instruction 
manual would overcome most of our ob- 

jections. We set the controls by guess- 
work, and could not fault the results. Our 

two criticisms deal with first the manner 
in which the three delay signals are 

summed, which affects the overall vol- 

ume of the delayed sound when the de- 

lays are changed, and second the re- 

generation control, which can produce a 

hard, "twangy" sound when set too high. 
If its setting was limited to the lower half 

of its range, it sounded fine. We note 

also that, although it is a bucket -brigade 
unit, the delays are fixed and apparently 
compensated for a uniform frequency 
response, thus, the upper frequency lim- 
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it remains about 5000 Hz no matter 

where the level adjustments are set. 

Finally, we come to the Phase Linear 

Model 6000. We are "turned off" by the 

prospect of punching our operating con- 

ditions into a panel of eighteen pushbut- 

tons. In fairness, it is not as difficult to 

use as it seems, once one has had 

some practice, but it is still the least con- 

venient of the group to operate. We also 
find its lack of highs sometimes notice- 

able and objectionable. Although the 
unit has a knob that can reduce the 

highs, we cannot imagine the need for 

this. Rather, it could use a considerable 
treble boost. Perhaps the ease with 

which the Phase Linear can be set to 

give unnatural effects was another fac- 
tor that influenced our reaction to it. 

Whatever type of time delay device is 

used, the most important thing to re- 

member is "IF YOU CAN HEAR THE 

REAR SPEAKERS, THEY ARE TOO 

LOUD!!!" The delayed volume can be 

turned up until it is audible, and then 

backed off until the rear channels can no 

longer be heard as distinct sound 

sources. Check by shutting off the rear 

speakers. (Many of the delay units have 

a switch for this. It can be done at the 

amplifier.) If the level is correct, shutting 
them off will cause the sound to contract 
to the front, becoming dull and compara- 
tively lifeless. Restoring the ambience 
will make you wonder how your ever got 

along without it! 

For More Information: 

ADS 
1 Progress Way 
Wilmington, MA 01887 

Advent Corporation 
195 Albany St. 
Cambridge, MA 02139 

Audio /Pulse, Inc. 
Bedford Research Park 
Crosby Drive 
Bedford, MA 01730 

Bozak, Inc. 
P. O. Box 1 166 
Darien, CT 06820 

Phase Linear Corporation 
20121 48th Ave. West 
Lynnwood, WA 98036 

Scientific Audio Electronics, Inc. 
P. O. Box 60271 Terminal Annex 
Los Angeles, CA 90060 

Sound Concepts, Inc. 
P. O. Box 135 
Brookline, MA 02146 

The world of 
electronics 

gee -wizardry 

-YOURS FREE. 
32 -pages of test instruments -from the 
latest digital multimeters to the famous 
EICO scopes. Security systems. Auto- 
motive and hobbyist products. Kits and 
assembled. EICO quality. EICO value. 
For FREE catalog. check reader service 
card or send 750 for first class mail. 

108 New South Road 

Hicksville, N.Y. 11801 EICO 
CIRCLE NO.16 ON FREE INFORMATION CARD 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Electronics Career through 

Earn Your 

DEGREE 
by correspondence, while continuing your 
present job. No commuting to class. Study 
at your own pace. Learn from complete and 

explicit lesson materials, with additional 
assistance from our home -study instructors. 
Advance as fast as you wish, but take all the 

time you need to master each topic. Profit 
from, and enjoy, the advantages of directed 
but self -paced home study. 

The Grantham electronics degree pro- 
gram begins with basics, leads first to the 

A.S.E.T. degree, and then to the B.S.E.T. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 

awarded, the requirements for each degree, 

and how to enroll. Write for Bulletin E -80. 

Grantham College of Engineering 
(2500 South La Cietwga Blvd.) 

P. 0. Box 35 -199 

Los Angeles, C.1. 90035 

Worldwide Career Training thru Home Study 

CIRCLE NO. 21 ON FREE INFORMATION CARD 
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Advanced Electronic Cares 

AnTOUNCING 
. A New 

CREI Program: 
Minicomputer & 

Microprocessor 
Technolo 

Including A 
Microprocessor 

Laboratory 

Now you can learn at home 
the new technology that is 
revolutionizing electronics 
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The microprocessor has ushered in tl 
age of microtechnology and electroni 
will never again be the same. The micr 
processor has made possible the placir 
of an entire computer on a silicon ch 
one quarter inch square. The micropro 
essor "miracle chip" is in the process 
changing the world. Soon all technic 
personnel in electronics will have to u 
derstand and work with the micropro 
essor. It is invading virtually every arc 
of electronics. And it is profoundly affec 
ing your electronics career. 

Brand New 
Program 
CREI has a brand new program to he 
you learn how to work effectively wit- 
this revolutionary electronics develol 
ment. CREI's new program in Minicon 
puter and Microprocessor Technology 
designed to prepare you for this field b 
giving you the education and practic 
experience you need. 

The program provides solid prepay 
tion in electronics engineering techno 
ogy with a specialization in minicompu 
ers and microprocessors. In additior 
it includes a microprocessor laborator 
which features a fully programmabl 
microcomputer which utilizes the Mc 
torola 6802 microprocessor chip. Thi 
is an extremely important element c 
your program. 

Programming 
Essential 
As you may well know, you must lean 
how to program the microprocessor ii 
order to design, service or troubleshoo 
microprocessor electronic systems 
There is only one effective way to lean 
this all- important skill of programming 
and that is by actually doing it. CREF 
new program gives you this opportunit 
as you work with the exciting micro 
processor laboratory. 

Programming 
Is Easy 
With CREI's new program. learning the 
skill of programming is simple. Within 
few hours you'll be programming the 
microprocessor and in a short time you'I 
learn how to program it in three Ian. 
guages: BASIC, assembly and machine 
languages. In addition. you will learr 
how to interface the microprocessor 
with other systems and to test and debu 
specialized programs. 
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'reparation at Home 

Wide Choice 
if Programs 
-Please note, however, that CREI's new 
.program is only one of 16 state- of -the- 
art programs in advanced electronic 
technology offered by CREI. So even if 
you choose not to specialize in micro- 
-processor technology, CREI has an ad- 
vanced electronics program to meet your 
needs. 

With CREI, you may choose from any 
of the following areas of specialization in 
advanced electronics: 

Microprocessor Technology 
Computer Engineering 
Communications Engineering 
Digital Communications 
Electronic Systems 
Automatic Controls 
Industrial Electronics 
Television Engineering 
Microwave Engineering 
Cable Television 
Radar and Sonar 
Nuclear Instrumentation 
Satellite Communications 
Aeronautical and Navigational 
Solid State Theory 
Nuclear Engineering 

Unique Lab 
Program 
An exclusive option available with CREI 
programs in electronic engineering tech- 
nology is CREI's unique Electronic De- 
sign Laboratory program. It gives you 
actual experience in designing practical 
electronic circuits. It also helps you 
to understand the theories of advanced 
electronics and gives you extensive ex- 
perience in such areas as tests and mea- 
surements, breadboarding, prototype 
construction, circuit operation and be- 

havior. characteristics of electronics 
components and how to apply integrated 
circuits. Only CREI offers this unique 
Lab Program. 

Practical 
Engineering 
CREI programs give you a practical en- 
gineering 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 proc- 
ess. And by demonstrating your in- 
creased knowledge to your employer, 
you may qualify for faster career ad- 
vancement. 
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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. This fully 
illustrated, 56 page book describes in 
detail the programs, equipment and serv- 
ices of CREI. 

Qualifications 
You may he eligible to take a CREI 
college -level program in electronics if 
you are a high school graduate (or the 
true equivalent) and have previous train- 
ing or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

Send for this FREE Book 
describing your opportunities 
and CREI college-level 
programs in electronics 

corj Study Programs in 

ØJECtRONtC 
ING TECHNOLOGY 

NGn1EER 
CREI Introduces 

Program Mat 
... - MINICOMPUTER & 

MICROPROCESSOR 
TECHNOLOGY 

INCLUDING MICROPROCESSOR 
LABORATORY 

CAPITO'.. 
RADIO 

ENGINEEIMING 
INSTfUTE 

McGraw-MA 
ContnulAp 

Eaucot 
w ..t+a+11t 

2.00+11 

Mail card or write describing qualifications to 

OR 1 

CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

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

Accredited Member National Home Study Council 

GI Bill 
CREI program 
are approved 
for trainitn,, of 
veterans and 
servicemen tinder 
the G.I. Bill. 
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SAVE $25.00 
Model 8100 
Frequency Counter Kit 

Range: 20Hz to 100MHz 
High Sensitivity 
Resolution to 0.1 Hz 

Now you can forget about price /performance trade -offs when 
you select a frequency counter. In Sabtronics' Model 8100 kit you get all the characteristics of superior performance at a low, 
affordable price. 
This frequency counter, employing LSI technology, has the 
performance and input characteristics you demand: guaranteed 
frequency range of 20Hz to 100MHz (10 Hz to 120MHz typical); 
selectable hi /lo impedance; superior sensitivity; selectable 
resolution and selectable attenuation. Plus an accurate time 
base with excellent stability. 
An 8 -digit LED display features gate activity indicator, leading 
zero suppression and overflow indicator. You would expect to find all these features only on high -priced instruments - or from 
Sabtronics' advanced digital technology. 

BRIEF SPECIFICATONS: 
Frequency Range: 20Hz to 100MHz guaranteed. (10Hz to 

120MHz typical) Sensitivity: 15mV RMS, 20Hz to 50MHz (10mV 
typical); 25mV RMS, 50MHz to 100MHz (20mV typical) 

Selectable Impedance: 1 MS2 /25pF or 5052 Attenuation: X1, 
X10 or X100 Accuracy: ± 1Hz plus time base accuracy Aging 
Rate: ± 5ppm/yr. Temperature Stability: ± lOppm, 0 °C to 40 °C 

Resolution: 0.1 Hz, 1Hz, 10Hz selectable Display: 8 -digit LED, 
overflow indicator, gate activity indicator Overload Protection 

Power Requirement: 9 -15 VDC @ 330mA 

r-- fUNCiION 

RA"' ILmmV 10V 1KV 

10,.A tma IOpnV 
POWER OC VOIT OVi ...., - W.V IOR4 ICU.! .18 

11111 1111 

The amazing Sabtronics 2000 is the choice of both professionals 
and hobbyists. It's the only portable /bench DMM that offers so 
much performance for such an astonishing low price. 
You get basic DCV accuracy of 0.1% ±1 digit; 5 functions giving 
28 ranges; readings to ± 1999 with 100% overrange; overrange 
indication; input overload protection; automatic polarity; and 
automatic zeroing. 
The all- solid -state Model 2000 incorporates a single LSI circuit 
and high -quality components. Our clear, step -by -step manual 
simplifies assembly. Complete kit includes a rugged high- impact 
case ideal for both test -bench and field use. 

Special Offer! Save $25.00'` 
If you order both the frequency counter and 
DMM kits now, you pay only $144.90 
including shipping and handling. You save 
$25.00 off the combined regular low price of 
$169.90. Order both kits now. This special 
offer good for a limited time only. 

*Special offer good in USA only. 

Making performance affordable. 

sabtronics 
13426 Floyd Circle Dallas, Texas 75243 Telephone 214/763 -0994 
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Model 2000, 31/2 Digit 
DMM Kit 

5 Functions, 28 Ranges 
Basic DCV Accuracy: 
0.1% 1 Digit 

BRIEF SPECIFICATIONS: 
DC volts in 5 ranges: 100 µV to 1 kV AC volts in 5 ranges: 100 

µV to 1 kV DC current in 6 ranges: 100 nA to 2A AC current in 
6 ranges: 100 nA to 2A Resistance: 0.10 to 20MS2 in 6 ranges 

AC frequency response: 40 Hz to 50kHz Display: 0.36" 
(9.1 mm) 7- segment LED Input Impedance: 10MS2 Size: 8 "W x 
6.5 "D x 3 "H (203 x 165 x 76 mm) Power requirement: 
4.5 -6.5 VDC.4 "C" cells (not included). 

Special Offer Expires Feb. 15, 1979 

Sabtronics International Inc. 13426 Floyd Circle Dallas Tx 75243 PE -2 
Yes, I want to take advantage of your special $25.00 -off offer. 

"1 

Please send 
and handling 

Model 8100 and Model 2000 kit(s) for only $144.90 total including shipping 

Please send Model 8100 Frequency Counter kit(s) @$89.95ea. 
Shipping and handling $ 5.00/unit' $ 

Please send Model 2000 DMM kit(s) @ $69.95 ea .$ _ 

Shipping and handling $ 5.00/unit° $ 

Texas residents add sales tax $ 
Total enclosed $ - Check 

Name 

Address 

O Money Order Charge my Master Charge 
Acc. No 

City- 
.. . 

State 
*USA only. CANADA: $6.50. FOREIGN: $19.00 AIRMAIL. 

Visa_ _ _ 
Exp. Dt 

Zip 
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BY ROBERT P. BISEY 

44171VIS--:MsdiaMT" 
A 55MPH SPEED -L IMI T ALARM 
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TO STAY within the 55 -mph national 
highway speed limit, one must keep 

one eye on the road and the other on the 

speedometer. This can be a dangerous 
situation at highway speeds when your 
whole attention should be fixed on the 

road. It would be far safer, therefore, if 

you could keep a constant eye on the 

road and have some audible means for 

alerting you when you have exceeded 

the speed limit. This is exactly what the 

"Cruisealert" described here was de- 

signed to do. 
The Cruisealert works on the principal 

that, with a given vehicle, there is a 

close relationship between engine rpm 

and road speed. It constantly monitors 
engine rpm and is preset to sound an 

alarm when engine rpm reaches a value 
that causes your vehicle to travel at 55 

mph (or some selected lower speed). 

When this happens, the Cruisealert 
sounds a beeper to alert you that you 

are at the legal speed limit. At no time do 

you have to take your eyes from the 

road. And the Cruisealert can be used 

with 4 -, 6 -, and 8- cylinder engines. 

FEBRUARY 1979 

Automobile add -on device 

for highway safety 

Circuit Operation. A schematic dia- 

gram of the Cruisealert is shown in Fig. 

1 . Components R1, R2, C1, and D1 both 

filter and clip the raw signal coming from 

the engine's distributor contacts. Resis- 
tor R1 and capacitor Cl form a single - 

stage low -pass filter that has a time con- 

stant of about 1.5 ms, which is long 

enough to provide smoothing for the 

transient, oscillatory-like waveforms 
present at the points. The frequency 
range is between 40 and 170 Hz, which 

approximately corresponds to a four - 

cylinder engine at a road velocity of 

about 30 mph and an eight -cylinder en- 

gine at approximately 70 mph. 

Zener diode D1 clips the input voltage 

swing to approximately +7 and -0.7 
volts, suitable for use by the following 

circuitry. 
Positive -edge retriggerable monosta- 

ble multivibrator IC1A functions as a fre- 

quency discriminator, while IC1B forms 
the annunciator section. The filtered and 

limited signal from the input filter is ap- 

plied to IC1A via input current limiting re- 

sistor R2. This portion of the dual mul- 

tivibrator is arranged to deliver an output 
pulse at pin 6 when triggered by a pos- 
itive spike. The pertinent waveforms for 

IC1A are shown in Fig. 2. 

Resistors R5 and R6, potentiometers 
R12 and R7, and capacitor C3 control 
the on time (Ton) of the multivibrator. 
For the three relationships shown in Fig. 

2, the on time of ICIA remains constant, 
regardless of the input frequency, while 
the off time (Toff) changes with the input 

frequency. As the input frequency in- 

creases and approaches the threshold 
frequency of the multivibrator, Ton re- 

mains constant while Toff diminishes. At 

the critical threshold frequency, Toff di- 

minishes to zero. The resulting output is 

a constant logic 1 as shown in Fig. 2C. 

Diode D3, resistor R13, and capacitor 
C5 form a negative -going integrating 
pulse detector. As long as the cathode 

of D3 (pin 6 of ICI) remains at logic 0, 

C5 remains fully charged. 
For all input frequencies lower than 

the threshold frequency of the multivi- 

brator, a negative -going Toff signal ap- 

pears at pin 6 of IC1A, which forces C5's 
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Fig. 1. Frequency discriminator ICIA triggers ICJB to sound alarm when 
input frequency from distributor points exceeds predetermined limit. 

PARTS LIST 
Al -SNP Sonalert or similar alarm 
CI- 0.1 -11F, 50 -V tantalum 
C2, C4, C5, C6- 4.7 -11F, 50 -V tantalum 
C3- 0.33 -p.F, 50-V tantalum 
Dl, D2 -IN755 (7.5 -V, 400 -mW) zener 
D3, D4 -1N914 switching diode 
ICI- MC14528CP dual monostable multivi- 

brator 
Q I , Q2- MPS3394 or similar transistor 
Following are i -W, 10% resistors unless oth- 

erwise noted: 
R I -15,000 ohms 
R2, R4, R13-100,000 ohms 
R3 -330 ohms 

R5, RI I- 22,000 ohms 
R6- 470,000 ohms 
R7- 100,000 -ohm panel -mount potentiometer 
R8,R9- 68,000 ohms 
RI(> --1 megohm 
R12-100,000-ohm, pc -mount potentiometer 
Misc. -4" x 2r x 217 (10.2 x 5.7 x 5.7 cm) 

box; control knob; dry- transfer lettering kit; 
16 -pin IC socket (optional); hookup wire; 
solder; machine hardware; etc. 

Note -A complete kit of parts is available for 
$29.95 from EALAB Associates, Box 737, 
Smithtown, NY 11787. 

negative terminal to near ground poten- 
tial. When the input frequency exceeds 
the critical threshold frequency, the volt- 
age step Toff disappears and becomes 
a logic 1 (Fig. 2C). At this instant, diode 
D3 then becomes reverse biased, caus- 
ing the negative side of C5 to rise to- 
wards the -V through R13. 

Retriggerable monostable multivibra- 
tor ICIB and transistors 01 and 02 form 
the annunciator section. The main trig- 
gering input at pin 12 responds only to 
voltage transitions, while master reset at 
pin 13 responds to dc levels. In this cir- 
cuit, IC1B is arranged so that to initiate 
astable action, a constant ac trigger sig- 
nal must be present at pin 12. This is 
accomplished by connecting this input to 
the filtered and clipped ac signal source 
generated by the distributor points. 

When the input frequency is below the 
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discriminator's threshold frequency, the 
negative end of C5 is near ground. 
Since this point is connected to pin 13, a 
logic 0 at this input forces IC1B to as- 
sume a reset condition in which the Q 
and not -Q outputs are held at logic 0 and 
logic 1, respectively. At this time, C6 
(connected between the two outputs via 
resistor R9) is fully charged to the volt- 
age difference between the two outputs. 
The logic 0 level at Q also holds 01 in 
the off condition via R9 and R10. The 
collector of Q1 is held at a logic 1 to 
allow the input pulses at pin 12 to trigger 
IC1B. 

When the input frequency rises above 
the discriminator's threshold frequency, 
the voltage at the negative end of C5 as- 
sumes a positive (logic 1) potential. The 
logic 1 at pin 13 causes IC1B to be trig- 
gered by the input pulse train present on 

pin 12. When triggered, the Q and not -Q 
outputs change state with a logic 1 and 
logic 0 appearing at the Q and not -Q 
outputs, respectively. 

The logic 1 at the Q output turns Q2 
on via R11, which activates alarm A1. At 
this time, the voltage at the junction of 
C6 and R9 instantly drops below ground 
and then gradually rises above ground 
due to the charging current through R9 
whose source is the logic 1 at the Q out- 
put. When this voltage eventually rises 
above 0.7 volt above ground (one diode 
drop), 01 switches on and its collector 
drops to ground level. By virtue of logic - 
gate action, a logic 0 at pin 11 inhibits 
the input pulse stream at pin 12 from fur- 
ther triggering the multivibrator. In the 
absence of triggering pulses, the multivi- 
brator eventually times out as deter- 
mined by the C4 /R8 time constant. 

The subsequent change of state at 
the Q and not -Q outputs causes Q2 to 
switch off, silencing the alarm. Since R9 
now "sees" a logic 0 source at the Q 
output, the voltage at the C6 -R9 junction 
eventually drops to ground potential. 
When this junction reaches 0.7 volt, Q1 
turns off and its collector assumes a log- 
ic 1 state via R4. This allows the pulse 
train at pin 12 to once again trigger the 
multivibrator. It is in this manner that the 
astable action of ICIB is sustained only 
when the master reset at pin 13 is main- 
tained at logic 1. The waveforms as- 
sociated with IC1B are shown in Fig. 3. 

Hysteresis Dead -Band Circuit. 
The frequency of the mechanical cam - 
rotor points breaker system used in the 
majority of engines is inherently unsta- 
ble. Even if the engine's rpm were to be 
held absolutely constant, careful exami- 
nation of the instantaneous frequency of 
the points would reveal some frequency 
modulation. This is due to a variety of 
factors such as a bent distributor shaft, 
variations in machining tolerances of the 
cam lobes, and, most of all, badly 
burned points. 

Since the Cruisealert functions solely 
as a frequency discriminator, frequency 
modulation of the breaker points can 
lead to random and erratic triggering. To 
make the circuit immune to small incre- 
mental frequency variations, diode D4 
was added. It's function is to increase 
and hold the dc voltage at the negative 
end of C5 when IC1B is operating (Q 
output is at logic -1). The result of this ad- 
dition is illustrated in Fig. 4, which de- 
picts the relationship between the point 
frequency and the alarm state. Exami- 
nation of this chart shows that the 
alarm's turn -on frequency is slightly 
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Fig. 2. Waveforms 
for IC1A show how 
off time of output 
(pin 6) varies as 

frequency of input 
at pin 4 increases. 
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JUNCTION 

1 
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0 

Fig. 3. Timing 
diagram for ICJB 
shows waveforms 
which can be 

expected at various 
points in circuit. 

ALARM 
STATE 

ON 

OFF 

TURN -OFF 
POINT r 

HYSTERESIS 
`DEAD BAND 

TURN -ON 
POINT 

POINTS FREQUENCY 

Fig. 4. Hysteresis 
of input frequency 
versus alarm state. 
Difference is 

less than 2 mph. 

Photo at right shows the author's prototype 
with. speed control potentiometer R7 

at left and loudspeaker at right. 
The hole in center is to gain access to R12 

in making final adjustments with passenger's aid. 

FEBRUARY 1979 

greater than its turn -off frequency. The 

difference between these two frequen- 

cies defines the hysteresis deadband, 

which in terms of vehicle road velocity is 

less than 2 mph. 

Construction. The circuit can be built 

on a printed circuit board, the etching - 

and- drilling and components -placement 
guides for which are shown in Fig. 5. 

Note that SPEED control potentiometer 

R7 and the alarm are both mounted on 

the box in which the circuit is housed. 

After R7 is mounted, attach a pointer 
knob to its shaft and provide some kind 

of marking surface below the knob. 

Starting at the fully counterclockwise po- 

sition, mark off 10 equally spaced points 

to the clockwise limit stop. 
Drill a small hole in the Cruisealert's 

front panel so that trimmer adjust poten- 

tiometer R12 can be reached with a 

screwdriver after the pc board is in 

place. Connect the alarm and R7 to the 

pc board as shown in Fig. 5. Then con- 

nect three long insulated leads to the ve- 

hicle's electrical system to provide input. 

Select a suitable mounting position in 

the vehicle. Route the INPUT lead 

through the firewall and connect it to the 

screw connector of the ignition coil that 

goes to the distributor points. Connect 

the GROUND lead to a convenient metal 

screw or bolt and the 12 -volt lead to a 

switched --12 -volt source, such as the 

lead that feeds the radio. Insulate all 

connections. 
(Continued on page 60) 
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Fig. 5. Actual size etching and drilling guide (above) 
and components placement (below) for printed circuit hoard. 
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Adjustment. The Cruisealert is de- 
signed to provide an overspeed alarm 
indication for selected road speeds be- 
tween 30 and 70 mph for a four -, six -, or 
eight -cylinder engine. In the interests of 
safety, it is recommended that the fol- 
lowing adjustments be made by a pass- 
enger and not the driver. 

Using a small screwdriver, rotate R12 
(RANGE) fully clockwise via the access 
hole in the front panel and leave the 
screwdriver engaged in the trimmer slot. 
Set the front -panel SPEED control (R7) 
knob to the fifth mark on its scale. 

Drive the car until the speedometer in- 
dicates 55 mph and try to maintain this 
speed. Very slowly adjust R12 until the 
Cruisealert just starts to beep. Then re- 
move the screwdriver. This completes 
the range setting, and the SPEED control 
is set to 55 mph. Note that the SPEED 
control's scale indications are only rela- 
tive and do not correspond to vehicle 
speed. 

To preset the Cruisealert to operate at 
another road speed, rotate the SPEED 
control fully clockwise, drive the car at 
the desired speed, and while maintain- 
ing this speed, slowly adjust the SPEED 
knob until the alarm sounds. O 

Addon MiniDisc for theTRS80' 
_ 

i 1 ir 
I! 

CO 

=Z.37i 

=_ll»- 1_ 
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i 

Dual and triple drives 
also available. 

only from 

$399fLiì 

Requires 16K RAM, 
Level II BASIC and 
Expansion Interface, 

PERCOM 
PERCOM DATA COMPANY, INC. 

Dept. PE 318 BARNES GARLAND, TEXAS 75042 
Phone: (214) 272 -3421 

To Order Call 1-800- 527 -1592 
RADIO SHACK and MS-80 are trademarks of Tandy Corporali. wmen na- n Io PERCOM DATA COMPANY INC 

CIRCLE NO. 44 ON FREE INFORMATION CARD 
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PROFESSIONAL AIDS 

SHELF FILES 
KEEP MAGAZINES, 

CATALOGS, MANUALS, 
JOURNALS, DIRECTORIES 

AND REPORTS NEAT, 

ORGANIZED 

DESK TOP INSTANT DATA SYSTEM 

FIND THOUSANDS 

OF FACTS AT 

COMPUTER SPEED 

Eliminate the clutter 
of loose magazines, 
catalogs, etc. Find 
what you want, 
when you want it 
by utilizing these 
handy shelf or 
desk top files. ITOOt 

Available in 6 sizes 
from Reader's Digest 
to newspaper size. 
Constructed of mASTERCHARGE 
heavy duty & viSA ACCEPTED 

fibreboard. ADVISE CARD NO 
6 EXPIRATION DA, 

ON 'MINIS 

Attractive blue 
front panel. Adehesive 
identification labels 
included. 
Popular letter size: Ili/20)(334 
10 for $15.89 
25 for $28.97 Other sizes available 

Request Catalog 

PROFESSIONAL AIDS CO. 
1 S. WACKERDR. 
Suite P -1 
CHICAGO, ILL. 60606 

NO 
FILING OR 
REFILING I COMPACT. 
EVER! EASY -TO -00 

The modern rapid way to locate count- 
less facts at your desk without thumb- 
ing thru files. Specially coded cards 
are used to record any information you 
want close at hand - technical data, 
formulas, abstracts, case hist., bibli- 
ographies. Obtain just what you need 
in seconds -any group separates auto- 
matically simply by inserting a rod. No 
slow inefficient cross filing ... no me- 
chanical parts ... no special training 
. .. minimum set up time. 

30 DAY MONEY BACK GUARANTEE 

Basic 
package 
(200 cards, 
hand notcher, 
sorting rods, 
instructions). 
Additional cards: 
1000 for $60.00 
postpaid. Sample Card Available 
Information Retrieval System, Div. of 
PROFESSIONAL AIDS CO. 
1 S. WACKER DR. 
Suite P -2 
CHICAGO, ILL. 60606 

ONLY 

$3990 POSTPAID 

FREE 
LITERATURE 

ON REQUEST 

CIRCLE NO. 47 ON FREE INFORMATION CARD 
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Now - fix today's color TV sets fast! 

COLOR TV SERVICING 
By Walter H. Buchsbaum Third Edition 

Save $12.66! Publisher's price $14.95. 

YOURS FOR JUST $2.29. 

Buchsbaum! TV servicing! What a combi- 
nation! 

It's the brand -new, up -to -the- minute edi- 
tion of Walter H. Buchsbaum's authoritative 
COLOR TV SERVICING - bringing you a 
mint of information on the latest color TV 
technology - the newest integrated circuits - the latest solid -state circuits - and the 
newest color TV picture tubes - all illus- 
trated with over 140 diagrams and photo- 
graphs that make troubleshooting proce- 
dures easier for you to use. 

This book is presently selling for $14.95. But, now, 
you can have it for just $2.29! Its our way of introducing 
you to the Electronics Book Service, the no- obligation, 
risk -free book club which is presently keeping over 
50,000 technicians, troubleshooters and hobbyists in- 

formed of the best, the most useful new books in the 
field of electronics. 

COLOR TV SERVICING is typical of the practical selec- 

tions we offer our members. It gives you solid, expert 
help on all kinds of color TV repair problems. It shows 

you how to save time - money - and work. 
This is why we've chosen it to introduce you to the 

Electronics Book Service. Join now, as a trial member, 

and you receive your copy of COLOR TV SERVICING, 3rd 
Edition, for just $2.29. This is your only purchase com- 

mitment of membership. 
The Electronics Book Service has NO additional 

purchase requirements. Once you have paid $2.29 for 
your copy of COLOR TV SERVICING, you are under no 

obligation to buy any other club selection. This is why 
the Electronics Book Service is unique. 

Since the first edition of COLOR TV SERVICING was 

published, over 50,000 copies have been sold. Over 

50,000 smart TV repairmen and hobbyists have been 

using it as their Bible. Over 50,000 TV servicemen have 

boosted their incomes with its help. 
Since 1968, when the second edition was published, a 

lot has happened in electronics. Integrated circuits. 
Transistor configuration. New color picture tubes. 
Greatly improved control circuitry. And the servicing 
techniques you used in 1968 just aren't sufficient today. 

This is why Walter Buchsbaum - who is in constant 
touch with the latest developments in electronics - has 

written a new edition of COLOR TV SERVICING. To show 
you how to troubleshoot and service today's color TV 

receivers. 
The new Third Edition of COLOR TV SERVICING gives 

you over 140 illustrations (many in full color) and over 
270 pages of sure -fire, money- saving troubleshooting 
tips. 

Crystal- clear, step -by -step procedures and diag- 
rams show you exactly what to do when troub- 
leshooting. 
Scores of color plates show you every possible 
color defect you could ever run into. 
Tested and proven money- making pointers and 

time -saving short-cuts help you install and service 
any color set - NEW or OLD - quickly and easily. 

This easy -to -use bench manual wastes no words on 

abstract theory. It gets right down to the USEFUL 
TROUBLESHOOTING INFORMATION YOU NEED. It 

shows you how to spot defects quickly. Then how to 

repair them in a flash. 
In everyday language - with the help of diagrams, 

tables, charts and circuitry - it wraps up the whole 
subject of present -day color TV servicing. 

Everything you need to know to 
make big money servicing color TV sets. 

COLOR SERVICING points out he important differences 
between color and monochrome TV. It shows you the functions 
and detailed circuitry of all types of chroma bandpass amplifiers. 

demodulators and matrixing circuits. It shows you how each 

works - how it delivers signals - and how to test and repair 

each one. 
You see how color synchronizing works - how the color burst 

signal is converted - how each type of circuit works and how it is 

adjusted - EVERY SIGNIFICANT FACT you need to service 
present -day color TV efficiently. 

Adjustments. You see where and why color sets are most apt to 

give trouble - and what to check and adjust in color signals, in 

tuning, and in synchronization. And you have COMPLETE instruc- 
tions for aligning all sections of the color set. 

Repair and troubleshooting. You see how to identify and repair 
literally every defect that can possibly crop up in a color TV set - 
monochrome defects, no color" defects, "wrong color" defects, 
intermittent defects and those "impossible to find" defects. 

What's more, you see what to do about color synchronizing 
errors, interference and misalignment of the receiver. You see 

what to do when the set has been tampered with - wrongly 

adjusted - or overlooked by the manufacturer's test department. 
Installation. You see how to check for color fidelity - select 

the right antenna - locate the set properly in the home - check 

antenna installations - make quick tests for good reception con- 

ditions - and tell if the trouble is in the set or the antenna system. 
You even see how to win your customer's complete satisfaction by 

giving him tips on how to take good care of his set. 

The color picture section of COLOR TV SERVICING alone - ten 

full pages - is worth the price of the book. It shows you every 

possible receiver defect AND the corrections that will produce a 

perfect true -color image. 
COLOR TV SERVICING, 3rd Edition, is the expert's complete 

guide to fast, accurate television repair. It brings you everything 

you need to know to become an efficient. well -paid expert on color 
TV servicing today! And, for this reason, it's a perfect way to 

introduce you to the Electronics Book Service. 
Whatever your interest in electronics. membership in the Elec- 

tronics Book Service can help to advance your career, add to your 

income, or enhance the enjoyment of your hobby. 
The Electronics Book Service does the job for you which you 

have no time to do for yourself. We carefully screen the hundreds 
of books on the subject, selecting only those which are the most 

useful and valuable, or which bring you the latest information on 

technical innovations and improvements of prime importance. 
Even if you never buy another book you'll still be informed every 

four weeks of books that can be yours at generous savings - 
books written by some of the most knowledgeable men in the 

field, and on all phases of electronics. 
Your membership is an ideal way to keep in touch with the 

onrushing advances in electronics and its applications. In an in- 

dustry where novelty today is old hat tomorrow, there is no better 

way to keep on top of the changing technology. 
As a member. you can exercise a discriminating choice in build- 

ing a professional library of superb quality and permanent value - 
one which will meet your every interest and requirement, always 
available for you to consult for enlightened, expert help. And you 

can acquire this library as quickly or as slowly as you choose. 

Begin your membership today. 
Mail this coupon now. 

All you need do to begin your trial membership in the 

Electronics Book Service is fill out and mail the coupon 
below. As soon as we receive it, we will mail your copy 

of COLOR TV SERVICING, Third Edition, at once. 

Remember, the Electronics Book Service has no ad- 

ditional purchase requirements as some book clubs do. 

Once you've paid $2.29 - plus postage and handling - 
for COLOR TV SERVICING, you don't need to purchase 
any further selections! 

Why delay? Mail the coupon below to get your copy of 

this $14.95 bench manual for only $2.29 - and to 

receive all the benefits of membership in the Electronics 
Book Service. Fill out and mail your coupon right away. 

Now. 

Third°'tKl° 
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NG 
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814, uca" 

, 
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Here is the practical 
and efficient way in 
which the Electronics 
Book Service operates. 

1. When you enroll as a member, you re- 

ceive - for only $2.29 (plus postage and 
handling, with tax where applicable) - your 
copy of COLOR TV SERVICING. This is the 

only purchase your are committed to make. 
2. Thereafter you are under no obligation 

to accept any minimum number of selections 
within any time limit. You can take as many 
or as few as you wish. And, you may resign 
at any time with no obligation once you have 

paid for your copy of COLOR TV SERVIC- 
ING. 

3. On selections you do accept, your 
membership entitles you to a discount from 
the publisher's list price. This discount is 

available to members only and provides you 

with substantial savings. 
4. Every four weeks we'll send you a free 

bulletin describing the current selection. If 

you want the selection, no action is required; 
it will be shipped to you automatically. If you 

don't want it, just return the card enclosed 
with the bulletin. 

5. You have at least 10 days to decide 
whether you want the selection or not. Re- 

turn the card so we receive it no later than 
the date specified. If you don't have 10 days 
to answer and receive an unwanted selec- 
tion, return it at our expense. 

6. Each bulletin also describes a number 
of alternate or additional selections, also 
available to you at the special discount price 
for members. 

ELECTRONICS BOOK SERVICE 
Membership Enrollment Center 
P.O. Box 42, West Nyack, N.Y. 10994 

Please enroll me in the Electronics Book Service on a risk -free trial basis. As my first 

selection under this trial membership, send me COLOR TV SERVICING, Third Edition, for 

only $2.29 plus postage and handling, with tax where applicable. I am to receive an- 

nouncements free of charge and will be entitled to full privileges as a member - without 

obligation to buy any additional club selections. 

Name 

Address 

City State Zip 

59 -6 15239 -7 6651 -131(0) 

Offer limited to new members (U.S. and Canada) only. 
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YOU ASKED FOR IT 
YOU GOT IT 

DSI 
QUIK -KITS 

50 N2 TO SSO MHZ COUNTER KIT 
95% ASSEMtsì_tii 1(Ì(1Uin TFCTFf 
Performance You Can Count On 

FREQUENCY COUNTER APPLICATION: 
Ham Radio - Two Way Radio - CB 
Audio Amplifier & Receiver Repair 
Computer Maintenance & Construction 
A Must for TV & PLL Repair 

$99.95 
MODEL 3550K 

includes built -in 
Pre -Amp & Prescaler 

DSI OFFERS THE BEST OF TWO WORLDS .. . 

An unprecedented DSI VALUE ... in a high quality, LSI Design, 
50 HZ to 550 MHZ frequency counter kit. And, because it's a 
DSI innovation, you know it obsoletes all competitive makes, 
both in price & performance. 
With 95% of the assembly completed by DSI, you are only one 
hour away from solving all of those difficult bench problems, 
from adjusting 60 HZ clock -time bases to setting the frequency 
of a 468 MHZ Mobile Radio. 

Every 3550 QUIK -KIT® PC board is factory assembled 
and tested before shipment. The problems of bad LED's, 
IC's, and Capacitors are a thing of the past. No manu- 
facturer except DSI offers a 550MHZ frequency counter with... 
8 digits, .5 in. LED's, TCXO, 1HZ resolution and a one year 
warranty on parts for under $100.00. We do-not know 
how long we can hold this low, low price. GO WITH THE 
LEADER ... BUY A DSI FREQUENCY COUNTER KIT TODAY. 
SAVE TIME & MONEY AND BE ASSURED IT WILL WORK 
THE FIRST TIME. 

DSI INSTRUMENTS, INC. 
7924 Ronson Road, Dept. G, San Diego, CA 92111 

DSI - GUARANTEED SPECIFICATIONS 
Time Base TCXO 1 PPM 65° to 85° F 
Freq. Range 50HZ to 550MHZ incl. two S0239 inputs 
Resolution 1HZ to 55MHZ, 10HZ to 550MHZ 
Gate Time 1 sec & 1/10 sec with Auto Decimal Point 
Display 8 digits, '/ inch LED with Leading Zero Blanking 
Sensitivity 25MV @ 25MHZ, 150MHZ, 250MHZ; 

75MV @ 450MHZ 
Power Batt., 12VDC @ 300Ma, 110VAC (with AC -9) 

3550K Kit $99.95 
T -101 Ant. 3.95 
AC -9 AC Adp. -7.95 
Shipping, Handling, Ins. ... 10.00 

3550W Wired 149.95 
T -101 (incl.) NC 
AC -9 (incl.) NC 
Shipping (incl.) NC 

i1M ICAN 
E 

VISA 

CALL TODAY TOLL FREE: (800 -854 -2049) Cal. Res. 
CALL (800 -542 -6253) TO ORDER OR RECEIVE 
MORE N ON -DS1'S FULL PRODUCT 
LINE OF FREQUENCY COUNTERS. RANGING FROM 
10HZ TO 1.3GHZ 

TERMS: MC - VISA - AE - Check - M.O. - COD in U.S. Funds. Orders outside of 
USA & Canada, please add $20.00 additional to cover air shipment. California 
residents add 6% Sales Tax. 
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BUILD A 

LPL' LtirlL' LLLI'LLL 
LLLLtiL LLL.LLti'L 

BY JOHN T. BAILEY 

THE introduction of two new 31/2-digit 

A /D converter ICs by Intersil now 

makes it possible for you to build a low - 

cost state -of- the -art digital multimeter 

with a variety of options. Here are details 

on building an instrument with a choice 

of LED or LCD display. Included are in- 

structions for several options, such as 

an ac precision rectifier, an ohms con- 

verter, ac and dc current modifications, 
and a temperature probe. With such a 

choice available, you can mix and match 

according to your needs and desires. By 

changing some component values, you 

can even modify the basic ranges. 

The basic DMM described in this arti- 

cle can measure ac and dc voltages in 

five ranges from 200 mV full -scale to 

2000 volts full -scale; ac and dc currents 
from 200 µA to 2 amperes; resistance 

from 2000 ohms to 20 megohms; and 

temperature from 0° C to 100° C(32° F to 

212" F). Simple modifications can ex- 

tend the basic ranges to 200 ohms, 20 

µA, and 20 amperes, all full -scale. 

There are two versions of the new In- 

tersil A/D converter. The ICL7107 is de- 

signed to directly drive 31/2 digits of con- 

ventional seven -segment light- emitting 

diode display, while the ICL7106 can di- 

rectly drive 3!/i digits of seven -segment 
liquid -crystal display. Both chips contain 

a precision dual -slope converter, BCD - 

to- seven -segment decoding, display 

drivers, clock, and reference. Only 10 

passive components are required to turn 

either chip into a 200 -mV or a 2 -volt full- 

FEBRUARY 1979 

A 3'/2 digit meter 
with either 

LED or LCD displays, 
plus a variety 

of options 
including a 

temperature probe 

D !4 

DCnA AC mA 
DC V 0 

TEMP 

PROSE 
Zao« 

fNPV 

DMM 

scale dc meter. The basic meter also 

features automatic zeroing and polarity 

indication. 

About the Circuit. The basic circuit 

for the LCD version is shown in Fig. 1, 

while the circuit for the LED version is 

shown in Fig. 2. Both circuits feature the 

same 31/2-digit display capability. Since 

both chips have a noise level of about 15 

kV, the associated display should be 

quite stable. With the inputs shorted, the 

display should indicate 000, with no roll- 

over of the last digit. 
With the component values shown, 

both circuits have full -scale displays of 

200.0. To change this to 2.000, change 

C2 to 0.047 -µF, R2 to 470,000 ohms, 

and R4 to 25,000 ohms. 
The decimal points in the LED display 

(Fig. 2) are driven by switching a 150 - 

ohm resistor from ground to the decimal 

point in the desired decade. 
LCD displays, such as that shown in 

Fig. 1, are driven by a symmetrical 

square wave applied to the backplane. 
Each digit segment is then turned on by 

applying an identical waveform (but re- 

verse- phase) to it. For this reason, the 

decimal points of the LCD display are 

driven by inverting the backplane signal 

using NOR gate IC4. (LCD displays can 

be permanently damaged by prolonged 

application of a dc voltage. Any dc po- 

tential greater than 50 mV applied to the 

LCD for more than two minutes will per- 

manently damage the display.) 
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BACK PLANE 

DIS 5 
LCD 

DISPL AY 

_ 1=1 I-I I_-I 
I_1 1_I 1-1 

Ai BI CI DI EI FI GI A2 B2 C2 D2 E2 F2 G2 A3 83 C3 D3 E3 F3 G3 Y K 

i l 41 31 21 81 61 71 1 2 1 1 1 1 101 91 141 131 251 2 31 161 241 151 181 171 221 201 191 

ICI 
7106 v+ 

26 27 

C3 
226F 

81 
9V 

I1I+ 

281 29 30 

R2 
47K 

(72 
4 7yF 

31 32 35 

CS 
.01yF 

R5 
M 

36 

RI 
24K 

33 34 38 391 40 

R3 
100 

-) le Cea 
16F IOOPF 

37 

LO H1 

NPUT 

Fig. 1. As single 3fí- digit. A/D converter 7106 can directly 
drive an LCD display, using a NOR gate for decimal selection. 

PARTS LIST 
BASIC METER 

B1---9- volt battery (not in kit) 
CI-4). I -µF Mylar or polypropylene 
C2 - ).47 -50 -µF Mylar or polypropylene 
C3- O.22 -µF polypropylene 
C4- 1151 -111- 200 -pF disc 
C5- 0.01 -µF disc 
DIS I ihru DIS3 -- Common -anode 7- segment 

light- emitting diode display* 
DIS4('ommon- anode +- 

I light -emitting di- 
ode display* 

DISS- 31/4-digit liquid- crystal display (Ham- 
lin No. 3902 or similar)** 

LED 

26 

DIS 4 1015 3 

ICI -7107* or 7106* * A/D converter (Inter - 
sil) 

IC4- --3077 NOR gate ** 
R I -24,(XX) -ohm, 1/4 -watt, 5% resistor 
R2- 37.(50-ohm, 1/4 -watt, 5%k resistor 
R3-100,000-ohm. 1/4 -watt, 5% resistor 
R4 -14500-ohm, 1(1 -turn potentiometer 
R5- 1- megohm, 1/4 -wait. resistor 
R I I -I50-ohm, tie -watt, 10% resistor 
Misc.-Battery holder (not in kit); printed -cir- 

cuit hoard; 40 -pin and 14 -pin ** IC socket: 
14 -pin sockets for LED displays (4). 

*These items required for LED version only. 
**These items required for LCD version only. 

_1 -DP 

dc Do 4 e 3 < 9 o r o¡ á< e a r 4¡ 
20 19 151241 161231 

DIS 2 

l=f *I_I 

IOIS1 

1=1 
*1_l -OP 

Rio 
15011 

a9 
171 221 61 91 101 111 121 131 251 141 21 31 41 51 61 71 61 

ICI 
7107 

DP 

2 27 28 29 30 

47 
2 

K 

2 
226F 47YF 

OPTIONAL 

31 321 35 
+ 

1 

CS 
Olyr 

R4 

24K 

341 38 39 4C 

R3 
OOK 

C4 
*09F 

37 

TEST 

NPUT +Sv 

Fig. 2. The LED circuit, using a 7107 is similar to that 
in Fig. 1. Decimal point is selected through R11 to ground. 
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Construction. The actual -size etch- 
ing- and -drilling and component- place- 
ment guides for the LCD version of the 
meter are shown in Fig. 3. Similar 
guides for the LED version are shown in 
Fig. 4. Note that the board for the LED 
(7107) version is arranged so that the 
display section can be cut from the main 
board to permit it to be mounted at a 
right angle to the latter. 

In the LCD (7106) version, the display 
comes with an edge connector. Mount 
and solder this connector to the board at 
the appropriate location. 

The components used in the circuit 
are not critical in determining the ac- 
curacy of the meter. However, it is im- 
portant that integrating capacitor C3 
have a low dielectric loss. Use either a 
polypropylene or a polystyrene capaci- 
tor. Mylar capacitors are satisfactory for 
reference capacitor Cl and auto -zero 
capacitor C2. 

Temperature Probe. The addition of 
a few components can add a tempera- 
ture- measuring feature to your basic in- 
strument. The circuit shown in Fig. 5 il- 
lustrates how this feature can be added. 
Note that a four -pole double -throw 
switch (SI) is used to transfer from regu- 
lar DMM functions and the temperature 
function. 

The temperature probe operates on 
the principle that a diode forward- biased 
at a constant but low forward current 
changes forward voltage linearly over a 
relatively wide range (- 40` C to + 150° 
C) at about 2 mV /"C. In Fig. 5, the emit- 
ter of a metal -cased npn transistor is 
used as one diode lead, while the base/ 
collector combination is used as the oth- 
er lead. The transistor's metal case 
makes a convenient probe tip. (A zener 
diode rated at less than 20 volts would 
work as well.) 

The probe itself is fabricated from an 
ordinary ballpoint pen with screw -on top, 
a transistor sensor, shielded two -con- 
ductor cable, and a subminiature phone 
jack and plug. Open the pen and remove 
the ink cartridge, spring, and retractor 
mechanism. Then trim away the pen's 
top until its diameter is the same as that 
of the rim on the transistor's metal case. 
Slide the cable through the top and bot- 
tom of the pen and assemble the pen. 
Separate the cable's conductors for a 
distance of 2" (50.8 mm) at the point end 
of the cable and trim away 1/4" (6.4 mm) 
of insulation from each. Twist together 
the fine wires in each conductor and 
lightly tin with solder. Slide over each 
conductor a 1"(25.4 -mm) length of heat - 
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Fig. 3. Actual size etching and drilling 
guide for the pc board for the LCD display meter is 
shown at right, component placement'above. 

o 

0(9i):E 

k;ik'(c.% 

o 

FEBRUARY 1979 

0-0 

N 

.7 

: 
-R n- \ / PND ` PJI .. 

_k1_ 

o 

Fig. 4. Actual size etching and drilling guide for pc board 
for LED meter is at left, component placement above. The 

display can be separated from ma n electronics if desired. 
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-HI 11+ 

7106/7107 

sl 

35 

DMM 

36 

100° ADJ 
R9 

IOOK 

R7 
220K 

IK 

24K 

IM 

LO HII 
INPUT 

PI 
JI PJ2 

A PJI 

TEMP 

0° ADJ 
RIO 
100 K 

R6 
1M 

R8 
22K 

Fig. 5. By adding a 
switch, some passive 
components, and a 
transistor, the 
meter can be used 
as a thermometer. 

PARTS LIST 
THERMOMETER 
J I- suhniiniature stereo phone jack 
PI- subminiature stereo phone plug 
Q3-2N2222 or similar transistor 
R6- I -megohm, '/a -watt, 5% resistor 
R7 -220,000-ohn1, % -watt, 5% resistor 

R8- 22,000 -ohm, 1/4-watt, 5% resistor 
R9,R 10- 1(X),()00- ohnlpotentiometer 
S I -Four -pole, double -throw nonshorting 

switch 
Misc.- Shielded cable, hall -point pen, heat 

shrinkable tubing, solder, (not in kit). 

shrinkable tubing. Then twist together 
the base and collector leads of the tem- 
perature- sensor transistor, trim the lead 
pair to 'h" (12.7 mm) and solder to one 
of the cable's conductors. Connect the 
solder and transistor's emitter lead to 
the other cable conductor. Then slide 
the heat -shrinkable tubing down over 
the respective connections and shrink 
into place. 

Connect and solder a subminiature 
phone plug to the conductors at the free 
end of the cable. Epoxy the bottom of 
the heat -sensing transistor's case to the 
tip of the pen body and the cable to the 
top of the pen where it exits the body of 
the pen. 

DMM Circuit. The circuit shown in Fig. 
6 can be used to convert the basic dc 
meter into a digital multimeter. Note 
here that two new circuits have been 
added. One is a constant -current source 
for measuring resistance (ohms convert- 
er) and the other is a precision ac rectifi- 
er for the ac converter. 

As shown in Fig 7, the ohms converter 
employs a constant -current FET regula- 
tor (D9) in one leg of the 1C3 operational 
amplifier circuit to generate a reference 
voltage. 

For ac measurements, the input sig- 
nal from the voltage divider is fed to the 

9M 900K 
20V 

20mA 
200K, 2v 

2mA 
2M 

200mV 
20034 

20 M 

DC 
ACV A' -p 
V 

90K 9K 

o 
SIA 

90011 

- r- 
1 

f 
2kV 

I 

I 2A L---H 

00V i 
200mA 
20K 

2K 

-- J 
zoon 

.9R .1R 

90R 

SI 

9R .9/1 

1 

120pA 

INPUT 
QJ2 

1AC 
A 

IL 

S2A 
- 

S2B 
1 

LIOUT CONVERTER IN 

Ii 

1- S2C 
H 

SIC SID 

- I_I 1_I I_I 
I. 1_1.1_1.1_1 

S2 

7106 
PIN 37 

7106 8 
PIN 21 

7106,PIN 
I 

OHMS I 1 AC 

PARTS LIST 
SCALING CIRCUIT 
One each Of the following I% resistors: 
9.0) to 9.09 megohms 
90,(00 to 90,900 ohms 

N CONVERTER OUT 

9(X)0 to 9(190 ohms 
900 to 909 ohms 
90 tu 90.9 ohms 
0.9 -ohm 2% resistor 

RII 
15011 

TO DPM 
200 m V 
FULL SCALE 

Fig. 6. Front -end 
switching converts 
the basic dc meter 
into a full -fledged 
digital multimeter. 
The ohms and ac 
con verter must be 
added also. 

