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ißt and the Apple. 
If you could talk to Thomas Edison, 

he'd tell you what it was like to turn the 
lights on in 1879. You could tell him about 
some bright ideas of the 20th century... 
particularly, a technological phenomenon 
that can handle everything from solar heat 
control to lighting your home via voice 

command. The Apple personal computer. 

Expand your own 
inventiveness with the 
always expandable Apple. 

Take a look inside your local computer 
store. There's a range of Apple systems 

for you...whether you want expansion 
capabilities of four or eight accessory 
slots... or memory expandable to 64K 

bytes or 128K bytes. With this kind of flexi- 

bility, the possibilities for creating your 
own computer system are endless. 

Want to add an A to D conversion 
board? Apple makes it happen. Want to 

plug into time sharing, news and elec- 

With Apple, Edison could've written a 
program to determine why some filaments 
burned longer than others. 

Ironic mail services? Apple does it all. 

Because Apple is the most popular per- 

sonal computer with the least complicated 

interface, over 100 companies supply 

peripherals for the Apple family...includ - 
ing an IEEE 488 bus for instant control. 

Disk drives, a tool kit 
and creativity in color. 

Apple was one of the first to use 

disk drives for increased performance 
and application versatility. Today, our 5 ; " 

disk drive offers high density (143K bytes 

high speed and low cost. No 

wonder this drive is the most 
popular on the market. 

But now Apple goes one 
better with the DOS Tool Kit. 

A series of utility programs, 
it gives you the freedom to 

easily design 280hx192v 
graphic displays in a palette 
of living color... depending 
on your choice of Apple 

system. 

Edison was first with the 
movie camera and projector. 
Now, with Apple's DOS Tool 

Kit, you can be first to work 
wonders with colorful 
creative animation. 

Imagine the 
broadest line 
of software 
programs ever. 

Apple's broad line of 
peripherals is equalled only 

Edison had the first movie 
camera... and Apple has 
the DOS Tool Kit that takes 
you into the colorful world 
of animation. 

by the most extensive line of software 
you'll find in the personal computing 
world. Since more than 170 companies 
offer software for the Apple family, you 

can have one of the most impressive 
program libraries ever. 

When you write your own programs, 
your Apple speaks creatively in BASIC, 

Pascal, FORTRAN, PILOT and 
6502 assembly language. 
Use these languages to score 
a sonata. Apple will play 

back your musical master- 

piece on its built -in speaker. 
Edison listened to his 

voice on a revolutionary 
phonograph in the 1800s... 
now you can listen to the 

sounds of today with Apple's 

inventive family of personal 
computers. 

Where to find even 
more illuminating 
Apple experiences. 

There's always something 
new being invented at Apple to 

set your imagination soaring. 
And there's always an expert 
to tell you all about it in 

detail. Your Apple dealer. If you 

already own an Apple, there's 

a whole future ahead to 

challenge man, mind and machine. 

If you're considering a personal com- 

puter, stop by the computer store and 
compare. Apple's reliability, proven perfor- 
mance and recognized technological leader- 

ship will help you see the light. Don't 

let history pass you by. Visit your nearest 
Apple dealer, or call 800-538-9696. 
In California, 800 -662 -9238. 

("apple computer 
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TRS -80* Computer Compatible ... 

Quality is the real difference. 
Low price is merely a dividend. 

High quality. 
Competitive pricing. 
And a proven track record. 

Three reasons why Percom is the industry's 
number one independent manufacturer of 
mini -disk systems for microcomputers. 

And if you're looking at 
mini -disk drives, extra storage 
capacity is an added 
bonus. 

In fact, you store 
almost one fifth more 
data on Percom 
TED - 100ír" drives and 
over two -and- one -fourth 
times as much on 
TED-200" drives. 

Besides extra testing 
and superior design. you get 
free, with each system, a software 
patch on minidiskette that not only 
upgrades TRSDOS* for operation wit1 
the newer 40- and 77 -track drives, but 
also deglitches version 2.1. 

Available in 1 -, 2- and 3 -drive 
configurations, Percom drives for the 
TRS -80* computer start as low as $399. 

CIRCLE NO. 57 ON FREE INFORMATION CARD 

The gift of speech 

Called 
Speak -2 -Me- 
2tm this clever 
interface 
module makes 
a Texas 
Instruments' 

Speak & Spellt the voice of your 
computer - announcing, imploring, 
commanding with expressions and 
sentences created from the Speak & 
Spellt vocabulary. 

Speech is controlled either at the 
keyboard or by your own Level II 

BASIC programs. Or by Percom 
minidiskette word games 
(available soon). 

Speak -2 -Me -2ír" 
is installed in the 
battery 
compartment of 
your Speak & 
Spellt, and power is 
provided from an 
ordinary calculator power 
pak. Supplied with an 
interconnecting cable, 
operating software and a 
comprehensive users manual, 
Speak -2 -Me -2ít" costs only 
$69.95. (Speak & SpellTM not included.) 

the Separator ,: Er d "CRC 
error. Track locked out!" 

This plug -in 
adapter 
virtually 
eliminates data 
read errors, a 
problem that 
plagues 

TRS -80* computer systems. The 
SEPARATOR'', so called.. is Installed in 
the Expansion Interface without 
modifying the host system. When 
installed, data and clock signals are 
reliably separated during playback, an 
essential function that the separator 
circuitry of the host computer performs 
very poorly. Price is only $29.95. 

Note. Opening the Expansion Interface 
may void the Tandy limited 90 -day 
warranty. 

CIRCLE NO. 59 ON FREE rNFORMATOON CARD 

CIRCLE NO. 58 ON FREE INFORMATION CARD 

OS -80'" uses Level H 
BASIC commands 

Wth OS- 80", Level II BASIC 
commands are used for DOS and Disk 
BASIC functions. 

You extend the OS -80ít" utility set 
indefinitely with your own BASIC 
disk- resident utilities. 

OS -80ím resides in less than 7- Kbytes 
of RAM. 

The program is supplied on 
minidiskette along with a simple file 
manager,BASIC disk utilities and an 
OS -80ír" "Handbook" that you expand 
and maintain. 

All are helpful programming 
examples. 

Price, with instruction manual, $29.95. 

NEW! OS -80`m 

Machine Language 
SAVE / LOAD 

Utility. Only 

$19.95 on 
w,instructions. 

...- 
minidiskette 

CIRCLE NO. 600N FREE INFORMATION CARO 

Quabty Percom products are available at Percom dealers nationwide. 
Call Percom's toll -free order number, 1- 800 -527 -1592, 
for the address of your nearest dealer or to order direct. 

PRICES AND SPEOF1CATIONS SUWECT TO CHANGE WIT, -OUT NOTICE. 

PERCOM DATA COMPANY, INC. 
211 N. KIRBY GARLAND, TEXAS 75042 

(2141272 -3421 

`r, trademark of Pet com Data Company. Inc. 

' trademark of Tandy Radio Shack Corporation which has no relations(ip to Percom Data Company, 
trademark of Texas Instruments. Inc. 
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SC -2 gives 
your cartridge 

more than 
The Finger! 
The famous SC -1 stylus 

brush (standard of the record 
and hifi industries) now has a 

synergistic fluid called SC -2. 
SC -2 Fluid enharces and 

speeds cleaning and yet 
protects diamond adhesives, 
cartridge mounting polymers 
and fine -metal cantilevers 
against the corrosive effects 
of many other "cleaners." 

The Discwasher SC -2 
System. Stylus care you can 
finger as clearly superior. 

i scwasher" 
PRODUCTS TO CARE FOR YOUR MUSIC 

1407 N. Providence Rd. 
Columbia, Missouri 65201 

CIRCLE NO. 23 ON FREE INFORMATION CARD 
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Editorial 

Fall Electronic Product Preview 
ANOTHER summer Consumer Elec- 

tronics Show has passed. As in other 
years, manufacturers introduced their up- 
coming products to dealers, giving us an ear- 
ly view of what stores might carry in the fall 
and winter. Unlike other times, however, 
there were fewer design innovations around 
to excite us. Here are some of the more inter- 
esting new developments. 

In TV, Zenith showed a "Space Phone" 
device that allows a color TV set to be used 
as an extension telephone. Offered on five 
upcoming color TV models, the system al- 
lows an incoming phone call to be switched 
by the set's remote control to the TV model's 
speakers, while an activated built -in micro- 
phone permits anyone present to talk to the 
caller. Sanyo showcased a 19" color TV 
receiver with two 5" black and white screens 
built in on one side so that viewers can moni- 
tor other channels or use the smaller screens 
for security purposes. Front -loading tape 
came to video cassette recorders with Sharp 
Electronics' new six -hour VHS Model VC- 
7400, perhaps portending a trend. And 2 "- 
and 3 " -TV /radio /cassette portables were 
plentiful. 

In the computer field, Lexicon, the com- 
pany that launched the first language trans- 
lator (now marketed by Nixdorf) introduced 
an attractive 300 -baud. acoustically coupled 
modem with a battery -powered option. APF 
Electronics displayed its personal computer 
with an add -on mini -floppy. System retail 
price? $995! Ohio Scientific debuted its new 
C8P -HD personal computer system that has, 

among other features, a voice recognition ca- 
pability of several hundred spoken words. 
Moreover, a hard disk is used to store the 
phonetic representation of the 3500 most 
common short words in the English lan- 
guage. Nixdorf introduced its portable data 
terminal at the show, too. And Panasonic 
displayed its RL -H 1000 hand -held comput- 
er system, which uses a 6502 CPU. A new 
structured software system, SNAP, was de- 
veloped for the computer. Micro -memory 
capsules are used. Further, the 23/4" x 15" x 
8" system incorporates a keyboard, mini - 
printer and acoustic coupler! 

There were electronic games, wrist- 
watches and telephone systems galore. Ca- 
sio's "Melody" wristwatch model caught our 
ears. The timepiece has seven different mu- 
sical alarms, one for each day of the week. 
Moreover, the watch has a date memory for 
playing selected tunes. As a result, the user 
can select Happy Birthday or the Wedding 
March as a reminder when such an event's 
day is reached. In the telephone product 
area, Universal Security Instrument's "In- 
telliphone" was demonstrated to show off its 
sophisticated features, such as storing 11 

numbers in memory, automatic redialing of 
a busy telephone number for up to ten min- 
utes, HELP button for instant emergency 
dialing, and resettable elapsed timer, among 
other functions. 

For public- service band buffs, there was 
Antenna Inc.'s new all -band "Persuader" 
scanner indoor antenna ($11.95), a welcome 
hideaway device said to outperform the little 

telescopic antenna supplied with scanners. 
Walking through the aisles we spotted Ro- 
bins Industries' "Whistle Stop" cassette 
head demagnetizer. It emits a whistling tone 
when it's demagnetizing. The maker claims 
that the job is done when the whistle ceases 
after four to six seconds. We also noted 
ITT's new one -piece pushbutton telephone, 
which slides open to engage the line and is 
squeezed closed to hang up, making for a 
tidy compact package. 

Hal Rodgers observed that updates in au- 
dio amplifier technology were few. One of 
the exceptions was in Sony's high -end Esprit 
series, with a power amp that works in a 
modified Class A and uses no output -to- 
input negative feedback. Standing out 
among speakers was the $20,000 Infinity 
Reference System. Each column (there are 
two per side) measures 71/2-feet high. They 
contain six 12" woofers each, driven by 1.5 
kW of amp power. The tweeter /midrange 
columns each contain 36 electromagnetic in- 
duction tweeters and 12 similar midrange 
drivers. Hal said that the cannon shots from 
Soundstream's digital tape of Tchaikovsky's 
1812 Overture were enough to set your 
clothing flapping. 

For the most part, the rest of audio tech- 
nology at CES came down to the addition of 
memory, more digital readouts, and micro- 
processor control. Perhaps the most elabo- 
rate product in this area was the dbx 20/20, 
a 6502- CPU -based equalizer. Using its in- 
ternal pink -noise source, it will automati- 
cally equalize a room to the flattest setting 
achievable with 10 bands of EQ. It also "re- 
members" different settings that can be 
called up at the touch of a button. 

While, the microprocessor continues to 
spark new developments -even new indus- 
tries -the more mature section of the indus- 
try concentrates on convenience and styling. 
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Videocassette 

Movies 
in your own 

honte 
dati FromTheVídeo Club 

ht Q... of America 

You can choose from 
over 300 of the most -wanted 
videocassette movies and programs 
on the market today when you join 
THE VIDEO CLUB OF AMERICA. 
The quality is tops; you can purchase a full - 
length film for as little as $44.95; and it costs only 
$10 to join the Club for a lifetime. THE VIDEO 
CLUB OF AMERICA is a convenient source for 
all your video needs -including blank video- 
cassettes and accessories. You'll receive only 
those items you specifically order AND YOU 
ARE NEVER OBLIGATED TO BUY. So why not 
send your membership order today? Join immedi- 
ately and you'll receive a special "2 -for -1 coupon" 
entitling you to a FREE videocassette with the first one you 
buy of equal or greater value! As a member you'll also 
receive our 38 -page, full -color 1980 Program Catalog (VHS 
or Beta -II formats available). 

Extra Club benefit: 
"Unadvertised Weekly Specials" 
You'll be eligible to phone in for weekly Video Club "Unad- 
vertised Specials" like 2 videocassette movies for $50, or a 
free blank videocassette for each movie you purchase. In 
addition, as a Club member, you will receive our quarterly 
newsletter about special Club discounts. You will also 
receive a glossary of video terms and an equipment display 
sheet to help you shop for a VCR if you don't already own 
one. If you'd like to join the Club, send the coupon at the 
right today or call TOLL -FREE: 1- 800 -521 -0230 (in Michigan, 
Hawaii or Alaska, phone 1- 313 -476 -8460) between 8 A.M. and 
8 P.M., EST, Monday to Friday. 

r 
ti 

2 for the 
price of 1. 

No obligation ever to buy. 
Nothing sent to you unless you order it. 

THE VIDEO CLUB OF AMERICA 
Dept. PE09, Box D, Madison Heights, Michigan 48071 

PLEASE ENROLL ME IN THE VIDEO CLUB OF AMERICA.I understand that this is a no- 
obligation membership. I will only receive videocassettes I specifically order. By joining 
now, I will receive a coupon good for a FREE movie or program when I order another of 
equal or greater value. 

Enclosed is my check or money order for $10. 

Please charge my $10 membership to my credit card: 
Master Charge Visa American Express Diners Club Carte Blanche 

Account rz Exp date 

Signature 

Name 

Address 

City State 71p 

As a member; rd like to receive a copy of your Equip- 
ment Display Sheet. 
I do not wish to enroll in the Club now, but I enclose 
$1 for your full-color 1980 Program Catalog. 

Only one membership per family/household. The Video Club of America reserves the 
`right to reject any application. 

1 

J 
SEPTEMBER 1980 

CIRCLE NO. 77 ON FREE INFORMATION CARD 
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6 POPULAR ELECTRONICS 

$140 
Gets It All. 

We just knocked down the last reasons for not going digital in a 
multimeter. Fast continuity measurement. And price. 

Beckman's exclusive Insta- Ohms^' feature lets you do continuity checks 
as fast as the analogs. And Beckman's superior technology and experience 
let you own this beauty for such a reasonable price. 

Of course you get a lot more. Like 7 functions and 29 ranges including 
10 amp ac /dc current capability. 0.25% Vdc accuracy. In- circuit resistance 
measurements and diode /transistor test function. Two years' typical operation 
from a common 9 -volt battery. In other words, all the features you want in 
one hand -held unit of exceptional good looks and design. 

With 1500 Vdc overload protection, 100% instrument burn-in, plus 
rugged, impact- resistant case, you're assured of the utmost in dependability and 
long -term accuracy. You get a tough meter that keeps on going, no matter 
how tough the going gets. 

So visit your dealer today and get your hands on the DMM that does it 
all. Or call (714) 993 -8852 for your nearest distributor. 

BECKMAN 
CIRCLE NO. BON FREE INFORMATION CARD 

?4*i_ mar. 
Letters 

What Is the Publishing Schedule? 
Your "Microprocessor Applications 

for the 1980's" series, begun in the May 
1980 issue, promises to fill one of my 
urgent needs. I am very grateful that 
POPULAR ELECTRONICS has decided to 
publish such a fundamental and practi- 
cal training course. But you can imagine 
my disappointment when neither the 
June nor the July issue brought the avid- 
ly expected continuation of the series. 
When will future installments ap- 
pear?- Ernest Thiersch, Orlando, FL. 

Future installments will appear ir- 
regularly owing to the subject's com- 
plex nature and the tender loving care 
we're taking with them. The next one, 
due to be published in November, will 
include a fabulous, inexpensive devel- 
opment board system. -Ed. 

What Happened To Safety? 
In view of POPULAR ELECTRONICS' 

usually excellent advice on safety prac- 
tices, I was surprised to see several de- 
fects in the "Varmint Zapper" article 
(June 1980). First, if connected to a 
trash can, a HIGH VOLTAGE warning la- 
bel should be placed on the can. Next, a 
switch should be provided for the trash 
collector to turn off the power. Then the 
can should be placed behind a fence 
where it won't be accessible to children. 

A shock current of up to 50 mA is 
mentioned. I recall from a PE article of 
a couple of years ago that 100 mA is 
generally considered to be lethal to hu- 
mans. Therefore, shouldn't there be a 
current -limiting resistor in series with 
the high -voltage terminal and trash 
can? Finally, couldn't the short circuit 
developed when SCR1 conducts possibly 
damage the SCR, D3, or TI -and possi- 
bly S1?-Steve O'Neill, Dixon, CA. 

We agree with the safety precautions 
you list. Note that the Zapper's duty 
cycle is very low. This being the case, 
only the instantaneous current might 
reach 50 mA, but the average current 
will be only microamperes. Also, the 
low duty cycle will prevent short -circuit 
damage to components. -Ed. 

A New FM Broadcast Band? 
While reading over your August 1980 

Editorial, I was surprised to learn that 
there now exists an FM broadcast band 
on 88 to 92 kHz. Shouldn't this be 88 to 
92 MHz? -Kris Furstman, New York, 
NY. 

You're right, of course. Sorry about 
the typo. -Ed. 
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"I made it despite myself." 

It's a joke. I'm considered one of Amer- 
ica's top copywriters and mail order entre- 
preneurs. 

I never finished college, never took a 
course in business, advertising or creative 
writing, and even flunked English. 

On top of that, I failed at almost every- 
thing I did. My list of failures would fill 
an encyclopedia. 

Now you probably expect me to tell you 
that it was failure after failure until I hit 
upon the "wealth formula" or the "secret 
to success" or some other trite expression. 
Not true. 

ONLY SIX REASONS 
What I've found about success is quite 

opposite the formulas you've read about 
or the misconceptions you've heard. 

I simply took my few successes and 
many failures and discovered six reasons 
why I failed and six reasons why I suc- 
ceeded. 

The reasons I succeeded seemed like 
forces. Whenever I followed them, I 
achieved success. Whenever I didn't 
follow them, I failed. I soon called them 
Success Forces. 

I used Success Forces to build my busi- 
ness from the basement of my home into 
America's largest single source of space - 
age products. I was successful. But was 
it a coincidence or was it a direct result 
of Success Forces? I really didn't know. 

MATERIAL THINGS 
If you measure success by material 

things, I achieved quite a bit: several 
cars, airplanes, snowmobiles, motor- 
cycles, four beautiful homes -all the 
material things I imagined I'd ever 
want. 

And I had recognition. My success 
story was written up in several maga- 
zines. But it wasn't until after I revealed 
my Success Forces in a few speeches that 
I realized my concept would work for 
others. 

I was getting letters from people who 
told me how one of my Success Forces 
had changed their lives. Others told me 
of how they used Success Forces to make 
extra money or achieve greater happi- 
ness. Still others who always thought of 
themselves as failures, became success- 
ful despite themselves. 

Success 
Forces 
Can you be successful despite 
yourself? Here's how I did it. 

By Joseph Sugarman, President 
JS &A Group, Inc. 

But the whole thing seemed strange to 
me. Was Success Forces original? Some- 
thing like it had to be in some other 
success book. So I read. I bought every 
success book I could find. I studied Chi- 
nese philosophy. I bought every motiva- 
tional cassette that was offered. And I 
thoroughly studied the material. 

I then discovered why my concept was 
indeed different. Success Forces lets you 
be yourself, and guides you towards 
making simple choices that can ulti- 
mately change your life. If you make the 
right choices, you are literally forced into 
success. 

MY $2,000 SEMINAR 
Although I was convinced that my con- 

cept was different, I wanted to be abso- 
lutely sure it would work. I decided to 
conduct a seminar with a select group of 
16 people who would be willing to pay 
handsomely to learn my philosophies. 
My five -day seminar cost each partici- 
pant $2,000 and I held eight of them. All 
were sold out. 

The success stories resulting from each 
seminar are already history. I taught a 
Texas farmer, a New Zealand rug mer- 
chant, a lady from Australia. There were 
people from all walks of American life, 
many of whom paid their last $2,000 to 
attend. 

Not all of the participants succeeded. 
But so many did become successful and so 
many told me later how I literally chang- 
ed their lives, that I was convinced Suc- 
cess Forces should be available for every- 
body to use. 

NOW AVAILABLE 
I am now making my concept available 

in a hardbound book entitled "Success 
Forces." It contains examples from my 
speeches and the philosophies from my 
seminar that participants paid $2,000 to 
hear. 

A few of the Success Forces you may 
already know and have been subcon- 
sciously following for years. Others, you 
may have been fighting, thinking that 
you would fail when all along you would 
have succeeded. A few of my Success 
Forces require action -the type of action 
that everybody can take and that re- 
quires no special skill. 

This is not a step -by -step book on how 
to get into a business that promises "A 
Lazy Way to Riches," or a way to "Quit 
Your Present Job." It does not matter if 
you are in business nor whether you want 
to work hard, take it easy, or just plain be 
successful. 

TEACH HIM TO FISH 
There's a saying: "You can feed a man 

a fish and he'll eat for a day. But teach a 
man to fish and he'll eat for a lifetime." 
My book will help you for a lifetime. 

I'm not somebody who writes a book on 
how to make a fortune and then makes 
my fortune from the sale of the book. I've 
already made it. Nor am I going to send 
you a cheaply printed thin paperback. 
That's not my style. My book is a 200 
page hardcover volume that I guarantee 
you will both enjoy and benefit from. In 
fact, I will go one step further. After you 
read it, wait one year. If you have not 
noticeably benefited from reading Success 
Forces, return your book to me and I will 
refund your money in full. Success Forces 
must give your life additional meaning 
within one year or your money back. It's 
that simple. This one -year return offer 
applies only to those individuals purchas- 
ing my book via mail order. 

EASY TO ORDER 
I've also made it easy for you to order 

my book. Credit card buyers may call my 
toll -free number below or send your 
check or money order for $9.95 plus $2.00 
postage and handling (Illinois residents 
please add 6% sales tax) payable to: 
Joseph Sugarman, Dept.PE, Two JS &A 
Plaza, Northbrook, Illinois 60062. 

I've built my business and reputation 
on providing solid value to the consumer. 
Success Forces represents my ultimate 
product and my greatest value. Order a 
copy at no obligation, today. 

PRODUCTS 
THAT 

THINK® 
Call TOLL -FREE 800323 -6400 
In Illinois Call (312) 564 -7000 

Joseph Sugarman,1980 
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ATARI: PERSONALCOMPUTER 
START WITH A BETTER 

COMPUTER. 
Atari personal computers have 
built -in capabilities you can't even 
add on to many other personal 
computers. Three programming 
formats (slip -in ROM cartridges, disk 
and cassette). A 57 -key upper /lower 
case ASCII keyboard with 29 

keystroke graphics.128 colors 

and hues. Four separate sound 
channels and a built -in speaker. 
Four game and graphics controller 
ports. A built -in RF modulator. FCC 

approval for connection to any TV, 

Plus, nationwide Atari Authorized 
Service Centers. And more. 

ADD MEMORY. 
The ATARI 800r" comes with i6K 
of memory, Expand up to a full 48K 

of memory with 8K or 16K RAM 
Memory Modules' you install 
yourself. In less than a minute. The 

ATARI 400m is supplied with 
8K of RAM which can be 

expanded t 16K at 
Authorizedd Service 
Centers. Both models 

may be expanded to 
26K of ROM with slip -in 

ROM cartridge programs. 
ADD PERIPHERALS. 

Atari peripherals are specifically 
©1980, Atari, Inc. 

O A Warner Communications Company 
Atan reserves the right to make changes to products 
or programs without nonce 

designed to complement your system, 
Add the ATARI 4iom Audio -digital 
Program Recorder. Add disk drives 
(single or dual double- density *), The 
ATARI 800 individually accesses up to 
four drives. Add the ATARI 85o" RS232 

Interface Module. Add high -speed 4o 

or 8o- column dot -matrix printers, or, 
a 4o- column thermal printer. Add an 
acoustic modem for remote data access. 
Add a light pen* And there are more 
Atari peripherals on the way. 

ADD PROGRAMS. 
Atari's rapidly expanding software 
library includes some of the most 
useful, enlightening and entertaining 
programs available. (Some programs 
may require more than 16K RAM.) 

Personal Finance and Record 
Keeping. Sophisticated investment 
analysis programs, including bond 
analysis, stock analysis, stock chart- 
ing and mortgage and loan analysis. 
*Available Fall, 1980 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


. Iw. ,1-1 IIIIIII1PiIIVi 
n 

r 
SYSTEMS THAT meow WITH YOU 

Personal Interest and 
Development. Conversational lan- 
guages* Music composition. Touch 
:yping. Biorhythm. And more. 

Professional Applications. 
Graphics, statistics and programmable 
calculator programs. Plus VisiCalc the 
'what if" problem solving program. 

Education. ATARI Talk Sr Teach - 
programs offer instruction from 
primary through college level. 
Plus, instructive games for all ages. 

Information &Communication. 
Turn your Atari into an interactive 
terminal. Access stock quotations, 
news services and other useful data 
banks, Transmit and receive data over 
regular phone lines. And more. 

Entertainment. Colorful, exciting 
programs include Star Raiders;" 
Chess, Blackjack...and many more. 

Trademark: Personal Software, Inc 

CIRCLE NO. 6 ON FREE INFORMATION CARD 

Programming 
Languages. An 
ATARI BASIC 

cartridge is 

included. An 
Assembler/ 
Editor Cartridge 
is available for the 
advanced programmer. 
PILOT, extended BASIC and 
Pascal will be available 
in 1981. 

Small Business Accounting. 
General Ledger. Accounts 
Receivable, Accounts Payable. 
Inventory Control. Order Entry, 

ADD IT UP FOR YOURSELF 
Compare the Atari to any personal 
computer in its price range. Compare 
built -in features. Compare expand- 
ability. Compare peripherals and 
accessories. Compare program- 
ming and formats (ROM 

cartridge, 
disk or cassette 
And if you run a 

business, ask your Atari 
retailer about the Atari Accountant;" 
the complete, computerized account- 
ing system for small businesses. 
At Atari we're building computer 
systems you won't outgrow. AT 

PERSONAL COMPUTERS 
1265 Borregas Avenue, Sunnyvale, CA 94086 

Call toll -free (800) 538 -8547 (Except Alaska and Hawaii) In California: (800) 672 -1404) for the name of your nearest Atari retailer. 
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Boker 
Crescent 
Lufkin 
Nicholson 

-111* Weller, Wins 
Xcelite 

Take a quick look round this ad and 
you'll agree that All together" is no 
exaggeration. Whether you're making 
or mending, cutting or joining, measuring 
or stripping, there's a Cooper tool that's 
just right for the job. Don't take chances 
on tools. Specify Cooper and get 'em 
right the first time! 

from Cooper The 'ibolmaker. 
41 
COOPER 
INDUSTRIES 

The Cooper Group 
BOKER ° CRESCENT" LUFKIN - NICHOLSON" WELLER' WSS ` XCELITE' 

PO Box 728. Apex. North Carolina 27502. Tel: (9191 362-7511. Telex: 579497. 

CIRCLE NO. 18 ON FREE INFORMATION CARD 
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New Products 
Additional information on new products 
covered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card 
or write to the manufacturer at the 

address given. 

Altec Lansing 
Speaker System 

Altec Lansing's Model 8 speaker sys- 
tem features a 12" woofer, 5" mid- 
range driver, and for the high end an 
LZT compression driver, radial phase 
plug, and constant -directivity Manta - 
ray horn. This 8- ohm -impedance 
speaker system has a vented enclo- 
sure, is designed to handle up to 200 
watts of driving power, and is speci- 
fied to deliver a 92 -dB sound -pressure 
level (SPL). Frequency response is 
rated at 55 to 20,000 Hz ±2.5 dB, 
while dynamic range is rated at 50 
dB. Crossover frequencies are at 700 
Hz and 5,000 Hz. The cabinet is coy- 

Vocal Voltmeter 

The Talking Voltmeter, from Frank- 
lin Institute Research Laboratory 
Inc., is a portable 31/2-digit (LCD), dc 
voltmeter that measures from 0-40 

Bred with a lacquered Endriana wood 
veneer, with a heavy -knit black fabric 
covering the drivers. Size is 291/2" X 
161/2" X 14 ", and weight is 52 lb. 

CIRCLE NO. 86 ON FREE INFORMATION CARD 

Realistic Programmable 
Scanner 

i111Mf® 
rwo®® 
111116 Soo 
6111111®w 

Radio Shack's Realistic Model PRO - 
2008 direct -entry programmable 
scanner can directly access 18,600 
frequencies (police, fire, ham radio, 

Digital Record /Play Kit for Pianos 

u111/11u1 uUu1Qlihluuuî - ' r.gty}1`rAvib}} 

"Pianocorder," a do- it- yourself retro- 
fit kit from Superscope, Inc., enables 
a standard piano to record and play by 
itself with the touch and interpreta- 
tion of the recorded pianist. It can be 
adapted to fit almost any upright, spi- 

SEPTEMEER 1980 

net, or grand piano without affecting 
the instrument's normal functioning. 
Based on computer technology, Pia - 
nocorder uses digital tape cassettes to 
encode and then reenact a perform- 
ance as it was originally played. Cas- 
settes are inserted in .a small tape re- 
corder that activates the piano keys 
via a logic circuit board mounted 
across the open space behind the keys. 
Prerecorded tapes are also available, 
including transcribed ones from piano 
rolls of pianists such as George Gersh- 
win and Scott Joplin. According to 
Superscope, installation takes 8 to 12 
hours. Pianocorder kits start at 
$1495. 

CIRCLE NO. 87 ON FREE INFORMATION CARD 

volts with a resolution of 0.1 volt. A 
synthesized voice duplicates the infor- 
mation in the display, allowing the 
user to keep his eyes on the circuit 
under test. Audio output is for loud- 
speaker or earphones. Dual 6500 mi- 
croprocessors are used, one perform- 
ing timing and signal processing. A 
second selects the required speech ele- 
ments from a ROM. Foreign -lan- 
guage speech, current and resistance 
measurement add -ons, and a serial in- 
terface for recording data on audio 
cassette are available. Power is from a 
rechargeable NiCd battery pack. The 
instrument measures 2.5" X 10" X 
9" (63 X 250 X 225 mm) and weighs 
2.5 lb (1.1 kg). $395. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

etc.) with no need to buy crystals. De- 
sired frequencies are entered via a 
keyboard, while frequency selections 
appear in a fluorescent display. Up to 
eight frequencies from 30 to 50 MHz, 
144 to 174 MHz, and 410 to 512 
MHz can be entered and scanned at a 
time. Any channel can be pro- 
grammed with a scan delay or locked 
out and skipped when desired. Chan- 
nels can be scanned automatically or 
selected manually. Features include: 
built -in telescoping antenna, jack for 
external antenna, headphone jack, 
and reset button that clears all fre- 
quencies from the scanner. An option- 
al 9 -volt battery prevents loss of pro- 
grammed frequencies if ac power is 
interrupted. $259.95. 

CIRCLE NO. 89 ON FREE INFORMATION CARD 

Low -Cost Impact 
Printer Kit 

The 101B-80 Impact Printer Kit from 
Coosol Inc. is an 80- column, tractor - 
feed, dot -matrix impact printer that is 
microprocessor -controlled and pro- 
grammable with 32 system level com- 
mands, graphics, 96 ASCII charac- 
ters, upper and lower case, and nine 
software -selectable fonts from 5 X 7 
to 10 X 14. It features parallel and 
serial interfaces, baud rate selectable 
from 110 to 9600, and adjustable 
tractor width for paper -size selection. 

11 
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new products 
The 101B-80K kit (without enclo- 
sure) is $455; the 101 B -80KE (in- 
cludes enclosure) is $495. Assembled 
prices: $485 and $545, respectively. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 

Function Generator 

Simpson Electric Co.'s Model 420 
Function Generator provides sine, 
triangle, and square -wave outputs, 
plus dc and TTL logic -level outputs, 
over a frequency range from 0.1 Hz to 
1 MHz in seven ranges. Signal ampli- 
tude is 10 volts peak -to -peak into a 
600 -ohm load and is continuously 
variable more than 30 dB. In additon, 
a fixed attenuator selects 0- or -30- 
dB attenuation. A continuously vari- 
able dc offset is also provided. Fre- 
quency accuracy is claimed to be 
± 3% of full scale from 1 Hz to 100 
kHz, with a sine -wave distortion of 
less than 1% over this range. A special 
input permits external voltage control 
of output frequency over a 300:1 ra- 
tio. Size is 2.7" X 8.4" X 9 ". Model 
420A for ac line operation, $175; 
Model 420D line and battery oper- 
ated, $210. 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

8000 -Baud TRS -80 
Cassette Interface 

The FC1 -80 Fastload Cassette Inter- 
face from Microsette plugs into the 
rear of a TRS -80 Level II, 16K key- 
board, or expansion interface to allow 
the cassette port to operate at 8000 

Heathkit Portable Engine Analyzer 

The Model CM -1550 is a new porta- 
ble engine analyzer in kit form from 
Heath. It is designed to handle several 

baud -16 times faster than normal. 
Included is a LED display for proper 
level settings, and a search capability 
that allows searching for BASIC pro- 
grams having names from one to six 
letters long. Using a modified CTR- 
41 recorder, programs can be loaded 
at about one second per kilobyte. The 
system also can be called from Disk 
BASIC. $199. 

CIRCLE NO. 93 ON FREE INFORMATION CARD 

President Mobile AM 
CB Transceiver 

Designated the President Model AR 
711, the new mobile AM CB trans- 
ceiver from American Radio Corp. is 
said to have been designed to the spec- 
ifications of truckers and other profes- 
sional users. It features a noise -can- 
celling microphone with 10' coil cord, 
4" external speaker with mounting 
bracket and 5' cable, instant -select 
channels 9 and 19 switches, and a HI- 
CUT tone switch. Other features in- 

Fisher AM /FM- Stereo Receiver 

G23. 

t r rr I , 
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Fisher's Model RS270 AM /FM -ster- 
eo receiver teams a Class -A -II ampli- 
fier with a quartz- controlled PLL dig- 
itally synthesized tuning system. The 
amplifier section is rated at 50 watts/ 
channel rms into 8 ohms from 20 to 
20,000 Hz with no more than 0.02% 

THD. Power output is displayed by 
LED bar -graph "meters." Standard 
features in this section are a moving - 
coil phono amplifier and low- and 
high -cut filters. The tuner section fea- 
tures a fluorescent numeric display of 
frequency and scan tuning or instant 
access to any of 12 preprogrammed 
stations (six on AM and six on FM). 
FM sensitivity is rated at 1.9 µV (10.8 
dBf), stereo separation at 45 dB at 1 

kHz. Stepped LEDs serve as a signal - 
strength meter, while discrete LEDs 
highlight the selected operating mode. 
$549.95. 

CIRCLE NO. 95 ON FREE INFORMATION CARD 

tuneup measurements, including 
dwell for 4- through 8- cylinder en- 
gines, rpm to 10,000 in two ranges, 
and direct current to 20 amperes. 
With an optional CMA- 1550 -1 shunt 
accessory, the analyzer can also meas- 
ure starting current and battery 
charging /discharging current up to 
400 amperes. A large liquid -crystal 
display gives numerical values of all 
measurements. Heath claims the kit 
can be assembled in two or three even- 
ings, with only one circuit board to be 
wired. Calibration is accomplished 
from internal references. $94.95 for 
analyzer kit, $13.95 for optional shunt 
accessory. 

CIRCLE NO. 90 ON FREE INFORMATION CARD 

dude: microphone, squelch, volume, 
and r -f controls; automatic noise -lim- 
iter /noise- blanker switch; S /r -f me- 
ter; digital numeric channel indicator; 
transmit and receive indicators; posi- 
tive /negative grounding system; auto- 
matic modulation control; and PA 
and external -speaker jacks. $139.95. 

CIRCLE NO. 94 ON FREE INFORMATION CARD 

Shure Communications 
Microphone 

Shure's Model 
444D communica- 
tions microphone 
retains all the per- 
formance charac- 
teristics of the pre- 
vious Model 444, 
but has added fea- 
tures for ham -radio 
operators. Among 
these is a switch 
that allows selec- 
tion of either high - 
or low- impedance 

operation. A second switch permits al- 
ternating between normal and VOX 
operation. Other features: momenta- 
ry- action /locking push -to -talk switch 
bar that actuates the mike and an ex- 
ternal relay or control circuit; "Con- 
trolled Magnetic" microphone ele- 
ment whose response is claimed to be 
tailored for maximum intelligibility; 
and height adjustment. $55.50. 

CIRCLE NO. 96 ON FREE INFORMATION CARD 

True RMS DMM 

Besides the conventional voltage, cur- 
rent, and resistance ranges, Beck- 
man's hand -held Tech 330 31/2-digit 
multimeter features true rms (ac + 

(Continued on page 14) 
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Six new 
Scanners! 
New 800 MHz! 

Communications Electronics' the 
world's largest distributor of radio scan- 
ners, welcomes the addition of Fanon to 
our product line. Fanon introduces two 
new high performance hand -held scan- 
ners. More importantly, Fanon has a 
complete selection of useful accessories 
to compliment their Slimline models. 

Electra Company, manufacturers of 
Bearcat brand scanners introduces three 
new scanners including a model that can 
monitor the exciting 800 MHz. band. The 
new Bearcat models will be available 
Fall, 1980, so reserve your scanner now! 

A new product made by Electra, the 
Freedom Phone® is now available from CE. 
This is the ultimate cordless extention 
phone that can make and take your calls. 

Bearcat °300 
The Ultimate Synthesized Scanner! 
Allow 90 -120 days for delivery after receipt of 
order due to the high demand for this product. 
List price $519.95/CE price $339.00 
4 -Band, 50 Channel Service Search No- 
crystal scanner AM Aircraft and Public 
Service bands. Priority Channel AC /DC 
Bands: 32 -50, 118-136 AM, 144 -174, 421-512 MHz. 
The new Bearcat 300 is the most advanced auto- 
matic scanning radio that has ever been offered to 
the public. The Bearcat 300 uses a bright green 
fluorescent digital display, so it's ideal for mobile 
applications. The Bearcat 300 now has these 
added features: Service Search, Display Intensity 
Control, Hold Search and Resume Search keys, 
Separate Band keys to permit lock -in /lock -out of 
any band for more efficient service search. 

Bea rcat® 250 
List price $419.95/CE price $279.00 
50 Channels Crystalless Searches 
Stores Recalls Digital clock AC /DC 
Priority Channel 3-Bend Count Feature. 
Frequency range 3 -50, 146 -174, 420-512 MHz 
The Bearcat 250 performs any scanning function you 
could possibly want. With push button ease you can 
program up to 50 channels for automatic monitoring. 

Bearcat® 220 
List price $419.95/CE price $279.00 
Aircraft and public service monitor. Frequency 
range 32 -50, 118-136 AM, 144.174, 420 -512 MHz. 
The Bearcat 220 is one scanner which can monitor all 
public service bands plus the exciting AM aircraft band 
channels. Up to twenty frequencies may be scanned at 
the same time. 

Bearcat® 211 
List price $349.95/CE price $229.00 
Frequency range: 32 -50, 146 -174, 420-512 MHz. 
The Bearcat 211. It's an evolutionary explosion of 
features and function. 18- channel monitoring. With no- 
crystal three -band coverage. Dual scan speeds. Color - 
coded keyboard. Even a digital clock. All at a modest 
price. More scanning excitement than you bargained for. 

NEW! Bearcat® 210XL 
This is a new model. Shipments will begin in Fall, 1980. 
List price $319.95/CE price $219.00 
18 Channels 3 Bands Crystalless 
Frequency range: 32 -50, 144 -174, 421.512 MHz. 
The Bearcat 210XL scanning radio is the second gener- 
ation of the world's best selling crystalless program- 
mable scanner -the Bearcat 210. It has almost twice the 
scanning capacity with 18 channels plus dual scanning 
speeds and a bright green fluorescent display. 

NEW! 
Bearcat 160 

Bearcat® 210 
List price $319.95/CE price $209.00 
10 Channels 3 Bands Crystalless 
Frequency range: 32 -50, 146 -174, 420 -512 MHz. 
Use the simple keyboard to select the 10 channels to be 
scanned. Automatic search finds new frequencies. The 
210 features patented selectable scan delay, push 
button lockout, single antenna, patented track tuning, 
AC /DC operation. With no crystals to buy. Ever! 

NEW! Bearcat® 160 
This is a new model. Shipments will begin in Fall, 1980. 
List price $279.95/CE price $199.00 
18 Channels 3 Bands AC only Priority 
Dual Scan Speeds Direct Channel Access 
Frequency range: 32-40, 144 -174, 440-512 MHz. 
The Bearcat 160 presents a new dimension in scanning 
form and function. The keyboard is smooth. No buttons 
to punch. No knobs to turn. Instead, finger -tip pads 
provide control of all scanning operations, including 
On /Off, Volume and Squelch. Green easy to read 
fluorescent display. Requires (2) 9 Volt batteries to 
retain memory when disconnected from AC Power. 

Bearcat® 12 
List price $179.95/CE price $119.00 
10 Crystal Channels 3 Bands AC or DC 
Frequency range: 33 -48, 146 -174, 450 -512 MHz. 
More features, more channels, more action. The Bearcat 
12 has automatic squelch, individual lockout and more. 

NEW! Bearcat° 5/800 MHz 
The world's first 800 MHz. scanner! 
This is a new model. Shipments will begin in Fall, 1980. 
List price $179.95/CE price S129.00 
8 Crystal Channels 4 Bands AC only 
Frequency range: 33.50, 144 -174. 440 -512, 806 -870 MHz. 
The Bearcat 5/800 MHz is the only scanner on the 
market today that offers coverage of the 800 MHz. 
public service band and the other public service bands. 
Individual channel lockout. Scan Delay. Manual Scan. 

Bearcat® 5 
List price $129.95/CE price $94.00 
8 Crystal Channels 3 Bands AC only 
Frequency range: 33 -50, 146 -174, 450 -508 MHz 
The Bearcat 5 is a value- packed crystal scanner built for 
the scanning professional - at a price the first -time 
buyer can afford. Individual lockout switches. 

Bearcat® Four -Six ThinScan' 
List price $179.95/CE price $119.00 
Frequency range: 33 -47, 152-164, 450-508 MHz. 
The incredible, new Bearcat Four -Six Thin Scan" is like 
having an information center in your pocket. This three 
band, 6 channel crystal controlled scanner has patented 
Track Tuning on UHF. Scan Delay and Channel Lockout. 
Measures 23/4 x 61/, x 1" Includes rubber ducky antenna. 

NEW! Fanon Slimline 6 -HLU 
List price $169.95/CE price $109.00 
Low cost 8- channel, 3 -band scanner! 
The new Fanon Slimline 6 -HLU gives you six channels 
of crystal controlled excitement. Unique Automatic 
Peak Tuning Circuit adjusts the receiver front end for 
maximum sensitivity across the entire UHF band. Indi- 
vidual channel lockout switches. Frequency range 30-50, 
146.175 and 450 -512 MHz. Size 23/4 x61 x 1:' Includes 
rubber ducky antenna. Order crystals for each channel. 

NEW! Fanon Slimline 6 -HL 
List price $149.95/CE price $99.00 
8- Channel performance at 4- channel cost! 
Frequency range: 30 -50, 146-175 MHz. 
If you don't need the UHF band, get this model and save 
money. Same high performance and features as the 
model HLU without the UHF band. Order crystal certifi- 
cates for each channel. 

FANON SCANNER ACCESSORIES 
CHB -6 AC Adapter /Battery Charger $15.00 
CAT -8 Carrying case for Fanon w /Belt Clip $15.00 
AUC -3 Auto lighter adaptor /Battery Charger $15.00 

OTHER SCANNER ACCESSORIES 
SP50 AC Adapter $12.00 
SP51 Battery Charger $12.00 
SP58 Carrying Case for Bearcat 4-6 ThinScan" $15.00 
FB -E Frequency Directory for Eastern U.S A $15.00 
FB -W Frequency Directory for Western U.S A $15.00 
FFD Federal Frequency Directory for U.S A $18.00 
SM220 Service manual for Bearcat 220 $15.00 
B -41.2 V AAA Ni-Cad's for ThinScan" and Fanon $15.00 
B -5 Replacement memory battery for Bearcat 210 $6.00 
B -7 1.5 V AAA Alkaline battery (Pack of 4) $4.00 
B -9 9 V Alkaline battery $3.00 
A -135cc Crystal certificate $4.00 
Add $3.00 shipping for all accessories ordered at the same time. 

INCREASED PERFORMANCE ANTENNAS 
If you want the utmost in performance from your 
scanner, it is essential that you use an external antenna. 
We have six base and mobile antennas specifically 
designed for receiving all bands. Order #A60 is a 
magnet mount mobile antenna Order #A81 is a gutter 
clip mobile antenna. Order *A62 is a trunk -lip mobile 
antenna. Order #A83 is a x/, inch hole mount. Order 
*A64 is a% inch snap -in mount, and SA70 is an all band 
base station antenna. All antennas are $30.00 and 
$3.00 for UPS shipping in the continental United States. 

TEST ANY SCANNER FREE 
Test any scanner purchased from Communications 
Electronics" for 31 days before you decide to keep it. If for 
any reason you are not completely satisfied, return it in 
original condition with all parts in 31 days, for a prompt 
refund (less shipping /handling charges and rebate credits). 

CIRCLE NO. 1 ON FREE INFORMATION CARD 

NEW!Regency®t M400 
List price $379.95/CE price $259.00 
30 Channel Synthesized Service Search 
Digital clock Digital timer M100 styling 
Search /Store Priority Channel AC /DC 
Frequency range: 30 -50, 144 -174, 440-512 MHz. 
The new Regency M400 is acompact programmable 
FM monitor receiver for use at home or on the road. 

OTHER REGENCY' SCANNERS 
Aircraft Touch 720 -A $229.00 
Touch K100 $199.00 
Touch M100 $199.00 

NEW! Telephone Products 
Electra's cordless Freedom Phone does everything 

an ordinary phone does and more. Because it is cordless, 
you can take it anywhere, inside or outside -on the 
patio, by the pool, in the garage, in the workshop...even 
next door at the neighbor's. 

Model FF -500 has pushbutton dialing. Rechargeable 
ni -cad batteries included. Battery low light. Secure 
feature. Telescopic antenna. Your cost is $179.00. 
Model FF -1500 has the same features as the FF -500 
but also includes a charger /cradle that allows the 
phone's handset to be recharged away from the base 
station. Your cost for this cordless phone is $199.00. 
The model FF-3000 has all the standard features 
(except charger /cradle) plus interchangeable telescop- 
ic and rubber ducky antenna. Radial feature. Belt clip. 
Carrying case. Greater range. Your cost is $229.00. 

World Scanner Association"' 
The WORLD SCANNER ASSOCIATION is spon- 

sored as a public service by Communications 
Electronics:" When you join, you'll receive a 
quarterly newsletter with scanner news and fea- 
tures. You'll also get a wallet I.D. card, an Official 
WSA Membership Certificate, and more. FREE 
classified ads for members so you can contact 
other scanner owners when you want to sell or buy 
a scanner. FREE membership in the WSA Buyer's 
Co-op. Your Co-op membership will allow you to get 
special discounts on scanners and scanner related 
products. Since the WSA Buyer's Co-op gives you 
group purchasing power, you can easily pay for 
your membership dues the first time you make a 
Co-op purchase. To join, send $12.00 ($17.00 
outside U.S.A.) for your membership materials. 

BUY WITH CONFIDENCE 
To get the fastest delivery from CE of any scanner, send 
or phone your order directly to our Scanner Distribution 
Center" Be sure to calculate your price using the CE prices 
in this ad. Michigan residents please add 4% sales tax. 
Written purchase orders are accepted from approved gov- 
ernment agencies and most well rated firms at a 10% 
surcharge for net 30 billing. All sales are subject to availa- 
bility. All sales on accessories are final. Prices and specifi- 
cations are subject to change without notice. Out of stock 
items will be placed on backorder automatically unless CE is 
instructed differently. International orders are invited with a 
$10.00 surcharge for special handling in addition to ship- 
ping charges. All shipments are F.O.B. Ann Arbor, Michigan. 
No COD's please. Non -certified and foreign checks require 
four weeks bank clearance. 

Mail orders to: Communications Electronics; 
Box 1002, Ann Arbor, Michigan 48106 U.S.A. Add 
$6.00 per scanner or phone product for U.P.S. 
ground shipping, or $12.00 for faster U.P.S. air 
shipping to some locations. If you have a Master 
Charge or Visa card, you may call anytime and 
place a credit card order. Ordertoll free in the U.S.A. 
800 -521 -4414. If you are outside the U.S. or in 
Michigan, dial 313- 994 -4444. Dealer inquiries 
invited. All order lines at Communications 
Electronics' are staffed 24 hours. 
WSA" Scanner Distribution Center' and CE logos are 
trademarks of Communications Electronics" 
tBearcat and Freedom Phone are federally registered 
trademarks of Electra Company, a Division of Masco 
Corporation of Indiana. 
# Regency is a federally registered trademark of Regency 
Electronics Inc. 
Copyright °1980 Communications Electronics' 

VISA master charge 

/COMMUNICATIONS 
ELECTRONICS- 

854 Phoenix O Box 1002 O Ann Arbor, Michigan 48108 U.S.A. 
csII TOLL- FREE (800) 521.414 aroulsede U. S.A. (313( 894.444 

We're first 
with the best:M 
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Crown makes American high - 
technology audio components, 
whose innovative designs and 
remarkable specifications estab- 
lished new performance standards 
for an entire industry. Crown amps, 
pre -amps, crossovers, equalizers 
and tuners are highly respected by 
audio enthusiasts. Performers, 
recording engineers and sound 
contractors choose Crown for their 
personal, and professional systems. 

The Crown Information Package 
tells all about Crown and its 
products, possibly the finest col- 
lection of audio information easily 
available to you. Over 50 pages, 
including Crown technical papers 
on audio concepts, discussions 

Buy 
Crown. 
Four 
dollars. 
of product design and operation, 
specifications, prices, dealer loca- 
tions -and much more. Many 
illustrations in full color. 

Send four dollars with the 
coupon. If it's not worth it, send it 

right back. We'll refund your money. 
If all you need is the name of a 

nearby Crown dealer (he has this 
information for free), use our reader 
service card number. 

Here's my $4. Send the package. 

Name 

Address _ 

City 

State Zip 

crown 
1718 W. Mishawaka Rd, Elkhart, IN 46514 

Innovation. High technology American. That's Crown. 

new products 

dc) measurement capability, 10 -am- 
pere current ranges, a built -in con- 
tinuity indicator, complete r -f shield- 
ing, and an LCD display. Claimed dc 
accuracy is 0.1% with a 22- megohm 
input resistance. True rms capability 
allows more accurate measurement of 
nonsinusoidal waveforms such as 
found in switching power supplies, 
motor -speed controllers, SCR regula- 
tors, and digital systems. Ac measur- 
ing accuracy is from ± 0.6% of read- 
ing at 45 Hz to ± 2% of reading at 20 
kHz. Ac voltage ranges have the 
claimed accuracy to 20 kHz for sig- 
nals having a crest factor (peak /rms) 
from 1:1 to 5:1. $200. 
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"Supermike" for Phones 

Novation Inc.'s Supermike is an 
FCC -approved condenser microphone 
that replaces the conventional carbon 
microphone element in telephone 
handsets. It is claimed that this new 
element reduces second harmonic 
generation by over 40 dB, improving 
data transmission clarity up to five 
times when an acoustic coupler is 
used. The microphone contains a sol- 
id -state preamplifier powered from 
the telephone circuit. It is said to 
maintain constant line levels and im- 
prove signal -to -noise ratio in all 
acoustic -type communications. $9.95. 
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Color Receiver /Monitor 

A new color -TV receiver /video moni- 
tor with integrated- circuit design, 
quick -start black- matrix in -line pic- 
ture tube, automatic fine tuning (aft), 
and automatic gain control (agc) is 
available from V.A.M.P. Inc. The 13" 
diagonal Model VM -1300 can be 

switched from standard vhf /uhf TV 
reception to the video- monitor mode 
by flipping a toggle. In the monitor 
mode, it accepts standard video. 
Looping inputs, with switchable 75- 
ohm termination, are provided to per- 
mit linking of multiple monitors. An 
audio input is also provided. Resolu- 
tion in the monitor mode is 300 lines 
horizontal by 350 lines vertical. Price 
is $449. (A 19" version, the Model 
VM -1900, is also available for $575.) 
Address: V.A.M.P. Inc., 1617 El Cen- 
tro Ave., Los Angeles, CA 90028. 

Hi -Fi Component 
Credenza 

A credenza with 1'k" -thick sides and 
divided into two sections, each with 
three shelves behind bronze -toned 
safety glass doors, has been intro- 
duced by Gusdorf Corp. The upper 
surface is surrounded, sides and back, 
by a gallery and is wide enough to 
accommodate a TV receiver, turnta- 
ble, or videocassette recorder. Ampli- 
fiers, tuners, preamps, tape decks, 
etc., fit inside the credenza. Record 
dividers come with the credenza, 
while a rack -mounting kit is optional. 
The furniture -grade double -wheeled 
casters are hooded. The credenza's 
sides and top are finished in a walnut 
tone, with additional protection of a 
Rendura coating. $280. 
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Cushcraft Triband 
Amateur Beam 

Cushcraft's Model A3 is a light- 
weight, compact Yagi array designed 
for use on 20, 15 and 10 meters. It has 
a rated forward gain of 8 dB and an 
average front -to -back ratio of 25 dB. 
Nominal feedpoint impedance is 50 
ohms unbalanced, (1.2:1 VSWR), av- 
erage usable bandwidth (VSWR 2:1 
or less) is 500 kHz, and rated power - 
handling capacity is 2000 watts PEP. 
The antenna weighs 35 lb (15.9 kg), is 
made of swaged seamless aluminum 
tubing and G -10 fiberglass, and uses 
stainless and zinc -plated steel hard- 
ware. Tapered tube elements are em- 
ployed to minimize wind loading and 
surface area, which is rated at 5.6 ft2 
(0.5 m2). Turning radius is 15.5 ft 
(4.8 m). $199.95. 
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Yamaha's PX -2 linear tracking turntable. 
A class of one. 

Yamahá s new PX -2, the flagship of a remarkable new 
series of turntables from Yamaha, is destined to become the 
new standard of the audio industry. It is a masterpiece in the 
art of music reproduction. Totally in a class by itself. 

matched with the Yamaha tonearm. Even MC types. 
But the optimum mass tonearm is only one factor that 

puts the PX -2 in a dass by itself. There's much more. Like 
an extraordinary 80dB S/N ratio, with incredibly accurate 
tangential tracking -constantly monitored by an opto- electronic 
sensor. The PX -2 is also a study in durability with its solid, 
anti- resonant monolithic diecast aluminum base. And the corn - 
bined effect of the hefty platter and the heavy -duty DC motor 
depresses wow and flutter to below 0.0100. 

Yet with all this performance, the PX -2 is deceptively easy 
to operate. All the microprocessor- activated controls are easily 
accessible - without lifting the dustcover. 

The balance of the turntables in our new line (the P -750, 
P-550, P -450 and 
P -350) all incorpor- 
ate this same op- 
timum masstonearm 
philosophy. Each 
will set new stand- 
ards for performance 
per dollar invested. 

Visit your local 
Yamaha Audio 
Specialty Dealer 
for a personal test 
of our remarkable 

PX -2 and the other superb turntables in our new series. You'll 
hear music that's truly in a dass by itself. 

For more information write us at Yamaha, Audio Division, 
P.O. Box 6600, Buena Park, CA 90622. 
'Yamaha cartridges shown (MC -1X and MC -71 on both models are optional. 

One of the major performance advancements on the PX -2 
is Yamaha's unique optimum mass straight tonearm assembly. 
This design concept is Yamaha's direct challenge to the industry 
trend of low -mass tonearms. Among the most significant 
benefits of optimum mass is that it specifically addresses two 
of the most critical elements of music signal tonal quality - 
tonearm resonant frequency characteristics and high tracka- 
bility with a wide range of cartridges. Tonearm mass is such 
a critical element in sound reproduction (especially in the low 
and high frequency ranges) that Yamaha has designed this 
optimum mass tonearm to insure its resonance frequency is 
at the "least effect" point. (See graph.) As a further benefit, 
the vast majority of available cartridges can be effectively 

ED YAMAHA 
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NRI training in TV 
and Audio Servicing 
keeps up with the 
state of the art. 

Now you can learn to 
Servicevideo cassette 

and disc systems. 

16 POPULAR ELECTRO'ICS 
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You build color TV, hi -fi, professional instruments. 

Now, in addition to learning 
color TV and audio systems servicing, 
you get state -of -the -art lessons in 
maintaining and repairing video cas- 

sette recorders, and the amazing new 
video disc players, both mechanical 
and laser -beam types. 

Learn at Home 
in Your Spare Time 

And you learn right at home, 
at your own convenience, with- 
out quitting your job or going to 

night school. NRI "bite- size" les- 

sons make learning easier... NRI 

"hands -on" training gives you 
practical bench experience as you 

progress. You not only get theory, you 
actually build and test electronic cir- 

cuits, a complete audio system, even 

a color TV. 

Build Color TV with 
Computer Programming 

As part of your training in 
NRI's Master Course in TV /Audio/ 
Video Systems Servicing, you 
actually assemble and keep NRI's 

exclusive designed -for -learning 25" 

SEPTEMBER 1980 

Learn at home at your convenience. 

(diagonal) color TV. It's the only 
one that comes complete with built - 
in computer tuning that lets you 
program an entire evening's enter- 
tainment. As you build it, you intro- 
duce and correct electronic faults, 
study circuit operation, get practical 
bench experience that gives you extra 
confidence. 

You also construct a solid -state 
stereo tuner and amplifier complete 
with speakers. You even assemble pro- 
fessional -grade test instruments so 

you know what makes them tick, too. 

Then you use them in your course, 
keep them for actual TV and audio 
servicing work. 

NRI Includes 
the Instruments You Need 

You start by building a transis- 
torized volt -ohm meter which you use 
for basic training in electronic theory. 

Then you assemble a digital CMOS 

frequency counter for use with lessons 
in analog and digital circuitry, FM 

principles. You also get an integrated 
circuit TV pattern generator, and an 
advanced design solid -state 5" trig- 
gered -sweep oscilloscope. Use them for 

learning, then use them for earning. 

NRI Training Works... 
Choice of the Pros 
More than 60 years and a 

million students later, NRI is still first 

choice in home study schools. A na- 
tional survey of successful TV repair- 
men shows that more than half have 
had home study training, and among 
them, it's NRI 3 to 1 over any other 
school. 

(Summary of survey on request.) 
That's because you can't beat 

the training and you can't beat the 
value! For hundreds of dollars less 

than competing schools, NRI gives you 
both color TV and audio... 

Other NRI training includes Computer lbchnology, 
Complete Communications Electronics. 

and now includes training in video 
cassette and disc systems. Send for 

our free catalog and see for yourself 
why NRI works for you. 

Free Catalog... 
Salesman Mill Call 

Send today for our free 100 - 

page catalog which shows all the kits 
and equipment, complete lesson plans, 
and convenient time payment plans 
for courses to fit your needs and 
budget. Or explore the opportunities 
in other NRI home study courses like 

Microcomputers & Microprocessors, 
CB and Mobile Radio, Aircraft and 
Marine Radio or Complete Communi- 
cations. Send the postage -paid card 
today and get a head start on the state 

of the art. If card has been removed, 
write to: 

NRI Schools 
McGraw -Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 
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DISC WASHER 
D4 SYSTEM 

discwasher ' 

Hi- Technology 
ecord Cleaning Fluid 

SEE DIRECTIONS 
AND CAU -ION OTHER SIDE 

Net Contents 1.25 tI oz (36 
97cc) 

A NEW STANDARD 
OF RECORD CARE 

NEW D4 FLUID 
Inherently more active against record contamination 
Inherently safe for record viryl. Preferentially 
absorptive formula carries all contamination off the record. 

NEW D4 FABRIC 
Unique directional fibers preferentially remove fluid 
and contamination. D4 fabric results in clearly better 
cleaning, better drying and ultimately residue -free surfaces. 

UNMATCHED VALUE 
The Discwasher D4 System is enhanced by the durability 
and aesthetics of the hand -finished walnut handle. 
Included in the D4 System are the DC -1 Pad Cleaner and 
new instructions. 

CIRCLE NO. 23 ON FREE INFORMATION CARD 
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PRODUCTS TO CARE FOR YOUR MUSIC 

Discwasher, rnc., 1407 N. Providence Rd., Columbia, MO 65201 
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audio 

111 Entertainment _- Electronics 

High -End Audio 

CONTRARY to the continuing 
trend of inflation in the 1970s 

and '80s, the electronics industry has 
been able to produce calculators, tele- 
vision games, home computers, digital 
watches, and audio equipment at 
prices that have remained relatively 
stable or, in some cases, fallen. This 
fortunate state of affairs is very likely 
a result of parts and manufacturing 
economies gained by using large -vol- 
ume- production and integrated cir- 
cuits. The net effect is to give the con- 
sumer better value for his money. 

In contrast to this, there is a small 
group of U.S. manufacturers that de- 
sign and market exquisitely crafted, 
high -quality stereo components; and 
their prices have shown an upward 
trend with time. These so- called high - 
end companies normally limit their 
business to separate components and 
show little interest in receivers and in- 
tegrated amplifiers. Their products 
are developed by modifying the basic 
design of a unit every few years. Pro- 
duction output is generally small, of- 
ten as little as a few pieces per week, 
and is sold through a small network of 
carefully selected retail stores. Mark 
Levinson Audio Systems, Ltd., 
Threshold Corporation, and Audio 
Research are good examples of such 
"high -end" audio companies. 

The high price of equipment sold 
by these companies clearly sets it 
apart from the industry mainstream. 
Let's contrast two different design ap- 
proaches-a cost -sparing one by Car- 
ver Corporation and a "price -no- 
object" one by Threshold Corpora- 
tion. Both products, the Carver M- 
400 and the Threshold Stasis 1, are 
basic power amplifiers capable of sup- 
plying 200 watts per channel, but at 
that point the similarity between them 
seems to end. Where Carver supplies 
two channels of amplification for 
$350, Threshold equipment to do the 
same job (two mono amplifiers) will 
set you back a whopping $7,000! 
Where Carver has built on the current 
trend to switching power supplies and 
variable supply voltage to the output 
stage in an effort to save weight, 
space, and power dissipation, Thresh- 
old has developed a unique circuit 
that forces active devices in the output 
stage to operate in a way that is inher- 
ently errorless. 

SFPTFIARFR 10Rn 

By Laurence Greenhill 

Nelson Pass of Threshold believes 
that dynamic amplifier distortion can 
be reduced greatly if an amplifier 
stage runs with nearly constant volt- 
age and constant current across and 
through the active device. His original 
1978 patent for the Stasis 1 achieved 
this by connecting two amplifiers. A 
small, low- impedance, constant -volt- 
age, cascoded, class -A amplifier (the 
"Stasis" section) feeds low current 
through the load (the speaker) to a 
second, high- impedance, high -power, 
class -AB amplifier of constant cur- 
rent (the current "mirror "). The low 
impedance of the first, low- power, 
very- high -quality Stasis amplifier 
causes it to dominate and to deter- 
mine the speaker response's sonic 
quality. The second amplifier, outside 
of the feedback loop of the Stasis sec- 
tion, serves as a current bootstrap and 
carries out most of the work through 
the speaker. Open -loop distortion can 
be reduced 10 to 30 times, so that no 
overall system feedback between am- 
plifiers is required. Pass's Stasis de- 
sign resembles Peter Walker's "cur- 
rent dumping" Quad 405 amplifier, 
but the Threshold amp does not uti- 
lize the 405's impedance bridge to 
connect the small, superb amplifier to 
the "large" current source. 

To continue the comparison, the 
Carver weighs 4.5 lb per channel; the 
Threshold weighs in at 100 lb. Limit- 
ers in the Carver hold current flow to 
15 amperes; the Threshold will pass 
pulses of 30 amperes. For other fea- 
tures of the two amplifiers, let's look 
at their general descriptions, as fol- 
lows. 

Carver M -400 Power Ampli- 
fier. Features magnetic -field 
circuitry that eliminates need 
for oversized heat sinks, power 
transformers, and electrolytic 
capacitors; dual moving -LED 
vertical -peak level display with 
VU ballistics; 200 W /ch con- 
tinuous into 8 ohms from 1 to 
20,000 Hz with 0.05% THD 
and 0.06% IM distortion; fre- 
quency response, 1 to 250,000 
Hz ±0.25 dB; S /N, 100 dB 
(A- weighted); slew rate, 80 
V /µs; dynamic range, 50 dB. 
Brushed champagne gold finish 
with brown trim; 63/4" H X 
63/4" W X 63/4" D. 

Threshold Stasis I Power 
Amplifier. Mono power ampli- 
fier features constant -current/ 
constant -voltage operating sys- 
tem designed to eliminate semi- 
conductor distortion; 72 ultra- 
high -speed output transistors; 
adjustable peak and average 
meter output display with sensi- 
tivity readings of peak /average 
0 dB at 15 W, 8 ohms and 
peak /average 0 dB at 150 W, 8 
ohms; LED indicators for amp 
on, error waveform, over tem- 
perature, and standby. Dimen- 
sions of the Stasis 1, which is 
rack mountable, are 195 /8" W 
X 83/4" H X 19" D. 

Unlike the Carver amplifier, whose 
manufacturer limits its application to 
the home environment, the Stasis 1 

can be used for sound reinforcement, 
by rock groups, or even to drive highly 
reactive loads represented by cutter 
heads used in making disc records. 
Jack Renner of Telarc Records, for 
example, has used the Stasis 1 to cut 
lacquers. The monophonic Stasis 1 

will also serve as the "flagship" for 
Threshold's new line of stereo Stasis 
amplifiers, the 200 watt -per -channel 
Stasis 2 ($2,450) and the 100 watt - 
per- channel Stasis 3 ($1,675). 

Why would one buy a Stasis 1? 
Nelson Pass believes that the unique 
sonic excellence of the Stasis 1 is eas- 
ily discernable, although its standard 
distortion figures are no different 
than those of the Carver. Obviously, 
the customer considering a Stasis 1 

must weigh other factors besides pure 
performance. Let's examine the ele- 
ments of such a choice. 

Is Price the Main Specification? 
Purchasing audio equipment can be a 
great conundrum to the consumer. 
Excellence abounds in all price cate- 
gories. Distortion specifications of 
most midprice separate components 
match the lower limits of the average 
test equipment. Since these specifica- 
tions cannot readily improve, manu- 
facturers set their products apart by 
stressing appearance, massiveness, 
ruggedness, quality of individual 
parts, and complexity of circuit de- 
sign. As a result, brochures on high - 
end equipment may offer no numeri- 
cal specifications. Instead, they focus 
on chassis construction, design of the 
output circuit, the number of power 
output devices, and weight and design 
of the power supply. Thus, the pro- 
spective purchaser may become in- 
volved with the product's construc- 
tion, nameplate engraving, and the 
degree to which inner parts are over - 
designed or derated, more than the 
product's function of amplifying an 
audio signal. In a sense, it is as if the 
audiophile were purchasing an ele- 
gant metal sculpture. Often the only 
available numerical specification, be- 
sides power output, is price. It may be 
that, like many glamourous consumer 
items, some high -end audio compo- 
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audio 

nents stress high price to emphasize 
exclusiveness and quality. 

Why does the prospective customer 
consider purchasing a "super- priced" 
audio product? Although these de- 
vices are touted as delivering the ulti- 
mate in sonic quality, lab tests on 
them fail to reveal uniquely low dis- 
tortion figures. (But admittedly, basic 
distortion measurements don't tell 
all.) Yet, owners of high -end gear fre- 
quently report immense satisfaction 
with the sound that comes from their 
systems. I personally know several au- 
diophiles who state that their quest 
for a superb amplifier was reached 
when they purchased the Mark Levin- 
son ML -2, a 45 -watt class -A mono- 
phonic amplifier (two are necessary 
for stereo) costing $2,500 per channel. 
There have been controlled subjective 
listening tests on such super compo- 
nents that suggest that the pleasure 
they give may come from nonsonic in- 
fluences, for definitive evidence of su- 
perior sound has been elusive. On the 

other hand, reviewers in small audio- 
phile magazines find distinguishing 
aural characteristics to commend this 
special class of audio equipment. 

Of course, subjective listening mu- 
sical experiences and the pleasure de- 
rived can be modulated by an owner's 
perception of a unit's appearance, the 
reputation of the designer, and the ex- 
pectation of what a cost -no- barrier 
approach can yield. Similarly, one 
may have different expectations 
climbing into a $14,000 Corvette than 
into a $125,000 Lamborghini for a 
test drive, even though both qualify as 
sports cars. These expectations pro- 
duce powerful psychological effects. 
Pride of ownership and self -esteem 
can account for some of the listening 
pleasure an audiophile obtains from 
his system. 

Those willing or able to pay the 
price may gravitate to unusual, exotic 
designs. For example, the helium - 
atmosphere Plasmatronic speaker, 
which seems better suited to a physics 

lab than the living room, stands as an 
innovative use of plasma technology 
to produce an outstanding transduc- 
er-at a cost of $9,000. 

One tangible benefit the audiophile 
who purchases high -end equipment is 
likely to receive is outstanding service 
from the dealer and manufacturer. 
Often, the customer can call the fac- 
tory and speak directly with the de- 
signer. Further, updates of circuit de- 
sign are often offered at a fraction of 
the original purchase price of the 
equipment, and repairs are easily ob- 
tainable. Moreover, some audio deal- 
ers who sell such equipment are will- 
ing to supply "loaner" electronics, so 
that your system can continue to oper- 
ate while a component is being re- 
paired. In summary, those able to own 
"price -no- object" equipment will own 
equipment with sound as good as any- 
thing available, elegant craftmanship, 
and conservative engineering that 
contributes to greater longevity -and 
receive solicitous service as well. O 

Audiophile Recordings 

By Harold A. Rodgers 
Executive Editor 

SAINT-SA ËNS: Symphony No. 3, "Or- 
gan." Eugene Ormandy conducting 
the Philadelphia Orchestra; Michael 
Murray, Organist. Telarc 10051. 
Well, it has happened at last! Telarc 
has made the jump into the major 
leagues. This recording is the young 
company's first of a major symphony 
orchestra, and it has been done in fine 
style. Recorded digitally, of course, 
the sound encompasses a stunning dy- 
namic range while retaining the sub- 
tleties of lightly scored passages. Just 
occasionally a touch of groove noise 
obtrudes with a gentle reminder that 
we are listening to a recording after 
all, but that is because the immense 
dynamic range forces the minimum 
level closer to the noise than would 
ordinarily be the case. At the other 
end of the range, more than a few 
prestigious phono pickups will sound a 
mite breathless tracking the peak lev- 
els. Telarc is here pushing the vinyl, 
and right to the limits -or awfully 
close. 

Ormandy, Murray, and the orches- 
tra do an excellent job. The opulent 
sound characteristic of the Philadel- 
phia is well in evidence and well under 
control. The attacks have just the 
amount of diffuseness to render the 

sound warm rather than clinical, yet, 
at the same time, they are never per- 
mitted to lapse into vagueness or inac- 
curacy. One is tempted to conclude 
that St. Francis de Sales Church in 
Philadelphia is a particularly felici- 
tous recording environment. This is a 
thrilling recording, and, as it should 
be one of Ormandy's final readings of 
the work, could easily become a col- 
lector's item. 

TcHAIKOVSKY: Symphony No. 6 in B 
Minor, Op. 74, "Pathetique." Kurt 
Sanderling conducting the Berlin 
Symphony Orchestra. Denon OX- 
7183-ND. Sanderling's approach to 
this symphony seems to be to take 
everything right to the limit. He takes 
the opening about as far in the direc- 
tion of romantic expressiveness (some 
would say schmaltz) as anyone I have 
ever heard, then makes a quick 
change in mood and renders Tchai- 
kovsky's gimpy 5/4 "waltz" (Allegro 
con grazia) with as much grazia as 
anyone could want. Similarly, the 
third movement makes much of force- 
fulness, and the fourth returns to 
schmaltz. 

The recording was made with De- 
non's PCM (digital) process, and has 
basically fine sound. The warmth of 
sound that characterizes many Euro- 
pean recordings (in contrast to the 
more analytical sound preferred by 
many Americans) is abundantly pres- 
ent. However, whether through some 
quirk in miking or recording, or, more 
likely, in the acoustics of Christus- 
kirche in East Berlin, bass frequencies 
are overrepresented. The entire tex- 
ture at times becomes excessively tur- 
gid and heavy. The problem can be 
relieved to a large extent with a deft 
touch on the bass control of your am- 
plifier, which is fortunate, for the per- 
formance is well worth hearing. 

STEELEYE SPAN: All Around My Hat. 
Mobile Fidelity MFSL 1 -027. Given 
the task of choosing a Steeleye Span 
album for remastering, I think I 
would have made a different choice - 
Parcel of Rogues and Now We Are 
Six coming to mind as candidates. 
But this one, although less spectacular 
than those, to my taste, does have a 
way of growing on one. There is not a 
great deal of showing off, but there is 
much musical expressiveness. And 
some of the arrangements approach 
genius. 

For those unfamiliar with this now - 
disbanded group, its stock -in -trade 
consists of British folk song and dance 
melded with the modern rock medium 
in a unique way. It is a pity that 
Mobile Fidelity includes nothing in 
the way of program notes other than a 
description of its manufacturing pro- 
cess and the like. The unfamiliar dia- 
lects and odd vocabulary (at least for 
a modern American listener) cry out 
for the inclusion of written words of 
the songs and explanations where nec- 
essary. In any case, it would be nice to 
know more about the background of 
this delightful material and the group 
that produced it. 

New Releases: 
BOiTO: Prologue to Mefistofele; VER- 
DI: Te Deum. The Atlanta Symphony 
Orchestra and Chorus under Robert 
Shaw; John Cheek, Bass. Telarc DG- 
10045. 

CHAUSSON: Concerto Op. 21. Israela 
Margalit, Piano; Lorin Maazel, Viol- 
in; The Cleveland Orchestra String 
Quartet. Telarc DG- 10046. 

FOR ELISE-AND OTHER BEAUTIFUL 
FLOWERS OF PIANO MUSIC. John 
O'Conor. Denon OX- 7177 -ND. 0 
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THE REALIZATION OF 
GREAT EXPECTATIONS. 

THE SANSUI "Z" SERIES. 

Music lovers expect uncommon products 
from Sansui. And Sansui delivers. The new Sansui 
"Z" Series of synthesized digital receivers are de- 
signed and built with a loving logic that can be 
seen, touched and heard. Take the Sansui 5900Z, 
a reasonably priced receiver with every important 
feature you could possibly want for the heart of 
your high fidelity system. 

SYNTHESIZED DIGITAL TUNING 
You can't mistune a Sansui synthesized 

digital receiver. Not even a little. Press the up,' 
down tuning buttons. The digital circuitry ensures 
that every station received is automatically lock- 
ed in for lowest possible distortion, with its fre- 
quency indicated both on a digital readout and 
by an LED indicator along an analog type dial. 

TOUCH VOLUME CONTROL & 
LED PEAK POWER LEVEL INDICATOR 

The Sansui 5900Z 
uses a pair of touch - 
buttons to adjust the 
listening level. Relative 
volume control setting is 

indicated on a fluor- 
escent display. Actual 
peak power amplifier 
output is shown by 14- 

segment LED indicators. 
12 PRESET STATIONS 

To make FM and 
AM tuning still easier, up 

VOLUME 
rxiwn t,v 

to 12 user -selected stations may be "stored" in 
the 5900Z's memory circuits for instant recall. The 
last station received will be remembered when 
the tuner is turned on again; and memories are 
kept "live" even during a power outage. 

DC -SERVO AMP FOR DEPENDABLE POWER 
The leader in DC technology, Sansui uses a 

servo- controlled amplifier circuit in all "Z" receivers 
to eliminate unwanted ultra -low frequencies - 
like record warps - while maintaining the advan- 
tages of direct -coupled circuitry in their amplifier 
sections. The 5900Z delivers 75 watts /channel, min. 
RMS, both channels into 8 ohms, from 20- 20,000Hz, 
with no more than 0.03% THD. 

And there's more. Like LED's for every 
important function. Two Muting Modes. AM stereo 
capability. And much more. 

Visit your Sansui dealer and make sure you 
see all the wonderful 
stereo receivers in the 
Sansui 'Z" Series. And 
expect great things. You 
won't be disappointed. 

AUTO TIMING 
CCWM W 

FIE 
nYF5FT STTpr. 
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SANSUI AWIO EUROPE SA.. Antwerp, Belgium 
In Canada: Electronic Distributors 

RMI. 
.m &a..r. 1. o... r.. 

El f 
www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


TUNE IN 
AMERKKS 

LAND, SEA AND AIR 
SCANNER. 

The incredible, no- crystal 
Bearcat 220 Scanner tunes in 
all the real excitement of 
AM aircraft communications 
plus FM public service 
frequencies, with shbutton 
ease. 

Now. 
Tune in all the 
real excitement of 
the wild blue yonder, at 
the touch of a button. 

The no-crystal Bearcat 220 
Scanner searches and tunes in aircraft 
communications. Jets at 30,000 feet. All the tense 
tower talk. Everything is pre -programmed in space - 
age memory banks. 

The 7 -band Bearcat 220 Scanner also brings 
home public service frequencies, too. Pre- 
programmed Marine frequencies. Police action. 
Fire calls. Weather warnings. You name it. 

The Bearcat 220 has all the features and 
quality Bearcat Scanners are famous for. Track 
tuning. Decimal display readout. Automatic air- 
craft and marine search. Selective Scan Delay. 
Automatic squelch and lockout. Priority. And much, 
much more. 

After all, Bearcat invented Scanning. And we'll 
stop at nothing to bring you all the excitement - 
of land, sea, and 

air. , 
The number one way to real excitement. 

Elec Copyright 1980 Electra Company Division of Masco Corp. of Indiana 300 East County Line Road. Cumberland. Indiana 46229 

BEARCAT 
220 SCANNER 
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Tandberg Model TCD -440A Cassette Tape Deck 

Three -motor, three -head machine has DYNEQ dynamic 
record EQ and ACTILINEAR recording amplifiers 

HEADING the latest line of cas- 
sette decks from Tandberg is the 

TCD -440A, a deluxe three -motor, 
three -head machine. The TCD -440A 
incorporates Tandberg's DYNEQ dy- 
namic equalization system for greatly 
reduced high- frequency tape over- 
load, and the ACTILINEAR record- 
ing system that permits effective use 
of metal alloy tapes without satura- 
tion of the recording amplifiers. 

The Tandberg TCD -440A can be 
installed in a vertical or a horizontal 
position, with removable supporting 
feet supplied for vertical mounting. 
The all -black finished recorder meas- 
ures 185 /16" W X 87/8" D X 4" H and 
weighs 14.5 pounds. The suggested 
selling price is $1600. An optional in- 
frared remote control unit is $150. 

General Description. The trans- 
port is controlled by light -touch but- 

tons that operate solenoids. The usual 
pause feature is lacking, but RECORD 
can be activated by touching a single 
button if a separate REC. PRESET but- 
ton has been previously engaged. 
Logic circuits make it possible to go 
directly from any speed or mode to 
any other. "Flying start" recordings 
can be made by pressing the RECORD 
and PLAY buttons while the tape is 
playing, and releasing PLAY before 
releasing RECORD. 

Other pushbutton switches control 
POWER, DOLBY NR, and internal equali- 
zation time constants. A DOLBY FM 
button, when used in conjunction with 
the DOLBY NR button, converts the 
deemphasis time constant of a re- 
ceived FM broadcast from 75 to 25 
microseconds before decoding and re- 
cording it. Separate pushbuttons set 
the machine for Type I and Type II 
tapes. These are IEC designations for 

general tape classes, respectively, ex- 
emplified by ferric oxide (normal) 
tapes and either Cr02 or high -bias 
ferricobalt equivalents. When both 
buttons are engaged, the machine is 
set for Type IV (metal) tape. Another 
button controls source /tape monitor- 
ing. An MPX filter can be switched in 
to attenuate 19 -kHz pilot leakage 
from FM broadcasts being recorded. 