0.1 -ohm, 10% resistor 
1 I , J2- Banana jack (not in kit ) 

Misc.-Four-pole, five -throw switches (2); 
solder; hookup wire; (not it knit). 
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+5V 

AC 3 
IN 

D5 

C8 S 4.7yF 

DG 

-5V 

+ 

D9 

AC 
CONVERTER 

D rl 
+ 4.7NF 

07 

R16 
470 K 

R18 
10K 

R19 
51K 

PARTS LIST 
AC AND OHMS CONVERTERS 
CS thru C I 1-4.7- to 6 -µF electrolytic 
Cl 2 -0. I -µF ceramic or film 
C I 3,C I4 -I 00 -to- 200 -pF disc 

D5 thru DR 1N914 or similar switching 

D9-330-pA FET regulator 
IC2, 1C3- LF13471, CA3130, CA3140 or 

similar op-amp 

DC 
OUT 

C12 Fig. 7. The ac converter uses an 
sF R20 op amp in a basic precision 

z 5k co 
1 4.7 IF rectifier circuit. The ohms 

converter uses a 
321 constant- current 

C9 
3.9K 

4.7pF regulator (D9) to maintain 
t «1 dg output for measuring 

= unknown resistances. 

CR033 

+5V OHMS 
CONVERTER 

-5v 

R22 
27011 

OUT 

The following resistors are 1/2 or 1/4 watt, 10 %: 

R16 470,000 ohms 

R 17,R 114- 10,(0N) ohms 

R 19 -51 ,000 ohms 

R21 -3900 ohms 

R22 -270 ohms 

R20 25(0-uhm trimpot 
R23 -I00 -ohm trimpot 

precision rectifier shown in Fig. 7. The 

dc output from the rectifier can be scaled 

to indicate rms voltage by adjusting R20. 

FET input op amps are used to produce 
the high input impedance required when 

the full 10 megohms of the input divider 
is in the circuit. 

A useful power supply for the LED 
version of the DMM is shown in Fig. 8. 

This supply can operate from a 12.6 -volt 

center -tapped transformer or from a 

conventional 6.3 -volt transformer, both 

of which are shown in Fig. 8. 

DMM Construction. The ac and 

ohms converters and power supply can 

be assembled on a single printed- circuit 

board, the etching- and -drilling and com- 

ponent- placement guides for which are 

shown in Fig. 9. If desired, the power - 

supply portion can be separated from 

the op -amp circuits. 
When using the 6.3 -volt transformer in 

the power supply, connect one output 

lead to point CT and the other output 

lead to one of the 6.3 points. This con- 

verts the power supply from full wave to 

half wave. 
The LCD version of the instrument re- 

quires only a single 9 -volt battery to 

drive both the logic and display. A line - 

powered 9 -volt dc charger can be used 

with a 9 -volt rechargeable battery in this 

version of the DMM. 
The circuit shown in Fig. 10 can be 

used with the LCD DMM if you wish to 

use four small -sized cells to supply both 

the +6 and -5.6 volts required by the 

circuit. 

Options. As shown in Fig. 6, additional 
ranges can be added to the instrument 

by switching into other points on the volt- 

age- divider network. For example, to 

add a 200 -ohm full -scale range to the 

ohms function, another switch is re- 

quired to transfer the ohms input line to 

the 100 -ohm point on the divider. 
In a similar manner, the current range 

TI 

12.6 V 

C.T. 

01 
2N1711 

R14 
4705 

515 
305 

6.3V 

D4 
IN4001 

G 
D3 
IN4001 

,D10 
IN752 
5.6 V 

DII 
IN752 
5.6V 

02 
2N4403 

+5V 

GND 

- 5V 

Fig. 8. The power supply can 
use a full-ware or 
half -wave rectifier. 

PARTS LIST 
POWER SUPPLY 
C6- I000 -µF (minimum), 10 -volt electrolytic 
C7- 470 -µF (minimum), 10 -volt electrolytic 
Dl thru D4- IN4001 rectifier or similar 
DIO,D1I -5. I- to 6.2 -volt zener (1N752 or 

similar) 
FI -' /z- ampere fuse and holder (not in kit) 
Q I -2N 171 1 or similar transistor 
Q2- 2N4403 or similar transistor 
R12- I 0-ohm, I -watt resistor 
RI3,R14 -- 470 -ohm, %rwattresistor 
R I5 -30 -ohm, 1/2 -watt resistor 
Note: The following items are available from 

Hobb- Y- Tronics, 957 Ball Ave., Union, NJ 

070143: complete kit of parts for LED ver- 

sion, including case, for $49.95; complete 
kit of parts for LCD version, including case, 

for $53.95. Add $1.50 for shipping and 

handling. Also available separately: case 

(specify version) for $4.95; pc board, ICs, 

and D9 for either version for $17.95. New 
Jersey residents, please add 5% sales tax. 

Outside continental USA, add necessary ex- 

tra postage. 
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pok*°°Y,-)J7 
..`\f`--¡)r-2e 

V,T 

rrol 
can be extended downward by switching 
into higher points on the divider network. 
A high- current range can best be added 
by using a separate 0.01 -ohm input 
shunt, with the shunt current feeding into 
the current line. The three options, with 
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Fig. 9. Actual size etching and drilling guide 
for pe board for the ohms and ac con renter 
is 51)7,14')) at left, components placement above. 
Boa rd ea he separate from power supply if desired. 

the required lead breaks, are shown in 
Fig. 6. 

To add the 20- ampere option, use 
heavy -duty terminals and bus -bar wiring 
to minimize voltage drops and contact 
resistance. The 0.01 -ohm resistor 

4.7 K 

2N4402 

? 

47K 

ImH 

46V 

IOyF 15914 

4.7K 

J- 

Fig. 10. This -5.6 -volt supply 
can be used with battery 
supplying the LCD circuit. 

15914 

10).F 

5.6V 
1OmA 
MAX. 
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should have a minimum 10 -watt rating. 
The circuit is arranged so that the cur- 
rent being measured does not flow 
through switch contacts. 

The 20 -11,A current option increases 
the low- current measuring capacity. 

Photo shows inside of author's prototype meter. 
Switches on front can be arranged to suit builder. 
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However, it should be noted that the cur- 

rent shunt will be 10,000 ohms, a value 

that will limit current measurements to 

high- resistance circuits. 
In the 200 -ohm resistance option, 

when the range switch is set to 20 volts, 

the decimal point energized for all three 

options will be correct even though this 

option has a three -decade scale range. 

Calibration. The unloaded potential of 

a fresh mercury cell is 1 .35 volts. A volt- 

age- divider network consisting of 0.5% 

or better tolerance resistors can be ap- 

plied to this voltage source to arrive at 

almost any potential in the 150- to -200- 

mV range. There is no need to obtain re- 

sistors that yield exact decade voltages. 

Instead, you can use Ohm's law to de- 

termine what the voltage will be between 

any two points in a voltage divider. Let 

us assume you have a voltage divider 

made up of a precision -tolerance 500 - 

and a 3000 -ohm resistor. Using Ohm's 
law, the current through this series net- 

work with a mercury cell would be 1.35 

volts divided by 3500 ohms, or 3.86 mA. 

Then the voltage dropped across the 

500 -ohm resistor would be 3.86 mA 

times 500 ohms, or 192.86 mV. 

Ac calibration is achieved by setting 

the FUNCTION switch to AC VOLTS and the 

RANGE switch to the setting for which 

you have an accurate calibration volt- 

age. Then adjust R20 in the ac- convert- 

er section for the known voltage level 

being applied to the input, while observ- 
ing the display. 

The resistance ranges can be cali- 

brated by adjusting R23 in the ohms 

converter section for exactly 100 mV be- 

tween pins 2 and 6 of IC3. An alternative 
method is to use a known 0.1% toler- 

ance resistor value and adjust R23 for a 

display of its value. Bear in mind, how- 

ever, that the calibration will be only as 

good as the accuracy of the test resistor 

and the setting of R23. 

Calibration of the temperature - 
measuring circuit is performed by im- 

mersing the probe tip in ice water and 

adjusting the 0" C ADJ potentiometer for 

a 00.0 display. Then, with the probe tip 

immersed in boiling water, adjust the 

100' C ADJ pot for a 100.0 display. If you 

prefer a "F display in degrees Fahren- 
heit, use a 32.0 indication in ice water 

and 212.0 in boiling water. 

Conclusion. As you can see from the 

foregoing, you can just about custom 

tailor a digital multimeter to your needs 

and /or desires with the new 31/2-digit 

A/D converters. 
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This A P power breadboard 
includes a pulse detector, 
complete with memory. 
Now that you're ready to build and 
test more sophisticated circuits, 
you've found the right breadboard. 

Our Model 102 A P POWERACE, for 
instance, gives you a complete digi- 
tal prototyping lab in one compact 
package. 

It will detect positive or negative - 
going pulses as short as 10 nano- 
seconds -and keep them on -tap for 
you in its memory. This, combined 
with its 3 logic indicators, gives you 
a built -in logic probe. 

Like our other power breadboards, 
the 102 has 16 distribution buses of 
25 tie -points per bus to jumper in 

groups as needed and use for volt- 
age and ground distribution, reset 
lines, clock lines, shift command, etc. 
And 1,680 tie -point terminals for 
plugging in circuit components 
and jumper wires. 

With an A P POWERACE, you will 
prototype any type of electronic 
circuit faster and easier than you 
ever thought possible. 

Your A P dealer has the details. 
Where? We'll tell you. Call (toll -free) 
800 -321 -9668. And ask for the com- 
plete A P catalog, The Faster and 
Easier Book. 

A P PRODUCTS 
INCORPORATED 
Box 110 A 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354 -2101 
TWX 810- 425 -2250 

Faster and Easier is what we're all about. 

CIRCLE NO. 7 ON FREE INFORMATION CARD 
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Train with NTS for the 
Microcomputers, digital 

the first name 

Micro computers 
tt.m..W,n.. 

*,1 prs,..a .. .M 
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NW : 
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RI. 
Mt a 4,0144, 
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The world of electronics is daily becoming more 
challenging. Technology is growing more. specialized, 
and the importance of digital systems increases 
every day. Test instruments, home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 
wider choice of solid -state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS /Heath digital color TV (25" diagonal 
with optional programming capability), NTS /Heath 
microcomputer, digital test equipment, digital stereo 
receiver (70 watts per channel), NTS compu- trainer, 
plus much more state -of- the -art equipment to make 
your training exciting and relevant. 

The equipment you receive with NTS training 
programs is selected to provide you with a solid 

70 

background in electronic systems. Kits and lessons 
are designed to work together to demonstrate 
electronic principles and applications. The kit -building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 
projects. This is the Project- Method, and it works. 
Step -by -step, you learn how and why digital 
electronics has become a part of our world, and the 
even bigger role it is sure to play in the future. 

Whether you are looking for training in Consumer, 
Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 
several areas of electronics. An all -new full -color 
NTS catalog shows you what each course covers, 
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electronics of the future. 
systems and more...from 
in home study. 

-0.110E9'. 

and every piece of equipment included. 

Send for it today, and see for yourself what's really 

happening in electronics training technology at NTS. 

Find out how much has changed, and what new 

directions the field is taking. You'll probably want to 

be a part of it. 

It's free. Just mail the card or coupon. Today. 

NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 

NATIONAL T NIÌAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 South Figueroa St., Los Angeles, Calif. 90037 

FEBRUARY 1979 

________on 
NATIONAL TECHNICAL SCHOOLS Dept. 205 -029 
4000 South Figueroa Street, Los Angeles. California 90037 

Please send FREE Color Catalog and Sample Lesson. 

H Color TV Servicing 
L] B & W TV and Radio Servicing 

FCC License Course 
E Electronic Communications 
E Electronics Technology 
H Audio Electronics Servicing 

Digital Electronics 
MicroComputers /MicroProcessors 

1 

1 

1 

1 

1 

1 

1 

Name 

Address - -- 

Apartment Number Age 

City -. - 
State Zip 

.1Check if interested in G.I. Bill information. 
if interested ONLY in classroom training in Los 

MO M OM I MN 

1 

1 
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1 

1 
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A NEW 
APPROACH TO 
DATA STORAGE: 

mum* 
memeeles 

AWHOLE new approach to mass 
data storage is soon to become 

available at reasonable cost. Called 
"bubble memories," the new storage de- 
vices have attributes of both the RAM 
and the ROM. Like a RAM, data can be 
written into and read from a bubble - 
memory device. And, like a ROM, once 
power is removed from the bubble mem- 
ory. the data remains intact, ready to be 
read out when power is restored. 

Typical bubble -memory devices con- 
tain at least 92K bits of data -storage ca- 
pacity. With an access time of 4 ms and 
a 50K bits /second data rate, the bubble 
device "looks" more like a disk system 
than it does a cassette system. Note that 
the bubble memory system does not 
make a good substitute for a RAM sys- 
tem- unless you have lots of time. 

A bubble- memory system, which 
might include several 92K bubble de- 
vices and their associated interface 
electronics, can be mounted on a single 

circuit board that can be plugged into al- 
most any bus system. Since each bub- 
ble device requires less than 700 mW of 
power for continuous operation, the 
power supply in a microcomputer will not 
be strained. 

Formation of a Bubble. A basic 
bubble" begins as a magnetic domain 

that exists within a thin magnetic film 
and can assume any shape, as shown in 
Fig. 1A. These domains form in the film 
in a manner that minimizes the total 
magnetic energy of the film. Shown in 
Fig. 1A is a typical set of domains when 
there is no external magnetic field ap- 
plied normal (at right angles) to the film. 

If a small steady -state magnetic field, 
such as from a permanent magnet, is 
applied normal to the plane, the magnet- 
ic domains tend to shrink within them- 
selves to form smaller domains. (Fig. 
1B). As the strength of the external mag- 
netic field increases, the domains con- 
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The bubble 
memory held by 
un engineer 
contains two 
garnet chips 
and stores 
250,000 hits. 
Sixteen chips 
are in system 
at rear, which 
was developed 
or the :tir 

Force by Texas 
Instruments. 

BY LESLIE SOLOMON 
Technical Director 

With attributes of both 
ROM and RAM, a typical 
bubble memory can 
store up to 92K bits 
with an access 
time of 4 ms. 

tinue to shrink until they are between 2 
and 30 microns in size (Fig. 1C). If the 
external magnetic field's strength is in- 
creased, the bubbles essentially disap- 
pear. Experiments have revealed that 
the most stable bubbles are formed with 
an applied steady -state magnetic field of 
about 100 oersteds. Hence, the first hint 
of bubble operation is that magnetic 
bubbles are sensitive to applied magnet- 
ic fields. 

Physical Construction. The basic 
arrangement of a bubble -memory chip is 
shown in Fig. 2. The actual bubble de- 
vice (with one corner enlarged) reveals 
that the thin magnetic film is diffused on 
a nonmagnetic substrate, along with 
small bars that are shaped like the let- 
ters I and T. 

The bubble device is mounted be- 
tween two thin permanent magnets to 
create the tiny bubbles. Surrounding the 
bubble device is a pair of orthogonal 
coils (right angles to each other). Since 
we know that the magnetic bubbles are 
affected by magnetic fields. passing a 
current through the orthogonal coils, 90 
apart and in- phase, will cause the bub- 
bles to move around. Using the current 
flow shown in Fig. 2, the magnetic field 
will rotate. 

Bubble Motion. Once a bubble has 
been established, it must be moved 
around so that it can be used as a data 
bit. How this motion is achieved is 
shown in Fig. 3. The "track" along which 
the bubble is to be moved is composed 
of a series of soft magnetic bars shaped 
like l's and T's that are also deposited on 
the nonmagnetic substrate. A "parent" 
bubble is located under a disc of mag- 
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MAGNETIC 
DOMAINS 

NO EXTERNAL 
MAGNETIC FIELD 

THIN MAGNETIC 
FILM 

áüüüüüìüli 

SMALL EXTERNAL 
STEADY -STATE 

MAGNETIC FIELD 

MAGNETIC DOMAINS 
GET SMALLER 

LARGER EXTERNAL 
STEADY -STATE 
MAGNETIC FIELD 

a 
MAGNETIC DOMAINS 

REACH OPTIMUM 
SIZE 

Fig 1. Small bubbles in magnetic 
film are shown at (A). With an 
external field applied, bubbles 
get smaller (B). They reach best 
size as field is increased (C). 

netic material. Note in Fig. 3 that another 
bubble is located under the first T bar 

and is assumed to have moved to that 

location during a previous cycle. 
The first I bar has a tiny hairpin wire 

loop covering one end. When the rotat- 

ing magnetic field is as shown, and 

when a current of about 150 mA is ap- 

plied to the loop for 500 ns, a portion of 

the parent bubble is transferred to the vi- 

cinity of the I bar. The parent bubble is 

not depleted because its size is strictly a 

function of the local magnetic condi- 
tions. As the rotating magnetic field con- 

tinues, the newly created bubble moves 
across to the next T bar that has the 

temporary magnetization shown. As the 

applied magnetic field continues to ro- 

tate, the slender magnetic "link" be- 

tween the parent bubble and the newly 

formed bubble under the T bar snaps, 
leaving a new bubble at the T bar (first T 

bar in bottom row). 
As the applied magnetic field contin- 

ues to rotate, the right side of the T bar 

assumes the magnetic characteristics 
shown in the top row (second bubble) 
and further field rotation causes the bub- 

ble to move along the track, going from 
T bar to I bar, and so forth. Each rotation 

of the applied magnetic field causes a 

bubble to move a distance of slightly 
greater than 20 microns. 
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There are other track formations be- 

sides the T and I bars. Examples are: a 

chevron -shaped set of bars, a Y- shaped 

set, and a set of contiguous discs. 

Bubble Annihilation. When the bub- 

bles reach the end of the track or when 

the data is no longer needed, a means 
must be provided for removing the un- 

wanted bubbles. One method is to use a 

current pulse in a hairpin loop to disinte- 
grate the bubble when it passes under 

the intense magnetic field. Another is to 

allow the bubble to run into a magnetic 
guard rail that surrounds the substrate. 
The bubble simply joins the magnetic 
field under the guard rail and vanishes. 
The magnetic field of the guard rail does 

not increase in size when this occurs. 

The field is a function only of the local 

magnetic conditions. 

Bubble Detection. The most com- 

mon way to detect the presence of a 

magnetic bubble is to measure the 

change in resistance of a magnetoresis- 
tive strip as the bubble passes over it. 

To reject the interference from the rotat- 

ing field that drives the bubbles, a dum- 
my detector, exposed to the magnetic 

field but not to the bubble, is also used. 

The signals from the two detectors are 

mixed and the difference between them 

(the effect of the bubble) forms the out- 

put signal. 
Once the bubbles are allowed to flow 

to the detector (magnetoresistive) ele- 

ments, the bubbles are "stretched" into 

wide strips. This increases their effect 

on the detectors and is equivalent to 

preamplification. Under these condi- 

BUBBLE 
DOMAIN 

(5pm) 

E PI TAX IAL 
MAGNETIC 
(GARNET) 

FILM 

ORTHOGONAL 
COILS 

tions, the detected signal can be several 

millivolts in amplitude. 

Memory Operation. Since bubbles 
can be made to follow each other along 
a special "track," the easiest approach 
to obtaining memory operation is to cre- 

ate a long shift register. However, be- 

cause bubble memories will be in the 

100K range, such a long shift register 

would be awkward to create and would 

have a very long access time. Hence, a 

different technique such as that used by 

Texas Instruments and shown in Fig. 4 

is used. 
Bubbles are introduced into the major 

loop by applying a current through a 

hairpin wire loop that covers the GENER- 

ATE bar. Each bubble created during a 

10 -).Ls interval forms a 1, while the lack 

of a bubble during a similar interval sig- 

nals a 0. Note that the 10 -µs period is 

determined by the device's operating 
frequency, which is 100 kHz. 

The major loop can transfer data to 

any of 157 minor loops (641 -bit serial 

shift registers). If all minor loops are op- 

erating, the storage capacity becomes 

100,637 bits. However, since the pro- 

duction of bubble devices is still in the 

developmental stage, the actual yields 

are low. Therefore, up to 13 minor loops 

are permitted to be defective. This 

means that total memory capacity can 

be as low as 92,304 bits. The defective 
loops are located during final device 

testing and a "map" is supplied to the 

end user who can eliminate the defec- 

tive loops from his system. 

A data block of 157 bits is shifted 

along the major loop until the first bit is 

PERMANENT 
MAGNET 

BUBBLE 
Al DE VICE 

NeFe I2 
GUIDE 

NONMAGNETIC SUBSTRATE 
(GADOLINIUM GALLIUM GARNET) 

I 

I2 

PERMANENT 
MAGNET 

Fig. 2. Basic arrangement of a bubble -memory chip. Thin magnetic film 
is diffused on substrate with small bars in shapes of letters I and T. 
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ry takes care of the extra 0's when read- 
ing out the data. 

To read data from memory, the data in 
the minor loops must be moved until the 
first bit in each loop is present at the ma- 
jor -loop transfer elements. The transfer 
elements are all activated by the same 
current pulse, which causes bubbles 
and nonbubbles to be placed on the ma- 
jor loop. The data words are then moved 
along the major loop until they encoun- 
ter the detector /replicate element. 

If a destructive read is desired, a cur- 
rent pulse is passed through the repli- 
cate loop that deflects the bubble into 
the detector track. If the data must be 
read out but retained in memory, the 
replicate loop's timing generates a pulse 
to replicate the data in both the detector 
track and the major loop. In this case, 
identical data exists in two places: the 
detector track and the major loop. 

Bubbles drifting along the detector 
track are stretched by special circuits 
and made to pass over a bar made from 
magnetoresistive material. As the bub- 
ble passes across the material, it causes 
a change in the resistance, which is re- 
flected as a small voltage change within 
the circuit that makes up the detector. 
After passing the detector, the "used" 
bubbles reach a guard rail, where they 
are annihilated. 

Physical Package. A typical bubble 
memory package, Texas Instruments' 
TBM -0101, comes in a DIP configura- 
tion that is 1" (25.4 -mm) square by 3 /R" 

TBM-OIOI 

REPLICATE I-) 
GENERATE(-) ? 
GENERATE( +) 3 

TRANSFER( -) 4 

Y- COIL( -) 5 
Y- COIL ( +) 5 
X- COIL( +) 

ROTATING 
MAGNETIC 

FIELD 

ow0 

1 

PARENT' 
BUBBLE 

SOFT 
MAGNETIC 

BARS 

GENERATOR 
LOOP 

BUBBLE 
BEING 

CREATED 

CURRENT 
PULSE 

APPLIED 

MOVES 
HERE 

L-J 

"PARENT" 
BUBBLE 

MOVES 
HERE 

BUBBLE MOVES 22.5yen DURING ROTATION OF 

aligned with the most remote minor loop 
(loop 1 in Fig. 4). At this time, all other 
data bits are aligned with the other minor 
loops so that when the TRANSFER -POINT 
elements all receive a simultaneous cur- 
rent pulse, the localized magnetic fields 
at each transfer point "dump" (actually 
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(I '---,,TRANSFER 
POINTS (157) 

GENERATE--_,... i 

MAGNETIC FIELD 

Fig. 3. A bubble, 
once established, 
is moved around 
between soft 
magnetic bars by 
rotating magnetic 
field at left. 

replicate) the data into the minor loops. 
The major loop is shifted along for 
another 157 bits, and the process re- 
peats itself. 

Special circuitry is used to insert a 0 at 
each point where the major loop en- 
counters a bad minor loop. Other circuit- 

MAJOR LOOP 

R R D D D D 

-- REPLICATE 

DETECTOR 

ü 

157 MINOR LOOPS 
641 BUBBLE POSITIONS 

PER LOOP 
100,637 BUBBLES 

Fig. 4. In operation of Texas Instruments memory, 
bubbles are introduced to major loop by GENERATE 
bar and then transferred to one of minor loops. 
To read data, a pulse is generated in detector track. 

R 

G 

G 

T 

D 

D 

D 

D 

R 

T 

14 
DETECTOR( +) 

13 
DETECTOR( +) 
DETECTOR(-) 

II 

DE TEC TORI -) ID REPLICATE( +) 
9 

TRANSFER 1-1-) 8 
Fig. 5. Pinout for TBM -0101, 
made by Texas Instruments. 

(9.5 -mm) thick. It has both coils and bias 
magnets built in. The pinout for this 
package is shown in Fig. 5. 

The operating frequency of the typical 
bubble memory device is 100 kHz. Its 
average access time is 4.0 ms, average 
cycle time is 12.8 ms, and data rate is 
50K bits /second. The package weighs 
25 grams and has a shielding capability 
of 40 oersteds. 

Several IC's are used as support for a 
bubble -memory system. These include 
a controller, timing generator, coil driv- 
ers, and a detector circuit. O 
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ATOUCH control is an electronic 
switch that can be activated simply 

by touching a small conductive plate 
with a fingertip. 

Such controls are easy to build and 

can be used to enhance many projects. 
They can also be added to an existing 
circuit, such as forming an alarm `off" 
switch for a digital clock. 

Circuit Operation. A basic touch 

control circuit is shown in Fig. iA. Es- 

sentially, it consists of a FET amplifier 
with a high input impedance (10 meg- 

ohms) and a conductive touch plate con- 

nected to its gate. Operation occurs 
when the ambient 60 -Hz ac field flood- 

ing the area is impressed on the touch - 

plate during the finger contact. This sig- 
nal is amplified and appears at the drain 

as a 60 -Hz square wave, alternating be- 

tween ground and supply voltage. 
Capacitor Cl shunts any r -f picked up 

by the "antenna effect" of the touch - 

plate, while capacitor C2 acts as a tran- 

sient suppressor. 
The drain of Q1 can be connected to 

the alarm -off pin of a clock chip, since 
most of these ICs require that the alarm - 

off pin be momentarily connected to the 

supply voltage to silence the alarm. 
The circuit of Fig. 1 B uses the same 

FET input stage, but, via D1, rectifies the 

ac waveform at the Q1 drain and uses 

the generated positive voltage to turn on 

transistor Q2. The positive voltage de- 

veloped across C3 will keep 02 turned 

on until the capacitor is discharged by 

base current and resistor Rx. The value 

of this latter resistor determines how 

rapidly the switch will shut off and should 

be between 10,000 and 100,000 ohms. 
The load on 02 can be a low- current 

relay or a resistor (1000 to 5000 ohms) 

with the signal generated across the re- 

sistor used to turn on a high -power tran- 

sistor. Using the transistor shown for 

02, any device that requires 50 mA or 

less can be powered. 

Construction. Any form of construc- 
tion may be used since the circuit is rela- 

tively simple. It should be powered from 

an ac -line supply for reliable operation. 
The touch plate should be relatively 

small -several square inches are 

enough. It must be insulated from 

ground. But it need not be a discrete 
metal plate; a metal door -knob on a 

wooden door will suffice. This latter type 
of touchplate makes an excellent sensor 
in an alarm project. 
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OUMPR 
40D0 
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OWTOO 

E 

BY GEORGE PETERKA 

Single FET amplifier circuit can be used 

to control relay or other low- current device 

TOUCH 
PLATE 

CI 
100pF 

TOUCH 
PLATE 

c 

RI 
2.7K 

01 
RS-2036 

+v 
2 -20v 

C2 

100pF 

(A) 

.013F 

OUTPUT 

01 
RS-2036 

(B) 

Fig. 1. At (A), high 
input impedance FET 

developer a square -wave 
output when gate is 

touched try fingertip. 
Transistor Q2 (B) is 

added to drive 
external devices. 

+v 
6 -18V 

LOAD 
RL 
(SEE TEXT) 

PARTS LIST 
CI - 100 -pF, disc 

C2 - 0.01 -µF, disc 

C3 - I0 -i.F, electrolytic 
Dl - 1 N914 or similar 
Q I - N- channel FET. RS2036 or similar 
Q2 - Npn transistor, RS2013 or similar 
R 1 - 2700 - ohm resistor 

R2 - l0 - megohm resistor 

Rx - 10,000 to 100,000 ohms (see text) 
Touchplate - see text. 
Misc. - Per[ board, mounting hardware, 

power supply, etc. 
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Product 
Test Reports 

Electra Bearcat 250 
Scanning Monitor Receiver 

THE ELECTRA Bearcat 250 is a five - 
band scanning monitor receiver 

whose synthesized local oscillator and 
microprocessor control systems give it 
some capabilities well beyond the norm 
for receiving public -service and 2 -meter 
ham radio transmissions. The receiver is 
designed to cover FM bands of 32 to 50, 
146 to 148, 148 to 174, 420 to 470, and 
470.0125 to 512.0125 MHz. (Stations in 
the last band are assigned frequencies 
ending in .0125.) Its local oscillator fre- 
quency is synthesized. Accuracy and 
stability are determined by a single 
quartz crystal. The frequency and other 
information are presented on an 11 -digit 
LED display. 

The Bearcat 250 can be operated 
from a 117 -volt ac line power or a nomi- 
nal 13.8 -volt dc source such as any mo- 
bile electrical system with a negative 
ground. The receiver is 103/4 "W x 8 "D x 
31/2"H (27.3 x 20.3 x 8.9 cm) and 
weighs 5 lb (2.3 kg). Suggested retail 
price is $399.95. 

General Description. Electra gives 
virtually no information on the Bearcat 
250's circuits, except to say that seven 
custom- designed ICs are used. Even 
the intermediate frequency is not stated. 
Therefore, we are limited to describing 
the features of the receiver and our 
measurements of its performance. 

The Bearcat 250 has no conventional 
tuning controls. One of its two knobs is 
used for adjusting the squelch threshold 
(even that has an automatic operating 
mode that makes the control somewhat 
redundant). The other knob is for vol- 
ume control and turning on and off the 
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Five -band receiver with 
microprocessor control 
can store up to 50 
channels 

power. All other functions are controlled 
by a 30 -key calculator -type keyboard. 

The receiver's nonvolatile memory, 
which is not affected when power is re- 
moved, can store the frequencies of as 
many as 50 channels within its tuning 
range, in any sequence. Any channel 
can be accessed instantly by selecting 
its assigned number (1 to 50) on the nu- 
meric keys and touching the MANUAL 
key. The frequency of the selected 
channel and its assigned channel num- 
ber appear in the display. 

The receiver can also be tuned in- 
stantly to any frequency in its range 
without first assigning it to a specific 
channel in the memory. First, any chan- 
nel number is arbitrarily selected via the 
keyboard. Then the MANUAL key is oper- 
ated, and the desired frequency is 
punched up on the keyboard. Finally the 
E (for enter) key is pressed. Frequencies 
can be selected in 5 -kHz steps. 

In the automatic mode, pressing the 
SCAN key starts a scan of all the pro- 
grammed channels except those that 
have been locked out by the LOCKOUT 
key at a rate of either 5 or 15 channels 
per second as selected by the SPEED 
key. Touching MANUAL at any time stops 
the scan. Repeated operations of the 
MANUAL key step the receiver upward 
one channel at a time. 

The receiver also has a SEARCH/ 
STORE mode for scanning between any 
two limit frequencies, in either direction. 
(When it reaches one limit, it instantly 
starts over at the other limit.) Every time 
a signal is intercepted, its frequency is 
stored in a separate memory for a max- 
imum of 64 frequencies. Afterwards, the 

stored frequencies can be recalled by 
sequential operations of the RECALL key. 
If desired, these frequencies can be as- 
signed to channels in the main memory. 

The 50 memory channels are divided 
into groups of 10. A row of keys at the 
left of the keyboard activates each group 
of 10 channels individually. Dots in the 
display indicate which groups are ac- 
tivated at any time and which group is 
being scanned in the SEARCH /STORE 
mode. By programming different radio 
services into different number groups 
(for example, 1 to 10 for police; i 1 to 20, 
fire; 21 to 30, amateur; etc.), it is easy to 
set up the scanner for any specific serv- 
ice, ignoring the others, by appropriate 
settings of the channel bank keys. 

The PROGRAM key group has, in addi- 
tion to the numeric selectors qnd the E 

key, keys labelled PRIORITY, DELAY, 
LOCKOUT, and . /AUX. LOCKOUT causes 
any specific channel assignments to be 
omitted during the SCAN mode of opera- 
tion. DELAY causes the receiver to wait 2 
seconds after the disappearance of a 
carrier before resuming its scan. This 
permits both sides of a conversation on 
the same channel to be monitored. Oth- 
erwise, the scan would resume the in- 
stant one station stood by. The PRIORITY 
key causes channel 1 to be sampled ev- 
ery 2 seconds no matter where the re- 
ceiver is tuned. If a signal is present on 
channel 1, the receiver tunes to that 
channel and remains there until it disap- 
pears. Then it returns to the originally 
programmed frequency. When these 
keys have been activated, the letters L, 
d, and P appear in the display. 

The . /Aux key programs the decimal 
point during frequency selection and ac- 
tivates a special AUXILIARY terminal in 
the rear of the receiver when a signal is 
received on a channel for which the key 
has been pressed. The contact is inter- 
nally closed to ground and can supply 
up to 500 mA of current to control an ex- 
ternal circuit, such as a tape recorder or 
alarm, though an external relay is nec- 
essary. 

SEARCH buttons include a LIMIT key 
that sets the upper and lower scan lim- 
its. (The frequencies are keyed in numer- 
ically and entered in the microproces- 
sor by touching the LIMIT key.) Below the 
LIMIT key are two keys that permit the re- 
ceiver to scan up or down through the 
channels. If the STORE key is touched, 
the receiver remembers all frequencies 
of all signals it intercepts during the scan 
and later displays them sequentially one 
at a time as the RECALL key is pressed. 

In the OPER. group of keys, the MANU- 
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AL key is used to single -step the receiver 

through its assigned channels, to stop 

automatic search or scan, or as a pre- 
liminary step when changing from one 

operating mode to another. The SCAN 

key initiates a scan of all programmed 
channels. The SPEED key changes the 

rate of scan, alternately selecting either 
5 or 15 channels per second. The COUNT 

key causes the receiver to keep a run- 

ning total of the number of times (up to 

99) that a signal appears on the single 
channel it is monitoring. This information 
appears at the right of the display, in- 

stead of the frequency. A second opera- 
tion of the COUNT key restores the fre- 

quency display without interfering with 

the totalizing process. Finally, the TIME 

key causes the time (hours, minutes, 

and seconds on a 12 -hour basis) to be 

displayed instead of the frequency. Like 

the COUNT display, the TIME display can 

be activated at any time without affect- 

ing the operation of the receiver. In addi- 

tion, whenever the receiver is turned off, 

the time is continuously displayed as 

long as primary power is connected. 
On the rear panel are an antenna jack 

(which accepts the standard automobile 
antenna plug) for a 50 -to -75 -ohm anten- 
na and two audio output jacks. One jack 
is for an external speaker. It silences the 
receiver's built -in speaker when a plug is 

inserted. The other jack is a tape- record- 
ing output, which carries the same sig- 
nal but does not silence the speaker. 
Since its level is controlled by the receiv- 
er's volume control, this feature is not 
analogous to the tape recording output 
of a stereo receiver or amplifier. There 
are also sockets for the ac line cord and 

for a 13.8 -volt dc source and the AUX 

and GND screw terminals for controlling 
an external device from the receiver. 

The receiver is normally operated with 
a short (21 ") vertical telescoping whip 
antenna inserted in a hole in the top of 

the cabinet. An external antenna may be 

preferable in mobile service. A mounting 
bracket is supplied for installing the re- 

ceiver in a car or boat. 

Laboratory Measurements. The 
only measurements we made on the 
Bearcat 250 receiver were of its sensitiv- 
ity and audio output. The sensitivity is 

rated at 0.4 microvolts below 174 MHz 
and 0.8 microvolts above 420 MHz for 
a 12 -dB SINAD (signal -to -noise and dis- 

tortion) with ±5 kHz deviation. Our sig- 
nal generator does not cover the high 
band, but we measured a sensitivity of 

better than 0.1 microvolt at 147 MHz. 

The squelch sensitivity is rated at 0.3 
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and 0.6 microvolt in the low and high 

bands, respectively. At 147 MHz, the 

measured squelch sensitivity was ad- 

justable from less than 0.1 to about 0.5 

microvolt. In the AUTO position of the 

squelch threshold control, it was about 
0.4 microvolt. 

Audio output into an 8 -ohm load is rat- 

ed at 2 watts with no more than 10% 
THD. In our measurements, it was ex- 
actly 2 watts at 1000 Hz at the clipping 
point, which corresponds approximately 
to the 10% THD condition. 

User Comment. The Electra Bearcat 
250 is a remarkably fine monitoring re- 

ceiver for Public Service, two -meter 
ham, and uhf government communica- 
tion bands. It has all the bells and whis- 
tles one could wish for, thanks to its mi- 

croprocessor control and memory. 
Using its own whip antenna, approxi- 

mately at ground level, we had no dif- 

ficulty picking up a dozen or so two - 
meter repeater transmissions, countless 
mobile communications, and a number 
of stations in the 420- 470 -MHz band, 

many of them 30 miles or more away. 
If there are any shortcomings to men- 

tion, they are common to the few micro- 
processor -type scanners on the market 

or scanners in general. For example, we 

found that full mastery of the Bearcat 

250's marvelous control functions re- 

quired rereading of the complete instruc- 
tion manual provided with the model and 

considerable practice. One has to learn, 
for instance, that if the receiver is not in 

MANUAL, touching the COUNT key erases 
all the programmed channels. More- 

over, having to punch in six digits every 

time we wished to move the receiver fre- 
quency, even by only 5 kHz, is some- 
what bothersome. This factor is traded 
off easily for the many excellent operat- 
ing features provided, of course. 

Also, a problem shared with all other 
sensitive scanners is that a transmission 
can stop on the skirt of a strong signal 
since scanning is in 5 -kHz steps. This 

happened to us with a two -meter repeat- 
er signal. Also, the Model 250, along 
with all other scanners, does not encom- 
pass the new FM signals in the 144 -MHz 
band, such as the recently opened 
144.5- 145.5 -MHz repeater sub -bands. 

In all, the Bearcat 230 can be pro- 
nounced to be a state -of -the -art scanner 
that's especially useful for serious listen- 
ers who wish to "catch" all the happen- 
ings, from weather reports to marine 
phone conversations to myriad emer- 
gencies for many miles around. 
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:Experimenter's 
Corner o- 

ANALOG COMPUTER CIRCUITS 

IN PART 1 we looked at ways to use 
resistors to add and multiply. We also 

learned how to use op amps to multiply, 
divide, add, average and subtract. Al- 
though an op amp and a few resistors 
can multiply and divide, manual adjust- 
ment of at least one potentiometer is 
necessary. We noted in Part 1, however, 
that there are many analog computer 
circuits that respond to incoming volt- 
ages rather than manually adjusted po- 
tentiometers. The op amp adder, aver - 
ager and subtracter circuits described in 
Part 1 have this ability. 

One way to multiply or divide two volt- 
ages is to convert both to their loga- 
rithms. Multiplication is accomplished by 
adding the two logs with a summing am- 
plifier. Division can be performed by 
subtracting the log of the divisor from the 
log of the dividend with a difference am- 
plifier. The antilog of the result is the 
product or quotient, as the case may be. 

Now that the pocket calculator has re- 
placed the slide rule, logarithms are not 
used nearly as often as they once were. 
So let's take time out for a brief refresher 
course before moving on. 

Logarithms. Any decimal number can 
be expressed as a power of ten. For ex- 
ample, 1,000 is 103 and 736 is 102.8669 

In both cases, the exponent of the base 
10 is referred to as the number's loga- 
rithm. One important aspect of loga- 
rithms is revealed by the following table. 

Number Power of Ten Logarithm 

1 10° o 
10 10' 1 

100 102 2 
1,000 103 3 

10,000 10" 4 
100,000 105 5 

1,000,000 106 6 

As you can see, a very wide range of 
decimal numbers occupies a very small 
range of logarithms. The resulting corn - 
pression provides a handy shorthand 
method for processing very large nume- 
rical variations. 
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We noted earlier that two numbers 
can be multiplied by adding their logs or 
divided by subtracting their logs. That's 
how a slide rule works. It's also possible 
to add and subtract numbers using ordi- 
nary rulers. Place one ruler atop the oth- 
er. Then align the 0 on the top ruler with 
one of the numbers being added on the 
bottom ruler. Next, find the second num- 
ber being added on the top ruler. This 
number will point to the sum on the bot- 
tom ruler. 

Fig. 1. Schematic of a 
basic logarithmic amplifier. 

Rulers have a linear scale -their divi- 
sions are equally spaced. A slide rule, 
on the other hand, has a logarithmic or 
compressed scale. When you multiply 
two numbers with a slide rule, you are 
actually adding their logs. 

Look back at the table and multiply 
1,000 x 100 to see how this works. The 
log of 1,000 is 3 and the log of 100 is 2. 
3 + 2 = 5 so the log of 1,000 x 100 is 5. 
From the table, 5 is the log of 100,000 
(or 100,000 is the antilog of 5) so 1,000 
x 100 = 100,000. Try dividing a few 
numbers in the table by subtracting the 
log of the divisor from the log of the divi- 
dend and taking the antilog of the re- 
mainder to obtain the quotient. 

Before the advent of the pocket cal- 
culator, the use of logarithms was stand- 
ard procedure when multiplying and di- 
viding very large or very small numbers. 
Logs are also handy for extracting roots. 
The cube root of 27, for example, is 

R/ 
/D..c 

C/ 

-/o v 

-/ov 
Fig. 2. A practical 
logarithmic amplifier circuit. 

found by dividing the log of 27 by 3 and 
extracting the antilog of the result. (The 
log of 27, 1.4314, divided by 3 is 0.4771; 
the antilog of 0.4771 is 3, the cube root 
of 27.) 

Incidentally, numbers in any number 
system can be expressed as logarithms. 
Can you figure out the logarithms of the 
binary sequence 1, 10, 100, 1000 
. . . 10000000? (Hint: 1000 is 23.) 

The Logarithmic Amplifier. The 
voltage drop across a diode is related 
logarithmically to the current flowing 
through it. This makes possible the con- 
version of a voltage into its log. 

Practical log conversion is best 
achieved by using a transistor in a com- 
mon- or grounded -base configuration in- 
stead of a diode. Figure 1 shows how 
the transistor is connected in place of an 
op -amp's feedback resistor to give what 
is called a transdiode logarithmic am- 
plifier. Although the circuit is an amplifi- 
er, you can think of it as a log generator 
to avoid confusion. 

Not all transistors exhibit logarithmic 
properties over as wide a range as might 
be required. Many, however, do and one 
readily available type is the 2N2222 
(equivalent to Radio Shack type 
RS2009). 

You can easily assemble a bread- 
board log amplifier with the help of a 741 
or any other frequency- compensated op 
amp. Figure 2 shows the details of a 
practical version of the circuit in Figure 
1. Capacitor Cl does not assist in the 
log conversion process. Instead, it re- 
duces the ac gain of the op amp and 
helps eliminate high- frequency oscilla- 
tion which might otherwise occur. Diode 
Dl protects the transistor from exces- 
sive reverse base -emitter bias from the 
op amp's output. 

On the following page are the results I 

obtained from a breadboard version of 
the circuit in Fig. 2. 
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Fig. 3. Operation of a log amplifier plotted on semi -log graph paper. 

Input (mV) Output (mV) 
1 -322 

10 -371 
100 - 432 

1,000 -494 
10,000 - 557 

In all cases, the output voltage was in- 

verted (negative), but this is of no major 

consequence as we can either ignore 

the polarity or, if desired, change it with 

an inverting buffer. 
Figure 3 shows the data in the table 

plotted on a semi -log graph. The graph 

is called semi -log because one axis is 

linear (the output voltage) and the other 

is logarithmic (the input voltage). A plot 

of the data produces a straight line on 

the semi -log graph, so we know the log 

amplifier is reasonably accurate over the 
given range. 

Now that we've seen how a real log 

amplifier works, let's look at a few of its 

characteristics. First, notice the very 

small range in output voltage (a few hun- 

dred millivolts) that results from the huge 
swing in input voltage (10,000 millivolts). 

This characteristic of log amplifiers is 
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ideal for compressing very large voltage 
excursions into more manageable form. 

A second characteristic is that the 

transfer function of our log amplifier is 

not - VouT = log (Vin). Rather, it's 

approximately - Vout = 0.06 log Vin + K 

where K is a constant. For the log am- 

plifier I built, K is 0.495. Your amplifier 

might yield a slightly different K. You can 

use a programmable calculator to corn - 

pute the exact transfer function. 
A third characteristic of our log amplifi- 

er is that it is temperature sensitive. 

That's not good because the current 

flowing through the 2N2222 causes 
heating which can alter the accuracy of 

the circuit. The error this introduces can 

be substantial, easily several percent. 
Yet another characteristic of the am- 

plifier is that the input offset voltage of 

the op amp can cause a substantial but 

predictable error when the input voltage 

is small. This problem can be alleviated 

by connecting a 10,000 -ohm potentiom- 
eter to the 741 as shown in Fig. 4. Pin 2 

of the 741 is then temporarily shorted to 

ground and the offset potentiometer is 
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adjusted until Vow* is exactly zero volt. 
A more significant error is introduced 

by the op amp's bias current. This 
ranges from 80 to 500 nonoamperes for 
the 741. Figure 4 also shows how to 
compensate for this problem by tem- 
porarily replacing the components in the 
feedback loop with a 100,000 -ohm re- 
sistor and adding a bias current potenti- 
ometer. The pot is then adjusted until 
-VOUT exactly equals VIN over as wide 
a voltage range as you expect the am- 
plifier to receive. 

Fig. 4. Adding an offset pot 
to the log amplifier. 

You don't have to make all these cali- 
bration adjustments when building a 
simple log amplifier for experimental 

purposes. But if you decide to build your 
own analog computer, for best results 
you'll need to calibrate or trim each op 
amp using the methods described. 

The Antilogarithmic Amplifier. 
Analog computing circuits that use log 
amplifiers require one or more antilog 
amplifiers to convert results back into 
linear form. Antilog amplifiers can also 
be used to expand narrow ranging input 
voltages into much wider and therefore 
more easily resolved form. 

ROJECT 

anm 

LED TRANSMITTER 
MODULE 

Here's a miniature LED transmitter mod- 
ule you can assemble in half an hour or so. 
It makes an ideal mate for the miniature 
phototransistor receiver module described 
in the last Project of the Month. Alternative- 
ly, it can be used on its own as a miniature 
infrared beacon. 

Figure A is a complete circuit diagram of 
the transmitter. The circuit uses a 3909 
LED flasher IC for the utmost in simplicity. 
This IC is designed to drive red LEDs and 
not IR (infrared) LEDs. IR LEDs have a 
lower forward voltage drop (about 1.2 
volts) than red LEDs (about 1.7 volts). This 
means you can fool the 3909 into driving 
an IR LED by adding an ordinary silicon di- 

seE 7-EXr(7-/L.3.Z, i,yi4AR) 

Fig. A. An infrared light 
Knitting diode transmitter. 

ode in series with the LED. A diode like the 
1N914 has a drop of 0.6 volt and this gives 
a total drop of about 1.8 volts when con- 
nected in series with an IR LED. 

For best results, use a GaAs:Si LED in- 
stead of a GaAs LED. Both types are avail- 
able from companies that advertise in the 
Electronics Marketplace section of this 
magazine. GaAs LEDs emit at a peak 
wavelength of 900 manometers (nm) while 
GaAs:Si LEDs have a peak wavelength of 
about 935 nm. Visible light ranges from 
about 400 nm to 700 nm. 

Fig. B. LED transmitter module. 

Most GaAs:Si LEDs are at least twice as 
efficient as GaAs units, and that's why they 
will work better in this project. GaAs units 
have a much faster rise time, but this is ir- 
relevant because the rise time of the trans- 
mitter is not fast enough to tax a GaAs:Si 
diode. 

Figure B is a photo of the interior view of 
the transmitter module and Fig. C shows 
its assembly details. Begin assembly by in- 
stalling the capacitor and diode in the bot- 
tom of the module header and inserting 
their leads deep in the indicated pin slots. 
Then install the LED as shown in Fig. C, 
making sure its leads are oriented properly 
and that it doesn't protrude too far over the 
edge of the header. Secure all the leads in 
place with a small amount of solder and 
clip off the excess lead lengths close to the 
header pins. 

Next, place the pins of the IC adjacent to 
or inside the slots in the appropriate head- 
er pins. Make sure they don't protrude too 
far or the module cover will not fit. Then 
carefully solder the pins in place. Use a 
small file to remove excess solder from the 
outside edges of the header pins so that 
the module cover will fit. Then bore a hole 

(1/4-inch if you use a TIL32 LED) in the 
module cover and snap the cover in place. 

Unless you use a red LED, you'll need a 
receiver such as the phototransistor re- 
ceiver module described in the previous 
Project of the Month to test the transmitter. 
Insert the module in a solderless bread- 
board and connect a 3 -to -6 -volt supply to 
the power connections. With a 3 -volt sup- 
ply, the transmitter LED will flash on and 
off at 360 Hz. If you connect an earphone 
to the receiver module and point the LED 
toward the phototransistor, you will hear a 
loud tone. Block the path between the two 
modules and the tone will stop. 
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Fig. C. Assembly details of 
LED transmitter module. 

Remember to be careful if you connect 
an earphone to the output of the receiver 
module instead of a small speaker. The 
sound generated by the earphone can be 
very loud. 

Try experimenting with the two modules 
to see how far you can separate the receiv- 
er module from the transmitter module and 
still recover a usable signal. Also, try using 
the two modules as an object detector by 
pointing both units at a white card and see- 
ing how far away the card can be placed 
without losing the signal. O 
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Fig. 5. Schematic of an 
anti- logarithmic amplifier. 

If the transfer function of an ideal log 

amplifier is Vow. = log (VIN) then the 

transfer function of an ideal antilog am- 

plifier is Vow- = 10vI ". In an actual cir- 

cuit, however, the transfer function is the 

inverse of the log amplifier's. The differ - 
neces between ideal and actual transfer 
functions are therefore compensated. 

Figure 5 shows the circuit for a work- 

ing antilog amplifier you can make. An 

interesting experiment is to connect the 
input of the antilog amplifier to the output 

of the log amplifier in Figure 2. If both 

amplifiers are perfectly accurate, the 

transfer function for the combination will 

be VOUT = VIN. 

Here are the results I obtained from a 

log- antilog combination with no calibra- 
tion adjustments: 

VIN (mV) VOUT (mV) 
1 1 

10 -6 
100 -111 

1,000 -1,205 
10,000 -11,490 

As you can see, the error is fairly high. 

Calibrating both amplifiers using the 

methods previously outlined will provide 
much better results. 

The Analog Multiplier. Now that 

we've built log, antilog and summing 
amplifiers, we can build an analog mul- 

tiplier. A block diagram for the multiplier 
is shown in Fig. 6 and a complete circuit 
in Fig. 7. 

The maximum error of the multiplier is 

easily in excess of 10 percent. Can you 

improve this figure over several decades 

of input voltage? (Hint: Use careful cali- 

bration procedures and try to keep all 

feedback transistors at the same tem- 

perature by, say, bonding them together 
with epoxy cement.) 

You can convert the multiplier into an 

analog divider simply by changing the 
summing amplifier into a difference am- 

plifier. See last month for details. 

SingleChip Multipliers. Contrary to 
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independence from room acoustics, these new dynamic and 

electret condenser models are perceptibly better sounding 

than speaker systems costing hundreds of dollars more. 