Above the control buttons are two 
illuminated level meters that read 
peak levels of the equalized signal. 
They have two scales; the upper one, 
for Type I and Type II tapes, has its 
"0 dB" calibration corresponding to a 
tape flux of 250 nWb /m, while the 
lower, for metal tape, has its 0 dB set 
4 dB higher (400 nWb /m). 

Playback output level and record- 
ing level are controlled by dual slider 
potentiometers. A three -position tog- 
gle switch sets recording bias for Type 
I, Type II, or Type IV tapes. Access 
holes are provided for internal screw- 
driver adjustments that permit bias to 
be trimmed for any specific type of 
tape. This requires instruments and is 
not a normal user adjustment. 

(Continued on page 31) 
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"If yoiíre going to learn 
electronics, you might 
as well learn it right!" 

26 

"Don't settle for less. 
Especially when it conies 
to career training... because 

everything else in your life 
may depend on it. That's 
why you ought to pick CIE!" 

POPULAR ELECTRONICS 
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you've probably seen ad- 
vertisements from other 

electronics schools. Maybe you 
think they're all the same. 
They're not! 

CIE is the largest indepen- 
dent home study school in the 
world that specializes exclu- 
sively in electronics. 

Meet the Electronics 
Specialists. 

When you pick an electronics 
school, you're getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you get in return. 

That's why it makes so much 
sense to go with number one ... with 
the specialists ... with CIE! 

There's no such thing as 
bargain education. 

If you talked with some of our 
graduates, chances are you'd find a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

We don't promise you the moon. 
We do promise you a proven way to 
build valuable career skills. The CIE 
faculty and staff are dedicated to 
that. When you graduate, your di- 
ploma shows employers you know 
what you're about. Today, it's pretty 
hard to put a price on that. 

Because we're special- 
ists, we have to stay 
ahead. 

At CIE, we've got a position of 
leadership to maintain. Here are 
some of the ways we hang onto it .. . 

Our step -by -step learning 
includes "hands -on" 
training. 

At CIE, we believe theory is 
important. And our famous 
Auto -Programmed® Lessons teach 
you the principles in logical steps. 

But professionals need more 
than theory. That's why some of our 
courses train you to use tools of the 
trade like a 5 MHz triggered -sweep, 
solid -state oscilloscope you build 
yourself -and use to practice trouble- 
shooting. Or a Digital Learning 
Laboratory to apply the digital theory 
essential to keep pace with electronics 
in the eighties. 
Our specialists offer you 
personal attention. 

Sometimes, you may even have 
a question about a specific lesson. 
Fine. Write it down and mail it in. 
Our experts will answer you 
promptly in writing. You may even 
get the specialized knowledge of all 
the CIE specialists. And the answer 
you get becomes a part of your per- 
manent reference file. You may find 
this even better than having a class- 
room teacher. 

Pick the pace that's right 
for you. 

CIE understands people need 
to learn at their own pace. There's no 
pressure to keep up ... no slow 
learners hold you back. If you're a 
beginner, you start with the basics. 
If you already know some elec- 
tronics, you move ahead to your 
own level. 

Enjoy the promptness of 
CIE's "same day" grading 
cycle. 

When we receive your lesson 
before noon Monday through Satur- 
day, we grade it and mail it back - 
the same day. You find out quickly 
how well you're doing! 

CIE can prepare you for 
your FCC License. 

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

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of 5 CIE gradu- 
ates who take the exam get their 
Licenses! 

For professionals only. 
CIE training is not for the hobby- 

ist. It's for people who are willing to 
roll up their sleeves and go to work 

. to build a career. The work can be 
hard, sure. But the benefits are 
worth it. 
Send for more details 
and a FREE school 
catalog. 

Mail the card today. If it's gone, 
cut out and mail the coupon. You'll 
get a FREE school catalog plus com- 
plete information on independent 
home study. For your convenience, 
we'll try to have a CIE representa- 
tive contact you to answer any ques- 
tions you may have. 

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 

iCIE 
Ell MI IN MI MN 

Cleveland Institute of Electronics, Inc. 
1778 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

YES . . . I want the best of everything! Send me my FREE CIE school 
catalog - including details about troubleshooting courses -plus my FREE package 
of home study information. PE-22 

Print Name 

Address Apt 

City 

State zip 

Age Phone ( area code) 
Check box for G. I. Bill information: Veteran Active Duty 
MAIL TODAY: 
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As your computer skills grow, so does your Heath H-8 

System. New accessories and software are coming along 
all the time to make your system do more. 

Special bus design gives you seven plug -in board posi- 
tions so you can configure any combination of memory, 
I /O's and accessories. You can interchange boards. Add 
accessories. Build exactly the system you want. 

A wide selection of software makes your life more fun 
and more efficient. Hundreds of programs for business, 
home and family are available from Heath User's Group. 
Also two BASIC languages, Microsoft"""and Fortran: " And 
more programs are being developed all the time. 

If you haven't seen the latest Heathkit catalog, you 
haven't seen the latest in computer fun. There's a new 
Music Synthesizer Board, new Speech Lab, new Color 

Visit your Heathkit Store 
In the U.S. and Canada visit your 
nearby Heathkit Electronic Cen- 
ter` where Heathkit products are 
displayed, sold and serviced. See 
the white pages of your phone book 
for the location nearest you. 
"Units of Veritechnology Electronics 
Corporation in the U.S. 

Graphics Board and new Color Monitor. And coming 
soon, a new three -drive disk system. For an exciting 
computer hobby, there's no more exciting computer 
than the Heath H8 - available fully assembled or in 
money -saving kit. 

For complete details and prices on the HH8 and the com- 
plete line of Heath printers, terminals and accessories, 
write today for the new, free Heathkit Catalog, or pick 
one up at your nearby Heathkit Electronics Center. 

CIRCLE NO. 32 ON FREE INFORMATION CARD 
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FREE 
CATALOG 
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Benton Harbor, MI 
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Study 
professional 
audio 
recording 
technology. 

Learn to 
engineer 
the sound 
of music... 

Complete the 
Multi -track Recording Technology 
curriculum in one year, or earn the 
B.S. Degree in Music Technology 
via the Institute of Audio Research - 
New York University joint program. 

Fall '80 Quarter 
starts September 30th. 

Write or call for brochure t Institute 
of Audio 
Research 
64 University Place 
Greenwich 

i vilb9nn 

64 University Place 
Village 

New York, N.Y. 10003 
Established (212) 677 -7580 

1969 

Licensed by N.Y. State Dept. of Education 

audio 
(Continued from page 25) 

Also on the panel of the TCD -440A 
are a headphone jack, a socket for the 
optional remote control accessory, 
and two microphone jacks, as well as 
the tape index counter. The cassette 
door is hinged vertically and opens 
from its right side. The EJECT button 
operates through a solenoid, so that 
normally the cassette door cannot be 
opened unless the recorder is powered. 
If access is required to the cassette 
with power off, there is a special me- 
chanical ejection lever underneath the 
recorder. 

Pressing on the upper edge of a nar- 
row metal door causes it to swing open 
and reveal the recording -head azi- 
muth adjustment knob, a TEST switch 
and instructions for aligning the head 
before making a recording. The sepa- 
rate record and playback heads are 
far enough apart for slight tape skew- 
ing within the cassette to alter the 
effective alignment of their gaps. The 
playback head is factory aligned, but 
before making a recording it is neces- 
sary to adjust recording head align- 
ment for the particular cassette being 
used. An internal 10 -kHz oscillator 
facilitates this test. 

DYNEQ is Tandberg's answer to 
tape saturation at high frequencies. It 
monitors the incoming program lev- 
el- particularly its high- frequency 
content -and uses the information to 
control the response of a 20 -kHz reso- 
nant peaking circuit in the recording 
amplifier. As the high- frequency en- 
ergy in the signal increases, the high - 
frequency boost in the record ampli- 
fier is progressively reduced. This 
minimizes the possibility of tape satu- 
ration. High- frequency recorded flux 
is thus maintained constant over a 
wide range of input signal levels, re- 
sulting in an effective increase of 
high- frequency response that amounts 
to about 10 dB at 15 kHz. DYNEQ 
operates only during recording and 
yields a tape that is fully compatible 
with other recorders. In addition, it 
provides a dramatic reduction of in- 
termodulation distortion. 

The ACTILINEAR system iso- 
lates the recording amplifier output 
from the bias signal injected into the 
recording head, reducing still further 
any intermodulation between the sig- 
nal and the bias oscillator. In addi- 
tion, it allows the recording amplifier 
some 15 dB of reserve headroom, even 
with the high signal levels recorded on 
metal tape. 

Laboratory Measurements. Bias 
levels in the Tandberg TCD -440A 
have been factory adjusted for Maxell 
UD -XL 1 (Type I), Maxell UD -XL 
II (Type II), and Fuji Metal (Type 
IV) tapes, which we used in our tests. 
Playback equalization was first meas- 
ured using TDK, Teac, and BASF 
test cassettes for both 120- and 70 -as 
equalization. There were the expected 
minor differences between the differ- 
ent tapes, but the playback response 
was typically within 2 dB from 40 Hz 
to the upper limit on the tape (either 
10 or 12.5 kHz). 

Record /playback frequency re- 
sponse was measured with each of the 
basic tapes, using levels of 0, -20, 
and -30 dB on the recorder's meters. 
The response of the TCD -440A is 
specified at a -30 -dB level relative to 
250 nWb /m, although most other 
cassette recorders are rated at a -20- 
or -26 -dB level. We found negligible 
difference between the -20- and 
-30- dB curves, and those were con- 
fined to the range above 15,000 Hz. 

The TCD -440A is exceptionally 
free of the low- frequency "head 
bumps" that are present in the play- 
back response of almost every cassette 
deck. Its response could be specified 
as ± 1.5 dB from 20 to 18,000 Hz 
with any of the tapes we used, at eith- 
er a -20- or a -30 -dB level. The 0- 
dB response curves began to roll off 
above 3 to 4 kHz, regardless of the 
tape. However, they did not fall to 
-20 dB until 18 to 20 kHz and never 
went below that. On most cassette 
decks, metal tape will give superior 
high- frequency response at high lev- 

(Continued on page 34) 
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SONY ELIMINATES 
THE MOST DISTURBING 

VARIABLES 
IN TURNTABLE 
PERFORMANCE, 

STARTING WITH THE 
WAY IT TURNS. 

At Sony, our commitment to being #1 in 
hi -fi didn't stop with the reinvention of the receiver. 

By applying "Total System Technology" 
we've eliminated the headaches that plague 
the turntable. And developed the first 
state -of -the -art turntable that won't ut 
you in a state of bankruptcy. The PS-X55. 

A DRIVE SYSTEM THAT'LL BE 
ACCURATE BEYOND THE YEAR 2000. 

In order to insure your records turn at the pre- 
scribed speed, utterly smoothly and without fluctua- 
tion, Sony has improved its already advanced 
direct -drive system with an electronic speed -control 
circuit that works like a quartz watch. 

This ives the X55 up to 10 times more speed 
monitoring `pulse points" than competitive models, 
so it can better compensate for wow and flutter. We 
call this system "quartz -lock Manedisc servo con- 
trol." The audiophiles call it brilliant. 

And unlike direct -drive motors found in com- 
petitive turntables, the X55's is both brushless and 
slotless. Which means it's even more accurate. 

A NEW ANGLE ON THE TONEARM. 
STRAIGHT 

Sony engineers have paid meticulous atten- 
tion to the X55's tonearm and its suspension. 

Instead of the conventional shapes, the X55's 
tonearm was designed as the shortest path between 

two points -a straight line- 

The tonearm pivot is supported in two places, 
not one. So it's virtually free of tonearm resonance, 

friction and side play. 
And to let the platter motor do its job 

without interference, the X55 even 
has a separate motor that operates the 

tonearm during its automatic cycles. A 
technological advancement that's hard to 

find on any turntable at any price. 
THE STANDARD BY WHICH ALL BASES 

WILL BE JUDGED. 
Instead of using an inexpensive plastic, wood 

or cast -aluminum base, like many of our competitors, 
the X55 is made of a Sony -patented 
inorganic "Bulk Molding Compound," 
which sharply reduces feedback. 

And because loudspeakers pro- 
duce vibrations that can be transmitted 
to the turntable through its feet, Sony 
created special gel -filled feet which absorb energy so 
effectively that the X55 will perform flawlessly even 
when your music is loud enough to rattle the walls. 

Yet the X55's advancements don't stop here. A 
special muting device eliminates the "pop" that nor- 
mally occurs when the stylus touches down or lifts 
up- something you'll particularly appreciate when 
transferring records to tape.There's even an electric 
eye that automatically measures the disc size. 

But the bottom line is this. Once you compare 
the Sony X55 for specifications, features and price, 
you'll come to an inescapable conclusion.There's 
only one thing you need to know about high fidelity. 

It's Sony. 

1,410,1 
for minimum mass. 

Minimizing mass maximizes compatibility with the 
widest range of cartridges, including the most ad- 
vanced high- compliance types. 

SONY® 
High Fidelity 

FEATURES AND SPECIFICATIONS: Fully automatic direct -drive turntable system /Linear BSL motor /Quartz -lock Magnedisc servo speed control /Electromagnetic braking /Sony Bulk 
Molding Compound anti -resonance base /Low -mass Duralumin tonearm /Logic IC function sequencing /Discrete tonearm servo motor /Speed accuracy ± 0.003%/Wow and flutter (WRMS) 
0.025% /Rumble (DIN B) -78 dB /Effective tonearm mass 8 grams. 

1980 Sony Industries. a division of Sony Corp. of America. 9 West 57th Street. New York. N.Y. 10019. Sony is a registered trademark of the Sony Corporation. 
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Total 

Care 
GI System 

Cleaning your 
records is only 
half the battle. 
The best record cleaner in the world can't 
preserve a record. It can only clean it. 
A good record cleaner can remove dust, oily 
fingerprints and deep- seated dirt from the 
grooves. But, it can't protect the record from 
wear and friction. 

The diamond is the hardest natural 
substance known. At the tip of a stylus, it is 
the spearhead of over 15 tons per square inch 
of destructive pressure that shears away 
microscopic chips of vinyl while traveling 
along the delicately thin grooves. 

The finest high fidelity system can't 
restore the subtle high frequency and mid- 
range tones that are unavoidably lost. 

Sound Guard Record Preservative 
is a scientifically designed, ultra -thin, dry 
formulation that practically eliminates rec- 
ord wear. Your records treated with Sound 
Guard Record Preservative will sound just as 
good after 100 plays. No hiss. No pops. 
No clicks. 

Give your records 100% protection 
with two simple steps. First, clean them with 
Sound Guard Record Cleaner; then preserve 
them with Sound Guard Preservative. Buy 
them separately or get them both in the 
Sound Guard Total Record Care System. 
And stop record wear in its tracks. 

Sound Guard Corp. 
348 S.W. 13th Ave. 
Pompano Beach 
Fla. 33060 
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els, but the DYNEQ circuit seems to 
extract almost identical response from 
any kind of tape. 

The Dolby circuits "tracked" well, 
resulting in a net response change of 
no more than 1 dB up to 10 kHz, or 2 
dB between 10 and 15 kHz, between 
the Dolby "on" and "off" conditions, 
at recording levels of -20, -30, and 
-40 dB. 

Depending on the tape used, a 0 -dB 
meter reading required a recording in- 
put of 65 to 92 millivolts at 1 kHz. 
The corresponding maximum line 
playback levels were between 1.15 
and 1.82 volts. At a 0 -dB recording 
level, the playback third harmonic 
distortion was 0.8% with Type I, 0.5% 
with Type II, and 1.6% with Type IV 
tape (the latter being recorded to its 
0 -dB reference level, 4 dB higher than 
the others). The recording levels cor- 
responding to 3% playback third -har- 
monic distortion were respectively 
+5.4 dB, +6 dB, and +2.5 dB for 
the three tapes. 

Unweighted signal -to -noise ratios 
(S /N) referred to the 3% distortion 
signal level, were, respectively, 52.8 
dB, 55.7 dB, and 56.1 dB for Type I, 
Type II, and Type IV tape. Using the 
Dolby system and CCIR /ARM 
weighting, these figures improved to 
63.8, 67.5, and 67.3 dB. Through the 
microphone inputs, noise increased by 
7 dB at maximum recording gain with 
a 1 -k12 input termination. (Gain of the 
microphone amplifier is a function of 
source impedance.) The crosstalk be- 
tween channels at 1 kilohertz was 
-60 dB. 

Standard test tapes confirmed that 
a flux level of 250 nWb /m produced a 
0 -dB meter reading in playback. Dol- 
by calibration marks are at -2 dB 
(corresponding to a 200 -nWb /m lev- 
el), and Dolby test tapes gave meter 
readings of -1 and -1.5 dB on the 
two channels. The meters responded 
very rapidly to transients, reading 
100% of steady -state values on 0.3- 
second tone bursts. 

The tape transport ran 0.5% fast. 
Weighted rms (JIS) flutter was 
0.07% artd the weighted peak (CCIR) 
flutter was ±0.1 %. On a combined 
record /playback measurement, these 
readings increased to 0.1% and 0.15% 
respectively. In fast forward and re- 
wind, a C -60 cassette was moved from 
end to end in the very fast times of 43 
and 50 seconds, respectively. The 
transport slows the tape near the end 
of a fast wind to lessen the stress on 
the tape leader in stopping suddenly. 

User Comment. The performance 
specifications of the Tandberg TCD - 
440A are listed in some detail in the 
product literature, and in every case 
where we were able to make a meas- 
urement, performance of the test sam- 
ple met or surpassed its ratings. 

In spite of-or perhaps because 

of -its unconventional control and 
operating features, the TCD -440A is 
easy to use. Our only criticism of its 
design concerns the cassette door, 
which does not swing open far enough 
for easy loading or unloading of a cas- 
sette. In installations where access to 
the right side of the recorder is lim- 
ited, the process becomes quite clum- 
sy, since the cassette must be moved 
beyond the right edge of the recorder 
to clear the door when loading and 
unloading. 

A standard subjective test we apply 
to cassette decks is to record intersta- 
tion hiss from an FM tuner and com- 
pare the playback to the incoming sig- 
nal. With many good recorders, the 
two sound almost exactly alike - 
except for minor midrange colora- 
tions. But this degree of accuracy can 
only be realized when the recording 
level is kept below -20 dB ( -10 dB 
on a few of the better machines). 

With very careful matching of the 
signal levels being compared, we 
heard no difference between the tuner 
hiss and the playback of the TCD - 
440A's recording, even at a 0 -dB lev- 
el! This is remarkable performance 
for a cassette recorder, especially 
since identical results were obtained 
with each of the basic tape formula- 
tions used. 

The other aspect of the DYNEQ 
system- reduced intermodulation 
distortion and bias oscillator beats -is 
more difficult to verify because there 
is no way to compare the performance 
of the machine with DYNEQ to that 
of the same machine without 
DYNEQ. Fortunately, Tandberg has 
made a demonstration cassette in its 
laboratories, using a TCD -440A mod- 
ified so that DYNEQ can be switched 
in or out, that leaves no doubt of the 
effectiveness of the system. It contains 
various test signals, recorded with the 
DYNEQ being switched on and off at 
a slow rate. 

How much of this improvement will 
be apparent in recordings made on a 
TCD -440A depends largely on the 
program material. We are convinced 
that it is capable of making cleaner 
recordings of program material rich 
in high- frequency energy than most 
other cassette recorders. Even if that 
capability is not always in demand - 
or realized in practice -this recorder 
removes much of the worry from mak- 
ing recordings when the dynamic 
range is not known in advance. If the 
meter readings do not exceed 0 dB 
except for brief peaks, first rate re- 
cording is hard to avoid. Our experi- 
ence suggests that metal tape is rarely 
necessary with this machine. A good 
Type II tape seems to extract virtually 
all the performance of which the ma- 
chine is capable -and that is more 
than most people will ever need. - 
Julian Hirsch. 
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Popular Electronics Tests 

General Electric's 19 
Table -Top Color TV 

3 6'`.-. 
Q.. ' 

MANINI171r 

GENERAL ELECTRIC has a few 
interesting design modifications in 

its upcoming 1980 -1981 TV receivers. 
In truth, though, there are no design 
"breakthroughs" that significantly af- 
fect viewing and listening qualities. 
Changes that are made essentially en- 
hance operating convenience, and, per- 
haps, reliability. 

Accordingly, we felt free to examine a 
19" table -top color model in the compa- 
ny's 1979 -1980 line to give readers in- 
sight into what GE TV sets are like this 
year and next year in design and per- 
formance. (Besides, 1980 -1981 receivers 
were not yet off the production line, let 
alone on dealers' shelves.) We'll note up- 

coming minor changes that will occur in 
'80 -'81 models as we go along. 

The model examined here is 
19EC0770W, which features VIR II 
color control, dual -mode remote control, 
room -light sensor, frequency- synthe- 
sized tuning that eliminates the need for 
a fine -tuning control, power consump- 
tion reduced by about 30% compared to 
GE's earlier chassis, black matrix in -line 
picture tube, and digital LED channel 
readout. Combine the foregoing with an 
attractive 27 "W X 18 "H X 187/8 "D 
cabinet that's walnut finished on high - 
impact plastic, modular chassis for easy 
servicing, and a "tilt out" control bin, 
and you'll better understand why Gener- 

al Electric is an important factor in the 
TV marketplace. 

Remote Control. This receiver, 
which uses a series EC -A chassis, comes 
with a dual -mode, 82- channel remote 
control that is especially noteworthy, as 
pictured in Fig. 1. It is versatile (smooth 
up /down volume, up /down audio mute, 
keyboard channel selection or channel 
scan) and quiet (uses infrared beam). 
GE's upcoming E -line chassis, which is 
substantially the same as this one, has 
an even more advanced remote system. 
For one, it adds nine channels -all for 
midband cable TV -and its remote re- 
ceiver section's memory can accommo- 
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date all 91 channels for scanning pur- 
poses, while the 1979 -1980 model tested 
here handles up to 20 channels in memo- 
ry. Otherwise, they're the same. Let's 
take a detailed look at how this sophisti- 
cated system works. 

A block diagram of the remote trans- 
mitter, which is designated MP -82 for 
the receiver tested and MP -91 in 1980- 
1981 models, is shown in Fig. 2. They're 
powered by a nine -volt battery and emit 
a pulse -modulated beam of infrared. 

Tuning commands are loaded in pa- 
rallel form into 8 -bit shift register 1C30 
by a 10- element keyboard and a diode 
matrix. These commands are either di- 
rect- address or scan. Depressing one or 
two digit keys (corresponding to the de- 
sired channel number) and then de- 
pressing the ENTER key loads a direct - 
address command into the register. De- 
pressing either the CHANNEL UP or 
CHANNEL DOWN buttons constitutes a 
scan command and causes the appro- 
priate 8 -bit word to be loaded into shift 
register 1C30. 

An oscillator whose operating fre- 
quency is determined by a 566 -kHz ce- 
ramic resonator generates a master 
clock signal for the transmitter that is 
processed by multistage counter /C/O. 
First, the counter divides the input sig- 
nal by 2048 to generate a 276.37 -Hz 
pulse train. This signal is used to clock 
the 8 -bit word serially out of the shift 
register. Counter ICIO also generates 
pulses having frequencies of 141.5 kHz 
( =4), 70.75 kHz ( ±8), and 35.38 kHz 
(= 16). These signals are combined by 
an AND gate with the eight -bit data 
stream to form a composite pulse train 
with a nominal frequency of 35.3 kHz 
and a duty cycle of 12.5 %. The pulse 
train modulates an array of three in- 
frared LEDs that radiate a diffused 
beam of invisible light. It is this beam 
that's sensed and processed by the re- 

(Continued on page 40) 

KEYBOARD 

KEYBOARD 
LINES r 

DIODE 
MATRIX 

566 -kHz 
OSCILLATOR 

Fig. 1. The remote -control system (the Transmitter is shown here in the inset) 
is versatile and quiet. It operates on an infrared beam and controls 82 channels. 

N IC30 
SHIFT 

REGISTER 
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CLOCK 
SERIAL 
OUTPUT 

1I 

1 

2048 16 

INPUT IC10 
COUNTER 

INFRARED 
EMITTERS 

Fig. 2. Block diagram of the MP -82 remote transmitter. The MP -91 for 1980 -81 models will be the same. 
The outputs of the shift register and counter are combined in the AND gate to form a composite pulse train. 
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This is no drill. This is the Air National electronic circuit. Or a stecdy hand on a 
Guard. The professionals who keep watch on refueling boom nine mileE high, everything 
the skies over America. All day they do brings a special satisfaction. Because 
Every day you're it counts 

It's serious 
. % If you're locking for the chance 

business, because responsible for yto ou've got 
do something meaningful. If 

its for real. And ou've what it takes to take on 
everyone from a real job. If you get that tingle 
the jet engine millions of miles down your spine when a jet 
mechanic to engine fires cp. Then maybe you 
the weather technician knows it. o f sky, should help us do what we do. We Guard 

That's why they're here. i - America's Skies. 
They know every You don't See yor local 

time a pilot leaves the Air National Guard Guard ground, they're riding fly it alone. recruiter. Or call 
with him. Their us toll -free America's 
communications network, his ears. Their radar 800 -638 -0936 Skies 
scopes, his eyes. Their aircraft maintenance, (except in Alaska, 
his life. Hawaii and Puerto Rico); in 

And whether it's a ground check on an Maryland call 301-981-361C 

AIR 
NdT10111AL 
GUARD 

CAahh, &tile <- 
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Fig. 3. Block diagram of the AN5330 IC used in the VIR II decoder. Control signals 
are derived from information tramsmitted on video line 19 (see Fig. 4). 

mote -control receiver into commands 
for the tuner and several other stages in 
the TV receivers. 

Infrared radiation from the remote 
transmitter passes through an optical 
filter (which screens out visible light) 
and excites a PIN diode. This compo- 
nent recovers the 35.3 -kHz pulse train 

40 

17 -20H 
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AUTO- MANUAL 
DISCRIMINATING 

D VOLTAGE 

TINT 
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and passes it through a tuned circuit to 
the first of several amplification stages. 

A Schmitt trigger samples the output 
of the last amplifier stage and changes 
state when it senses reception of a pulse - 
modulated infrared carrier. When this 
happens, detected pulses are routed to 

the TUNER CONTROL module. This mod- 
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LED 

o VIR 
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ule also accepts commands from the 
channel -select keyboard mounted on the 
television receiver. The module then 
passes commands to the tuner, phase - 
locked -loop synthesizer, master power 
on /off relay, audio control circuit and 
LED channel readout interface. 

A microprocessor is at the heart of the 
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NOW! A MINIATURE TELEPHONICS SYSTEM 
EVEN MA BELL DOESN'T MAKE AVAILABLE 

FIMGER 
FOMEI. 

The unique Finger Fone brings you advanced solid -state 

wizardry with a simple yet intelligent approach to using a 

telephone. lis the ideal communications instrument for 

home and office. 

Imagine you're a design engineer. 
You've just been assigned to come up with 
a smaller, simpler -to -use, more 
streamlined telephone with basic memory 
that can handle 99% of the ways people 
actually use a phone on a day -to -day basis. 

You have a research laboratory with a 

support staff at your disposal. Plus access 
to the latest transistors, memory chips, and 
microprocessors. And you are given only 
one limitation: Keep the consumer's cost 
under $100. 

Now, since you're something of a 

maverick, your mind is not trapped in the 
right way /wrong way syndrome. And you 
were too independent to take that job with 
the Bell System while back. Because you 
didn't want all your ideas to come out "Bell - 
shaped " 

THE ANATOMY OF DESIGN 
So you set to work -- but not with wires, 

bells and whistles. Because your approach 
is different: You're going to discover how 
people actually use a telephone today and 
then design the instrument from the 
outside in, basing your conception around 
real communication needs in a way quite 
unlike anything ever before achieved 

INTRODUCING THE FINGER FONE 
When you're finished, you realize you've 

come up with a minor revolution in design! 
Your new instrument is actually a 
miniature telephone: the entire unit 
measures a scant 23/4" wide, 83/4" long, and 
2''4" high (at the speaker end), scarcely any 
bigger than the handset on an ordinary 
phone. your Finger Fone has a nearly 
standard alphanumeric keyboard plus a 

couple of special benefits we'll get to in a 

minute It also has an omnidirectional 
microphone, two microsensors on the side 
of the instrument to control the volume of 
incoming voices, and even a tiny red on -off 
light. 

What's more, it plugs into the new mini - 
connector Ma Bell provides for all its 
phones these days -- with no additional 
wires for any other power source (which 
makes the Finger Fone unlike those other 
multi -wire "speaker- phones" that sell for 
more but do less). 

WHY PICK A PHONE UP 
EVERY TIME IT RINGS? 

Let's face it, your hands are often 
occupied when the phone rings. So to 

SEPTEMBER 1980 

Finger Fone: Modular, 
sophisticated, smarter than 

your present telephone. 
Comes with an ivory 

fascia. For the base, you 
choose white, beige, tan, 

or blue. 

answer, you've got to stop at least half of 
what you're doing. With a Finger Fone, all 
you do is reach out and tap the "On" key 
with one finger. And since you needn't pick 
the instrument up, you can place it 
conveniently on a desk, counter, or table -- 
or hang it on the wall 

MORE FINGERTIP CONVENIENCE 
When Finger Fone announces an 

Incoming call with its pleasant electronic 
chirp, tap the "On- key and begin speaking 
If the caller is someone the whole family 
wants to hear, simply passa finger over the 
high volume sensor, and your caller's voice 
will be audible to everyone in the room. 
This benefit is great for the office as well, 
making it possible to replace an ordinary 
telephone, separate speakerphone, and 
their complicated controls. 

If you wish to speak with complete 
privacy, pass a finger over the low volume 
,sensor. Yes, for strictly private calls you'll 
have to hold Finger Fone up to your ear. You 
won't mind, however, because the entire 
unit is a mere 111/4 ounces, just a 

featherweight more than ordinary 
telephone handsets. 

YOU HEAR THEM, 
THEY DON'T HEAR YOU 

Need to put your caller on "hold" for a 
moment? Easy Tap keys 1 and 2 

simultaneously, and the red light will dim 
The other person won't be able to hear you, 
but you'll be able to hear him or her We 
recommend you tell people about this so 
they don't make unguarded comments they 
think you can't hear When you're ready to 
resume your call. simply tap keys 1 and 2, 
the red light will brighten and you can 
continue 

BUSY SIGNAL? FORGET IT! 

Because Finger Fone automatically 
remembers the most recently dialed 
"busy" number. When you want tocall that 
number again, tap the "RE" (Recall) key 
once. Finger Fone dials the number for you, 
as often as needed until you get a clear line. 

WHY WAIT FOR PUSH BUTTON 
DIALING? 

Finger Fone is compatible in areas of the 
country where push- button dialing is 
already in use. But if you live in the 30% or 
so of the country where only rotary -dial 
phones can be used, wait no longer. Finger 
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Fone automatically converts from musical 
tones to rotary -dial signals. This way, you 
can have the speed and advantages of 
push- button dialing without waiting for 
your local phone company to install central 
equipment. 

NOW AVAILABLE AT INCREDIBLE 
LOW COST 

Finger Fone costs only $79.95 
compared with prices of similar -looking 
telephones (but not similar in performance) 
costing $109, $130, or more Want two? 
Then it's only $74.95 each Three? Save 
even more at $69.95 each Add a $2.50 
charge to your total order for insured 
shipping, and if you live in New Jersey, 
include 5% tax 

MONEY -BACK GUARANTEE 
You can try one or more Finger Fones in 

your own home for 30 days, protected by 
our unconditional money -back guarantee. 
If you're not satisfied with Finger Fone for 
any reason, simply return it (insured) for a 
full refund, no questions asked. Finger 
Fone is also covered by a 1 -year parts and 
labor guarantee. 

Call TOLL FREE 

800 -257 -7850 
In New Jersey, Call: 800 -322 -8650 
To order Finger Fone, call toll -free now. 

We're open 24 hours a day. You can 
charge it on Master Charge, Visa, 
American Express, Carte Blanche or 
Diners. 

N.J. residents, add 5% sales tax. Or 
mail your order to: 

Dept. PE8 Lakewood Plaza 
Lakewood, N.J. 08701 

r_J-k 

NATIONAL SALES GROUP 

Dept. PE -9 , Lakewood Plaza 
Lakewood, New Jersey 08701 

International Sales 
Dept. GQ8, Lakewood Plaza 

Lakewood, New Jersey 08701 
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Fig. 4. Video line 19 is part of the 1.4 -ms vertical blanking interval. 
It contains, among other things chrominance, luminance and black- reference information. 

TUNER CONTROL module. The processor 
chip contains 2048 8 -bit bytes of ROM, 
128 4 -bit nibbles of RAM, and various 
registers, output latches and buffers. 
Latching pulses permit retention of 
channel numbers for subsequent pro- 
cessing and delivery to the READOUT IN- 
TERFACE. The interface drives a pair of 
large seven -segment LED readouts that 
display the selected channel number. 

Phase -Locked Loop. Working in 
tandem with and under control of the 
microprocessor -based TUNER CONTROL 
module is the PLL module. This is one of 
the key-elements in GE's frequency -syn- 
thesized tuning system, eliminating the 
need for a fine -tuning control. 

The bulk of this module's functions 
are performed by two ICs -a PRESCAL- 
ER chip and a PLL TUNER CONTROL IC. 
Stages in the PRESCALER IC include 
vhf /uhf tuner control logic, several am- 
plifiers, and a =256 counter. The PLL 
TUNER CONTROL chip in the 1979 -1980 
PLL module contains a 4 -MHz oscillator 
(whose frequency is controlled by an ex- 
ternal quartz crystal), a =2048 counter, 
a 15 -bit latch and shift register, a pro- 
grammable divider, a phase comparator, 
and various control logic. Similar stages 
are used in the 1980 -1981 module's 
chip, though the counter has a modulus 
of 1024. This counter generates a low - 
frequency (either 3906 -Hz or 1953 -Hz, 
depending on the modulus of the coun- 
ter) reference signal for the phase - 
locked loop's phase comparator. 

When the viewer makes a channel se- 
lection, a string of 16 bits is presented to 
the serial DATA input of the PLL TUNER 
CONTROL chip by the TUNER CONTROL 
module. Of these 16 bits, 13 are applied 
to the modulus- select inputs of the chip's 
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internal programmable divider. Another 
bit is used as a vhf high- band /low -band 
switching command, another as a vhf/ 
uhf select signal, and the remaining bit 
is a start bit. The modulus of the pro- 
grammable divider assumes the value 
appropriate for the channel selected, 
and the divider scales down the frequen- 
cy of the tuner's voltage- controlled oscil- 
lator (which has been preconditioned by 
the PRESCALER chip). The frequency - 
divided vco output signal is applied to 
one input of the phase comparator, and 
the frequency- divided reference oscilla- 
tor output is applied to the comparator's 
second input. 

If the two signals applied to inputs of 
the phase comparator are not exactly 
equal in phase and frequency, a series of 

". . . combines good 
color picture 
performance with 
a host of 
convenience extras." 

pulses appears at the output of the phase 
comparator. A discrete low -pass active 
filter smooths these pulses into a dc lev- 
el. Another discrete active filter removes 
any residual ripple at the clock frequen- 
cy (1953 or 3906 Hz). The resulting dc 
error voltage is supplied to the tuner's 
voltage -controlled local oscillator. This 
closed -loop system obviates the need for 
an afc circuit and a fine -tuning control. 

VIR decoding capability, pioneered by 
GE in 1977, is a significant feature of 
General Electric's large- screen color re- 
ceivers. Not every television station 
transmits a VIR-encoded signal, of 
course. However, when stations do, the 
same tint and chroma levels are auto- 
matically reproduced by the receiver 
CRT in a viewer's home. (This system 
also has the potential for automatic con- 
trols of overall brightness and video lev- 
els.) A second -generation VIR system, 
known as VIR II, employs a decoder 
produced in IC form by the Matsushita 
Electric Company. It is this decoding 
circuit that is employed in the GE re- 
ceiver we tested. 

A block diagram of this IC decoder 
appears in Fig. 3. The decoder derives 
its control signals from information 
transmitted on video line 19, which is 
part of the 1.4 -ms vertical blanking in- 
terval. As can be seen in Fig. 4, this line 
contains chrominance, luminance, and 
black- reference information, as well as a 
burst of 3.579545 -MHz color subcarrier 
and an 11.1 -µs horizontal line -blanking 
interval with a 4.76 -µs horizontal sync 
pulse. 

The VIR II decoder functions in the 
following manner. The LINE RECOG- 
NIZER section accepts the composite 
sync presented to the IC and the hori- 
zontal- blanking pulses applied to pin 6. 
The VIR SENSOR section accepts the 
composite video signal at pin 2 and the 
vertical- blanking pulses appearing at 
pin 7. Blue- minus -luminance (B -Y) and 
luminance (Y) signals are summed by 
two capacitors and are applied to the 
COLOR CONTROLLER section via pin 15, 
while the red -minus -luminance (R -Y) 
signal is applied to the TINT CONTROL- 
LER section via pin 13. 

Composite sync pulses applied to the 
LINE RECOGNIZER section are amplified 
and processed by a width-to-height (du- 
ration-to-amplitude) converter. When 
the output of this converter exceeds a 
predetermined level, an enabling com- 
mand (actually, a vertical sync pulse 
generated by the threshold circuit) is ap- 
plied to one of the control inputs of the 
counter. The counter tallies the number 
of horizontal -blanking pulses applied to 
it. When it has reached a count corre- 
sponding to video line 19, the counter is 
reset by the decoder. The decoder is 
driven by the output of the counter, the 
horizontal -blanking pulses, and a second 
output of the threshold circuit, a pulse of 
20 -µs duration that appears at the end 
of each horizontal -blanking pulse. Four 
decoder output lines keep track of the 
progression through the vertical- blank- 
ing interval: the line -19 output; the 
lines -17- through -20 output; the lines - 
17- through -24 output; and a line -25 re- 
set output. The logic levels appearing on 
these output lines govern operation of 
key elements in the rest of the VIR II 
decoder chip. 

The VIR SENSOR section receives ex- 
ternal video and vertical -blanking inputs 
as well as two outputs developed by the 
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Video Del- 

3M H ze-f" N4 r-+ Nif, 

(2) 

r" 1111 

SOV1L CR T 

Fig. 5. Waveform photo of video 
detector and CRT responses from 
75 to 4.08 MHz multiburst. 

on -chip decoder just described. Compos- 
ite video is clamped to the black level 
and is applied to the signal input of the 
VIR KEYER. When the luminance- refer- 
ence component of line 19 exceeds a cer- 
tain level, the VIR KEYER sets the RS 
flip -flop. This causes the VIR INDICATOR 
LED to glow, alerting the viewer that a 
VIR- encoded signal is being received 
(it's also defeatable by the viewer). The 
vertical -blanking pulse at pin 7 causes 
the 17 -24 H eraser circuit to reset the flip - 
flop before line 17 and after line 24. 

The combined B -Y and Y signal is 
applied to the COLOR CONTROLLER'S in- 
put section and is level- shifted by a 
biased clamper. The damper's output is 
sampled during the interval that the 
line -19 output of the LINE RECOGNIZER 
decoder is activated. A sample- and -hold 
circuit stores the instantaneous signal 
level and presents it to a biased compar- 
ator /amplifier stage. Any voltage dif- 
ference between the bias and signal lev- 
els is amplified and passed by a trans- 
mission gate to a low -pass filter, which 
generates a color -control voltage. This 
voltage is buffered and routed to pin 20 

of the IC. It is then used to control the 
amplitude of the B -Y signal so that the 
chroma level (color) reproduced by the 
receiver CRT matches that in the broad- 
cast studio. 

Operation of the TINT CONTROLLER 
section is similar to that of the COLOR 
CONTROLLER. A biased clamper level - 
shifts the R -Y signal applied to pin 13, 
and a sample- and -hold circuit evaluates 
and stores the clamped signal level. The 
signal is then compared to a fixed bias 
level and any difference is amplified and 
routed through a transmission gate to a 
low -pass filter. The filter's output is 
gated with a manually determined TINT 
PREFERENCE CONTROL VOLTAGE. A buf- 
fer passes the selected gate input signal 
to pin 9, where it is designated the TINT 
CONTROL OUTPUT. When the chromi- 
nance and black -reference levels are 
equal in amplitude at the receiver's R -Y 
output, the chroma phase (tint) con- 
forms to that of the transmitted refer- 
ence signal. Any amplitude discrepancy 
results in generation of a voltage that's 
applied to the control input of the receiv- 
er's 3.579545 -MHz oscillator. This 
causes tint correction. 