And if you think that great performance can only 

come from heavy, bulky stereophones, het ready for another 

surprise. Our heaviest model is less than 71/2 ozs. and our 

lightest is an incredible 43/4 ounces light. Comfort that 

lasts an entire opera if you wish. 

For all the facts, send for our catalog. But for the 

revealing truth about stereophone performance, listen and 

compare at your nearby Audio -Technica showroom. 
It will be a great musical experience. 

Model ATH -7 
Our finest Electret Condenser 
with LED peak level indicators 
$149.95 

Model ATH -1 

The moving coil dynamic stereo - 
phone ;:hat weighs just 43/4 oz. 
$29.95 

audio technica 
INNOVATION PRECISION INTEGRITY 

AUDIO -TECHNICA U.S., INC., Dept. 29P, 33 Shiawassee Avenue, Fairlawn, Ohio 44313 

Available in Canada from Superior Electronics, Inc. 
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I 2-PE , 
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Inarne 

I I , address 

I I 
Icity state 

i I 
I ZIP =EMI En - - - - - - - 
MAII THIS COUPON 
AND WE'LL SEND 
YOU THE BEST 
SPEAKER CATALOG 
YOU EVER READ! 
No kidding. Speakerlab's catalog took longer 
to write than some of our competitors have 
been in business. In fact, we created an industry 
by "building great kits so you can afford great 
speakers. - Our catalog is an invaluable 

manual of speaker function 
and design. And, it will C introduce you to the finest 

speaker kits made 
anywhere...with the l r strongest money -back 

guarantee. Find out for 
yourself...FREE. FREE, 

that is. Mail the coupon now 

4eokei lob 
ept. I -PE, 735 N. Northlake Way 

Seattle, WA 98103 

NORTH STAR 
Now DOUBLE or SINGLE 

Density Floppy Disk! 
COMPLETE MINIFLOPPY DISK 

SYSTEM, single density w /BASIC 
and drive, Kit, List $699 $529 
Double density version of above, Kit 
List $699 (order 01-7735-1) 
Factory assembled, double density 
List $799(01- 7745 -1) 

$589 

$689 

BUY NOW.. . 

HORIZON 1, single density, Kit 
List $1699 (01- 3501 -0) $1249 
Assembled version of above, List $1899 $1499 
Double density version, Kit, List $1599 $1349 
Double density, Assembled, List $1899 $1599 

HORIZON 2, single density, Kit 
List $1999 (order as 01- 3502 -0) $1599 
Assembled version of above, List $2349 $1839 
Double density version, Kit, List $1999 $1699 
Double density, Assembled, List $2349 $1939 

MiniMicroMart, Inc. 
1618 James St., Syracuse NY 13203 

(315) 422 -4467 
CIRCLE NO.35 ON FREE INFORMATION CARD 

Build The World's Most 
Powerful 8 -Bit Computer 
Featuring The Famous Intel 8085! 

Explorer/85' 
Starting for just $129.95 you can now build 
yourself a sophisticated, state -of- the -art As featured in computer that can be expanded to a level POPULAR ELECTRONICS suitable for industrial, business and EXPLORER /85 shown with Video Monitor and Keyboard /video terminal commercial use. You learn as ou o... in y g CHOICE OF HEX KEYPAD OR TERMINAL INPUT smal I, easy -to- understand, inexpensive levels! If you plan to customize EXPLORER for dedicated use we recommend that you order 

hex keypad Input. But rl you are planning to go whole nog and Plow EXPLORER up Features Intel 8085 Cpu /100°,6 compatible with into a full size stale -of -the art system with 8K or extended base (coming soon). up 
8080A software! to 64K of memory, floppy disks. telephone Interface. punters and all sorts oI 5100 plugIns -you II be better oll with the Keyboard /video terminal input The $149 95 Onboard S -100 bus (up to 6 slots)! EXPLORER Keyboard /video Terminal includes lull ASCII decoding with 128 ASCT 
Onboard RAM and ROM expansion! upper /lower case set 96 printable characters. onboard reg rors and selectable p display formats- 32,161or e set or 64,16 for video monitor i not included) Built -in deluxe 2K Monitor /Operating ROM! EXPAND EXPLORER, LEVELBY -LEVEL 
Cassette/RS 232 or 20 maf4 -1/2 8- bit parallel Level °8 at $49 95 adds 5 -100 signals plus onboard RAM) ROM decoding 

Includes all parts necessary to generate the signals for S-10J bus accessories Just I/O and timer all on beginner's Level "A" system! add two S -100 bus connectors and you nave a complete S -100 compatible computer 
EXPLORER/85 glues you 'big computer features Immediately. without turning you 

with a world of add -ons al your fingertips Choose from hundreds of products to 
Into an appliance operator. doomed to run pre -develp ed software for Irle SIm onboard 

nyour indidduâ needs Level B kit add 
addressable 

the address he fi 
field p D d RAM 

expansion 
ROM expansion 

$39 
tun exit are do fnreS- f00 bus to Min the tal ffesi connect EXPLORER to a terminal mood monitor or It set and 8 van power supply and Level "C" expansion, at $39 95 expands Me S -t00 bus to a'iow a total of six start running programs the very first night' Level "A tocnes you machine s -100 cards to be plugged into EXPLORER s motherboard and contained In anguage and computer fundamentals II lets you run exercise programs inctudmg EXPLORER s sleet cabinet Inc udes all hardware- mounting brackets board guides programs to examine the Cpu registers examine memory (III memory moue memory etc Just add the number of S 100 bus connectors you need and make up games You can load and play back these programs on an ordinary tape Level "0" expansion. at $69 95 gives you 46 of onboard static RAM utilizing cassette -and display your ellorls on any Ia screen video monitor or printer I$8 95 2114 IC s Pour board will also accept four 2716 EPROM s which can he purchased RF modulator required for tv use I the simplified arcn,tocture of the Intel 8085 separately You now have an advanced mainframe that Can be customized with the makes EXPLORER tar easier to understand than computers using the older more peripherals of your choice to Id any (or all) specinc requirements Each level of complex but less powerful 8080A Then when you re ready EXPLORER can he EXPLORER is separately regulated for the ultimate in stability Factory service Is expanded -by you -to rival the power of any 8 e computer on earth Or you can available from Netromcs Order your EXPLORER today' customize n to perform a dedrealed task thanks ld onboard - - - - - ORDER FROM THIS COUPON TODAY! - - - - protolypmg RAM and ROM expansion capabilities 

ENetronics R&D Ltd., Dept LEVEL "A" SPECIFICATIONS 
I 

p PE -2, 333 Litchfield Road, New Milford, CT 06676 
EXPLORERS Level A' system features an advanced Intel 
8085 cpu which rs 50% taster than ils 8080A prede I 

censor. yet 100% companole with 8080A software 
which you il discover exists by the Ion Big computer' 
features include an 8355 ROM with 2K deluxe monitor/ 
operating system which has two programmable 8 -bil I 

br directional parallel I/O ports built-in cassette Interface 
with lape control circuitry to allow labeling cassette files. I 

and commands which Include -'display contents of 
memory. "run at user location Igo to). insert data. 

-. 
I 

move contents of memory, 'examine registers individ- 
ually or all. (ill command It (ill the contents of memory I 

with any variable) automatic baud rate selection, program- 
mable characters per line display output formal and more' I 

An 8155 RAM -I /0 chip contains 256 bytes of RAM, two 
programmable 8 -bit bi directional and one programmable I 

6 -bit bi- directional I/O ports plus programmable 14 bit n 
binary counter /timer user interrupt and reset switches I 

0000ard expansion provisions exist for up to six 5 -100 I C 
boards. 4K of RAM and 816 of ROM PROM or EPROM L 
84 

Level 'A EXPLORER /85 kit (Specify O ter- 
minal or D. hex keypad input) $129 95 plus 
$3 p8h 
Power Supply kit. 5 amp z8 volt $34 95 
plus $2 p&h 
Intel 8085 Oser s Manual $7 50 ppd 
ASCII Keyboard /Video terminal kit $149 95 
plus $3 p8h. 
Rex Keypad kit tor hex version, $69 95 plus 
$2 00h 
Level B 5 100 /Onboard RAM /ROM Decoder 
kit (less 5 -100 connectors i $49 95 plus $2 
poil 

Level C 5100 5 -Card Expander kit I less 
connectors), $39 95 plus $2 28.11 

S -100 But Connectors (gold)- $4 85 each 
Level 0' 4K Onboard RAM kif $69 95 plus 
$2 20h 

Deluxe Steel Cabinet for EXPLORER:85. 
$39 95 plus $3 p0h 

L1 Deluxe Steel Cabinet for Keyboard)Vide0 Ter 
moral. $19 95 plus $2 50 pe h 

E RF Modulator kit, $8 95 ppd 
C Total Enclosed I Conn res add taxi 5 

_ 

E VISA Master Charge Exp. Oale 

Account I 
PHONE ORDERS CALL (203) 354 -9375 I 

Print 
Name 

Address 

City 

Stale L90 
- DEALER INQUIRIES INVITED 
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Fig. 6. Block diagram of 
a logarithmic multiplier. 

ouT=xy 

my usual practice of breadboarding ev- 
ery circuit that appears in this column, I 

must confess to not having assembled 
the multiplier in Fig. 7. Several single IC 
multipliers that include all necessary 
amplifiers and transistors on the same 
silicon chip are now available, and 
they're much easier to use and more ac- 
curate because all circuit elements on 
the chip are at the same temperature. 
One such multiplier is Motorola's 
MC1595. 

Single -chip multipliers like the 
MC1595 require many external calibra- 
tion resistors, but recently Raytheon and 
Analog Devices introduced single -chip 
multipliers that include built -in error cor- 
recting features. Raytheon's chip is the 
4200 and Analog Devices' is the AD534. 

The 4200 is much less expensive than 
the AD534, but the latter is far superior 
to any previous single -chip multiplier be- 
cause it includes 12 calibration resistors 
that have been factory- trimmed to a high 
degree of accuracy by a pulsed laser. 
The laser zaps away bits of thin -film cali- 
bration resistors that have been previ- 
ously deposited directly on the silicon 
chip until a specified accuracy is 
reached. 

The AD534 is being billed as the first 
single -chip analog computer. Having ex- 
perimented with both overly demanding, 
temperature- sensitive log amps and 
now the AD534, I'm more than willing to 
accept this enthusiastic claim. Figure 8 
shows why. All the circuits shown are 
complete -no calibration resistors are 
required. 
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Fig. 7. Analog logarithmic multiplier circuit. 

Here's an example of the results I ob- 

tained for an AD534 connected as a 

multiplier and a square rooter: 

X X' AD534 \110X AD534 
1 1 .95 3.16 3.09 

2 4 4.08 4.47 4.51 

3 9 9.20 5.48 5.52 

4 16 16.24 6.32 6.36 

5 25 24.40 7.07 7.11 

6 36 35.20 7.75 7.72 

7 49 48.20 8.37 8.42 

8 64 63.20 8.94 8.90 

9 81 79.80 9.49 9.50 

10 100 98.70 10.00 10.05 

As you can readily see, the AD534 is 

X INPUT O 

y 

XI 

z 
ouT 

X /NOUTO- - - X/ 
(DwNOM /NA TOR ) 

Xz 

Y/ 

yz 

z 
zz 

our 

L/V/DER 

>VoMT = X y 

exceptionally accurate. If you want to 

experiment with the AD534, you'll have 

to order one from an Analog Devices 
representative. Write the company for a 

list of reps and a specification sheet 
(Route One, Industrial Park, Box 280, 

Norwood, MA 02062). The single -quan- 
tity price is $26.00 for the lowest accura- 
cy version (AD534J; ±1% total error). If 

the price seems high, look at it again af- 

ter you've spent a frustrating evening 
trying to calibrate a homebrew multiplier. 
If you prefer digital circuits, consider the 

cost of the hardware and the time to de- 

velop software for a microprocessor that 
will perform the same functions. O 

X A/PUTO 

X2, 

Y/ 

Yz 

z/ 

Z 
Squ.qRE 

7.7 

0 /NOUT 
(Nt/M.a RAToR ) - 

/Oz 

Fig. 8. Applications for the AD534 multiplier. 
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PAL ANTENNAS 
CB - AMATEUR - MARINE 

FIBERGLASS ANTENNAS 

DON'T TAKE NO 
FOR AN ANSWER 
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Our 16th Year Serving 
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DX 
Listening 

FINE ARTS SHORTWAVE SERVICE 

SHORTWAVE listeners around the 
world are getting an incomplete im- 

age of U.S. broadcasting. They can hear 
AFRTS, which is talk, talk, talk, from do- 
mestic commercial networks (minus the 
commercials, but sounding more corn - 
mercial than military); the government - 
operated Voice of America; or religious 
hucksters from the only privately oper- 
ated American shortwave stations. And 
that's all there is! 

"Fine -arts" broadcasting has been 
missing from American shortwave; 
though on the domestic radio bands, it is 
a growing oasis in a vast wasteland. 
Now, however, a 13 -week experiment is 
underway to provide three hours a week 
of fine music on shortwave from the U.S. 
Listener response will determine wheth- 
er the project continues and grows or 
comes to an end after January. 

A patron of the arts has bought air 
time on station WINB, Red Lion, PA. 
This commercial, 50 -kW shortwave sta- 
tion sells most of its time to preachers, 
until now the only type of broadcaster 
believing the potential audience justifies 
the price. WINB also has an antenna 
system for Europe, but these programs 
are beamed toward South America on 
15145 kHz, Fridays at 8 -9:30 and Satur- 
days at 8 -10 p.m. (EST). The signal can 
also be heard in much of North America, 
except for a skip zone surrounding 
southeastern Pennsylvania. The fine - 
arts programs include "Music from 
Oberlin," "Adventures in Good Music," 
and Cleveland Orchestra pops concerts. 
Listeners who appreciate this service 
and would like to have it continue are 
urged to write: Fine Arts, P.O. Box 1003, 
Waterloo, IA 50704. 

Canada. In some respects, the CBC 
Northern Shortwave Service inadver- 
tently provides a "fine arts" radio service 
from Canada to other parts of the world. 
You may request their new program 
schedule from Box 6000, Montreal, PQ 
H3C 3A8. CBC is also publishing a sep- 

86 

By Glenn Hauser 

arate, more detailed fortnightly schedule 
of national network CBC AM & FM 
(known as Radio & Stereo) programs. 
Some are carried simultaneously, some 
at other times on the Northern SW Serv- 
ice. A year's subscription is $6 Canadian 
payable to CBC. Order from CBC Radio 
Program Guide, c/o Bowden's Print/ 
Mail, 296 Richmond St. West, Toronto, 
Ont. M5V 1X2. 

Owing to political pressures to cut 
government spending, Radio Canada 
International is threatened with bearing 
much of a $71- million cutback for the fis- 
cal year beginning next April 1. The 
president of CBC has said that RCI will 
undergo a "rigorous reexamination," 
since its function is ancillary to the 
CBC's main purpose of providing Cana- 
dian programming to Canadians. It 

would not hurt for DX listeners who val- 
ue RCI to express their support. Letters 
may be directed to Jack Lusher, CBC 
P.R. Manager, Box 8478, Ottawa, Ont. 
K1G 3J5. 

Botswana. As administrative costs 
rise, more shortwave stations are reas- 
sessing the value of sending out QSL 
verification cards on request. The col- 
lecting of QSLs has become an end in it- 
self, with picking up the stations merely 
the means. The basic purpose of broad- 
casting, to provide programming to be 
listened to for its content, tends to get 
shoved aside by those whose only inter- 
est in a station is to get a card in the 
mail. 

But QSL chasers were still shocked 
when they read in the World Radio -TV 
Handbook Newsletter (this message 
from D. W. Harris, Acting Director of 
Broadcasting at Radio Botswana): "We 
do not QSL under any circumstances. I 

make no apology for this but would point 
out that we are far too short staffed to 
spend time verifying reports which are 
invariably worthless to us anyway." Ra- 
dio Botswana does not seek an audi- 
ence outside southern Africa, obviously. 

Coincidentally, the Voice of America has 
signed an agreement to install six 250 - 
kilowatt relay transmitters in Botswana. 
So QSL collectors may still have some 
hope of verifying Botswana. 

France. Radio France International for 
some time ignored the lobbying of the 
RFI Listeners Club of North America for 
an evening broadcast in English. But fi- 
nally, RFILC president Matthew Brown 
received this from RFI P.R. agent M. 
Rick: "There will be no extension to the 
western hemisphere in 1979, but Span- 
ish and English broadcasts are possible 
by 1980. We are collecting letters from 
American listeners in order to prepare a 
special document meant to prove to our 
government that there are really inter- 
ested listeners who wish a special trans- 
mission of RFI for the USA." Now's the 
time to write M. Rick, at RFI, B.P. 9516, 
Paris, France. 

The Beeb and the Bugs. The BBC 
World Service survived the notorious 
"think tank" proposal that it be cut to 16 
hours a day -and gained a £20- million 
appropriation for transmitter improve- 
ment in the process. As a result, an en- 
gineering team has been scouting 
around the Indian Ocean for a new relay 
site. One possibility is the Seychelles, 
which would assure a good signal into 
East Africa, long one of BBC's main 
trouble spots in coverage. It may be ex- 
pensive: the other SW station there, 
FEBA, found its license fee raised from 
£25 to £60,000 when the government 
changed hands. 

Operating a radio station on an exotic 
island has other drawbacks. In London, 
the BBC opened a box from its Ascen- 
sion station to find a 3 -inch cockroach; 
and the relay then offered to send along 
scorpions, mosquitos, cicadas and foot - 
long centipedes. In another ocean, Ra- 
dio Cook Islands made news when a 
centipede got into its transmitter, requir- 
ing them to be off the air for a few hours. 

The Pacific. The NBC in Papua New 
Guinea, has bugs of a different kind in its 
transmitters. Within the past few 
months, Port Moresby has shown up for 
periods of a week or so on 4760, 4787.5 
and 9780 kHz with semi- and second 
harmonics, instead of three nominal fre- 
quencies of 9520, 9585 and 4890. This 
was supposedly due to a "defective 
crystal switch." 

Solomon Islands has been putting a 
good signal into North America on 5020 
kHz until sign off at 1130 GMT, except 
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Sundays when Herbert W. Armstrong 
extends the schedule to 1200. 

Radio New Zealand is a fine station 
that does a lot for its two 71/2-kW trans- 
mitters. It doesn't finalize its schedule far 

enough in advance to be included in our 

Broadcasts in English schedules, so 

here is the schedule through February: 
Transmitter I: 1700 -2005 GMT on 

11960, 2015 -0415 on 17770, 0425 -0715 
on 11945, 0730 -1115 on 6105. Trans- 
mitter II: 1700 -0145 on 15345, 
0200 -0530 on 15280, 0540 -1115 on 
6105 kHz. 

Voyageur Busted. After six months 

of regular weekly broadcasts on 5850 
kHz, Mike Martin voluntarily closed 
down his Voice of the Voyageur pirate 

station in Minneapolis, Aug. 20. He was 

off to college and other staff members 
had begun to scatter, some to the army. 

A week after the closing, the FCC bust- 

ed him anyway, in a cordial visit, subse- 
quently marred by threats to revoke his 

FCC licenses. But Martin seems to think 

his stint as Top Man at the Voice of the 

Voyageur was a valuable experience. 
The station made a brief comeback on 

6220 kHz. Voice of the Vikings might 

have been a successor, but after a test 

broadcast on 7445 kHz, nothing further 
was heard. 

Nicaragua. No shortwave broadcast- 
ing was heard from either side during 

the September war, until Somoza's Ra- 

diodifusora Nacional returned to the air 

on 5950 kHz at the end of that month, 

testing a 100 -kW transmitter at half - 

power. Back in June, Aaron Hywarren in 

Manitoba heard the clandestine Radio 

Sandino at 0510 -0524 GMT on 7449 

kHz. We know of not a single other log- 

ging of this station by a DXer. It report- 

edly often changed frequencies. 

Costa Rica. Radio Universidad was 
widely heard on 6097 -98 kHz, then 
6103, instead of 6105, with lots of classi- 
cal music and some jazz. They were re- 

portedly testing a new 10 -kW transmit- 
ter, and have been authorized 100 kW. 

Dominican Republic. After our No- 

vember story on Radio Clarin had gone 
to press, we learned that Rudy Espinal 

was no longer working for Radio Clarin 
or at any other Santo Domingo station. 
There seemed to be no possibility that 
Radio Clarin would resume its interna- 
tional service in English, but the govern- 
ment station, Radio -TV Dominicana, 
plans to do some international broad- 
casting on 9505, and might buy new 
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transmitters to operate on the 16- 

through -60 -meter bands. 

Brazil. Fears that Brazil would close 

down its many tropical -band stations 
seem to have been groundless. Instead, 
many more such stations have been au- 

thorized, such as a 50 -kW Radio Na- 

cional de Manaus on 4875. A new sta- 

tion already on the air and heard in 

North America is Radio Iguatemi, in Sao 

Paulo state, on 3295. Try for it in the ear- 

ly evening hours. 

Wee Hours, Wee Powers. Though it 

is not necessary to stay up all hours of 

the night to enjoy DX listening, it can pay 

off. Richard M. Utter in New York heard 

a Venezuelan no one else had, at 0830 
GMT on 6080 kHz. A station listed inac- 

tive, Radio Zaraza, was heard with a 

definite ID on a very weak signal. A Min- 

nesota DX Club all -night gathering suc- 

ceeded in pulling in another rare station, 
also on 6080 -CKFX, Vancouver, sup- 
posedly using a 10 -watt transmitter 
beamed north! 

New Mediumwave Plan. Interna- 
tional mediumwave DX listening is an 

entirely different game now, following 
massive frequency changes in Europe, 

Africa, Asia and the Pacific. In general, 
Eurafrican frequencies are one kHz 

higher than before, at 9 -kHz spacings. 
This opens new windows and closes old 

ones to North American DX listeners, 
who must DX foreign stations who trans- 
mit on "split" frequencies between our 
10- kHz -spaced stations. 

For readers with very selective receiv- 

ers, Australasian stations now have a 

much better chance of being heard far- 

ther east into North America since they 

have replaced 10 -kHz spacing with 9 

kHz. However, this comes as the low 

point in mediumwave DX propagation 
approaches with the sunspot peak. We 

may have to wait another few years until 

the next sunspot trough is reached to 

learn if predictions come true that Aus- 
tralian and New Zealand MW stations 
will be easily and frequently heard 

throughout North America, as happened 
in the 1930s. Gene Martin, in Denver, 
found regular reception from Tahiti on 

738 kHz and New Zealand on 756 kHz, 

following the November 23, 1978 fre- 

quency changes. 

Addresses. In November, I urged you 

to join the North American Shortwave 
Assoc., but omitted the address! It's Box 

13, Liberty, IN 47353. If you'd like to take 

S çä t á 
Mpg reeler Iris 

A fine selection of small tools, 
measuring instruments, hard -to -find 
items for shop, home and lab. 

Convenient one -stop shopping for 
technicians, engineers, craftsmen, 
hobbyists. Major credit cards ac- 

cepted, satisfaction assured. Get 

your NATCAM catalog today. 

J\ National Camera, Inc. 
Illh, 2000 West Union Ave., Dept.GGA 

Englewood CO 80110 USA 
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the ULTIMATE in 
CHEAP VIDEO 

BOOK &KIT 
ONLY $42.95 

rulK 

Don Lancaster's "Cheap Video "concept 
allows almost unlimited options, 
including: 

* Scrolling Full performance cursor. 
* Line Character formats of 16/32, 24/80, 

32/64 .... or almost anything. 
* Graphics -up to 256 X 256 B &W; 

96 X 128 COLOR (requires low -cost 
option modules ) 

* Works with 6502 , 6800 and other 
micros. 

SPECIAL OFFER: Buy the Kit 
(upper case alpha- numeric option 
included) & get the Book at 1/2 price. 
MIA ELECTRONICS 1020 W. WILSHIRE BLVD.. OKLAHOMA CITY. BR 73116 

I'm Sold, PLEASE RUSH ( ) SEND FREE CATALOG, 

( ) TVT -6 S8 Kit & CheapVideo Cookbook $42.95 enclosed 

( ) TVT -6â 8 Kit only (book required for assembly) -539.95 

name 

address: 

city: state: zip: 

L 
ELECTRONICS , DEPT 2- P,10211111, WILSHIRE BLYO.. OKLAHOMA CITY. CR 73116 
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The first professional quality 
modem in kit form 

The Pennywhistle 103 

Think of it as the ultimate! 

The only modem capable of 
recording data to and from 
an audio tape recorder. 

Price: $129.95 

Add for postage: $3.50 

Interconnect cable: $15.95 

RS -232 Control Center 
Includes: 
* 2 master ports 
* 3 slave ports 

* Plug in prom 
programmer, modem, 
computer, printer, terminal, 
etc. and selectively control data flow. 

RS-212 CON,HOL CENTER 

Price: $89.95 (kit) 

12" CRT Monitor 
New, limited quantity. 

Includes power supply 
and case. 

Sorry, no CRT shipments 
out of U.S. 

lO MHz BAND WIDTH Price: $149.95 

SUP'RMOD II 
UHF Channel 33 TV Interface Unit. 

Works with Cromemco 
Dazzler, Sol 20, TRS -80 
or any video device that 
outputs NTSC composite 
video. 
Plugs directly into the Apple IL 

M&R ENTERPRISES 
P.O. Box 61011, Sunnyvale, CA 94088 

88 
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part in the 1979 Tropical Bands Monitoring and Contest dur- 
ing January, send an SASE for full details to: Jim W. Young, 
Box 576, Wrightwood, CA 92397. 

UPDATING ENGLISH BROADCAST 
LISTINGS OF DECEMBER 

GMT 
1100 -1156 
1130 -1200 
1200 -1215 
1200 -1230 
1200 -1600 
1230 -1255 
1230 -1300 
1300 -1330 

1300 -1550 
1330 -1430 
1400 -1800 
1500 -1709 
1515 -1530 

1530 -1615 
1600 -1630 
1700 -1800 

Station 
R. RSA 
R. Veritas Asia 
Vatican R. 

Israel R. 

HCJB 
Austrian R. 

R. Sweden 
R. Veritas Asia 

R. RSA 
R. Finland 
AFRTS, Washington 
BBC 
V. of Greece 

NSB, Tokyo 
R. Korea 
HCJB, Ecuador 

1705 -1755 R. France Int. 

1710 -1755 
1745 -2230 
1800 -1900 
1900 -1930 
1900 -2030 
2000 -2030 
2000 -2030 
2000 -2115 
2045 -2115 

BRT, Belgium 
All India Radio 
R. Australia 
R. Afghanistan 
HCJB, Ecuador 
R. Algeria 
V. of Iran 
BBC 
Malta Calling 

2130 -2200 R. Sofia 

2130 -0400 
2200 -2300 
2300 -2330 

AFRTS -Washington 
R. Canada International 
R. Vilnius 

0030 -0100 R. Kiev 

0030 -0200 
0050 -0135 
0100 -0120 
0100 -0300 
0200 -0215 
0200 -0250 
0200 -0530 
0215 -0230 
0300 -0315 
0300 -0330 

0300 -0500 
0430 -0455 
0430 -0500 
0500 -0515 
0500 -0515 
0515 -0615 
0540 -1115 
0600 -0615 
0700 -0715 
1100 -1200 

HCJB, Ecuador 
TWR, Bonaire 
RAI, Italy 
WYFR 
R. Japan 
R. RSA 
R. New Zealand 
V. of Greece 
R. Japan 
R. Kiev 

WYFR 
Austrian R. 

R. Sofia 
Israel R. 

R. Japan 
Spanish Foreign R. 

R. New Zealand 
R. Japan 
R. Japan 
AFRTS -Washington 

Frequencies, changes 
15125, not 25790 
9590, 11805, 15165 
21485 
add 21565 
ex to 1630 
21530 ex -17725 
21690 ex -21700 
9590, 11955, 15165 (ex. 
1400 -1500) 
not 25790 
15210, ex -15105 (Sun.) 
15430 or 15425, 15330 
17830, ex -17840 
17830, 15345 (both not 
Tues.) 
9595, 6055 
9720, not 9740 
17865 & 15380, ex -17745 
& 15295 
add 21580, 17860, 17850, 
17795, 17720, 15200 
17735 
11620 
11800 
11805 (frequent changes) 
17865, ex -17770 
ex 1800 -1900 
9022 (ex 1930 -2000) 
17830, ex -17840 
6010 (Sat.) (frequent 
changes) 
7115 & 5915, ex 1 1850 & 
11750 
add 21650 
11855, 9575 (Mon -Fri) 
17870, 15240, 15100, 9580, 
7150; ex 7400 and 7360 
15240, 15100, 7215, ex- 
15180, 12000, 6020, 5980 
15115 
ex 0035 -0135 
6010, ex -11810 
5985, ex to 0500 
15105, ex -17755 
15220, ex -5980 
15280 
drop 9515, ex -9610 
15105, ex -17755 
7320, 7260, 7215, 7175, 
5970, ex- 11860, 9780, 7400, 
7245, 6020, 5980 
6155, ex -5985 
5945, ex -6015 
7115 ex -9530 
add 11635 
9505 ex -15105 
6065, ex -11880 
6105 
9505 ex -15105 
9505 ex -15105 
ex 0700 -1200 
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Read about everything that's NEW and Exciting 
in Electronic Kits! 

THE BIG, NEW 
WINTER '79 

HEATHKIT® 
CATALOG 
Choose from nearly 400 
fun -to- build, money- 
saving electronic 
kits. 

There's 
Something 
for Everyone 
in this Big 
New Catalog! 

Computerized 
Weather Station 
Rack -Mount 
Stereo Components 
Digital Readout 
Electronic Scale 
Hand -Held Aircraft 
Navigation Computer 
Deluxe Dual- Trace, 
Delayed Sweep Oscilloscope 
2 -Meter Hand -Held 
Amateur Radio Transceiver 
Computer Systems with 
Floppy Disk Storage 

Electronic Air Cleaners 
Amateur Radio Linear Amplifiers 
Electronics and Automotive 
Learning Programs 

Get Full Information 
In This Big New Catalog. 
Send For Your Copy Today! 
If coupon is missing, write Heath Company, 
Dept. 010 -500, Benton Harbor, Michigan 49022. 

FEBRUARY 1979 

HEAT -I 

3chlumberger 
lllllll1lllllllllllMllllllMlll .11llM1111111-llll11 

Heath Company, Dept. 010 -500 
Benton Harbor, Michigan 49022 

Please send me my FREE Heathkit Catalog. I am not now 'eceiving 
your catalogs. 

Name 

Address 

City 

1 CL -677 

State ' 
Zip 

161111_________ 
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APL /S-A BETTER LANGUAGE? 

THE EASIEST way to provoke a de- 
bate among a group of computer 

users is to claim that one high -level lan- 
guage is better than another. BASIC affi- 
cionados claim that their language is 
"human," making it easier to program 
and read when it comes on- screen. 
FORTRAN users claim all sorts of won- 
drous things for this language; while PI- 
LOT, FOCAL, et al, users provide vocif- 
erous defense for their selection. Almost 
all computer users admit, however, that 
the language they would like to use is 
that tremendously powerful one -APL. 

While APL may be a "first- choice" lan- 
guage, its popularity is restricted be- 
cause a special character generator is 
needed to reproduce the special APL 
symbols required. Moreover, most peo- 
ple are awed at the amount of memory 
usually thought to be required to support 
APL. This need not be the case with the 
APL /S language soon to be introduced 
by Video Brain (2950 Patrick Henry Dr., 
Santa Clara, CA 95050; tel.: 
408 -988 -3020). (The S in APL /S 
stands for "structured" or "simple. ") 

The new Video Brain language is a 
small APL. It combines the array manip- 
ulation capabilities of APL with struc- 
tured control words of PASCAL. It is 
contained in a plug -in cartridge that has 
13K of ROM. When plugged into the 
Video Brain computer, APL /S comes up 
in conventional alphanumeric charac- 
ters. Price for the cartridge is to be about 
$150, which will include a user and ref- 
erence manual. 

APL /S features such commands as 
LIST, ERASE, SAVE, LOAD, BACK, 
NEXT, PREVIOUS, and SPECIAL. It 
also has a large selection of statements 
including BARH to control bargraph 
height and BARC to determine bargraph 
colors (16), in addition to argument and 
reduction functions. Other features in- 
clude values of variables in either scalar 
or array; all values stored in 4 -byte float- 
ing point (the largest number is 1075); 
seven -digit precision; and E notation in 
both input and output. 
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By Leslie Solomon, Technical Director 

The same features that make APL /S 
a problem -solving language -it is struc- 
tured, readable, and problem oriented - 
allow one to learn programming con- 
cepts without the bother of syntactical 
burdens and the unnecessary con- 
straints of some typical computer lan- 
guages. There are no line numbers in 
APL /S. By carefully documenting a pro- 
gram on paper, you essentially write it at 
the same time. This is similar to the ap- 
proach used in PILOT. As an example, a 
"Lunar Lander" program that used more 
than 90 lines in BASIC (and lots of 
REMs) was easily duplicated in 28 lines 
of APL /S that was self -documenting and 
required no REMs. 

Chess and Bridge. Personal Soft- 
ware (P.O. Box 136, Cambridge, MA 
02138; tel.: 617 -783 -0694) has some 
news for chess and bridge players. If 
you have a Radio Shack Model TRS -80 
computer with Level I or Level II BASIC, 
Microchess 1.5 ($19.95) is for you. It of- 
fers three levels of play, every move is 
checked for legality, and the program 
handles castling and en- passant cap- 
tures. Moreover, depressing "N" on the 
keyboard causes each square to be 
numbered so that play is truly simplified. 
If you have an 8K PET or a 16K Apple 
computer, there is Microchess 2.0 
($19.95) which offers eight levels of play 
to examine up to six moves ahead, and 
includes an on- screen clock. If bridge is 
your game, Bridge Challenger ($14.95) 
is available for the 8K PET, 16K Level -II 
TRS -80, and 16K Apple. This program 
allows you and the dummy to play four - 
person contract bridge using the com- 
puter as the other hands. 

Z80 for S -100 Bus. Connecting a 
Z80 to an S -100 bus is easy with the 
"Single Card Computer" from Cromem- 
co, Inc. (280 Bernardo Ave., Mountain 
View, CA 94043; tel.: 415 -964 -7400). 
Available in kit ($395) and assembled 
and tested ($450) forms, it features 4- 
MHz operation, 8K of PROM, and 1K of 

RAM. The board also contains an 
RS -232 or 20 -mA loop; serial interface 
with baud rates up to 76,800; vectored 
interrupts; 24 bits of bidirectional parallel 
I/0; and five programmable timers. Cro- 
memco also has software to be used 
with the new board. 

Build a Terminal. You can build a 
professional -style terminal with the 
ESAT 200B Communicating Terminal 
($239) as the basic element. The kit is 
available from Electrolabs (P.O. Box 
6721, Stanford, CA 94305; tel.: 
415- 321 -5601). 

The terminal produces 80 characters 
on each of 34 lines on- screen. It con- 
tains a single 14" x 18" (35.6 x 20.3 
cm) board that generates upper- and 
lower -case ASCII characters. On -board 
is an empty socket for an optional 
EPROM that allows the terminal to have 
two fonts of up to 120 characters per 
font. User -alterable fonts are pro- 
grammed into 256 groups of 7 x 8 cells 
that are displayed contiguously. This 
permits the use of extended characters 
in two or more adjacent cells. Anything 
can be programmed into the cells, in- 
cluding Farsi and APL characters, 
graphic symbols, etc. Keyboard input is 
seven or eight bits with negative strobe. 
Video output is selectable composite or 
separate sync. Baud rates are from 110 
to 19,200 at RS -232C, 20 -mA or TTL 
levels. 

Ten Megabytes. Alpha Micro (17881 
Sky Park No., Irvine, CA 92714; tel.: 
714 -957 -1404) has announced the 
Model AM -500, an S -100 bus- compati- 
ble, 10- megabyte disk system for 
$7995. The system consists of a single - 
board controller, interconnecting cable, 
and a 10- megabyte Control Data 
"Hawk" disk drive. 

A 5- megabyte fixed disk and a 5- 
megabyte removable cartridge are used 
in the system to provide the 10- 
megabyte capability. The controller 
board is interrupt driven, requires a sim- 
ple interface to the CPU system, and 
does complete 512 -byte transfers. Al- 
though it was designed for the AMOS 
operating system, the Model Am -500 
will work on the S -100 bus. This DOS 
permits multiple users, multiple tasking, 
time sharing, and memory manage- 
ment. Up to four drives can be daisy - 
chained to one controller. 

The General. A new computer from 
Xitan Inc. (1101 -H State Rd., Princeton, 
NJ 08540; tel.: 609 -921 -0321), called 

POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


the "General," features a Z80A micro- 
processor. It also features memory - 
mapped interrupt- driven DMA -controlled 
architecture to fully support multitasking 
software; 630K of mass storage on two 

5 " (13.3 -cm) disk drives; 32K of RAM; 

and space display is 80 characters wide 
on 24 lines, with blink, invert, half- inten- 

sity, zero- intensity, and underline func- 

tions. It provides three software defin- 
able character sets and interfaces. 

VIP News. RCA "VIP" owners can 

now play in color, using the Model 

VP -500 color board ($69), or make ex- 

citing music with the Model VP -550 Su- 

per Sound board ($49). The color board 

provides up to eight colors. The music 

board comes with a PIN (play it now) 

program that permits transcribing sheet 

music or creation of new sounds. The 

board has a range of four octaves and 

can play two -part harmony. 
Other VIP items are also available: 

Model VP -595 simple sound board ($24) 

includes speaker and amplifier; Model 

VP -570 memory- expansion board ($85) 

contains 4K of RAM; Model VP -580 ex- 

pansion board ($15) plugs into color 

board or Model VP -585 keyboard inter- 

face board ($10) to allow two people to 

use the VIP in games; Model VP -560 

EPROM board ($34) allows use of two 

Intel 2716s; Model VP -565 EPROM pro- 

gramming board ($99) allows program- 
ming Intel 2716s for Model VP -560; 

Model VP -700 Tiny BASIC ROM board 

($39) requires an external ASCII key- 

board; Model VP -900 ASCII keyboard 

($50) has upper- and lower -case and 

control characters. There is also a VIP 

newsletter now available, called Viper, 

from Box 43, Audubon, PA 19407, at 

$15 for 10 issues. 

Smart Cassette -I /O Controller. 
Xecon Micro (P.O. Box 267, Hawthorne, 
CA 90250; Tel 213 -676 -8346) has an- 

nounced its MS -CIO audio cassette and 

serial I/O controller with a built -in reloca- 
table operating system for $205 assem- 
bled and tested. This device, for the 

S -100 bus, supports two cassette tape 

units, and has an RS -232 or 20 -mA seri- 
al port. The cassette operates at 1200, 

2400, or 4800 bits /second using a modi- 

fied KC format. Integral motor control 
drivers are provided. The cassette oper- 
ating system handles motor control, file 

formatting, labelling, searching and gen- 
eration of inter -record gaps. There is no 

need for control program boot -strapping. 
To perform a tape search, load or dump, 

the user calls the desired routine. 
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HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 
Write and run machine language programs at home, display video 
graphics on your TV set and design microprocessor circuits -the 
very first night -even if you've never used a computer before! 

ELF II featuring RCA COSMAC 
microprocessor/ COMPUTER $9995 mini- 

ELF II by 

NETRONICS 

As featured 

in POPULAN 

ELECTRONICS 

Shown with 
apnoea) Ik theory Boards, 

GIANT BOARD" i Mode Bowl. 

Stop reading abou computers and get your hands on one With 
ELF I I and our new Short Course by Tom Pittman, you can 

master computers in no time at all! ELF I1 demonstrates all 91 

commands an RCA 1802 can execute and the Short Course 
quickly teaches you how to use each of the 1802's capabilities. 

ELF II's video output lets you display an alphanumeric 
readout or graphics on any TV screen or video monitor plus 
enjoy the latest video games, including an exciting new 

target/missile gun game that was specifically developed for 
ELF II. 

But that's not all. Once you've mastered computer funda- 
mentals, ELF 11 can give you POWER with add -ons that are 

among the most advanced found anywhere. No wonder IEEE 
chapters plus hundreds of universities and major corporations 
have chosen the ELF II to introduce their students and per- 

sonnel to microprocessor computing! 

Learn The Skill That May Soon Be Far 
More Important Than Your College Degree! 

The ability to use a computer may soon he more important to 
your earning power than a college degree. Without a knowl- 
edge of computers. you are always at the mercy of others when 
it comes to solving highly complex business, engineering, in- 

dustrial and scientific problems. People who understand corn - 
puters can command MONEY and to get in on the action, you 
must learn computers. Otherwise you'll he left behind. 

ELF II Is The F -A -S -T Way To Learn 
Computer Fundamentals! 

Regardless of how minimal your computer background is now, 
you can learn to program a computer an almost no time at all. 
That's because Netronics has developed a special Short 
Course on Microprocessor And Computer Programming in 

non -technical language that leads you through every one of the 

RCA COSMAC 1802's capabilities so you'll understand 
everything ELF II can do... and humr to gel ELF II to do it! 

Ail 91 commands that an 1802 can execute are explained to 

you, step -by -step. The text, written for Netronics by Tom 

Pittman. is a tremendous advance over every other program- 
ming hook in print. 

Keyed specifically to the ELF II, it's loaded with "hands 
on" illustrations. When you're finished, ELF II and the 1802 

will no longer hold any mysteries to you. 
In fact, not only will you be able to use a personal computer 

creatively, you'll also be able to read magazines such as 

BYTE...INTERFACE AGE... POPULAR ELEC- 
TRONICS and PERSONAL COMPUTING and under- 
world the articles. 

If you work with large computers, ELF II and our short 

Course will help you to understand what makes them tick. 

A Dynamite Package For Just $99.95! 
With ELF I1. you learn to use machine language -the funda- 
mental mental language of all computers. Higher level anguages such 

-SEND TODAY! - 

as FORTRAN and BASIC must be translated into machine 
language before a computer can understand them. With ELF 
II you build a solid foundation in computers so you'll really 
know what you're doing, no matter how complicated things 
get. 

Video output also makes ELF I I unique among computers 
selling for such a low price. Attached to your TV set, ELF II 
becomes a fabulous home entertainment center. It's capable of 
providing endless hours of fun for both adults and children of 
all ages! ELF II can create graphics, alphanumeric displays 
and fantastic video games. 

No additional hardware is required to connect ELF II to 

your TV's video input. If you prefer to connect ELF II to your 

antenna terminals instead. simply use a low cost RF modulator 
Ito order one, see coupon below). 

ELF II's 5 -card expansion bus (connectors not included) 
allows you to expand ELF I I as your needs for power grows. If 
you're an engineer or hobbiest, you can also use ELF II as a 

counter, alarm. lock. thermostat, timer or telephone dialer. or 

for countless other applications. 

ELF II Explodes Into A Giant! 
Thanks to ongoing work by RCA and Netronics, ELF II 
add -ons are among the most advanced anywhere. Plug in the 
GIANT BOARD" and you can record and play hack programs, 
edit and debug programs. communicate with remote devices 
and make things happen in the outside world. Add Kluge Board 
to get EI. F II to solve special problems such as operating a 

more complex alarm system or controlling a printing press. 
Add 4k RAM hoard and you can write longer programs, store 
more information and solve more sophisticated problems. 

Expanded, ELF II is perfect for engineering, business, 
industrial. scientific and personal finance applications. No 
other small computer anywhere near ELF II's low price is 

hacked by such an extensive research and development pro- 
gram. 

The ELF-BUG" Monitor is an extremely recent break- 
through that lets you debug programs with lightening speed 
because the key to debugging is to know what's inside the 
registers of the microprocessor and. instead of single stepping 
through your program, the EI.F- BI-JG" Monitor, utilizing 
break points. lets you display the entire contents of the regis- 
ters on your TV screen at any point in your program.You find 
out immediately what's going on and can make any necessary 
changes. Programming is further simplified by displaying 24 

bytes of RAM with full address, blinking cursor and auto 
scrolling. A must for serious programmers! 

Netronics will soon he introducing the ELF II Color 
Graphics & Music System -more breakthroughs that ELF I I 

owners will he the first to enjoy! 

Now BASIC Makes Programming ELF II Even Easie -! 

Like all computers. ELF II understands only "machine 
language" -the language computers use to talk to each other. 
But, to make life easier for you, we've developed an ELF II 
Tiny BASIC. It talks to ELF II in machine language for you so 
that you can program ELF II with simple words that can he 

typed out on a keyboard such as PRINT, RUN and LOAD. 

"Ask Now What Your Computer Can Do... 
But What Can It Do For YOU!" 

Don't he trapped into buying a dinosaur simply because you 
can afford it and it's big. ELF II is more useful and more fun 
than "big name" computers that cost a lot more money. 

With ELF I I. you learn to write and run your own programs. 
You're never reduced to being a mere keypunch operator. 
working blindly with someone else's predeveloped software. 

No matter what your specialty is, owning a computer which 
you really know how to use is sure to make you a leader. ELF 
I I is the fastest way there is to get into computers. Order from 
the coupon below! 

!NOW AVAILABLE FOR ELF 11- 
L] Tom Pittman's Short Course On Mi- 
croprocessor & Computer Programm- 
ing teaches you just about everything 
there is to know about ELF II or any 
RCA 1802 computer. Written in non- 
technical language. it's a learning 
breakthrough for engineers and laymen 
alike. $5.00 postpaid! 
E Deluxe metal cabinet with plexiglas 
dust cover for ELF 11. $29.95 plus 
$2.50 p &h. 

ELF II connects to the video input 
of your TV set. If you prefer to use 

your antenna terminals, order RF 
Modulator, $8.95 postpaid. 
E GIANT BOARD " kit with cassette 
I/O, RS 232 -C/TTY 110, 8 -hit P I /O, 
decoders for 14 separate I!O instruc- 
tions and a system monitor /editor. 
$39.95 plus $2 p &h. 

Kluge (Prototype) Board accepts up 
to 36 IC's. $17.00 plus $1 p &h. 

4k Static RAM kit. Addressable to 
any 4k page to 64k. $89.95 plus $3 p &h. 
C Gold plated 86-pin connectors lone 
required for each plug -in board). $5.70 
postpaid. 
L Professional ASCII Keyboard kit 
with 128 ASCII upper /lower case set. 
96 printable characters, onboard regu- 
lator, parity. logic selection and choice 
of 4 handshaking signals to mate with 
almost any computer. $64,95 plus $2 

C Deluxe metal cabinet for ASCII 
Keyboard. 519.95 plus $2.50 p &h. 
L ELF II Tiny BASIC on cassette 
tape. Commands include SAVE, 
LOAD,' -. <, -.1 1,26 variables A -Z, 
LET, IF /THEN. INPUT, PRINT, 
GO TO, GO SUB, RETURN. END. 
REM, CLEAR. LIST, RUN, PLOT. 
PEEK, POKE. Comes fully docu- 
mented and includes alphanumeric 
generator required to display al- 
phanumeric characters directly on your 
TV screen without additional hard- 
ware. Also plays tick -tack -toe plus a 

drawing game that uses ELF II's hex 
heyboard as ajoystick. 4k memory re- 

quired. $14.95 postpaid. 
Tom Pittman's Short Course on Tiny 

BASIC for El.F II, $5 postpaid. 
Expansion Power Supply (required 

when adding 4k RAM). $34,95 plus $2 

p &h. 
ELF -BUG" Deluxe System Monitor 

on cassette tape. Allows displaying the 
contents of all registers on your TV at 

any point in your program. Also dis- 
play, 24 bytes of memory with full ad- 

dresses, blinking cursor and auto scroll- 
ing. A must for the serious program- 
mer' $14.95 postpaid. 
Coming Soon: .A -D. D -A Converter, 
Light Pen, Controller Board, Color 
Graphics & Music System...and 
more! L &h Call or write for wired prices! 

Netronics R &D Ltd., Dept. PE -2 

333 Litchfield Road, Phone 
New Milford. CT 06776 1203) 354 -9375 

Yesl I want to run programs at home and 
have enclosed. $99.95 plus $3 postage 
8 handling for RCA COSMAC ELF II kit, f 54.95 for power supply (required), 

$5 for RCA 1802 User's Manual, E $5 

for Short Course on Microprocessor & 

Computer Programming. 
C I want mine wired and tested with 
power supply, RCA 1802 User's Manual 
and Short Course included for just $149.95 
plus $3 WI 

I am also enclosing payment (including 
postage 8 handling) for the items checked 
at the left. 
Total Enclosed (Conn. res. add tax) 
$ . Check here if 

you are enclosing Money Order or Cashier's 
Check to expedite shipment. 
USE YOUR VISA E Master Charge 
(Interbank # 
Account # 

Signature Exp Date 

PHONE ORDERS ACCEPTED (203) 354-9375 

Print 
Name 

Address 

City 

State - Zip - DEALER INQUIRIES INVITED J 
CIRCLE NO. 37 ON FREE INFORMATION CARD 
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Software 
--Sources 

COBOL for 8080/Z80/8085. The 
world's most widely used computer program- 

ming language is now available for 8080 - 
compatible microprocessors. COBOL -80 is 
based on the 1974 ANSI standard, and con- 
tains all Level -1 features and some Level -2 
options for file handling and the "Nucleus." 
Level -1 Table Handling, Library and Interpro- 
gram Communication facilities are provided. 
A data format called COMP -3 allows numeric 
data to be packed two digits to the byte, re- 
ducing mass -storage requirements. Also in- 
cluded are a batch -style Debug, and Mi- 
crosoft's Linking Loader. The system con- 
sists of two packages: a compiler, generating 
machine -independent pseudo-code (which 
has also been implemented on some mini- 

CALIFORNIA 
Rainbow Computing 
Complete Apple Il Line 
10723 White Oak Avenue 
Granado Hills, CA 91344 
(213) 360 -2171 

COLORADO 
Amptec, Inc. 
Send For Our Catalog -10% Off 
5975 North Broadway 
Denver. CO 80216 
(303) 571-8033 

Byte Shop 
Complete Apple lI Line 
3464 South Acoma Street 
Englewood, CO 80110 
(303) 761-6232 

MARYLAND 
Computers Unlimited, Inc. 
Tomorrow's Technology Today 
907 York Road 
Towson, MD 21204 
(301) 321 -1553 

MICHIGAN 
The Computer Mart 
We Will Not Be Undersold 
1800 West 14 Mile Road 
Royal Oak, MI 48073 
(313) 634-0076 

United Microsystems Corporation 
The Professional Computer Store 
2601 South State Street 
Ann Arbor, MI 48104 
(313) 688-6806 

NEW JERSEY 
Computer Mart of New Jersey 
The Microcomputer People (tm) 
501 Route 27 
Iselin, NJ 08830 
(201) 283-0600 

NEW YORK 
Byte Shop of Long Island 
The Affordable Computer Store 
2721 Hempstead Turnpike 
2 Blocks East Of Wantagh Parkway 
Levittown, New York 11756 
(516) 731 -8116 

Adrrrtisement 

Byte Shop of New York 
The Affordable Computer Store 
130 East 40th Street 
New York, NY 10016 
(212) 889 -4204 

Computer Mart of New York 
First In The East 
118 Madison Avenue 
(30th Street Entrance) 
New York, NY 10016 
(212) 686-7923 

OHIO 
Ohio Microcomputer Specialists 
Imsai Personal and Business Systems 
1265 Grandview Avenue 
Columbus, OH 43212 
(614) 488 -1849 

OKLAHOMA 
Microlithics, Inc. 
Medical Systems -Differential Diagnosis 
2918 MacArthur Boulevard 
Oklahoma City, OK 73127 
(405) 947 -5646 

PENNSYLVANIA 
Personal Computer Corporation 
OEM Specialists 
Frazer Mall 
Lancaster Avenue and Route 352 
Frazer, PA 19355 
(215) 647-8463 

SOUTH CAROLINA 
Byte Shop #32 
The Affordable Computer Store 
1920 Blossom Street 
Columbia, SC 29205 
(803) 771 -7824 

CANADA 
TJB Microsystems, LTD 
Your Commodore Pet Headquarters 
10991 -124th Street 
Edmonton, Alberta, Canada 
T5M OH9 
(4031455 -5298 

Dealers: For information about how to have you 
please contact: POPULAR ELECTRONICS, One Pa 

r store listed in THE MICROCOMPUTER MART, 
rk Ave., New York, N.Y 10016 (212) 725 -3568 
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computers) plus a runtime module which in- 
terprets the pseudocode in 8080 machine 
code. The compiler plus interpreter occupy 
about 25K bytes; operating system and table 
space add about 7K and 12K bytes respec- 
tively, for a total of about 44K. Price on CP /M 
or ISIS -II disks is $750 per copy; documenta- 
tion (supplied with the system), is $20 sepa- 
rately. Microsoft, 300 San Mateo N.E., Suite 
819, Albuquerque, NM 87108. 

Pet Educational Programs The 
Peninsula School Computer Project now of- 
fers three educational program tapes for 8K 
Pets, each supplied with listings and other in- 
formation. Tape 1 includes PILOT, an easy - 
to -learn programming language oriented to- 
ward computer- assisted instruction, plus five 
sample game programs in PILOT; $20. Tape 
2 ($15) includes a BASIC line- renumbering 
program, a Kaleidoscope graphics program, 
a lemonade -stand business simulation game 
and WSFN, a control language for a graph- 
ically simulated "robot." Tape 3 ($10) in- 
cludes QUEST, a maze game similar to , but 
more difficult than Wumpus, and a graphics 
picture- drawing program whose output may 
be saved on tape or included as subroutines 
in other programs. Peninsula School Com- 
puter Project, Peninsula School, Peninsula 
Way, Menlo Park, CA 94025. 

North Star DOS +, for MECA, too. 
DOS+ is a 1K add -on for North Star DOS 
which will also execute all Meca tape com- 
mands. It provides a simple protocol for 
transfer of ASCII data between programs 
(useful, for example, in translating programs 
from one BASIC interpreter to another) and 
between I/O devices. It allows BASIC pro- 
grams to list the directory and create or de- 
lete disk files, and also works with assembler - 
language programs. Other features include 
facilities for programmed creation of opera- 
tion -lists in memory with single or repeated 
execution, and command transfer to other 
programs, as well as decimal and hex I /O. 
Starting addresses can be at 1C00, 5C00, 
6C00 or 7C00. Manual and diskette (source - 
code not included), $35. Interactive Mi- 
croware, Inc., 116 S. Pugh St., State College, 
PA 16801. 

8080 Disassembler. Available in Byte 
(K.C.) and Polyphase (Polymorphic) cas- 
settes with documentation, this program pro- 
vides full object and source code display of 
8080 programs, detects out -of -range ad- 
dresses, and incorporates up to 999 pseudo 
labels. Written for Polymorphic 88 systems, it 
can easily be modified to run on most 8080 
systems in 8K through 24K. Nominal configu- 
ration uses less than 4K of RAM. Two ver- 
sions are available: object code is $20, 
source code (including listings) is $40. Speci- 
fy Byte or Polyphase cassette. Micromatics, 
Box 5710, Columbus, OH, 43221. 

POPULAR ELECTRONICS 
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Operation Assist 
If you need information on outdated or rare 

equipment -a schematic. parts list. etc.- another reader 
might be able to assist. Simply send a postcard to Opera- 
tion Assist, POPULAR ELECTRONICS. 1 Park Ave .. New York. 

NY 10016. For those who can help readers, please re- 

spond directly to them. They'll appreciate it. (Only those 
items regarding equipment not available from normal 
sources are published ) 

Polytechnic Research and Development precision fre- 

quency meter TY560s1 serial *151. Need operation manual 

and any information. Amplldyne Laboratories 220 -MHz 

converter model C14 serial *203. Need manuel and infor- 

mation. Jung Y. Lem, 5222 Coringa Drivrt, Los Angeles, CA 

90042. 

H.H. Scott model 340-B Stereomaster receiver. Need own- 

ers manual and source for parts. S. Hoffman, 3689 Elmore 

Ct., Cols, OH 43224. 

Knight kit receiver, model R100A. Schematic and manual. 

E.H. Willi, 2280 N.W. 79th Avenue, FI. Lauderdale, FL 

33322. 

Hickok Company Stark model 20C universal crystal-con- 
trolled signal generator. Manual and electronic diagram. Uh 

Gordon. 51/3 Hatzvi Street, Beer -shave, Israel. 

Sperry Remington Rend EDC -1 office calculato. Schemat- 

ic and service information. David Gardner, North View Trailer 

Ct., Gerald. MO 63037. 

Braun multi -band German table radio, type RC61A. Need 

schematic. Isaac W. Eaves, 10113 Pillot St., Houston, TX 

77029. 

E.M. Scott Laboratories SLR 12 -B SW receiver. Need any 
information. Accurate Instrument Company model 151 

tube tester. Need tube chart. Matthew Currie, Belden St., 

Falls Village. CN 06031. 

Superior Instruments Co., genometer, model TV -50A. 

Need operating instructions and schematic. Charles Peter- 

son, Box 45, Langford, SD 57454. 

Jackson model CRO -2 oscilloscope. Need schematic and 

manual. J. Pederson. 1701 -150th S.W., Lynnwood, WA 

98036. 

Tektronix oscilloscope model 561A. Need manual and 

schematic. Bill Seeley, 1139 -Taraval St., San Francisco, CA 

94116. 

Brewer Labs Varmint mobile linear model XL400. Schemat- 
ic, service manual and any other information. Dale L. 

Schneider, 10 W. Sycamore St., Apt. 11, Oxford, OH 45056. 

Concord model 501D. Need schematics. Teak model 

A -1200. Need schematics. Wesley Jensen, Box 13, Fond 

Dulac, WI 54935. 

Unitrobe transistor U13T1, 7215, NX12C. Need specifica- 
tions. P.J. Mischkot. 2510 Turtle Creek Dr., Sherman TX 

75090. 

Meisel Electric Co., Ltd. model MDK -800 A (Challenger) 23- 

channel CB. Need schematic diagram. Philip L. Weller, 46 S. 

Madison St., Allentown. Pa 18102. 

Sears 1954 21" TV. Need horizontal output transformer. Paul 

B. Sanderlin, 12821 Chambers Rd., Sunbury, 04143074. 

Akal tape recorder model M -7. Need operation manual or any 

other information. P. L. Knox, 14644 Fallbrook Ct., Sun City, 

AZ 85351. 

De Jur model TK820 open reel tape recorder. Operation man- 

ual needed for sections F, G and H. Walter Mesko, R.F.D. 1, 

Box 414, Lake George, NY 12845. 

Spartan model 121 receiver chassis #8L9. Need schematics. 

Audio Instrument Co., inter -modulation meter model 167D 

Series 223. Need schematic and operating manual. Barry 

Fuerst, 218 Floumoy St.. Oak Park, IL 60304. 

Zenith model 12H689 FM /Am /SW receiver. Need schematic, 

operating instructions or any other information. Ronald Rubin, 

1722 Canterbury Circle, Casselberry, FL 32707. 

Teietronics Laboratory Navy model LAJ -4 audio oscillator 

*941. Need schematic, operating and alignment information. 

Barry Fuerst, 218 Flournoy St., Oak Park, IL 60304. 

Pearce -Simpson model Bemini 550 marine radio telephone 

transceiver. Need schematic and operating information. Army 
Signal Corps model PP- 949 -TGC power supply, need Army 

FEBRUARY 1979 

training manual. John T. Matyas, 6815 San Miguel, Lemon 

Grove, CA. 92045. 

Crosley models 51, 52, VI Pup, X, XJ Trirdyn Newport 5-38. 

Need factory service manuals. B. Dingman, 3752 Orange 

Ave., Long Beach, CA 90807. 

Accurate Instrument Co. Inc. tube tester model 257. Need 

copy of wiring diagram and instruction manual. Bill Stipick, 

272 Overbrook Dr., Newtown Square, PA 19073. 

Systron- Donner 1240 RMS /DC converter. Need manuals 

and schematics. Sierra 219B transistor checker. Need manu- 

als and schematics. Bob Sandell, 26 G.H. Baker Dr., Urbana. 

IL 61801. 

Defense Electronics, Inc., model TR -711 (1234) and (123) 

telemetry receiver. Need manual for maintenance, schemat- 

ics and octal -base oscillators. Ken Raynore, 127 Temple Cir- 

cle, Lynchburg, VA 24502. 

Radio Manufacturing Engineers RME -84 SW receiver. 

Need schematic or address of manufacturer. Erich Noll, 7507 

E. 52nd St., Kansas City, MO 64129. 

Tektronix 535 oscilloscope. Manual needed. Have 531 man- 

ual to trade. Bill Hocutt, 926 S Shades Crest Rd., Bassarmer, 

AL 35020. 

Norden -Hauck Super DX5, Ross 4 -C, Silver 5C, and Sargent 

8-34 communication receivers. Need schematics, owners 

manuals, and other information. H.L. Chadboume, 530 Mid- 

way St.. La Jolla, CA 92037. 

Berkeley Universal EPUT and timer model 7350R. Need op- 

erating instructions, schematic and parts list. C.A. Allen, 805 

Chatterson Rd., Huntsville, AL 35805. 

Heathkit DX -40 Transmitter. Need schematics and /or operat- 

ing manual. Ted. K. Wright, 3929 Wood Lane, Ft. Worth, TX 

76117. 

Design of Digital Systems - six volumes 

The products of digital electronics techno- 
logy will play an important role in your 
future. Calculators, digital watches and TV 
games are already commonplace. Now, 
microprocessors are generating a whole new 

range of products. Personal computers will 
be in widespread use very soon. Your TV. 
telephone and computer will combine to 
change your children's education, your iob- 
your entire way of Ide, 

WRITTEN BY EXPERTS 

These courses were written by experts in 

electronics and learning systems so that you 
could teach yourself the theory and appli- 
cation of digital logic. Learning by self - 

instruction has the advantages of being 

faster and more thorough than classroom 
learning. You work at your own pace and 

respond by answering questions on each new 

piece of information before proceeding. 
After completing these courses you will 

have broadened your career prospects as well 
as your understanding of the rapidly chanq' 
ing technological world around you. 

The courses are designed as much for the 
professional engineer as for the amateur 
enthusiast. You'll learn about microprocess- 
ing as well as personal computing - not to 

mention all the other aspects of digital 
electronics design. 

ADVANCED COURSE 
DESIGN OF DIGITAL SYSTEMS 

Design of Digital Systems is written for the 

engineer and serious hobbyist who wants to 
learn more about digital electronics. Its six 

large-format volumes -each t 1'U" x 8'6" are 

packed with information, diagrams and 

questions designed to lead you step by step 

through number systems and Boolean algebra 

to memories, counters and simple arithmetic 
circuits,and finally to a complete understand- 
ing of the design and operation of micro- 
processors and computers. 

CONTENTS 

The contents of Design of Digital Systems 
include: 

Book 1: Octal. hexadecimal and binary 
number systems; representation of negative 
numbers; complementary systems, binary 
mulltplication and division. 

Book 2: OR and AND functions; logic 
gates; NOT, exclusive-OR, NAND,NOR and 

exclusive ' NOR functions; multiple input 
gates; truth tables; DeMorgan's Laws; canon- 
ical forms; logic conventions; Karnaugh map- 

ping; three -state and wired logic. 

Personal Computers 
& Microprocessing 
Here are two inexpensive programmed 
learning courses designed to keep 

you up -to -date in digital electronics. 

Book 3: Half adders and full adders, subs 

tractor s, serial and parallel adders, processors 
and arthmetic logic units (ALUs), multi- 
plication and dwision systems. 

Book 4 Flip -flops, shift registers; asynch- 
onou s counters, ring, Johnson and exclusive 
OR feedback anunter, random access mem- 

ories IRAMsI; read -only memories ( ROMB). 

Book 5. Structure of calculators; keyboard 
encoding; decoding display data; register 

systems, control unit; program ROM; address 
decoding; instruction sets, instruction decod- 
ing, control program structure. 

Book 6: Central processing unit (CPU), 
memory organization; character represen- 
tation; program storage; address modes; 

input /output systems, program interrupts; 
interrupt priorities; programming; assemblers; 

executive programs, operating systems, and 

time -sharing. 

BASIC COURSE 

Digital 
Logic 
Chieftain 

B's 

Legk a d r 
Electronics 

NOW Computer 
Logé and 
Dectronkt 

Digital Computer Logic 8 Electronics 

CONTENTS 

Digital Computer Logic and Electronics is 

designed for the beginner. No mathmetical 
knowledge other than simple arithmetic is 

assumed, though you should have an aptitude 
for logical thought. It consists of 4 volumes - 
each 11'G" x BY." -and serves as an intro. 
Suction to the subject of digital electronics, 

Contents include: Binary, octal and decimal 

number systems; conversion between number 

systems; AND, OR, NOR and NAND gates 

and inverters; Boolean algebra and truth 
tables; DeMorgan's Laws; design of logical 
circuits using NOR gates; R-S and J -K flip - 
flops; binary counters, shift registers and 

half-adders. 

NO RISK GUARANTEE 

There's absolutely no risk to you. If you're 
not completely satisfied with your courses, 
simply return them to GFN within 30 days. 
We'll send you a prompt, full refund, Plus 

return postage. 
TAX DEDUCTIBLE 

In most cases, the frill cost of GFN's 
courses can he a tax deductible expense. 

HOW TO ORDER 

To order by credit card, call GFN's toll 
free number (80013311000: or send your 
check or money order (payable to GFN 
Industries, Inc.) to the address below. 

Prices include overseas surface mail post- 
age. Air Mail: additional costs HO volumes); 
Caribbean S10. Europe 515. Africa, South 
America $20; Australia, Asia $25; or write 
for exact quote 

Write for educational discounts, quantity 
discounts and dealer costs. 

LOW PRICES - SAVE SS 

We ship promptly from stock. There are 

no extras- we pay all shipping costs; we even 

pay your sales tax where required. And If 

you order both courses, you save S5. Order 
at no obligation today. 

Design of Digital Systems $19.95 
- 6 volumes 

Digital Computer Logic $14.95 

8 Electronics - 4 volumes 

Both courses - 10 volumes $29.90 

GFN Industries, Inc. 

Suite 400 - W 

98B Seventh Ave. 

New York 
N.Y. 10019 

Call TOLL -FREE (800)331 -1000 
(orders only) 
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Trouble-free Module! 
270 Swivel Mount! 
Inlaid Walnut Chrome 
Trim Bezel! 
Ideal for Cor, Van 
or Boat! 

O 3 -5/8 "x23/16 " Toll 
2.1/8^ Deep! 

Port No 5001K Quick und ERS To Install 

THE MA1023 by 
NATIONAL 

SEMICONDUCTOR 
THE "PROGRAMMABLE" 

CLOCK MODULE 

The "NIBBLER" 
A MICROCOMPUTER 
AT A MICROPRICE! 

PANASONIC ELECTROLTTIL CAPACITORS 
RAOALHAM AIA IA 
1 ID 100 I 10-9E 

10 03 B 53 7 40 Ì 67 
03 0 53 40 1 67 
03 053 7 40 1i67 

7 

03 8 53 40 i 67 
9 03 553 40 11.67 
3 99 9M 10 60 1407 
2 3 853 7 0 1167 
1 03 A 53 40 1 67 

09 90q 2n 69 

11 67 

25 10 1. I 9v IS 57 
00 9OB .0 NI .07 
09 908 I 11 14.49 
48 1133 3 91 15.87 

1 

ód 
13 yp 10 6 14:0 

1v o 8 73 1 

50 
5 87 

40 27 24 8 
2 

07 

4.14 IO 57 21.35 1 

4 15 áz zi ' i5é7 í S 

s E 0.11 16 .74 18 00 
21 73 4 34 31 22 05 
22 154 5)8 

Al 
O 2111 

15 25 011 ]3 01 1587 
19 61 3 40 í6 24 18 60 

SI 3.10 65 72 05 
11 84 5 70 41 40 78 55 
33 01 3 40 43 61 30-04 

71 11 4 IB 28 14 19 50 
71 84 520 .]I 65 7105 
11 14 1 48 42 57 F 75 
36 S 70 .11 34.44 

. 742 7 59 sé M 41 0 
16 74 1 48 28 31 9 50 

B é 
65 72 

85 71 ] 70 ç 
J e0 I 64 48 06 33 70 

91 7 SO 54 00 39.4E 6 

3 30 5157 
2 1 1 7B 1 17 4i 5 72 J5 
2 768 5237 42 57 7948 

36 TAO 7433 47 02 3311 
36 309 75 70 55 77 30 78 
51 409 4073 67 75 1310 
R3 71 59.06 87 50 6743 
34 ) M 7366 17 02 3334 

47 110 75 80 57 .42 3678 
J]S 31/1 57 36 1099 

75 641 53 30 w 01 6609 
80 685 5702 91 103 00.40 
OB 4 O 3394 SI 636 4070 

1 S 30 1 13 74 632 5264 
BO 

104 8e1 
38 1.50 

8 
s7o aéi 

78.68 
ss.De 

BD; O0J 6647 Ip4 108 61.0I 
OS 804 l4 48 I I1 9.15 78 60 

'48 1161 10510 I 0 1311 130.30 
83 % 1 5001 00 0 41 7054 
90 843 70.75 I 27 1043 8684 

146 1115 10375 IN 10.76 10631 
00 P11 7015 171 I 1 040 5617 

138 1181 00.17 148 1163 105.15 

..14.40411441011.410 161113411 TRIM MI/ 

MA 1005 Clock Module and *etches only 15,6 
SOT Betel one Enemsure only 
SCIONS DiOi Clock KY me O440i 

ÁY'5018 
1íY4030 
M3í21724 

MPS/907A 
Mß1307 
090 1603 
WS3304 
560íU95 
WÚ563 
0053565 

53253541E 
MÁ3613 
703055 

SILICON TRANSISTORS 

21 BO 1600 IwM 
Al 80 16 00 140 00 
16 55 14 90 135 00 
}4 .00 18.M 15000 
16 55 14 00 115 M 

.21 .M In M 140 00 

.71 M 1600 140 00 
71 

W 
00 16 M 140. 

71 6 M 11?00 
71 BO 16SO I40M 

AO SISO 40 SO 1 

77 80 
80 

16 00 
00 

I4ó OMU 

1 71 I 8ó 1101 3000 W 0a0 

11 S0 1600 140 00 
}I 80 16 00 110 00 
77 03 16 45 116M 
71 RO 16 00 140.00 
71 80 le 00 110 M 
74 00 03 00 160 00 
21 AS IBM 15000 

SO M B. 150 00 
7, 25 7015 100.00 
54 50 40 50 3601%1 
51 75 38 25 340 00 

I 

25 7015 18000 
I 75 T 015 080 00 

11, 5 X171 780 0.0 

21 

21 

5% CARBON FILM RESISTORS 
1/4 WATT RESISTOR ASSORTMENTS 

R5125 .1 '76.4 

PRICE 

$9.90 

$9.90 
RESISTORS ASSORTMENTS 

Rí150:4.. 

SiiIsmunSS 
RED: E6' DrsPIAT 

T' HSGM 
DIGITS - 

bd 

runiee 
Roam r 

364 by 

DIGI -EFT SWITCHING PANEL KIT 14410T3P 

J 
IIIIII {lI'[f l a 

- 

? íT 
4OVrN 

0.10231 6440. 

e`N 
WIRE -WRAPPING WIRE 

PRECUT - PRE STRIPPED 
Ir<Iol Wire WIOPPIn9.A AI' 

1 

0!0.2SMMIRM 
R 51rip1I"MHIa1 

1 07 

e 1080I3 s 0 9 N.y now I.. 

,a, me N ee IB ,n,.°ae. ey 71131 qn 

Nan/INA 1.:3- n> M1:í" 1 urd 1nl b 72 pm edge 

MemaT expandable 311N 

III' Baud Serial I 11 

II Speak. Bnnir *Nut 3.11, 
IK ',ESSE. Doerr in I311N1 and '3K of RAM 
Easily Interfaced 

Nh 
CHI n. Teletype 

17 NOW AVAIIARI W41 

o.rol.no.1OR.11a41ov 

DAT BOOK 
ADATA HOOK 5920 N SM '.P 
NEAR DATA BOOK 

EDIT 

STBIEP SIDO S 
MSS DATA 77 EDIT 555 P NAT SEMI 90118 AT 

POWER TRANS15T0R5 Ií1 P NAT SEMI 90148 S3 
MEMORY DATA BK. 502 P NAT SEMI 90148 SJ 
MOS L510434 BK, 7130 NAT SEMI 00158 S1 - 

DATA BK. 564 P NAT 0056 B SA 6 

AUDIO 
MICRO 

CR40AP, 10 P NAT SEMI 00208 Al 
SC MP SAHAND* APP HANp NET SEMI 90228 S1 
DISCRETE A BODK 00248 Si 

SALE 1RUMINTATSON NOI CAR AND MARINI APftICKAMNS 

DIG I-KEY 

NATIONAL SEMI.CONOACTOR DATA BOONS 
ADAM OSBORNE MICROPROCESSOR SERIES 
HOWARD W. SAMS 
HAYDEN 
DIGiTAI. WORLD 
AND INTRODUCING TAO BOO 

1.33 

DI01.K.y Stoc4E 
A. Enure 
AP Lin 

WERACE :°ITIIEDWnFAOAr 

1.30 

DIGI 

DI PLAY 

141141.4031111 .1 WANDA. 11 

s3_-N W 

1410 el.,17, 
164,0 

Our CaTAlAg 6 
N 

for Moro 
Diamond Tool 

M 

1r1 

We 5 

20 ww 7XAnWrt Wm, I3»W 

M 00 M 59 

MOLEX I.C. SOCKEL PINS 
PS .0 8 70/M 38 10 5M 775 00 50M 

MICROPROCESSORS 
55106 soli CPU 21ßC CYCLE 

8216 *DIRECTIONAL BI 
8224 CLMX GENERATOR 

DRIVFP 

B1í11 SCOWAMICCATI DMIS INIMEACE 
8255 PRIIP35RIl INTERFACE 
17500 2K(*DM I OSAD 
2708 8K EPROM 4501.65[ 
210755641 IK LOW ROMA 150 55TC RIM 
SC MP 5 VOLT 401160 CPU 
2650 MRMOPROCM50R 1.25161] CLOCK 40 DIS 

9 95 

Jí5 
6M 

1n 50 
Ú 50 

5 >5 
15 75 

0 95 

'L WATT ZENER DIODES ' 
SILICON DIODES 

.246a I80 10 1501 C 

1t151168 33V 1557114 11V 
I052278 3.6V IN51430 

1 
IN51288 3.9V 11624413 NV 
11151290 4.3V 1161150 15V 
1051108 1 IV 1051160 16V 
1052318 5 I 1551470 17V 
1051370 5 6V 1052480 18V 

iN5149B 19V 
I1851508 20V 

5735060V 10525181 22V 

1388 
Ó 7v 7 

74 100 

2018 ITV 

N51510 74V 
INS153B 25V 
I450544 71V 
IN57558 28V 
INS)568 ]OV 

1052578 33V 

1144002 .400 7 00 
M3 50 

I114004 80 7 W 
005 I 00 0 00 

t54006 I.M 000 
NSO1 0,(o1 

60 

00 
HIIIB 

SLIDE SWITCHES 
SKI IS 1 15 10 

SPOT I0 I 10 10 
MDi 7] 1.M 10 

3MC 
900 C 

CA H Wrift 

FREE CATALOG 
0101-NEV MEANS OUAWTY PRODUCTS * * * * * * * * * * * * * * * * 

$6,9 
$7.95 

STRIPS - WRAPS - UNWRAPS 

Call or Write for 
the Digi -Kay Catalog 
for Panavise Details 

8080A 
CHIP 
SET 

:'VY4 UNE 
B1^2 2276 

d 2718 
PLUS SIXTEEN 

210205-40 
ALI EOR - 

$44.95 
2 s6 11 uR 
2-501 2KRE0, I 39T 
1-40M1SCREW NC 
;1011SCREW 

0 371;1KEW o9.( 
S313-5 SCREW I39C 
q.315-8SCREW 130C 

1-S6 NEV NUT. 75 C 

4.40 HEX NUT 75 0 

8-32 NT ÁNUT 75 C 

NO. á IOCKWASHER 85 C 

NO IMKWASNER 55 C 
NO 6lOCKWASHER 55 
NO8lOCKWASHER 55 

FOR MA1002- 
MA1010 

AND 

COCK 
1 , 

MODULES 

PATENTED CNIO661117E1 SCREEN, DIE CAST MOAT FIA 
MOUNTS IN PANELS UP TO NI* MICE, NO MOUD HARD- 
WARE, KRITCX DISTANT AND EASILY MANED, YIIMIXATD 
GIARE. 

MOUNTING 5ß5ß5S 4Y11Á5. TO SIMPLIFY MOUNTING 
ANO ASSURE /MKT ALIGNMENT. 

,100 BIZEt WON RfD ALTER 4.93 
120 MOUNTING ADAPTER FORMA 1001 6 Ná1002 .61 
411 MOUNTING ADAPTER FORMA 1010 AT 
422 UNIVERSAL PC 801310 MOUNTING ADAPTER .40 

413 MOUNTING ADAPTER FOR 5651013 9 

á01 BENI AND ENCLOSURE TOR MAI003 5.95 

P0WERAé 
xlsl RA,E,1 

Bid.p Bnphi.. I . `5í!L 
l' -mlffl,!+} 

74,...1.,..4.,: 
3365110 12.51 Elit= 

MINICONSOLES 
PROJECT BOXES p :1l ENCLOSURES 

TOR MU. 
_11556\ C POI REP 

T.:7 
1 TO IM30 

98 11 BI 98.37 11.55 
16 I9 

104.Sd 
34.88 

PANASONIC POLYESTER CAPACITORS 
'OR YDC pY. SKI ID. TOAERAXCS 

HAT 

.722 non 

41371 933 
14939-1 039 
111411 DV 
4,63 0613 

1683 060 
1801 082 
1 31.14 

10 

13 

37 

100 IMO 

8 50 
8 51 

60 60 

311 611 

0 Se 

1:311 Ne 

110 ON 

gl 
u 64 10 

PANASONIC METALLIZED POLYESTER 

CAPACITOR. 
ISO ROC ßw1 Nam 10 -, 0.1 

177 

7304 
.74 47 

2176 
21,5 

P 

MICO 1.11: 

47 

50 

SS 

13 34 

26 00 
32 64 

17 

1.111 

ler 70 

0700 

3.47 

363 

DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! 
N A 0111 114 VOLUME DISCOUNT S 

HANDLING CHADOR 

611 rune except 1106e 11010 caloloy 
end, iM TM suffix-ND may 

5 0,003 4.99... Add $2.00 is ?0*.^.' r> 41714056. salt -NO4a1 5 0.00.5 24.99 NET 
S 5.00-524.99... Add 50.75 oe m4CO9m, e, illml 1e Wyry 156 

Ri4TWMI. SMn il 5tis w $ 25.00-S 99.99 . Lass 10% 
S 25.00 -549.99... Add $0.50 01ím IM' MMiuoumdM Noms. Add S 100.00 -5499,99 ,lass 15% 
E 50.00. 599.99.. , Add $0.25 Ine lladlia5 0Mr5S this i1 soR íoí11 

S 500.00 -5999.99 . Less 20% 5100.00 L Up .. , No Charge ` 51- We puy oB 1MppirN One 744901;gß 
m 9e *69564 Me 7165. pm 67474747474. 51000.00 i Up ...less 25% 

BDOrtlrACCPtOdby Phone OrMall 
h.ra. Be Mc4 nkAm.rlcartl COD C Money Order BO P.O. Box 611,ThlslRlv.rialB, Minn. ]6101 (21e 651.0074 

D1-KE X 
`PORA TION 

Bishop COOL L. -O 
Light Table 

.Iwl 
36.1 

22 

1.160 S 61 
1.11 0 

0NOV. 18" 10" 
atable llghl Sone 

CM. No. 3100.60 ... SI 39.S0 
ISOt DlsaoonNNG 

35 73 PO 6 30 330 30 

100 

3 60 
214 30 

PANASONIC TRIMMER PO 
3116" IS 1AI DM. PRESET VARANI 5151510X0 

11414 Dee 

SO VOLT DISCS 
IMPS 40.10 3.50,0 
370 PE .40:10 3 50ÌC 

0 PT 40'10 3 507C 
O 1'07 40 10 3 5010 

UF. 10!10 3.501 

.040 IN 

4055 011,5 5002 

.43 
1.04 

NO 00 

00 
0 00 

r0 :17 
0 00 

PLESSEY MINIBOU ME ALLI 1. ESTE 

CAPACITORS 
-' UF 70110 5.60. C 

1.35:10 11 50.0 

Quality Electronic Components 
P.O. Bos 677 Thief River W9, MN 56701 12161 611 -6674 

* * * * * * * * * * 

CIRCLE NO. 14 ON FREE INFORMATION CARD 

STRANDED 
HOOK UP WIRE 

MN PVC? 5011M 10.00 -: 
27 Do PVC1.80,100 1 111 
14 go PVC 2801 00 '11 ....: 

2, 91 1000 
144 10 11504 

CATALOG 
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DIODES /ZENERS 
1N914 100v 10mA 
1N4005 600v 1A 
1N4007 1000v 1A 
1N4148 75v 10mA 
1N4733 5.1v 1 W Zener 
1N753A 6.2v 500 mW Zener 
1N758A 10v 
1N759A 12v 
1N5243 13v 
1N5244B 14v If 

1N5245B 15v 

C MOS 
4000 .15 
4001 .15 
4002 .20 
4004 3.95 
4006 .95 
4007 .20 
4008 .75 
4009 .35 
4010 .35 
4011 .20 
4012 .20 
4013 .40 
4014 .75 
4015 .75 
4016 .35 
4017 .75 
4018 .75 
4019 .35 
4020 .85 
4021 .75 
4022 .75 
4023 .20 
4024 .75 
4025 .20 
4026 1.95 
4027 .35 
4028 .75 
4030 .35 
4033 1.50 
4034 2.45 
4035 .75 
4040 .75 
4041 .69 
4042 .65 
4043 .50 
4044 .65 
4046 1.25 
4049 .45 
4050 .45 
4066 .55 

4069/74 C04 .25 
4071 .25 
4081 .30 
4082 .30 

AC 14409 14.50 
AC 14419 4.85 

4511 .95 
74C151 1.90 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7426 
7427 
7430 
7432 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 

9000 SERIES 
9301 .85 95H03 1.10 
9309 .35 9601 .20 
9322 .65 9602 .45 

SOCKETS /BRIDGES TRANSISTORS, LEDS, etc. 

.05 

.08 
8 -pin pcb .20 ww .35 

14 -pin pcb .20 ww .40 

2N2222 NPN (2N2222 Plastic .10) 
2N2907 PNP 
2N3906 PNP (Plastic - Unmarked) 

.15 16 -pin pcb .20 ww .40 2N3904 NPN (Plastic - Unmarked) 
18 -pin pcb .25 ww .75 2N3054 NPN .05 

.25 
.25 

22 -pin pcb .35 ww .95 
24 -pin pcb .35 ww .95 

2N3055 NPN 15A 60 
Ti P125 PNP Darlington 
LED Green, Red, Clear, Yellow 

.25 28 -pin pcb .45 ww 1.25 D.L.747 7 seg 5/8" High corn-anode 

.25 
.25 

40 -pin pcb .50 ww 1.25 

Molex pins .01 To -3 Sockets .25 

MAN72 7 seg corn-anode (Red) 
MAN3610 7 seg corn-anode (Orange) 
MAN82A 7 seg corn-anode (Yellow) 

.25 

.25 2 Amp Bridge 100 -pry .95 MAN74A 7 seg corn- cathode (Red) 
FND359 7 seg corn- cathode (Red) 

25 Amp Bridge 200 -pry 1.95 

- T T L - 
.10 7473 .25 74176 .85 74H72 .35 74S133 

.15 7474 74180 55 74H101 75 74S140 

.15 7475 .35 74181 2.25 74H103 .55 745151 

.15 7476 .40 74182 .75 74H106 .95 74S153 

.10 7480 55 74190 1.25 745157 

.25 7481 .75 74191 .95 74L00 .25 74S158 

.25 7483 .75 74192 .75 74L02 .20 74S194 

.55 7485 .55 74193 .85 74L03 .25 74S257 (8123) 

.15 7486 .25 74194 .95 74 L04 .30 

7489 1.05 74195 .95 74L10 .20 74LS00 
.15 
.15 7490 .45 74196 .95 74L20 .35 74LS01 

.25 7491 .70 74197 .95 74L30 .45 74LS02 

.25 7492 .45 74198 1.45 74L47 1.95 74LSO4 

.25 7493 .35 74221 1.00 74L51 .45 74LS05 

.75 7494 .75 74367 .75 74L55 .65 74LS08 

.25 7495 .60 74L72 45 74LS09 

.40 7496 .80 75108A .35 74L73 .40 74LS10 

.15 74100 1.15 75491 .50 74L74 .45 74LS11 

.25 74107 .25 75492 .50 74L75 .55 74LS20 

.25 74121 35 74L93 .55 74LS21 

.15 74122 .55 74L123 .85 74LS22 

.20 

.20 
74123 .35 
74125 .45 

74H00 .15 
74H01 .20 74S00 .35 

74LS32 
74LS37 

.20 74126 .35 74H04 20 74S02 .35 74LS38 

.20 74132 .75 74H05 .20 74S03 .25 74LS40 

1.15 74141 .90 74H08 .35 74SO4 .25 74LS42 

.45 74150 .85 74H10 .35 74505 .35 74 LS51 

.45 74151 .65 74H11 .25 74S08 .35 74LS74 

.45 74153 .75 74H15 .45 74510 .35 74LS86 

74154 .95 74H20 .25 74S11 74LS90 
.65 

74156 .70 74H21 .25 74S20 .25 74LS93 
.70 
.70 74157 .65 74H22 .40 74S40 .20 74LS107 

74161 .55 74H30 .20 74S50 .20 74LS123 
.50 
.25 74163 .85 74H40 .25 74S51 .25 74LS151 

74164 .60 74H50 .25 74S64 .15 74LS153 
.25 

74165 1.10 74H51 .25 74S74 .35 74LS157 
.20 
.25 74166 1.25 74H52 .15 74S112 .60 74LS164 

74175 .80 74H53J .25 74S114 .65 74LS193 
.40 
.45 
.40 

74H55 .20 74LS367 
74 LS368 

MCT2 .95 
8038 3.95 
LM201 .75 
LM301 .45 
LM308 (Mini) .95 
LM309H .65 
LM309K (340K-5185 
LM310 .85 
LM311 D (Minn .75 
LM318 (Mini) 1.75 
LM320K5( /905)1.65 
LM320K 12. 1.65 

LINEARS, REGULATORS, etc. 
LM340K15 1.25 
LM340K18 1.25 
LM340K24 1.25 

LM324N 1.25 78L05 .75 

LM339 ,75 78L12 .75 

7805 (340T5) .95 78L15 .75 

LM340T12 .95 78M05 .75 

LM340T15 .95 LM373 2.95 
LM340T18 .95 LM380(8-14 aiN>.95 

LM340T24 .95 LM709 (8,14 PI N).25 

LM340K12 1.25 LM711 .45 

LM320T5 1.65 
LM 320T 12 1.65 
LM 320T 15 1.65 

MICRO'S, RAMS, CPU'S, 
E -PROMS 

8214 8.95 
8224 3.25 
8228 6.00 
8251 8.50 
8255 8.50 
8T13 1.50 

8723 1.50 

8T24 2.00 
8T97 1.00 
21076 -4 4.95 
2708 9.50 
Z80 PIO 8.50 

4S188 3.00 
702A 4.50 
1M5314 3.00 
4M5316 3.50 
102 -1 1.45 

102L -1 1.75 
114 9.50 
1316026 195 

'MS 4044- 9.95 

X080 8.95 
,212 2.95 

INTEGRATED CIRCUITS UNLIMITED 

.15 

.15 

.10 

.10 

.35 

.50 
.95 
.15 

1.95 
1.25 
1.25 
1.25 
1.50 
1.25 

.40 

.55 

.30 
.35 
.75 
.30 

1.05 
1.05 

.20 

.20 
20 
.20 
.25 
.25 
25 
.25 
.25 
.20 
.25 
.25 
25 
.25 
.35 
.30 
.65 
.35 
.35 
.35 
55 

.55 

.40 
1.00 
.75 
.75 
.75 

1.00 
.95 
75 
.65 

LM723 .40 
LM725N 2.50 
LM739 1.50 
LM741 (8-141.25 
LM747 1.10 
LM1307 1.25 
LM 1458 
LM 3900 
LM75451 
NE555 
NE556 
N E 565 
NE566 
NE567 

.65 

.50 

.65 

.35 

.85 
.95 
1.25 

.95 

CIRCLE NO. 27 ON FREE INFORMATION CARD 

7889 Clairemont Mesa Boulevard, San Diego, California 92111 

(714) 278 -4394 (Calif. Res.) 

All orders shipped prepaid No minimum 

SPECIAL 
DISCOUNTS 

Total Order Deduct 

Open accounts invited COD orders accepted $35 - $99 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $100 - $300 
$301 - $1000 

15% 
20% 

All IC's Prime /Guaranteed. All orders shipped same day received. 

24 Hour Toll Free Phone 1. 800.854 -2211 American Express / BankAmericard / Visa / MasterCharge 
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P.O. Box 4430C Santa Clara, CA 95054 
For will call only: (408) 988 -1640 

2322 Walsh Ave. 

Same day shipment. First line 
parts only. Factory tested. 
Guaranteed money back. Qual- 
ity IC's and other components 
at factory prices. 

QUEST Cosmac Super Elf Computer $106.95 
Compare features before you decide to buy any 
other computer. There is no other computer on 
the market today that has all the desirable bene- 
fits of the Super Elf for so little money. The Super 
Elf is a small single board computer that does 
many big things. It is an excellent computer for 
training and for learning programming with its 
machine language and yet it is easily expanded 
with additional memory, Tiny Basic, ASCII 
Keyboards, video character generation, etc. 
The Super Elf includes a ROM monitor for pro- 
gram loading, editing and execution with SINGLE 
STEP for program debugging which is not in- 
cluded in others at the same price. With SINGLE 
STEP you can see the microprocessor chip 
operating with the unique Ouest address and 
data bus displays before, during and after 
executing instructions. Also, CPU mode and in- 
struction cycle are shown on several LED indica- 
tor lamps. 

An RCA 1861 video graphics chip allows you to 
con nect to your own TV with an inexpensive video 
modulator to do graphics and games. There is a 

speaker system included for writing your own 
music or using many music programs already 
written. The speaker amplifier may also be used 
to drive relays for control purposes. 

A 24 key HEX keyboard includes 16 HEX keys 
plus load, reset, run, input, memory protect, 

memory select, monitor select and single step. 
Large. on board displays provide output and op- 
tional high and low address. There is a 44 pin 
standard connector for PC cards and a 50 pin 
connector for the Ouest Super Expansion Board. 
Power supply and sockets for all IC's are in- 
cluded in the price plus a detailed 90 page instruc- 
tion manual. 

Many schools and universities are using the 
Super Elf as a course of study. OEM's use it for 
training and research and development. 

Remember, other computers only offer Super Elf 
features at additional cost or not at all. Compare 
before you buy. Super Elf Kit 5106.95, High 
address option $8.95, Low address option 
$9.95. Custom Hardwood Cabinet with drilled 
and labelled front panel $24.95. NiCad Battery 
Backup Kit $4.95. All kits and options also come 
completely assembled and tested. 

Ouestdata. a 12 page monthly software publica- 
tion for 1802 computer users is available by sub- 
scription for $12.00 per year. New 100 page 
software manual Vol 1 $4.95. 

Tiny Basic for ANY 1802 System 
Cassette 510.00. On ROM Monitor $38.00. 
Super Elf owners. 30 off. Object code listing or 
paper tape with manual $5.50. 
Original ELF Kit Board $14.95. 

Super Expansion Board with Cassette Interface $89.95 
This is truly an astounding value! This board has 
been designed to allow you to decide how you 
want it optioned. The Super Expansion Board 
comes with 4K of low power RAM fully address- 
able anywhere in 64K with built -in memory pro- 
tect and a cassette interface. Provisions have 
been made for all other options on the same 
board and it fits neatly into the hardwood cabinet 
alongside the Super Elf. The board includes slots 
for up to 6K of EPROM (2708. 2758, 2716 or TI 

2716) and is fully socketed ($12.00 value). 
EPROM can be used for the monitor and Tiny 
Basic or other purposes. 

A IK Super ROM Monitor $19.95 is available as 
an on board option in 2708 EPROM which has 
been preprogrammed with a program loader/ 
editor and error checking multi file cassette 
read /write software, (relocatible cassette file) 
another exclusive from Quest. It includes register 
save and readout, block move capability, and 
video graphics driver with blinking cursor. The 
Super Monitor is written with subroutines allow- 
ing users to take advantage of monitor functions 

simply by calling them up. Improvements and 
revisions are easily done with the monitor. If you 
have the Super Expansion Board and Super 
Monitorthe monitor is up and running at the push 
of a button. 

Other on board options include Parallel Input 
and Output Ports with full handshake. They 
allow easy connection of an ASCII keyboard to the 
input port. RS 232 and 20 ma Current Loop for 
teletype or other device are on board and if you 
need more memory there are two S -100 slots for 
static RAM or video boards. A Godbout 8K RAM 
board is available for $135.00. Parallel I/O Pods 
$9.85, RS 232 54.50, TTY 20 ma I/F $1.95, 
S -100 $4.50. A 50 pin connector set with ribbon 
cable is available at $12.50 for easy connection 
between the Super Elf and the Super Expansion 
Board. 

The Power Supply for the Super Expansion Board 
is a 5 amp supply with + 8v -t 18y + 12v - 5v. 
Regulated voltages are =`5v & +12v $29.95. 
-12 volt optional. Deluxe version includes the 
case at $39.95. 

Auto Clock Kit $15.95 
DC clock with 4 -.50" displays. Uses National 
MA -1012 module with alarm option. Includes 
light dimmer, crystal timebase PC boards. Fully 
regulated, comp. instructs. Add $3.95 for beau- 
tiful dark gray case. Best value anywhere. 

RCA Cosmac VIP Kit $229.00 
Video computer with games and graphics. 
Fully assem. and test. $249.00 

Not a Cheap Clock Kit $14.95 
Includes everything except case. 2 -PC boards. 
6.50" LED Displays 5314 clock chip, trans- 
former, al components and full instrucs. Green 
and orange displays also avail. Same kK w /.80" 
displays. Red only 521.95 Case $11.75 

Digital Temperature Meter Kit 
Indoor and outdoor. Switches back and forth. 
Beautiful. 50" LED readouts. Nothing like it 

available. Needs no additional parts for com- 
plete, full operation. Will measure -100' to 
+200 F, tenths of a degree, air or liquid. 
Very accurate. $39.95 
Beautiful woodgrain case w /bezel $11.75 
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60 Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC line frequency to 
crystal time base. Outstanding accuracy. Kit in- 
cludes: PC board. IC. crystal, resistors, ca- , ac6ors and trimmer. 

NiCad Battery Fixer /Charger Kit 
Opens shorted cells that won't hold a charge 
and then charges them up, all in one kit w /full 
parts and instructions. 57.25 

PROM Eraser 
Ultraviolet, assembled 534.50 

Clock Calendar Kit $23.95 
CT7015 direct drive chip displays date and 
time on .6" LEDS with AM -PM indicator. 
Alarm /doze feature includes buzzer. Complete 
with all parts, power supply and instructions. 
less case. 

TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax. 
BankAmericard and Master Charge accepted. 
Shipping charges will be added on charge cards. 

INTEGRATED CIRCUITS 

74LSOp TEL 

LI 

Mi 

674 

1 00 
69 
87 

90 

e7 

67 

96 

87 

.M?909N 
1458N 

NE5+01 
NE550N 
NE555V 
NE556A 
NE 565A 
91,679 
NE567V 

NF`70B 
NE`77R 
78105 
75105 
'1D5 
-. Mn5 

oo 

,n11 
500 

50 
60 
70 

8 

175 
50 
55 
76 

A In 0 fr,NVERTER 

OS 

¡ 04490 
045U7 
D4508 

5 1 10 004510 

1 95 
940 

INTERFACE 
8095 

8096 

90 8 

8779 
BTIG 
8713 

NT23 

8724 
úT25 
812.6 
872E 

8 

ps 85777 

79 

?8 
10 

28 
28 
95 
76 

40 

5 0 

5,0 
6SE 
69, 

6 95 

3 

602C^ 
'P8020 

R61 

5850 

ELECTRONICS 
CLOCK MODULES Complete alarm clocks 
reads 7o 52674 p w and 

Vers compact *a 550'7 and 
90 54 1424, 

5 0 MA1002A. C or E 50 1.95 
10243 Transformer 2.25 

A. C or E .N' 11.95 
10242 Transformer 2.25 
Special transformer and ais 

switches when purchased 
module 215 

MA1003 car module 3 

preen Suer. dlspleT 15.95 

RESISTORS '. wall 55, 
I0 per 7,07 05 '900 per type 012 
25 u type 075 350 pace pack 

100perWe OIL 5per type 675 

2s 
19 SC 
,47427 

16 35 

25 nn 

IC SOCKETS 
Solder Tin Low Profile 
PIN 1 UP PIN 1UP 

8 '5 77 10 
14 78 74 
lo 20 2.8 

WIRE WRAP LEVEL 3 

PIN PIN 
la 25 24 86 
IF 77 2P 1 00 

1 73 

OARS Elf 
i0 

PROM 

M05/MEMORY RAM 
2171 - CRYSTALS 
21021 j. 

2102ÁL 4 

77177 12s 4 MHz 
LIPIS 4 a 95 s MHz 

95 10 MHz 

IliS 5 

MM57100 
E0549500 

1 

77.10.16571A 

CLOCKS 

9 95 

5 94 
GO 

t>n 

95 
9 95 
20 

1 75 
5 95 

50 
9 95 
9 95 

s0 
10 0 
15m 

; 
40 
i00 

0 

7 '0 

2' MICROPROCESSOR 
; 50 

5 50 6802 Î4 95 
1 e0 A080A wnh data 8 95 
4 25 805 2á 00 
102 2800 24 50 

90 
90 

50 

4e on 

70 NAM 190 
777 MIN 90 

0 

F 
00 

: MHI 50 

MHz 95 

50 M1,7 
.n 

'143 MHZ 0 
6 5535 MHz 4 50 
7431878 MU, 421 
I6 432 MHz 4'O 
Or 1194 LEH, 4.50 

CONNECTORS 
tr 0095 2 

edge 4 + 

edge WW 4 50 (41.04 SC 300 1 25 
DL]iF9l7n1R LA 300 ' 00 

KEYBOAPD ENCODERS 0012.-728 °A EC. 500190 
5'250 01747750 CA CC 60195 

- " 1 50 01-50 CC 600 1 95 
:Nnp..z Cr. 357 70 

..- :N, .n] CC CA 500 135 
5 10 CC CA 500 90 

CC CA 800220 
60 

10 8O 
A f 1 75 

1 75 
I 00 

5 60 
ells 39 

9 50 

KEYBOARDS 
56 try ASCII keyboard k4 S62 50 
EON emblyd 72.50 
5 ASbl keyboard at 55 00 

F14h assembled 5500 Enclosure 14.95 

LLOS 

o p ange yellow 7018 20 
Pro 20 
Orange, 511700 Jumbo 25 Preen 
LED Mounting Clips S''SI 25 

spen5 rld amber green yellow near) 

CONTINENTAL SPECIALTIES in stock 
CSOEIRIe hoe or breadboard lest egos, 
MAX-I00 8 digit Free. Ctr. 5128.55 

DK WIRE WRAP TOOLS In stock 
Portable Multimeter 515.0 
DIGITAL THERMOMETER $48.50 
Ran per ;meal 

d 

coPMC3dl 

3 2107 
`e ° °Á5a 

cover 

m 1 rase 5,M533 , enm F to C° COMPUTERS BOARD KITS 
80 RAM Board Ku $734 95 
4K EPROM es 714.5 
0 Board lit 44 50 

r0ende. Board w,mnneclor 2 50 
Vide° Interlace board 17,7 175 0 
'65 EPROM board kit w.o PROMS 74 50 
765 Static RAM board kit 395 0 

North Star Floppy Dis* Kit 5E05 00 
508,7;, '74' 07,ík 011 415 0 
SPECIAL PRODUCTS 

Pr boa d 

517,050, filme, 9 

SO 

Switches Mom Pusbdutton 22 
3 Dos ohm 25 

Encoder 1070765 O 6 95 
3 Digit Universal 
Counter Board Kit 
E1p0rNes 5 18 Vob DC l0 5 MHz 

s 100 S'wl51 .50 15 
VOIcelSEIUSISd swneh 50 

Paralroolca 100A Logic 
Analyeer Kit 5224.00 
Model IC Trigger 

Expander Kn $229 0 
Model 750 Bus 

6,45507 577 $369 00 

TRANSFORMERS 
69 300 ma 3 25 

°Wnr IOC ma transformer 75 
CT690ma 375 

7:V 250 ma wallbnlp 2 95 
12VC1250mawa41 pug 350 
04V C3 800 ma 3 95 

OV 1 2 amp wail plu g 4 85 
17V 6 amp 17 95 

DISPLAY LEOS 
Mas. 0A 270 290 
MANS r' '25 19 

MAN:? 74 CA ed 300 1 SO 

Ono'', 

IC Test Clips 

Red 55 
Black 55 

Keyer 043 
Comp vi 

TRANSISTORS 

T)PnA 

COMPUTER GRADE CAPS 
'60n mid 200V 450 
0000 mid 45V 2 50 
0 50V 2 50 

500 25V 2 50 
5800 40v 3 00 

40 6700 00V 3 00 
75 6700 50V 3.00 
75 .700 50V 250 

6000 55V 2 50 
'R 9400 65V J 0 

69 Inne 20V 2 50 
12000 3OL 350 
35noo zw 500 

nnf 3,, s M 
ìs 

Sinclair 31/i Digit Multimeter 
Batt 'AC oser. 1 mV and .1 NA resolution. De<''.- 
tance to 20 meg. 1 °n accuracy. Small, portable. 
completely assem. in case. 1 yr. guarantee. Best 
value ever! $59.95 

Video Modulator Kit $8.95 
Convert your TV set into a high quality monitor 
without affecting normal usage. Complete kit 
with full instructions. 

2.5 MHz Frequency Counter Kit 
Complete kit less case 537.50 
30 MHz Frequency Counter Kit 
Complete kit less case 547.75 
Prescaler kit to 350 MHz $19.95 

1978 IC Update Master Manual 
1978 IC Update Master Manual $19.50. Com- 
plete IC data selector, 2175 pg. Master refer- 
ence guide. Over 42.000 cross references. 
Free update service through 1978. Domestic 
postage 53.50. Foreign $5.00. 1979 I C Update 
available late Jan. 530.00. 

CIRCLE NO. 48 ON FREE INFORMATION CARD 

Stopwatch Kit $26.95 
Full six digit battery operated. 2 -5 nits. 
3 2768 MHz crystal accuracy. Times to 59 
min.. 59 sec., 991/100 sec. Times std., split 
and Taylor. 7205 chip. all components minus 
case. Full instructions. 