Color Monitor. When VIR -encoded 
signals are not being received, General 
Electric's "Color Monitor" circuit con- 
trols color and tint of the reproduced 
image. Like other automatic color -con- 
trol circuits, the Color Monitor shifts 
yellows, oranges, reds and magentas to 
an "ideal" flesh -tone area about 50° 
into the second quadrant of a vector dia- 
gram with 0 ° or 360 ° burst. Also, it 
enlarges the angle of demodulation from 
the normal quadrature to approximately 
105 ° . However, in contrast to a number 
of other designs, General Electric's 
Color Monitor circuit is dynamic, not 
static, in its operation. So let's examine 
this module's circuit. 

The COLOR MONITOR module accepts 
inputs from the brightness limiter, the 

MODEL 19EC0770W RECEIVER 
LABORATORY DATA 

Parameter Measurement 

Tuner /receiver sensitivity 
(before onset of snow): 

Voltage regulation 
(line varied from 
105 to 130 V, r -f signal 
applied to input): 

Luminance bandpass at CRT: 

S/N at CRT: 

Chassis power requirements 
(signal applied): 

Horizontal overscan: 

Direct coupling (or dc restoration): 

Convergence: 

Audio bandpass ( -3 -dB points): 

SEPTEMBER 1980 

vhf: -60 dBm 
uhf: -54 dBm 
Low voltage: 120V supply (99 %) 

15V supply (99%) 
High voltage: 27 kV (98 %) 

3 MHz 

40 dB 

100 W 

18% 

Approximately 90% 

Greater than 95% 

120 Hz to 8.8 kHz 

three chroma -demodulator output lines 
(R -Y, B -Y, and G -Y), and an automat- 
ic /manual selector switch. During the 
horizontal -blanking interval, the ZERO 
CHROMA REFERENCE BIAS Stage Samples 
the B -Y output of the chroma demodula- 
tor and generates a dc voltage corre- 
sponding to a zero -color level. The 
CHROMA AVERAGING BRIGHTNESS 
TRACKING stage then samples R -Y and 
B -Y outputs of the chroma demodulator 
and compares them with the output of 
the ZERO CHROMA REFERENCE BIAS 
stage. The CHROMA AVERAGING BRIGHT- 
NESS TRACKING stage also generates a 
control voltage that is applied to the 
CHROMA GAIN CONTROL stage. 

Tint correction is achieved in the fol- 
lowing manner: The R -Y BOOST and two 
MATRIX stages sample the three outputs 
of the CHROMA DEMODULATOR stage. 
These stages then generate control sig- 
nals for the current sinks. The sinks lim- 
it amplitudes of the R -Y, B -Y, and G -Y 
chroma -demodulator outputs. An R -Y 
red boost compensates the R -Y and G -Y 
outputs to prevent any tendency toward 
color desaturation, especially in the yel- 
lows. And a current sink on the B -Y line 
subtracts any excess magenta compo- 
nent from the flesh tone that is produced 
by the receiver CRT. 

Comments. There are a number of 
features incorporated into this GE color 
receiver that are noteworthy, but that 
have not been detailed thus far. Among 
them are a very- fast -warmup picture 
tube, high -voltage shutdown, electronic 
vertical /horizontal centering, and stiffly 
regulated power supplies. Of the high- 
lights that we did examine carefully, 
VIR II and the infrared -remote and 
manual PLL- synthesized tuning system 
are true standouts. 

Our experience with the receiver's re- 
mote control was that it is a delight to 
use. It offered the fastest up /down se- 
quential scan that we have ever seen! 
Happily, picture and sound were exactly 
synchronized and always appeared at 
their preselected levels as quickly as we 
could enter the tuning commands by 
pressing the appropriate pushbutton. 

Although the audio output is actually 
delivered at one of 63 discrete levels, the 
flow of audio up or down was very 
smooth to the ear. When volume was set 
at a certain level, the receiver turned off, 
and then turned on again, the volume 
returned to the preselected level. If line 
power failed and then returned, the au- 
dio output was at a median level the next 
time the receiver was turned on. 

The fast -acting VIR II (or the Color 
Monitor, which backs up VIR II when 
VIR- encoded signal is being received) 
performed its task of automatically ad- 
justing color and luminance extremely 
well. This made using the remote control 
even more convenient and enjoyable. Fi- 
nally, we were pleased to note that com- 
mands to wireless garage -door openers, 
the jingling of keys, and stray signals 
from other sources did not disturb the 
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video 

infrared remote -control link in the least. 
Rumor has it that General Electric 

might offer an optional add -on lumi- 
nance /chroma comb filter later this 
year. This would result in a considerable 
increase in the video passband present at 
the control electrodes of the receiver's 
CRT, thereby improving resolution fur- 
ther. As can be seen in the oscilloscope 
photo of Fig. 5, the video passband at 
the output of the video detector (upper 
trace) exceeds that at the CRT (lower 
trace) by almost a full megahertz. Be- 
cause this and other similar General 
Electric receivers have no color- killer 
circuit, the large 3.56 -MHz component 
at the fourth multiburst in the upper 

IL WI Audio Modules 
Finally ... quality, low cost modules 

super -clean for hifi ... reliable for pro systems! 
with FULL FIVE YEAR WARRANTY! 

*Built-in heatsinks 
*Full circuit protection 
Totally encapsulated 
for thermal stability 

5 simple connections 
$28.95 HY50 30 watts RMS 

True high fidelity from a compact module (4 x 2 x 
1 ")! Use HY50 to build or upgrade a hifi system, run 
a small PA, amplify an instrument, or in a 
blamp /triamp system. Rugged aluminum heatsinks, 
with encapsulated circuitry. Mounts with two 
screws (provided). Low distortion 0.02% at 30 watts 
(1 KHz). Supply voltage x25v. 

HY30 15 watts RMS $25.95 
Superb compact amp, same size as HY50, but 15 
watts RMS. Ideal for great variety of audio applica- 
tions. Like all ILP modules, requires only 5 connec- 
tions: input, output, positive and negative voltage, 
ground. And like all ILP modules, HY30 carries a f ive- 
year warranty! Distortion only 0.02% at 15 watts (1 

KHz). Supply voltage ±20V. 

HY6 Mono Preamp $25.95 
HY66 Stereo Preamp $48.95 

Contain complete circuitry for tone controls, ac- 
curate RIAA equalization, inputs for tuner, auxiliary, 
phono or mike, plus full tape monitor facility! Fre- 
quency response of DC to 100 KHz ( +0, 3 db), 
distortion less than 0.005% signal /noise better than 
90 db, output to 4.5 VRMS. Both types provided with 
plug -in edge connector (no soldering to module re- 
quired!) Require 15V @ 10 mA. Extremely compact: 
HY6 (13 x 13/4 x 3 "), HY66 (3% x 13/4 x 3/4 "). Require 
controls 100K linear (volume), 10K linear (bass, tre- 
ble) 10K linear (stereo balance). Optional pcb's are 
available for mounting of edge connector. 
B6 for HY6 $3.75 666 for HY66 $4.75 

HY120 60 watts RMS $59.95 
High performance amplifier, ideal for high fidelity 
applications. Features fully protected circuitry 
against shorts on input and output. Built -in fins very 
effectively dissipate heat. Distortion is ultra -low 
0.01% at 60 watts (1 KHz). Compact size (4 3/4 x 4 x 
2 "D), easy mounting (two screws supplied), make 
HY120 a super buy! Supply voltage ±35V. 

HY200 120 watts RMS $79.95 
Ideal amplifier for critical high fidelity applications. 
Widely complimented in Europe on its sound quali- 
ty. High reliability open /short circuit protection - 
backed by 5 year guarantee. Distortion only 0.01 % at 
full output (1 KHz). 5 simple connections. Also great 
for instrument amplification, PA, etc. ±35V. 

HY400 240 watts RMS (4 ohm)$99.95 
ILP's most powerful amp design- 
ed for demanding situations, 
such as multi- speaker setups 
where reliability and high perfor- 
mance are essential. At high con- 
tinuous levels, a cooling fan 
should be used. Features 
open /short circuit protection. 
Excellent sound quality. Distor- 
tion 0.01% at 240 watts (1 KHz). 
Size: 4 x 43/4 x 4 ". ±45V. 

SPECIFICATIONS (Amp modules) 
Load Impedance - 4-16 ohms 
Frequency response - 10 Hz - 45 KHz -3 db 
Input sensitivity /Impedance - 500 mV /100 kohm 
Signal /noise ratio - 100 db. 

Dealer Enquiries Invited. 

GLaDSTO/1 E ELECTROMCS 
901 Fuhrmann Blvd., Buffalo, N.Y. 14203 

Phone orders (716) 849.0735 
since 1965 Please send -HY30 a25.95 

_HY50 028.95_ 
_HY120 ®59.95_ 
_HY200@ 79.95 

HY400 a 99.95 
HY8 ®25.95 

State Zip B6 © 3.75 
HY66 ®48.95_ 

VISA M/C Card no 666 e 4.75 

IN CANADA: Gladstone Electronics, 1736 Avenue Rd., Toronto, Ont. [4161787.1448. TOTAL 

Name 

Address 

City 

Fig. 6. Modular 
boards are 
mounted on both 
sides of an 
aluminum chassis. 
Boards are 
easily removed 
for service. 

trace would produce even better resolu- 
tion were it permitted to proceed (after 
some reduction in amplitude) directly to 
the CRT without an inordinate amount 
of trapping. 

From a practical view, the method of 
chassis construction employed in this re- 
ceiver might present some servicing 
problems. Modular boards are mounted 
on both sides of an aluminum chassis 
that offers no quick access to board bot- 
toms. (See Fig. 6.) Boards are easily 
removable, though. 

In all, the present GE TV receivers 
combine good color picture performance 
with a host of convenience extras. One 
rarely has to fiddle with the tint and 
color controls, for example, since it's all 
done automatically. The quartz -con- 
trolled channel tuning is precise, so 
there is no fine tuning required. And 
excellent chairside control is naturally a 
delightful feature for viewers who often 
switch from channel to channel. Also, 
the automatic room -light sensor main- 
tains the right color intensity, contrast 
and brightness the user prefers in differ- 
ent ambient lighting conditions. Its level 
is manually adjustable, too. 

If you're connected to cable TV, the 
not -yet -available 1980 -1981 version 
would be desirable; if not, the present 
model beats inflationary increases. 
Should your interest lie in a larger 
screen size, General Electric's 1980- 
1981 25 -inch- screen series EM chassis 
will replace its present YM chassis. The 
EM chassis uses the cooler- running con- 
struction employed in the 19" set just 
reviewed. Moreover, it will use a ferrore- 
sonant transformer to provide isolation 
and a degree of ac voltage regulation, as 
well as solid -state dc regulators. The 
company's top -of -line 1980 -1981 25" 
console will include an audio amplifier 
rated at 10 watts at 0.5% THD for bet- 
ter sound quality. 

Of interest, too, is that GE, through 
stressing burn -in tests for large -quantity 
production -line samples, says that repair 
rates on its TV products are down 54 
percent in just three years. Also, the 
company claims it now holds the num- 
ber 3 U.S. market position, with some 
10,000 employees in its TV divisions in 
Virginia and overseas. -Stan Prentiss. 

CIRCLE NO. 102 ON FREE INFORMATION CARD 
CIRCLE NO. 28 ON FREE INFORMATION CARD 
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Computer Bits 

New Equipment and Handy Hints 

THIS past May, the latest model 
of Apple computer was intro- 

duced to the world. The new model, 
dubbed the Apple III, is designed for 
the small business field and, unlike 
the ubiquitious Apple II which had a 
base price tag of $1195, comes for a 
much healthier $4400. But look what 
you get besides expected graphics 
functions: 

An enhanced 6502 microproces- 
sor that permits addressing up to 
128K bytes of memory. 

96K bytes of RAM, a built -in 
5.25 -in. floppy disk, a typewriter key- 
board with 13 -key numeric keypad, a 
12 -in black -and -white Sanyo monitor, 
and two built -in printer interfaces. 

What the company terms the 
Sophisticated Operating System 
(SOS). Features of this system in- 
clude an integrated file system, and a 
device and event management system. 
Application software consists of Per- 
sonal Software's Visicalc III, and a 
Mail list Manager. A Business BA- 
SIC is also included. 

Apple III includes CPU, disk drive, 
keyboard, and video monitor. 

A Sanyo color monitor, a letter - 
quality printer, and additional disk 
drives are also available as options. 
Customer deliveries of the system be- 
gan this past June. 

Apple isn't the only one making 
new system introductions. Motorola, 
has introduced its Exorset 30, a 6809 
based machine. It carries a $5995 
price tag and offers some very impres- 
sive features. Among these are: two 
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built -in 5.25 -in. floppy disks, a CRT 
display that can handle both alphanu- 
meric and graphics, programmable 
timer for a real -time clock, and 48K 
bytes of RAM. 

The built -in CRT on the Exorset 30 
is of the 9 -in. type and permits a 80 X 
22 character presentation; for graph- 
ics a 256 X 320 dot pattern. You can 
also add a printer, and a very power- 
ful BASIC is included. It would ap- 
pear from all indications that this ma- 
chine could very definitely become 
one of the major business machines - 
of course, this assumes full applica- 
tion software support is available. 

Boards That Maks Things 
Work. If you have a daisy -wheel 
printer that does just about every- 
thing you need but not all, then you 
might want the Daisy Braille, from 
Wilker, Inc. This board is for the Dia- 
blo HyType or Qume daisy- wheel- 
type printers. The unit comes with 3K 
ROM, a 2K byte RAM buffer and a 
Z -80 microprocessor. What it does is 
give your printer the ability to handle 
right- margin justification, centering, 
columns, true proportional spacing, 
super- and subscripting, bold face, 
shadow printing, and underlining. 
The Daisy Brain, also permits both 
vector plotting and simple user control 
plotting. The board is priced at 
$1100. 

Those of you that have the Radio 
Shack TRS -80 Model I and a yen to 
make use of the several hundred op- 
tion boards designed for the S -100 bus 
will possibly be interested in the 8100 
Bus adapter motherboard. Manufac- 
tured by California Computer Sys- 
tems, the 8100 has six S -100 card 
slots, and a 2 -MHz programmable 
baud rate clock. You will have to con- 
tact the company directly about prices 
since there are a variety of options 
available. 

If you're planning a project where 
6 -bit A/D conversion at a fast rate is 
required (in the realm of 33 ns), then 
TRW LSI has the answer with its 
latest evaluation board. Called the 
TDC1014PCB, this board is priced at 
only $168 and contains the firm's 
TDC1014J A/D converter chip. The 
unit has 63 parallel differential com- 
parators that look at the analog input 
simultaneously, then compare it with 
a reference voltage. The comparator 
outputs are translated into a binary 
code by means of a 63:6 encoder. This 

evaluation board requires a power 
supply capable of delivering +5 and 
± 15 V. 

With the current interest in 16 -bit 
microprocessors, it's not surprising to 
find an S -100 compatible board from 
Godbout Electronics. But this is not 
just a board with a single processor; 
instead, it contains both the Intel 
8085 8 -bit processor and the Intel 
8088 byte- oriented 16 -bit processor 
for only $295. 

What Godbout has done, by imple- 
menting the dual processor design, is 
to give software designers the ability 
to develop software using the 8 -bit 
8085, and existing software such as 
CP /M, and Microsoft's 8080/8086 
macro cross -assembler. 

Both of the processors run at 5 
MHz, and a software switch permits 
dynamic switching of the processors. 
This board is not for the beginner, and 
to use it correctly requires a great deal 
of understanding of both 8 -bit and 16- 
bit processor operation. 

Completing Your System. If you 
have been bitten by the computer bug, 
you probably are always in need of 
that one new item that will just com- 
plete your system. The following may 
fall into your price range and needs. 

The H -14 dot -matrix printer from 
Heath is priced at $635 kit, or $895 

*4111.11.1 
Heathkit H -14 dot -matrix printer 
has variable baud rate to 4800 bps. 

factory built and tested. This unit 
took me over 30 hours to build and 
can't be considered a beginner's proj- 
ect. According to Heath, this printer 
was designed to be a low -cost alterna- 
tive to higher- priced units. 

C. Itoh Electronics, a Japanese 
trading company, has two entries in 
the printer family. The first is the 
Comet 80- column dot matrix printer, 
priced at $995, which puts it on a par 
with most of the units currently being 
offered. It has a print speed of 125 
CPS, bidirectional printing (a not so 
common feature). The Comet can 
handle baud rates from 110 -9600. 

The second unit, called the Star - 
writer 25 CPS Daisy -wheel printer, is 
priced at $2195 (about $500 less than 
comparable systems). It can print 136 
columns with a pica pitch or 163 with 
elite. Both printers are manufactured 
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ELF II by Netronics Write and run programs -the 
very first night -even if you've 
never used a computer before! 

Featuring 

RCA 1802 
COSMAC CPU 

Own a powerful home computer system, starting for just $9935 -a price that 
gets you up and running the very first night... with your own TV for a video 
display. $99.95 ELF II includes RCA 1802 B bit microprocessor addressable to 64k 

bytes with DMA. interrupt, 16 registers, ALU, 256 byte RAM, full her keyboard, 
two digit hex output display, stable crystal clock for timing purposes, RCA 1861 

video IC to display your programs an any video monitor or TV screen and 5 -slot 
plug yes expansion bus /less connectors) to expand Elf // into a giant! 
ELF II Explodes Into A Giant! 

Master ELF Il's $99.95 capabilities, then expand with GIANT BOARD 
KLUGE BOARD...4k RAM BOARDS... TINY BASIC.. ASCII KEYBOARD.. 

LIGHT PEN... ELF-BUG MONITOR... COLOR GRAPHICS b MUSIC SYSTEM. 
TEXT EDITOR . ASSEMBLER... DISASSEMBLER ..VIDEO DISPLAY BOARD 

and, another great reason for getting your ELF now- 

You're up and running with video graphics for just $99.95 - 
then use low cost add -ons to create your own personal system 
that rivals home computers sold for 5 -times ELF Il's low price! 

pre -recorded tape cassettes. 

ELF II Gives You The Power To Make Things Happen! 
Expanded, ELF II can give you more power to make things happen in the real 

world than heavily advertised home computers that sell for a lot more money. 
Thanks to an ongoing committment to develop the RCA 1$02 for home computer 

use, the ELF II products -being introduced by Netronics -keep you right on the 
outer fringe of today's small computer technology. It's a perfect computer for 
engineering, business, industrial, scientific and personal applications. 

Plug in the GIANT BOARD to record and play back programs, edit and 
debug programs, communicate with remote devices and make things happen in 

the outside world. Add Kluge Iprototypingl Board and you can use ELF II to 
solve special problems such as operating a complex alarm system or controlling 
a printing press. Add 4k RAM Boards to write longer programs. store more 
information and solve more sophisticated problems. 

ELF II add.ons already include the ELF II Light Pan and the amazing ELFBUG 
Monitor -two extremely recent breakthroughs that have not yet been duplicated 
by any other manufacturer. 

The ELF-BUG Monitor lets you debug programs with lightening speed because 

the key to debugging is to know what's inside the registers of the microproces- 
sor. And, with the ELF Monitor, instead of single stepping through your 
programs, you can now display the entire contents of the registers on your TV 

screen. You find out immediately what's going on and can make any necessary 
changes. 

The incredible ELF II Light Pen lets you write or draw anything you want on a 

TV screen with just a wave of the "magic wand." Netronics has also introduced 
the ELF II Color Graphics b Music System -more breakthroughs that ELF II 

owners were the first to enjoy! 

ELF II Tiny BASIC 
Ultimately, ELF II understands only machine language -the fundamental coding 

required by all computers. But, to simplify your relationship with ELF II, we've 
introduced an ELF II Tiny BASIC that makes communicating with ELF II a 

breeze. 

Now Available! Text Editor, Assembler, 
DisassemblerAnd A New Video Display Board! 

The Text Editor gives you word processing ability and the ability to edit 
programs or text while it is displayed on your video monitor. Lines and charac- 
ters may be quickly inserted, deleted er changed. Add a printer and ELF II can 
type letters for you -error free -plus print names and addresses from your 
mailing list! 

ELF ll's Assembler translates assembly language programs into hexidecim I 

machine code for ELF II use. The Assembler features mnemonic abbreviation 
rather than numerics so that the instructions on your programs are easier t 

read -this is a big help in catching errors. 
ELF It's Di bier takes machine code programs and produces assembly 

language source listings. This helps you understand the programs you are 
working with... and improve them when required. 

The new ELF II Video Display Board lets you generate a sharp, professional 
32 or 64 character by 16 line upper and lower case display on your TV screen or 

video monitor -dramatically improving your unexpended $99.95 ELF II. When you 
get into longer programs, the Video Display Board is a real blessing! 

Now Available! 
A -D /D -A Board Kit includes I channel (expandable to 

4) D -A, A -D converters, $39.95 plus $2 postage & hand- 
ling. 

PILOT Language -A new text- oriented language that 
allows you to write educational programs on ELF I1 with 
speed and ease! Write programs for games..,unscram- 
bling sentences...spelling drills ... "fill in the missing 
word" tests, etc.! PILOT is a must for any ELF II owner 
with children. PILOT Language on cassette tape, only 
$79,95 postpaid! 

Game Package on cassette tape (requires 4k RAM), 
$9,95 plus $2 postage & handling. 

Clip Here and Attach to Your Order Below! 

BREAKTHROUGH! 
Netronics proudly announced the release of 
the first 1802 FULL BASIC, written by L. 
Sandlin, with a hardware floating point RPN 
math package (requires 8k RAM plus ASCII and 
video display boards), $79.95 plus $2 p &h. Also 
available for RCA VIP and other 1802 systems 
Board includes area for a ROM version. 

Master This Computer In A Flash! 
Regardless of how minimal your computer background is now, you can learn 

to program an ELF II in almost no time at all. Our Short Course On Micropro- 
cessor b Computer Programming -written in nontechnical language- guides you 
through each of the RCA COSMAC 1802's capabilities, so you'll understand 
everything ELF II can do... and how to gel ELF 11 to do it! Don't worry if you've 
been stumped by computer books before. The Short Course represents a major 
advance in literary clarity in the computer field. You don't have to be a computer 
engineer in order to understand it. Keyed to ELF II, it's loaded with "hands on" 
illustrations. When you're finished with the Short Course, neither ELF II nor the 
RCA 1802 will hold any mysteries for you. 

In fact, not only will you now be able to use a personal computer creatively, 
you'll also be able to read magazines such as BYTE... INTERFACE AGE... POPU- 

LAR ELECTRONICS and PERSONAL COMPUTING and fully understand the 

articles. And, you'll understand how to expand ELF II to give you the exact 
capabilities you need! 

If you work with large computers, ELF II and the Short Course will help you 
understand what they're doing. 

Get Started For Just $99.95, Complete! 
$99.95 ELF II includes all the hardware and software you need to start writing 

and running programs at home, displaying video graphics on your TV screen and 

designing circuits using a microprocessor -the very first night -even if you've 

never used a computer before. 

ELF II connects directly to the video input of your TV set, without any addi- 

tional hardwire. Or, with an 08.95 RF modulator (see coupon below!, you can 

connect ELF II to your TV's antenna terminals instead. 

ELF II has been designed to play all the video games you want, including a 

fascinating new targetlmissile our game that was developed specifically for ELF 

11. But games are only the icing on the cake. The real value of ELF II is that it 
gives you a chance to write machine language programs -and machine language 
is the fundamental language of all computers. Of course. machine language is 

only a starting point. You can also program ELF II with assembly language. and 
tiny BASIC. But ELF It's machine language capability gives you a chance to 
develop a working knowledge of computers that you can't get from running only 

Netronics R &D Ltd., Dept PE -9 
I PHONE ORDERS ACCEPTED! 333 Litchfield Road, New Milford, CT 06776 Call (203) 354.9375 Yes! I want my own computer! Please rush me- 

RCA COSMAC ELF II language. it s a learning breakthrough for engineers and laymen 
kit al $99 95 plus $3 Dosage and alike $5 postpaid 

nandeng requires 6 3 to 8 volt AC power o Deluxe Metal Cabinet with plexigla dust cover tor ELF I1 supply i 
$29 95 plus S2 50 p8n 

Power Supply (required) $4 95 postpaid 
I am also enclosing payment lncludi g postage 6 handling) for ur A 180? User s Manual $5 DostDard the items checked below' 

- -m, Pitman s Short Course On Microprocessor 8 Computer I want my ELF II wired and lasted with power supply. RCA 
Megrammin9 leaches you lust Awl everything there is to know 1802 User's Manual and Short Course-NI Mr just S149.95 plus 

any RCA 1802 computer Written in nontechnical $3 pAh. 
ALSO t VAILABLE FOR ELF IF 

Ws BOARDTM k,l with Cassette I/O RS 232 
C, 11, -. :,n P I/O decoders for to separate I/O 
eswu. ,nn a system monitor /editor $39.95 plus 
52 od' 

Kluge i Prototype) Board accepts up to 36 IL s 

St7 00 plus 51 p8n 

LI 4k Static RAM kit Addressable to any 4k page to 
64k 589.95046 S3 p8n 
C Gold Dated 86 -pin connectors one required for each 
:Aug in hoard) $5.70 ea postpaid .- 

Expansion Power Supply Pequired when adding 4k 
RAM i $34 95 plus $2 pan 

Professional ASCII Keyboard kit with 128 ASCII 
upper ,,rower case sei 96 printable characters. onboard 
r"TIaior panty logic selection and choice of 4 hand 

nq slants to male with almost any computer 
S64 95 Plus S2 D8h 

Deluxe metal cabinet for ASCII Keyboard, $19.95 
pw'. 52 50 p86 
C Video Display Board kit lets you generale a sharp 
oroless,onal 32 or 64 character by 16 Imo upper and 
,owes Case display on your Iv screen or video monitor - 
dranlal,cally improving your unexpanded 599 95 ELF II 

tress inside ASCII Keyboard cabinet 
1 
589.95 

N,s 5? pOh 
ELF II Tiey BASIC on casette lane Com- 

nannsinclude SAVE. LOAD d: x. w U. 

SEPTEMBER 1980 

26 variables A-Z. LET, IF /THEN, INPUT PRINT. GO TO. 

GO SUB RETURN. END. REM. CLEAR UST. RUN. 
PLOT PEEK. POKE Comes hilly documented and in- 
cludes alphanumeric generator required to display 
alphanumeric characters directly on your Iv screen w,lh- 
al additional nardware Also Plays tick -lack Ace pus a 

drawing game Mal uses ELF II s hex keyboard as a toy - 
slick 4k memory required $14.95 postpaid 

Tom Pittman s Short Carene on Tiny Basic for ELF ll 
$5 postpaid 

ELF -BUGTM Deluxe System Monitor on cassette 
tape Allows displaying the consents of all registers on 
your Iv at any point in your program Also displays 24 
bytes of memory win lull addresses blinking cursor 
and auto scrolling A must Ior Ire serous programmer' 
Sí4.95 postpaid 

Text Editor on cassette lape gives you the ability to 
insert delete or edit lines and words from your programs 
while they are displayed on your video monitor (Add 
printer ano you can use ELF. II to type error letters 
plus insert names and addresses from your mailing lisi 1 

$19.95 postpaid 
Assembler on cassette tape translates assembly 

language programs into hexideciinal machine code for 
ELF II use Mnemonic abbreviations for instructions 
(rather Than numerics) make programs easier to read 
and help prevent errors 519.95 postpaid 

Dleassembler on cassette tape lakes machine code 

Total Enclosed S 

(Conn res add tax) 

CHARGE IT! Exp. Date 
o sa Master Charge 

(Banke_ - --) 
Accounte 

programs and produces assembly language source usi' 
ings to help you understand and improve your programs 
$19.95 on cassette tape 
SAVE 59.90 -Text Editor. Assembler 8 Disassembles 
purchased together. only $49.95! IReouire Video Dis- 
play Board plus 4k memory I 

ELF II LigM Pen. assembled 8 tested. 57.95 plus SI 
08h 

ELF ll Cola Graphics 8 Music System Board kit 
$49.95 plus 52 p8n 

ELF II connects directly to the aides input of ydur Iv 
sel without additional nardware To connect ELF II to 
your antenna terminals instead. order RF Modulator. 
Sß.95 postpaid 

Coming Saon. AD D-A Convener Controller Board 
and more' 

Print 
Name 

Address 

City 

Stale by _ 
DEALER INQUIRIES INVITED 

i I 

By Netronics 

ASCIIIBAUDOT, 
STAND ALONE 

ComputerCOMPLETE 

Terminal 14995 
The Netronics ASCII / BAUDOT Computer Terminal Kit is a 

microprocessor -controlled, stand alone keyboard /terminal 
requring no computer memory or software. It allows the use of 
either a 64 or 32 character by 16 line professional display for- 
mat with selectable baud rate, RS232 -C or 20 ma. output, full 
cursor control and 75 ohm composite video output. 

The keyboard follows the standard typewriter configuration 
and generates the entire 128 character ASCII upper /lower case 
set with 96 printable characters. Features include onboard 
regulators, selectable parity, shift lock key, alpha lock jumper, 
a drive capability of one TTY load, and the ability to mate 
directly with almost any computer, including the new Ex- 
plorer/85 and ELF products by Netronics. 

The Computer Terminal requires no I/O mapping and 
includes 1k of memory, character generator, 2 key rollover, 
processor controlled cursor control, parallel ASCII /BAUDOT 
to serial conversion and serial to video processing -fully 
crystal controlled for superb accuracy. PC boards are the 
highest quality glass epoxy for the ultimate in reliability and 
long life. 

VIDEO DISPLAY SPECIFICATIONS 
The heart of the Netronics Computer Terminal is the micro- 

processor- controlled Netronics Video Display Board (VID) 
which allows the terminal to utilize either a parallel ASCII or 
BAUDOT signal source. The VID converts the parallel data to 
serial data which is then formatted to either RS232 -C or 20 ma. 
current loop output, which can be connected to the serial I/O 
on your computer or other interface, i.e., Modem. 

When connected to a computer, the computer must echo the 
character received. This data is received by the VID which 
processes the information, converting to data to video suitable 
to be displayed on a TV set fusing an RF modulator) or on a 
video monitor. The VID generates the cursor, horizontal and 
vertical sync pulses and performs the housekeeping relative to 
which character and where it is to be displayed on the screen. 

Video Output: 1.5 P/P into 75 ohm (EIA RS -1701 Baud Rate: 
110 and 300 ASCII. Outputs: RS232 -C or 20 ma. current loop 

ASCII Character Set: 128 printable characters- 

aBnEBo.yvtF0(:4o1::04=41t IH*+ 
!ati4%1t)s,-.iUi234567897¡{=)? 

efIECOEFß113K1lNOPGRSTUIhiYZ[\l"_ 

`abcdefghijklnnopgrstewxgz{;}1 
BAUDOT Character Set:ABCDEFGH JKLMNPI 
R STUV WX YZ - ?: 3$N( /., 9014!57;2/68 
Cursor Modes: Home, Backspace, Horizontal Tab, Line Feed, 
Vertical Tab, Carriage Return. Two special cursor sequences 
are provided for absolute and relative X -Y cursor addressing 
Cursor Control: Erase, End of Line, Erase of Screen, Form 
Feed, Delete Monitor Operation: 50 or 60Hz (jumper 
selectable. 

Continental U.S.A. Credit Card Buyers Outside Connecticut 

CALL TOLL FREE 800 -243 -7428 
To Order From Connecticut Or For Technical a r Assistance, Etc. Call (203) 354 -9375 r1 

Netronics R &D Ltd., Dept. PE -9 
333 Litchfield Road, New Milford, CT 06776 
Please send the items checked below- 

Netronics Stand Alone ASCII Keyboard /Computer 
Terminal Kit, $149.95 plus $3.00 postage & handling. 
Deluxe Steel Cabinet for Netronics Keyboard /Termi- 
nal In Blue /Black Finish, $19.95 plus $2.50 postage 
and handling. 
Video Display Board Kit alone (less keyboard), $89.95 
plus $3 postage & handling. 
12" Video Monitor (10 MHz bandwidth) fully assem- 
bled and tested, $139.95 plus $5 postage and handling. 
RF Modulator Kit (to use your TV set for a monitor), 
$8.95 postpaid. 
5 amp Power Supply Kit In Deluxe Steel Cabinet 
(t8VDC 01 5 amps, plus 6 -8 VAC), $39.95 plus $2 
postage & handling. 

Total Enclosed (Conn. res. add sales tax) 5 
By- 

Personal Check Cashiers Check /Money Order 
Visa Master Charge (Bank H - -_ -) 

Acct. iV 

Signature Fxp Date 

Print 
Name 

Address 

City 

State Zip -- Send Me More Information jj., 
47 
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computers 
by Toyko Electric Co. (TEC) for 
.2. Itoh following its specifications, 
and are available now. 

The Starwriter Daisy -wheel printer 
provides 136 columns of pica type. 

C. Itoh also has 5.25- and 8 -in. dou- 
ble -sided double- density disk units. 
The maxi -flexi and mini -flexi line of 
disk drives are made by Toshiba and 
have a fairly good reputation as being 
reliable drives. The 8 -in unit sells for 
$725, which is about $25 cheaper 
than a comparable Shugart drive. The 
5.25 -in drive is $450, about the same 
as a Shugart drive. 

In the July "Computer Bits," I 
mentioned Lobo's winchester pack- 
age. Well, they have taken it just one 
step further with a Model 1850 dual 
fixed /floppy disk memory system. 
This unit puts the IMI 8 -in. winches- 
ter drive in the same box as a 1.6M 
byte floppy. For the configuration of a 
10M byte fixed disk drive, double - 
density floppy, chassis, and power 
supply, the price is a respectable 
$4695. Although this may appear 
high, it's actually low by about $1400 
compared to similiar systems. The 
unit, as designed, is for the TRS -80 
and Apple computers. 

Communications items. I'm a 
big proponent of electronic mail, and 
the benefits it brings to the computer 
user. I also keep an eye out for those 
items such as modems, that are a defi- 
nite must to the use of these systems. 
One such modem is from Universal 
Data Systems and is called the 202 

Universal 202 LP is a 1200 -baud 
asynchronous communications modem. 

LP. The unit is a certified FCC mod- 
el, which allows for direct connection 
to the dial -up telephone network with- 

MORE INFORMATION 
For additional information about prod- 
ucts and services mentioned here, con- 
tact the companies directly. 

Apple Computer, Inc. 
10260 Bandley Dr. 
Cupertino, CA 95014 
408 - 996 -1010 

California Computer Systems 
250 Caribbean Dr. 
Sunnyvale, CA 94086 
408 - 734 -5811 

Compuserve (MicroNet) 
Personal Computing Div. 

5000 Arlington Centre Blvd. 
Columbus, OH 43220 
800 - 848 -8990 

C. Itoh Electronics, Inc. 
5301 Beethoven St. 
Los Angeles, CA 90066 
213 - 390 -7778 

CompuPro /Godbout Electronics 
Bldg. 725, Oakland Airport 
Oakland, CA 94614 
415 -562 -0636 

Heath Co. 
Dept. 010 -684 
Benton Harbor, MI 49022 

Lobo Drives Intl. 
935 Camino Del Sur 
Goleta, CA 93017 
805 -685 -4546 

Micro Peripheral Corp. 
Box 529 
Mercer Island, WA 98040 
206- 454 -3303 (voice) 
206 - 723 -DATA (modem) 
70210,205 on MicroNet 

Motorola Semiconductor Products Inc. 
Box 20912, 
Phoenix, AZ 85036 
602 - 962 -2209 

TRW LSI Products 
2525 E. El Segundo Blvd. 
El Segundo, CA 90245 
213 - 535 -1831 

Universal Data Systems 
5000 Bradford Dr. 
Huntsville, AL 35805 
205 -837 -8100 

CONNECTION LISTING 1 -BASIC PROGRAM 

100 REM : * *C:ONNEC:T. BAS ** 
110 PEM DICK BFjRk::ER 7-21/30 
120 REM EXAMPLE OF SETUP AND USE OF THE 'CONNECTION' 
130 CLEAR 2000 
140 DEFINT B.H-Z 
150 TMS= STRING$;38." ") 

160 * ** * ** SETUP 8251 FOR 3 BIT WORD NO PARITY . 1 STOP BIT 
170 OUT 241,7 'SEND IT AtN'.'THING WITHOUT BIT 6 

180 FORJ= 1TO10:NEXT 'NEED SHORT DELAY 
190 OUT 241.64 'SEND RESET 
200 OUT 241.78 'MODE SETUP 
210 OLIT 241.7 'COMMAND INSTRUCTION 
220 0= INP(240) 'CLEAN OUT REC BUFFER 
230 GO_UB 10000 'SETUP USR ROUTIrIE IN T19$ 

240 'FOR D'SK SYSTEMS. REPLACE THE FOLLOWING 
LINE WITH DEFUSR. =K 

245 POKE 16525 "PEEK (WARPTR(TM3:; +1 ): POkE 16527 FEEK (JAR TRTPt5) +2: 
250 P.EM SEND DATA TO CONNECTION AS USR ARGUMENT 
260 REM GET DATA FROM CONNECTION BY USING ZERO FOR USR ARGUMENT 
270 'OUT254: 1 'CLOCK SPEEDUP IF INSTALLED 

1000 REM : * * ** TERMINAL EXAMPLE : * ** * *:* 

1010 C:L_:PRINT" SIMPLE TERMINAL PROGRAM FOR THE CONNECTION": 
PRINT "USE SHIFTED CHARACTERS FOR CONTROL CHARACTERS ":PRINT 

1020 I3 =INI, EY3: I =O: T =9E: F.:= C1 :0 =0: LF =1O: F'RINTCHR.f r 14) ; 
1030 REM FOR HALF DUPLEX CHANGE ; =USR C I) TO ?'CHR$ ï L'SR ( I)) ; 

ON LINE 1040 IN TWO PLACES. 

PROGRAM LOOPS THROUGH NEXT LINE WHEN RUNNIHG: 

1040 F'RINTCHF.':ti:USR(0));: I=Ci: I3=INk::E'.'ï: IFIt; >""THENI=H C<I1;): 
IFI >TTHEN I = I -T: ;;=!-l'_ R. ( I ) : GOT01 O4CiELSE: =USF.' ( I ) : GOTO 1 C.40: ELSE 1 040 

9995 REM ,***+= POKE L!SP ROUTINES TO TM ,**** 
10000 ,.=i.1ARPTP.,;TM£)+1:A=PEEK(};)+256.*PEEk:<X+1). 

IFA:.'.32767THEtJk::=A-65576 ELSE K=A 
10001 FOR I=0 TO 37: READ J: POk::Ek:+I , J: NE:;T: RETURN 
10002 DATA 205: 1'27: 1t3, 1'25, 133, 4O . 10, 219: 241 . 203 
10003 DATA 71,40,250.125,211.240.201,3_,0,0 
10004 DATA 219. 241 . 203. 79. 4O, _ 219, 240, 23C+, 12, 
10005 DATA 254:10,40.1,111,195,154,10 
10006 FtJr; 
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If you have a personal computer -or a computer 
terminal - CompuServe can bring a world of 
information into your home or small business. 

CompuServe 
CompuServe is a major computer services com- 
pany that has been serving top industrial and 
governmental clients for more than a decade. 
Now we're also applying our extensive computing 
capacity to the delivery of information services to 
your personal computer. 

The Information Service 
This exciting service is available in more than 250 
cities between 6 p.m. and 5 a.m. weekdays, all 
day weekends and most holidays. Cost? Only 
$5.00 per hour billed in minutes. All you need is a 
300 baud modem, and our complete information 
service is only a local phone call away. 

Welcome to CompuServe's information service. 

News. Weather. Sports. Major regional news- 
papers. Plus international news services. 

Finance. MicroQuote. Updates and historical 
information on stocks, bonds and commodities. 

Entertainment. Theatre, book, movie and res- 
taurant reviews. Plus opera, sym¡ hony, ballet, 
dance, museums, galleries... 

Electronic Mail. Create, edit, send and receive 
messages from any other CompuServe user... 
nationwide. 

CompuServe's 
information 
service. 

A world of 
information 

- -- available. 
Right now. 

Home & Educational Reference Service. Any- 
thing you want to know ... from encyclopedia in- 
formation to household tips. 

CompuServe User Information. In case you 
need technical help ... and information on new 
services as they become available. 

MicroNET. For the computer hobbyist. Software 
Exchange, line printer art gallery, challenging 
games, programming languages, word proces- 
sing, business & educational programs ... and 
much, much more. 

And this is just the beginning. CompuServe is 
continually adding to its list of available services. 
The world of electronic information isn't coming 
tomorrow. It's here today. 

CompuServe is Available at 
Radio Shack` Stores 
Your local Radio Shack'R Store Sells Com- 
puServe's information service. There are more 
than 6,000 Radio Shack' Stores and Dealers 
nationwide. Check with the outlet nearest you. 
Radio Shack is a division of Tandy Corporation. 