D Connectors RS232 
25 Pin Subminiatures 
DB25P 2.95 
DB25S 3.95 
Cover 1.50 
RS232 Complete Set 6.50 

DE9P 1.50 
DE9S 1.95 
DA15P 2.10 
DA15S 3.10 

S -100 Computer Boards 
8K Static RAM Kit $127.00 

16K Static RAM Kit 265.00 
24K Static RAM Kit 423.00 
32K Dynamic RAM Kit 449.00 
64K Dynamic RAM Kit 945,00 
8K /16K Eprom Kit (less PROMS) $89.00 
Video Interface Kit $139.00 
Motherboard 539. Extender Board $8.99 

FREE: Send for your copy of our NEW 1978 
OUEST CATALOG. Include 28« stamp. 

POPULAR ELECTRONICS 
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Features 
BRAND NEW! 

JUST RELEASED 
1979 IC MASTER 

2500 pages 
Complete integrated circuit 
data selector. Master guide 
to the latest I.C.'s ircluding 
microprocessors and 
consumer circuits. n 
Free Quarterly Updates $39.95) 

Texas Instruments ç 17/ 

Low Profile Sockets 
Finest Quality Socket available in the 
world. Nobody can match Texas Inst- 
ruments quality -a unique combina- 
tion of I.C. technology and multi - 
metal expertise. 

Over one million pieces in stock. 

Contacts Price Contacts Price 
8 PIN .08 22 PIN .22 

14 PIN .12 24 PIN .24 
16 PIN .14 28 PIN .28 
18 PIN .18 40 PIN .40 
20 PIN .20 

I 
CMOS's 

CD40008E 17 CD4042BE .59 
CD4001BE .17 CD4043BE .57 

CD4002BE 17 CD/40448E .55 
CD4006BE 87 CD4046BE .99 
CD40078E .17 CD40498E .33 
CD4008BE .75 CD4050BE .33 
CD4009BE 39 CD4051BE .54 
CD4010BE .39 CD4052BE .54 
C040118E 17 CD4053BE .54 
CD4012BE .17 CD406013E .99 
CD4013BE 32 0040668E .44 
CD4014BE 73 CD40688E .21 
C040158E 69 CD4069BE 21 
0040168E .35 CD40708E 29 
CD4017BE .62 CD a07t8E .21 
CD4018BE .69 CD4072BE .21 
CD4019BE .39 CD4073BE .21 
CD4020BE .69 CD4075BE .21 

CD4021BE .69 CD40768E .79 
CD4022BE .69 CD4077BE .25 
0040238E .17 CD4078BE .21 

CD4024BE .49 CD4081BE .21 

CD4025BE .17 0040628E .21 

0040268E $1.39 0D40858E .69 
C040278E .39 0D40868E .69 
CD4028BE .57 CD4093BE . 

004029BE .74 0041048E $2.25 
0040306E .35 0045028E .85 
CD4033BE $1.45 CD4508BE $2.25 

CD4034BE $2.25 CD4510BE .88 
CD4035BE .64 CD4511BE 99 
CD40408E .74 C04512eE .59 
CD4041BE .74 D4514BE $1-95 . 
1 

GENERAL INSTRUMENT 
1 Amp Rectifiers (Epoxy) 1.5 Amp Single Phase 

Silicon Bridge Rectifiers 
Price 

31 
3`+ 

Stock level Part No. Price Stock level Pan No. 

t tMillion 194001 50V 029 320000 WO6M 600v 
6Million 194002 100V 039 110000 W08M 800V 

1 4Million 1N4003 :1100V 045 
i SMillion 1N4004 400V 049 

9Million 194005 800V 055 
4M1111on 194006 900V 065 

1 7M /hon 154007 1.100V 07 

Part No. Price 
SWITCHING 

DIODES 1N914 (100V 4NS) 
1N4148 (100V 4NS) 

.027 
027 

Zi1og 

Z80-CPU 41$13.60 
Z80A-CPU $16.20 

Z80-PIO $10.90 
Lz80A-PIO $13.10 

Z80-CTC 
Z80A-CTC 

Z80-DMA 

Z80-SIOl0 
Z80A-S10/0 

Z80-SIO/1 
Z80A-SI O/1 

$10.90 
$13.10 

$32.20 

$45.00 
$50.00 

$45.00 
$50.00 

CD4515BE $1.95 
CD45168E .69 
CD45188E .79 
CD4519BE .47 
CD4520BE .69 
CD45228E 99 
CO4526BE .99 
CD4527BE $1 09 
CD45288E 69 
CD45318E .74 
0045328E $1.19 
CD45398E 99 
CD45438E $1.39 
CD45558E .65 
CD45568E 65 
CD4581BE $2.25 
CD45828E .79 
CD4584BE .60 
CD45858E 90 
40014PC .59 
40085PC $1.09 
40097PC .60 
40098PC .60 
40160PC .89 
40161PC 99 
40162PC .89 
40163PC .99 
40174PC 89 
40175PC 89 
40192PC $119 
40193PC $1.19 
40194PC $1.10 
40195PC $110 

LINEAR I.C.'S 
LM324N .49 Quad Op Amp 
I ka10M 4g Qunrt (:nm nAr tnr 

.29 Timer 

.59 Dual Timer 

.34 Voltage Regulator 

.39 Voltage Regulator 

.37 Op Amp 

.24 Op Amp 

.39 Dual Op Amp 

LM555N-8 
LM556N-14 
LM723CN 
LM723CH 
LM741CH 
LM741CN-8 
LM 1458N-8 

VOLTAGE REGULATORS 
UNIT 

PART NO. PRICE DESCRIPTION 

LM323K $5.50 3 Amp 5 Volt Regulator 

78H05KC $5.75 5 Amp 5 Volt Positive Regulator 
103 

78000C Series .79 Positive Voltage Regulators 
T0.220 /LM340T (Plastic) 1 Amp 5.6.8. 12. 15, 18, 

24 Volts 

78MOOHC Series $1.50 Positive Voltage Regulator 
TO- 5 /LM340H 1/2 Amp 5, 6, 8, 12, 15, 18, 24 Volts 

7800KC Series $1.60 Positive Voltage Regulator 1 Amp 
10.3/ LM34OK 5. 6, 8, 12 15. 18. 24 Volts 

78LOOAWC Series .29 Positive Voltage Regulator 100 MA 
TO -92 2.6.5, 6.2, 8.2, 12, 15 Volts 

7900ÚC Series $1.10 Negative Voltage Regulator 
TO 220 / LM320T 1 Amp 5, 6, 8, 12, 15, 18, 24 Volts 

79M00HC Series $1.50 Negative Voltage Regulator 
TO.51 LM32OH 1/2 Amp 5, 6, 8, 12, 15, 20, 24 Volts 

7900KC Series St.95 Negative Voltage Regulator 
10.31 LM320K 1 Amp 5, 6, 8, 12, 15, 18, 24 Volts 

78MGT2C $1.25 Dual In Line Adjustable 4 Terminal 
Positive Voltage Regulator 

78GUI T0-220 $1.45 1 Amp Adjustable Positive Voltage 
Regulator 

78S40PC $2.50 Switching Regulator 

All new major manufacturer prod- 
uction material offered. 

Largest variety of device types 
available anywhere. 

MICROPROCESSOR 
CHIPS 
CPU's 

Stock level Part No. Price 

4600 8080A 5.50 
16000 6800 X957.95 

MOS Static RAM's 
Stock level Part No. Price 

11400 2114 $7.50 
4K(1Kx4)300NS 

74000 2102LFPC $1.19 
INTERFACE 1K 35ONS (Low Power) 

SUPPORT CIRCUITS 19700 2114 $6.95 
Stock level Part No. Price 4K (1K x 4) 45ONS 

4000 
1400 
2800 
1500 
4000 
1700 
700 

5800 
550 

11000 
400 
800 

3300 
2200 
4200 
3000 
1200 

8212 1.98 
8214{29,6, 3.95 
8216 1.98 
8224 2.75 
8226 1.98 
8228 4.75 
8238 4.75 
8251 4.95 
8253 14.95 
8255 5.95 
8257 9.95 
8259 14.95 

6810 
6820 
6821 
6850 
6852 

3.50 
3.95 
3.95 
4.95 
4.95 

MOS Dynamic RAM's 
Stock level Part No. Price 

16000 4K 4027 $2.95 
4K (4K x 1) 300NS 16 PIN 

21500 416.3 $9.95 
200NS 

93000 416.5 $7.95 
300N S 

UART's 
Stock level Part No. Price 

44000 AY5.1013A $4.95 
3800 AY3-1015 $5.95 

1K CMOS RAM 
Stock level Part No. Price 

21400 5101 $4.95 
450NS (Low Power) 

tr 

iiIIFElectronic 
Sales Corp. 

P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 
Over - the - counter sales, MINIMUM ORDER $10.00 ADD $2.00 TO 
12 Mercer Rd., Natick, Mass 01760 COVER POSTAGE & HANDLING 
Behind Lyres on Rte. 9 
Telephone Orders & Enquiries (617)879 -0077 

IN CANADA 3 LOCATIONS 

5651 FERRIER ST. 4800 DUFFERIN ST. 
MONTREAL, QUEBEC DOWNSVIEW, ONTARIO 
H4P 2K5 M3H 5S9 
Tel:(514)735-6425 Tel:(416)6611115 

Foreign customers please remit payment on an 
international bank draft or international postal 
money order in American dollars. 

BAXTER CENTRE 
1050 BAXTER ROAD 
OTTAWA, ONTARIO 
K2C 3P2 
Tel:(613)8209471 

IQ 
CIRCLE NO 1 ON FREE INFORMATION CARD 
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COMPUTER INTERFACES & PERIPHERALS V 
E For free catalog including parts lists and schematics, send a self- addressed stamped envelope. E 

APPLE II SERIAL I/O 
INTERFACE * 

Part no. 2 

Baud rate is continuously adjustable 
from 0 to 30,000 Plugs into any periph- 
eral connector Low current drain. RS- 
232 input and output On board switch 
selectable 5 to 8 data bits, 1 or 2 stop 
bits, and parity or no parity either odd or 
even Jumper selectable address 
SOFTWARE Input and Output routine 
from monitor or BASIC to teletype or other serial printer 

Program for using an Apple II for a video or an intelli- 
gent terminal. Also can output in correspondence code 
to interface with some selectrics. Board only - $15.00. 
with parts - $42.00; assembled and tested - $62.00. 

MODEM * 
Part no. 109 

Type 103 Full or half 
duplex Works up to 300 
baud Originate or Ans- 
wer No coils, only low 
cost components TTL 
input and output -serial 
Connect 8 ohm speaker 
and crystal mic. directly to board Uses XR FSK 
demodulator Requires +5 volts Board $7.60; 
with parts $27.50 

T.V. TYPEWRITER 
Part no. 106 

Stand alone TVT 
32 char /line, 16 

lines, modifications 
for 64 char/ line in- 
cluded Parallel 
ASCII (TTL) input 
Video output 1K 
on board memory 
Output for compu- 
ter controlled cur - 
ser Auto scroll 
Non -destructive curser Curser inputs: up, down, left 
right, home, EOL, EOS Scroll up, down Requires +5 
volts at 1.5 amps, and -12 volts at 30 mA All 7400, TTL 
chips Char. gen. 2513 Upper case only Board only 
$39.00; with parts $145.00 

TI DMA * 

DC POWER SUPPLY* 
Part no. 6085 

Board supplies a regulated +5 volts 
at 3 amps., +12, -12, and -5 volts at 
1 amp. Power required is8 volts AC 
at 3 amps., and 24 volts AC C.T. at 1.5 
amps. Board only $12.50; with 
parts excluding transformers $42.50 

Part no. 112 
Tape Interface Direct Memory Access Record 

and play programs without bootstrap loader (no 
prom) has FSK encoder /decoder for direct con- 
nections to low cost recorder at 1200 baud rate, 
and direct connections for inputs and outputs to a 
digital recorder at any baud rate. S -100 bus com- 
patible Board only $35.00; with parts $110.00 

TAPE INTERFACE * 
Part no. 111 

Play and record Kansas 
City Standard tapes 
Converts a low cost tape 
recorder to a digital re- 
corder Works up to 1200 
baud Digital in and out 
are TTL- serial Output of 
board connects to mic. in 
of recorder Earphone of 
recorder connects to input on board No coils 
Requires +5 volts, low power drain Board $7.60; 
with parts $27.50 

UART & BAUD RATE 
GENERATOR* 
Part no. 101 

Converts serial to parallel 
and parallel to serial Low 
cost on board baud rate 
generator Baud rates: 110, 
150, 300, 600, 1200, and 
2400 Low power drain +5 
volts and -12 volts required 

TTL compatible All characters contain a start bit, 5 to 
8 data bits, 1 or 2 stop bits, and either odd or even parity. 

All connections go to a 44 pin gold plated edge connec- 
tor Board only $12.00; with parts $35.00 with connector 
add $3.00 

ELECTRONIC SYSTEMS 

8K STATIC 

RAM 

Part no. 300 
8K Altair bus memory 

Uses 2102 Static memory chips Mem- 
ory protect Gold contacts Wait states 0 
board regulator S -100 bus compatible Vect( 
input option TRI state buffered Board on 
$27.50: with parts $160.00 

1 

RF MODULATOR* 

Part no. 107 
Converts video to AM modu- 

lated RF, Channels 2 or 3. So 
powerful almost no tuning is re- 
quired. On board regulated 
power supply makes this ex- 
tremely stable. Rated very 
highly in Doctor Dobbs' Journal. Recommende 
by Apple. Power required is 12 volts AC CT, c 
+5 volts DC Board $7.60; with parts $13.50 

RS 232/TTY* 
INTERFACE 

Part no. 600 
Converts RS -232 to 20mA 

current loop, and 20mA current 
loop to RS -232 Two separate 
circuits Requires +12 and -12 
volts Board only $4.50, with 
parts $7.00 

RS 232/TTL* 
INTERFACE 

Part no. 232 
Converts TTL to RS -232, 

and converts RS -232 to 
TTL Two separate circuits 

Requires -12 and +12 volts 
All connections go to a 10 pin gold plated edge 

connector Board only $4.50; with parts $7.00 
with connector add $2.00 

Dept. PE, P.O. Box 21638, San Jose, CA. USA 95151 

To Order: Mention part number and description. For parts kits add "A" to part number. In USA, shipping paid for orders accompanied by check, money order, or Master Charge, BankAmericard, or VISA number, expiration date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% for tax. Outside USA add 10% for air mail postage, no C.O.D.'s. Checks and money orders must be payable in US dollars. Parts kits include sockets for all ICs, components, and circuit board. Documentation is included with all products. All items are in stock, and will be shipped the day order is received via first class mail. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked "Computer Parts" Dealer inquiries invited. 
24 Hour Order Line: (408) 226 -4064 * Circuits designed by John Bell 
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Radio Shack: No. i Parts Place 
Low Prices and New Items Everyday! 

Top -quality devices, fully functional, carefully inspected. Guaranteed to meet all specifications, both electrically and mechanically. All are made 

by well -known American manufacturers, and all have to pass manufacturer's quality control procedures. These are not rejects, not fallouts, not 

seconds. In fact, there are none better on the market! Always count on Radio Shack for the finest quality electronic parts! 

TTL and 
CMOS Logic ICs 

Full -SpeC Devices 
Direct from 
Motorola and 
National Semiconductor 

Type Cat. No. ONLY 

7400 276 -1801 35C 
7402 276 -1811 390 
7404 276 -1802 350 
7406 276 -1821 494 
7410 276 -1807 394 
7413 276-1815 790 
7420 276 -1809 390 
7427 276 -1823 494 
7432 276 -1824 494 
7441 276 -1804 990 
7447 276 -1805 990 
7448 276 -1816 990 
7451 276 -1825 390 
7473 276 -1803 494 
7474 276 -1818 490 
7475 276 -1806 79C 

7476 276 -1813 590 
7485 276 -1826 1.19 
7486 276 -1827 494 
7490 276 -1808 794 
7492 276 -1819 694 
74123 276 -1817 99C 
74145 276 -1828 1.19 
74150 276 -1829 1.39 
74154 276 -1834 1.29 
74192 276 -1831 1.19 
74193 276 -1820 1.19 
74194 276 -1832 1.19 
74196 276 -1833 1.29 
4001 276 -2401 494 
4011 276 -2411 490 
4012 276 -2412 691 
4013 276 -24t3 894 
4017 276 -2417 1.49 
4020 276 -2420 1.49 
4021 276 -2421 1.49 
4023 276 -2423 694 
4027 276 -2427 894 
4028 276 -2428 1.29 
4046 276 -2446 1.69 
4049 276 -2449 694 
4050 276 -2450 694 
4051 276 -2451 1.49 
4066 276 -2466 994 
4070 276 -2470 694 
4511 276 -2447 1.69 
4518 276 -2490 1.49 
4543 276 -2491 1.89 

SN -76477 Sound /Music 
Synthesizer IC 

11Trvermitrir4 

299 Featured in Oct. 
Popular Electronics 

Creates almost any type of sound - 
music to "gunshots!" Built -in audio amp. 
Includes 2 VCO's, LF osc., noise gen.. 
filter, 2 mixers. envelope modulator, logic 
circuit. 28 -pin DIP. With data /appli- 
cations circuits. 276 -1765 2 99 

Analog Audio Delay IC 
MN 3002 

1095 
For Phase -Shifter, 
Reverb & Delay Circuits 
'Bucket Brigade" device uses 512 shift 

registers to provide a continuously vari- 
able electronic delay for complex audio 
signals. Includes data sheet and appli- 
cations circuits. 276 -1760 10.95 

Heat Sinks 

.0 :i 

k TO -220. For PC board-mounted 
power semiconductors in TO -220 
cases. Anodized aluminum. 
276 -1363 79C 
Ia: TO -3 Sink. For PC or chassis mtg. 
276 -1364 1 39 

Universal. Mounts 2 devices, ac- 
, .-,ots 9 case styles. 276 -1361 2.69 

Top -Quality IC and PCB Accessories 

t, 

:= 

. C 
,......._. A 

11111 iie 
O 

© 

F 

O PC Board. Mounts two 14 or 16 -pin ICs or sockets for bread boarding. 
Copper clad. 21/2x5z1'h4". 276 -151 ... ..... _.. .. 2.99 
7 PC Board. Mounts single 14 or 16 -pin IC or socket 
276 -024 Pkg. of 21994 

16 -Pin IC Test Clip. 276.1951 3.99 
p, 16 -Pin DIP Header. With snap -on cover 276 -1980 1.29 

.c 8- Rocker 16 -Pin DIP Switch. 276.1301 1.99 

Ti Vertical 16 -pin Socket. For LED dispiav, 276 -1986 1.49 

V 16 -Pin DIP Jumper Cable. 18" long 276 -1976 3.99 

Project Boxes 

Aluminum 
Cover 

The popular, 
low -cost way 
to house your 
electronic ex- 
periments. 

Miniature 
Hobby Motors 

3 Y.x2'/ex 1'4': 270-230 
4x21/4x2'/a': 270-231 
5' (, ex231 x 13k-. 270-233 
61/4133/4x2". 270-627 
7>4x43/4x23/4. 270-232 

1 19 
1 29 
1 49 
1 79 
2 49 

High- torque permanent 
magnet type.'hs' dia. shaft. 
r, 12V DC. 350mA. 2x' J1,6" 

273 -210 694 

T 6 -9V DC. 500mA. 15 /exY4' 
273 -209 Pkg. of 2/994 

8080A Microprocessor 
and Support Chips 
New - 100% Prime 

SALE 

All With Full Data and Specs 

8080A Microprocessor. 2 AS cycle time 
276-2510. Reg. $12.95 Sale 9.95 

8208 Bus Driver. 8 -bit bidirectional. 
276 -2508. Reg. $5 95 .. Sale 4.95 

8154 128x6 -B1t RAM I/O. 40 -pin DIP 
276-2511. Reg. $9.95 Sale 7.95 

8212 Ilo Port. Data latch and buffer. 
276.2512. Reg. $4.95 Sale 3.95 

8224 Clock and Generator Driver. 
276 -2524. Reg. $3 95 Sale 2.95 

8228 System Controller and Bus Driver. 
276 -2528. Reg. $6.95 Sale 5.95 

8251 Programmable Communica- 
tion Interlace. 276 -2551. 
Reg. $9.95 . Sale 7.95 

8255 Programmable Peripheral Inter- 
face. 276 -2555. Reg $9.95. Sale 7.95 

PC Potentiometers 

Vertical pe 

Hor zontal 

'4 W. (Fig Al 

Ohms 
Cat 
No 

500k 
1k 

5k 
10k 
25k 
50k 

100k 
500k 

1 Meg 

271 -228 
271 -227 
271 -217 
271 -218 

271.219 
271 -220 
271 -221 
271 -229 

Ea 

494 
494 
494 
494 

490 
494 
494 
49C 

'4 W. (Fig 81 

Cal 
Ea 

Na 

271 -333 

271 -335 
271 -335 

271 -338 

394 

394 
394 

394 

Switches 

A I o11© 

'lrlr J' 
ÌI 

n Miniature Toggle. 6A @ 125VAC 
SPOT. 275 -662 2.49 
DPDT. 275-663 2.89 
DPDT. Center -Off. 275.664. ... 2.99 

T Momentary SPST. 275 -609 ... 1.89 
© Momentary SPDT. 275 -1549 . 1.99 
Oa SPST Mercury. 275 -027 99< 

Molded Connectors 

;771 lf ,?_ 
Molded nylon body. Each c,rcuit rated 8A 6. ' 

250V Standard .093' pm diameter 
:. 4 -Pin Male. 274 -224. ... 994 

6 -Pin Male. 274 -226 1.19 
9-Pin Male. 274 -229 1.39 
12 -Pin Male. 274 -232 1.49 

G 4 -Pin Female. 274 -234.... .. 990 
6 -Pin Female. 274 -236 ... 1.19 
9-Pin Female. 274 -239 1.39 
12 -Pin Female. 274-242 1.49 

2 -Pin Male 8 Female (Not Shown.I 
274 -222. Pair 890 

A 
IC Breadboard Sockets 

ígl 

Modular boards snap together and feature standard 0.3 center. 
Accept 22 through 30 -gauge solid hookup wire. 
O 550 connections in 2 bus strips of 40 tie points each with 47 rows 
of 5 connected tie points. 21/2x6" 276 -174 9 95 
T 270 connections in 2 bus strips of 40 tie points each with 23 rows 
of 5 connected tie points. 21/4x3541 276 -175 5 95 

MinI- Socket. 22 rows of 5 tie points each, plus 2 bus strips with 10 

connections each. 2''ex 1?'e" 276 -176. Reg. $3.95. Sale 2.99 

Solar Cells I 1 
Electricity= 
from Light _ 

4cm x 2cm 
Silicon Cell 

Silicon -type cell converts light 
to electrical power, delivering 
up to 100 mA at 0.5V. Use sev- 
eral in series -parallel for 
higher voltage or current. 
276 -120 2 99 

111111111111111 

Din. - Silicon 
Cell 

Highly efficient! Delivers up to 
400 mA at 0.5V. Ideal for solar 
power projects. battery charg- 
ing and operating electronic 
equipment. 
276 -121 5.99 

RAM Memory ICs 
Under 450 nS Access Time 

2102 1024 x 1 Array. Low -cost static 
memory chip. 16 -pin DIP. Buy 8 and 
save! 
276-2501 2 49 Ea. or 8/14.95 

2114L 1024 x 4 Array. NMOS static 
RAM. 18 -pin DIP. 
276 -2504. Reg. $12.95 Sale 10.95 

g, 
Computer Data Manuals and 

Semiconductor Handbook 
h' Intel' 8080/8085 Programming Manual. Handy ref- 
erence for programming with Intel's assembly lan- 
guage. 62-1377 3 95 

T Intel Memory Design Handbook. Explains use of 
Intel's memory components and support circuits in 
systems. 62 -1378 3 95 

/ Intel Data Catalog. 928 pages of specifications on 

most of Intel's standard microcomputer -related prod- 
ucts. 62 -1379 4 95 

D Semiconductor Reference and Application Hand- 
book. Complete specs and applications for popular IC 

transistors. diodes. 276 -4002 ......,.... .1.95 

Low -Cost 
Plug -In 

PC 
Boards 

For 22 -pin connectors. 4v2x4 
'hó' grid. 3 styles available. 
Standard. 276 -152 .......3.49 
Digital. 276-154 .. ....... 3.49 
Op -Amp. 276 -153 3 49 
22 -Pin Dual Connector. 
276 -1551 ..... 2.99 

WHY WAIT FOR MAIL ORDER DELIVERY? 

IN STOCK NOW AT OUR STORE NEAR YOU! 

Prices may vary at individual stores and dealers 
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fr 7400 TTL 
1 rON 

'/ SN7412N 29 
SN7400N 16 SN74719 35 5N74'.nON e. 
96174019 18 6674746 35 5974161N 89 
5974029 18 597475N 49 59741629 195 
59174039 18 5974764 35 59741639 89 
5974049 18 5914799 5 00 5974164N 89 
SN7405N 20 SN14808 50 91741659 89 
56174069 29 SN7482N 99 S9741669 125 
9914079 29 5974839 59 91741578 1 95 
96174086 20 S9140561 79 SN74170N 1 59 
56174099 .20 S974869 35 56741729 6 00 
597410N 18 SN74899 1 75 91141739 1 25 
561741IN 25 SN7490N 45 59741749 89 
S974129 25 5974919 59 S61741759 79 
59741311 40 9974928 43 59741768 79 
S924149 70 5974939 43 59741778 79 
5914169 25 56174949 65 59741799 1 95 
S974119 25 5914959 65 59741801Y 79 
S974209 20 5974969 65 S9741819 1 95 
5974219 29 5674979 3 20 56741829 79 
597422N 39 SN74I0ON 89 59741849 1 95 
5N74239 25 SM41079 35 98741858 1 95 
5974259 29 56741099 59 531741866 9 95 
510374266 29 99741169 1 95 59741888 3 95 
56174219 25 59741219 35 59741908 1 25 
5914299 39 59741229 39 56741916 1 25 
5974309 20 59741236 .49 59741929 79 
59743284 25 5N'4125N 49 5974193N 79 
6614319 25 II?66 49 59741946 .89 
561743861 25 ':'12N 75 56741959 59 
5974399 25 -='159 15 961741966 89 

56114409 20 79 59741979 89 
5914419 89 7 95 56741989 1.49 
5974429 49 ' 95 91741996 I 49 
9174439 75 2 95 56745200 4.95 
5614449 75 . 79 55742516 1 79 
56114459 75 

I 95 59742799 79 
9574459 69 129 66742836 2.25 

59 89 56142845 3 95 
79 59 59742859 3.95 
20 59 59743659 69 
20 '. '-.'. 59 561743669 69 
20 5N741_4', 99 56743676 69 
00 S61415". '9 S6743686 69 
'S SN1:1,'. g 69743909 1 95 
?0 Sv141- ". :.5 59743939 1 95 

201, Discouni 100 pss combined order 25% -1000 p0s combined order 

a ó Kits ELECTRONICS 

Digital Stopwatch Kit 
Use Inlcr- _OS Np 

- Flalen Ir -n4b17.s,de0 
P C Bnm.. 

IILA . LED Orsplay Iredl 
. TImeS lo 59 mm 59 59 sec wdh 

5reset 
' crystal 60n1rolled 

tIOpwattneSIn one 
vent so51 IOUmmulativel 

IaYlpr Isepuen1,a111mrngl 
. Jses 3 penllle Datlerle5 
.Sae45x215x90 
JE900 $39.95 

ALSO AVAILABLE: 
JE200 5v lamp power supply$14.95 E2206B Function Generator $19.95 
JE730 4 -digit clock kit 14.95 JE747 Jumbo 6 -digit clock kit 29.95 

1.0? 09 
6 -Digit 
Clock 

Kit 
. Bright 300 hi common cathode display 

Uses MM5314 dock Chip 
Switches for hours m pules and hold lunch ors 
Hours 84s18 viewable Io 201701 

. Simulated walnut case 

. 115 VAC operation 

. 12 or 24 hour operation 

. includes all component /use .n. wall 7 ,01ormer 
Sae 6 -3 4- x 3 -1 8 

JE701 $19.95 

DISCRETE LEDS 
.200" dia. 

X05560 red 5/$1 
XC556G green 411 
9C5569 yellow 4 /S1 
XC556C clear 411 

.200 dia. 
XC22R red 5/$1 
XC22G green 4/$1 
XC22Y yellow 4/$1 

.170' dia. 
MV10B red 411 

.085" dia. 
MV50 red 6 /$1 

INFRA -RED LED 
1/4 "61/4 "x1 /16" flat 

5/$1 

.125' dia. 
XC209R red 
XC209G green 
XC209Y yellow 

.185" dia 
X05260 red 
XC5265 green 
X05267 yellow 
XC526C clear 

.190" dia 
XC111R red 
XC111G green 
601111 yellow 
XC111C clear 

57$1 
4/$1 
4/51 

5/$1 
4751 

4/51 
4/$1 

5/$1 
4/51 
4/51 
4/ 51 

TIMEX 71001 
LIQUID CRYSTAL DISPLAY 

F1E5o EFFEC- I a aze 

0iii.11C 
otc-,17 _ CFiARHCTERS 
THR L LN R UNCIATOs 
0.00'Cx L00"PACKAGE 
,NCSUOESCONNECroR 

T1001-Transmissive S7.95 
T1001A-Reflective 8.25 

C114019 

C04020 
C04021 
C040" 

CI]a021 
CDa024 
C04025 
rn4m= 

25 

39 

1 39 
1 19 

49 

1 19 

C/MOS 

CD: 
co, : 

CD4.:' 
C W'34, 
CU4043 

C04044 
C04046 

004945 
CD4'l48 

99 C74049 
C0i950 
CO4051 

CO4053 
C74056 
C1Ja059 

C04060 
CD4066 
rC:n6fi 

19 

1 19 

139 
1 19 

79 

:3 
? -5 

B9 

' 19 

99 
19 

I 25 

99 

89 

89 

1 19 

2 50 

135 
49 

49 

1 19 

I 19 

2 95 

9 95 

1 49 

/9 

004010 
C04011 
CD401? 

C04016 
CD4081 

C7.1087 

C04093 
CD4098 
MC14409 

MC14419 
MC14411 
MC14419 
MC14:33 
MC14506 
MC1450- 
MCI 4562 
MC14583 
004508 
COa5t0 

Coast/ 
C04515 
CL14518 

C04520 

55 

49 

39 

23 

21 

99 

2 49 

14 95 

'1495 

95 

4 95 

19 95 

75 

99 
ta 50 
3 50 

95 
1 39 
129 

2 95 
1 29 
1 29 

2 25 

'4C08 49 

39 

1 95 
39 
39 

1 95 

2 49 

89 

89 

5 td 

'4071 
4074 

74000 
740790 I 95 

74093 0 95 
74095 195 
74C107 125 
740151 2 90 
740154 3 00 
74C157 2 15 

7aC160 2 49 

I4C161 2 49 

o 64 
740173 
74C192 
740193 
740195 
74C922 
740923 
710925 
740926 

80095 
80097 

2 49 

2 49 

2 60 

2 49 

249 
2 49 

595 

50 
-991G 

IM1068 
: 3008 

1M301CN H 

LM102H 
I 5130400 

L 3055 
LM307CN 8 

LM708CN H 

LM309H 

1.93095 
LM310CN 

LM311N H 

1M312H 
LM3115 

1M318CN H 

LM319N 
LM320K 5 

LM320K.5 2 
LM320A 12 

28320K-15 
LM320x.18 
LM320K.24 
283207.5 
83201 5 

LM3201.8 
LM320T.12 
LM320T-15 
LM320: 18 

LM320T-74 
083236 .5 
16132491 

193399 
LM3406 5 

LM340x.6 
LM3409.8 
2M340112 
LM340K-15 

1 75 

99 

80 

35 

75 

1 00 

60 

35 

100 
I 10 

1 25 

1 15 

90 
195 
b 59 

50 

30 

35 

35 

35 

35 

35 

35 

25 

25 

25 

25 

25 

25 

25 

95 

80 

99 

35 

35 

35 

35 

35 

LINEAR 
L3.13408 18 35 

0913405 24 35 
LM340T-5 25 

LM3401-6 25 
0M340T 8 25 
LM340T 12 25 

L53401.15 25 

L93401-18 25 

1M3401 24 25 

LM3589 00 
LM31oN 95 

LM373N 25 
LM3'7N 00 
LM380N 25 

LM3011CN 99 

LM381N 79 

LM382N 79 

9E5019 00 
655100 .00 
NE529A 95 
9E571111/ 95 
NE536T 00 
NE540L 00 
NE544N 95 

955509 30 

NE555V 39 
NE556N 99 
9E5600 5 00 
905618 5 00 
6E5628 5 00 

NE5650 H 1 25 
NE566CN 1 75 

NE567V H 99 
NE5706 4 95 
LM703C9 .H 59 

0M7099rH 29 

LM710N 79 

LM-7119 39 
L337236 H 55 

IM733N 100 
4617399 119 
LM741CN H 35 
LM741 146 39 

L617479 H 79 

LM7489 H 39 

LM131UN 2 95 

L914580 18 59 

MC1488N 195 
MC14896 I 95 

LM14969 95 

1M15566r I 75 

MCI741SCP 3 00 
LM20119 1 95 

LM2901N 2 95 
15130539 1 50 

LM3065N 149 
LM3900N134011 49 

LM3905N 89 
LM3909N 1 25 
MC5558V 59 
80386 a 95 
0975450N 49 
7S45rCN 39 
7545201 3 

7545304 39 
15454CN 39 
15491r.N 79 
7549201 89 
754939 89 
7549401 89 

RC4136 125 
RC4151 5 95 
004194 5.95 

RC4195 a 49 

TYPE 
MAN 1 

MAN 2 

MAN 3 

MAN 4 

MAN 7G 

MAN 7Y 

MAN 72 

MAN 74 

MAN 82 

MAN 84 

MAN 3620 
MAN 3630 
MAN 3640 

MAN 4610 

MAN 4640 

MAN 4710 

MAN 4730 
MAN 4140 

MAN 4810 
MAN 4840 

MAN 6610 
MAN 6630 

MAN 6640 
MAN 6650 
MAN 6660 
MAN 6680 
MAN 6:10 

POLARITY 

Common Anooe-re 
5 x 7 Dot Maln..red 
Common Catnodeled 
Commun Catnoder ed 

Common Anode-green 
Common Anode- yellow 
Common Anode-leo 

Common Cathode-red 
Common Anadeyellow 
Common Cathode -yellow 
Common Anooeorange 
Common anode. orange 1 

Common Calnrdet orange 
Common Anode-orange 

Co -nmor Catnodeorange 
Common Anode'red 
Common Anode.rea - 1 

Common Cathodeaed 
Common Anodeyellrw 
Cr m nor, cathode vanow 
Common Anode-Orange -D D 

Common Anodeorange - 1 

Common Cathode orange.D D 
Com on Camode.mange I 

Common Anodet orange 
Common Calhodet orange 
Common Anode 00.9 0 0 

DISPLAY LEDS 
Nr 
270 

300 
125 
187 

300 

300 
300 

300 
300 

300 
300 
300 

300 
300 
400 
400 

400 
400 
400 
400 

560 

560 
560 
560 

560 
560 
560 

PRICE 

2 95 

4 95 

25 

1 95 

1 25 

99 

99 
1 25 

99 

99 

99 
99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 
99 
99 

99 
99 

99 

TYPE POLARITY 
MAN 6710 
MAN 6740 
MAN 6750 
MAN 6760 
MAN 6780 
DL701 
onda 
D4707 

01128 
00741 
331.746 

DL747 
DL749 
OL -50 

DL338 
FN070 
290358 
FNO359 
790503 
F95507 
50821130 
HDSP 3400 
HDSP -3403 

50821300 
5087 7302 
5082.7304 
5082 -7340 

Common Anode -reo b 1 

Common Calhodered -0 0 

Common Cathode red 1 

Common Anode,ed 
Common Calnode-reo 
Common re0 

Common Canloe end 
Common Anode red 

Common Cathodeered 
Common Anode red 

Comrnon Anode -red 1 

Common Anode -red 
Common Culhode -red - 1 

Com on Calnole-reo 
Common 09,050e-rea 
Common Cathode 
Comecon Cathode - I 

Common Cathode 
Common CathodelF905000 
Common Anode IFND5101 
Con non Anodemed 
Col oh Anode -red 
Common Cathode red 

4 x 7 sgl 01011 -RH P 

4 / Sgl 0,00 LO P 

Overlange character 1 11 

4 x 7 Sol Nat- Hexadeomel 

HT 

560 
560 
560 

560 
560 
300 
300 
300 

500 
600 
630 

600 
630 
600 
010 

250 

357 
357 
500 

500 
300 

800 
800 

600 
600 
600 

600 

PRICE 
99 

99 

99 
99 
99 

99 

99 
49 

1 75 

1 49 

I 49 

1 49 

49 

35 

69 
99 

75 

1 30 

210 
2 I 

1995 
19 95 
15 DO 

22 50 

RCA LINEAR 
C63013T 2 15 CA30826 2 00 
CA20231 2 56 05306373 1 60 
CA3035T 2 48 CA30869 85 

CA30391 1 35 0430899 3 75 

0430469 130 CA31301 1 39 
CA3059N 3 25 0031407 1 25 
CA3060N 3 25 0431607 1 25 
C430801 85 CA34016 49 
CA30819 2 00 CA3600N 3 50 

CALCULATOR 
CHIPS /DRIVERS 

MM5725 52 
M615738 2 

088864 2 

DM8865 1 

OM8887 
088889 
93'4 ? leu 
C A 5E0 driver 

CLOCK CHIPS 

MM5309 $4 95 
MM5311 4 95 
9585312 4 95 
MM5314 4 95 
MM5316 6.95 
MM5318 9 95 
MM5369 2 95 
MM5387 1998A 4 95 
MM5841 9 95 

MOTOROLA 
MC1408n 
MC1408L8 
MC1439L 

MC3022P 
MC3061P 
MC40161744161 

MC4024P 
MC4040P 

MC4044P 

5 95 

5 '5 
2 95 

95 

3 50 
7 50 

3 95 

95 

0 

e pin LP 

14 pin LP 

16 pin LP 

le pin LP 
20 pin LP 

la pin ST 

16 pin ST 

18 pm ST 
24 pm ST 

IC SOLDERTAIL - LOW PROFILE (TIN) SOCKETS 
1.24 25.49 501 DO 1.2 
50 16 15 22 pin LP f 3 

20 19 20 
1a 

pin LP 48 
.22 21 20 38 pin LP 4 

29 79 27 Jfi pin LP 60 
3 33 30 SOLDERTAIL STANDARD (TIN) 40 pm LP 63 

$ 27 
30 

35 
49 

8 pat SG 530 
14 pin 50 35 
16 pin SG 38 
18 pin 5G 52 

e pin WW 
10 pin WW 
14 pin WW 
16 pin WW 

1e pin WW 

$ 39 
45 

39 
43 
75 

2549 50.100 

36 
37 
44 

59 
62 

35 

36 
43 

sa 
61 

25 24 28 pin ST S 99 90 

27 25 é6 Dm ST 1 3 1 26 1 15 

32 30 0 pin ST 1 S 1 45 1 30 

45 42 SOLDERTAIL STANDARD /0010) 
24 pin SG 57 
28 pin SG 

36 pin SG 
40 pin SG 

27 

32 

35 

47 

24 

29 

32 

43 

38 31 

41 37 

38 37 

42 41 

68 62 

WIRE WRAP SOCKETS 

(GOLD) LEVEL x3 

E 7 

11 
I6 
1 75 

22 pin WWS 95 
24 pin WW 1.05 
29 pin WW 1 40 

36 pin Ww 1 59 
40 pin WW 1 75 

63 
I00 
1 40 
1 59 

90 
1 26 

1 45 

85 75 

95 85 
125 110 
I45 130 
1 55 1 40 

74L500 

741501 
741502 

741603 
74LS04 

741505 
741508 
740509 
74L510 

,40511 

740513 

740514 
7á1s15 
740570 
740521 

740522 

74L526 

740527 

740528 

740530 

740532 
740537 
74L540 

740542 

23 74LSBOTTL 
23 740547 69 

23 744551 23 
29 740554 23 

29 740555 23 

23 740573 35 

29 740574 35 
23 741.575 49 

50 740076 35 
49 741578 39 
99 140583 75 

29 741585 99 
23 741586 35 

29 74L590 49 

09 740592 59 

29 741593 59 

29 745595 79 

29 141.596 89 
23 7415107 35 
29 7400109 35 
05 7415112 35 

29 7405123 99 

69 7415125 69 

74L5132 79 
7415136 39 

7405138 69 
7405139 .69 
7405151 69 
7415155 69 
7405157 69 
7415160 89 
7405161 89 
7405162 89 

7415163 89 
7400164 99 
7415175 79 
715181 2 49 

7450190 89 
7405191 89 
7400192 B9 

7415193 89 
745194 89 
)4L5195 89 

1415253 79 
'4LS?57 69 
7411258 1 39 

7411260 55 
7411279 59 
7411361 59 
7415366 59 

7411670 1 95 

1/4 WATT RESISTOR ASSORTMENTS -5% 
ASST. 1 5 ea 

ASST. 2 5 ca 

ASST. 3 5 ea 

ASST. 4 5 ea 

ASST. 5 5 ea . 

ASST.6 Sea +.s 

50 PCS 

50 PCS 

50 PCS 

50 PCS 

50 PCS 

50 PCS 

$1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

ASST. 7 5 ea 'M :1 m 50 PCS 1.75 
ASST. 8R Includes Resistor Assortments 1 -7 (350 PCS I S9.95 ea. 

S5.00 Minimum Order - U.S. Funds Only 
California Residents - Add 6% Sales Tax 

NV 
AEG 

%ao9 

Spec Sheets - 25d 
1979 Calaldg Available -Send 41c stamp 

arreco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592 -8097 

11,4 /I. ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE. SAN CARLOS. CA 94070 

ADVERTISED PRICES GOOD THRU FEBRUARY 

ÁY-5 -9100 
AY -5 -9200 
A1- 59500 
AY -5 -2376 
H00165 
740922 

ICM7045 
ICM7205 
ICM7207 
ICM7208 
ICM7209 

MCM6571 
MCM6574 
MCM6575 

TL074CN 
TL494CN 
TL496CP 
11090 
95H90 
4N33 
MK50240 
D50026CH 
TIL308 
MM5320 
MM5330 
13110/111 

TELEPHONE /KEYBOARD CHIPS 
Push Burton Telephone Diaper 514 95 
Repertory Dialler 14 95 
CMOS Clock Generator 4.95 
Keyboard Encoder (88 keys) 14 95 
Keyboard Encoder (16 keys) 7 95 
Keyboard Encoder 116 keys/ 9 95 

ICM CHIPS 
CMOS Precision Timer 24 95 
CMOS LEO Stopwatch /Timer 19 95 
Oscillator Controller 7 50 
Seven Decade Counter 19 95 
Clock Generator 6 95 

NMOS READ ONLY MEMORIES 
128 X 9 X 7 ASCII Shifted with Greek 13 50 
128 X 9 X 7 Math Symbol 8 Pictures 13 50 
128 X 9 X 7 Alphanumeric Control 13 50 
Character Generator 

MISCELLANEOUS 
Quad Low Noise bi -fet Op Amp 2.49 
Switching Regulator 4 49 
Single Switching Regulator 1 75 
Divide 10,11 Prescaler 19 95 

Hi -Speed Divide 10/11 Prescaler 11.95 
Photo -Darlington Opto -Isolator 3.95 
Top Octave Freg Generator 17.50 
5Mhz 2 -phase MOS clock driver 3.75 
27" red num display winteg logic chip 10.50 

TV Camera Sync Generator 14.95 
4'0 Digit DPM Logic Block 5.95 
3'o Digit A/D Converter Set 25 00 /set 

LITRONIX ISO -LIT 1 

Photo Transistor Opto- Isolator 
(Same as MCT 2 or 4925) 

2/99¢ 
TV GAME CHIP AND CRYSTAL 
AY -3- 8500 -1 and 2.01 MHZ Crys al Chip 8 Crystal 
Includes score display, 6 games and select angles. etc. I .95 /Set 

SN 76477 
SOUND GENERATOR 

Generates Complex Sounds 
Low Power - Programmable 

3.95 each 

XR205 $3 40 

EXAR XR2264 
XR25560P 

4.25 
3.20 

60320 1.55 JE2206KA 14.95 X02567 2.99 
XR -L555 1.50 JE2206KB 19.95 XR3403 1.25 
XR555 39 X84136 1.25 
XR556 .99 X02206 4.40 XR4151 2.85 
XR567CP 99 XR2207 3.85 084194 1.45 
XR567CT 1.25 X02208 5.20 XR4202 3.60 
XR1310P 1.30 X02209 1.75 X04212 2.05 
XR1468CN 3.85 XR2211 5.25 XR4558 75 
XR1488 1.39 X02212 4.35 XR4739 1 15 
XR1489 1.39 X02240 3.45 XR4741 1 47 

TYPE 

167.45 

DIODES 
VOLTS W 

QOOn1 

PRICE 

I 00 

TYPE 

194002 
164002 
194004 

VOLTS W 

000 PIV 
1 AMP 

200 PIV 
I AMP 

400 Ply 1AMP 

PRICE 

12100 
12100 
12100 

1975' 00^' 1 00 194005 600 PIV 1 AMP 10100 
IN15? 56 400m 1 00 IN4006 800 PIV 1 AMP 101 DO 
IN153 
19754 

6 ' 
6 8 

405m 
4007 

00 
1 00 

164001 
193600 

1000 PIV I AMP 
50 200m 

10100 
6:1 00 

IN15% 9 0 400-. 1 00 194148 IDs' 15:I 00 
19759 3 0 4007 1 00 194054 35 10.1 12'1 00 
16959 8 2 4007 4 00 114305 250 15:1 00 

16965 15 400.0 1 00 194-34 56 lw 28 
165232 5 6 500'0 28 tN4-35 62 28 

165234 5 2 5007 28 IN4736 68 28 
195235 6 8 500m 23 194-38 82 Iw 28 

165234 ' 5 500m 28 154742 12 tw 28 
16/5242 

95--45 
ro 
15 

500in 28 
500m 28 

197.744 

191183 
15 Iw 

50 PIV 35 AMP 
19456 25 40m 6100 161184 100 PIV 35 AMP 
19.156 150 777 6, I 00 13E1185 150 PIV 35 AMP 
16141350 180 IO, 5100 200 PIV 35 AMP 

1034001 50 PIV 1 AMP 2100 
'91106 

N1188 400 PIV 35 AMr 

SCR AND FW BRIDGE RECTIFIERS 
0360 

C38M 

262328 

MOM 980 

MDA 980 

150 

35A 

1 

-1 120 

-3 12A 

0 400V SC1112311849) 

5004 SCR 

6A ,r 300V SCR 

,, 50V rw BRIDGE REG 

Et 2004 1w BRIDGE REC 

t 95 

i 95 

C10601 50 
MPS/105 
SIS006 5 I or 
5.7 61n 

',598 
40409 
40410 
40673 

'9918 
2822195 
2612214 
0820275 
PN2222 Plaster 

762369 
2623696 
MP57369 
262484 

292906 
7N290- 
P92907 PMsnr 

262925 
M3E-955 
263053 

TRANSISTORS 
.. 

ch 
1 Ito 

4 

Ór00 

..4, 4100 
41Im 

APACITOR 
10 Ol 05 04 03 
22 01 05 04 03 
47 of 05 04 '01 

100p1 05 04 03 
2'0 of 05 04 03 
470 01 05 04 035 

100 VOLT MYLAR 
301101 12 10 07 
907? 07 10 07 
0047m 12 10 37 

Dlmt 

1T35V 
0286. DIPPED TANTALUMS 

135V 28 23 

27 350 28 23 
33 350 20 
41 350 28 23 
6tl 150 20 

1 0 15N 9 

MINIATURE ALUMINUM ELECTROLYTIC 
Axial Lead 

. t 5n1 IS 13 10 

111500 16 14 11 
3 3 50V l4 12 09 
4 7 75V 15 13 10 
10 25V 15 13 10 
10 50V 06 '4 12 

22 25V 7 5 

22 505 24 20 18 

4,' 250 19 17 15 
4; 50V 25 20 19 

10025V 20 18 
100 50V 35 30 28 
220 25V 32 28 25 

.'r: 511V 45 38 41 

2' " SV 3 

1709 165 55 50 45 220 
2200 I6V -4 02 55 470 

CORNER 
031F 
0047r,F 

- 

ol?F - 
047n0 06 05 0.: 
1,E 12 09 075 

FILM CAPACITORS 
022,011 IO II 08 
047m1 21 

23 

1'I 27 

rBO1101 CAPACITORS 
0 26 21 

da 22 

il 27 22 
P3 

-- 
2B 

25 01 

- ] 35 29 
40 

CAPACITORS 

Radial Leal 
15 13 10 

16 14 11 

15 13 10 

0-= 16 14 

0 - 16 14 II 

'5 13 10 

5 13 i0 

16 14 Il 
0'- 14 12 09 
0 ` 15 ' IO 

pr 16 1J 12 
19 

00 15V 19 I? ta 
00 25V 
00 500 35 30 'ï / 

16V 3 1- 

251,0 11 28 
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REMOTE CONTROL 
TRANSMITTER & RECEIVER 

,4N,EuSFOAS.PAOTEC,Ink FORTY 

4 USE FOR YOUR OWN GAPAGI MINER 
,PLO,TIM04115.40,1P.N7E [WM 

$19.95 
Custom Cables & Jumpers 

DB 25 Series Cables 
Part No. Cable Length Connectors Price 
1925P -4 -P J Ft 2 -DP25P $15 95 ea 

213251P-4 -5 4 P- 1 -DP25P 1-255 516 95 e.. 

DB255-4 -S 4 It 2 -DP25P S12 95 e.. 

Dip Jumpers 
DJ14.1 ft 1 14 Pm 51 -' ea 

DJ16.1 tt 116 Pin 

DJ24(1 ft 1 -24 Pin' 
DJ14 -1.14 It 2 -14 Pin -- 
DJ16 -1.16 ft 2.16 Pin o 18,,, 

DJ24 -1 -24 It 2 -24 P2, 4 95 ea 

For Custom Cables a Jumpers. See JAMECO 1979 Catalog for Pricing 

431 

CONNECTORS 
25 Pin -D Subminiature 

DB25P (as pictured) PLUG (Meets RS232) $2.95 

DB25S SOCKET (Meets RS232) 53.50 

DB51226 -1 Cable Cover for 0025P or DB25S $1.75 

PRINTED CIRCUIT EDGE -CARD 

156 Sp` g -1 0 81 R d0 a loC t t Ft °Sat '0PC' T 

15'30 PINS (Solder Eyelet) $1.95 

18 36 PINS (Solder Eyelet) $2.49 

22,44 PINS (Solder Eyelet) $2.95 

50 100 ( 100 Spacing) PINS (Wire Wrap) 56.95 

50 100 
( 

125 Spacing) PINS (Wire Wrap) R681 -1 56.95 

e080A 
8,211 

B'14 
821, 

9238 
R25: 

X;53 
x:'55 
525- 
8259 

MICROPROCESSOR COMPONENTS 
808051e080A SUPPORT DEVICES 

P -e1 Inou: Outpu' 

P "only Inlerr apt C,'lenl 
y 09ecoonal 811 O v 

e Clops ver i Drover 

But 
System Codoller Bus D'vo 
Sole. Ccrd5511el 

Prag Cony, tp'USAR11 
Nog rnlerva time' 
Nog Pero l O ,8811 
Nos DMA Control 
Fvog ImernAt Cont. 
6800 6800 SUPPORT DEVICES 

S995 . 

5 95 '1.2858 
3 49 

3 95 
49 '5'ar21:01 

5 95 25,3130PN 
5 95 Osid 

95 515151305 
I: 95 

9 95 

19 95 t1p'. 
19 95 ,,OS 

210,r9'nr 
2102 

2t10i 

2112 H1 

2114 

21141 
214 - 

514 95 

24 95 

5 95 

'49 
1; 95 

4 95 
95 

H r ,MC8126, 225 

CROPROCESSOR CHIPS -MISCELLANEOUS - 
$19 95 

24 95 

19 95 

19 95 

1 Ines 19 95 

19 95 

re mualpry 

SHIP REGISTERS 

MMSnhH 5' Slat 

... D., nr -n.iaior 

102: Jy'1 

N . _' B. 5,5r 

OARS S 

49 95 

5 5C 

50 

50 

50 

50 

S9 

95 
4 95 

95 
99 

MICROPROCESSOR MANUALS 

use' Manual 

RAM'S 

Character Generalonope' ousel 

Cnracter Geleta or owe case 

Character 

2048 -8t Read Only Memory 

RAM'S 

Doan 

$9 95 
9 95 
ip 95 

35 

state 

Si 49 

99 

;95 
-5 

1 95 

a 95 

a 95 
9 95 

95 
10 95 

_w cower 11 95 

95 

, 95 

O01410 . 

_ 

16 nn 
Mt4 

nP77410 16 mn 

Mel 10 

TM54044- 4h ,anc 
45141 

tMSannS 102484 
' 16.38401 DvIen, 150ns 

onae n1a xedl 

550526:: 21591 Dynamic 

PROM'S 

020 2048 FAMOS 

dSi'6 Nyy EPROMr Insel 271,1 

:'x151 'Ordo res 51191e . 5V cower sup05m 

'_5252 400 EPROM 

r -UB Bh EPROM 

1 6 r 1 ,," EPROM 

atr 

ooz 

9, 
as 95 

89 95 
io 95 

29 95 

95 

The Incredible 

"Pennywhistle 103" 

$1 3 9.95 Kit Only 
The Pennywerslle 103 t 00010 I 

noorep,renentsl d 

calons In 
de's and tetra,. for telephone .. . 

add1on 1sfree of cr o1 adusmena and 0,Itmin na, orec,son,aliNavallaple 

Data 
parts 

Transmission Method Frequency -Sr in Be, '0 lull -duplex mall- duoles 

seleciahiel 

Maximum Data Rate.. 300 Baud 

Data Formal .Asynchronous Serial, return to mark level reOo'ed 

between earn cnaracte'r 

Receive Channel Frequencies Hz Ibr,pace 2225 Ht rot mark 

Sw4e Penrod Channel Frequencies h se clab.e low 1n - 1070 space 

NV, 025 space 2225 mark 

Receive Sensitivity 46 acc' N coupled 

iransmll Level Ad1r.51ap1e (rom 6 dbT 

Rece ve Frequency Tolerance 
o 

eaay omiis ,. 
nt 800 HZ and 2,000 Hz 

0,9 tel Data Interlace pa ccoept lobo (rece ver s 

Power Requirements 5e 10 Watts 

Physical n r. t c- ygope 5 b, 9 

pr .S.IpscaPe to 

TRS -80 16K Conversion Kit 
Expand your 4K TRS -80 System to 16K Kit 

comes complete with: 
8 each UPD416 (16K Dynamic Rams) 

' Documentation for conversion 

TRS -16K $115.00 
Special Offer - Order both your TRS -16K and the 

Sup R' MOD II Interface kit together (retail value 

S144 95) for only $139.95 

MINI -BUZZER 

Thousands 01 apphcat inns PART NO. 
Operates on - 6 to e 9 VDC 

MB -1 

Output Frequency 800 Hz 

Draws only 15 MA 'r 600 ohms 

Size 1'4 o se 

1-24 
51.95 ea 

252=49 

S1.75 ea 

50_99 
Si 49 ea 

SONALERT AUDIBLE SIGNAL DEVICE 

# SC628 
S7.50 each 

r . , ,a warmng Device or Audible Rem,nder 
and at, wdh low pcwe, translslor SCR or IC 

:1n be napery operated 6 -28 volts 

une State No moving parts 

Panel mounts In 1 '25 r und NIT 

Oiacv Plastic case Includes Mib cul 

Operating Voles (DC): 6(Mrn I 28 Maxi 

Current MA- 3 ira, - 14 ,Max) 
,IBA 681MIn) - 80 'Mao/ f er entry 2900Hz ' 500 

AC Wall Transformer 
Ideal for use with 
clocks, power 
supplies or any 
other type of AC 

application. 

Part No Input Output 
AC 250 117V /60Hz 12 VAC 250r, A 

AC 500 117V 100e 12 VAC 500v6A 

Price 
93.95 
$4.95 

NEW!! IN STOCK... 

POWERACE 
ALL -CIRCUIT 

EVALUATORS WITH POWER 
u n,e x111 hp 'e 

a eaoboa'o P - 

RTI. 091 I I 

cretec wen íe411- ,p 
All connections 10 fro- ywecnes nn ,caddis power 

supplies and meters are ^rame y1a soldi'less. WPC, 
ne-pcln1 blocks on control panels 

Ins e¢onned WO any so dl 20 to 30 AWG wire 

Breadboard elements are ',cooled on ground plane 

',quern for high hequen and rogn -speed now -noise 

Pruns 
9,on.C1 114 011001 rased power suoplies 

Operate on 1 t 0 t0 130 VAC at 60 Hz 

Space -age compact ,tyi1ng and h2gh -grade 

tanis 
lemnlronvemecl Organried an qui a d I m' 

a modern , , - wide 11 5 reel, and a 0 m011 

Pa r , 0'5 n11 and weigh NOprox ' 5 It, 

POWERACE 101 -General pu -cone model fo, 
promlypmg all types of urtop 

=923101 S 84.95 
POWERACE 102 -Complete digit prototyping lab 

with L II -In logic probe 

0923102 S114.95 
POWERACE 103 -Triple- output power supply 
tin pmtntyping both linear and digit circuits 

a0923103 5124.95 

COMPUTER CASSETTES 
6 EACH 15 MINUTE HIGH 

OUALITY C -15 CASSETTES 

. PLASTIC CASE INCLUDED 

12 CASSETTE CAPACITY 

. ADDITIONAL CASSETTES 

AVAILABLE #C -15 -52 50 ea 

CAS -6 
$14.95 

Case ,111d 6 Casse'tesl 

SUP 'R' MOD II 
UHF Channel 33 TV Interface Unit Kit 

Wide Used B:W or Color System 

* Converts TV to Video Display rot 

home computers. CCTV camera. 
Apple II, works with Cromeco Daz- 

zler. SOL -20, IRS -80. Challenger. 

etc. 
-P MOD II is pretuned to Channel 33 

(UHF( 
*Includes coaxial cable ,11d antenna 

transformer 

MOD II $29.95 Kit 

3 

I 

31/2-Digit Portable OMM 

Model 2800 
$99.95 

Accessories: 

AC Adapter BC -28 39.00 
Rechargeable 

Batteries BP -26 20.00 
Carrying Case LC -28 7.50 

=0= 100 MHz 
8 -Digit 
Counter 

ACCESSORIES FOR MAX 100: 
Mobile Charger Eliminator 
s power from ca' bane, Model 100 - CLA 83 95 

ChargerlEllmInaiee 
t O v AC Model 100- CAI 5995 

RS -232 CONTROL CENTER 
Plug rn your modem, computer 
prom programmer, 
terminal, printer, etc. 

and selectively control 
data flow. 

PART NO. 
RS-232CC $89.95 kit Only 

Regulated Power Supply 
. Uses LM 309K 
. Heat sink provided 
. P.C. board construction 
. Provides a solid 1 amp rr, 

5V 

. Includes components. 
hardware and instructions 
Sizes' 3 -1.2" x 5 x 2" high 

JE200 $14.95 

!=m= Mini-Max 6 Digit 50MHz Frequency Counter 

N'- Guaranteed frequency range of 100 Hz to 50 MHz 

Full 6 digit display with antiglare window 
Fully automatic- range, polarity, slope, trigger. Input level switching not reou red 

Lead-zero blanking -All zeros to the left of the first non -zero digit are blanked Kilo Hertz 

and Mega Hertz decimal points automatically light up when the unit 15 turned on 

Built In input overvoltage protection 
Use 9V Battery or 110122W power 
Complete with mini antenna MINI MAX S89.95 Lightweight - Only 8oz 

INSTRUMENT /CLOCK CASE 

This case is an infection molded 

unit that Is Ideal for uses sucs 

as DVM. COUNTER, or CLOCK 

cases It has dlmenslons of 4'a 

in length by 4" in width by 

1-9/16- in height_ It comes 

complete with a red bezel 

PART NO: IN -CC $3.49 each 

FEBRUARY 1979 

Ideal for use wan inn TRS 80 

and others 
" PlugiJack interface to any 

computer system requiring 
remote control of cassette ;ì-- 
functions' 

The CC100 controls cassette 
motor functions, monitors 
tape location weh its Internal 

speaker and requires no 

Power Eliminates the plugging 
and unplugging of cables dur- 
ing computer loading opera - 

Iron from cassette 

CASSETTE CONTROLLER 

A CC-100 

S29.50 J 
Accessories For Mini -Max 

Part No. Description 
MM -A4 Antenna 
MM -CS Carrying case 

MM-IPC Input cable with clip leads 

MM -AC2 1100 adapter 
MM Al 7 220V adapte' 

Price 
$ 3 95 

5 95 
3 95 
9 95 
9 95 

55.00 Minimum Order - U.S. Funds Only Spec Sheets - 25d 

California Residents - Add 6% Sales Tax 1979 Catalog Available -Send 41C stamp 

= NEN14akog-' 

1919 Gal 
arreco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592 -8097 

If 1 /I ORDI:R I'LECTRO.'sI("e - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

ADVERTISED PRICES GOOD THRU FEBRUARY 

63 -Key Unencoded Keyboard 

This is a 63 -key. terminal keyboard newly manufactured by a 

large computer manufacturer. It is unencoded with SPST keys 

unattached to any kind of PC board. Avery solid molded plastic 1't 

x 4" base suits most application. IN STOCK $P9.95 /each 

Hexadecimal 
Unencoded 

Keypad 
19 -key pad Includes 1 -10 keys, 

ABCDEF and 2 optional keys and a 

shift key. $10.95 /each 

CIRCLE NO. 30 ON FREE INFORMATION CARD 103 
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REGULATED 
POWER SUPPLIES 

POWER SYSTEMS p PS1111 
115230V 50/60 cy. in 5v DC el 35A out. 
6"x 16 % "x 15%" 26 Bas. shipping weight $85.00 
POWER SYSTEMS N PS1106 
115 -230V 50/60 cy. in 12v DC at 15A out. 
5 "x 16'/6 "x 5" 191bs. shipping weight. $75.00 

t.71VlU IUIUUt CLAMPED) 
4001 - 18 4019 
4002 18 4020 
4006 95 4021 
4007 18 4027 
4009 37 4023 
4010 37 4024 
4011 18 4025 
4012 18 4027 
4013 29 4028 
4014 75 4029 
4075 75 4030 
4016 29 4035 
4017 90 4042 . 

4018 90 4046 

37 
90 

4049 35 
4050 - 35 

74074 
74083 - 

45 
1 15 

90 4053 - 1.10 74C86- 40 
90 4055 1 25 74C93- .75 
18 4066 70 740151 1,40 
75 4071 - 18 740160 1.05 
18 4076 - 97 740161 1 05 
37 457rÌ 70 740174 1 05 
80 74000 22 740175 1 05 
95 74507- 22 740192 120 
33 14004- 24 740193 I 20 
97 74008- 22 740901 48 
65 74010. 27 740902 48 

1 35 74C73- 651740914 1.70 

1.78,3231.011.3.9 

9..7091 5TATE STAMM 

arimc 14. 

91195,13 49 74 0 
Mc 1.89 

235 

211919 570130 091131 

5280 POIX. 219,3 

5299 95 099 
52173 

93 5 1913 39303 

137770 113350.33 
011 099323011 

00990 

9150 70 

P13 

0 013 

790 
395 

995 
105 

525 
995 

aes 

7117 
1 2563 4STAI. 

CRYSTALS 53.45 ea. 

s 
000 
óa lMM, 

RIBBON CABLE 
I LAT ICOLOR CODEDI 

n30 WI RE 
6 

8 

000 Mi, 
000 Me, 

26 tond. 
40 

.50 /per loot 
75 /p I t 

10 000 M8, 50 Cond. - .90 /per foot 

CTS 206.81=8011 pos Icon dip switch 
CIS -206.4 fou, nos, ion dip swr lch 
LIGHT ACTIV A TED SC Rs 
TO 18. 200V IA 

$1.60 
$1.45 

0 70 

SILICON SOLAR CELLS 
214" diameter .4V at 500 ma $4.00 

END 359 C.C..4" $.50 LED READOUTS 
FCO 8024 4dr91t DL704C.A.,3" $./5 
CC 8" display $5.95 DL 747 C A 6" SI.'5 ;NO 503 C C 5" $ .85 F ND 803 C C.8" $1 95 F0051000 5" $ 8 5 F N D 810 C A 8" $1 9 5 
DL 704 3' C C $ 85 

PRINTED CIRCUIT BOARD 

BOARID I Ili 
$60ra 5/02.60 

7 WATT LD -65 LASER DIODE IR $8.95 
:'N 3820P FET 
25 5457 5 FET 
202646 UJT 
ER 900 TRIGGER DI()DE, 
2N 6078 PROG UJT 

S 45 
5 45 

S 45 
4 SI 00 

S 65 
MINIATURE MULTI -TURN TRIM POTS 
100, 1K, 2K, 5K, 10K, 20K, 50K, 100K, 
200K, 500K, 1Me, 2Meg, $.75 each 3/$2.00 

CHARGED COUPLE DEVICES 

CCO201C 100x 100 Image Sensor $95.00 CCD 202C 100x100 Image Sensor $145.00 
VERIPAX PC BOARD $4.00 This board is a T /16 "single sided caper once y board, 41e"06'4" DRILLED and ETCHED which will hold up to 21 single 14 pin IC's or 8,16 or LOI DIP IC's with busses for power supply connector. 

P 100P01TO TR.:',S = 50 
RED, YELLOW, GREEN Or AMBER 

LARGE LED's 2" 6/51.00 
TI L.118 OPTO- ISOLATOR,. $ .75 
MCT -e OPTO ISOLATOR $ .80 
1 WATT ZENERS, 3.3, 4.7, 5.1, 5.6, 9.1, 10 

12, 75, 18, or 22V 6/01.00 
MC6860 MODEM CHIP 09,95 
MCM 6571A 7 x 9 character gen $10.75 

Silicon Power Rectifiers 
PRV 1 3A 12A 507+ 1256 24-0A 

100 06 14 30 80 3 70 5,50 
200 07 20 35 1 15 4.25 6.50 
400 09 25 50 1 40 6 50 9.50 
600 11 30 70 1 80 8 50 12.50 
800 15 35 90 2 30 10 50 16.50 

1000 20 45 1 IO 2 75 7250 20.00 
SAD 1024 a REDICON 1024 stage analog "Bucket 
e1 Cade" 6hÌ1, reg,ster. $14A5 

Iti 4148I09141 
i 5 SI 00 

RS232 DB 25P male $2.25 
CONNECTORS D8 255 female $2.95 

HOODS .. $1 00 

REGULATORS 
309K .... $ 1.20 340K-12,15 
723 5 .50 or 24V S 95 
LM 376 . S .60 3400-5, 6, 8, 12 3201. 15,18 or 24V$ 95 

5, 

1Ó, 15 78 MG .$,'c 
r 24 . . $1.25 79 MD 

Terns: FOB Cambridge, Mass. Send 251 for our catalog featuring Send Check or Money Order. Transistorsand Rectifiers Include Pos , Minimum 145 Hampshire Sr., Cambridge, Mass Ord.f $5.00, CpeOD'S $20.00 

O 
LL 

'ft 

TRANSISTOR SPECIALS 
2N6233-NON SWITCHING POWER $ 1.95 
MRF-8004 a CB RF Transistor NPN $ .75 
2N37/2NPNSrT03 $1.00 
2N1546 PNP GE TO.3 . . . - . 

704909, l'N1' S. TO 3 

256056 'aPN S IO .'. D.i 
255086 PNP S. TO 92 4 S I Op 

2N3137 NPN Si RF $ .55 
253919 NPN 00 3 RF S 1 50 
2N1420 NPN Si TO 5 3/$ 1.00 
253767 NPN S. TO 66 S 1, 
252722 NP". Sr TO 18 5'S 1 O 
203055 NPN Si 10 3 5 .50 
703904 NPN Sr TO 97 6/5 1.00 
203906 PNP Sr TO 92 6/5 1.00 
755296 NPN Sr TO 220 S .50 
206109 POP Si TO 220 S 55 
753638 PNP S. TO 5 5 S 1 0, 
MPSA 13 NPN Si 4/'. 1,00 

TTL IC SERIES7äáé 
òá 

7400- .13 7447- 58 
7401- 13 7448- .68 
7402- .13 7450- .15 
7403- 13 7472- .25 
7404- .15 7473- 28 
7405- 13 
7406- 16 
7407- .20 
7408- .18 
7409- 18 
7410- .13 
7411- .18 
7412- 13 
7413- 36 
7014- 60 
7416- 22 
7417- 25 
7420- .13 
7425- 25 
7426- 22 
7427- .19 
7430- 13 
7432- 22 
7437- .21 
7438- 21 
7440- 13 
7441- 70 
7442- 37 

7474- .28 
7475- .45 
7476- .30 
7480- .31 
7483- .65 
7485- .87 
7486- ,28 
1489-1.25 
7490- .42 
7491- .58 
7492- 43 
7493- 43 
7494- 67 
7495- .85 
7496- 65 
7497 90 

74107- 28 
74121- .29 
74122- 38 
74123- 45 
74125- 40 
74126- .40 
74150- 94 

74151- .61 
74153- .61 
74154- 94 
74155- .58 
74157- .55 
74161- .55 

74162- 79 
74163- .55 
74164- .85 
74165- .95 
74170- 168 
74173- 1.20 
74174- 95 
74175- .85 
74176- .75 
74177- .75 
74180- .65 
74181- 1.90 
74190- 1.00 
74191- 1.00 
74192- .79 
74193- .79 
; 4194- 80 

9S 

74196- .86 
74279- .55 
74298- 90 
75325. 1.50 
75491- 50 
75492- .50 

DATA CASSETTES 1/2 HR $ .95 

22/44 Pin Solder Teli .156" Conn. 51.95 

MM 5367AA new clock chip which will directly 
drive LED's 12/24 hrs., 1 supply & alarm $5.95 

NO. 30 WIRE WRAP WIRE SINGLE 
STRAND 100' $1.40 

A LCO MINIATURE TOGGLE SWITCHES 
MTA 106 SPDT S .95 
'AT a206OPDT S 1 70 
MTA 206 P.OPDT CENTER OFF 
MOD 206 POPDT CENTER OFF 
LEVER SWITCH 0 1.85 

$ 1.85 

SOLID STATE SALES 
P.O. BOX 74A 

SOM E R V I L LE, MASS. 02143 TEL. 16171 547 -7053 

Full Wave Bridges 
PRS/ _2A 6A_ 
100 
200 .75 1.25 
300 .95 1.50 
r,00 1.20 75 

00 
00 
00 

DIP SOCKETS 
8 PIN .17 24 PIN .35 

13 PIN .20 28 PIN ,40 
16 PIN ,22 40 PIN .60 
18 PrN .25 

SANKEN AUDIO POWER AMPS 
5x1010 G IOWAII' $ 7,80 
Sr 1020 G 20 WATTS $15.70 
Sr 1050 G 50 WATTS $28.50 

TANTULUM CAPACITORS 
00 6813F 35V 4S1 00 

>' 00 10UF 10V 0 .25 
61 .rF35v 5S100 22UF 25V S 40 

1UF 35V 5 S1 00 15UF 35V 3/$1.00 
2 2 UF 20V5 01 00 30UF 6V 5/$1.00 
3 3UF 20V 4 Si 00 47UF 20V 5 .35 
4.7UF 15V 5/$1.00 68 UF I5V $ 50 

100 UF 10V $ .40 

/42405 

1111214 

145576 

/ 442433 

74223/ 
141518 

61,41 
742.1 
141354 

7441. 
142515 

142293 

1425112 

141,26 

7.5153 5, 
2426156 62 

1422160 19 

25 14551 - 12 

35 

74662. 
,4,5266 
15115251 

7922290 60 

49 

2 00 
1 15 

M lol 
IRCIOITS 

LM 301x148 25 
LM301 30 
Lm 308 15 

LM 31 

LM 318 

LM 324 
LM 339 
LM 358 
LM 370 
LM 317 

M 360 
LM 382 

LM386 
LM 387 
LM 531 
LM 
L 

553 
M 555 

LM 556 
NE5a0L 
560 
565 
566 
567 
103 
733H 75 
5928 95 
709 25 

0 35 
41Ce.v 25 

741 50 
Len 1310 250 
1456 95 

345a 
50 

900 40 
803800 3.90 
791 1.95 
LF356H 1.20 

75 
I 70 

70 
1 10 

70 
I 15 
1.60 

95 
1.25 

80 
175 
250 
2.50 

39 
85 

215 
200 

95 
ilo 

10. 
90 

TRIACS SCR'S 
PRV 1A 10A 25A 
100 40 70 1.30 

1.5A 6A 35A 
.40 50 1.20 

200 70 7.10 1.75 60 70 1,6 
400 1 70 1.60 260 
600 1.70 2.30 3.60 

1 00 1 20 2.20 
1.50 3.00 

WE SHIP OVER 95% 
OF OUR ORDERS THE 

DAY WE RECEIVE THEM 
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ASC -11 KEYBOARD BURGLAR ALARM= 

This Honeywell o. 7 00' , -, , 1 

ASCII encoded microswitch data entry format keyboard- Comes with fully pop- 
ulated I.C. boards. Some 100 I.C.'s, 7100 & 71400 series, or some are dot matrix I -C.'s, LOI chips TMC 4907 - a 
4 mhz crystal, a Mostek MK2002, plugs into a wire wrap board of 120 sockets. 
Also 2 -large heat sinks, 4- 2143055 
xistors, 2- 2N3668, 4-jumper cables with 
dip plugs attached, 30 lamps No. 382 & other stuff. Power required for key 
board .5VDC, - 12VDC regulated- Pin 
out supplied for keyboard only. Key- 
board in console is a complete assembly ASCII encloded 8. is easily removed to fit or use as is. The additional circuitry 
was used to drive status indicators; Format, program level, check & display 
etc. Console size: 19" wd.x16" 8p. x 8" hg. rear, front slopes to 2 3/4" hg. Removed from equipment, Good to ex- celent 

Wt. 
condition. 
16 Lbs, . . 8W0584$68.88 

3 for $189.88 . . 8W05$4, . $1813.88/3 

MOTION DETECTOR 

Neat new closed -circuit alarm 
board will latch a relay if the alarm 
circuit is opened. This unit Oper- 
ates on 12-VDC at such a low price, 
it makes a perfect compact alarm 
component. With Data- Qty Ltd. 
5h. Wt. 6 oz.. 8K30267. $2.88 
5 for $13.88. 8K30267 . $13.88/5 

a arm sensor I s e protec e area with an energy screen that cannot be 
seen, felt or heard. Triggers your alarm 
or field. Mounts on ceiling, wall, desk, 
shelf etc. Optional delay mode, auto - 
reset. Operates on 12.5 VDC. A close- 
out that originally sold for 5179.001 Qty 

h. Wt.3 Lbs. . - .8030336$49.95 
EQUIPTO RACK CABINETS 

Size: 24 "X24 "X68 " with rails on front & back for mounting equipment on 19" 
Centers. NO doors or sides List price $185.00 - NEW SURPLUS! Your cost only lU ' V/S4 $50.00 each. Qty Ltd. l 8820469 . .$50.00 

~CIRCLE READER SERVICE CARD FOR 

REMOTE 
CONTROL 

SET 
Brand 

cari use it to control You rol ste eo on/off, 
tape On /off, volume 8. much much more. Ail are controlled from across the room with a hand held xmitter. For the ser- ious custom designer. Includes: Trans- mitter, receiver 8. Mfg's schematics, 
Sh. Wt. 2 Lbs.. .8C30372. . $25.00 
BOOKSHELF/ 

FLOOR 
SPEAKER 

KIT 
3-WAY Bookshelf System 

Big enought to utilize full size speakers. 10" woofer, 5" middler 8. 4" super tweeter. Big enough to handle 50 Watts /channel, small enough to fit your budget. Freq. Resp. 30 to 22,000 Hz. Ferro -Fluid Damping. Cabinet size 20011x9'7: "dp. Good things come in small packages - a nice extra,set for the other room..? 5h Wt. 60 Lbs. (allow for two 30 
KIT Order No. 0 V10542$88,88/Pr. 

ERMS: Add Postage - 
hone Order 

And 
Charge It! 
Use Your 

AE /MC /Visa 
Call Us At 

(6171 
531.5774 

ÿl Frt. Collect. 

D i 
A 

NO C.O.D's please,r 
VISIT OUR NEW STORE! 

the "TOWNE DUMPE" 
So. Willow St. (near Woolco) 

Manchester, N.H. 

B &F ENTERPRISES 
DEPT P -2 

119 Foster Street 
Peabody, MA. 01960 

(617) 531 -5774 
FREE JUMBO CATALOG IJ 
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540 Weddell Drive, #4, Sunnyvale, CA 94086 (4081734 -8470 

SN76477 Complex Sound Generator $3.50 
This is a programmable sound effect generator capable of pro- 
ducing a wide variety of sounds from high to low frequency. 
Using this chip & a small number of inexpensive parts, a variety 
of projects may be built. Sp c shs & application notes $1.0 0 

TL500 Analog Processor $8.50 
The TL500 contains all the active analog elements for an auto- 
matic zeroing and automatic polarity. It is a 13 -bit dual -slope 
A/D converter that has true differential inputs. It requires 3 
caps. & 2 resistors with no special matching or tolerances. It 
is designed for use With the TL502. Spec sheet $ .25 

TL502 Digital Panel Meter L.D. $7.50 
This is a 41/2-digit Digital Panel Meter L.D. that is designed to 
interface with the TL500 analog processor. It provides base 
drive for external PNP digit & segment drivers providing direct 
interface with 7- segment display. Spec sheet $ .25 
LD130 A/D Converter $5.50 
Single- reference voltage, auto zero and autc polarity- It is de- 
signed for Digital Voltmeters, Panel Meters, Digital Thermo- 
meters, Microprocessor Interfaces to Analog Signals, & General 
Instrumentation. 34 -pg. Spec & Application notes $2.50 
MM5865 Programmable Stopwatch $7.50 
7- function Universal Timer and Stopwatch. Start /stop with 
elapse time, start /stop accumulative event time, split, sequential 
total elapse time, rally total elapse time, program up and down 
count. It uses 32.8 KHz crystal or external clock. 
Spec sheet & 10 -page Application notes $1 .50 
32.8 KHz Crystal $4.00 
Minimum poter 55.00 US currency. Check or money order only. Add 5% Io cover ,hipping and handling charges. Cali. residents add 6% sales tax. Sente Clara County les,deen Wd 6.5% sales u.. 

CIRCLE NO. 25 ON FREE INFORMATION CARD 
www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


MA1008A 
BRAND NEW! 

FAIRCHILD RED LED LAMPS 

10 FOR 5119 

fllik- 50 FOR 5495 

"WE BOUGHT 250.000 PCS." 

COMPUTER KITS 
We stock our own tine of top quality computer kits 

8K STATIC RAM IS -1001 - $129 
16K STATIC RAM (S -100) - $295 

16K EPROM (2708) BOARD (S -100) - $59.95 
16K STATIC RAM ISWTPC 6800 SS -501 BOARD $295 

ADDITIONAL DATA ON ANY KIT AVAILABLE ON REQUEST 

NATIONAL SEMICONDUCTOR 
JUMBO CLOCK MODULE 

ASSEMBLED! NOT A KIT! 

ZULU VERSION, 
wr nave a Ii mrled number of Ine 2a HR Real 
me ver s ens s module m 5100k 

OMA10080 - $9.95 

$695 
E AT URES 

FOUR JUMBO INCH LEO DISPLAYS 
12 HR REAL TIME FORMAT 
21 HP ALARM SIGNAL OUTPUT 
SO OR 60 He OPERATION 
LED BRIGHTNESS CONTROL 

2 FOR POWER FAILURE INDICATOR 
213 SLEEP & SNOOZE TIMERS 

DIRECT LED DRIVE I LOW RFII 

COMES WITH FULL DATA 
IAC XFMR SI 951 

COMPARE AT UP TO TWICE 
OUR PRICE! 

PERFECT FOR USE 
WITH A TIMEBASE. ,tANUFACTURER S CLOSEOUT, 

16K DYNAMIC RAM CHIP 
16K X 1 Bits 16 Pin Package Same as Mostek 4116 -4 250 NS access 410NSCyCII 
time Our best price yet for this state of the art RAM 32K and 64K RAM boards 
using this chip are readily available These are new. fully guaranteed devices by ,1 

major mfg VERY LIMITED STOCK! 

$1495 each 8 FOR $89.95 

EXPERIMENTER'S CRYSTAL SALE! 
This frequency I$ 2 

power Easily divided 
power of 2 and even 
by CTS-Kmghl A 5 

$1.25 each 

1N4148 DIODES 
High speed switching diodes. 

Silicon. Same as 1N914. 
Brand New. Full Leads. Prime? 

100 FOR $2 1000 FOR $17.50 

262 t 44KHZ 
to Ole 18111 

down to any 
re HZ New i .ague' 

FAIRCHILD PNP 
'SUPER TRANSISTOR- 

ONE 
..FE SC 

r . 25390E 

8 FOR S1 

DISC CAPACITORS 
.1 MFD 16V. P.C. 
leads. Most popular 
value! By Sprague. 

20 for $1.00 

Full Wave Bridge 
4 Amp 200 PIV 
69Cea. 10/5.75 

VOLTAGE SUPPRESSORS 
By M'dwes a67D51 i,,. C.IC0r 2,0,51015 These units grab 
oltage transients spokes Surges etc For use on AC or DC m toe 

range of 12 to 28 VoltS Small Size 5 Incn DISC with radial leads For 

use across transformer secondanes relays etc More rugged and 
'enable than silicon devices Rated at 30 WATT -SEC 25 WATT 
CONI Perfect for use on AC operated Cocks and nsvuments 

SPECIAL PURCHASE 3 FOR S1 

FET SALE! 
2N4304 Brand New 

N Channel. Junction Fet 

BVGDO -30V IDSS -15 MA Typ 
1500 uMHOS TO-18 Plastic 

Case Mfg by Teledyne 

6 FOR S1 

TIP -30 POWER TRANSISTOR 
Prime new units 70 -220 Case 
PNP SIICOn VCEO-40 IC -LAMP 
F r 3 VHZ 30 WATTS 

3 FOR 51 
SURPLUS SPECIAL, 

COMPUTER 
CAPACITOR 

By GE 36.000 MFD 15W VDC 
Small SiZe 4'. x 1 L. Inches 
SUPER DEAL' $2.95 Each 

3 FOR $8 

COMPUTER PARTS 
Z -80 - 19.95 8212 - 2.25 
Z -80A - 24.95 8255 - 6.95 
8080A - 6.95 2111 AL -4 - 2.25 

8080A -2 - 8.95 2708 - 9.95 

Digital Research Corporation 
(OF TEXAS) 

P. 0. BOX 401247AGARLAND, TEXAS 75040 (214) 271 -2461 

TERMS: Add 30C postage. we pay balance Orders under 
$15 add 75C handling No C.O.D. We accept Visa. Master - 
charge, and American Express cards. Tex. Res add 5% Tax 
Foreign orders (except Canada) add 20% P 8 H. 90 Day 
Money Back Guarantee on all Items 

PRIME TTL & CMOS AT LOWEST PRICES 

74xx TTL 

7400 
7401 

7402 

7403 

7404 

7405 

7406 
7407 

7408 

S0 14 

0.15 
. 0.15 

. 0.15 

.016 

. 0.16 

. 0.21 

. 0.24 

. 0.17 
7409 ....0.17 
7410 ....0.15 
7411 ....0.18 
7412 ....0.20 
7413 ....0.25 
7414 ....0.55 
7416 ....022 
7417 ....0.22 
7420 ....0.15 
7421 ....0.17 
7123 ....0.25 
7425 ....0.25 
7426 ....0.22 
7427 ....0.19 
7430 ....0.15 
7432 ....0.23 
7437 ....0.21 
7438 ....0.21 
7439 ....0.25 
7440 ....0.15 
7441 ....0.70 

7442 ....0.38 
7443 ....0.55 
7444 ....0.55 
7445 ....0.55 

7446 ....0.62 
7447 ....0.57 
7448 ..0.60 

7450. ..0.15 
7451 ..0.15 
7453. ..0.15 
7454 ..0.15 
7459 ...0.15 
7460 ....0.15 
7470 ....0.27 
7472 .... 0.24 
7473 ....0.24 
7474 ....0.24 
7475 ....0.15 
7476 ....0.29 

7480 ....0.31 
7482 ....0.50 
7483 ....0.54 
7485 ....0.80 
7486 ....0.27 
7489 ....1.75 
7190 ....0.40 
7491 ....0.51 
7192 ....0.40 
7493 ....0.40 
7494 ....0.60 
7195 ....0.60 
7196 ....0.60 
7497 ....2.45 
74107 ...0.29 
74109 ...0.32 
74121 ...0.29 
74122 ...0.35 
74123 ... 0.39 

74125 ...0.37 
74126 ...0.38 
74132 ...0.65 
74141 ...0.70 
71145 ...0.65 
74147 ...1.50 
74148 ...1.15 
74150 ...0.79 
74151 ...0.59 
74152 ...0.59 
74153 ...0.60 
71154 ...0.95 
74155 ...0.65 
74156 ...0.65 
74157 ... 0.59 
74158 ... 0.59 
74160 ...0.79 
74161 ...0.79 
74192 ...0.79 
71163 ...0.79 
71164 ...0.79 
74165 ...0.90 
74166 ...0.95 
74167 ...3.20 
71170 ...1.85 
74173 ... 1.10 

74171 ...0.85 
71175 ...0.75 
74176 ...069 
74177 ...0.70 
74178 ...1.20 
74179 ...1.20 
74180 ...0.65 

74181 ...1.75 
74182 ...0.75 
74184 ...1.75 
74185 ... 1.75 

74188 ...2.80 I 

74190 ...0.95 
74191 ...0.95 
74192 ...0.80 
74193 ...0.80 
74194 ...0.80 
74195 
74196 
74197 
74198 
74199 
74251 
74279 
74283 
74290 

74293 
74298 
74365 
74366 
74367 
74368 

...0.49 

...0.73 

...0.73 

... 1.30 

... 1.30 

... 1.00 

...0.49 

... 1.00 

...0.59 

...0.57 

...0.92 

... 0.62 
. 0.62 
0.62 

0 62 

74LSxx TTL 

74LS00 
741501 
741602 
741603 
741604 
741505 
741508 
741509 
741610 
141511 
741312 

S021 
. 0.27 
. 0.21 

. 0.21 

0.24 
0.24 

. 0.23 
0.23 

.221 
0.21 

.. 0.27 

741313 ..0.40 
741514 ..0.85 
741515 ..0.26 
741320 .. 0.23 

741521 ..0.23 
741522 ..0.23 
741526 ..0.31 
741527 .. 0.26 

741530 .. 223 
741532 .. 0.30 
741537 .. 0.31 

741538 .. 031 
741540 ..0.26 

741502 
741347 
741348 
74LS51 
741554 
741355 
741S73 
741374 
741576 
741578 
741683 
741585 
74L086 
741390 
741592 
741593 

.. 0.60 

..0.75 

..0.72 
025 
025 

.0 25 

.0 38 

..0.35 

.. 0.37 

..0.36 
. 0.75 

..1.30 

..0.36 
.0 50 

0.50 

.. 0.50 
741S95 ..025 
7415107 .0.35 
7415109 .0.35 
741S112 .235 
7415113 .0.35 
7415114 .0.35 
7415123 .020 
741.5125 .0.46 
7415126 .0.46 
7415132 .0.72 
7415133 .0.34 
7415136 .0.35 
7415138 .0.70 
7415139 .0.70 
7115151 .0.65 
7415152 .0.65 
7415153 .266 
7410154 .1.00 
741S155 .0.62 
741S156 .0.62 
7415157 0.62 

7416158 .0.70 
7415160 .982 
741516I .0.82 
7415162 0.82 

7410163 . 0.82 
7415164 .028 
7415168 .0.83 
74L5169 .023 
7415170 .1.60 
7415173 .1.00 
711.5174 .0.75 
7415175 .0.79 
7415181 .250 
7415190 .020 
745191 .0.90 

I 7415192 
7415193 
7415194 
7415195 
7415196 
7410197 
7410221 
7410251 
7410253 
7415257 
7413258 
7415259 
7415260 
7415266 
7410279 
7410283 
7415290 

0.90 
0.90 
0.85 
0.50 
0.80 
0.80 
1.05 

010 
0.80 
0.70 
0.70 
1.60 
0.34 
0.26 
0.52 
0.72 

. 0.60 
7415295 .0.90 
7415298 .0.90 
7415365 . 0.52 
7410366 . 0.52 

7415367 . 0.52 

7415368 . 0.52 
7415386 .0.36 
7415390 .1.65 
7415393 .1.35 

I 7415490 . 1.10 

7415670 .2.29 

74Sxx TTL 

74500 
74502 

14503 
74504 
74505 
74508 
74509 
74510 

14511 
74515 
74520 

74522 
74530 
74532 
74540 
74551 

14560 
74564 
74565 
74574 
14578 

50.35 
0.35 

. 0.35 

. 0.36 

. 0.36 
. 0.38 
. 0.38 
. 0.35 
. 0.38 
. 0.38 

.0.35 

. 0.36 

. 0.27 

. 0.50 

.035 

. 0.17 

.035 

.0.38 

.038 
. 0.58 
0.58 

74578 

745112 
745113 

740114 
740132 
745133 
745134 
745135 
745138 
745139 

745140 
745151 
745153 
745157 
745158 
745174 
745115 
745189 
745194 
745200 

745206 
745253 
745257 
745258 
740280 

745287 
745289 
745300 
745305 
745310 
745312 
745313 
745316 
745341 
745342 
745343 
745346 
745362 
745387 

0.58 
.0.58 
. 0.58 
. 0.58 
.075 
0.38 

. 0.38 

. 0.49 

. 0.77 

. 1.50 

. 0.47 

. 1.25 

. 2.10 
.0.75 
. 1.25 
. 1.50 
. 1.45 

. 2.75 

. 1.75 

. 3.25 

. 3.75 

. 0.95 

. 1.15 

. 1.15 

. 2.25 

. 3.20 

. 3.55 
. 1.60 
. 1.90 

_2.85 
.1.05 
. 1.55 

. 2.80 

. 4.10 
1.20 

. 4.95 

. 1.25 

. 2.15 

. 4.70 

74Cxx TTL 

74C00 

74CO2 

74C04 
71C08 
74010 
74C14 
74C20 
74030 
74C32 

74C42 

50.24 
. 0.24 

.. 0.26 

..0.25 

..0.24 

.. 0.90 

..0.25 4000 

.0.24 4001 

..0.25 4002 

.0.94 4006 

74C48 ...0.96 
11C73 ...0.62 
74C71 ...048 
74C76 ...0.68 
74C83 ... 128 
74c85 . . . 1.20 

74C86 ...0.40 
74C89 _.3.95 
74C90 ...0.92 
74C93 ...0.92 
74C95 ...1.04 
74C107 ..0.68 
71C151 ..1 78 

74C154 ..220 
74C157 ..1.7B 
74C160 .. 1.08 

74C161 .. 1.08 

71C162 .. 1.08 

71C163 ..1.08 
74C164 .. 1.08 

74C165 .. 1.08 

71073 .. 1.16 

71C174 ..1.08 
74C175 .. 1.04 

74C192 ..1.30 
74C193 ..1.30 
74C195 .. 1.10 

74C200 .. 7.50 

74C221 .. 1.38 

11C901 .. 0.48 

74C902 ..0.48 
74C903 ..0 48 
74C904 ..0.48 
74C905 ..690 
74C906 .. 0.48 

74C907 . 0.48 

74C908 .. 0.96 
74C909 ..1.18 
74C910 ..6.00 
74C914 ..0.90 
1ec918 .. 1.16 

74C925 .. 7.80 
74C926 .. 7.80 
74C927 ..7.80 
74C928 7.80 

4007 ....0.16 
4008 ....0.74 
4009 ....0.35 
4010 0.35 
4011 ....0.16 
4012 ....0.16 
4013 ..0.31 

4014 . 0.73 
4015 ....0.73 

4xxx CMOS 

4016 
4017 
4018 
4019 
4020 
4021 

0.28 

. 0.78 
. 0.78 
0.21 

0.83 
. 0.83 

4022 ....0.83 
4023 ....016 
4024 ....0.66 
4025 . . . 0.16 4555 . . .. 0.61 

4027 0.37 4556 . . .. 0.88 

4028 ... 0.73 4582 ....0.88 
4029 .. 0.98 4584 . . . . 0.74 

4030 ... 0.21 4702 ....7.10 
4031 ....2.97 4703 ....8.25 
4034 ....2.75 4104 ....7.30 
4035 ....0.84 4705 ....9.25 
4040 ....0.86 4706 ....9.75 
4041 ..0.64 4707 ....9.25 
4042 . . . 964 4708 . . . 14.35 

4043 . . . . 0.62 4710 . . . . 6.40 

4044 ....0.62 4720 ....6.95 
4046 .. t35 4121 . . . 31.35 

4047 1 45 4723 . . . . 0.93 

4048 . . . 0.95 4724 . . . . 1.29 
iI 

4049 ....0.33 4725 ....1.29 
4050 ....0.33 40014 ...0.72 
4051 . . . . 0.89 40085 . . . 1.47 

4052 . . . . 0.89 40097 . . . 0.54 

4053 . . . 029 40098 . . . 0.54 

4060 . . . 1.40 40106 . . . 0.90 

4066 ... 0.54 40160 ...1.08 
4068 ... U.34 40161 ...1.08 
4069 . 0.26 40162 . 

1.08 

4070 . . . . 0.40 40163 . . . 128 

4071 . . 0 19 40174 .. I.08 

4073 _ .0.21 
4075 ... 0.21 

, 4076 .. 1.16 

S0.16 4077 . 046 
016 4078 .. 0.35 

0 16 4081 . 0.19 

0.85 4085 0 64 

408$ 
4089 
4093 
4099 
4104 
4503 
4507 
4510 
4511 

4512 
4516 
4518 
4519 
4520 
4527 
4528 
4532 
4539 

. 0.64 

. 2.75 

. 1.55 

. 2.10 

. 2.40 
0.98 

. 0.37 

. 635 

. 0.93 

. 0.64 

. 0.76 

.0.76 

. 0.62 

. 0.68 

. 1.48 

. 0.86 

. 0.86 
.. 1.10 

VOLUME DISCOUNT SCHEDULE 
Vert haodise Total Discount 
S D.OD -S 9.99 NET 
S 1a c0-5 24.99 LESS 5% 

S 2500 -S 99.99 LESS 10% 

S 10000 -$49999 LESS 15% 

S 500010- S999.99 LESS 20% 

S1000.00and Up LESS 25% 

STANDARD SHIPPING CHARGE, 
ll your Merchandise Total is between: 
S 000-S 4.99 add 52.00 
S 5.00-524.99 add51.00 
S 25.00 -54999 add $0.75 
S 50.010 -$99.99 add $0.50 
5100 and Up NO CHARGE 

The above charges include shipping via 

First Class Mail or UPS /your choice), 
and insurance on all domestic 
shipments. 