CompuServe 
Information Service Division 
5000 Arlington Centre Blvd. 
Columbus, Ohio 43220 
(614) 457 -8600 

SEPTEMBER 1980 CIRCLE NO. 49 ON FREE INFORMATION CARD 49 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


computers 

out a Data Access Arrangement 
(DAA). It is only 1.25 -in. thick, fits 
under the telephone, and requires only 
two snap -in connections. The 202 LP 
provides 1200 -baud half -duplex asyn- 
chronous communication for $295. 

Also supporting the use of micro- 
computers for communication and 
data acquisition is the Peripheral 

M f!H.rpnplNr4¡.:orpor»..on 

Periperal's Connection is a 
direct- coupled modem for TRS -80. 

people, located in Mercer Island, 
WA. This small company has devel- 
oped a $249 modem, called the Con- 
nection®, that turns a 4K Level I 
TRS -80 into an intelligent remote ter- 
minal. This 300 -baud model connects 
to the TRS -80 via the screen printer 
port and directly to the telephone lines 
via an FCC type -approved connector. 

A very striking and important fea- 
ture of the Connection is that it is pro- 
vided with full software support to 
permit autodialing and data transfer. 
Also, the folks at Mercer Island have 
made available (for free) software 
that can be used to make the Connec- 
tion, or for that matter any modem, 
work with general -purpose micros. An 
example of this software, is shown in 
Listings 1 and 2. 

Listing 1 is a BASIC program for 
use on a TRS -80, with the Connec- 
tion. This is ready to run just type it 
in and go! Should you have a need to 
modify it, specifically the user rou- 
tines in lines 10000 -10006, Listing 2 
is a complete Z -80 source listing of 
those data items. 

As an added benefit and helpful 
tool (incidently you can use this 
whether or not you engage in telecom- 
munications) is Listing 3. This FIXIT 
program allows you to add or delete 
line numbers from a text file. You will 
find this function important for edit- 
ing purposes since you can then refer- 
ence a specific line number for 
changes. Then, after the text is up- 
dated, remove the numbers before 
submitting the source to an assembler 

or a text formatter. All of these pro- 
grams can be obtained on -line with 
MicroNet by typing in: DIR 
[70210,205] FIXIT.BAS. The pro- 
gram as shown in Listing 3 will be dis- 
played on your terminal. 

Along with the software and mod- 
em offering, the Peripheral People 
have made available, through Micro - 
Net, an on -line HAM system. To use 
this system, enter: IRUN 
[70210,205] HAMGAB.SHR. You 
will now be able to operate in much 
the same manner as you would on 20- 
meter RTTY. 

If you have been considering sub- 
scribing to MicroNet, but think it 
might be too difficult to use, you will 
be glad to know that the service has 
been simplified. Now users are 
greeted with a selection menu which 
allows for a choice of functions, such 
as news, weather, sports, financial, 
and MicroNet. 

The menu system allows you to 

quickly obtain up -to -date information 
on the various categories. The Micro - 
Net service will, however, function 
pretty much the same; but some excit- 
ing enhancements are planned for it 
also, and should be in place by the end 
of this year. 

If you are using the MicroNet ser- 
vice now and have been wondering 
how to get the most out of it, say for 
word processing, here is a suggestion 
that may work. First, assume that you 
have developed a text or data file off - 
line and, for whatever reason, now 
want to transfer it to a file in your 
MicroNet working area. Using a com- 
munication package such as MCS 
from Heath users group, you will call 
and sign into MicroNet. Be sure to set 
the correct lower -case option (in my 
case for an H -89 I, type TER LCT 
off, which permits entering of upper 
and lower case characters). Next, set 
up a file using the File command of: 
FIL (file name. ext); then return to 

CONNECTION LISTING 2 -Z -80 SOURCES 
SCONUSR00100 ; Ci :NBASi ASM 

00300 ; DIC:K BARKER 3'21 -80 C:OPr'RIGHT 1980 MICRO PERIPHERAL 
00.'00 ;DICK BARKER 21.80 
00400 ;300 BAUD, 8 BIT WORD, NO PARITY, 1 STOP BIT 
00500 ;** * *4::* * *:* * * * * * * * * * * * * ** * * * * ** 
00600 ; THIS IS WRITTEN AS A RELOCATABLE ROUTINE 
00700 
00800 
00900 
01000 
01100 
01200 
01300 
01400 
01500 
01600 
01700 
01800 
01900 
02000 
02100 
02200 
02300 
02400 
02500 
02600 
02700 
02800 
02900 
03000 
03100 
03200 
03300 
03400 
03500 
03600 
03700 
c,-,nra 

03900 
04000 
04100 
04200 
04.300 
04400 
04500 
04600 
04700 
04800 
04900 
05000 
05100 
05200 

;WITH ONLY ONE ENTRY POINT AND MAY BE USED 
;WITH DISK OR NON -DISK LEVEL II MACHINES 
; * * ***:* ** 
TO SEND A CHARACTER PASS THE ASCII VALUE AS 
THE ARGUMENT FOR THE USR ROUTINE. 

;TO GET A CHARACTER PASS A ZERO TO THE IJSR 

;ROUTINE, IF NOTHING IN BUFFER A ZERO WILL 
BE RETURNED , ELSE THE 7 BIT ASCII VALUE 
;WILL BE RETURNED. 

DPORT EQU 240 ;DATAPOF,'T 

_PORT EQU 241 ;STATUS PORT 
ORG 8000H 

;SEE IF USR WANTS TO SEND OR GET A CHARACTER 
; **** * *.* *:* * *.* * *:** * * * * * ** * * ** * * ** 
CALL 0A7FH ;GET USR ARGUMENT IN HL 
LD A, L 
OR A ;UPDATE STATUS 
JR Z,GETCH ;NCI CHARACTER TO SEND SO 

;NEED TO GET ONE 

;SEND CHARACTER THAT I_ IN L REG. 

BZ Y A, (SPORT) 
BIT ;CHECK Tì <: BUFFER 
JR ;WAIT IF BU2'Y 

LD 
OUT 
RET 

;GETCHAR ROUTINE FOLLOWS 

GETCH LD HL.. 0 ;MAY NEED 
IN A ..(SPORT) 

IN 
0,A 
,BZY 

A,L 
(DPORT),A ;SENDIT 

BIT 1,A 
JR Z,FIN 
IN A ..(DPORT) 
AND 07FH 
CP 10 
JR Z,FIN 
LD L,A 

FIN JP 
ZEND EQU 

END 402DH 

TO RETURN A 

;CHECK REC BUFFER 
;NOTHItNG THERE 
;GET CHAR 
;STRIP PARITY 
;I'S IT A LINEFEED? 
;LF NOT WANTED 
;VALUE TO RETURN 

0A9AH ;BACK TO BASIC 
s 

NULL 
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Announcing... 
The Phone Ranger 

The cordless phone that 
works like a regular 
phone up to 300 feet 
from your house. Use it in 
your own back yard 
with our 
compliments. Keep 
it, if you wish, for 
ONLY $119.95! 

I live on five acres. And I keep four horses 
in my back yard. Used to be, if I got a call 
while I was down at the corral, one of the 
kids would yell out the kitchen window and 
I'd do the hundred -yard dash to the nearest 
house phone. 

No more. With The Phone Ranger I can 
groom Laird, my Palomino gelding, with one 
hand and call my broker with the other. 

Take or make calls up to 
300 feet away. 

Maybe you don't keep horses. But if 
you've got a pool, patio, garden, workshop, 
tennis court or garage -and you'd like the 
phone to come to you instead of you going 
to it -this is the answer. 

Try The Phone Ranger for 15 days. Send it 
back if you want. If you decide to keep it, the 
best news is the price! 

Units that look like toys 
sell for up to $495.00! 

There's a unit called "ROVAPRO" that 
looks like my son's toy walkie- talkie -not 
like a real phone at all -and it goes for a cool 
$495.00. 

Then there's "MURAPHONE." Ws 
$149.95. But it's even more like a toy walkie- 
talkie. You have to push a button to talk and 
release to listen -with all that "Roger, over 
to you" stuff in between. Not like a real 
phone at all. 

The Phone Ranger looks like a real 
phone, rings like a real phone, dials out like 
a real phone ... has a range of 300 feet ... 
and it's only $1 1 9.95 plus $5.95 shipping 
and handling. If you'd prefer a range of a full 
750 feet, order the deluxe version for only 
$189.95 plus $5.95 shipping and handling. 

Doubles as an extra 
extension phone. 

When you're not using it outside, use it as 
an extra extension phone without paying 
monthly charges to the phone company. 

Works so simply. 
Plug base unit into phone jack and into 

AC house current. Then plug The Phone 
Ranger into base unit to charge battery. 
Now unplug The Phone Ranger and you're 
ready to use it to take or make calls up to 
300 feet away (750 feet if you choose the 
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deluxe version). Red indicator light tells you 
when it's time to recharge. 

If you don't have a phone jack the phone 
company will install one for a nominal one- 
time charge. If you have an old- fashioned, 4- 
prong jack The Phone Ranger comes with 
an adaptor yoL: can use. Even if you live in an 
area with rotary dialing, the pushbutton 
system on your Phone Ranger will work. 
And the entire unit is FCC approved. 

Includes amazing 
"Last number" memory! 

No need to re -dial when you get a busy 
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mow' 
signal. Just press the # or the ' button and 
The Phone Ranger automatically redials the 
last number you called! 

(A great security idea "program" your phone 
to your local police number before you go to 
bed. The touch of a single button alerts 
police in case of emergency.) 

Pick up your regular phone right now. 
Here's the number to call .. . 

CALL TOLL -FREE 
800- 621 -5839 

(In Illinois, call 800-972 -5858) 

For faster service, give this number 15- 
9500 as soon as the operator answers 
Lines are open 24 hours, 7 days a week 

If you're using your credit card, use our 
toll-free number. If you prefer, send your 
check to Roy Thomas & Associates, Inc. at 
the address below. (Illinois residents add 
6% sales tax.) 

You must be completely satisfied with The 
Phone Ranger. If for any reason you're not, 
return it within 15 days for a full refund, no 
questions asked. Use the carton it comes in 
to return it. 

I know you'll have fun with it. Order now. 

Roy Thoma8 
& ASSOCIATES. INC. 
733 Lee Street, Dept. 15 -9500 
Des Plaines, IL 60016 
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Catch 
the fastest 

C -meter 
under $200 ( the autoranging 

B &K- PRECISION 

830 

r. 
8307.K.. ,. cga.cnAh.C. 

a a+ETEA 

Model 830 $199 
Model 820 $155 (not shown) 

B &K- PRECISION was the first company 
to offer a lab- quality capacitance meter 
for under $150, now we're first with auto - 
ranging for under $200. The new 830 is 
fast, accurate and built with famous 
B &K- PRECISION dependability. 

The 830 offers features that are tough 
to match at any price, such as 0.1 pF reso- 
lution, large 31/2-digit LCD display and fuse 
protection against charged capacitors. 
Basic accuracy is 0.2 %, much greater 
than the tolerance of most capacitors. 
Measurement range extends to 199.9 mF. 

Simplicity of operation is another 
strong suit for the 830. For checks limited 
to a narrow value range, the "range hold" 
capability can lock the 830 onto one range 
-an added time saver. This feature, along 
with its fast reading time, makes the 830 
especially valuable for incoming 
inspection applications. 

For applications suited to manual 
ranging, B &K- PRECISION offers the 
LED readout 820 at an even lower cost. 

With either B &K- PRECISION 
C -meter you can, measure unmarked 
capacitors ...verify capacitor tolerance... 
measure cable or switch capacitance... 
match capacitors for critical applications 
...measure complex capacitor networks 
...set trimmer capacitors. 

For more information, contact 
your local distributor and see why 
B &K- PRECISION is now the leading 
supplier of digital capacitance meters. 

gi<PRfCISION 

DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 312/889 -9087 

Intl. SIS.. 6460 W. Cortland St., Chicago. IL 60635 \ Canadian Sales: Atlas Electronics, Ontario 

CIRCLE NO. 10 ON FREE INFORMATION CARD 
52 

cornputerx 

CONNECTION LISTING 3 -FIXIT PROGRAM 

10 REM :*:* COPYRIGHT 1979 BY ' THE PERIPHERAL PEOPLE A A 
20 REM *_* FIi <:IT A A 
30 CLS: CLEAR 1000: 2$= STRING$(71 . " *" ):P-:INTCHF:$'.:2': 
4:1 PRINTZ$:PRINTTAE:(4) "'* * .* F I : I T + * r. ":FF:INT2$:PRINT 
50 F'RINT "THIS PROGRAM WILL LL ADD LINE HUM-" 
60 PRINT "E:EP` = TO A TEr:T FILE OR DELETE" 
70 PRINT "THEM FROM AN ASCII SAWED FILE. ":FEINT 
:0 LINEINF'L IT "FILENAME TO' BE CONI.!ER T ED? ;S: FEINT 
90 INPUT "ADD <1) OR DELETE C2? NLMEER= " ;,;: IF1 OF 
100 CL-, 
110 CIPEN" I " 1 .:<$ 

120 CIPEN"0".2. ".TEMPFILE" 
1'0 IF; {= 2THEN20O ELSE 700 
200 REM 'AA DELETE LINE NLIPIE:ERS FROM ASCII FILE 
210 IFECIF 1?THEN280 
220 LINEIDJFUT #1,A$ 
230 IFLEFT$'.:A$. 1 ï <:. "'" THEN A$= F:IGHT$',A$, LEN +.A4.' -1):1301-02:0 

*.* 

2 THEN 90 

240 A$=RIGHT$CA$.LEN<A$?-1 
250 PRINTA$ 
260 F'RItJT#2.As 
270 GOTC1210 
280 00T0400 
300 REM ** ADD LINE NLIME:ER' 

310 N=10 
320 IFEOF( 1) THEN 400 
330 LINEINF'UT#1.A$ 
340 A$=STF.'$(N)+" :"+Ñ$ 

350 A$=RIGHT$(A$,LENCASï-1 
360 F'RINTA$ 
370 PP,INT#2.A$ 
380 N=N+10 
390 GOT0320 
400 REM *_* F:EIJRITE 

i 

ORIGINAL 
410 CLOSE 1.2 
42= UPEN"O".1,;$ 
430 CPEN" I " . 2. "TEtPF I LE" 
440 IFEOF2) THEN 410 
450 LINEINFLT#2. A$ 
460 PPINT#1. A$ 
470 GOT0440 
480 CLOSEI,2 
490 KILL"TEMFFILE" 
500 FRINT"NOJ. LOAD FILE " 

510 PR I NT"xI TH YOUR TRS-80 

TO TEXT FILE 

::s ;" AND 
EDITOR. 

FILE : . 

THE FILE IN ASCII C "; XS; ".A7 ". 

your communication package (for 
MCS type a control B); then send the 
file to MicroNet. 

You must be sure to return back to 
MicroNet control and issue an "EX" 
to save the file. Now the file is avail- 
able for manipulation in the Micro - 
Net system. As an example of this, 
this month's column was written and 
edited off -line, then transferred to 
MicroNet for formatting via its text 
processor RUN F10. The processed 
file, which now has a .DOC extension, 
was then downloaded to my system 
and played out on hardcopy. If your 
concern is over cost, this whole pro- 
cess cost me (and this includes the $2/ 
hr tymnet charge) about $3.00. The 
key here was that most of the work 
was prepared off -line using the func- 
tions of my computer. 

If you just want to have some fun 
with MicroNet, they have imple- 
mented a user talk system that is pat- 
terned after Citizens Band Radio. 
You can now monitor pseudo CB 
channels 1 -40 and break in and have a 
chit -chat. The MicroNet people have 
also built in a scrambler so you and a 

EDIT IT IN THE NORMAL MANNER" 
WHEN DONE. BE _.LIRE TO SAIJE 

friend can carry on private conversa- 
tions via your computer. 

Information and Fun Books. It's 
always a good idea to have informa- 
tion resources in your library, and two 
books that are important to have, are: 
Radio Shack's The Engineer's Note- 
book, and Electronics Designer's 
Casebook No. 3. The first is written 
by PE's own Forrest Mims and is a 
collection of circuits from amplifiers 
to LED oscilloscopes. This book is 
available from any Radio Shack store 
for only $1.99. The Designer's Case- 
book, is a collection of design projects 
from Electronics magazine from Feb. 
16, 1978 to January 4, 1979. This 
book covers circuits from audio to sig- 
nal sources and is available from 
McGraw -Hill for $5. 

Just for fun, Radio Shack has made 
available, free, a comic book about 
how a TRS -80 helps Superman save 
Metropolis. Although the story is a 
little improbable, so is Superman. It's 
fun reading and for comic book fans 
makes an important addition to that 
priceless collection. 
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The first personal cnputer 
for under $200. 

The Sinclair ZX80. 
A complete computer - 
only $199.95 plus $5.00 shipping. 

Now, for just $199.95, you can get a 
complete, powerful, full- function computer, 
matching or surpassing other personal 
computers costing several times more. 

It's the Sinclair ZX80, the computer that 
independent tests prove is faster than all 
previous personal computers. The compu- 
ter that "Personal Computer World" gave 
5 stars for 'excellent value.' 

The ZX80 cuts away computer jargon 
and mystique. It takes you straight into 
BASIC, the most common, easy -to -use 
computer language. 

You simply take it out of the box, con- 
nect it to your TV, and turn it on. And if 
you want, you can use an ordinary cassette 
recorder to store programs. With the man- 
ual in your hand, you'll be running programs 
in an hour. Within a week, you'll be writing 
complex programs with confidence. 

All for under $200. 

Sophisticated design makes the 
ZX80 easy to learn, easy to use. 

We've packed the conventional computer 
onto fewer, more powerful LSI chips - 
including the Z80A microprocessor, the 
faster version of the famous Z80. This 
makes the ZX80 the world's first truly port- 
able computer (61/2" x 81/2" x Ph" and a mere 
12 oz.). The ZX80 also features a touch 
sensitive, wipe -clean keyboard and a 
32- character by 24 -line display. 

Yet, with all this power, the ZX80 is easy 
to use, even for beginners. 

Your course in computing. 
The ZX80 comes complete with its own 

128 -page guide to computing. The manual 
is perfect for both novice and expert. For 
every chapter of theory, there's a chapter 
of practice. So you learn by doing -not just 
by reading. It makes learning easy, exciting 
and enjoyable. 

The ZX80's advanced design 
features. 

Sinclair's 4K integer BASIC has perform- 
ance features you'd expect only on much 
larger and more expensive computers. 
These include: 

Unique 'one touch' entry. Key words 
(RUN, PRINT, LIST, etc.) have their own 
single -key entry and are stored as a single 
character to reduce typing and save 
memory space. 
Automatic error detection. A cursor 
identifies errors immediately to prevent 

. 
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entering 
programs with faults 
Powerful text editing facilities. 
Also programmable in machine code. 
Excellent string handling capability -up 
to 26 string variables of any length. 
Graphics, with 22 standard symbols. 
Built -in random number generator for 
games and simulations. 
Sinclair's BASIC places no arbitrary re- 

strictions on you -with many other flexible 
features, such as variable names of any 
length. 

And the computer that can do so much 
for you now will do even more in the fu- 
ture. Options will include expansion of 1K 
user memory to 16K, a plug -in 8K floating - 
point BASIC chip, applications software, 
and other peripherals. 
Order your ZX80 now! 

The ZX80 is available only by mail from 
Sinclair, a leading manufacturer of consumer 
electronics worldwide. We've already sold 
tens of thousands of units in Europe, so 
demand will be great. 

To order by mail, use the coupon below. 
But for fastest delivery, order by phone 
and charge to your Master Charge or VISA. 
The ZX80 is backed by a 30 -day money- 
back guarantee, a 90 -day limited warranty 
with a national service -by -mail facility, and 
extended service contracts are available for 
a minimal charge. 

Price includes TV and cassette connectors, 
AC adaptor, and 128 -page manual. 

All you need to use your ZX80 is a standard TV 
(color or black and white). The ZX80 comes complete 
with connectors that easily hook up to the antenna 
terminals of your TV. Also included is a connector for 
a portable cassette recorder, if you choose to store 
programs. (You use an ordinary blank cassette.) 

The ZX80 is a family learning aid. Children 10 and 
above will quickly understand the principles of 
computing -and have fun learning. 

Phone orders: (203) 265 -9171. Mon. -Fri. 
8 AM -6 PM EST. We'll deduct the cost of 
the call from your invoice. (For technical 
information, call (617) 367 -2555, Mon. -Fri. 
9 AM -5 PM EST.) sinlir Sinclair Research Ltd., 475 Main St., 

P.O. Box 3027, Wallingford, CT 06492. 

I-To: Sinclair Research Ltd., 475 Main St., P.O. Box 3027, Wallingford, CT 06492. 
Please send me ZX80 personal computer(s) at $199.95* each (US dollars), plus $5 
shipping. (Your ZX80 may be tax deductible.) 
I enclose a check/money order payable to Sinclair Research Ltd. for $ 

Name 

Address 

City State Zip 

Occupation: Age: 

Intended use of ZX8OE. 

Have you ever used a computer? Yes No. 
LDo you own another personal computer? Yes No. *For Conn. deliveries, add 7% sales tax. 
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BUY ONE of these great professional books 

MINICOMPUTER SYSTEMS, Organiza- 
tion, Programming, and Applications. 
By Richard H. Eckhouse, Jr. and L. Robert 
Morris. 2nd Ed., 491 pp., illus. Updated, re- 
vised, and expanded, this is a book for every 
systems programmer, systems designer, 
computer scientist, and application specialist 
who wants to know more about microcomputer 
hardware, software, and design. 
787 /026 Pub Pr., $21.95 Club Pr., $17.75 

MICROELECTRONICS: Digital and 
Analog Circuits and Systems. By Jacob 
Millman. 801 pp., 700 illus. Exciting news for 
the thousands of engineers who want a thor- 

n ough refresher and updating on today's ICs. 

Thc (J Yr 
W 

fiill 

be welcomed by both digital and analog 
electronics engineers at every level of pro- 
ciency. 
423/27X Pub. Pr., $28.95 Club Pr., $22.50 

1500k 01 -----__; -- 
WOW° 

when you join the 

AUTOMATIC DATA PROCESSING 
HANDBOOK. Edited by The Diebold Group. 
976 pp., 269 illus. Written by a staff of interna- 
tionally recognized authorities on ADP, this 
comprehensive handbook explains systems, 
programming and the languages, communica- 
tions processes, and the design and installa- 
tion of today's computers. 
168 /075 Pub Pr., $44.95 Club Pr., $31.50 

THE BYTE BOOK OF PASCAL. Edited by 
Blaise W. Liffick. 340 pp., illus. Here's a trea- 
sury of up -to -date Byte articles on PASCAL - 
from a general introduction of system hard- 
ware. Includes two versions of a PASCAL 
compiler. a p -code interpreter written in both 
PASCAL and 8080 assembly language, a 
chess -playing program. an APL interpreter. 
and more. 

789/673 Pub. Pr., $25.00 Club Pr., $19.95 

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELL- 
APPLYING MICROPROCESSORS, New Hard- 

ware, Software, and Applications. Edited by L. 
Altman & S. E. Scrupski 
191/603 Pub. Pr., $23.50 Club Pr.. $18.95 

57 PRACTICAL PROGRAMS & GAMES IN 
BASIC. By K Tracton 
784/957 Pub. Pr., $10.95 Club Pr., $9.30 

MICROPROCESSOR ARCHITECTURE AND 
PROGRAMMING. By W E Leahy 
784/612 Pub. Pr., $24.50 Club Pr., $18.50 

16 BIT MICROPROCCESSOR ARCHITECTURE. 
By T Dollhoff 
582003 -X Pub. Pr.. $24.95 Club Pr.. $19.95 

THE BASIC COOKBOOK. By K. Tracton 
786 /615 Pub. Pr., $7.95 Club Pr., $6.75 

MICROPROCESSOR PROGRAMMING FOR 
COMPUTER HOBBYISTS. by N. Graham 
783 /56% Pub. Pr., $12.95 Club Pr., $10.95 

DISTRIBUTED MICRO /MINICOMPUTER SYS. 
TEMS. By C Weitzman 
789/622 Pub. Pr., $22.50 Club Pr., $18.25 

HOME COMPUTER PROGRAMS. By J. W Trudell. 
Jr. & M. Landberg 
787 /042 Pub. Pr., $8.95 Club Pc. 57.60 

FUNDAMENTALS OF COMPUTER AL 
GORITHMS. by E. Horowitz & S. Salmi 
786/380 Pub. Pr.. $22.95 Club Pr., $18.25 

ELECTRONICS DICTIONARY. By J. Markus 
404 /313 Pub. Pr., $24.50 Club Pr., $19.50 

BIT -SLICE MICROPROCESSOR DE- 
SIGN. By John Mick and Jim Brick. 398 pp. All 
in one place -the crucial information you've 
been needing about the 2900 family of bit -slice 
microprocessor components. This remarkable 
-first. designs right before your eyes not just 
one but two complete 16 -bit machines! 
417/814 Pub. Pr., $18.50 Club Pr., $14.50 

PRINTED CIRCUITS HANDBOOK. 
Edited by C. F. Coombs, Jr. 2nd Ed., 634 pp., 
595 illus. Covering the subject of printed dr- 
cuits from the design's idea to final accep- 
tance, this enormously well- received work in- 
cludes double -sided plated boards through 
printed boards and also the major variations 
such as multilayer and flexible circuits. 
126/089 Pub Pr., $32.50 Club Pr., $24.50 

PRINCIPLES OF INTERACTIVE COM- 
PUTER GRAPHICS. By William M. New- 
man and Robert Sproull. 2nd Ed., 544 pp., 
illus. Now in a revised, updated Second Edi- 
tion, this is a volume that has long been THE 
standard source of information for designers! 
463/387 Pub. Pr., $24.95 Club Pr., $19.95 
ELECTRONICS ENGINEERS' HAND- 
BOOK. Editor in Chief, D. G. Fink. 2,104 pp., 
2026 illus. Brings together in one instant - 
reference volume the essential principles, 
data, and design information known today on 
the components, circuits, equipment, and sys- 
tems of all the various specialties that make up 
modern electronics. 

209/804 Pub. Pr.. $57.50 Club Pr., $40.50 
THE 8080A BUGBOOK: Microcomput- 
er Interfacing and Programming. By 
Peter R. Rony, David G. Larsen, and Jonathan 
A. Titus. 416 pp., with figures, charts, and 
tables, paperbound. Gives you the basic con- 
cepts of microcomputer interfacing and the 
associated microcomputer I/O programming 
to develop your own interfaces. For the 8080 
user, this book will be invaluable. 
783 /845 Pub Pr., $9.95 Club Pr., $8.45 
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and GET ONE FREE (values up to $60.00) 

COMPUTER PROFESSIONALS' BOOK CLUB 

COMPUTER DICTIONARY AND HAND- 
BOOK. By Charles and Robert Sippl. 624pp.. 
illus. This handy reference /guide defines and 
explains a wide range of computer proce- 
dures. products, problems. and applications. 
Appendixes provide a "state -of -the art" guide 
to essential computer concepts. 
582079 -X Pub. Pr., $29.95 Club Pr., $24.95 

ELECTRONIC GAMES, Design,_Pro- 
gramming and Troubleshooting. By W. 
H. Buchsbaum and R. Mauro. 335 pp., 338 
illus. Information you need to design, program, 
and troubleshoot electronic games is right 
here in this widely popular hands -on guide. 
087/210 Pub. Pr.. $21.50 Club Pr.; $16.50 

MEMORY DESIGN: Microcomputers to 
Mainframes Edited by LAURENCE 
ALTMAN. 192 pp., illus., 81/2 x 11 format Keep 
"up" with memory chips through this collec- 
tion of key articles from Electronics magazine. 
Data, diagrams, and discussions put all the 
technology to work for you in one authoritative 
book -a volume so up to date it's a pleasure 
to use. 
19V549 Pub. Pr., $22.50 Club Pr., $17.95 

PROGRAMMING LANGUAGES. By Allen 
B. Tucker, Jr. 439 pp., illus. Gives you not only 
the principles of design but the applications of 
six major programming languages. Shows you 
their strengths and weaknesses in solving var- 
ious representative "benchmark" problems. 
654/158 Pub. Pr., $23.95 Club Pr., $16.95 

MICROCOMPUTERS/ 
MICROPROCESSORS 
Hardware, Software, and 
Applications. By John L. Hilburn and Paul 
N. Julich. 372 pp., illus. Expressly created for 
people involved in the design, use, or mainte- 
nance of digital systems using micro- 
computers. The authors describe the theory 
and workings behind microprocessor architec- 
ture, read -only memory (ROM), random - 
access memory (RAM), and input /output in- 
terfacing methods. 
771 /449 Pub Pr., $22.50 Club Pr., $16.50 

LOGIC DESIGNER'S MANUAL. By John 
D. Lenk. 504 pp., illus. Written for logic IC 
users rather than for designers of logic ICs, 
this book uses time -tested existing commer- 
cial logic ICs to solve all design and application 
problems. 
784/671 Pub Pr., $18.95 Club Pr., $15.75 

HOW TO DESIGN AND BUILD YOUR 
OWN CUSTOM TV GAMES. By David L. 
Heiserman. 544 pp., illus. Shows you how to 
create and build TV games from scratch and 
modify the ones you already have. 
786 /585 Pub Pr., $14.95 Club Pr., $11.95 

MICROPROCESSOR 
APPLICATIONS MANUAL. By Motorola 
Semiconductor Products, Inc. 720 pp., illus., 
8112x 11 format. With nuts -and -bolts practical- 
ity, this manual by the Motorola people (who 
should know) gives you detailed applications 
information on microprocessors and assumes 
no prior knowledge on your part about MPUs. 
435/278 Pub Pr., $38.00 Club Pr., $26.50 

PERSONAL COMPUTING: Hardware 
and Software Basics ELECTRONIC 
BOOK SERIES. 224 pp., 175 illus., outsized 
81/2 x 11 format Gives you comprehensive 
guidance to the present state of the art in per- 
sonal computers -an overall survey of the 
technology, and methods available to perform 
various tasks, facts about the work others are 
doing -and just how they are doing it. 

191/514 Pub. Pr., $19.50 Club Pr., $15.50 

ENCYCLOPEDIA OF COMPUTER SCI- 
ENCE. Edited by Anthony Ralston and C. L. 
Meek. 1,500 pp., 60 illus., 100 charts, 7 x 10 
format. This first and only in -depth coverage of 
the entire field of computer science in a single 
volume is comprehensive and completely up 
to date. 
769/01X Pub Pr., $60.00 Club Pr., $39.95 

ANALOG SYSTEMS FOR MICRO- 
PROCESSORS AND MINICOMPUTERS. 
By Patrick H. Garrett. 248 pp., illus. Explores 
all possibilities for analog systems in one ap- 
plications oriented volume -with many spe- 
cific examples. 
786 /496 Pub Pr., $18.95 Club Pr., $14.95 

Choose any one of these books at the special club discount, and 
select any other as your gift Free of Charge when you enroll 

Why YOU should join now! 
BEST BOOKS IN YOUR FIELD -Books are selected from a wide 

range of publishers by expert editors and consultants to give you 
continuing access to the latest books in your field. 

BIG SAVINGS - Build your library and save money too! We guaran- 
tee savings .of at least 15% off publishers' list prices on every book. 
Usually 20 %, 25% or even higher! 

BONUS BOOKS -You will immediately begin to participate 
in our Bonus Book Plan that allows you savings between 
70 -80% off the publisher's price of many books. 

CONVENIENCE -14 times a year you receive the Club Bulletin 
FREE, fully describing the Main Selection and alternate selections, 
together with a dated reply card. If you want the Main Selection, you 
simply do nothing -it will be shipped automatically. If you want an 
alternate selection -or no book at all -you simply indicate it on the 
regular reply card and return it by the date specified. You will have at 
least 10 days to decide. If, because of late mail delivery of the Bulletin 
you should receive a book you do not want, just return it at the Club's 
expense. 

As a Club member, you agree only to the purchase of four books 
(including your first selection) over a two -year period. 

Computer Professionals' Book Club 
P.O. Box 582, Hightstown, New Jersey 08520 
Please enroll me as a member and send me the two books indicated, billing me for my first 
selection only at the discounted member's price, plus local tax, postage and handling. If 
not satisfied, 1 may return the books within 10 days and my membership will be canceled. I 

agree to purchase a minimum of 3 additional books during the next 2 years as outlined 
under the club plan described in this ad. Membership in the club is continuous but 
cancellable by me any time after the four book purchase requirement has been fulfilled 

Write Code # of Write Code of 
FREE selection here FIRST selection here 

Orders from outside the U.S must be prepaid with international money orders in U S 
dollars 
Charge my [ ] VISA [ ] MASTER CHARGE' Exp. Dote 

Credit Cord # 'MC Bonk # 

Signature 

Name 

Address 

City State, Zip 

Corporate Affiliation 

This order subject to acceptance by McGraw -Hill. All prices subject to change without 
notice. Offer good only to new members. A postage and handling charge is added to oll 
shipments P39466 J 
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Computer 
Sources 

By Leslie Solomon 
Senior Technical Editor 

Hardware 

TRS-80 STD Bus. The Hartmann - 
Lang TRS -80 /STD bus peripheral 
connects directly to the TRS -80, and 
allows all STD bus devices to be used 
with this popular machine. Hart- 
mann -Lang makes available a 6 -slot 
STD bus motherboard; 16- channel 
10- and 12 -bit A/D converters; 4- 
channel, 12 -bit DAC; 8- channel reed - 
relay output; 8- channel triac output; 
8 -port I/O; 44K dynamic RAM; 16K 
static RAM; 16K EPROM; parallel 
interface for line printer compatible 
with TRS -80 software; and various 
breadboard cards. Software includes 
hex dump to video (source and ob- 
ject), cassette dump to video, deci- 
mal /ASCII dump to video in BASIC, 
hex to decimal to hex conversion in 

BASIC, monitor, single step for 
TBUG, relocator for TBUG, 6502 
emulator with disassembler, and cas- 
sette tape utility. Address: Hartmann - 
Lang, Box 693, Chatham, NJ 07928. 

Heath Floppy Accessory. The 
Heathkit H -77 Floppy Disk System is 
an accessory for the H89 All -In -One 
computer from this company. When 
used, three floppy disk drives are 
available with their extended storage 

space. The new accessory uses 5.25 - 
inch, hard -sectored, 40 -track dis- 
kettes, each capable of storing 100K 
bytes of data. The Seimens 82 disk 
drive is used; typical random sector 
access time is less than 250 millisec- 

JBL's new L112. 
Lower, higher, faster, flátter. 

Introducing the L112. The result 
of years of research at the 
leading edge of transducer 
engineering. 
Lower. The L112's Symmetrical 
Field Geometry 12" woofer deliv- 
ers the low notes of music with 
extremely low distortion. 

Higher. A new Dome Radiator 
was developed through the use of 
laser holography. You'll hear har- 
monics you've never heard before. 

Faster. JBL's new High Resolu- 

3BL First with the pros. 

tion Dividing Network enables 
the L112 to deliver transients 
with startling immediacy. 

Flatter. The flat frequency 
response measurements of the 
L112 qualify this speaker as 
the most accurate bookshelf 
performer we've tested. 

Listen to musical reproduction 
at technology's leading edge. 
At your JBL dealer. 

James B. Lansing Sound, Inc., 8500 
Balboa Blvd., Northridge, CA 91329. 
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onds. Kit price with one disk drive is 
$595, with the second drive at $325. 
Factory assembled and tested with 
two drives the WH -87 system is 
$1195. The H -88 -6 Adapter kit at $50 
is required to install the WH -87. Ad- 
dress: Heath Company, Benton Har- 
bor, MI 49022. 

S -100 I/O Board. The Multi -I /O 
board, an S -100 plug in, contains two 
independent sync /async serial ports 
with RS232 or 20 -mA, one strobed 8- 
bit parallel port, three 8 -bit parallel 
ports user configured, three indepen- 
dent 16 -bit timers, an 8 -level priority 
interrupt controller, and two software 
programmable baud rate generators. 
All ICs are socketed. $375. Address: 
I /O, Box 2119, Canyon Country, CA 
91351 (Tel: 805-252--7666). 

Analog Apple. The AI -02 Analog 
Input card for Apple II computers 
monitors 16 analog channels with 8- 
bit resolution. Channels are individu- 
ally addressable and conversion time 
is 70 microseconds. The system can be 
operated from BASIC. The AO -03 
Analog Output card is available in 2 -, 
4 -, or 8- channel configurations. This 
card accepts an 8 -bit quantity (0 to 
255) and produces an output of 0 to 
10 or -5 to + 5 volts (jumper selecta- 
ble). This card, together with the 
Analog Input card provides a control 
and measurement facility for the Ap- 
ple. Address: Interactive Structures, 
Inc., Box 404, Bala Cynwyd, PA 
19004 (Tel: 215- 667 -1713). 

Hazeltine 1500 Editing. A firm- 
ware modification using a ROM that 
is plugged into a Hazeltine 1500 Ter- 
minal converts the latter's numeric 
keypad into a screen -editing pad. This 
allows the user to control up, down, 
left, and right cursor; insert and delete 
a character in a line; insert and delete 
a line; erase to end of line /screen; and 
block transmit of a single line up to 80 

7 8 9 
IL A DL 
4 5 6 

CR > 
! 2 3 

IC V DC 
0 , - 

EL SC ES 
in length. Toggling be- 

tween normal and editing modes is via 
the SHIFT key. Visual inspection of the 
cursor indicates mode with a triangu- 
lar cursor for normal mode and a 
block cursor for block operation. 
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ROM, stick -on labels for keys, and 
user manual are $100. Address: Koch 
Computing Inc., Box 160478, Miami, 
FL 33116. (Tel: 305- 595 -5491). 

Commodore Floppy. The CBM 
2030 Series are 51/4" floppy disk 
drives that can handle 130K bytes of 
storage, and can be upgraded in the 
field to a dual -drive version for 260K 
bytes. They are compatibile with any 
PET or CBM computer. The CBM 
2030 cabinet, which can house two 
drives, measures 131/2" X 8" X 61/2" 
The single -drive CBM 2031 is $595. 
Address: Commodore Business Ma- 
chines, Inc., 3330 Scott Blvd., Santa 
Clara, CA 95051 (Tel: 408 -727- 
1130). 

S -100 21 -Card Cage. Model 
CCK100 holds 21 S -100 cards on 3/4" 
centers and is fabricated from 0.081" 
anodized aluminum sidewalls and ex- 
truded cross members. An S -100 mo- 
therboard can be mounted on the rear. 
It measures 19" wide, 12.2" high, and 
8.9" deep. The adjustable cross mem- 
bers accommodate circuit boards 
from 4" to 8" long, and from 10" to 
11.5" wide. The snap -in plastic guides 
may be placed on centers with multi- 
ples of 0.25 ". With the guides placed 
on 0.5" centers, 31 cards can be ac- 
commodated. Space is available for a 
front panel or a fan. With 21 pairs of 
card guides, the cage is $49.80. Ad- 
dress: Vector Electronic Co., 12460 
Gladstone Ave., Sylmar, CA 91342. 
(Tel: 213 -365- 9661). 

Software 

Atari Educational Software. A 
series of educational programs for 
grades 1 through 6, written for the 
Atari 400 and 800, is now available. 
These include Guessword (grades 6 
and above), Fishing for Homonyms 
(grades 3 -6), Wanted (grades 4-8), 
Word -Mate (grades 3-6), and Word 
Scramble (grades 1 -4). On cassette 
with study guide. Address: THESIS, 
Box 147, Garden City, MI 48141 
(Tel: 313-595-4722). 

TRS -80 Editor /Assembler. The 
Editor /Assembler -Plus, is said to pro- 
vide all the features of the Radio 
Shack Editor /Assembler and T -Bug, 
as well as the ability to assemble di- 
rectly into memory, conditional as- 
sembly and macro facility. It also in- 
cludes expression evaluation, auto- 
matic origin, improved symbol table, 
printout and quash command and oth- 
er enhancements. The Z -Bug, in addi- 
tion to the existing T -Bug, allows 

eight breakpoints, single step execu- 
tion, direct execution in the calculator 
mode, and symbolic references among 
other features. Editing features MOVE, 
COPY, SUBSTITUTE, EXTEND. EDIT and 
FIND. It requires Level -II BASIC and 
16K of RAM. Cassette and manual is 
$29.95. Address: Microsoft Consumer 
Products, 10800 Northeast Eighth, 
Suite 819, Bellevue, WA 98004 (Tel: 
206 -454- 1315). 

CP /M Master Catalog. This sys- 
tem can keep track of all files on any 
diskette in use. It produces a listing of 
all file names in alphabetic order, and 
the name of the diskette containing 
that file. Selective listings may also be 
made in a manner similar to that used 
by CP /M "DIR" command. Besides 
sorting the directory in alphabetic or- 
der, the system also removes non - 
"ERA" -able files. Also included are 
two programs that list the directory in 
three or four columns with each file 
size and the available space left on the 
diskette. Source and object program, 
$10. Address: Elliam Associates, 
24000 Bessemer St., Woodland Hills, 
CA 91367. 

6502/6800 Cross Assemblers. 
The XASM65 and XASM68 are 
cross assemblers that can be used on 
8080/8085/Z80 machines using CP/ 
M. Each assembler supports the mi- 
croprocessor manufacturer's mne- 
monics and will supply a symbol table 
and paginated listings. Complete 
range of pseudooperations make con- 
ditional assemblies and test "in- 
cludes." These pseudooperation com- 
mands handle complete arithmetic ex- 
pression (addition, subtraction, multi- 
plication, division) and Boolean oper- 
ations (shift, and, or, etc.). $200. Ad- 
dress: Lifeboat Associates, 2248 Bro- 
adway, New York, NY 10024 (Tel: 
212 -580- 0082). 

Transistor Design. Available on a 
North Star single- density diskette, 
SPDES uses NS BASIC and is an 
interactive program for the design of 
small -signal r -f transistor amplifier 
circuits. Given the two -port scattering 
matrix measured at a single frequen- 
cy, and at a given dc bias level, the 
program computes the stability factor 
and, if stable, calculates maximum 
gain, optimum load and source reflec- 
tion coefficient; converts reflection 
coefficient to impedance; and corn- 
putes single- frequency micro- stripline 
matching for the device with a resis- 
tive load and source impedance. If po- 
tentially unstable, the program com- 
putes the parameters of the source 
and load stability circles and, for a 
specified gain, the parameters of the 
gain circle. You can use a Smith 
Chart at this point, or the program 
will compute all load reflection coeffi- 
cient points on the gain circle and de- 

termine if the load is in the stable area 
of the load stability circle. If the load 
is stable, the program calculates the 
source reflection coefficient. The pro- 
gram will then calculate the imped- 
ance values of the load and source 
reflection coefficient. Given the strip - 
line parameters, a series and shunt 
stripline matching network will be 
calculated for the desired gain at a 
single frequency. $45. Address: Kask 
Labs, 1207 E. Secretariat Dr., 
Tempe, AZ 85284. 

TRS -80 Pinball. Pinball is a real - 
time game written in machine lan- 
guage. It includes flippers, bumpers, 
rollovers, runs, and bonus points. 
Once in play, both ball speed and ac- 

celeration depend on the contact with 
the various elements including the 
"Bermuda Square." Full graphics are 
used. Cassette is $14.95, diskette is 
$20.95. Address: Acorn Software 
Products, Inc., 634 North Carolina 
Ave., S.E., Washington, DC 20003 
(Tel: 202 -544- 4259). 

New Radio Shack Releases. Ra- 
dio Shack has recently released three 
new pieces of software for its TRS -80 
machines. One is K -8 Math supplied 
in five cassettes and three disks in a 
binder with teacher's manual and re- 
cord- keeping forms. Designed for kin- 
dergarten to 8th grade, the program 
features hundreds of different math 
problems with automatic grading. Re- 
quires a 16K Level II. $199. SCRIP - 
SIT is a full- feature word processor. 
In conjunction with a special `con- 
trol" key and 14 regular keys, it al- 
lows moving of words or paragraphs, 
insert, delete, or edit of material. 
Press -on key labels are provided. Doc- 
ument chaining allows merging, in- 
serting, and other text operations. Au- 
tomatic page numbers, page headings, 
footnotes, paragraph indent, changes 
in line width, and centered text are 
features. Requires TRS -80 Model I 
16K Level II and Line Printer II or 
WP -50 daisy -wheel printer. $69.95 
for tape, $99.95 for disk. The third, 
Radio Shack COBOL, includes a one - 
pass compiler that generates an object 
code for direct execution, full- screen 
formatting, full ANSI Level 2 I /O, 
program linkage and segmentation. 
It is $299 from Radio Shack Stores 
and Computer Centers. 0 
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Heath /Zenith Instruments: 
Heath /Zenith instruments are 
professional units that give you 
good value for your money. 
A wide selection to let you choose 
the unit with the features you 
need without paying for a lot 
of bells and whistles you don't. 
Manufactured to strict Heath/ 
Zenith standards. Inspected at 
every step of assembly to assure 
performance to specifications. 
They're built to last; built to give 

you reliable service. 61 U.S. and 
Canadian locations offer service, 
should it ever be necessary. 
Whether you need a test instru- 
ment for electronics service 
work, manufacturing and design, 
or serious hobby applications, 
Heath /Zenith instruments are 
a good choice. The selection 
offered here is just part of our 
total instrument line. Order 
TOLL FREE 800 -253 -0570. 

0 New 10 Hz -225 MHz 
Frequency Counter 

ilkNew 5 Hz -512 MHz 
Frequency Counter 

New Hand -held 
512 MHz Counter 

15995 
10 mV typical sensitivity 
Single input gives entire range 
Crystal -controlled time base 
0.1,1.0 second dual time gates 
Full voltage protection 
Easy -to -read 8 -Digit display 
3.38 "Hx7.25 "Wx9.0 "D 

$29995 
Ideal for 2 -way UHF work 
Ovenized, high -stability, 
crystal timebase 
8 -Digit resolution 
10 mV typical sensitivity 
.01, .1,1,10 second gate times 
to fit your needs 
Trigger level control 
Frequency ratio function 
Period function 
4.25 "Hx10.0 "Wx13.0 "D 

SM-2410 159.95 SM-2420 299.95 
($2.30 shipping & handling) 
SMA- 2400 -1, Antenna 9 95 

($2.75 shipping & handling) 
SMA- 2400 -1, Antenna 

($1.60 shipping & handling) ($1.60 shipping & handling) 

Hand -held Multimeter gives 0.1% accuracy 

12995 
Measure voltage, current, resistance 
Easy -to -read Liquid Crystal Display 
Five DC voltage ranges - 200mV -1000V 
Five AC voltage ranges - 200mV- 75OVrms 
Four DC current ranges - 2mA- 2000mA 
Four AC current ranges - 2mA- 2000mA 
Six resistance ranges - 200 n -20 Mfg 
Uses one 9V battery or 120/240 VAC 
2.0 "Hx3.5 "Wx7.5 "D 

SM- 2215 129.95 
($1.75 shipping & handling) 
IMA- 2215 -1 Leather Carrying Case .. 14.95 
($1.60 shipping & handling) 
PS-2350 120VAC Battery Eliminator . . 4.95 
($1.60 shipping & handling) 
PS -2450 240VAC Battery Eliminator . . 14.95 
($1.60 shipping & handling) 

9 95 

Easy -to -read 7 -digit display 
10 mV typical sensitivity 
Includes nickel- cadmium batteries 
AC or battery operation 
.1 second and 1 second time gates 
with automatic decimal point 
placement 
Leading zero blanking 
Crystal -controlled time base 
Full voltage protection 
2.0 "Hx3.38 "Wx8.25 "D 

SM -2400 179.95 
($1.90 shipping & handling) 
PS-2404 120V Battery Eliminator/ 
Charger (required) 4 95 
($1.60 shipping & handling) 
PS -2405 240V Battery Eliminator/ 
Charger (required) 12.95 
($1.60 shipping & handling) 
SMA- 2400 -1 Telescopic 
Antenna 9 95 
($1.60 shipping & handling) 
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professional quality, excellent value 
General- purpose 
Power Supply 

$210°9 
Supplies B +, C- and filament 
voltages 
0 -400 VDC output at 0 -100 mA 
continuous (125 mA intermittent) 
Output variation less than 1% from 
no load to full load for 100- 400VDC 
Ripple less than 10 mVrms 
Output impedance 1012 from 
DC -1 MHz 
C- voltage 0 to -100 VDC at imA 
Filament voltage 6.3 VAC at 4 amp. 
5.5 "H x13.38" W x11.25"D 

SP -2717 210.00 
($4.40 shipping & handling) 

Th-Power Supply 

9_85°° 
Fixed 5 VDC at 1.5A and two contin- 
uously- adjustable 0 -20 VDC at 500mA 
Interconnect outputs in any 
combination 
Clutch- coupled 20 VDC supplies for 
dual -tracking operation 
All outputs short -circuit proof 
Ripple and noise less than 5 mVrms 
Load or live regulation provides 
less than 0.1% (20 mV) variation on 
20V supplies and less than 2% 
variation on 5V supply 
4.5 "Hx10.75 "Wx9.0 "D 

SP -2718 185.00 
($3.15 shipping & handling) 

Dual -trace DC -10 MHz 
Oscilloscope 

$65000 
Two vertical input channels with 
10 mV /cm sensitivity 
11 -step attenuator for 10mV /cm 
to 20V /cm deflection factors 
19 -step horizontal time base from 
0.2 sec /cm to 02 usec /cm 
Vertical accuracy within 3% 
X5 horizontal expansion 
Calibrated 1V peak -to -peak square 
wave signal 
35 ns vertical rise time 
Automatic triggering 
120/240 VAC, switch -selectable 
6.9 "Hx12.9 "Wx19.3 "D 

SO -4550 650.00 
($5.50 shipping & handling) 

oder TOLL -FREE: 
8OO-253-0570 

8:0 i AM to 8:00 PM Eastern Time M -F. Sorry, toll -free service not 
ava fable in Alaska, Hawaii or Michigan. Call 616 -982 -3411, 24 hours 
a d. y. seven days a week. TLX: 72 -9421 

To receive your order faster, charge it! 
Use your Visa, MasterCard or Heath Revolving Charge. 
Please have your card or account number handy when you call. 

master charge. 
PO 
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Sine -square wave 
Audio Generator 

1_85°° 

1 Hz -100 kHz frequency range 
0.003 -10 Vrms sine wave output 
(10k D. load) 
0.003 -1 V sine wave output 
(600 (1load) 
Meter calibrated in volts and dB 
-62 to +22 dB ranges 
0.1 -10 V square wave output 
(2000 (l load) 
50 nanosecond risetime 
5.13 "Hx13.25 "Wx70 "D 

SG -5218 185.00 
($2.85 shipping & handling) 

Combination xl, x1O 
Scope Probe 
$2995 

- 

ss r - 
ss+ 

` M-- 

Switch -selectable xl and x10 atten- 
uation at probe tip 
Center (ground) switch position 
allows quick zero level check 
DC to 15 MHz (xl) and DC to 80 MHz 
(x10) bandwidths 
4.0 nS (x10) rise time 
Insulating tip, BNC tip adapter, 
IC tip, insulated compensation 
capacitor adjustment tool, vinyl case 

PKW -105 29.95 
($1.60 shipping & handling) 

HEATH 
Instruments 

For information on other Heath /Zenith Instruments write: 
Dept. 010 -698, Benton Harbor, MI 49022 
GX -383 

61 Service locations 
throughout the United 
States and Canada 
Heathkit Electronic Centers 
in the U.S.' and Canada are 
listed in phone directory 
white pages. 

'Units of Veritechnology 
Electronics Corporation. 

61 
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PE REVIEWS 

Six Stereo 
Phono Cartridges 
Results of listening and laboratory 
tests on a sampling of units from 
six different manufacturers 

Shure Brothers Empire Audio -Technica 

M-97HE 5001D 

Sonus 

AT-30E Dimension 5 
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BY HAROLD A. RODGERS, Executive Editor 
with data provided by Hirsch -Houck Laboratories 

PHONO cartridges, like other elec- 
tromechanical devices, are tradi- 

tionally known as weak links in the au- 
dio playback reproduction chain. There 
is some justification for this, as ad- 
vanced cutting techniques, such as oper- 
ating at half speed, have made it possi- 
ble to cut discs that playback systems 
cannot readily handle. Moreover, elec- 
tronic amplifiers have progressed to the 
point where distortion is beyond the 
measuring capability of all but the most 
sophisticated test instruments. 

The foregoing does not mean, howev- 
er, that the erstwhile weak sisters have 
not gotten better. Indeed they have! Fur- 
thermore, we examined six phono car- 
tridges ranging in suggested retail price 
from $112 to $250 and discovered that, 
though there are differences in measure- 
ments, we were hard pressed to hear tru- 
ly significant aural changes between 
them except, perhaps, in the high end of 
the frenquency range. 

The Participants. The phono car- 
tridges chosen for the test include late 
models from five of the largest manufac- 
turers of this category of equipment - 
Shure Brothers, Audio Technica, Pick- 
ering, ADC, and Empire -and one from 
Sonus, a smaller manufacturer. Prices 
of the units range from $112 to $250, 
with the majority clustered around 
$125. The Sonus Dimension 5, at $250, 
represents a deluxe model, and the Au- 
dio-Technica AT -30E ($125), being a 
low- output moving -coil type, will re- 
quire a step -up transformer or head am- 
plifier. (Audio -Technica's AT -630 step - 
up transformer is available for $95.) 
Completing the line -up are the Shure 
M -97HE ($112), the Pickering XSV - 
4000 ($160), the ADC Integra XLM III 
($130), and the Empire 500ID ($125). 

Three of the cartridges have elliptical 

Pickering 

XSV-4000 
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styli. The others -Shure's Hyperellipti- 
cal, Pickering's Stereohedrone, and the 
Sonus Lambda -have modified elliptical 
shapes that give an extended contact 
area with the groove wall and a very 
small tracing radius for improved high - 
frequency performance. 

All of the cartridges tested track in 
the light to moderately light ranges of 
vertical force, as follows: ADC Integra 
XLM III, 1.2 ± 0.3 grams; Audio - 
Technica AT -30E, 1.4 to 2.0 grams; 
Empire 500 ID, 1.5 grams, -0.25, 
+0.5; Pickering XSV -4000, 1 gram ± 
0.25 net (1 gram extra is used to com- 
pensate for the weight of the brush); 
Shure M -97HE, 0.75 to 1.5 grams (0.5 
grams extra is added to compensate for 
its "dynamic stabilizer" brush); Sonus 
Dimension 5, 1 to 1.5 grams. 

The Integra XLM III from ADC has 
an integral carbon -fiber headshell, the 
total mass of the combination being 12 
grams. A special feature of the Integra 
headshell 'is that it incorporates adjust- 
ments for overhang and vertical track- 
ing angle. 

Laboratory Testing. Tests of fre- 
quency response and separation were 
run on the six cartridges, yielding the 
results shown in Figs. 1 through 6. Each 
cartridge was coupled to the load (a pa- 
rallel combination of resistance and ca- 
pacitance) indicated by the graph. As 
would be expected from a low- imped- 
ance pickup, even when working 
through a transformer, the Audio -Tech- 
nica's frequency response was almost in- 
dependent of its load. (Using a head 
amp would make the loading an entirely 
negligible factor.) Load capacitance is 
hardly significant for the Sonus and has 
but a slight effect on most of the others. 
The Empire, with a small peak at 10 
kHz that is exaggerated by excess load 

ADC 

Integra XLM III 
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phono cartridges 

capacitance, is the most sensitive. This 
will hardly ever be a problem except in 
old turntables with high- capacitance 
wiring. 

In general, the frequency- response 
curves are flat enough that their errors 
are of small concern. (As a matter of 
fact, since frequency- response results on 
cartridges have been shown to vary as a 
function of the test record chosen, the 
precise amounts by which these curves 
vary from perfection is a matter of 
doubt.) Crosstalk results also depend to 
a degree on how well the angle (nomi- 
nally 90 °) separating left and right 
modulation of the recording matches the 
corresponding angles in the cartridge. 
They are also sensitive to the angle (also 
nominally 90 ° ) between the stylus and 
the disc surface when the cartridge is 
viewed from the front. Although there 
are differences in separation (freedom 
from crosstalk) between the units tested, 
in no case did we find it inadequate. 

Distortion data, both for steady -state 
intermodulation and 10 -kHz tone bursts 
is given in Tables I and II. Unfortunate- 
ly, the correlation between distortion 
and listening quality is obscure in the 
case of phono cartridges. (The reasons 
why this is the case are complex and 
beyond the scope of this article.) Conse- 
quently, even though differences with 
respect to distortion were revealed by 
the testing, we cannot discuss the ways 
in which they might relate to perform- 
ance. It seems noteworthy, however, 
that at their most linear, phono car- 
tridges, like loudspeakers, produce levels 
of distortion that are gross compared 
with those generated by electronics. 

Table III gives output voltages of the 
left and right channels of the cartridges, 
together with a figure in decibels that 
expresses the relative imbalance be- 
tween the two. This measurement is 
made at 1 kHz. Since the frequency 
response typically varies by an amount 
comparable to the imbalance, it may not 
apply across the audio spectrum. Even 
the relatively large imbalance noted for 
the Sonus cartridge was not deemed se- 
rious, a conclusion that listening tests 
tend to support. Also, it's a simple task 
to adjust an amplifier's balance control 
to compensate for any imbalance. 

The final column of Table III gives a 
measured value for vertical tracking an- 
gle. While the nominal standard for this 
parameter has been set at 20 °, the 
measured data cluster fairly closely 
around an average of 23 ° . Though it has 
been shown that errors in vertical track- 
ing angle can lead to excess distortion, 
the low correlation between distortion 
and listening quality would suggest that 
differences would be hard to hear. Our 
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Figs. 1 through 6. Plots of frequency 
response and crosstalk for the 
six cartridges tested. Note that 
the lower limit of measurement is 40 Hz. 

listening tests tend to reinforce this 
view, uncovering no real differences that 
relate to vertical tracking angle. 

Perhaps the most significant lab data 
from a practical point of view are those 
given in Table IV. The scores represent 
the highest -amplitude bands that could 
be tracked on the Shure "Era III and 
Era IV Audio Obstacle Course" discs. 
Some controversy has erupted around 
this test, partly on the ground that with 
monophonic modulation only in the test 
bands, the pickups are exercised in the 
lateral plane only, with the vertical 
plane neglected. Nevertheless, there ap- 
pears to be a reasonably good correla- 
tion between a pickup's behavior in this 
test and how it works with "real- world" 
records. 

As it turns out, data from this test is 
tightly clustered. A perfect score - 
which was achieved by two units -is 45, 
while the lowest score turned up was 40. 
Average score for the group was 42.8. 
Since the least capable cartridge in the 
test did about 89% as well as the best, 
tracking capability provides little in the 
way of a basis for choosing between 
them. Hirsch -Houck Laboratories, inci- 
dentally, defined mistracking in this test 
on the basis of audibility. 

Listening Tests. Performing listen- 
ing tests on six of anything puts the tes- 
ter in an interesting bind. The same pro- 
gram material must, obviously, be used 
for all six components; otherwise there is 
no basis for comparison. On the other 
hand, as the listener becomes better ac- 
quainted with the program material 
through repetition, the psychological pa- 
rameters of the test change willy -nilly. 
Is a certain "subtle clarity" heard in, 
say, the third unit tested a characteristic 
of the unit -or does the tester hear it 
that way because he now knows the 
music better? 

To answer these questions, it would be 
necessary to repeat the test at least six 
times, rotating the order in which the 
units are tested and choosing a different 
selection of program material each time. 
This arrangement would perforce short- 
en the time spent listening during each 
trial, making it likely that factors that 
might be fatiguing in long -term listen- 
ing will be missed. Also, because of the 
complex mechanical and electrical setup 
it would require, A -B testing also was 
not a viable alternative. 

We finally settled on listening to each 
cartridge for a fairly extended period 
(three record sides) and noting any an- 
noying characteristics that were heard. 
To be certain that these characteristics 
were presented as vividly as possible, lis- 
tening was done through high -quality 
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phono cartridges 

headphones, which we have found, 
through experience, to exaggerate minor 
faults. 

In no case did we find that a pickup 
annoyed us noticeably. The six certainly 
do not all sound alike, but none of them 
is offensive. Interestingly, they seem to 
agree well for about 90% or so of what 
one hears; the differences are concen- 
trated in the other 10% of reproduced 
sounds, lying, by and large, toward the 
upper end of the audio spectrum. All 
were capable of tracking the loudest 
passages of a Telarc digitally mastered 
disc without mistracking or obvious 
strain. We could have lived happily with 
any of the cartridges in the test. Were it 
not inappropriate in a test based on cri- 
teria as objective as possible, we might 
have chosen a personal favorite. We sus- 
pect, however, that even a choice as ar- 
bitrary as this might well vary from day 
to day. 

The only oddities we observed were 
minor. Anti -skating force must be set 
quite carefully for the Pickering if the 
stylus is not to be dragged out of the 
groove by the brush. Also, the Shure 
brush (officially a "dynamic stabilizer ") 
plays the grooves ahead of the stylus, 
creating a very faint pre -echo that can 
be heard when the stylus is in an unmo- 
dulated groove. We would not expect 
this to be problematic, for any modula- 
tion at all and even surface noises in 
some cases will mask the pre -echo. And 
if you are listening over speakers, the 
pre -echo will doubtlessly be swallowed 
up by ambient room noise. The dynamic 
stabilizer can be defeated, but then the 
aid it offers to tracking of warped discs 
will be lost. 

TABLE IV 

TABLE I- INTERMODULATION DISTORTION 
(in percent, average of both channels) 

Velocity 

(cm /s) 
ADC Integra 
XLM III 

Audio-Tech- 
nica 

AT -30E 

Empire 

50010 

- Pickering 

XSV -4000 
Shure 

M-97HE 

Sonus 

Dimension 5 

27.1 6.0 6.0 4 5 2.4 3 
22.6 2.5 4.0 3 2.5 2.7 1.5 
17.9 1.5 4.0 2.7 2.2 3.5 1.7 
14.3 2.3 3.0 2.2 1.7 4.3 1.6 
11.3 4.0 2.0 2.8 1.3 3.5 2.0 

8.7 3.0 1.7 2.0 1.1 2.4 2.0 
6.9 2.0 2.5 1.1 0.8 1.7 1.5 

Tested with Shure TTR102 record 

TABLE II -TONE BURST DISTORTION 
(in percent, average of both channels) 

Velocity ADC Integra Audio-Tech- Empire Pickering Shure Sonus 

(cm /s) XLM Ill nica 500113 XSV -4000 M-97HE Dimension 5 

AT -30E 

30. 6.3 8.5 2.5 7.3 1.2 2.3 
23.8 0.89 3.0 1.6 1.8 0.83 1.1 
18.9 0.79 0.62 1.0 0.92 0.68 0.92 
15.0 0.89 0.63 0.84 0.67 0.74 0.83 

Tested with Shure UR 103 record 

TABLE III- OUTPUTS, IMBALANCE AND 
TRACKING ANGLE 

ou 

Cartridge (mV) 

AD Integra 
XLM III 5.5 

Audio-Technica 
AT -30E w ' AT -630 
transformer 4.4 

Empire 5001D 4.2 
Pickering 

XSV -4000 4.2 
Shure M97HE 4.5 
Sonus Dimension 5 2.6 

* CBS STR -100 record 
* *CBS STR -160 record 

m Vertical 
Angle 

24° 

18° 
22° 

24° 
26° 
24° 

CARTRIDGE TRACKING OF SHURE AUDIO OBSTACLE COURSE RECORDS 
Cartridge Vertical 

force Bells 

ADC Integra 
XLM III 1.5 5 

Audio-Technica 
AT -30E 2 5 

Empire 5001D 1.5 5 
Pickering 

XSV -4000 1 5 

Shure 
M97HE 1.5 5 

Sonus 
Dimension 5 1.5 5 

ERA Ill 

Sibilance Drum Violin Bells Flute 

ERA IV 

Harp Harp/ Flute Flute 'Bells Total 

5 4 5 4 5 4 3 5 40 

5 5 5 4 5 5 4 5 43 
4 5 5 4 4 5 4 5 41 

5 5 5 5 5 5 5 5 45 

5 5 0 5 5 5 5 5 45 

4 5 5 4 5 5 5 5 43 
Numbers refer to maximum level on record that can be tracked without audible distortion. 

In Conclusion. We can sympathize a 
little with the disgruntled reader who is 
about to ask: "Have you lead me 
through all this data and verbiage only 
to tell me that you can't find reason to 
prefer one of these cartridges over an- 
other?" But we would still answer: 
"Yes, that's the way it is, at least as far 
as what we can test is concerned." But 
that shouldn't bother you too much, for 
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you now know that you can't go too 
wrong. And we suspect that the price 
spread could be opened up a good deal 
more before any significant differences 
would be heard. 

The price of a phono cartridge de- 
pends not necessarily on its perform- 
ance, but on how costly it is to produce. 
It is almost as if one is dealing with 
art -if you like what you hear from a 

certain model and that one pleases you 
above all others, then it is the one for 
you, and price is a secondary issue. And 
in some cases, you may not be able to 
narrow the choice that far. (That's why 
they make interchangeable headshells.) 
In any case, phono pickups seem to be 
getting better and better, and as they do, 
they will undoubtedly sound more and 
more alike. 
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1 fact: 
a Shure stylus 
is a sound 
investment 
A new stylus (needle) can actually save you 
money. Even a precision crafted diamond 
stylus eventually wears out, and a worn or 
broken stylus tip can damage your records 
in a single play! Protect your records by 
checking your stylus at least once a year. 
Your Shure dealer can inspect it, and if 
necessary, replace your stylus with a 
Genuine Shure replacement stylus that will 
bring your cartridge right back to its 
original specifications. 
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pogoNa SHUR 
Brothe rs Inc, 222 Hartrey Ave., Evanston, IL 60204 

In Canada: A. C. Simmonds & Sons Limited Outside the U.S. or ada, write to Shure Brothers Inc , Attn: Dept. J6 for information on your local Shure distributor. 

Manufacturers of high fid components, microphones, sound systems and related circuitry. 

POPULAR ELECTRONICS 
CIRCLE NO. 68 ON FREE INFORMATION CARD 
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v4udio 
Time Delay' 
Systems 

CONCLUDED 

Build a Digital v9udio DelayLine 
Computer-type RAM memory and both A /D and D/A 

converters are used in this second approach 

BY JOHN NEVES, STEVE KOLUPAEV, AND DEBBIE DELAHANTY 

IN the first two parts of this series, we 
described an audio delay system 

based on analog techniques using buck- 
et- brigade devices as the principal active 
elements. This month we will concen- 
trate on the use of digital techniques to 
achieve the same purpose. 

The project described here uses A/D 
(analog -to- digital) and D/A (digital -to- 
analog) converters, random access 
memory (RAM), and a time base that 
provides the necessary synchronization 
for the digital system as well as deter- 
mining the length of the delay. 

Overall Operation. As shown in Fig. 
1, the audio input is fed to a filter and 
amplifier combination that attenuates 
frequencies above 10 kHz (to prevent 
aliasing problems) and scales the signal 
level for the A/D converter. 

An 8 -bit A/D converter performs a 
companding conversion that increases 
the digital signal resolution to an equiv- 
alent 11 bits plus sign, giving a dynamic 
68 

range of approximately 70 dB. The con- 
verter operates under the control of 
synchronization pulses from the clock/ 
controller. Digital information at the 
output of the A/D converter passes to a 
4096 (4K in computer jargon) X 8 -bit 
RAM as a series of 8 -bit "words." 
Timed by pulses from the clock /control- 
ler, the stream of digital words cycles 
through a desired number of memory lo- 
cations, up to the maximum of 4096. At 
any point in the cycle, as an old sample 
is read from the data latch and passed to 
the D/A converter, a new sample is 
written into the memory. 

The length of delay is determined by 
the number of memory locations 
through which each sample passes and 
the length of each sampling interval. 
(The number of locations traversed is set 
by the manual switches.) For example, 
if the sampling frequency is 25 kHz, one 
sampling interval is 1/25,000 second or 
40 microseconds. Therefore, if all 4096 
memory locations are used, the total de- 

lay will be 4096 X 40 (µs) or 163.84 
milliseconds. A 20 -kHz rate would give 
a delay of 204.8 milliseconds. 

Setting the memory address counter 
to some number between 1 and 4096 by 
means of the thumbwheel switches al- 
lows the delay to be varied while holding 
the sampling rate constant. Since the 
sampling rate also determines system 
bandwidth, changing the delay in this 
fashion does not affect frequency re- 
sponse. The fact that digital data is not 
degraded as it passes through the RAM 
means that the noise and distortion con- 
tent of the output signal is also indepen- 
dent of the delay. 

After the user -selected storage peri- 
od, the digital data is read out of the 
memory and temporarily stored in a 
latch circuit that holds the digital data 
steady for the following D/A converter. 
Upon receipt of an appropriate timing 
pulse, the latch passes the digital data to 
the D/A converter where it is converted 
back into analog form. This analog sig- 
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AUDIO AUDIO 
INPUT OUTPUT 

Fig. 1. Basic block diagram of the 
system showing A/D and D/A 
converters with digital delay between. 

nal, now delayed, is filtered to remove 
any sampling components above 10 kHz 
that may be present. After filtering, the 
audio signal is amplified to bring it up to 
a level (about 1 volt) that can drive an 
audio amplifier. 

Like the analog unit, the digital delay 
system is intended to be used with one or 
two auxiliary power amplifiers and loud- 
speakers. Ideally, there should be two 
delay units, one per channel. The signal 
should be delivered to your listening 
area at a level about 10 dB below that of 
the undelayed sound. For reasons de- 
tailed in Part 2, less expensive speakers 
and amplifiers can be used for the de- 
layed sound channels. 

To further economize, a single ampli- 
fier, speaker, and delay unit can be used. 
Audio from the two main channels can 
be resistively mixed and fed to a single 
delay unit as shown in Fig. 2. 

The length of the delay produced by 
the unit can be adjusted in small incre- 
ments to tailor it to the acoustics of your 
listening area. Start with about 20 milli- 
seconds and experiment from there. Pro- 
vision has been made to feed some of the 
output signal back to the input to gener- 
ate reverberation. But if there is too 
much feedback, oscillation will occur. 

Circuit D.scription. Due to its com- 
plexity, the circuit has been broken up 
into small, functional units. The individ- 
ual circuits are interconnected by mat- 
ing "letters -in -a- circle." 

Input Filter and A/D Conversion. As 
shown in Fig. 3, !CIA and ICIB form a 

low -pass filter that amplifies all signals 
below 10 kHz. A comparator formed by 
IC /C monitors the amplified signal and 
turns on LEDI when the audio reaches 
the optimum four volts peak -to -peak. 

The amplified signal from ICIB (pin 
7) is passed to an A/D converter consist- 
ing of !C2A, IC18, !C22, !C24 and two 
of the gates in IC23. Timed by a "start 
conversion" pulse from the clock /con- 
troller, the incoming analog audio is 
converted into 8 -bit binary code that is 
presented to the RAM for temporary 
storage. The converter performs a corn- 
panding action, making the resolution of 
the digital signal equivalent to an 11 -bit 
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word plus sign. Dynamic range is thus 
approximately 70 dB. 

Memory and Latch. This circuit, 
shown in Fig. 4, uses eight conventional 
4096 (bits) by 1 (bit) static RAMs (IC3 
through /CIO) arranged to form a 4096 
(bits) X 8 (bits) array. Static RAM is 
used to avoid the refresh cycles needed 
by dynamic RAM. 

Each RAM element has its own 
unique address identified by the "An" (n 
stands for a digit) symbol above each 
RAM address line pin. Each RAM also 
has one pin (pin 8, R /W) that enables 
the RAM to accept data when the signal 
on this pin is in one logic state, and out- 
put the data when the pin is in the oppo- 
site logic state. Thus, under control of 
pulses from the clock /controller, the 
RAM can read in external data, or write 
out the data contained within its cells. 
The eight bits of data passed out of the 
RAM go to a pair of four -input data 
latches (/C// and !C12) that hold the 
data in their internal flip -flops until a 

properly timed pulse from the clock/ 

NV 

Fig. 2. Audio signals from the 
two main channels are mixed in 
resistors and applied to delay 
unit and a single speaker. Delay 
is adjusted to suit acoustics. 

controller causes it to pass to the D/A 
converter. 

D/A Converter and Output Stages. 
The data from the RAM /latch circuit is 
applied to IC13, a D/A converter, as 
shown in Fig. 5. The reconstructed out- 
put signal from the D/A converter is 
almost identical to the filtered analog 
input, except that it is multiplied by a 

small scaling factor (due to amplifica- 
tion), contains a small amount of "quan- 
tization" noise caused by the D/A con- 
version, and, of course, is delayed. 

After amplification in IC25A brings 
the signal up to about 1 -volt peak -to- 
peak, the analog signal is passed 
through an active low -pass filter com- 
posed of IC25B and IC25C. The filter 
cuts off at 10 kHz, and attenuates any 
sampling frequency components that 
may remain in the signal. The output of 
IC25C is then used to drive the external 
audio amplifier. 

Clock and Controller. The system 
clock, implemented by !C19 in Fig. 6, is 
the basic timing control for the system. 
Its main element is a vco (voltage -con- 
trolled oscillator) whose frequency is de- 
termined by the setting of R2/. Varying 
the clock rate allows the user to experi- 
ment with effects such as vibrato, flang- 
ing, or frequency modulation. Keep in 
mind that the vco not only affects delay 
time but system bandwidth as well. 

Counter 1C17 accepts the clock signal 
and is configured to generate the four 
timed trigger pulses used by the A/D 
converter, RAM memory, and data 
latch. The four outputs are buffered by 
elements of IC20 and IC21 to convert 
the low- current CMOS outputs of íC17 
into signals capable of driving TTL. 

As shown in Fig. 6, the four timing 
pulses are identified as P1, P2, P3, and 
P4. Pulse P1 commands the start of an 
A/D conversion in IC18 (Fig. 3), while 
P2 increments (by 1) the memory ad- 
dress counter of Fig. 7. The resulting 
memory address points to the oldest 
stored sample. A new conversion will be 
completed eight clock pulses after PI. 

The RAM is normally in the read 
mode, which means that the memory 

(Figures 3 and 4 are on page 70. 
Text continues on page 73.) 
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PARTS LIST 
C 1,C4, -0.005 -AF capacitor 
C2- 220 -pF capacitor 
C13- 470 -pF capacitor 
C5- 10 -AF, 16 -V electrolytic 
C6,C7,C19- 0,1 -AF ceramic capacitor 
C8 through C 11,C 16 through C18- 1-AF, 

Mylar, tantalum, or electrolytic 
C12- 0.033 -AF disc capacitor 
C3,C14- 0.001 -AF, Mylar or ceramic 
C15- 330 -pF ceramic capacitor 
C20 -47 -pF ceramic capacitor 
C21,C22- 5000 -AF, 20 -V electrolytic 
D1- 1N914 diode 
D2 through D5 -1 N4002 or similar diode 
1C1,IC25 -LM324 quad op amp 
IC2- LM311N comparator 
1C3 through 1C10-4K X 1 static RAM, 

MM5257, T14044, EMM4044, IM7141, 
MCM2141, 4104, 2613, HM4315, 
HM4847, or similar 

IC11, 1C12 -7475, 74LS75, four -bit latch 
IC13,IC22- DAC -76, DAC -88 companding 

D/A converter (Precision Monolithics or 
American MicroDevices) 

IC 14,IC 15,IC 16- 74193, 74LS 193 up- 
down synchronous 4 -pit counter 

IC17 -4017 CMOS decade counter 
IC18- DM2502 successive approximation 

register (National or American MicroDe- 
vices) 

1C19-4046 CMOS phase -locked loop 
IC20 -4010 CMOS -TTL buffer 
1C21- 74LS00 quad two -input NAND gate 
IC23 -7486, 74LS86 quad exclusive -OR 
IC24 -7474, 74LS74 D flip -flop 
1C26- 320T -12, negative 12 -volt regulator 
IC27- 340T -12, positive 12 -volt regulator 
1C28- 340T -5, positive 5 -volt regulator 
J1,J2 -Phono connector 
LED1 -Light emitting diode 
The following are 114 -watt, 5O/ resistors un- 

less otherwise noted: 
R1-47 k12 

R2 -18 k52 

R3 -39 k52 

R4,R23,R28 through R39,R40,R41 -10 k52 

R5-680k52 
R6 -3.3 k52 

R7,R 10, R25 -22 k52 

R8 -82052 
R9,R18,R20 -4.7 k52 

R11,R24 -51 k52 

R12,R13,R15,R16,R26,R27 -2.7 k52 

R14-500t1 potentiometer 
R 17,R 19 -13 k4 
R21 -10 kS1 potentiometer 
R22 -2.2 id-2 

R42 -33 k52 

R43,R44,R45 -100 k52 potentiometer 
S1 -Spst switch 
T1-24-V CT, 1 -A (1.5 -A for stereo) 
Misc. -Hex 2 -digit thumbwheel switch (2) 

or 16 -pin DIP switches, suitable enclo- 
sure (Mod -U -Box MBS 4 -10 -10 available 
from Infra Fab, 425 Queens Lane, San 
Jose, CA 95112 or similar), knobs, 
press -on type, mounting hardware, etc. 

Note: The following are available from 
Videoart, Box 10327, Stanford, CA 
94305: etched and drilled pc board at 
$18; DM2502 successive approxima- 
tion register at $6.80; DAC-88 con- 
verter at $7.50; set of eight memory 
ICs at $50. California residents please 
add 6.5% sales tax. 

audio delay 
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CC2 
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R2 R3 
I 8 K 39K 
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.0019F 
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Fig. 3. Input filter and A/D conversion circuits. The input 
is filtered and amplified first and then converted to 
8 -bit binary code at the output to Fig. 4. A companding 
action makes the output equivalent to an 11 -bit word plus sign. 
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Fig. 4. Memory and latch circuits. Eight static RAM units 
(lC3 through IC 10) are used to form a 4096 by 8 array. Each 
RAM can read in or write out data as determined by pulses 
from the clock /controller. Output is held in latches IC 11 and IC 12. 
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Digital IC Probe & Logic Pulser 
PRB -1 DIGITAL LOGIC RE OBE 

Compatible with DTL, TTL CMOS, MOS and Microprocessors using a 4 to 15V power supply. Thresholds automatically 
programmed. Automatic resetting memory. No adjustment required. Visual indication of logic levels, using LED's to 
show high, low, bad level or open circ_Iit logic and pulses. Highly sojhisticated, shirt pocket portable(protective tip 
cap and removable coil cord). 

Automatic threshold resetting DE to > 53 MHZ 

Compatible with all logic families 4 -15 VDC 10 Nsee. p _Ilse response o 

Supply O.V.P. to ± 70 VDC 120 K I1 i-npedance 
No switches /no calibration Automatic pulse stretching to 50 Msec. 

Opi circuit detection Automatic resetting memory 
Rari g? extended to 15 -26 VDC with optional PA -1 adapter 

PLS -1 LOGIC PULSER 
The PLS -1 logic pulser will superimpose a dynamic pulse train( 20 pps) or a single pulse onto the circuit node under 
test. There is no need to unsolder pins ar cut printed -circuit traces even when these nodes are being clamped by digital 
outputs. 
PLS -1 is a multi -mode, high current pu -se generator packaged in a hand -held shirt pocket portable instrument. It can 
source or sink sufficient current to force saturated output transistors in digital circuits into the opposite logic state. 
Signal injection is by means of a pushbutton switch near the probe tip. When the button is depressed, a single 
high -going or low -going pulse of 2µ ser wide is delivered to the circu.t node under test. Pulse polarity is automatic: 
high nodes are pulsed low and low nodes are pulsed high. Holding the Litton down delivers a series of pulses of 20 pps 
to the circuit under test. 

High input impedance(off state) 1 meg ohm Multi mode-single pulses or pulse trains 
Low output impedance(a.tive state) 2 ohms Automatic polarity sensing 

Output pulse width 2 µsec nominal Automatic current limiting; 7 amps nominal 
Input over voltage protection * 50 volts Automatically programmed output level 

Finger tip push button actuated Circuit powered 
Power lead reversal protection No adjustments required 
Multi- famil,r RTL, DTL, TTL, CMOS, MOS anc Microprocessors. 

PRB 1 DIGITAL LOGIC PROBE $36.95 PA 1 SIGH VOLTAGE ADAPTER $8.50 
PC 1 POWER CORD, Alligator Clips $4.95 PT 2 I EPLACEMENT PROBE TIP( 2) $1.50 
PC 2 POWER CORD, Micro Hooks $9.95 PLS 1 LOGIC PULSER $48.95 

OK Machine & Tool Corporation 
3455 Conner St., Bronx,N.Y. 10475 U.S.A. 

Tel. (212 ) 994 -6600 Telex 125091 
`Minimum billings $25 00, add shipping charge $2.00 
New York State residents add applicable tax 
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Your future in electronics 
depends on knowing 

microprocessors 

To advance in the electronic -oriented world of today - 
and tomorrow - you need to understand microprocessors. 
Now, Heath /Zenith Educational Systems brings everything 
together in one complete, easy -to -follow self -instructional 
course on microprocessors - so you can gain the knowl- 
edge needed to secure your future in electronics. 
Heath /Zenith's Microprocessor Course - as does every 
program in the Heath /Zenith Electronics Education line - 
reinforces each concept FOUR ways: 

1. You READ clear, concise text material. 
2. You SEE large, colorful visuals. 
3. You HEAR audio cassette tapes which reinforce material pre- 

sented in the text material and visuals. 
4. You PERFORM programming and interfacing experiments, 

which give you hands -on experience in programming and 
interfacing microprocessors. 