SPECIAL SHIPPING CHARGES 

COD 51.00 -additional 
UPS Blue 52.00-additional 
Postal insurance 51.00 -additional 
Special Delivery 51.25 -additional 

INTERNATIONAL 

COMPONENTS 

CORPORATION 
P O. BOX 1837 
COLUMBIA, MO 65201 
PHONE: 13141 474 9485 

FEBRUARY 1979 
CIRCLE NO. 28 ON FREE INFORMATION CARD 105 
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IBE 

We're Expanding ... We're Growing with our Biggest 

`ONE PENNY GETS YOU TWO" / Buy any $1 items 
on this page 

an* 

openny 
one 

1 

HOW TO ORDER 
When rrderii.g. use 
catalog ,.,mbar, type no., the 
name ai the magazine you 
ordering from and the month 

e 

ONE DOLLAR PLUS A PENNY GETS YOU TWO 

SO IF TRANSFORMERS, .sal sire.Ia3SS) 
...t 30 RADIO AND TV KNOBS, styles, ales. 100217 

1'00 60 for 1.01 
1 100 00 for 1.01 50 TUBULAR CAPACITOgE,aut volta and elm 022 B21í) 1.00 100 for 1.01 50 LOW MOISE RESISTORS.* %W. HIFI. at. 102201 1.00 100 for 1.01 40 POWER RESISTORS, 3,5,7 w. axial, pop sic. 1.8228) 100 901.11.01 525 SURPRISE, all hinds of parts ln aoak 08294 1,00 50 for 1.01 12 PANEL SWITCHES, rotary,.11de, toggle, etc 108295) 100 24 for 1.01 SO COILS AND CHOKES, rf, ltic, if, oft 1.32971 1.00 100 for 1.01 SO TERMINAL STRIPS, up to 4 sold. lugs 108334) 100 100 for 1.01 50 PRECISION RESISTORS, %W, 1 %, axial 1.003) 1.00 100 for 1.01 50 MICA CAPACITORS, mist valu. 1. 3373) 1.00 10 for 1.01 10 SETS RCA PLUGS AND JACKS, phone 1.3402) 1.00 20 for 1.01 50 DISC CAPACITORS, mist values long leads 1011437) 1.00 100 f. 1.01 20 TRANSISTOR ELECTRO'S, asst up and. (.1453) 1.00 40for 1.01 75 HALF W. resistors, color coded, asst ( 04841 1.00 130 for 1.01 35 SILVER MICAS, red backs, axial, ami.. 011455) 1.00 70 for 1.01 5.50 AMP RECT, mist volts up to 25, stud .1.7171 1.00 10 for 1.01 108 GERMANIUM DIODES, axial leads, u tut 1.L14 2) 1.00 200fer 1.01 100- STABISTORS, Regulator, sensing and cor . Axial ..collant yield 1.3140) .. 1.00 200 for 1.01 100 PRINTED CIRCUITS WATT RESISTORS, asst I U1000) 1.00 OO fer 1.01 12 TRANSISTOR SOCKETS, asst non and ptp types 1011051) 1.00 24 for 1.01 50.3 AMP SILICON RECTIFIERS, .101, east V 101J31151 1.00 100 for 1.01 SO POLYSTYRENE CAPS, plastic pr et, 001052 1.00 1001er 1.01 10 NE.2 bulbs, for 1l oval 

SWITCHES, 
hobby. etc 1.U12221 1.00 20 for 1.01 10 PROXIMITY REED SWITCHES, asst sixes 101112501 100 6214 20 for 1.01 915 UHF TRANSISTORS 100 20 for 1.01 30 MOLEX CONNECTORS. nylon, east. sixes I. 5042) 1 00 00 for 1.01 S0.MINI BLOCK CAPACITORS, Erie, red squire discs. Asst. values. 1.3529) 100 200 for 1.01 6- CALCULATOR AC ADAPTOR JACK, Standard threads 3 terminels.1n2319) 1 00 lato,. 1.01 50 ONE AMP ZERDIODES,aee...Xlal, u test 1.111964) 1.00 100 f. 1.01 SPA -263 THREE WATT PC BOARDS, fer amps 101120131 1.00 10 for 1.01 5 -MICRO MINI SLIDE SWITCHES. SPOT 10112384) 1.00 101w 1.01 S MINI MOTORS, 1% Vdc, for many hobby prel 10112501) 1.00 I01. 1.01 SO IN4000 RECTIFIERS, asst to soon, u teat (.112568) 1.00 100 for 1 01 15 PRINTED CIRCUIT BOARDS. asst sixes, hobby (0U010) 1.00 30 for 1.01 2 MERCURY SWITCHES. silent touch, SPOT 111120231 1.00 41,r 1.01 B ITS A SNAP. 9 VDC BATTERY, r.d n black lead (oU2R521 

1 00 12 for 1.01 8 1400 VOLT "RED BALL" RECTIFIERS. axial 1 AMP (.U2590) 1 00 16 for 1.01 20134168 SWITCHING DIODES, 4.....1 I.U3000) 1.00 40 for 1.01 610 AMP QUADRACS,w /frluer diod. up 800V I.U3829) 1.00 12 for 1.01 S MICRO SWITCHES, push, asst typas ("0011 1.00 101. 1.01 40 SQUARE DISC STYLE CHOKES, color coded .U3203) 1.00 SO for 1.01 30 TRANSISTORS T0922N4400 orles, u test .U3291 1.00 1411,.1.01 4- TRANSISTORS TRANSFORMERS, audio, Inter, etc mini (OU32B5) 1.00 Bler 1.01 15 PRINTED CKT TRIMMER POTS. .set velue., etc ("U3346 1.00 for 1.01 12 4 UTILITY OUTLET LACKS, 1-2 p, etc (0113302) 100 14111 1.01 2030 CABLE, 1 tond 
TRANSISTORS, 

ISTO for TO-3o 1U3771) 1.00 4f M 1.01 
IO P 
7.2N3055 

30 WATT TO 3 TRANSISTORS, hobby 10113772) 1.00 20 for 1.01 SO TUBE SOCKETS, 4,5,6.7 pin tubes, asst I.Ú3639) 1.00 190 fer 1.01 1.10 AMP POWER TAB QUADRAC, 200 PRY, TO220, 2/trigger 101390) '1.00 2 for 1.01 10-BULLET RECTIFIERS, 2 amp, 200V, a.l.1 1.84) 1.90 20 for 1.01 2 -MAN4 READOUT, RED, tom anodo, ala. -.19" 1.1503) 1.00 {ter 1.01 10- READOUTS, MAN 3, common lath, LED, the claw, RED (3338) 1.90 201er 1.01 8-LEDS, east. sixes and alise.., red, yellow,.mbor (=3689) 1.00 War 1.01 PHOTO FLASH ELECTRO. CAP, 600 MF u 380 V (.3897) 1.00 2 for 1.01 2- CIRCUIT BREAKERS, glass ...led, axle!, . 1 amp 1.39051 100 4for 1.01 MICRO MINI TOGGLE, SPST, 2 pos, on -oft, 125V u 3 amps (.3938) 1.00 21er 1.01 
5 -CB CRYSTALS, orig. used w /synihesicer, asst. grey, NC -l6 /U holder (.5051) 1.00 lO for 1.01 4 -PUSH BUTTON, SPST, PANEL. M.C. 125V "" 1 A 1.8289) 1.90 S for 1.01 10- INSTRUMENT KNOBS, set. styles and colors, %" shaft 1.5121) 1.00 20 for 1.01 4 -TAPE HEADS, Hifl types I. 5182) 1 00 6 for 1.01 TANTALUM ELECTROS, TEARDROP styla, 2.201. 25V .52051 1.00 10 f. 1.01 5- 
2- INLIME FUSE HOLDERS, complete w /S amp lues .0 1053131 10 {tor 1.01 364" CABLE TIES, non-slip white plastie (.5217) 1.00 60 for 1.01 30pc -NEAT SHRINK. east. elm. 50% Shrinkage 105243) 1 00 
20- TOROIDS, some with pall. 1.54311 1 00 

60f. 1.01 

il, 
1615V ZENERS, 400mw, axial, glus case 1. 5404) 1.00 
2- ALUMINUM HEAT SINKS, for TO.220 (05336) 100 
2- 5.1V.5 %, I0W, STUD ZENER, D0.4 cas. 1.5287) 1 00 12- SKINNY TRIM POTS, PRECISION, .s.t. style., values SOX yield 1.3389) 1.00 
HOOP- PRECUT, PRETINNED WIRE, various lengths and colon (.19711 1.00 60 -MINI RESISTORS, for PC app!., vert, I /8W, color cod. 1.2235) 1.00 
8- TRANSISTOR RADIO EARPHONES, 8 ohm Intp.d (.29461 1.00 
30 -SK POTS, audio taper, plastic snap -in mounting 1.5124) 1.00 
10 -162 MEG DUAL POTS, audio taper, "Snap.ln "mnt(.5125) 1.00 
50 -i AMP ZENERS, wide asst. of values, untested 1.1968) 100 
12 -SCR'S & TRIACS, 10 AMP, mist. values, untested (.2087) 1.00 
3- QUADRACS, lO AMP. 100% prime, 50-100.200 V, 70.220 1.504 1.00 20-MINI RECTIFIERS, l% AMPS, 25V, epoxy, axial(.5374) 1.00 
5- 1N4007 1000V MINI RECTIFIER, epoxy use. cala! lead. 1.23831 1.00 80 MOLEX CONNECTOR Typ. M1938 -4, makes 14 to 40 pin Sockets (.1809) 1 90 
2 -T.V. CHEATER CORDS, for AC pow., w /6' cable (.55521 1.00 
10 -T.O. CHEATER CORD JACKS, fer us. with aber. 105520) 1 00 161 AMP 200V MINI RECTIFIER, íN4003, epFooxy, .X1111.2379) 1.00 
2.1.5V SILVER OXIDE WATCH BATTERIES, 11pecIHy dia.) 1.5083) 1.90 
3 -LCD WATCH READOUTS, 3E" digits, 7 egg, dim 1% a 1" 1.S088) 1.00 
10 -IC DICE CHIP, complete circuitry, assl. sizes 105005) 1.00 
2- 100110e MARKER CRYSTALS, specify 104.087, 104.092, or 114.00 KHz 1.3898) 1.00 
12.1.3V LAMP AND SOCKET SET, 200ma, T2 style 1.3958) 1.00 
10 -RCA PHONO JACKS, chassis mount, talon base 1.5119) 1.00 
10- COAXIAL PIN HEAD LEDS, RED ("9417) 1.00 
4 -5 -DIGIT 7- SEGMENT READOUTS, In flat oak cos. (05616) 1.00 
4. %" BLOCK TRIM POTS. SK to 200K 1.2536) 1,00 
1 "FOTO -FET" N CHANNEL. Cryetalonice. 1- Sealed Effect T . 1.11891 1 00 t- VOLTAGE REGULATOR, 70202 cane, 12V 600MA (.1900) 1.00 1.3 DIGITS ON A DIP, LED. red, DL-331 .1887) 1,00 
3- MM52822K DYNAMIC RAM, specify type 1=3459) 1.00 
10 -211711 HIGH SPEED SWITCHING TRANSISTORS, T018, non (03374) 1.00 
2 -I5W HI POWER TRANSISTORS, 220V, non, TOUA (.2797) 1.00 4-24 PIN IC SOCKETS ( =21631 1.00 
1- MM5312 DIGITAL CLOCK SHIP, 100% (01525) 1.00 t- MM5725 4 FUNCTION CALCULATOR CHIP, 100% (.2038) 100 I- MMS202 ERASABLE PROM, 100% 1.1525) 1.00 
3.10 AMP 25V {RIDGE RECT, comb Myle 1.2447) 1.00 10.2113585 RF TRANSISTORS, 70106, 2145133 (3372) 1 90 
10- LINEAR SWITCHING TRANSISTORS, 202905. poop. TOS (03375) 1.00 
S0 -2AMP CYLINDRICAL RECT. up to 1K, ol.11.4006) 1.00 
5 -OPEN -FACE READOUTS, LED, red, eome ..gs mi.Ieg mostly duale (.3952) 1.00 
10- 2112222 (et equiv.), TO. I8 metal r... (.1992) 1.00 
40-TERMINALS, Incl. ring and spade types, for =12 to .0 wir. 103955) 1.00 
10-DATA ENTRY SWITCHES, SPOT, lamp, 125V norm open (3961) 1.00 
10-FLUORESCENT OVERFLOW READOUT TUBES, w /lead. (03288) 1.00 
10-2N3704 7092 TRANSISTORS ( =3505) 1.00 1.2N5001 80V TRANSISTORS STUD 1.2000) 1.90 

"SEEM -O LITE" 

LASER DIODES 

PLESSEY CAPS J 
lO for $1 20 for $1.01 

Half and full postage stamp aire, white ceramic. Vertical mtg Unite unmarked to please order only same values per item. All 100VDC Cal. Ne. 33990 

MI 
.0015 
.01 
.015 
.047 

Mfd 
.068 

.12 

.22 

Mid 
.27 
.47 

1.00 

TWO DOLLARS PLUS A PENNY GETS YOU TWO 

100 -CAPACITOR SPECIAL, dlecs, etylar, !yeas men 1.27311) 2.00 200 1or 2.01 10- VOLTAGE REGULATORS, hobby LM320, 340, 70-3 1.3330) 2.00 20 for 2.01 30- PANEL SWITCHES, lidos, rotaries, mod, site (.3268) 2.00 SO for 101 20 -RESISTOR SPECIAL, % to 1W. carbon, metal 103084) 2.00 400 for 2.01 200 -HALF WATTERS, real ..or., carbon, metal (.3048) 190 400 fer 2.01 100 -NATIONAL IC BONANZA, II , 7400. ROMS 102140) 200 200 for 2.01 16LM340T VOLTAGE REGULATORS. Ste 24V, TO- 220102888) 2.00 30 for 201 100 -POLYSTYRENE CAPS, aast'd values, voltage, h1.0 (.27291 2.00 200 for 101 SO.THERMISTORB, raslelere that change with temp (04099) 2.00 100 for 201 20-BRIDGES. untl.t.d, 2 4, B. amp, full wove (.4022) 2.00 40 for 101 15-MIXED READOUTS, hobby, untaelod, .127, .3, .5, etc. (03419) 200 30 for 101 150-QUARTER WATTERB, resister., metal Min, ol . (.3413) 200 300 f 2.01 100-PLASTIC TRANSISTORS, untested, TO 92 102104) 2.00 200 for 2.01 200-PREFORMED RESISTORS, %, %, 1W. marked, aeat'a (028011 2.00 400 fer 2.01 150 -PRECISION RESISTORS, %, 1W, 1 %. 2% marked .2421) 200 300 for LOI 80-DIP KD MYLARB, shiny finish, aeel'd vela. 1.2307) 2.00 120 for L01 30-VOLUME CONTROLS...41a. linear. ssat'd veltes 1.24211 ,, 2.00 68 fer 2.01 300 - SILICON SIGNAL DIODES, mitre, glass, loners tool 30% yield (.29211. 2.00 600 for 101 
15- CLOCK -CALCULATOR, may Include MM5378, MM5378 1.3038) 2.00 30 for 2.01 1O PUBN SWITCHES, pab -ta -brook, opal. el.rm. 108230) 2.00 201.101 12- MICROPROCESSORS, and support IC's. 108439) 2.00 24 for 1.01 190. 400 MW, better than 50% yield 102740),... 2.00 300 for 2.01 76CARBOFILM RESISTORS, 4e, % watt, 9 A 10%, m.ked, acct's 1038341 -, 2.00 150 for 2.01 200-UMMARKED CAPACITORS, polystyrene, 14eá. pep values .3805 .. 2.00 500 for LOI 100-1N4146/914 BWRCHING 

TRIM POTENTIOMETERS, ,thumbwheel, scrowdrresr ...'t. 33431,. 200 601f or 2.01 15-11LIDE 
TIEf, plastln, Ilk. "Ty w ap"si1 =02191 

sine. 1.097) 
2.00 150 for 2.01 l6CRYBTAIf, may lncludo CB, Ham more 1,3250) 200 20 fer 201 100-TERMINAL STRIPS, from 2 lugs up 1031341 2.00 200 for 2.01 3668E -20IEON LAMPS, li 100%good 1.26131 200 60 for 2.01 40-f. Sill CABLE, I coed,'IYes, pheeee, (x3577) 200 SO N. for 2.01 3 -SOUND TRIGGERS, sound triggers ear w/a'p (.3428) 2.00 6 for 2.01 16 , for plias. lock loop, HAM. HC /IS(.5014) LOO Ofor 2.01 50 -4 LAYER SHOCKLEY DIODES, Asst. pop. voltages .1072) 2.00 100for 2.01 761N7400 'RI. IC., Molested 503* yield, pop types 1024151 2.00 130 for 2.01 100-MINI DIP ICs, 11 , 0 %+ y1 old, Pep types (.3245) 2.00 200 (or 01 30 30-130-1.14340 3 AUDIO IC's, 2 math on -.-dip SOX+ yield 1052141 

2. 
200 T0D for 201 75-LI OP AMPS, untettea 50% + yield, amps- dIpa- ml.idl. (02410), 2.00 150 for 2.01 1067TLe A LINEAR MIXED, with 7400.. 505+ yield (.2431) 200 200 for 101 ISO -PREFORMED DISC CAPACITORS, ma rk-d va loos, ael'd 1e 2006) 2.00 300 for LAI ID- CALCULATOR KEYBOARDS. 20 keve and up. (03024) 200 20 for 101 

2000 -FACTORY REJECT DIODES. , rest, sitarist, untested 1.5149) 100 0000 for 2.01 
40 -AXIAL ELECTROS, asst'd values A capacitance, (03227) 2.00 SO for 2.01 
40- UPRIGHT ELECTROS, a.t'd values capacitance. (0322ß) 2.00 110 for LOI 
156RED DISC SPECIAL. Erle, mostly marked, pop velues (00341) LOO 3001« 2.01 
-WATCH GUTS ", LED. who knows how good 1£5287) L00 2 tor 201 
10 1000V 1 AMP RECTIFIERS. 1N4007 (=23841 200 20 for 2.01 ISO MOLEX IC connectors, for 14, 16, 18, 40 Sockets (.3324) 2.00 300 for 201 25 POWER TAB TRANSISTORS, TO -202, 30 watts (02425) 200 SO for 2.01 10 PUSH MICRO TOGGLE SWITCHES. spat (.5635) 2.00 20 tor 201 10 MICRO TOGGLES, spat, dpdt, for panel, arc. (0560) 200 20 for 2.01 

SO 2 AMP METAL CASE AXIAL RECTS. up to 11(0 (.4008) 2.00 100 for 201 100 -MINI BLOCK CAPACITORS, Erir Red so disc style, 035281 2 00 200 for 2.01 20 PLESSEY 0,1MF !r 100 VDC I" SQUARE CAPS ( =55811 LOO 40 for 201 
IO TO -FM 300 OHM TWIN LEAD SPLICERS 1.5547) 200 20 for LOI 
2.90 NICAD BATTERY CHARGER 1104.0 1, 1=4098) 2.00 2 1er 2.01 
4 MIKE HOLDERS, for CB's and other mobile rigs (.5834) 200 lifer 2.01 
10 PLESSEY CAPS, IMF " 100V I" eo. CERAMICS (unmarked) (5833) LOO O fer 201 
100 PLESSEY CAPS, mixed values marked and unmarked (.5013) 200 0 for 201 f 

30 for 1.01 C`- Nambe 
for 

O for 1.01 G V E 1 Olor 1.01 tiler by 9 01 
24 for 1.01 

1201« 1.01 't'Is v 

1201« 1.01 PA" 308 
18 for 1.01 L1%" SOS 
20 for 1.01 IB 
201or 1.01 

100 for 1.01 
24 for 1.01 

B for 1.01 
40 for 1.01 
101 1.01 0, 

120 for 1.01 
4 f. 1.01 

20 for 1.01 
O for 1.01 

4for 1.01 
6 for 1.01 

20 for 1.01 
4for 1.01 

24 for 1.01 
20 for 1.01 
201. 1.01 

for 1.01 
8 for 1.01 
2 o 1.01 
2 tar 1.01 
2 for 1.01 
2 fer 1.01 

20 for 1.01 
4 for 1.01 
8 for 1.01 
2 for 1.01 
2for 1.01 
/for 1.01 
8 for 1.01 

20 for 1.01 
20 for 1.01 

100 for 1.01 
10 for 1.01 
20 for 1.01 
90 for 1.01 
20 for 1.01 
201or 1.01 
20 for 1.01 

210, 1.01 

1N4000 Epoxy Rectifiers 
Cet, No. Type 
2377 

1N4004 

1 

uu 2378 1144002 
2376 1N4004 

He. 2 for S.S9 also 
each 2381 1N4006 

3606 2302 104006 -- 2303 IN4007 

a COPYRIGHT 1978 - POLY PAKS0, INC. 
106 

Volle 
SO 

100 
200 
400 
600 
800 

1000 

Sale 
10 for $ .75 
lo fer .B5 
IO for .95 
10 for 1.19 
10 for 1.39 
IO for 1.49 
10 fer 1.59 

lc SALE) 
O for 5 .76 
20 for .86 
O for ,96 
20 for 1.20 
20 for 1.40 
20 for 1.50 
20 fer 1.60 

1"3q 15ob so 
0 

L "elgl 1'19 tW 
LM-j03M ,79 40 

H '3 %.o s LM- O .M-j 11M 9A 0 
39 50 
:4' 

siÿe92 0%esttemp 

ZENERS! Order by Cat. 
Order No. 52100 

5 WATTS Sale 10 SALE 
No. 5210A a voltage 8 wattage 

1 Watt Sale It SALE 
- 7.5V 5 for I/. 10 for 51.01 

1.20 S for 1. 10 for 1.01 
9.10 S for I. IO for 1.01 
10.0 5 for I. I6 for 1.01 
11.0 S for I. 10 for 1.01 
12.0 for 1. 10 for 1.01 
15.0 5 for I. 10 for 1.01 

6. V 

15. V 
IR. V 
24. V 
30. V 

3 for 3f. 
3 for 
3 for 
3 for 
3 for 

1. 6 for 
1. 6for 
1. for 
1. 6 for 
1. 61or 
1. 6 for 

1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

LYTIC KLINIC 
ELECTRO'S 

Order by Cet. No. 03289 and valu. 
F V W. lc SALE 

10 15 101.x$1 20 for 91.01 
10 25 'for $1 161ar 11.01 
10 00 6:or51 121er01.01 
20 15 'for III 101e$1.01 
IS 25 for51 18 for 01.01 
00 IS 61.51 121«01.01 0 25 4for 51 1fer01.01 
100 13 3 for 01 6 for 01.01 
190 25 21er$1 4for $1.01 
1000 3 21or 11 4 hr 11.01 
1000 16 Ifor SI 210,51.01 

11 PC typo except for noted 'Axial 

2 AMP METAL SILICON 
CYLINDER RECTIFIERS 

Glass waled Order by Cat. No. 1114 
Axial lead. ana velag. 

50V 
100V 
200V 
400V 

10 for 9.59 20 I. 5.60 
10 for .69 20 1. .70 
10 for .79 20 for .00 
10 I. J9 20 for .90 

LEDS: 
YOUR CHOICE S for $1.00 
lo SALE 10 for 01.01 

Order by Cat. No. 
1714 MICRO TOPHAT RED 
1795 JUMBO TAPER CLOUDY 
1002 MICRO SINGLE PIN RED 
1948 MICRO YELLOW 
2135 JUMBO RED 
2136 JUMBO RED 
2137 MICRO RED 
2790 JUMBO RED CLEAR 

WE'RE OVERLOADED WITH 
BRAND NEW IC'S 

5N7401 
SN7403 
5117408 
SN74I0 
507420 
SN7426 
SN7437 
5117440 
SN7450 
SN7455 
SN7464 

Sale 
f .10 

.10 
.29 
.18 
.20 

s .19 Typ. 
.19 D 537470 
.30 0 8117472 
.19 O 5117474 
.21 D 5117480 
.30 0 16117496 

.25 .26 D 5374164 
.O .21 D 1074/65 
.20 .21 O 51174182 
.20 .21 O 5374193 
.20 .21 D 5374195 

Sala 2 For 
.29 .30 
.29 .O 
.35 .36 
.50 .51 
.65 .04 
.89 .96 

.89 .90 

.79 .80 

.79 .0 

.69 .70 

RIBBON CABLE AT THIN PRICES 
and Sale 

10 10 ft 51.98 
14' B ft 1.98 
20 510 1.98 
23 430 1.90 
26 4 ft 1.98 
34 3 ft 1.98 
36 3 H 1.90 
40 2 ft 1.9e 
SO 2 l 1.98 
60 1 ft 1.98 

color coded. 

2 for Ultra flat' 
20 ft 51.99 28 AWG 

16 H 1.99 
10 H 1.99 

B N 1.99 
8 ft 1.99 
630 1.99 
6 ft 1.99 

ft 1.99 
4 I 1.99 
230 1.99 

Order by at. 
No. 3939 and 
conductors. 

POLY PAKS® S 

COD's MAY P.O. BOX 942- E2 2 
9E PHONED) SO. LYNNFIELD, MA 

01940 
Terms: Add Postage RRt.d: Net 30 
Phone: (617) 245 -3828 
Retail: 16 -18 Del Carmine St. 

:MINIMUM ORDER: $8 Wakefield, MA 
ID Ì 
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r 

Thousand, ,f (mmulunications Electronics customers 

OWN A BEARCAP SCANNER. 
But since we've introduced the Bearcat"' 250 crystalless 

15,600 frequency, 50 channel synthesized scanner, 

our specifications haue been improved: 
Sensitivity 

0.4 microvolts for 12dB SINAD on VHF 
hands, UHF band slightly less 

Selectivity 
Better than -60dB @ ±25 KHz 

Audio Output 
At least 2.0 Watts rms 

Audio Quality 
The BC -250 audio is more noise -free and 

suffers less distortion than comparable 
models by a margin of 10dB or more 

Image Rejection 
The BC -250 rejects image frequencies by at least 

8dB better in all bands than comparable models. 

This month, we've got a special price 
on the Bearcat" 250. Now, you can own this fantastic 
professional monitor for only $319.00. That's a 

savings of over $80.00. Order now for Christmas. 
To start Bearcatting. Master Charge and Visa card 

holders may call and order toll free 800- 521.4414. 
Outside the U.S. and Michigan dial 313 -994 -4441. 
To order by mail, send $319.00 plus $5.00 for U.S. 

U.P.S. shipping. Foreign orders invited at slightly 
higher cost. Mail your orders or requests for a free 
catalog completely describing all Bearcat5 scanners 
to Communications Electronics. Box 1002, 
Dept. HF1, Ann Arbor, Michigan 48106 U.S.A. 
Bearcat5 is a registered trademark of Masco Corporation of Indiana 

Copyright `1978 Communications Electronics 

CIRCLE NO. 58 ON FREE INFORMATION CARD 

flEW! 52Kx8 
boards 

INTERNATIONAL. ELECTRONICS UNLIMITED 

METAL FILM RESISTORS RiNun 

445 VALUES IN STOCK - 10 ohm to 475K ohm 

t 1% 1A WATT CRA 1/4 (RN60) 

TEMP. COEF. i 50 PPM!° C 

1O1aI 0, 
. 

. " ... 

09999 

CARBON FILM RESISTORS 
FC)) .I hit 

t5 %o ,.7N 

QTY. PRICE ?RI( I 
Pale t 

0 -10 S In e.1 

10.100 5.10 ea 5 o , e., 

100 -1000 5 u4 ea 51 1,5 l00 

1010. 
l.! -.0 IM 

CERAMIC CAPACITORS 
Ipf 22pr 56pí 120pí 770oí etas' 

spf 27pf 68pí ltopf 390pí 
Ipf O3pf 82pf lySef niai' 
lopf 47pí 100pf 220pí 600pf -,v -- 

1 -9 per value 
10 -99 

POLYESTER FILM CAPACITORS 
1-9 10 -99 100- 1 -1 19 -99 100- 

.001u/100V .12 .09 .06 .022u/120V .13 .05 .0I 

.0013u/IOOV .12 .09 .0fi 023u/50'0 .13 .05 .07 

.0042u /100V .12 .09 .06 .033u/100V .15 .09 .05 

.01u /l0ov .12 .09 .06 .047u/100V .19 .16 .12 
.015u/1005 .12 .09 .06 .1u /1DOV .24 .20 
.018u/10011 .12 .09 .96 .22u/100V .33 .20 
.02,050V .13 .08 .07 .47u /100V .50 .39 

TANTALUM CAPACITORS 
1 -9 10- 1 -9 lo- 1 -9 10- 

.22u/35V .25 .20 6.0u /6V .30 .25 22u/16V .45 4a 

.33u/35V .25 .70 6.8u /16V .30 .25 33u /10V .55 .50 
lu /75V .25 .20 6.8u /50V .35 .30 47u/6V .55 5n 

2.2u /20V .28 .23 10u/16V .75 .30 47u/20V .65 55 

2.2u/35V .30 .25 10u /20V .38 .13 56u/6V .'5 .1'. 

1.3u/35V .35 .30 15,/6.34 .38 .33 100u /20V 1.ES 

4.7u /164 .30 .75 15u /204 .45 .40 

write for info on kits of all above products 

Erz 4 

Ri5rZ w4uRTO. 

DsxD1PRRr 

Tp 

Du 

RRp'vo P:n2 
ED 

ORDERS 51 PvEORO al. OOSEEROX RECEIPT. WWI. ORCO ,IO.pp 

INTERNATIONAL ELECTRONICS UNLIMITED 

225 Broadway, Jackson, Ca. 95642 

CIRCLE NO. 59 ON FREE INFORMATION CAR 

Storage Design 

ECONORAM X'" 32K X 8 

ECONORAM IX'" 32K X 8 

ECONORAM XI'" 32K X 8 

Cost -effective, low power. reliable memory ... 
backed with a t year warranty Available as unkit; 
lockets, hypass caps pre-soldered in place for eas/ 
assembly), assembled /tested. or qualified under the Ce - 

tified System Component (SCS) program. CSC boarct 
are burned-in for 200 hours and immediately replaced f 

failure occurs within 1 year of invoice date. 

Buss Guar Speed Unkd Assm CSC 

static S -100 

static DigGrp 

static SBC 

4 MHz 

4 MHz 

4 MHz 

We have other Econorams, too 

ECONORAM II'" 

ECONORAM IV'" 

ECONORAM VI " 

ECONORAM VII" 

8K X 8 

16K X 8 

12K X 8 

24K X 8 

static S -100 

static S -100 

static H8 

static S -100 

2 MHz 

4 MHz 

2 MHz 

4 MHz 

$599 

$650 

N/A 

$139 

$279 

$200 

$445 

$649 $789 

N/A N/A 

N/A $1050 

$159 

$314 

N/A 

$485 

N/A 

$414 

N/A 

$605 

M61003 with TRS -80 Conversion 

case $1995! Kit $109 (31$320) 
Our kit includes DIP shunts, 250 ns chips for 4 MHz operator. 

and 1 year guarantee. Upgrades 4K TRS-SO to 16K or populate 

Memory Expansion Module -- our novice level instructions shov 

you how. Also suitable tor APPLE computers. 

* * * * * * * * * * * * * * * * * * *** 
MEMORY SPECIAL: 210211 (hig l 
speed /low power) 1K STATIC RAM NOW 

----- , 

What's better than an MA1003? An MA1003 in a case. 

Woodgrain front. mtg. bracket 8 hardware. and blue filter 
included. Case available separately for $5.95. 

ONLY 99e EACH :sorry only gooa on order of 10 or mare; 

* * * * * * * * * * * * * * * * * * * ** 
TERMS_ Ulcers under $15 add $1 Cal res add tax VISA' /MasIF- 

cnarge' r$1` mint call 14151 562 -0636. 24 hrs A'Ic, shlp2.nI 

excess refunded. COD OK with street address for 

SEND FOR OUR FREE FLYER ®5@r°0 
BILL GODBOUT ELECTRONICS 

(OR SEND 41' IN STAMPS FOR 1ST CLASS DELIVERY) 
Vaox 2355. OAKLAND AIRPORT. CA 94614 

CIRCLE NO. 20 ON FREE INFORMATION CARD 

WOHOBB 

NEW 
Y WO 

THE 
RLD 

CATALOG 
Your source for factory prime, 
professional quality equip- 
ment. Computers, add -on 
boards, IC's, sockets, resistors, 
supplies, tools, test equipment, 

books, and more. Shop your buy list at Hobby World. You'll find 
what you want, and at a solid savings. For example, look at 
this month's specials: 

NEW FROM CALIFORNIA COMPUTER SYSTEMS! 

16K STATIC RAM KIT, MODEL XVI. 
IEEE S -100 compatible, requires only +5 Volts. 450 ns, fully buffered. Bank 

switching capability, Phantom Line, wait state, addressable in 4K blocks. 

HOBBY WORLD PRICE ONLY $265 KIT, $27 BARE BOARD 

16K MEMORY ADD -ON FOR APPLE, TRS -80 OR EXIDY SORCERER 

HOBBY WORLD PRICE ONLY $98 (specify when ordering) 

C -10 DATA CASSETTES - PERFECT FOR TRS -80 
PRICE ONLY $2 EACH! 10 for $17.50 

r SEND ME A FREE CATALOG! 

Nome 

Address 

CifV 

L 

Hobby World 
19355 Business Center Dr #6 
Northridge CA 91324 

TELEPHONE ORDERS 
Inside Cal 213 886 9200 
Outside Cal 800 423 5387 

CIRCLE NO. 24 ON FREE INFORMATION CARD 
1 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


AN247P 2.40 760 210 
AN274 1.50 1.70 110 
AN313 4.20 4.40 4.60 
AN315 1.75 1.95 2.20 
BA511A 1.70 1.90 2.15 
BA521 1.85 2.06 2.36 
HA1151 1.4E 1.70 1.85 
HA 1156 1.60 1.75 1.96 
HA1306W 1.90 2.10 2.40 
HA1322 2.40 2.60 2.90 
HA1339 2.46 2.66 256 
HA1339A 2.45 2.65 2.96 
LA1222 2.10 2.30 2.50 
LA3101 3.45 3.60 3.75 
LA4031P 1.75 1.95 2.20 
LA4032P 1.76 1.96 2.20 
LA4220 2.26 2.40 255 
LA4400 1.85 2.06 2.36 
LD3141 1.70 1.80 120 
M5115P 4.85 4.90 4.96 
M51513L 1.95 2.16 2.46 
M N 3001 13.20 14.85 16.50 
M53002 9.25 10.40 11.55 
MN3003 5.64 6.34 7.04 
PLLO1A 4.00 4.15 4.55 
PLL02A 4.95 5.20 5.80 
PLL03A 7.50 7.90 570 
SG264A 7,00 7.40 7.80 
06609 4.10 4.30 4.50 
SG613 5.05 5.46 6.85 
SM5104 7.90 8.40 8.90 
STK011 3.56 3.96 435 
ST 6013 8.90 10.00 11.10 
ST6015 4.10 4.30 4.80 
STK050 23.10 2698 2826 
STK415 7.10 7.80 8.10 
ST 6435 4.45 4.96 5.56 
ST 6439 8.00 9.00 10.00 
TA7045M 1.95 2.15 2.46 
TA7055P 115 2.15 2.45 
TA7060P .85 1.05 1.16 
TA7061P .85 1.06 1.15 
TA7062P 1.05 1.20 1.36 
TA7063P 1.25 1.36 1.50 
TA7074P 3.70 3.86 4.00 

Original Japanese Replacement Parts for TV, Stereo and CB 
25-UP 110241 1.9 

25A102 .29 .34 .39 
2SA473 45 .55 .60 
254484 1.85 2.05 2.35 
25A495 25 30 35 
2SA497 .90 1.15 1.25 
2SA509 .30 .35 .40 
214562 .25 .30 .35 
2SA684A .29 34 39 
2SA834 .35 A0 45 
254638 .80 .85 .90 
2SA643 .30 35 AO 
25A673 20 AO .45 
25A678 AO 50 55 
25A683 .40 .50 55 
2SA684 .40 .60 .55 
2SA695 .40 .50 .55 
25A8994 .50 50 55 
2SA706 .85 .95 1.05 
25A720 .30 .35 .40 
2SA733 .25 .27 .30 
2SA747 4.15 4,36 4.85 
20022 .45 .50 .55 
25854 .30 35 .40 
25877 .30 .40 .45 
208175 .36 .40 .45 
258186 .20 .27 .30 
2513187 .20 .27 .30 
258324 75 .35 .40 
258387 1.10 1.20 1.36 
258406 .25 .30 .35 
258407 .70 55 .95 
200463 1.00 1.06 1,15 
258474 .70 .80 10 
258507 .70 .80 90 
200511 .70 .75 25 
200557 2.05 245 2.75 
25C183 AO .50 55 
25C184 40 50 .55 
2SC372 .20 .27 30 
2SC373 70 77 .30 
2SC:0d0 .20 77 .30 
25C382 30 .40 .45 
25C387A 30 .40 .45 
25C394 75 .30 35 
2SC458 .20 27 .30 

25-UP 1 10-24 1 9 

25C460 .45 .50 .55 
250481 1.25 1.35 145 
20C482 1.25 1.35 1.45 
25C485 1.25 1.35 1.45 
2SC495 A5 .55 .60 
25C509 .30 .40 .45 
2SC517 2.90 3.10 325 
25C535 .30 .35 .40 
25C620 .45 .50 55 
25C632A 35 .40 .45 
25C634A .40 .45 .50 
2SC697A 3.20 3.50 3.90 
2SC710 .20 .27 30 
2SC711 .20 .27 .30 
2SC712 20 .27 .30 
2SC717 .35 .40 .45 
2SC730 2.95 3.15 3.35 
25C732 .20 .25 .30 
25C733 .20 .25 .30 
25C734 .20 .25 30 
2SC735 .20 .25 .30 
2SC756 1.45 175 1.95 
25C756A 2.00 2.10 270 
25C778 2.80 3.10 3.30 
2SC781 1.95 2.15 2.45 
2SC784 .30 .36 .00 
2SC789 75 .85 .95 
2SC793 1.95 2.16 2.45 
25C799 1.95 2.16 2.45 
2SC828 20 .27 30 
25C829 20 .27 .30 
2SC839 30 .35 .40 
25C867A 4.00 4.25 4.50 
25C900 .20 .27 .30 
2SC930 .20 .27 .30 
2SC945 .20 .27 .30 
2SC1000BL 35 .40 45 
25C1013 .45 .60 .65 
2SC1014 50 .60 .65 
2SC1018 .70 .75 .85 
2SC1030 1.80 2.05 2.35 
2SC1056 4.50 4.70 4.90 
2SC1060 .66 .75 .85 
2SC1061 .70 .80 .90 
2SC1096 .45 .50 .55 

25-UP 
1 

10-24 I 1-9 

2SC1114 3.40 3.60 3.80 
2SC1116A 3.20 3.45 3.80 
2SC1124 .80 .85 95 
2SC1127 50 .85 .95 
2SC1162 .70 .75 .85 
2SC1166 .26 .35 .40 
25C11720 3.10 .3.50 3.85 
2SC1173 .50 .65 .70 
20C1177 10.90 12.40 13.80 
2SC1209 .25 .35 .40 
2SC1226 .50 .60 .70 
2SC1226A .50 50 .70 
2SC1237 1.70 110 2.15 
2SC1239 2.10 255 2.85 
2SC 1306 175 1.66 1.85 
2SC1307 2.15 2.66 2.85 
2SC1318 .30 .40 45 
25C1364 .30 .40 46 
25C1383 .30 A0 .45 
25C1384 .30 .40 .45 
2SC1424 2.76 2.85 216 
25C 1448A 1.00 1.10 1,20 
2SC1475 .86 .85 .95 
2SC1509 .66 .80 .66 
2SC1567A .60 .86 .76 
2SC1675 .25 .30 .35 
2SC 1678 1 25 1.40 1.55 
2SC1687 .40 .45 .50 
2SC1727 1.20 1.25 130 
2SC 1728 .90 95 1.00 
2SC 1760 .85 1.00 1.10 
2SC1775 30 .35 .40 
2SC 1818 1.45 130 1.95 
2SC1908 .25 .35 .40 
2SC1909 200 2.55 2.75 
2SC1945 4.40 4.90 6.50 
2SC1957 .60 .70 .80 
25C1969 350 3.90 430 
25C1973 60 .65 .70 
2SC 1974 1.25 1.65 1.86 
2SC1975 1.25 1.65 1.85 
25C2009 .75 .80 .85 
25C2021 .55 .60 55 
2SC2028 .50 .60 .65 
25C2029 1.45 1.75 1.95 

25-UP 1 10-24 
1 1,9 

2SC2072 3.66 3.75 315 
2SC2076 .45 50 55 
2SC2091 .86 1.05 1.15 
20C2092 1.75 1.95 2.20 
2SC2098 3.00 3.20 3.45 
20072 .50 .60 .65 
25091 1.30 1.40 155 
25092 1.40 1.55 1.76 
200180 155 1.75 1.95 
200187 .30 .40 .45 
250218 2.95 3.20 3.45 
250234 .60 .70 .80 
250235 50 .70 .80 
2S0261 .30 15 .40 
2S0287 2.50 2.66 2.85 
2S13291 2.06 245 2.75 
250313 60 .65 .70 
200315 50 .70 .80 
2S0325 50 65 75 
200330 59 .79 19 
250356 .70 .75 .80 
250358 .70 .80 10 
2S0359 .75 .85 .95 
2513427 1.75 1.95 2.20 
230525 .70 1.05 1.15 
250526 .60 70 .80 
25619 .45 .50 55 
20623 .80 .95 1.05 
2S6 30 .40 .45 .50 
25633 .60 .65 .75 
2SK34 .50 .55 .60 
25641 .50 .56 .60 
20655 .60 .65 .75 
35522V 1.60 1.70 1.80 
35635 1.20 1.35 1.50 
3SK37 1.70 2.00 2.30 
35640 1.25 1 40 1.55 
35641 1.25 1.40 1.56 
30646 1.25 1.40 1.55 
30648 3.30 3.40 3.70 
35649 1.25 1.40 1.55 
AN115 2.00 2.15 2.26 
AN2140 1.55 1.65 155 
AN228 4.10 4.30 4,50 
AN239 4.10 4.30 4.80 

25-UP 1 10-24 1-9 25-UPI 10 -24 1 1.9 

TA7089P 115 2.16 2.45 
TA7092 4.40 4.90 5.40 
TA7120P 1.45 1.65 1.85 
TA7139P 1.55 1.75 116 
TA7153P 6.70 5.90 8.10 
TA7203P 2.46 2.60 2.86 
TA7204P 1.95 2.10 2.46 
TA7206P 1.66 1.75 1.96 
TA7214P 3.90 470 4.50 
TA7310P 125 1.40 1.66 
TA7607P 5.80 6.00 6.20 
TA7609P 4.40 4,80 010 
TBA8105H 1.85 2.05 2.35 
TC5080P 4.80 6.00 6.60 
TC5081P 2.90 3.10 330 
TC5082P 3.30 3.45 3.80 
UHIC001 4.90 6.10 5.80 
UHIC002 4.90 5.10 5.80 
UHIC003 4.90 5.10 5.60 
UHIC004 4.90 5.10 510 
UHIC005 410 6.10 6.60 
UHIC008 4.90 6.10 5.60 
UPC20C 2.00 2.40 2.70 
UPC141C 230 2.40 2.60 
UPC157A 3.25 3.45 3.65 
UPC554C 150 1.70 1.80 
UPC555H 1.80 1.70 1.80 
UPC572C 3.70 4.10 3.69 
UPC574C .90 1.08 1.20 
UPC676C2 1.25 1.40 1.55 
UPC576 155 2.05 2.35 
UPC592H2 .76 .86 .95 
UPC1001H21.85 2.06 2.35 
UPC1008C 4.85 6.15 6.75 
UPC1020H 1.85 2.05 2.35 
UPC1025 1.85 2.06 2.36 
UPC 1028 1.40 1.82 1.80 
UPC1031H 2.52 2.74 218 
UPC 1032H 1.70 1.85 2.10 
UPC1152H 2.90 3.10 330 
UPC 1156 1.86 2.05 2.36 
UPD277C 8.70 8.90 9.10 
UPC/857C 7,90 8.30 9.40 
UPD858C 7.00 7.10 7.20 
UPD861C 8.70 8.90 9.10 

PRICES MAY CHANGE WITHOUT NOTICE COD ORDERS WELCOMED 
Minimum order $10.00 - N.J. Residents add 5% Sales Tax. 

We pay postage for prepaid orders of $50.00 or more, 
Under $50.00, add 51.00, Canada $1.50. 

Quantity Discount Prices - Ask for our complete price list - 
Manufacturer inquiries welcome All parts guaranteed. 

TOLL FREE TELEPHONE 
Nationwide 800/631 -1250 Local 201/748 -5089 

HOURS: Mon. - Fri. 8 to 5:30 Sat. 8 to 1 

IMMEDIATE DELIVERY WITHIN 48 HOURS 
ON ALL TRANSISTORS IN STOCK 

INTERNATIONAL 

NEW -TONE ELECTRONICSINTERNA1 
P. O. Box 1738, Bloomfield, N. J. 07003 

New Jersey Phone: 201/748-6171 

CIRCLE NO. 39 ON FREE INFORMATION CARD 

CODE -A-PHONE 

Telephone Answering Devices 
Wiremote 
Command 

=.11.II. J 
Model 1400 $199.95 

Mode 

S E= 1v C O 1 =0 

TV -VTR -MATV 
and Video Analyzer 

=! CONTINENTAL SPE I 

100 MHz 8 -Digit Counter $119.00 - 

PS500 500MHZ Prescaler $52.95 
Digital Irk DER Transistorized BSR Changer 

LCR Bridge Accessories 
.. Model LCR 740 

$271.95 
, \ $24.95 Model 11 3 s1's au 

> >, 

Iß$249.95 

TUngar- 
Heat Gun 

$46.50 

Weller Xcelite 

3%2 -Digit 
Portable DMM 1' 

85 
2800 -- - . i 

Mode12810 $110.50 

15 MHz Mini 
Oscilloscope 

Modol MS 15 

$269.95 

Capacitance Meter 

404.. 
$875.00 >a 

Model 
VÁ48 

820 

$1 10.50 

WAHL 
NEW ISO -TIP 
"Quick Charge 

Logic Monitor 

6" x 9" 
60 3 -Way 

Speaker 

$14.95 

Service Master Attache Style 

Tools Kit Tool Cases Mode 

m,,e,1 9SM MODEL SC 

95 Roll Kit 
51 

$269.95 $15.95 
NOW AVAILABLE 

Dual ,rase velsmn $369.95 LEADER 
Model MS 215 5 l )4,' Ili. Insyruntont Corp 

20 MHz. 
Dual Trace 

GAG 
Mudd 1P1 / Logic Probe 

$40.00 
:- 

E= NJ C 01'E 
POCKET CRICKET 

TRANSISTOR /PET TESTER 
Re` 5175°" $99.95 

F 40 

Auto Stereo 40 Watt 
Power Booster 
POW -40 " ' $24.95 

i Magnifier 
LAMP 
Mid, MG 104` 

$49.50 

SUPER 
SPECIAL 

$654.50 
nd111 a ,,, e, 

platt 
Attach 
Tool 
Case 
with 2 
Removable Pallet 
!r...,-LTJ, $65.00 

15MHz 
3" Dual Portable 
Trace . -z 

Scope 
61 del 1432P k 14 

In-Dash 
AM /FM 8 Track 
Stereo ;- 

S1 g9.15rweller 
(Controlled $45 00 
Output 

d1wTCS'S 
Soldering 
Station FREE E 

Catalo 

Sub- 
stitution 

t1l1- 'iflì Box $51 
' 700 Series $52.50 Model 2910 re, 

AM /FM CaII TOLL FREE 
30MHz Cassette (800) 645 -9518 

Portable Stereo 
Frequency $57.50 

C 777 

VOM Multimeters 
20K ohm /v $19.95 

wish m rl oled scale 

1K ohm v '19.95 

«., Money o, d., 

Counter Transistor Tester 6111111111111 

M d' 

S59.95 FORDHAM $22.00 '',":11Ir 
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ABOUT YOUR SUBSCRIPTION 

Your subscription to POPULAR ELECTRONICS is maintained on one of the world's most modern, effi- 

cient computer systems. and if you're like 99% of our subscribers, you'll never have any reason to 

complain about your subscription service. 

We have found that when complaints do arise, the majority of them occur because people have writ- 

ten their names or addresses differently at different times. For example. if your subscription were listed 

under "William Jones, Cedar Lane, Middletown, Arizona," and you were to renew it as "Bill Jones, Ce- 

dar Lane. Middletown, Arizona," our computer would think that two separate subscriptions were in- 

volved, and it would start sending you two copies of POPULAR ELECTRONICS each month. Other exam- 

ples of combinations of names that would confuse the computer would include: John Henry Smith and 

Henry Smith; and Mrs. Joseph Jones and Mary Jones. Minor differences in addresses can also lead to 

difficulties. For example, to the computer, 100 Second St. is not the same as 100 2nd St. 

So. please. when you write us about your subscription, be sure to enclose the mailing label from the 

cover of the magazine -or else copy your name and address exactly as they appear on the mailing 

label This will greatly reduce any chance of error. and we will be able to service your request much 

more quickly. 

(USHBUTTON AM 700' 4400 FT. MYLAR 

AUTO RADIO RECORDING / 9 C 

TAPE Reg. AU -580 
All Are Brand New 

r1l 
C Quality Mylar Tapes -I .d *With Volumeand ` 7" Reel 

Tone Control Made By Famous U.S. Mf r 

12 VDC Neg Grd - Supplied Less Storage Box 

\ t!` Solid -State .6 Ibs J \ Shpg. wt. 1 lb. 

Á1R VOLT ESTER\ / REPLACEMENT 

1000 OHMS PE TONE ARM C 

99 g HF -035 

TE -184 

p 

rIi For All Manual Portable Phonos 
Pocket Size Goes Sapphire Stylus .3 Volt Output 

TA-974 

Anywhere Replacement for Kiddie Phonos \ p 

Easy to Read Mete \ Mono Flip Over Cartridge Wt '4 lb. 

SWR METER 9 8 -TRACK ;CASSETTE 

Sp 
A I FIELD 

40- MINUTE BLANK 60 MINUTE BLANK 

;, STRENGTH CB -067 SASE SAt,E 
pk 87c 

INDICATOR Reg. * - 49 ; 

e 
For Accurate Tuning of CB TA -907 I °`'L TA -879 
Antenna Styles Vary Reg I Ideal for Reg. 

Range 2 to 30MHz- 52 Ohms Erased, Not Mu or 
Impedance Wt 1 lb ) Used '°. lb -994 ¡ Voicsls e o lb. 9 

8 OHM EARPHONES 

29 PH -405 

. 
*Package of 4 

*Earphones Without Plugs 
Shpg wt. '4 lb 

500 -Ft. Hookup Wire Kit 
Reg. 

W 
- 

a WW-579 
For Printed Circuits or 
Wiring Project, Hobbyist 
and Repair 

Less Than 1 Cent A Foot 
Five 100 -Ft. Rolls 

Dept. IM 260 S. Forge St. Akron, Ohio 44327 
NAME 
ADDRESS 
CITY 
STATE ZIP 

Oty. Stk. 1r Description Price Ea. Total 

For 24 Hour PHONE 
Service Call (216)535 -1800 

O Please send me a free subscription to Olson Value Packed Catalog. (Within the Continental USA Only) 

Tax 
Postage 

Total 

CIRCLE NO. 41 ON FREE INFORMATION CARD 

PET2001 
PERSONAL 

C COMPUTER 

Quite portable, very affordable and un- 

-,,...-^^' believably versatile, the PET computer {y/'- may very well be a lifetime 

."^! investment. S 790 with 8K RAM S 795 
NEw 

DIGITAL 
H C OK LX 303 
Compact. Accurate. Dependable. With easy -to- 
read 'A" liquid crystal display for convenient use 

in any kind of light. Weighs only 8 

Operates up to 200 hrs on a single 9 volt battery. 
Nineteen ranges including zo0mv to 1000VDC, 
100 to 10 Megobms, 100 and 1000 VAC ranges, 
10uA and 10rna ranges. Excellent overload pro - 

color coordinated case and 
$7495 color coded panel. 

STANDARD 

- 
- 
- 

- 

I 

KIM -1 MICROCOMPUTER 

Fully tom `y 
Assem bled 

& Tested 4ri } 4r $ 

$17900 
vw,` Lr 

Including DDComentatio'n 

Ballantine Model 1010A 
Dual Channel /X -Y Scope 

A professional oscilloscope - --- to fit 
Your af n basic t' 

f . s 11 needs. 

a" ï 1.1r '' $695 

Intersil LED or LCD 
DIGIT PANEL 

METER KITS / 
BUILD A WORKING DPM IN 1 /2HOUR WITH 

THESE COMPLETE EVALUATION KITS 
eá 

IGLI106EVILCDI $29.95 IcLr1e71LEDl $24.95 

The kistn o!r 
50 

Desktop 

from SIGNETICS 
Complete, ReedTo -Use 

.`e - 1 Microprocessor Learning Package 

Includes everything 
machine 

need t 

$35000 run , debug a hine language 000 
grams. in one compact package. 

SUPERKIM..$395.00 IFLUKEI 
Model 

N)1 
-__,A a RAM, user : 8020E 

EPROM and p ro 
I°, 10 

a 
pe area on 

modern, com- $169 
pact fully assembled 
and 

ip 

I 

integrated board. 
Total compatibility rey4 -" 
with KIM -1 software. _ 
On board 5V. 3A reg- 

lator and TTY. RS232 and Audio Tape Interfaces. 

HYBRID AUDIO 
POWER AMPLIFIER 

Matching 
8. P/N Power Transformer 

o SI- 1010G110W15 6.95 TR10 5 7.90 

95 TR20 $10.95 

I- ker for above) .95 

SI- 1030G130W1 $19.00 TR30 $12.90 

51.1050G150Wi $27.80 TR50 $17.90 
A-Si- 101Socket for above/ .95 

Note One Transformer can power two audio amplifiers 

FUNCTION GENERATOR 
XR2206K8 

Includes all corn- 
ponents PC board 

and 

$19.95 o 

a 

KIT 
XR2206KA 
Includes chip. 

PC board 
and instructions 

$14.95 

The 
Complete 

r= 
-; MICRO - 

GRI -ASCII KEYBOARD KIT 
753K Keyboard $59.95 
756K Keyboard $64.95 
701 Enclurens3 onlyi$14.95 gs 

702 Enclosure Ibothl $29.95 

. Computer 
i': 

,. 
system 

.- 
- 

e. $269.00 

5% CARBON FILM $i s9 

RESISTORS 'MN 

All values from 7012 to 10 M12- Only in multiples of 100 pcs per value 

ANCRONA HAS THE SOURCERERTM COMPUTER 
589500 

FEATURES: Z80 -4K ROM - 
s:°^-. - t. vi BK RAM -Dual Cassette I /O -30 Lines of 

64 Characters -64 Defined Characters and 

64 User Defined Characters -512 x 240 

Graphic Resolution -Edge Card Connection 
to 5100 Bus -Serial and Parallel 1/O 

OPTIONS. Expandable to 32K RAM- 0-5Iot S100 Bus -Printer -Disk 
Storage- Telephone- Voice -Home Controller 

18 0 2 SERIES 
1802LO 519.95 
1822LO 1400 
1824LD 775 
185210 825 
1853rD 5.65 

1854LD 
1 

1.70 
1856LO 550 
1857LD 550 
185810 565 
18591, 565 

LD Capon,,,- 50 

1802LE Ell 20 
1822LE 8 D5 

1824LE 3.55 
1852LE 190 
1853LE 145 

: 160 
1854LE 850 
1856LE 110 
1857LE 110 
1858LE 145 
1859LE 145 

r 
Send Check or 
Money Order to, 

P.O. Box 2208P, Culver City, CA 90230. California resi- 

dents add 6% sales tax. Minimum Order, $10.00. Add 

01.00 to cover postage and handling. Master Charge and 

Visa welcomed. Please include your charge card number, Interbank 

number and expiration date. PHONE ORDERS 12131 641 -4064 

ARIZONA 
ANCRONA 

4518 
Tnon, A, 8571 

16021 881.23481 

CALIFORNIA 
ANCRONA 

CA cn 
121031 V290359530 

CALIFORNIA 
ANCRONA 

17141 x547. 842405 

OREGON 
ANCRON* 

Portland, 
254 -55410 

CpN14AOA,8C. 
ANCRONA 

160413240707 

CALIFORNIA 
ANCRONA 

5u 14081' 2434121 
a 

r 

GEORGIA 

reeNORON 
Po, 

N 

3ÁI4041 2611.7,005 

TEXAS 

óa4ó 
CROmo 

9 
17131 529 -34897 

CIRCLE NO. 3 ON FREE INFORMATION CARD 
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ElectronicsClassified 
REGULAR CLASSIFIED; COMMERCIAL RATE: For firms or individuals offering commercial products or services. $2.50 per word. Minimum order $37.50. EX- PAND -AD" CLASSIFIED RATE: $3.75 per word. Minimum Order $56 25. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance. PERSONAL RATE: For individuals with a personal item to buy or sell, $1.50 per word. No minimum! DISPLAY CLASSIFIED: 1" by 1 column (2 -1 /4" wide), $300. 2" by 1 column, $600.00. 3" by 1 column, $900.00. Advertiser to supply film positives. For frequency rates. please inquire. GENERAL INFORMATION: Ad copy must be typewritten or clearly printed. Payment must accompany copy except when ads are to be billed on credit cards - American Express. Diners Club, Master Charge, VISA (supply expiration date) - or when ads are placed by accredited advertising agencies. First word in all ads set in caps. All copy subject to publisher's approval. All advertisers using Post Office Boxes in their addresses MUST supply publisher with permanent address and telephone number before ad can be run. Advertisements will not be published which advertise or promote the use of devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue to go to press after closing date. Closing Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st). Send order and remittance to Classified Advertising, POPULAR ELECTRONICS, One Park Avenue. New York. N.Y. 10016. For inquiries, contact Linda Lemberg at (212) 725 -3924. 

FOR SALE 

FREE, Bargain Catalog-- I .C.'s, LED s. readouts, fiber optics, 
calculators parts & kits, semiconductors. parts. Poly Paks. 
Box 942PE, Lynnfield, Mass. 01940. 

GOVERNMENT and industrial surplus receivers, transmitters. 
snooperscopes. electronic parts. Picture Catalog 25 cents. 
Meshna.Nahant. Mass. 01908. 

LOWEST Prices Electronic Parts. Confidential Catalog Free 
KNAPP, 4750 96th St N_ St. Petersburg. FL 33708. 

ELECTRONIC PARTS. semiconductors. kits FREE FLYER. 
Large catalog $1 00 deposit. BIGELOW ELECTRONICS. 
Bluffton, Ohio 45817. 