Sixty -two different electronic components are in- 
cluded, to make the Heath /Zenith Course an even better 
value. These parts are used in the hands -on programming 
and interfacing experiments. 
The Heath /Zenith Microprocessor Course is backed 
by a Microprocessor Trainer, used to perform the experi- 
ments. Based on the popular 6800 microprocessor, this 
Trainer functions as a miniature digital computer. Built -in 
1K ROM monitor program controls operation. Six-digit LED 
display provides address, data readout. 
In the experiments, you work with actual components - 
to gain hands -on experience and confidence, and to make 
learning more effective. 

Here is what you will know when you finish this easy - 
to -learn course; 

Programming - including branching, algorithms and flow- 
charting. 
The 6800 Microprocessor - including architecture, instruc- 
tion set, addressing modes and interrupts. 

Interfacing - with ROM, RAM, display& and switches, D/A and 
A/D converters; using the Peripheral Interface Adapter (PIA). 
Number Systems and Codes, Microcomputer Basics and 
Computer Arithmetic. 

Turn to pages 74 and 75 of the latest Heathkit Catalog for 
full details on the Microprocessor Course and 'Rainer - and 
our complete line of top -quality Heath /Zenith Courses. 
If you don't already have a Heathkit Catalog, send for 
your free copy at one of the addresses below. Or pick up 
your copy at the nearest Heathkit Electronic Center* in the 
U.S. and Canada, where Heath /Zenith Educational Courses 
are displayed and sold. 

Start on the road to your future in electronics with 
the award -winning Heath /Zenith Microprocessor 
Course. 
Don't wait until tomorrow for knowledge you can learn today. 

HEATH 
EN /fM 

Educational Systems 
Dept. 010 -693, Benton Harbor, MI 49022 

In Canada: contact Heath /Zenith Educational Systems, 
1480 Dundas St. E., Mississauga, Ontario L4X 2R7 

Also at Heathkit Electronic Centers from coast -to- coast. 
(See the white pages of your phone book for the location nearest you. In the U.S., 

Heathkit Electronic Centers are units of Veritechnology Electronics Corporation.) 
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audio delay 

TO 
HG 4 

+12V 

R24 
51K 

R26 
2.7 K 

C13 

+12v 

R27 
18 +12V 27K 

3 -12V 
12 

Fig. 5. D/A converter and output stages. 
Data from the RAM /latch circuit is converted 
back to analog in IC13. The output is identical 
to the filtered input except for the scaling 
factor, a small amount of noise, and the delay. 

constantly displays the 8 -bit code stored 
at the address pointed to by the memory 
address counter at its output. The third 
pulse, P3, is applied to the data latches 
(Fig. 4), causing them to load the result 
of the read operation and hold it stable 
for D/A conversion by IC13 (Fig. 5), 
which takes place in less than one micro- 
second. The last pulse, P4, causes a 
memory write operation that overwrites 
the old sample with the 8 -bit code cur- 
rently available at the A/D converter 
output. 

Delay Switching. The delay switching 
uses three ICs to select the RAM memo- 
ry addresses dialed in via the user- acces- 
sible switches as shown in Fig. 7. 

START 
CONY PI 

BUMP 
ADDRESS P2 

LATCH P3 D/A 

WRITE P4 

Fig. 6. Clock and controller 
circuits. This is primarily 

a voltage -controlled oscillator 
whose frequency is determined 

by the setting of R21. Varying 
the clock rate allows the 
user to change the delay 
and get different effects. 

CI 
390pF 

-12V 

;),P UT 

Programmable counters IC14, IC15, 
and IC16 are cascaded with the clock 
input presented to IC16. Its "carry" out- 
put drives IC15, which in turn drives 
IC14. These counters can be preset to 
any desired modulo output by entering 
the control data on the input pins -in 
this case, voltage or ground from the 
user -selectable switches connected to S2 
and S3. Thus, the outputs of each IC 
will agree with the manually preset 
count, independent of the clock frequen- 
cy. Since there are 12 address lines, the 
count can reach a maximum of 2" + 210 

+29. . . +2D =212- 1 = 4095 and 
the delayed bits can pass through any 
desired number of memory locations. 

I 

SAMPLING 
PERIOD 

+5V 

R2I 
10K 

CLOCK 

R22 
2.2K 

TO 
FIG 3 

Power Supply. The power supply, 
shown in Fig. 8, uses a full -wave rectifi- 
er in conjunction with - 12, + 12, and 
+5 -volt regulators. The system draws 
450 mA at +5 volts, and about 20 mA 
from each of the 12 -volt supplies. 

The 5 -volt power requirement can be 
reduced by using "LS" or "C" versions 
of ICI 1, IC12, IC14, IC15 and IC16. Do 
not use "L" devices because these usual- 
ly have different pinouts. Regulators 
IC27 and IC28 should be supplied with 
heat sinks. 

Construction. Given the complexity 
of the circuit, construction is best imple- 
mented by using either Wire -Wrap 
Techniques or a printed circuit board. In 
the former case, care should be exer- 
cised concerning the ground connec- 
tions. As shown in the schematics, the 
analog digital grounds should be iso- 
lated from each other and merge only at 
the power supply common point. 

Due to their size, etching and drilling 
guides and component layout for a dou- 
ble -sided pc board for the project are not 
reproduced here, but can be obtained by 
sending a self -addressed 9 -by -12 envel- 
ope with two units of first -class postage to 
Dept. DDL, Editorial, POPULAR ELEC- 
TRONICS, One Park Ave., New York, 
NY 10016. 

Outputs of the address counters 
(IC14, IC15, and IC16) should be kept 
as short as possible and as far away as 
possible from the input and output op 
amps. The use of IC sockets is recom- 
mended, and the proper installation of 
polarized elements must be observed. 

TO 
FIG 4 

C19 
IyF 

+5V 

+5V 
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FROM 
FIG 6 

audio delay 

+5 

5 

4 

TO ADDRESS LINES OF RAM MEMORY 
(FIG 4) 

AO Al A2 A3 

3 2 6 7 

5V 

A4 45 A6 A7 419'o4il 

+5V 

C9 
IyF 

CIO 
F 

+5V 

16 14 3 2 6 7 16 14 6 - 
12 

13 4 

12 

R36-R39 

74193 

I I 15 I 10 9 

10 
I I I 

V) 

I I 

vwwve 
+5V 2 3 4 

I(OPTIONAL) 

161151141131 

15 10 

74193 

9 II 

3 2 6 7 16 14 

15 10 9 
R28-R3I 

10K 

5 6 7 

2 
DELAY PROGRAM 

SWITCHES SOCKET 

121 1 1I 101 

WNW, 

Rn2 
R32 -R35 

IOK +5V 
I 2 3 4 

DELAY PROGRAM 
SWITCHES SOCKET 

161151141131 

Fig. 7. Delay switching circuits. Three ICs are used to select the RAM memory 
addresses dialed in by the program switches S2 and S3. 

117 
VAC 

SI 
TI 

C21 C22 
T5000 5000 
}IF yF 

Fig. B. The power supply uses 
a full-wave rectifier in 

conjunction with regulators 
to provide +12, -12, and +5 volts. 

GND 

LIIC28 3 +5V JLM_5( 

2 

+5V 

Front view of prototype showing input, output, and reverberation adjustments 
(see Fig. 9 on next page) and thumb wheel switches to determine delay for two channels. 
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After the board is completed, it can 
be installed in a suitable metal enclosure 
and interconnected as shown in Fig. 9. 
Although this illustrations shows a pair 
of thumbwheel switches used to select 
the delay, DIP switches, such as those 
used in computer boards, can be substi- 
tuted. The input gain control, R43, out- 
put gain control, R44, reverberation 
control, R45, audio connectors, Jl and 
J2, peak indicator, LEDI, and the two 
delay -select switches can be mounted on 
the front panel. For stereo, dual potenti- 
ometers are used for R43 through R45, 
along with two sets of thumbwheel 
switches and two peak indicator LEDs. 

Adjustment. With the delay unit con- 
nected to an audio system as shown in 
Fig. 2, set R14 and R21 to their center 
positions. Place the delay switches (S2 
and S3) in the minimum configuration 
(all switches open). Then adjust echo 
(reverb) potentiometer R45 for its mini- 
mum resistance, and the audio input 
control (R43) to its center rotation posi- 
tion. 

Apply a 1 -kHz sine -wave signal to the 
audio input (JI ), and an oscilloscope to 
the J2 audio output connector. With 
power turned on, adjust output control 
R44 for a convenient scope display. 

Increase the audio input level, either 
by adjusting R43 or the audio signal 
generator's level control, until some clip- 
ping is noted on the output waveform. 
Successively adjust the input level and 
R14 to obtain a symmetrically clipped 
sine wave. Then reduce the input level to 
just below clipping, so that a clean sine 
wave is displayed. 

Increase the sine -wave input frequen- 
cy to 5 kHz and adjust R21 to minimize 
any serrated edges on the displayed 
waveform. Besides reducing noise, this 
adjustment also controls the sampling 
frequency (and bandwidth). 

If an oscilloscope is not available, you 
can perform these adjustments by ear. 
Preset switches S2 and S3 for the de- 
sired amount of delay. Use a source of 
actual program material in place of the 
signal generator and your ears as "dis- 
tortion monitors." Adjust the potenti- 
ometers for best audible performance. 
The results obtained by this method will, 
of course, be less accurate, but will be 
useful if care is taken in performing the 
adjustments. 

With proper audio input levels, a 4- 
volt peak -to -peak signal should be seen 
at pin 7 of ICIB (A /D converter input). 
If you should require more gain, the val- 
ue of RI (feedback resistor for ¡CIA) 
can be increased. 
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JI 
AUD O IN 

CR43 
IOOK 

INPUT 
GAIN 

J2 
AUDIO 

OUT R44 
IOOK 
OUTPUT 

R4 5 
IOOK 

REVERB 

117 

DELAY PROGRAMMING 

IN 

GND 

ECHO 

OUT 

16 8 7 6 5 16 4 3 

S2 S3 
2 

ADU LED 

GND 

GND +5V +121( GND -12V 

4-11 
SI 

+5V 

VAC 
(ON R42) 

I 

+12V GND -12V 

POWER SUPPLY 

Fig. 9. Schematic of components that are not mounted 
on the printed circuit board. See photos below and 
on previous page for ways in which to locate the components. 

The memory address counter (IC14, 
IC15, IC16) can be checked by setting 
S2 and S3 for maximum delay. This 
causes each of these IC's to count down 
by 16. An oscilloscope or frequency 
counter can then be connected to the AO 
through A 1 1 outputs of these ICs to 
note the decreasing frequencies. 

A scope can also be used to follow the 

LEDI 
PEAK 
INDICATOR 

SECOND 
CHANNEL 

audio signal through to the A/D con- 
verter. The digital outputs of IC18 vary 
with the applied audio signal. If a dc 
voltage level from zero to about 1 volt is 
applied to the input, the bit changes can 
be observed as the input voltage level is 
changed. Zero volts will produce all ze- 
roes and 1 volt will create all ones, with 
254 binary states between the two. 0 

<v, 

Internal view of prototype shows arrangement of board and components on front panel. 
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time 
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an event 
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THIN 

-Hour Quartz 
Alarm 

with fashionably thin styling, 
lasting solar power. 12- or 

selection. alarm and full 

Quartz Accuracy to , 
a Month 

-in Electronic Calendar 
Light for Evening Viewing 

LCD Display 
of the Week Indicator 

Adjusted Snap Type 

remarkably thin styling and 
best selling 1224 -Hour Alarm 

Seiko and Citizen can't match 

for only 544.88 

effective, alarm can be preset 
read indicator lets you 

get conventional 12 -hour time 
of buttons Switch back 

Or leave it on 12- or 24 -hour 
for pilots. military person- 

of 12 or 24 hour time 
Fully recharges itself even in 

for three full years with 
No more troublesome battery 

With 1 10 second precision 
lets you time everything from 

full hours Lap time lets you 
Ideal for production man- 

with a critical time depen- 

Continuously Shows: 
Hours. Minutes and Seconds 
Day of Week Flag 
AM PM Notation in 12 -Hour 
Mode 

a month 

5 
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' 

Thinnest Solar Alarm Thinnest Solar 
Chronograph in Available 
at This Low Price! 

$4488 
Solar Power is now combined 
famous quartz accuracy in 
Chronograph A combination 
even al $200 more' 

See the value 

24 -Hour Alarm - Pleasant. 
for any minute of day or night 
know when it's set 
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or 24 -hour military time at 
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available at this low price. 

Seiko $250 10.5 mm 

Citizen $255 11.0 mm 

Texas Instruments $125 12.0 mm 

Thin Solar $44.88 9.5 mm 

Handsome Styling - Cratted. 
bracelet. Optional goldtone 
quality gold plating at $49.88 
15 -Day No -Risk Trial - Try 
pletely satisfied with its quality 
prompt refund of your purchase 
One -Year Manufacturers 
workmanship 
Easy To Order. Just call our 
convenient order form Order 

C1EOdn f1AFIKETJNG, 
10155 -9 Plano 

Yes' Please send me 
Quartz Alarm Chronograph(s). 
Privilege. at $44 88 each 
Texas residents add 5 °ró sales 
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HARDWARE - SOFTWARE 
TAPE CONDITIONER 

'M 7,10=00 GDME)V21311) 

WHEN difficulties occur in load- 
ing data from a cassette tape 

into a microcomputer, it is usually be- 
cause the commercial tapes being used 
are poorly duplicated. This is further 
compounded by the quality of the tape 
itself and even the inadequacies of home 
tape machines. In the case of the popu- 
lar TRS -80, a narrow tape level setting 
range and fussy timing requirements ex- 
acerbate the problem. Though the 
"Peak- Reading Meter" in the February 
1980 issue of POPULAR ELECTRONICS 
enables one to set the proper level quick- 
ly, it does not correct for poorly shaped 
pulses or timing jitter, both of which are 
major obstacles to successful loads. The 
Tape Regenerator project described 
here has been designed for this purpose. 

The Regenerator is an advanced 
breed of tape- conditioning device. It is 
for use with TRS -80 Level II BASIC 
and machine language (SYSTEM) pro- 

76 

BY CASS R. LEWART 

Reshaping and 
retiming data 
pulses ends 
cassette -tape 
loading problems 
for BASIC and 
SYSTEM data 

grams. Unlike other commercially avail- 
able conditioners, it uses both hardware 
and software. As a result, the computer 
itself is used for curing timing problems. 

This permits properly timed backup 
copies to be made on a second recorder, 
which, without internal retiming, would 
produce backup copies that retain or 
worsen timing jitter. 

How It Works. The ideal signal wave- 
form and typical "good" and "poor" 
waveforms found on commercial copies 
of Level II programs are shown in Fig. 
1. As shown in Fig. 1C, superimposed 
noise, power -line hum, amplitude distor- 
tion, and ringing and displacement of 
the data pulse relative to the clock pulse 
(timing jitter) can make it likely that 
the computer will lose bits. And a single 
lost bit, of course, makes the entire pro- 
gram useless. 

Once a BASIC program has been 
properly loaded, a back -up copy of it can 
be made using the CSAVE command. 
Similarly, a backup copy of a machine 
language (SYSTEM) program can be 
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(A) 

CLOCK 
PULSE 

DATA 
PULSE 

CLOCK 
PULSE 

"14 
300 ps 1000 ps 1000 ps 

Fig. 1. Waveform (A) is "ideal." 
That at (B) is a good recording, 
while those in (C) show various 
distortions that can occur. 

made with a monitor program, e.g. Ra- 
dio Shack T -BUG. However, the origi- 
nal program must be readable and short 
enough to fit into memory without over - 
writ ng a monitor program. 

The Tape Regenerator and the asso- 
ciated program, DUB3 (see Table), 
overcome these limitations by reshaping 
and retiming the pulses to produce new 
tape that the TRS -80 can easily read. 

Multiple- segment programs (some 
programs feature a separate loader) or 
several programs on a single tape pose 
no problems for the Regenerator either. 
Operating on one pair of clock /data 
pulses at a time without storing the 
whole program in RAM as monitor pro- 
grams do, the Regenerator allows even a 
TRS -80 computer with only 4K of 
RAM to make back -up copies of arbi- 
trarily large programs and handle tapes 
containing multiple programs in a single 
cassette pass. 

To test soundness of the Tape Regen- 
erator design, the author created five 
generations of the same program and 
found that the fifth -generation tape 
would load as easily as the original. 

SEPTEMBER 1980 

Circuit Description. The circuit 
shown in Fig. 2 reshapes the clock and 
data pulses received from the tape re- 
corder and feeds them to the computer. 
Audio transformer TI provides dc isola- 
tion between the tape recorder and the 
Regenerator circuit. Switch SI and 
diodes DI and D2 allow selection of the 
"better" half of the pulse (see Control 
Adjustments later on), while zener diode 
D3 and transistor Ql further shape the 
incoming signal. One OR gate in IC1 
decodes the IN command from the com- 
puter (via the P1 connector) indicating 
that the computer is' ready to accept 
data. When the command occurs, ICl 
(pin 8) then activates IC2 (via pin 15) to 
allow the amplified tape recorder signals 

TAPE 
REC 

0 a 

DI 

D2 

POLARITY 

SI 

to pass via the connector P1 and the 
expansion port to the computer data 
bus. Indicator LED2 and optional meter 
MI indicate that the tape recorder is 
sending data at the proper level, and 
LED3 glows when regenerating pro- 
gram DUB3 is up and running. If no 
back -up copies are required, J2 provides 
a "quick and dirty" direct output to the 
TRS -80 via the tape- recorder plug. The 
signal at this point is not retimed and is 
only partially reshaped. This limited 
processing may make a tape readable. 

Power for the circuit (Fig. 3), is pro- 
vided by transformer T2 in conjunction 
with voltage regulator IC3, bridge cir- 
cuit RECT1, and capacitors Cl and C2. 
Power on is indicated by LEDI. 

TPI 

RI 
2701E 

3 

+5v 

14 

:CI 
74 L532 

+5v 7 

116 

+5v 

R3 
27011 

2 14 110 114 

I5 

9 13 

7 

10 

GND AO IN DO 

PIN NO. (8) (25) (19) (30) 

PI CONNECTOR 
ON TRS-80 

IC2 
74LS368 

3 J2 
AU% 

R5 
270.0 

12 18 

R6 
820.0. 

MI 

LED 2 LED 3 
VOL PGM ON 

Fig. 2. The Tape Regenerator is controlled by signals from 
the TRS -80 that are determined by the DUB3 program. A second 
recorder is connected to the auxiliary output at jack J2. 

PARTS LIST 

C1- 200 -4F, 35 -V electrolytic 
02,03- 0.1 -4F disc capacitor 
D1,02- 1N914 silicon diode 
D3 -3.9 -V zener diode 
IC1- 74LS32 quad OR gate 
IC2 - 74LS368 hex tri -state buffer 
IC3 -7805 +5 -volt regulator 
J 1,J2- Miniature phone jack 
LED 1,LED2,LED3 -Red light- emitting 

diode 
Ml -1 -mA meter (Radio Shack 270 -1752 

or similar) 
P 1 -2 X 20 edge connector on 0.1" cen- 

ters to fit expansion port on TRS -80 key- 
board or expansion interface 

Q 1 -Npn Darlington Transistor (HEPS9100 
or similar) 

R1,R3,R5- 270 -O, 1,2 -W resistor 

R2- 10 -ktl, 1,2 -W resistor 
R4,R6- 820 -0, 112 -W resistor (optional) 
RECT1 -50 -V, 1 -A bridge rectifier 
S1,S2 -Spdt switch 
T1 -Audio transformer (Radio Shack 273- 

1380 or similar) 
T2 -12 -volt transformer (Radio Shack 

273-1385 or similar) 
Misc.- Suitable enclosure, 2 DIP sockets 

(14 pin and 16 pin) line cord, solder, etc. 
Note -The following is available from 

Southwest Technical Products, 219 
W. Rhapsody, San Antonio, TX 78216, 
Dept. TR -1: complete kit of parts in- 
cluding a pc board and listing of DUB3 
program in BASIC to allow POKEing 
Into memory, but excluding Ml, at 
$29.95 postpaid. Texas residents, add 
4% sales tax. 
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tape regenerator 

110V 

O 

12V 

RECT I 

S2 
ON/OFF 

Fig. 3. The power supply is a simple 
rectifier -regulator circuit as shown here. 

1 
CI 

200 VF 

NEINIMMINONIIMMIMI 

I03 T 
2 

1 
2 
UF 

R4 
820n. 

Vcc (5v) 

LEDI 
\ ON 

Construction. The circuit can be as- 
sembled on a small pc board, or Wire - 
Wrap techniques can be used. Keep all 
leads as short as possible. As only four 
contacts are used on the 40 -pin TRS -80 
connector, the remaining pins can be ex- 
panded with a screwdriver to make plug 
insertion easier. Before turning the pow- 
er on, recheck all wiring, especially the 
leads to the computer expansion port. 

Control Adjustments. To properly 
read a poorly recorded tape, polarity 
switch SI of the Tape Regenerator and 
the volume control of the tape recorder 
have to be set. These settings will vary 
from tape to tape. However, back -up 
tapes made by the Tape Regenerator or 
CSAVE command should all work with 
the same settings. 

To determine the proper settings for 
an unknown tape, observe LED2 and 
milliameter MI, or connect a scope to 
TPI. Play the tape at medium setting of 
the recorder volume control. Flip polari- 

Fig. 5. Electrical 
interconnection of the 

Tape Regenerator to the 
TRS -80 computer and 

two tape recorders. 
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ty switch SI and leave it in the position 
corresponding to a stronger signal as 
evidenced by a brighter LED, higher 
reading on the meter, or a cleaner pulse 
display on the scope. Optimum setting 
of the recorder playback level is found 
by advancing the volume control until 
LED2 glows brightly, then backing off 
slightly. If optional meter MI is in- 
cluded in the circuit (see Fig. 2) adjust 
the volume control for a reading be- 
tween 0.5 and 0.6 mA. As a final alter- 
native, connect an oscilloscope to TPI 
and adjust the control for the cleanest, 
widest pulses you can. 

Regenerator Program DUB3. The 
reshaping and retiming of Level-II clock 
and data pulses as received via the PI 
connector is performed by the DUB3 
program. 

After clearing the screen and display- 
ing a message, the DUB3 program 
searches for a clock pulse. When one is 
found, the time interval to a second 

pulse is checked to make sure that the 
first was not a spurious transient. When 
the clock pulse is confirmed, it is output 
after a 200 -µs delay using subroutine 
OUTPUT. This subroutine produces a 
clean signal lasting 300 as as shown in 
Fig. 1 A. A search for the data pulse now 
begins. The delay of 500 µs excludes any 
residual ringing from the preceding 
clock pulse. If no data pulse is found 
during the following 700 -µs window, a 
search for the next clock pulse begins. If 
a data pulse is detected in the window, it 
is checked again to exclude a transient 

CLOCK 
PULSE 

DATA 
PULSE 

200 7S00 700 " I00 
os os í1s us 

CLOCK 
PULSE 

-1I 
IHI` SEARCH I, CLOCK SEARCH WINDOW 

,.14 1000 Ys 1000 Vs . I. 

Fig. 4. Timing diagram of DUB3 
program. Input at TF1 is at top. 
Below is output from computer. 

RECORDER I 

(PLAY) 

RECORDER 2 

(RECORD) 

TAPE 
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PI 
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TABLE -LISTING OF DUB3 PROGRAM 

00100 PORT EQU 00H 
00110 CENTER EQU 04H 
00120 HIGH EQU 05H 

00130 LOW EQU 06H 
00140 DL100 EQU OCH 

00150 DL150 EQU 12H 

00160 LENZ EQU 14H 

00170 D L200 EQU 1AH 

00180 DL700 EQU 22H 

00190 LENZ EQU 22H 

00200 CASS EQU OFFH 

00210 CLS EQU 01C9H 

00220 LINE1 EQU 3DD6H 
00230 LINE2 EQU 3EOFH 

00240 ORG 4A00H 
00250 DUB3 CALL CLS ;CLEAR SCREEN 

00260 LD HL,TAB1 ;DISPLAY LINE1 
00270 LD DE,LINE1 
00280 LD BC,LEN1 

00290 LOIR 
00300 LD HL,TAB2 ;DISPLAY LINE2 
00310 LD DE,LINE2 
00320 LD BC,LEN2 
00330 LOIR 
00340 START LD B,DL100 ;100 MICS DE LAY 
00350 DELO DJNZ DELO 

00360 SRCHC IN A,(PORT) ;START CLOCK PULSE SEARCH 

00370 RRA 
00380 JR NC,SRCHC ;CLOCK PULSE FOUND? 
00390 IN A,(PORT) ;YES, TRANSIENT ONLY? 
00400 RRA 
00410 JR NC,SRCHC ;YES, KEEP SEARCHING 
00420 LD B,D L200 ;NO, SET 200 MICS DELAY 
00430 DELI DJNZ DELI 
00440 CALL OUTPUT ;PUT OUT CLOCK PULSE 

00450 LD B,D L700 ;START 700 MICS READ WINDOW 
00460 SRCHD IN A,(PORT) ;SEARCH FOR DATA PULSE 

00470 RRA 
00480 JR C,FOUND1 ;FOUND? 
00490 DJNZ SRCHD ;NO, WINDOW TIMED OUT? 
00500 JR START ;YES, SEARCH FOR CLOCK PULSE 

00510 FOUND1 IN A,(PORT) ;TRANSIENT ONLY? 
00520 RRA 
00530 JR C,FOUND2 ;NO 

00540 DJNZ SRCHD ;YES, WINDOW TIMED OUT? 

00550 JR START ;YES SEARCH FOR CLOCK PULSE 

00560 ;DATA PULSE FOUND, 
00570 FOUND2 INC IX ;WASTE 10 CYCLES 
00580 BIT 3,(HL) ;WASTE 12 CYCLES 
00590 DJNZ FOUND2 ;WINDOW TIMED OUT? 
00600 CALL OUTPUT ;YES, PUT OUT DATA PULSE 

00610 JR START ;SEARCH FOR CLOCK PULSE 
00620 OUTPUT LD A,HIGH ;PULSE OUTPUT 
00630 OUT (CASS),A ;PULSE HIGH 
00640 LD B,D L150 ;150 MICS DELAY 
00650 DEL2 DJNZ DEL2 
00660 LD A,LOW 
00670 OUT (CASS),A ;PULSE LOW 
00680 LD B,D L150 ;150 MICS DELAY 
00690 DEL3 DJNZ DE L3 

00700 LD A,CENTER 
00710 OUT (CASS),A ;RESTORE TO CENTER 
00720 RET 
00730 TAB1 DEFM 'TAPE BACK -UP PROGRAM' 
00740 TAB2 DEFM 'COPYRIGHT (C) 1980 CASS R. LEWART' 
00750 END DUB3 

and, if confirmed, is output at the end of 
the 1 -ms interval that started at the be- 
ginning of the preceding clock pulse 
(Fig. 4). 

A data pulse appearing any time be- 
tween 500 µs and 1.2 ms after a clock 
pulse is thus correctly retimed to occur 
exactly 1 ms after the clock pulse. After 
a 100 -µs delay, the program continues 
with the search for the next clock pulse. 
The DUB3 program can be loaded using 
the Radio Shack Editor /Assembler or 
by keying in the Z80 instructions. For a 
BASIC version of the DUB3 program 
which will POKE the instructions into 
memory see the Parts List. 

Operating Instructions. The elec- 
trical interconnection between the Tape 
Regenerator, both tape recorders and 
the computer is shown in Fig. 5. Turn 
the computer and Tape Regenerator 
power off when plugging or unplugging 
the 40 -pin connector at the rear of the 
TRS -80 keyboard. 

If you have the Expansion Interface 
connected to your computer, use the Ex- 
pansion Port on the left side of the Ex- 
pansion Interface instead of the Expan- 
sion Port at the rear of the keyboard. 
When power is applied to computer and 
Tape Regenerator, LEDI should glow 
and the MEMORY SIZE? prompt 
should appear on the video monitor. If 
the prompt does not appear, check con- 
nections, in particular the 40 -pin con- 
nector, between the Tape Regenerator 
and TRS -80. Load the DUB3 program 
and run it. Light LED3 (PGM oN) should 
glow as long as DUB3 is running. The 
program is in an infinite loop and will 
run until you depress the RESET push- 
button on the rear of the TRS -80, or 
turn the computer off. 

For initial adjustment, start reading 
tape from tape recorder 1 and set polari- 
ty switch Si and the Tape Recorder vol- 
ume control as explained under "Con- 
trol Adjustments." 

Rewind tape recorder #1 and start it 
in the play mode while starting tape 
recorder #2 in the record mode with a 
clean tape. When the program on tape 
recorder #1 is finished, LED2 (voL) will 
extinguish and meter MI will indicate 
close to zero. This is the signal for you to 
turn both tape recorders off. You can 
continue with as many tapes as desired. 
When finished, open S2 to turn the Tape 
Regenerator power off, press the RESET 
button to return to BASIC, or turn the 
computer off. The 40 -pin connector PI 
can be left plugged permanently into the 
Expansion Port as it does not interfere 
with the normal computer operation. If 
the pulse amplitude on the original tape 
is very unsteady or the pulses are imbed- 
ded in noise, regenerating the tape may 
not be possible. 
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EQUIPMENT AND TRAINING 
NO OTHER SCHOOL CAN MATCH. 
NTS HOME TRAINING INVITES YOU TO EXPLORE 

DIGITAL SYSTEMS AND MORE, WITH STATE -OF- THE -ART EQUIPMENT 

YOU ASSEMBLE AND KEEP 

MICROCOMPUTERS 

Without question, microcomputers are the 
state of the art in electronics. And NTS is the 
only home study school that enables you to 
train for this booming field by working with 
your own production -model microcomputer. 

We'll explain the principles of trouble- 
shooting and testing your microcomputer and, 
best of all, we'll show you how to 
program it to do what you want. 

You'll use a digital multimeter, a 

digital logic probe and other 
sophisticated testing 
gear to learn how to 
localize problems 
and solve 
them. 

Send for the full color catalog in the elec- 
tronics area of your choice -discover all the 
advantages of home study with NTS! 

NTS also offers courses in Auto Mechanics, 
Air Conditioning and Home Appliances. Check 
card for more information. 

1. 

We 
believe 
that training 
on production - 
model equipment, 
rather than home -made learning devices, 
makes home study more exciting and rele- 
vant. That's why you'll find such gear in most 
of NTS's electronics programs. 

For instance, to learn Color TV Servicing 
you'll build and keep the 25 -inch (diagonal) 
NTS /HEATH digital color TV. 

In Communications Electronics you'll be 
able to assemble and keep your own 
NTS /HEATH 2 -meter FM transceiver, plus test 
equipment. 

But no matter which program you choose, 
NTS's Project Method of instruction helps you 
quickly to acquire practical know -how. 
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1. The NTS /Rockwell AIM 65 
Microcomputer A single board unit 

with on -board 20 column alphanumeric 
printer and 20 character display. A 6502 -based 

unit 4K RAM, expandable. 2. The NTS /KIM -1 

Microcomputer A single board unit with 6 digit 
LED display and on -board 24 key hexadecimal 

calculator -type keyboard. A 6502 based 
microcomputer with 1K RAM, expandable. 

3. The NTS /HEATH H -89 Microcomputer 
features floppy disk storage, "smart" 
video terminal, two Z80 micro- 
processors, 16K RAM memory, expand- 
able to 48K. 4. The NTS /HEATH GR- 
2001 Digital Color TV (25" diagonal) 
features specialized AGO -SYNC muting, 
filtered color and new solid -state high 
voltage tripler rectifier. 

SEPTEMBER 1980 

3. 

Simulated TV Reception 4. 

NATIONAL 
TECHNICAL 
SCHOOLS 

TECHN CAL TRADE TRAINING SINCE 1905 
Res dent and Home -Study Schools 

4000 SO. FIGUEROA ST., LOS ANGELES, CA. 90037 

NATIONAL TECHNICAL SCHOOLS 
4000 South Figueroa Street. Dept 205 -090 
Los Angeles. California 90037 

Please rush FREE color catalog on course checked below 

NT5 Training umersms 
in Consumer end tndustrisf EJecypnlcs 

MlcroComputers /MicroProcessors 
Communications Electronics 
Digital Electronics 

E Industrial Technology 

Auto Mechanics 
Air Conditioning 
Home Appliances 
Color TV Servicing 

Name Age 

Address 

Apt. City - - 

State Zip 

] Check if interested in G.I. information. 
1_] Check if interested ONLY in classroom training in Los Angeles 

.1 
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ELECTRONIC BREAKTHROUGH! 

Awesome Ving eni 
Rower! 

The two wonders on this page are a- 
mong the best, most wanted, and most 
useful everyday electronic products in 
the world. 

Each one brings you state -of- the -art 
function and design and places awesome 
calculating power at your fingertips. 
Let's examine these breakthroughs one 
at a time. 

ANATOMY OF YOUR FINGERTIP 
The Casio C -80 Chronographic Cal- 

culator is the first wrist instrument 
whose numeric and function command 
keys are designed so you can operate 
them with your fingertip. No need to 
carry a special stylus or look for a pencil 
with a sharp point whenever you want 
to calculate something. 

The Casio C -80 has an 8 -digit read -out. 
It adds, subtracts, multiplies, divides, 
and performs chain calculations. Float- 
ing decimal tool. 

It tells you the time digitally in two 
zones (accurate within t 15 seconds a 

month), and it tells month and date. 
It's also a stopwatch in hundredths of 
seconds, with capacity up to 23 hrs., 
59 min. 59.99 secs. It gives you both 
lap and net times as well. 

The C -80 weighs much less than metal 
calculator watches. The case and band 
are space -age unbreakable plastic, and 
the LCD face is protected by hard min- 
eral glass. 

So far as we know, only one or two 
stores in New York City have been able 
to get the C -80. And we've seen it ad- 
vertised as high as $75.00 - and that 
only lets you reserve it, with a long wait 
for delivery. 

84 

CASIO C -80 DIGITAL QUARTZ 
CHRONOGRAPH /CALCULATOR 
THE OLIVETTI WORLD'S SMALLEST 
PRINTING CALCULATOR /LCD CLOCK 

You can call our toll -free number for 
immediate delivery, and charge just 
$69.95 (plus $2.50 insured shipping) to 
your credit card. Thirty day money - 
back guarantee, one -year parts and labor 
warranty. 

Just three more points: the battery's 
included. There's a tiny light to illumi- 
nate the display at night. In fact, it's 
bright enough to help you find your 
keys if you drop them in the dark. And 
when you receive your Casio C -80, re- 
sist the temptation to press the keys with 
your fingernail. Not necessary. Just use 
your fingertips. 

WORLDS SMALLEST PRINTING 
CALCULATOR! 

Besides all the calculating functions 
you expect, the Olivetti Logos 9 offers 
you these added features, plus more, 
thanks to some new technological break- 
throughs. 

Measures only 1 inch by 21/2 inches 
by 4 5/8 inches, with full 12 digit 
liquid crystal display, with floating or 
fixed position decimal. 

Exclusive paper cartridge system, sim- 
ply slide up the calculator top and 
behold the smallest printing system 
you've ever seen. 
Clear crisp entries on Olivetti's special 
cartridge paper. Each cartridge lasts for 
up to 1,300 entries. 
(Thirty two rolls...good for three years 
of use, only $18.00). 

Incredibly fast printing speed of two 
lines per second, with print recall. 
Should your entries exceed unit speed, 
the Logos 9 will still print each entry. 

Rechargable batteries (up to 500 re- 
charges per battery). 

Printing head labels all numerical en- 
tries with letters. You'll never forget 
your entries purpose. 

Accumulating memory, plus fully in- 
dependent memory. 

Digital clock, a totally accurate time- 
piece. 

Ideal for people who employ, dis- 
counts, gross margins, and percentage 
markups. 

Automatic average: The Logos 9 will 
automatically compute the average of a 

group of entries. 
Complete memory recall and display. 
Battery charging and 90 day limited 

warranty. 
Easy Olivetti service by mail. 

CIRCLE NO.45 ON FREE INFORMATION CARD 

Try this amazing pocket calculator to- 
day, we're sure that you will agree that 
the Logos 9 is the most convenient and 
advanced pocket calculator you've ever 
seen. If after thirty days, you are not 
satisfied, return the unit for a prompt 
refund. 
The Olivetti Logos 9 was awarded at 
the International Consumer Electronic 
Show 1980 the distinguished position 
of being the "'Most Innovative Product 
of the Year -, and is the best selling 
pocket calculator in the world. 
Try it today. 
HERE'S HOW TO ORDER AND SAVE 

The C -80 Chronograph /Calculator is 
$69.95. The Printing Calculator is $89. 
95. That adds up to $159.90. If you 
order both for yourself (and don't for- 
get gift possibilities) pay only $144.95 
for a savings of $15.00. 

Or order any two and take $15.00 off 
their combined price. You can order to- 
day by calling one of our toll -free num- 
bers for immediate delivery. You save 
on insured shipping charges, as well: 
just $2.50 for each order, not each item. 

30 DAY MONEY BACK GUARANTEE 
When you order, you're protected by 

our 30 -day money back guarantee pol- 
icy. And each item is additionally cov- 
ered by a one -year parts and labor war- 
ranty. All units come with instructions, 
and batteries are included. 

Right now, call toll -free and charg- 
what you want on American Express, 
Diners Club, Carte Blanche, Master Card, 
or Visa. 

800-526-2801 
800 -257 -7850 

In New Jersey call toll free: 
800 -322 -8650 

N.J. residents please add 5% sales tax. 
You can also mail your order with check 
or money order to: 

INTERNATIONAL SALES GROUP 

nERcuww 
THE IMAGINATION PEOPLEK 

Dept. PE -9 , Lakewood Plaza 
Lakewood, New Jersey 08701 
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CHECK YOUR 

HEAT LOSS 

WITH A 

DEGREEDAY 
METER 

BY RUSH W. HOOD 

Find out how well your 
weatherproofing and 
insulation work 

Large amounts of money are being 
spent by homeowners today on insu- 

lation, storm windows and other means 
of reducing energy use and cost for heat- 
ing homes. Gauging the effectiveness of 
these improvements, however, often re- 
quires months or even years of tabula- 
tions. Data garnered from supplier bills 
are often misleading owing to changing 
weather conditions that directly affect 
the amount of energy needed to main- 
tain a desired temperature. The degree - 
day meter described here will allow you 
to compensate for changing weather and 
assess the true efficiency of your home's 
added weatherproofing. Moreover, us- 
ing this device, only a day or two of 
observation will be needed to determine 
the effect of any improvement in insula- 
tion you have made. 

Theory of Heat Flow. Were your 
home perfectly insulated, it would main- 
tain a constant temperature without 
drawing on a source of additional ener- 
gy. The temperature of an object is a 
function of the heat energy it contains, 
and cannot change without an inward or 
outward flow of energy. Unless artificial 
means (e.g. refrigeration) are used, heat 
always flows from a warmer reservoir to 
a cooler one, and at a rate proportional 
to the difference in temperature. 

Insulation impedes the flow of heat 
between the two reservoirs. The situa- 
tion is analogous to the flow of current 
in an electric circuit. The temperature 
difference, Thigh - T10W, is equivalent to 
voltage; heat flow, Q, to current; and 
insulation value, R, to resistance. Thus, 
the equation Q = (Thigh T10) /R 
resembles Ohm's law. 
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Degree Day Meter . 

IN 
ii 

ATOR 
á DEVICE 

If the temperatures inside and outside 
your home were constant for a long peri- 
od of time, you could simply measure 
the temperature difference and the rate 
of energy use by reading the gas or elec- 
tric meter and calculate the average in- 
sulation value of your building. Because 
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RI 
OK 

R3 
IOK 

R7 
500K 

SC 
ADJ 

R5 
47K 

RS 
560K 

R2 
22K R6 

loon 

Fig. 1. To determine degree -days, the indoor and 
outdoor sensors measure temperatures 
and convert them to voltages, which are subtracted, 
integrated (averaged) and applied to readout. 

the temperature of the outside air 
changes too rapidly to allow such proce- 
dure, the degree -day was devised. 

A degree -day is computed from tem- 
perature readings taken at frequent, 
regular intervals throughout the day. 
These readings are subtracted from a 

_ 
02 
IN914 

TEST 
POINT 

R9 CI 
270K OyF 

03 
2N5457 

reference temperature, usually 68 °F, 
and the differences are averaged over 
one day. If a day is reported to have had 
15 degree -days, for example, the energy 
needed to heat your home would have 
been the same as if outside had been 15 
degrees cooler than inside all day. 