RADIO -T. V. Tubes -36 cents each Send for free catalog. 
Cornell, 4213 University. San Diego. Calif. 92105 

AMATEUR SCIENTISTS. Electronics Experimenters, Sci- 
ence Fair Stridents . Construction plans - Complete, in- 
cluding drawings. schematics. parts list with prices and 
sources . Robot Man -- Psychedelic shows - Lasers 
Emotion Lie Detector -- Touch Tone Dial Quadraphonic 
Adapter - Transistorized Ignition -- Burglar Alarm Sound 
Meter over 60 items. Send 50 cents coin (no stamps) for 
complete catalog. Technical Writers Group. Box 5994. Uni- 
versity Station. Raleigh, N C 27650. 

SOUND SYNTHESIZER KITS --Surf $14 95. Wind $14 95, 
Wind Chimes $19 95. Musical Accessories. many more. 
Catalog free. PAIA Electronics, Box J14359. Oklahoma City. 
OK 73114. 

HEAR POLICE FIRE Dispatchers! Catalog shows exclusive 
directories of confidential- channels. scanners. Send post- 
age stamp. Communications, Box 56 -PE. Commack, N Y 
11725. 

UNSCRAMBLERS Fits any scanner or monitor- easily ad- 
justs to all scrambled frequencies Only 4 square $29 95. 
fully guaranteed. Dealer inquiries welcomed. PDO Elec- 
tronics. Box 841, North Little Rock. Arkansas 72115. 

TELETYPE EQUIPMENT for sale for beginners and exper- 
ienced computer enthusiast. Teletype machines. parts. 
supplies. Catalogue $1 00 to ATLANTIC SALES. 3730 
Nautilus Ave.. Brooklyn. NY 11224. Tel: 12121 372 -0349. 

WHOLESALE C.B.. Scanners. Antennas. Catalog 25 cents 
Crystals Special cut. $4.95, Monitor S3.95 Send make. 
model. frequency G. Enterprises. Box 461P. Clearfield. UT 
84015. 

BUILD AND SAVE TELEPHONES. TELEVISION. DETEC- 
TIVE. BROADCAST Electronics. We sell construction plans 
with an Engineering Service. Speakerphones, Answering 
Machines. Carphones. Phonevision, Dialers. Color TV Con- 
verters. VTR. Games. $25 TV Camera. Electron Microscope. 
Special Effects Generator, Time Base Corrector. Chroma 
Key. Engineering Courses in Telephone. Integrated Circuits. 
Detective Electronics. PLUS MUCH MORE. NEW Super 
Hobby Catalog PLUS year's subscription to Electronic News 
Letter, $1.00. Don Britton Enterprises. 6200 Wilshire Blvd.. 
Los Angeles, Calif. 90048. 

NAME BRAND Test Equipment. Up to 50` discount. Free 
catalog. Salen Electronics. Box 82. Skokie, Illinois 60076. 

SURPLUS COMPONENTS. Communication and test equip- 
ment. Illustrated catalog 25 cents. E. French. P.O. Box 249, 
Aurore. Illinois 60505 

TELEPHONES UNLIMITED, Equipment Supplies. All 
types, Regular. Keyed, Modular. Catalog 50 cents. 
Box 1147E, San Diego, California 92112. 

WEATHER MAP RECORDERS: Copy Satellite Photo- 
graphs, National -Local Weather Maps. Learn How! 
$1.00. Atlantic Sales. 3730 Nautilus Ave., Brooklyn, 
N.Y. 11224. Tel: (212) 372 -0349. 

112 

NAME BRAND TEST EQUIPMENT at discount prices. 72 
page catalogue free Write Dept PE. North American Elec- 
tronics 1468 West 25th Street, Cleveland. OH 44113. 

UNSCRAMBLERS FOR any scanner. Several models avail- 
able Free literature. Capri Electronics. 8753T Windom. St 
Louis. MO 63114. 

RADIO SHACK Authorized Sales Center Special 10 °o sav- 
ings on catalog prices including TRS -80. Free delivery on 
orders over $50.00. 1117 Conway. Mission, TX 78572. 

UNSCRAMBLER KIT. Tunes all scramble frequencies, may 
he built -in most scanners. 2 -3'4 e 2-1A X 1 2 519,95. Factory 
built Code -Breaker $29.95 Free Catalog: KRYSTAL KITS. 
Box 445. Bentonville. Ark. 72712 15011 273 -5340. 

uNrLsliAl PA 
STORES OR t 

THE GREAT ELECTRONIC 

THINGS & IDEAS BOOK! -- H[IND12FDS OF 
iTS GADGETS N ILEA ITEMS. UNAVAII nei E IN 
Al ALnGs ANYWHERE' e , r , r i n r r , P,n r, n e' 'viFini' 

e,r,i, tr,rrl ru, YLBA 

ELECTRONICS Dept 035 
North Cnuntry Shopping Ch.. 
Platishhurgh, N Y. 12901. O 

B &K Test Equipment From catalog Free Shipping. Dinosaur 
discounts. Spacetron -AP 948 Prospect, Elmhurst. IL 60126. 

SURPLUS ELECTRONICS 
ATTENTION HOBBYISTS - SEND FOR 

YOUR FREE CATALOG 
Great buys 

n 
rape drives, keyhoards, power 

applies, and transforrners. We also have heat 
sinks, steel satenets, O terminals, video dis 
plays, printers, arid equipment Lases And of 
course components, fans, t ire, and r able Write 
now to 

130 Northeastern Blvd. 
Worldwide Electronics Nashua. N.H. 03060 

BUILD THE ARTISAN ELECTRONIC ORGAN .. The 20th 
century successor to the classic pipe organ. Kits feature mod- 
ular construction. with logic controlled stops and RAM Pre -Set 
Memory System. Be an ar- ti -san Write for our free brochure. 
AOK Manufacturing. Inc Box 445. Kenmore. WA 98028. 

WRITE US AND WELL SEND 
YOU THE BEST CATALOG 
YOU EVER READ! 
No kidding. Speakerlab's catalog took longer to 
write than some of our competitors have been in 
business. In fact. we created an industry by 

-building great kits so you can afford 
great speakers." Our catalog is an 

invaluable manual of speaker 
4 function and design. And, 

it will introduce you to 
the finest speaker kits made 
anywhere.. with the strongest 
money hack guarantee. Find out 
for yourself...FREE. FREE, 

that is Write now. Right now. 

Dept. C -PE. 735 N Northlake Way 
Seattle, WA 98103 

THE BEST CB ANTENNA 
SEND FOR FREE [pALI FULL LINE 

CATALOG AND DECAL 

PAL Antenna Corp. 
2614 EAST ADAMS PHOENIX ARIZONA 85031 

POLICE /FIRE SCANNERS, crystals. antennas, CBs, 
Radar Detectors. HPR, Box 19224. Denver, CO 

80219. 

TEST EQUIPMENT CATALOG listing used Tektronix. HP and 
GR equipment at bargain prices. PTI, Box 8699. White Bear 
Lake. MN 55110. Price 51.00 refundable with first order 

CB RADIOS, VHF -UHF Scanners, Crystal. Antennas. Radar 
Detectors. Wholesale. Southland. Box 3591, Baytown. TX 
77520 

NEW, ADJUSTABLE, THREE OUTPUT. REGULATED 
POWER SUPPLY plus 900 parts worth over 5400.00 in corn - 
plete CARTRIVISION television recorder electronic assembly. 
Documentation included Perfect for MICROPROCESSOR 
and all electronic applications. 516:95 plus 54.50 S&H Master 
Charge. VISA Free brochure Madison Electronics. 369. 
Madison. Alabama 35758. SATISFACTION GUARANTEED. 
205- 837 -6658. Res. 

BARGAINS GALORE' Buy- sell -trade classifieds in Elec- 
tronics Trader- only 10g word! Send 52.00 for next four is- 
sues. Electronics Trader. Darwin. CA 93522. 

TRANSISTORS FOR C -B Repair. IC's and diodes TV audio 
repairs 2SC756A -- $2 40, 2SC1306 - $2 95. 2SC1307 - 
$3 85, PLLOZAG - 57 50, AN239 - $5.50. STK439 -- 
$8 95. Many more FREE Catalog and transistor. B &D Enter- 
prises. Box 32. Mt. Jewett. PA 16740. 

CIRCUIT BOARDS from camera-ready artwork. Free details. 
QUANTITY discounts CM CIRCUITS, 22 Maple Ave.. Lac- 
kawanna. NY 14218. 

UNSCRAMBLE CODED MESSAGES from Police, Fire 
and Medical Channels. Same day service. Satisfac- 
tion guaranteed. Don Nobles Electronics. Inc., Rt. 7, 

Box 265B. Hot Springs, Arkansas 71901. (501) 
623 -6027. 

NEW TI SN76477 Complex Sound Generator IC. 52.95 plus 
50C postage. Key Electronics, Box 3506, Schenectady. NY 
12303. 

MONTHLY PICTURE FLYER. Quality Surplus Electronic 
parts Low Prices. Star- Tronics. Box 683. McMinnville. OR 
97128 

PRINTED CIRCUIT supplies. chemicals. tools. artwork. plat- 
ing solutions. Major credit cards. Catalog $1 00. refundable. 
CIRCOLEX. Box 198. Marcy. NY 13403. 

RECONDITIONED TEST EQUIPMENT $t 00 for catalog. 
WALTER'S TEST EQUIPMENT. 2697 Nickel. San Pablo. CA 
94806. 14151 75E -1050. 

ELECTRONIC PARTS. Tubes. Semiconductors. Phonograph 
Needles. FREE CATALOG. Rey Enterprises. Box 1539. 
Hialeah. FL 33011. 

Zig -Saw Puzzle Fanatics, 
We Challenge You . . . 

to put this together. The Woofer puzzle. Probably 
the most difficult puzzle ever produced. 500 tiny 
pieces all in black and grey. Frankly, we don't think 
you can do it. If you think you're up to it. it's yours for 
51.50. And if you send us a photo of the completed 
puzzle, we'll give you a free subscription to POPULAR 
ELECTRONICS. Be the first to put the Woofer together. 

Please Send Me The Woofer 
Name 

Address 

Make Check or Money Order Payable To: 

POPULAR ELECTRONICS 

One Park Avenue, 
Department KR. NYC, NY 10016 

POPULAR ELECTRONICS 
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0.40. 0.. .____.- __.___._... 
Super ; Powerful Wireless Mic 

10 times more powerful than other mics 

Transmits up to mile to any FM radio 

Easy to assemble kit 15V battery (not incl.I 

Cant (305) 725 -1000 or sand $t &,5 íS1.00 
slipping to USI Corp., P.O. Box PE -2052, $18.95 Melbourne, FL 32,01. COD's accept. For 

catalog of transmitters, voice scramblers .. - "" 
and other specialty items. enclose $2 W to USI Corp 

_ ' - ' ' ''''''j V"V' 

Billions of dollars lost annually due 

to lack of protective warning alarms. 

FREE CATALOG Shows you how to 

protect your home, business 

and person. Wholesale 
prices. Do- it- yourself. Free 

engineering service. 
4'r ! MJ 

Box 82802 PE 0'2', Lincoln, Ne . 68501 

CHEMICALS, Lab Supplies. Lowest prices. fastest service 

anywhere. Listing 250. Westech Corp.. Box 593. Logan. Utah 

84321. 

LOW. LOW Component Prices' Ask for free flyer. Write: EEP. 

11 Revere Place. Tappan. NY 10983 

NEW ELECTRONIC PARTS. Continously stocked. Stamp 

brings catalog. Daytapro Electronics, 3029 Wilshire Ln., Ar- 

lington Hts., IL 60004. 

NEGATIVE ION GENERATORS and ACCESSORIES (Kits 

available). Details -51.00. Golden Enterprises. Box 1282 -PE, 

Glendale, Arizona 85311. 

HEAR YOUR TV in simulated stereo Movie theatre sound 

realism. Free details. Triangle Electronics, Box 377X. Merrick. 

N.Y. 11566. 

TRS -80 BUSINESS SOFTWARE. G Ledger, Inventory. etc 

Also special price on TAS -80 equipment. MICRO MANAGE- 

MENT SYSTEMS. Downtown Plaza S C.. Cairo Georgia 

31728.(912)377 -7120 

MINIATURE ELECTRET MICROPHONE CARTRIDGES 

Response 50Hz to 20kHz. - 3dB. Just add resistor. capacitor, 

and 1 5V to 6.0V. Model 35 - 10mm diameter by 9.5mm 

length. $3.50 ppd. Model 26 - 6min diameter by 4.5mm 

length. $6 00 ppd. GEOFFREY SOUND LABS. Dept. D. 24 N. 

Wabash. Room *823. Chicago- IL 60602. 

PLANS AND KITS 

AMAZING ELECTRONIC V. PRODUCTS 
LASERS SUPER POWERED. RIFLE PISTOL POCKET SEE IN DARK PrRO 

TECHNICAL. DE BUGGING UNCRAMBLERS GIANT TESLA StUNWAND TV 

DISRUPTER ENERGY PRODUCING SCIENTIFIC DETECTION ELECTRIFYING 

CHEMICAL. 
MORE ALL NEW PLIUS INFO UNLTDTPARTS 

DEVICES. HUNDREDS 

SERVICE 

INFORMATION 'IA/naafi 
CATALOG rI Dept. EB, Box 716, Amherst, NH 03031 

FREE KIT Catalog contains Test and Experimenter's 

Equipment. Dage Scientific Instruments, Box 

1054P, Livermore, CA 94550. 

TIGER 500 

SIM PLI -KIT 

FOR THE DO- IT- YOURSELFER 
NOW! a high quality CD ELECTRONIC 
IGNITION SYSTEM in kit form. 
Contains all components and solder to 
build complete Solid -State Electronic CD 

Ignition System for your car. Assembly 
requires less than 3 hours. 

Increases MPG 15% Eliminates 4 or 5 tune -ups 

Increases horsepower 15% Instant starting, any 

Plugs and Points last weather 
50,000 miles Dual system switch 

Fits only 12 volt neg. ground . 

Only $26.95 postpaid 

iri -Star Corporation 
P.O. Box 1727 Grand JuneSon, Colorado 81501 

TV -OSCILLOSCOPE CONVERTER externally adapts TV into 

audio frequency oscilloscope. Into $1 00. Plans $5.00. with 

P C. 512.00. Evolutionics. Box 855 -D, San Rafael, CA 94902 

PROJECTION TV Convert your TV to project 7 Foot pic- 

ture. Results equal to $2.500 protector Tota; cost less than 

$20.00. PLANS & LENS $16 00. Illustrated info. FREE: Mac - 

rocomcb. Washington Crossing, PA 18977. 

TESLA COIL - 40" SPARKS! Plans $7.50. Information 75 

cents Huntington Electronics. Box 2009 -P, Huntington. Conn. 

06484. 

TAPE - SLIDE Synchronizer. multi protector. lap- dissolve 

plans, $5.50. Audiovisual group. $8.50. Millers. 1896 

Maywood. S. Euclid, OH 44121. 

FEBRUARY 1979 

BUILD YOUR OWN 
SYMPHONY 

L OF SOUND! 
It's fun and easy -takes just min- 
utes a day! Complete kits for 
organs, pianos, strings, rhythms, 
amplifiers, synthesizers. Also 
factory assembled. 104 -page 
catalog S2.00 

®WERSI 
Wersi Electronics, Inc. 

Dept. 2D, 1720 Hempstead Road 
Lancaster, PA 17601 

CB HAM HIGH GAIN ANTENNAS. Modulation boosting 

VOX -COMPRESSOR Portable 300MHz COUNTER with 

memory' Plans $3.00 ea. $7.50 all Many others, catalog with 

order. PANAXIS. Box 130 -A2. Paradise. CA 95969. 

FREQUENCY COUNTERS 50 MHZ $59.95. 500 MHZ 

579.95. Flashing LED's St 00. Digital clocks 512.95. Leo 

tronix. Box 42. Madison Heights. Michigan 48071. 

CLAMP -ON DC milliamp & power meter. Build your own 

Measure IC current & power without interrupting circuit 

Schematics. parts & sources lists. comprehensive instruction 

book 511.50. SENSORLAB, Box 9414. Salt Lake. UL 84109 

PRINTED CIRCUIT Boards from sketch or artwork. Kit pro- 

jects. Free details. DANOCINTHS Inc.. Box 261. Westland. MI 

48185 

AUDIO MIXER PLANS. 8 -in 4 -out, EO. 2 &4 channel panning. 

echo send -return. 55.00. Synthesystems. 161 Meadowbrook. 

Martin, TN 38237. 

DOLBY ADD -ON ENCODES DECODES RECORDINGS. 

FM. Quality components. complete kit. Calibration tapes. 

Comprehensive test report. PEF INTEGREX. Box 747. Haver- 

town. PA 19083. 

MUSIC ELECTRONICS HANDBOOKS: Pedals & Effects - 
Synthesizers - Amplifier & Guitar Modifications - Guitar 

Circuits - Pedal & Effect Circuits - $10.00 each Freelance, 

18 Haviland, Boston 02115. 

SUBWOOFER PLANS. Two for only $4.95. COMBO EN- 

TERPRISES. P.O Box 18052D. Minneapolis. Minnesota 

5418. 

SPEAKERPLANS - EASILY build QUALITY speakers with 

out special tools or experience. Our tool proof. illustrated in- 

structions save 50 ° ° -90 on many sizes and designs. Send 

53.00 to SPEAKERPLANS. 275 Main Avenue, Stirling. NJ 

07980 

TESLA COIL RESONANT LIGHTNING TRANSFORMERS. 

50.000 - 5.000.000 Volts. Arcs 100 ". Fully Illustrated Con- 

struction Manual includes 5 Powerful Coil Plans. History. 

Theory, Designing. 25 Experiments. Part Suppliers . Man- 

ual $10.00. Information -Photo $1.00. ASTRO- 

ENGINEERING. 437 W. 19th St.. Costa Mesa. CA 92627. 

TELEPHONES & PARTS 

OMAK PHONE CENTER. All types of telephones -- keyed. 

modular and decorator. Catalog 51.00 (refundable). Master 

Charge & VISA accepted. Box 38. Beardstown. IL 62618. 

(217) 323-3963 

WANTED 

GOLD. Silver. Platinum. Mercury. Tantalum wanted. Highest 

prices paid by refinery. Ores assayed. Free circular. Mercury 

Terminal. Norwood, MA 02062. 

WANTED! CB DEALERS 
AND DISTRIBUTORS 

PAL Antenna Corp. 
>6I4 E AST ADAMS PHOENIX. ARIZONA 85034 

MICROCOMPUTERS 

SAVE MONEY on microprocessors and peripherals. Send for 

our free price list. Star Power Microsystems. 408 Huff toad, 

North Brunswick. New Jersey 08902. 

ALARMS 

QUALITY BURGLAR -FIRE ALARM EQUIPMENT at discount 

prices. Free Catalog! Steffens, Box 624K, Cranford. N.J. 

07016. 

Burglar Firs Smoke 
Alarm Catalog 

TRS -80 MICRO COMPUTERS by Radio Shack° at 15 °° dis- 

count' Also have software for business systems. Micro Man- 

agement Systems. Shopping Center. Cairo, GA 31728. (912) 

377 -7120. 

MUSICAL INSTRUMENTS 

UP TO 60 °° DISCOUNT. Name brand instruments catalog. 

Freeport Music. 114 G. Mahan St., W. Babylon. N.Y. 11704. 

HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges at Discount 

prices for Shure. Pickering. Stanton. Empire, Grado and ADC. 

Send for tree catalog. LYLE CARTRIDGES. Dept. P, Box 69. 

Kensington Station. Brooklyn. New York 11218. For Fast Ser- 

vice call Toll Free 800 -221 -0906, 

TUBES 

RADIO & T.V. Tubes -36 cents each. Send for free Catalog. 

Cornell, 4213 University. San Diego. Calif. 92105. 

TUBES:' Oldies ". Latest. Supplies components, schematics. 

Catalog Free (stamp appreciated). Steinmetz. 7519 -PE Ma- 

plewood. Hammond, Ind. 46324. 

TUBES -RECEIVING. Industrial and Semiconductors Factory 

Boxed. Free price sheet including TV. Radio and audio parts 

list. Transleteronic, Inc., 1365 39th St., Brooklyn, New York 

11218. Telephone: (212) 633 -2800. Toll free: 800 -221 -5802. 

RADIO AND TV TUBES 1938 to 1978 $1.00 ea. PRELLER 

TV. Augusta. AR 72006. (501) 347 -2281. 

TUBES 290 up, no minimum order necessary. Also have ob- 

soletes. Free list, Conelco. Box 632, Trona. CA 93562. 

GOVERNMENT SURPLUS 

MANUALS for Govt Surplus radios, test sets, scopes. List 50 

cents (coin). Books, 7218 Roanne Drive, Washington, D.C. 

20021. 

JEEPS -559.30' - CARS -$33.50! - 200.000 ITEMS! - 
GOVERNMENT SURPLUS - Most COMPREHENSIVE DI- 

RECTORY AVAILABLE tells how. where to buy - YOUR 

AREA - $2.00 - MONEYBACK GUARANTEE - Govern- 

ment Information Services, Department GE -50. Box 99249. 

San Francisco. California 94109 (433 California), 

GOVERNMENT SURPLUS. Buy in your Area. How, where. 

Send S2.00. Surplus. 30177 -PE Headquarters Building. 

Washington. D.C. 20014. 

GOVERNMENT SURPLUS DIRECTORY." Buy 250.000 

items (including Jeeps) ... low as 20 on dollar! Most complete 

information available - $2.00. Surplus Disposal. Box 

19107 -HB. Washington. DC 20036. 

INSTRUCTION 

SCORE high on F.C.C. Exams ... Over 300 questions and 

answers. Covers 3rd. 2nd. 1st and even Radar. Third and 

Second Test. $14.50: First Class Test, $15.00. All tests. 

$26.50. R.E.I.. Inc.. Box 806. Sarasota. Fla. 33577. 

UNIVERSITY DEGREES BY MAIL! Bachelors, Mas- 

ters, Ph.D's. Free revealing details. Counseling. Box 

317 -PE02, Tustin, California 92680. 
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LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details. 
strange catalog free! Autosuggestion. Box 24 -ZD, Olympia. 
Washington 98507. 

GRANTHAM'S FCC LICENSE STUDY GUIDE - 377 pages. 
1465 questions with answers /discussions - covering third. 
second, first radiotelephone examinations. $13.50 postpaid. 
GSE, P.O. Box 25992, Los Angeles, California 90025. 

INTENSIVE 5 week course for Broadcast Engineers. FCC 
First Class license. Student rooms at the school. Radio En- 
gineering Inc.. 61 N. Pineapple Ave.. Sarasota. FL 33577 and 
2402 Tidewater Trail, Fredericksburg. VA 22401. 

1979 "TESTS - ANSWERS" for FCC First Class 
License. Plus - "Self Study Ability Test." Proven! 
$9.95 Unconditional Moneyback Guarantee. Com- 
mand Productions, Box 26348 -P, San Francisco, CA 

94126. 

BROADCAST STATION Start your own. Home. school 
church, business operation Get free equipment, records. De- 
tails free. "Broadcasting'. Box 130 -A2. Paradise. CA 95969. 

PASS FCC 1st. 2nd. 3rd and Radar License Examinations 
using course prepared by noted author -teacher. Workbook 
has example problems with complete solutions Question - 

Answer Manual provides hundreds of practice questions. 
S9.95 each or both Manuals $14 95 Postpaid. Includes Coun- 
selling. Oeffinger, Box 1240. Garden Grove, CA 92642. 

MATHEMATICS. ELECTRONICS. Advanced mathemat- 
ics. Engineering mathematics. Digital Technology. 
Free catalog. IHSI, Box 1189, Panama City, FL 

32401. 

TEACH YOURSELF ELECTRONICS TV REPAIR. Finished 
my $1200 Bell & Howell course & got job. Complete 10- 
volumes literature. Design Console - $400 orb o Halah. RD 
1, Box 164. Yarmouth. Maine 04096. 

FOR INVENTORS 

PATENT AND DEVELOP Your invention. Registered Patent 
Agent and Licensed Professional Engineer. Send for FREE 
PATENT INFORMATION every inventor should have 
Richard L. Miller. P.E.. 3612 Woolworth Building. New York. 
NY 10007. (21.2) 267 -5252. 

BUSINESS OPPORTUNITIES 

I MADE $40.000.00 Year by Mailorder! Helped others make RADIO -TV JOBS ... Stations hiring nationwide, Free details: money! Free Proof. Torrey. Box 318 -NN, Ypsilanti. Michigan ..Job Leads ". 1680 -PG Vine. Hollywood. CA 90028. 48197. 

MECHANICALLY INCLINED INDIVIDUALS 
-WANTED- 

Assemble electronic devices in your home. Get 
started in spare time. Experience, Knowledge or 
Investment Not Necessary. Expect big profits: 
$300 - $600'Wk. Possible. Write for free literature 
telling how. 

ELECTRONIC DEVELOPMENT LAB 
BOX 1560PE, Pinellas Park, FL 33565 

BORROW $25.000 _ OVERNIGHT.- Any purpose. Keep in- 
definitely! Free Report! Success Research, Box 29263 GB. 
Indianapolis. Indiana 46229. 

START YOUR business without cash or credit. Free details. 
Limited time offer. Box 16428, San Diego. CA 92116. 

HOMEWORKERS NEEDED - Stuff Mail Envelopes! Easy 
Income. Send Stamped Envelope Jadeway, Box 186 -A. 
Gaines. MI 48436. 

$1200.00 MONTHLY Correcting Pupils Lessons', Start 
Immediately. Free Report. Send self- addressed stamped 
envelope Home. Box 9201 -SJXK, San Diego. CA 92109 

EARN S1500 Monthly - Easy Home Income Mailing Circu- 
lars!! Free details: Mailhouse. Box ZD- 68403, Portland. OR 
97268. 

$480.00 WEEKLY! Home mailing program Start immediately 
Free Details: ALLTIME. Box 25131 -EP. Tamarac. FL 33320. 

LET ME show you how you can have your own Rubbr Stamp 
business FREE! Write: Roberts. Room RC- 376 -IB. 1512 Jar- 
vis, Chicago. IL 60626. 

EMPLOYMENT OPPORTUNITIES 

ELECTRONICS :AVIONICS EMPLOYMENT OPPOR- 
TUNITIES. Report on jobs now open. Details FREE. Aviation 
Employment Information Service, Box 240E. Northport. New 
York 11768. 

INSTANT CASH COMMISSIONS Full or part time. Free 

sales kit features America's largest line low priced 
Business, Printing, Advertising Specialties, Sign, 
Calendars and other necessities used daily by 

business people. Profitable repeat order. No experi- 
ence. No investment. No collections or deliveries. 
Write today. National Press, Dept. 908, North 
Chicago, IL 60064. 

FREE CATALOGS. Repair air conditioning, refrigeration. 
Tools, supplies. full instructions. Doolin, 2016 Canton. Dallas, 
Texas 75201. 

01° 
PROFITS 

Start home, spare time. Investment, knowledge or 
experience unnecessary. BIG DEMAND assembling 
electronic devices. Sales handled by 
professionals. Unusual business opportunity. 

FREE: Complete Illustrated Literature 
BARTA, Box 248 DN 

Walnut Creek, Calif. 94597 

ELECTRONIC 
ASSEMBLY BUSINESS 

NEW LUXURY Car Without Cost. Free Details! Codez -ZZ. 
Box 6073. Toledo, Ohio 43614. 

GET RICH!!! Secret law erases debts. Free report exposes 
millionaire'$$ secrets. Blueprints. No. EE2, 453 W. 256, NYC 
10471. 

MECHANICALLY INCLINED individuals desiring ownership 
of Small Electronics Manufacturing Business - without in- 
vestment. Write: BUSINESSES, 92 -K2 Brighton 11th, Brook- 
lyn, New York 11235. 

MILLIONS in Mail!!! Free Secrets. Transworld -17, Box 6226. 
Toledo, OH 43614. 

ESTABLISH YOUR OWN Profitable Mail Order Business! Ev- 
erything supplied. Michael -W, 46 Tanager Rd., Monroe, N.Y. 
10950. 

EARN $1,000 MONTHLY sparetime, homework, -Guaran- 
teed." Free details. Write: UNICORN, ZD2.1140 Chelton. 
Colorado Springs, CO 80910. 

EARN $1000 stuffing 1000 envelopes! Free Details: D. 
Fraser, 208 So. 4th, De Soto, MO 63020. 

VINYL'S WHERE THE MONEY IS! Professionally repair, re- 
finish, recolor furniture, luggage. car tops, Quick, easy. Two 
small $20 jobs a day earn you $1,000 a month. Homes, cars, 
offices, restaurants, unlimited customers. Start earning after a 
few days practice. Sensational details Free. VIP. 2012 Mon- 
trose, Chicago 60618. 
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MAJOR NY publisher has IMMEDIATE opening for freelance 
acquiring editor ELECTRONIC handbooks, troubleshooting 
manuals, texts Qualified candidate should have successful 
publishing record. good leads to other tech writers. heavy 
publication copy editing experience. Resume Box 203, 
POPULAR ELECTRONICS, Classified. 1 Park Ave., N.Y.. 
N.Y. 10016. 

BOOKS AND MAGAZINES 

FREE book prophet Elijah coming before Christ. Wonderful 
bible evidence, MEGIDDO Mission, Dept. 64. 481 Thurston 
Rd.. Rochester, N.Y. 14619, 

POPULAR ELECTRONICS INDEXES For 1977 now avail- 
able. Prepared in cooperation with the Editors of "P'E." this 
index contains hundreds of references to product tests, con- 
struction projects, circuit tips and theory and is an essential 
companion to your magazine collection. 1977 Edition, $1.50 
per copy. All editions from 1972 onward still available at the 
same price Add $.25 per order for postage and handling. 5.50 
per copy. foreign orders. INDEX, 6195 Deer Path. Manassas. 
Va.22110. 

SELL BOOKS by Mail. For Big Profits! Michael. Box 738 -W, 
Monroe. NY 10950. 

PUBLISH YOUR BOOK! Join our successful authors. Public- 
ity. advertising. beautiful books. All subjects invited. Send for 
fact -filled booklet and free manuscript report Carlton Press. 
Dept. PEB. 84 Fifth Ave.. New York. NY 10011. 

LEARN ABOUT TOMORROW TODAY, Send for free 72- 
page catalog of books. periodicals. tapes. and other informa- 
tion about the future World Future Society. Dept. EL. 4916 St 
Elmo Avenue. Washington. D C 20014. 

HOBBIES 

DISCOVER RADIO COLLECTING - New fun in old 
radio sets! Beat the crowd to this fast -growing 
hobby. Free information from Vintage Radio, Box 

2045, Palos Verdes, CA 90274. 

HYPNOTISM 

FREE Hypnotism. Self -Hypnosis. Sleep Learning Catalog! 
Drawer H400, Ruidoso. New Mexico 88345. 

PRINTING 

QUALITY PRINTING Good prices. prompt service. Free 
catalog. Deep South. Dept. E, Clinton. Mississippi 39056. 

MOVIE FILMS 

WHOLE MOVIES AT HALF PRICE, Three terrific classic 
comedies starring Laurel and Hardy, W.C. Fields or Buster 
Keaton on sale now. Outstanding values. Uproarious fun. 
Send $1.00 for information and sixty -eight page Film Catalog 
listing comedies, westerns, dramas, horror and others. (Or 
send St 00 for Video Catalog with more than 140 titles.) Write. 
Blackhawk Films, Dept. 4728 Davenport, Iowa 52808. 

DO -IT- YOURSELF 

MODULAR TELEPHONES now available. Sets and compo- 
nents. compatible with Western Electric concept. Catalog 50 
cents. Box 1147W. San Diego, California 92112. 

AUDIO. ANALOG SYNTHESIS. Plans. parts. kits, etc. for the 
most exciting sound projects ever. Get on our mailing list. 
send 254 to: CFR Associates Inc., Newton, N.H. 03858. 

COMPLETE LINE Security Systems for home, Busi- 
ness, Send self addressed, stamped envelope. Dar - 
bar, Box 1147E, San Diego, CA 92112. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international corre- 
spondence, illustrated brochure free. Hermes -Verlag. Box 
110660/Z, D -1000 Berlin 11. Germany. 

REAL ESTATE 

BIG .. FREE . . SPRING CATALOG! Over 2.600 top values 
coast to coast!! UNITED FARM AGENCY. 612 -EP, West 
47th, Kansas City. MO 64112, 

RUBBER STAMPS 

RUBBER STAMPS, BUSINESS CARDS. Many new prod- 
ucts. Catalog. Jackson's. E -100, Brownsville Rd., Mt. Vernon, 
III. 62864. 

MOTION PICTURE FILMS 

ENJOY THE NEW YEAR with. Science Fiction Films' Fran- 
kenstein: Creature With An Atom Brain. Thrillers: Marlon 
Brando. On The Waterfront:" Strait- Jacket- - each 400' 
S -8 B &W Snd Our price, 534.95 ea (reg. price $43.95), add 
$1 ea for shipping. Sports Specials: Old Man Par (The Bobby 
Jones Story) & King of Diamonds (all about Lou Gehrig) - 
300' S -8 B &W Snd. $19 95 ea (save $4.). add 908 ea for 
shipping. Fabulous Harlem Globetrotters, $29.95 PPD 200' 
Color/Snd (reg $32.1. The Queen Boxer (female Bruce Lee). 
S -8 Color 400' Columbia Sound Feature. $44.95 (save StO.I. 
Penny Pinchers '79:Olympic Films, XXth Olympiad. Gymnas- 
tics (Olga Korbut), Aquatics (Mark Spitz): Track & Field (Jim 
Ryun): Competitive Sports (Inc!. USA USSR basketball) 
boxing. wrestling. volleyball. each 200' St 8 Color. only $8.95 
ea while they last (can be shown on dual 8 projector). Univer- 
sal 64 -pg catalog. $1.10 (foreign $2.20). Columbia. Sportlite 
Films, Universal. Ring Classics order forms 402 ea with flyers. 
SPORTLITE FILMS. Elect -2 79. Box 24-500. Speedway. IN 
46224. 

MISCELLANEOUS 

MPG INCREASED! Bypass Pollution Devices easily. RE- 
VERSIBLY!! Free details - Posco GEE2. 453 W. 256. NYC 
10471. 

POEMS. SONGS WANTED. Songs recorded - published. 
Radio released. Broadway Music Productions. Box 7438 -CM. 
Sarasota, FL 33578. 

MAGNETS. All types. Specials -20 disc, or 10 bar, or 2 stick or 
8 assorted magnets. $1.00. Magnets, Box 192 -H, Ran - 
dallstown, Maryland 21133. 

POPULAR ELECTRONICS 
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Popular Electronics 
ADVERTISERS INDEX 

READER 
SERVICE NO. ADVERTISER PAGE NO. 

1 Active Electronics Sales Corp. 99 
2 Ado Electronics Industrial Co. Ltd. .115 
3 Ancrona Corp. 111 

4 Antenna Incorporated 10, 11 

22 Antenna Specialists Co. 25 
6 Apple Computer ... FOURTH COVER 
7 A P Products Incorporated 69 
8 Audio -Technica U.S., Inc. 83 

9 B & F Enterprises 104 
10 B & K Precision, 

Dynascan Corporation 6 

Chaney Electronics 115 
Cleveland Institute of 

Electronics 16, 17, 18, 19 

11 Cobra, Products of 
Dynscan SECOND COVER 

58 Communications Electronics 109 
12 Consumers Company 79 
13 Continental Specialties Corporation 21 

CREI, Capital Radio 
Engineering Institute .52, 53, 54, 55 

14 Digi -Key Corporation 96 
Digital Research Corp. 105 

15 DS! Instruments, Inc. 62 

16 EICO 51 

17 Electronic Systems 100 
53 Electronics Book Club 33 
46 Electronics Book Service 61 

Fisher Corporation 15 

56 Fluke 27 
19 Fordham Radio Supply 111 

57 General Engines Company 115 
GNF Industries, Inc. 95 

20 Godbout Elec., Bill 109 
21 Grantham College of Engineering ...51 

5 Heath Company 89, 90, 91 

23 Hickok Electrical Instrument 7 

24 Hobby World 109 

25 IE Integrated Electronics 104 
26 Illinois Audio 81 

27 Integrated Circuits 97 
28 International Components Corp. ... 105 
59 International Electronics Unlimited 109 

29 J & R Music World 85 
30 Jameco Electronics 102, 103 

JS & A National Sales Group .1, 8, 9, 13 

31 Kedman Company 81 

32 M &R Enterprises 
33 Maxell Corp. of America 
34 McIntosh Laboratory Inc 

Micro Computer Mart 
35 Mini Micro Mart 

88 
2 

39 
94 
84 

36 National Camera Supply 87 
National Technical School 70, 71, 72, 73 

37 Netronics R & D Ltd. 93 
38 Netronics R & D Ltd. 84 
39 New -Tone Electronics 110 

NRI School 34, 35, 36, 37 

40 Ohio Scientific Instrument 5 

41 Olson Electronics 111 

42 PAIA Electonics, Inc. 
43 PAL "Firestik" Antenna Corp. 
44 Percom Data Company, Inc. 
45 Poly Paks 
47 Professional Aids 

48 Quest Electronics 

87 
85 
60 

106 
60 

98 

Radio Shack 23, 101 

Sabtronics International, Inc. 56 
55 Shakespeare Company . THIRD COVER 
49 Shure Brothers Inc. 29 
50 Solid State Sales 104 
51 Southwest Technical Products Corp. .79 

Speakerlab, Inc. 84 
52 Stanton Magnetics, Inc. 31 

54 U.S. Pioneer Electonics 40 

FEBRUARY 1979 

FUN AND FREEDOM 

Electrify 

Your 

Bike! 
Ride away with your own silent excit- 
ing electric dril'esystem. New patented 
non -polluting Pedalpower installs in 
minutes on the front wheel of any 
Bike or Trike. Allows easy pedaling 
when desired. Over 20,000 sold. 
Powered by latest 12 -volt battery. 
Recharges at home. Ride 100 miles for 
a dime. Be independent! Improve 
your health! Enjoy the outdoors! Sim- 
ple single lever control allows you to 
go where you want to, when you want 
to. Rebate plan and Senior Citizen 
time payment plan available! MONEY 
BACK GUARANTEE. Save $15.00 - call 
toll free: 800- 257 -7955` - or send 
today for $15.00 coupon and free illus- 
trated booklet. Added bonus: 
Receive free information on complete 
line of Electric Cars, Electric Bikes and 
Trikes. General Engines Co. 

Save 5223 Mantua Blvd. 
$15.00 Sewell, NJ. 08080 
ln NJ Alaska. or HI Call Collect: ( 60 1 46s -02'0 

CIRCLE NO. 57ON FREE INFORMATION CARD 

DIRECT FROM JAPAN'S BIGGEST ELECTRONICS SUPPLIER 

ót 

TV, RADIO, STEREO, SPARE PARTS DIP IC TEST 
KITS (weh beautiful fitted case/ CLIP 16P 

ANSreTOU 
A yFl66 sue.,es 52/500 
B 114sper.es123RCS1 S22500 

DIODE SA 
S40 U IC Set 12, 

t.HSOI r4)9Prs! 51W00 

$300 4 

EXTRA LENGTH TEST CLIPS 

NEW 

114.; c ,v, rn E3eacn BLACK 

'Queries aria orders should be sent direct to Ado Electronic, Jauan' 

ADO ELECTRONIC INDUSTRIAL CO.,LTD. 
Cain, C te/Cee Bldg 10.7. Solokenda 3 cnon,e. Chiyoda- SU. Tokyo 101, Japan 

Tele. 0222 4750 ADO 1. Tel. 03 253 8303 Cable MIDRAINCO TOKYO 

CIRCLE NO. 2 ON FREE INFORMATION CARD 

NATIONAL EMERGENCY ALARM REPEATER 

TcN.ADE 1GR T..E U.S. 
WAR', OF NUCLEAR 

WAS '0 '-E PLUGGED INTO 

,EILET AND WAS TO SOUND 
AN" SWI-CHEO FROM cD 

,.TA''.S PELAN, TI "ER /NOISE 
DE, REED 

L'.FAND NEW IN FLOES, 

.;x. SIZE: 
DELIL,TL 

L__v $3.95 

GE FAST CHARGE Nicad Pack 

CONTAINS ' SERIES L NNECICI AA SIZE CELT S 

EAC RATED 1.2'. Al 5GOMA LAN SE GUT 

AFAR' 0H USED AS A PALK. Ii EC,. ARCE ,,ESE IN 

II5TUIE RELAY 

2.00 

SLA-1 

4 for 52.OU 

150 Watt Seconds 

STROBE TUBE 

3443 

$ 3.95 
MOTOR/MI CRP/ CALCULATOR 

350 mf 330V wo BOARDS 
WITH DISPLAY 

720 mf 360V 1.50 - LESS KEYBOARD 

1600 mf 360V 52.25 
AND CASE (AS 
is) $1.50 - - - 

SEND FOR YOUR 

FREE 

1979 CATALOG 

neOe TUlL $ tl 

o C22874 

L 

$2 

' " -OUNO 

Speaker 
ámP 
23065 994 

V.O.X. 16'hIM 

L21. , 

99`: 

1402212121 

--r-- 
.:: 

Crystal 
Oscillator 
14.04 Mhz 

1.98 

2N5143 PNP 
Plastic case 
C22971 

12 for $1 

B Nu ¡¡ 
TRIGGER { 
<au 2 fee es 

53.9s 

Grn Noon 

w 
R a f% 

E'w.A 
6J 

:::,::',;n7;0 

6,,, Etffi .. _ 
AMT. 

,...o. . EMI . r Aoo ,ya 

MINIATURE .S M, 298V 
CAPACITOR* 

10 for S1 

LED . 
PRESS it 

12 for $1 022707 

LAKE 
Zao VOL 
.NAM. 

Hex Nuts 

tarots 

C2272,1 

30 for 51 

Electronic Warning Floe1 

°me2cA:°"'°A7 

GO Vó. 

w 
.. e.l cnyoT'8.95 

vmlpuó.... 

Kit 

STROM TUBE RUM 
Brand new ISO 

Tory `e- 
5sbe tubes 023280 nrtment of C$2332.800 

A5 

tubes. 
/ sr hems 

AMAZING EAIaA0I0 
THIS 15 PROBABLY THE WORLD'S SMALLEST 

RADIO. le WEIGHS ONLY 1/2 OUNCE AND IS 

WORN BEHIND THE EAR. CONTAINS AN IC AND $ 5.95 
SEVERAL DISCRETE DEVICES TO GIVE AN EQUI- 

VALENT OF 12.TRANSISTORS. THE RADIO HAS A T.R.F. 

DESIGN OPERATING FROM 1 STANDARD S13E 1.5V 

HEARING AID OATTERO (INCLUDED). IT PROVIDES 

GOOD VOLUME TO EARPHONE ON SEVERAL STATIONS IN 

METROPOLITAN AREAS. DOESN'T REQUIRE ANY ANTENNA, 

GROUND OR OTHER ADDITIONAL WIRES - FULLY SELF 

CONTAINED b TUNABLE. SIZE: 1 l /81xl 1/48x3/811. 

TIOURTURE 

7/16 

7Bw <34 
C2322 J S 1.00 

w 

49' 

v! 

510V 

BATTERY 

$ 9.99 

WAFER THIN COPPER 
CLAD OLAFE EPDXY 
WARM 

508 1_ 

SOLID CARBIDE 
PC DRILL BITS 

S 1.50 
ULTRA MINIATURE 3,5 -11 pp 

ADJUSTABLE 
1 S 

CAPACITOR ° 3 for 1.49 

100M PROTORNN Kit 
SIMPLE TO ASSEMBLE KIT 

INCLUDES PRE -ASSEMBLED 
CIRCUIT BOARD, CAPACITOR, 
FLASHTUBE, REFLECTOR, 
SWITCH AND HOOKUP DIAGRAM. 
LESS CASE, BATTERY HOLDER, C23435 
AND BATTERIES (OPERATES ON $2.95 
2 AA CELLS). GUIDE #28 AT 

ASA 25. 

la' /TAME MUTTER CORO 

CHANEY 
electronics 

Minimum order $5.00 
Please include S1 for postage 
Visa, MC and COD accepted. 
Phone orders are welcome. 

PO BOX 27038. DENVER .CO 80227 Ph 303- 711 1.57511 

Send 101 our FREE GIANT CATALOG of unique Hems :" ' 
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ELECTRONICS wcixn" Personal Electronics News 

Instant In -Store Audio Comparison 
An audio salon in Kansas City (David Beatty Stereo) 
provides its customers with a real opportunity to com- 
pare live music with the same music recorded and 
played back on components the dealer has. A live music 
concert -the premier performance was by a jazz trio - 
is given in a central store area. Surrounding this area are 

track tape and assembly editing of 32 tracks onto a four - 
or two -track master. Development of the system has 
been a joint effort of 3M and Inter -Technology Ex- 
change, Ltd. 

For Robot Enthusiasts 
"Robotics Newsletter," a monthly periodical for ama- 
teur and professional robot enthusiasts, presents arti- 
cles on microprocessors, batteries, motors, sensory de- 
vices, automata theory, bio- physical analogs, etc. Year- 
ly subscriptions are $8 from International Institute for 
Robotics, Box 615, Pelahatchie, MS 39145. 

Signature Verification 
An experimental signature verification system devel- 
oped at IBM's Research Division may someday be used 
to control access to sensitive data, devices or locations. 
The system does not "read" handwriting as such, but 
compares data obtained from a pen's acceleration 

acoustically isolated sound rooms, to which the music is 
fed and heard from various speaker systems. The per- 
formance is also taped on an 8- channel recorder, using 
four different pairs of microphones, so that recorded 
comparisons can be made later on playback equipment. 
It is hoped that the comparison experience will give cus- 
tomers a first -hand feel for the problems of recording 
and aid them in decision making when purchasing audio 
equipment. 

Prerecorded VCR Movies 
An RCA survey revealed that approximately one of five 
owners of video cassette recorders purchase prerecord- 
ed cassettes, most of them being feature movies. It is 
estimated that 85 percent of the owners of prepro- 
grammed cassettes have bought feature movies, with 
"adult" movies a distant second at 12 percent. 

Editing Digital Tape Recordings 
An electronic editing system has been designed to com- 
plement tape recordings made on the 3M Digital Master- 
ing System. Rather than physically joining pieces of 
tape, the system copies the electronic digital signals in 
selected sequences to create a master. While esthetic 
selection is under control of a record producer, execu- 
tion of the actual copying is controlled by a micro- 
processor. The operator listens for appropriate edit 
points, stops the tape, and views a graphic representa- 
tion of the sound on a video screen. After satisfactory 
matching of sound and graphic representations, the 
time -encoded points on the tape are registered in the mi- 
croprocessor for later automatic synchronism when the 
copying sequence occurs. Edit capabilities include the 
insertion of live music on a previously recorded multi- 

(changes in speed and direction) and pressure with simi- 
lar information stored by a computer. Studies have 
shown that rapid handwriting patterns are consistent 
and beyond deliberate control. In a field test of the sys- 
tem, 2907 of 2948 verification attempts were accepted 
and 490 of 492 forgery attempts were rejected. 

Car Audio Sales 
It is reported that the U. S. Justice Department is look- 
ing into the practice of automobile manufacturers' offer- 
ing car radios, tape players, and other audio compo- 
nents as standard equipment. By providing the audio 
systems as standard equipment, officials said that the 
buyer is deprived of an opportunity to choose what he 
wants for a new car. It's alleged by some radio and tape - 
machine industry spokesmen that auto dealers price car 
sound equipment far higher than sold by retail outlets. 
The investigation on whether the Sherman Act or Clay- 
ton Act is being violated is expected to last several 
months. 
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The Great ßreakthru! 
Com uter Engineered 
Duo-Phased 
Performance! 

I 

a 
Powerwave 
of Base Loaded 
Antenna 

Powerwave 
of Top Loaded 
Antenna 

NEW LONGER RANGE! 
NEW TALKPOWER! 
NEW STRENGTH! 
NEW MOUNTS! 

Powerwave 
of Shakespeare's 
Two Load', Antenna 

Black or W LfLI-NQ ! 

Two Load'!" Antenna 

Style 5000-113 Trunk 

Lid Mount with 
"Duo- Phased" loading. 

Shakespeare's computer engineered 
Two Loadm'Antenna doubles the advantage 

of both base and top loaded antennas. Base 

loading means low SWR. Top loading gets 

the signal out! With loading coils stacked 
and co- phased in the vertical mode, the 

Shakespeare Two Load multiplies your signal 
in all directions...power up to get out over 

the top of nearby interference...power down 
to ensure superior performance and low SWR 

Big New Bonus in 
Reach and Range 
TIP LOAD...the top loading coil is com- 

pletely encased in Shakespeare's 
exclusive fiberglass process. No bulge. 

No lump. No exposed coil. And the sleek, 

thin design stays erect at highway speeds. 

BASE LOAD...the Shakespeare base loaded 

coil is your booster...promising extra per- 

formance and delivering a true power match. 

PLUS...the new sculptured chromed 

trunk mount that has Detroit cheering. 
With built -in electronics. A moulded 

rubber shield to protect your car's 
finish. And the new Spin -Off /On 
Feature lets you laugh 

at the guys at the car wash. 

The stud is stainless...the 
housing sealed...making 
the entire unit moisture 
proof and completely 
corrosion resistant! 

1979 The Shakespeare Co 

ELECTRONICS AND FIBERGLASS DIVISION 
Antenna Group /P 0 Box 246. Columbia. S.C. 29202 

The Shakespeare Company /Manufacturers of Communications Antermas. Marine 

Electronics, Fishing Tackle, Industrial Fiberglass, Lighting Poles, Wonderthread and 

Specialized Monofilaments. Golf Equipment, Automotive Products. Saddlery and 

Equestrian Accessories 
CIRCLE NO 55 ON FREE INFORMATION CARD 
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Hove to buy 
a personal computer. 
Suddenly everyone is talking about personal computers. 
Are you ready for one? The best way to find out is to 
read Apple Computer's "Consumer Guide to Personal 
Computing." It will answer your unanswered questions 
and show you how useful and how much fun personal 
computers can be. And it will help you choose a 
computer that meets your personal needs. 

Who uses personal computers. 
Thousands of people have already discovered the Apple 
computer - businessmen, students, hobbyists. They're 
using their Apples for financial management, complex 
problem solving -and just plain fun. 
You can use your Apple to 
analyze the stock market, 
manage your personal 
finances, control your 
home environment, and 
to invent an unlimited 
number of sound and 
action video games. 
That's just the beginning. 

What to look for. 
Once you've unlocked the 
power of the personal 
computer, you'll be 

using your Apple in ways you never dreamed of. 
That's when the capabilities of the computer you buy 
will really count. You don't want to be limited by 
the availability of pre -programmed cartridges. You'll 
want a computer, like Apple, that you can also program 
yourself. You don't want to settle for a black and white 
display. You'll want a computer, like Apple, that can 
turn any color tv into a dazzling array of color graphics.* 
The more you learn about computers, the more your 
imagination will demand. So you'll want a computer 
that can grow with you as your skill and experience 
with computers grows. Apple's the one. 

How to get one. 
The quickest way is 
to get a free copy of 
the Consumer Guide 
to Personal Computing. 
Get yours by calling 
800/538 -9696. Or by 
writing us. Then visit 
your local Apple dealer. 
We'll give you his name 
and address when 
you call. 

'Apple 11 plugs into any standard TV using 
an inexpensive modulator (not included). 
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In California call (408) 996-1010 
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