RI5 
IOOK -AMNMA,-- 

C2 
.IyF 

+12V 

+5V 

RI7 
IK 

04 
2N2222 TO 

FIG 
R 16 2 
221< 

-12V 

R4 
50K 

ZERO ADJ 

+I2V 

ICI= TL074CN 

D3 
IN914 

N 
R13 
loo K 

-I2V 

D4 
I N 914 
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Fig.2. Circuit composed of IC 1 and 03 is a vco whose 
frequency varies with temperature. 

PARTS LIST 

C 1 -10- µF,25 -V Mylar or polyester capac- 
itor 

C2- 0.1 -µF ceramic capacitor 
C3- 1000 -1 F, 25 -V electrolytic 
C4- 100-4F, 25 -V electrolytic 
C5,C6- 0.33 -1.F, 25 -V tantalum ca- 
pacitor 
D1 through D4- 1N914 
D5,D6- 1N4001 1 -A, 50 -V rectifier 
DISP 1, DISP2,DISP3- Common -anode 
display (MAN4610 or similar) 
F1-1-A, fast -blow fuse 
ICI- TL074CN quad BIFET op amp 
IC2- 74LS93 binary counter 
IC3,IC4,IC5- 74LS90 BCD counter 
IC6,IC7,IC8- 74LS47 BCD -to -seven seg- 

ment decoder 
1C9-7812 + 12 -V regulator 

OUTSIDE 
(COLD) 

IC 10 -7805 +5 -V regulator 
IC 1 1 -7912 - 12 -V regulator 
J 1- Open- circuit stereo phone jack 
P1-Stereo phone plug 
Q1,Q2,Q4,Q5- 2N2222 transistor 
Q3- 2N5457 FET transistor (Radio Shack 

276 -2028) 
The following are 1 /4 -W, 5% carbon resis- 

tors unless otherwise noted: 
R1,R3 -10 ktl 
R2,R 16 -22 kg 
R4 -50 kg trimmer potentiometer 
R5 -47 k4 
R6 -1000 
R7 -500 kg trimmer potentiometer 
R8 -560 kg 
R9 -270 kg 
R10,R11 -27 k4 
R12-130 kg 
R13,R15-100 kO 

PI 

R14 -51 kg 
R17,R18 -1 k4 
R 19 -4.7 kO 
R20 through R41 -1.2 kO 

S1 -Spst normally open pushbutton 
switch 

T1- 12.6 -V, 1 -A transformer 
Misc.- Aluminum enclosure, printed circuit 

or perforated board, IC sockets, red 
plastic for display window, line cord and 
plug, strain relief, etc. 

Note: The following is available from 
HL W, P.O. Box 1026, Beaverton, OR 
97075: complete kit of parts for 
$97.50, plus $3.50, postage and han- 
dling. Also available from the same 
source is an etched and drilled printed 
circuit board for $9.00. 
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Fig. 3. Other than the divide -by -16 counter (IC2), 
digital circuit is conventional 3 -digit 
counter, decoder and display. 

Degree -days reported by your local 
weather service can be useful, but they 
may not be sufficiently accurate for crit- 
ical measurements. Your inside temper- 
ature may not be the standard 68 de- 
grees, and may vary through a 24 -hour 
period. This degree -day meter project 
calculates the degree -days from the 
temperatures inside and outside your 
particular home. 
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How it Works. The meter continuous- 
ly senses the indoor and outdoor temper- 
atures, subtracts them and integrates 
the difference. Analog and digital cir- 
cuit techniques are used to maintain the 
integration accuracy over long periods 
of time and to provide a numerical read- 
out. The block diagram in Fig. 1 sum- 
marizes, in an easy -to- follow method, 
the device's operation. 

N 

C5 
333F 

C6 
.33yF 

N 

OUT 

7805,7812 IN GND OUT 
7912 GND IN OUT 

+12V 

OUT +5V 

OUT 12v 

ONE/ 

Fig. 4. The three voltage sources are 
derived from regulators. Note the 
pin -out differences between the lCs. 

Circuit Design. The subtracting and 
integrating circuits are shown in Fig. 2. 
Indoor and outdoor temperatures are 
sensed by silicon transistors QI and Q2, 
which are connected as diodes. A con- 
stant current passing through a silicon 
diode junction develops a voltage drop 
that varies approximately linearly with 
temperature at a rate of 1.2 mV/ ° F. 
The two sensors are connected in series 
opposition, so that the voltages across 
them are subtracted. The difference 
voltage taken from the junction of the 
two transistors is proportional to the dif- 
ference between the two temperatures. 

Integrated circuit ICI A supplies 
enough gain to boost the difference sig- 
nal so that it varies at a rate of 100 mV/ 
° F. It also acts as a half -wave rectifier, 
making the meter insensitive to situa- 
tions in which the outside temperature 
exceeds the inside temperature, which 
could happen on sunny days. Sections, 
B, C, and D of ICI and FET Q3 with its 
associated components form a voltage - 
controlled oscillator (VCO) whose aver- 
age output frequency is 160 cycles per 
degree -day. The output of ICI A is cou- 
pled to the inverting ( -) input of inte- 
grator IC1 C (which averages the signal) 
via R9 and to inverter ICIB through 
RIO. The output of ICIB is coupled 
through R12 and FET switch Q3 direct- 
ly to the inverting input of ICI C. When 
Q3 is turned on, its drain -to- source 
channel resistance, coupled with R12, is 
one -half the value of R9 and the ICIB 
signal to ICI C is twice that from R9 and 
is of the opposite polarity. Thus, the 
integrator is fed with either a plus or 
minus 100 -mV/ ° F signal depending on 
the state of switch Q3. A negative volt- 
age applied to the gate of Q3 turns the 
transistor off. 

The integrator output is coupled to 
comparator ICI D, which has a hystere- 
sis of 10 volts. The output of /CID at pin 
7 is either +10 V or -10 V depending 
on the polarity of the input signal with 
respect to ground. This output is coupled 
to the gate of Q3 through diode D3. 
Assume that the integrator is developing 
a positive -going ramp at its output. 
When this reaches the trigger voltage of 
the comparator, the latter rapidly 
switches to its maximum positive out- 
put, which reverse biases D3. This turns 
Q3 on and routes the inverted signal to 
the integrator, which now develops a 
negative -going ramp until the compara- 
tor switches to its maximum negative 
output. This turns off Q3, and the cycle 
is repeated. 

The output of comparator ICI D is 
converted into a TTL -level signal by Q4. 
Diode D4 is used to limit the negative - 
going signal to the base of Q4, while 
R16 is the base -current limiting resistor. 
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Degree -Day Meter 
The TTL signal is used to drive the con- 
ventional 3 -digit counter, decoder and 
display shown in Fig. 3. 

The 160 cycles per degree day output 
from Q4 is divided by 16 in IC2 to pro- 
vide a square wave having one cycle per 
tenth of a degree day. This signal is cou- 
pled to pin 14 of LSB counter IC3. Zero 
set is provided by depressing RESET 
pushbutton S1 which places a ground on 
pins 2 and 3 (reset to zero) of the four 
counting ICs. Note that DISP2 has its 
decimal point (pin 9) permanently acti- 
vated by a resistor to ground. 

The power supply, shown in Fig. 4, 
provides +5 volts for the TTL logic, 
± 12 volts for the analog circuit, and 
+12 volts for the seven -segment com- 
mon -anode readouts. Be sure to observe 
the pin -out difference between the regu- 
lator ICs. 

Construction. The meter can be con- 
structed using the foil pattern shown in 
Fig. 5, or perforated board and Wire - 
Wrap techniques. If you design your 
own layout, arrange it so that the digital 
portion -especially IC6, IC7 and IC8- 
are along one long edge. In this way, the 
three -digit display can be mounted on a 
separate small board that uses the dis- 
play current -limiting resistors for elec- 
trical and mechanical interconnection. 

Select an enclosure large enough to 
accommodate the circuit board and TI. 
A rectangular front -panel cutout (cov- 
ered by a red filter) should be made for 
the three -digit display. RESET switch S1 
is also mounted on the front panel. Jack 
Jl, the fuseholder and an insulating 
grommet for the line cord can be 
mounted on the rear apron. The 5 -volt 
regulator /C/O and +12-volt regulator 
IC9, which handle appreciable power, 
should be mounted to the rear apron to 
allow this wall to act as a heat sink. 
Capacitors C5 and C6 can be soldered 
directly to the respective pins on their 
regulators. 

The sensor circuit (Fig. 2) is made by 
soldering the base and collector of each 
transistor together to form one lead. Se- 
lect a length of slender two -conductor 
zipcord having sufficient length to reach 
the meter from each selected location. 
At one end, separate the leads for an 
inch or so. Remove about I/4 -inch of 
insulation and slip a short length of nar- 
row heat -shrinkable tubing on each 
lead, solder one to the base -collector 
lead and the other to the emitter lead. 
Slide the heat -shrinkable tubing down 
over the soldered connection and shrink 
it. The outdoor sensor (QI) can be en- 
capsulated in epoxy if it is not mounted 
in a weatherproof location. After both 
sensors are fabricated, connect the far 
ends of both pairs to the stereo -type 
phone plug. 
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Fig. 5. The large toil pattern (opposite¡ 
is for the electronic circuit, while the 

smaller board below if is for the display. 
The two boards are interconnected by the 

current limiting resistors. Installation 
of these and other components is shown above. 
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Operation. To calibrate the degree - 
day meter, all you will need is a dc volt- 
meter and an ordinary thermometer. 
Then proceed as follows: Connect the 
voltmeter between the test point shown 
in Fig. 2 and ground. Set the voltmeter 
for its most sensitive dc voltage range, 
and place the sensors close to each other. 
Turn on the degree -day meter, allow it 
to stabilize for 10 to 15 minutes, and 
then adjust R4 for exactly zero volts on 
the dc voltmeter. Then place the outdoor 
sensor in a cool place (outdoors or in the 
refrigerator), and adjust R7 until the 
voltmeter indicates -0.1 volt for every 
degree of difference in the temperatures 
between the sensors. For example, if the 
inside temperature is 70° F and the out- 
side sensor is at 40 ° F, adjust R7 for 
(70 -40) X -0.1 or -3.0 volts at the 
test point. Install the sensors where de- 
sired and you're ready to measure de- 
gree-days. The outside sensor should be 
mounted in a shaded location away from 
the house and protected from the weath- 
er. The inside sensor should be mounted 
in a central location away from heat 
sources. 

To start a measurement, depress RE- 
SET push button Si. The display should 
be "00.0" and should be observed to 
increment through the day if the outside 
sensor is cooler than the inside sensor. 
The greater the temperature differ- 
ence between outside and inside, the 
faster the display will increment. 

To measure actual energy efficiency 
of your home, you must measure the 
energy used over the same time interval 
that you measure degree -days. Your 
utility company can tell you how to read 
your gas or electric meter, or an elapsed - 
time meter may be connected to meas- 
ure the total length of time the furnace 
is heating. Simply divide the energy 
(therms, BTUs, or kilowatt hours) by 
the degree -days to obtain a figure in en- 
ergy per degree -day. This number 
should be nearly constant from day to 
day, and any improvement you make in 
your building's heat retention will lower 
this factor. 

The degree -day meter can also be 
used to check your home's heat gain 
while air -conditioning is in use. Simply 
reverse locations of the inside and out- 
side sensors. It is suggested that regular 
records be kept throughout the season to 
enourage conservation. It will be obvious 
from the efficiency determinations when 
real improvements are made in the 
weatherization of your home. (Note that 
frequent opening and closing of doors is 
tantamount to a reduction in insulation 
efficiency.) 

Use of the degree -day meter can help 
a homeowner accurately estimate the 
payback period on money spent weath- 
er- proofing his building. 0 
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Shunt of 
heavy wire (0.001 ohm) 
is connected to clamps and 
test probes plug into tip jacks 
in clamp handles to measure large currents. 

THE current -measuring function of 
digital multimeters (DMMs) is 

usually limited to 1 or 2 amperes at 
most. How then can one use a DMM to 
measure the tens or hundreds of am- 
peres that may be associated with auto- 
motive starter and battery- charging sys- 
tems, or heavy -duty appliances? The an- 
swer is: use a high- current shunt. 

A DMM set to its current function 
really measures the voltage developed 
by a current in a known shunt resis- 
tance. Since all DMMs measure dc volt- 
ages, an internal rectifier is used to con- 
vert ac voltages to dc. Even though the 
DMM is operating as a voltmeter, the 
current function display is calibrated in 
milliamperes or amperes. 

If the resistance of the shunt is low, a 
large current through it will develop 
only a small voltage drop. For example, 
as shown in Fig. 1, a shunt resistor of 
0.001 Q (one milliohm) will produce a 
drop of 0.001 volt for each ampere that 
flows through it. If a DMM is capable of 
displaying 0.001 volt at the least- signifi- 
cant digit (the one on the extreme 
right), this range can be interpreted di- 
rectly in amperes. Thus, a display of 
0.028 represents 28 amperes flowing 
through the 0.001 -Q shunt resistor. 

Then there is the matter of wattage. 
Since the shunt is a resistor, a current 
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Measuring 
Large 
Currents 
with a 
DMM 
By using the proper shunt, 

a DMM can measure up to 

hundreds of amperes 

BY ROBERT H. JOHNS 

flowing through it will develop heat that 
the resistor must dissipate. The power 
dissipated as heat can be calculated as 
W =IZR, where I is the current and R 
the resistance of the shunt: thus a cur- 
rent of 50 amperes would develop 2500 
milliwatts of heat. 

Note that the shunt is, for all practi- 
cal purposes, a short circuit and should 
not be connected directly across a power 
source. Always place the shunt in series 
with the load! 

In all metallic elements including 
copper wire, resistance increases with 
temperature. Therefore, the thicker the 
wire the less the resistance change and 
the better the tolerance to I2R heat 
build -up. Ambient temperature also af- 
fects conductor resistance. Commercial 
shunts often use manganin, an alloy that 
was specially developed to have very lit- 
tle resistance change with temperature. 
The typical experimenter may not have 
access to a manganin shunt, but he can 
use a heavy -duty cable specifically de- 
signed for very high current work - 
automotive jumper cables using multi - 
strand #10 wire. 

Shunt Construction. Remove the 
clamps from one of the jumper cables 
and cut the cable to exactly 13.5 inches. 
Then, as shown in Fig. 2, remove 1.5 

inches of the heavy plastic insulation 
from each end, being careful not to nick 
the wire strands. This leaves 10.5 inches 
of insulated wire. The electrical connec- 
tions should be 11.0 inches apart, yield- 
ing a resistance of 0.001 ohm, taking 
into account the resistance of the clamps 
and soldered connections. Carefully sep- 
arate one or two strands of wire from 
each end and cut them so that the ends 
are as close as possible to 11.0 inches 
apart. (Bear in mind that different sam- 
ples of this wire may have slightly dif- 
ferent resistances due to variations in 
manufacture.) 

Carefully tape a tip -jack connector 
(see Figs. 2 and 3) to the end of the plas- 
tic insulation, then solder the loose wire 
strands to the electrical connector. Do 
the same at the other end. 

Carefully solder together and mount 
the remaining bundle of wires to the 
hand clamp. Use a high -wattage solder- 
ing iron to make a secure electrical con- 
nection. Replace the heavy plastic sleeve 
over the connection. Do the same at the 
other end. 

If desired, smaller clamps, or even ba- 
nana plugs can be used at the ends of the 
shunt cable as shown in Fig. 4. Regard- 
less of the termination used, make sure 
that the high current flows in the shunt 
and its end connectors and not through 

(Continued on page 94) 
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Educational 
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Chart Recording 
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One-button 
Phone Dialer 

400 electronic kits: test instru- 
ments, computers, amateur radio 
gear, electronic educational pro- 
grams, color televisions, stereo 
components, R/C gear, home prod- 
ucts, energy conservation de- 
vices, marine and aviation gear, 
and more - things you've always 
wanted and needed, now at low 
kit prices from Heath. 

Discover the fun of kit building - 
it's a great way to relax in your 
spare time and share a rewarding 
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Tachometer 
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Components 
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units of Veritzchnology Electronics Corporation Some retail prices may 
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pastime with your whole family. 
The useful items you build will re- 
flect the pride of your craftsman- 
ship, too. The famous Heathkit 
illustrated manuals make it easy 
for anyone to build reliable, 
professional -quality kits. Computenzzed 

Weather station 

R/C Gear 

SEND FOR YOURS NOW! 
The 104-page catalog is Free! If coupon is missing write: 
Heath Company, Dept. 010 -692, Benton Harbor, MI 49022 
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DMM 

Fig. 1. Current can be read by 
measuring voltage drop 
across a known resistance. 

PARTS NEEDED 

Automotive jumper cables, tip jacks (La- 
fayette 32A65105, Allied 920 -0292, Calec- 
tro F2 -879 or 30 -1080, or similar), or com- 
bination tip jack- and -banana connector 
(Lafayette 32A64850, Calectro F2 -883, or 
similar), 50- ampere clamps (Mueller 
PK46A or similar), electrical tape, solder. 

Note: A 0.001-Q shunt Is available for 
$5.95 plus $1 shipping and handling 
from R. H. Johns Scientific Instruments, 
3379 Papermill Rd., Huntingdon Valley, 
PA 19006. Pennsylvania residents, 
please add 6% sales tax. 

the jacks that feed the DMM. 
If your DMM does not indicate to 

tenths of a millivolt, a 0.01 -ohm shunt 
having a current sensitivity of 0.1 am- 
pere per millivolt can be built. With this 
shunt, a DMM indication of 0.016 volt 
represents a current flow of 1.6 amperes. 
Use the same approach as previously de- 
scribed, but use 66 inches of #12 
stranded copper wire with the tip jacks 
65 inches apart. 

To measure ac current, a convention- 

13.5" 

al ac outlet box having one or two 
appliance sockets mounted on it with the 
0.001 -ohm shunt in series with one of 
the leads can be used. There is enough 
room within the enclosure to allow the 
shunt to be placed inside and the two tip 
jacks to be mounted on the upper plate. 
This approach is shown in Fig. 5. In this 
mode, use the ac voltage function of the 
DMM. Keep in mind that the tip con- 
nectors may be "hot" to ground so take 
all safety precautions when using this 
method of current measurement. 

Accuracy. The shunt described in this 
article will be accurate to within approx- 
imately ± 3 %. This value is dependent 
on the actual ohmic value of the shunt 
and resistance changes due to heating 
(J2R losses). 

The 'shunts' accuracy can be im- 
proved by connecting the shunt in series 
with a lab -grade ammeter, a suitable 
load and a power source capable of de- 
livering several amperes. With a known 
value of current flowing (lab ammeter 
indication), note the DMM readout. It 
should be the same as the ammeter dis- 
play. If not, the shunt can be trimmed 
until the two meters coincide. The 
amount of current flowing is not impor- 
tant, but the two meters should display 
the same readout. It is a relatively easy 
job to re- adjust the contact position of 
the tip jack connectors on the shunt to 
adjust the DMM indication. 

If you wish to build your own "stan- 
dard" resistor, consult the wire tables in 
any engineering book, or the ARRL Ra- 
dio Amateurs Handbook. These list the 

10.5" 

TIP 
JACK 

#10 WIRE 
JUMPER 
CABLE 

TAPE 

STRANDED WIRE 

Fig. 2. As described in the text, a 
0.001 -ohm, high -power shunt can be 
constructed as shown here from a 
conventional battery jumper cable 
and a pair of standard tip jacks. 

w 
Fig. 3. Assembly of the tip jack and shunt cable 

to the clamp. After soldering, the large plastic 
sleeve is placed over the joint and clamp handle. 

Fig. 4. Shunts can be terminated in banana 
plugs or small clips as shown here. 
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AFTER 500 PLAYS OUR HIGH FIDELITY 
TAPE STILL DELIVERS HIGH FIDELITY. 

If your old favorites don't sound as good as they used to, the problem 
could be your recording tape. 

Some tapes show their age more than others. And when a tape ages 
prematurely, the music on it does too. 

What can happen is, the oxide particles that are bound onto tape 
loosen and fall off, taking some of your music with them. 

At Maxell, we've developed a binding process that helps to prevent 
this. When oxide particles are bound onto our tape, they stay put. And 
so does your music. 

So even after a Maxell recording is 500 plays 
old, you'll swear it's not a play over five. 
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DMM 

Fig. 5. To measure ac current, the shunt can be coiled inside a conventional 
ac outlet box and the two tip jacks mounted on the top plate. 

resistance of solid copper wire to four 
significant digits. For example, a 0.001 - 
ohm resistor can be fabricated from 10 
parallel strands of #16 Formvar or 
enamel- insulated copper wire, each 
strand 30.6 inches long. Scrape about 1/4 

inch of the insulation from each end 
and, after affixing a flexible bare wire to 
make the connections to the tip jacks, 
solder the bundle together. To calibrate 
other shunts, connect them in series with 
your "standard" and adjust the lengths 
of the meter connections until both resis- 
tors generate the same voltage. Al- 
though a DMM is accurate on dc, on the 
ac functions, signals that are not sine 
waves can produce measurement errors. 
One common source of error is the unfil- 
tered dc output from an automotive bat- 
tery charger. The current measured 
across a shunt from the 60 -Hz rectified 
charger can be as much as 18% low. 
However, the high- frequency, 3 -phase 
rectified output from an automotive al- 
ternator is only a few percent low, not 
enough to worry about. 

Although readers are encouraged to 
build for their own use the shunt tech- 
nique described, many features de- 
scribed here are covered in patent appli- 
cations now pending. 

r i 
I'm sold, send the Limiter kit, Dept: 9P 
$49.94 plus postage enclosed. 

( ) Send the assembled limiter $79.95 
plus postage enclosed. 

( ) Send Free Catalog 
Charge Visa_MC_Card No. 

Name: 

Address: 

City State: Zip: 
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sinlair Multimeters 
Repeatable Quality at Unrepeatable Prices! 
Take advantage of this super special offer of 
professional quality DMMs. 

DM235 

$39.95 

PDM35 
Hand -held 3' digit LED Multimeter 
1% basic DCV Accuracy 
16 ranges: DC /AC Volts. DC Current, Ohms. 
Resolution 1mV / 0.1nA / lohm 
Ranges to 1000V / 100mA / 10M 
Battery operated (PP3) or AC Adaptor 
Complete with test leads and carrying pouch 

Bench /Portable 31/2 digit LED Multimeter 
0.5% basic DCV Accuracy 
21 ranges: DC and AC Volts and Current, Ohms 
Resolution 1mV / 1NA / lohm 
Ranges to 1000V / 1A / 20M 
Battery operated (4 'C' cells) or AC Adaptor 
Complete with test leads 

$69.95 

$99.95 

DM350 
Bench /Portable 31/2 digit LED Multimeter 
0.1% basic DCV Accuracy 
34 ranges: DC and AC Volts and Current, Ohms 
Resolution 100ÚV / 1nA / 0.lohms 
Ranges to 1200V / 10A / 20M 
Battery operated (4 'C' cells) or AC Adaptor 
Complete with test leads 

DM450 
Bench /Portable 41/2 digit LED Multimeter 
0.05% basic DCV Accuracy 
34 ranges: DC and AC Volts and Current, Ohms 
Resolution 10pV / 0.1 nA / 0.01 ohms 
Ranges to 1200V / 10A / 20M 
Battery operated (4 'C' cells) or AC Adaptor 
Complete with test leads 

$129.95 

please send me I enclose 
^ 

PDM35 Hand -held DMM @ $39.95 each : $ OCheck Money Order Master Charge Visa 1 

DM235 Bench /Portable DMM @ $69.95 each : $ (Allow 2 - 3 weeks clearance time for personal checks I 
DM350 Bench /Portable DMM @ $99.95 each : $ Credit Card No. Exp. Date 
DM450 Bench /Portable DMM @ $129.95 each : $ NAME 
AC Adaptor for PDM35 @ $4.95 each : S 

AC Adaptor for DM235 @ $4.95 each : $ STREET 
AC Adaptor for DM350 @ $4.95 each : $ 

AC Adaptor for DM450 @ $4.95 each : $ CITY STATE ZIP 
Shipping /Handling at single rate per order : $ 5.00 

New Jersey residents add appropriate Sales tax: $ SEND TO: NJS Technology Inc. PE 
P.O. Box 8247 

TOTAL : S Haledon I 
New Jersey 1 

'Continental USA only 07538 Te1.1201) 790 3141 
1.1 11 1=1 
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4,104. 
opus I EJ' 
Oft 
volt vait 

BY PATRICK J. DELANEY 

Various combinations of 
the basic J -K flip -flop circuits 
provide many useful 
digital counting schemes 

WHEN the need for counting 
events in an electronic system 

arises, the most common solution is to 

B2 

0 J 

CLK 

0 K 

1 

BI BO 

0 F-0 J 

CLK CLK 

0 0 K 

outputs are identified 
alphabetic labels -A 
not -B, etc. 

use an asynchronous digital ripple coun- 
ter. This circuit, shown in Fig. 1, con- 
sists of a group of J -K flip -flops set to 
toggle with each applied Clock pulse. 
The flip -flops are connected in cascade 
so that each Clock input is driven by the 
Q output of the preceding stage. The cir- 
cuit provides a sequential binary -up 
count ranging from zero to one less than 
2" where N is the number of flip -flops in 
the circuit. While this arrangement 
finds wide use, it is only one of many 
useful digital counting schemes. 

Special counters make up a major 
class of flip -flop circuits. However, be- 
fore these advanced configurations can 
be described in detail, a review of the J- 
K flip -flop is in order. A 7476 will be 
used as an example. 

As shown in Fig. 2, a J -K flip -flop 
typically has five inputs and two out- 
puts. The five inputs are Preset, Clear, 
Clock, J and K, while the two outputs 
are variously referred to as Q and not -Q, 
or some other alphabetic labels indica- 
tive of a variable and its complement. 
When a chain of flip -flops is used, the 

1 

CLOCK 
INPUT 

+5v 

by a succession of will be determined by the J, K, and 
and not -A, B and Clock inputs. 

The last of the four possible combina- 
tions of these inputs is 0 for both Preset 
and Clear. This is contradictory in that 
it attempts to force Q high and low 
simultaneously (an impossible condi- 
tion). The logic state of Q is thus inde- 
terminate. The operation of the Preset 
and Clear inputs is summarized by the 
truth table shown in Fig. 2. 

The J, K, and Clock inputs together 
form the second means by which the 
outputs may be changed. When these in- 
puts are to be used, the Preset and Clear 
terminals are both tied high. When the J 
and K inputs are supplied signals as 
shown in Fig. 3, each time the Clock 
input is forced to switch from a logic 1 to 
a logic 0 (a negative edge), outputs take 
on the appropriate values. It should be 
noted that the J and K inputs alone have 
absolutely no effect on the flip -flop's 
output state. These two levels are 
clocked into the flip -flop by a one -to- 
zero transition at the Clock input. Fig- 
ure 3 illustrates the effect of the four 
possible combinations of the J and K 
inputs on the Q output. 

Fig. 1. Basic 
three -stage 
synchronous 
ripple counter. 

PRESET 

INPUTS CLOCK - 
I K 

CLEAR 

C 

K 

PRE 

7476 

CL 0 

OUTPUTS 

INPUTS 

PRESET CLEAR 
o o 

0 1 

1 o 
1 1 

OUTPUTS 

O 
Indeterminate (never used) 
116E71 
O (RESET) 
Determined by J, K, and clock 

Fig. 2. Details of the 7476 
flip -flop and its truth table. 

Preset and Clear inputs take prece- 
dence over all other inputs and are ac- 
tive low. This means that logic zero ap- 
plied to the Preset input forces the Q 
output high (1). Alternately, Q would be 
forced low (0) by applying a logic zero 
to the Clear input. If both the Preset and 
Clear inputs are I, the flip -flop's state 

INPUTS OUTPUT 

CLOCK J K O 

1 o o Provluut value 
T 0 1 O (RESET) 
1 1 0 1(SET) 
1 1 1 TOGGLE 

Fig. 3. Effect of the J -K inputs 
on the Q output of the 7476. 

98 POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


3 

B 

D J 

FFD 
CLK 

J 

FFC 
CLK 

B 

FFB 
CLK 

FFA 

D K K K 

CLK 

K 

(A) 

C B A 
FFD 

O 
FFC 

o 
FEB 

O 
FFA 

1 

FFD 

O - FFC 

O _ FFB 1 _ FFA O 

FFD 

O - FFC 

i _ FFB 

O _ FFA 

O 

F1 O 
FFC _ FO - FO 

FA 

_3 
(CLOCK INPUTS NOT SHOWN) 

If both J and K equal 0, and a nega- 
tive -going Clock pulse occurs, the Q out- 
put will remain unchanged. If J is equal 
to 1 and K equals 0 during the Clock 
edge, Q will become a logic 1 (set). 
When J equals 0 and K equals 1, a 
Clock pulse will force Q to equal 0 (re- 
set). Finally, if J and K equal 1, the 
Clock will force Q to change its state or 
toggle. That is to say: if Q had been 0, it 
becomes 1 and if Q had been 1, it 
becomes O. 

Now that the operation of the J -K 
flip -flop is firmly within grasp, let us 
examine one of the special counters. 

Ring Counter. A simple synchronous 
ring counter is shown in Fig. 4A. Note 
that the outputs of flip -flop D are fed 
back to the J and K inputs of flip -flop A, 
thus forming a "ring." The clock feeds 
all four clock inputs simultaneously. 
This circuit differs from most other 
counters in that its entire operation de- 
pends on the initial (power -up) states of 
its flip -flops. If, for example, output A 
equals 1 while outputs B, C and D 
equal 0 as in Fig. 4B, then the applica- 
tion of a single Clock pulse will set B, 
but Reset A, C and D because the J and 
K inputs of B were 1 and 0 (the condi- 
tion for Set) the instant before the Clock 
pulse, but the J and K inputs of all of the 
other flip -flops were 0 and 1 respective- 
ly. The new condition is shown in Fig. 
4C. The next Clock pulse will set C and 
reset A, B and D, as shown in Fig. 4D. 
Figure 4E shows how a third Clock 
pulse will Set D and Reset A, B and C. 
The final Clock pulse will cause A to set 
once again, and the cycle will repeat. 
Note that a lone 1 is shifted from right 
(A) to left (D) and then back around 
again. This changing pattern is responsi- 
ble for the circuit's name. The 4 -bit pat- 

CLOCK 

Fig. 4. Each clock pulse 
to a ring counter (A) 
causes a logic 1 to "walk" 
down the counter as 
shown in (B), (C), (D), and (E). 

tern shifted through the group of flip - 
flops, or register as they are collectively 
called, is not limited to a single 1, but 
can be any one of many patterns. These 
bit patterns can be forced into the regis- 
ter, before the application of Clock 
pulses, by the use of the Preset and 

CLOCK D C B A 

1 0 0 
2 0 0 
3 0 1 

4 1 0 
0 
0 

o 

o 
o 
0 

o 
0 
o 

5 0 1 

6 0 1 0 
7 0 1 0 0 
8 1 0 0 0 
9 0 0 0 1 

10 0 0 1 0 
11 0 1 0 0 
12 1 0 0 0 

Fig. 5. Ring counter truth table 
shows how a 1 moves through the 
counter with successive clock pulses. 

Clear inputs. More complicated bit pat- 
terns can be generated by using more 
flip -flops. 

Ring counters are used primarily in 
the production of complex waveforms 
that generate timing pulses for comput- 
ers, music synthesizers and similar sys- 
tems. The voltage- versus -time waveform 

L 

r 

resulting from the truth table in Fig. 5 is 
easily obtained by simply turning the 
column on its side, and drawing a 5 -volt 
waveform for each 1 and a zero -volt 
waveform for each O. Note that the neg- 
ative -going edge of the Clock triggers 
each transition of the outputs. 

Shift Counters. A small change in 
the feedback from the last to the first 
flip -flop of a basic ring counter produces 
the shift counter shown in Fig. 6A. Un- 
like the ring counter, the shift counter is 
usually used as a synchronous event 
counter rather than as a waveform gen- 
erator. Shift counters can easily produce 
any even modulus (number of states) 
count at extremely high rates of speed, 
with illegal states and high power con- 
sumption and component count being 
the only drawdacks. Another difference 
between the ring counter and the shift 
counter is that the latter does not have to 
be Preset to a specific pattern or starting 
state. The shift counter can naturally 
fall into the correct counting sequence. 

A typical count sequence for a three - 
bit shift counter is shown in Fig. 6B. 
Whenver a Clock pulse occurs, the feed- 
back connection between flip -flops C 
and A causes the inverse of the state of 
flip -flop C to be loaded into flip -flop A. 
This means that, when C = 0 before a 
Clock pulse, A will become the opposite 
of C (1) after the pulse ends. Converse- 
ly, if C is a 1 just before the Clock pulse, 
A will become a O. This odd, but repeti- 
tive count scheme will produce the deci- 
mal count 1,3,7,6,4,0, which is obtained 
by converting each three -bit number in 
Fig. 6B to its decimal equivalent. 

One question that often arises is: 
"What will happen if the state 010 or 
101 occurs ?" Since neither of these two 
states is part of the normal counting 
sequence, their effects should be deter- 
mined. It has aready been established 
that the state of flip -flops A and B will 
ultimately be shifted to flip -flops B and 
C respectively, and that the inverted 
contents of C will be shifted into A after 
each Clock pulse. It is clear, then, that 
the state 010 (decimal 2) will force B to 
become the former state of A, C to 
become the former state of B, and A to 
become the inverse or opposite of C. It is 

C 

FFC 

CLK 

K 

FFB 
CLK 

K 

A 

FFA 

CLK 

L CLOCK 
PULSES 

K' 

I 

I CLOCK C B A DECIMAL 

t 0 0 1 1 

f 0 1 1 3 
f 1 1 1 7 
t 1 1 0 6 
f 1 0 0 4 
t 000 0 
t o 0 1 1 

Sequence begins again 

Fig. 6. Note the feedback from the last flip -flop to the first 
in a shift counter (left) with the truth table shown at right. 
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counter circuits 

TO THE PRESET 
INPUT OF 
FLIP FLOP A 

as if all of the bits have shifted left by 
one position, while the most significant 
bit became complemented and replaced 
bit A. Thus, illegal state 010 (decimal 2) 
gives way to state 101 (decimal 5), while 
state 101 (decimal 5) gives way to the 
original state 010 (decimal 2). This 
means that either state, once entered, 
will cause an oscillation back and forth 
from decimal`,2 to decimal 5, and the 
normal six -state count sequence will 
never be entered. 

Since the initial application of power 
to a series of flip -flops creates a random 
state, it is possible that one of the two 
undesirable, illegal states will be entered 
at power -up. To prevent the 2 -5 -2 -5 os- 
cillation from persisting, a series of 
gates must be added to the basic shift 
counter. The purpose of this gating ar- 
rangement is to detect one of the illegal 
states and force legal counting to re- 
sume. Once the legal counting sequence 
begins, it continues to exclude the two 
undesired states. 

CLOCK 

A 

B 

C 

C 

0 J 

CLK 

K "Th 

Fig. 7. Illegal state 
detector works in conjunction 
with the ring counter to 
avoid possible oscillation 
between 010 (decimal 2) 
and 101 (decimal 5). 

Logic state 010 can be detected by the 
arrangement shown in Fig. 7. The out- 
put of the NAND gate will become zero 
only when state 010 occurs at inputs A, 
B and C. This low level will instantly 
Preset flip -flop A, thus causing the state 
011, or decimal -3 to be entered. From 
this point on, the shift counter will oper- 
ate only in its legal six -state sequence. 

Just as with the ring counter, a shift 
counter may employ any number of flip - 
flops. One or more count sequences con- 
taining a number of states equal to twice 
the number of flip -flops will always oc- 
cur. Illegal states will also frequently ex- 
ist and must be prohibited from occur- 
ring through the use of circuits similar 
to that of Fig. 7. It is left to the reader as 
an experiment to prove that a four -bit 
shift counter would produce two eight - 
bit sequences, one of which would gener- 
ate very odd waveforms indeed! 

Up /Down Counters. The last type 
of circuit falling into the category of 

B A 

L11.101 

- 

CLOCK C B A 
0 J 

CLK 

O K 

O J 

CLK 

O K 

1 1 1 1 

2 1 1 0 
3 1 0 1 

4 1 0 0 
5 0 1 1 

6 0 1 0 
7 0 0 1 

8 0 0 0 
MASTER CLOCK PULSES 

O J 

FFC 
CLK 

Fig. 8. Three -stage down 
counter, its truth table 
and waveforms illustrating 
how counting takes place 
on the negative -going 
edge of the clock pulse. 

AND 
E 

Fig. 9. Up or down counting depends 
on the signal applied to the inverter. 
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special counters is the up /down counter. 
In its simplest form, the up /down coun- 
ter is a variation of the basic ripple 
counter. In this circuit, each clock pulse 
causes a group of outputs to take on a 
binary value one larger than that exist- 
ing previously. The primary reason for 
the ever -increasing count is the connec- 
tion from the Q output of each flip -flop 
to the clock input of the next flip -flop. If 
the not -Q output of each flip -flop were 
used for this purpose, the count would 
decrease rather than increase. Occasion- 
ally, of course, the count would reach 
zero, at which point it would begin to 
decrease from the highest count again. 

The logic and truth table for a down 
count are shown in Fig. 8. Note that all 
the flip -flops are wired so as to toggle 
with each input clock pulse. The toggle 
occurs on the negative -going trailing 
edge of the transition from 1 to zero. For 
example, the not -Q output of flip -flop A 
acts as a clock pulse for flip -flop B. Flip - 
flop B will not toggle (change state) 
each time the master clock input pro- 
duces a negative edge, but rather when 
the not -Q output of flip -flop A switches 
from 1 to zero. In much the same fash- 
ion, flip -flop C responds only to the neg- 
ative clock edges provided by the output 
of flip -flop B. The resulting count can 
clearly be seen to decrease rather than 
increase in the manner of a standard up 
ripple counter. A counting circuit that 
counts solely up or down can often be 
useful, but a circuit with the ability to 
count both up and down would in gener- 
al, be even more useful. The previous 
discussion indicates that any ripple 
counter can be changed from count up 
to count down through simple rewiring. 

However, true versatility can be 
achieved only by electronic control of 
the counting direction, using a circuit 
such as that shown in Fig. 9. This circuit 
makes use of the gating, or switching 
property of AND gates E and F. That 
property can best be summarized as fol- 
lows whenever one input to the AND 
gate is a logic 1, the gate is said to be 
enabled, and the remaining gate input 
will be switched through to the output as 
if the gate were a piece of conducting 
wire. The inverter at the count up /down 
input will cause only the E pair of AND 

0 J 

FFB 
CLK 

O K 

1 

A 

1 0 J 

FFA 
CLK 

ó K 

-CLOCK 

(0 FOR UP 
I FOR DOWN 
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DATA INPJTS 

D2 D0' 

PRE 
FFC 

CLK 

CLR 

PRE 
FFB 

CLK 

CLR 

PRE 
FFA 

CLK 

CLR 

SHIFT 

- CLOCK 

gates or the F pair of AND gates (but 
not both) to be enabled at any given 
instant. If the E pair is enabled, the Q 
output of each flip -flop serves as the 
clock input for the next flip -flop, since 
the F input to each OR gate will always 
be at logic 0, and the OR gate output 
will simply take on the value of the pre- 
vious flip -flop Q output. This coupling 
of A to B clock and B to C clock will 
result in an up count. 

If the count input is set to logic 1, the 
F -pair of AND gates will be enabled 
and each OR gate output will take on 
the value of the previous not -Q output. 
This is electrically similar to the circuit 
of Fig. 8. A down count will result 

BCD 
THUMBWHEEL 

SWITCH 

BCD 
THUMBWHEEL 

SWITCH 

UP /DOWN 
DECADE 

COUNTERS 
74193 

CLK 

UP/ DOWN 
DECADE 

COUNTERS 
74193 

CLK 

B _ 

because A is effectively gated to B clock, 
while B is effectively gated to C clock. 

If the capability to load a given count 
into the up /down counter is provided, 
the utility of the circuit will be greatly 
enhanced. One approach which could be 
used to achieve parallel entry of data 
into an up /down counter is shown in 
Fig. 10. The application of a logic 0 to 
the normally high clear (CLR) line 
forces the Q output of all four flip -flops 
to a logic O. This would be followed by a 
brief logic -I shift pulse to load binary 
l's into the appropriate flip -flops. The 
sequential application of clock pulses 
will now force the circuit to count up or 
down from this initial value. The opera- 

7 SEGMENT 
DRIVER 
7447 

C 

Fr= --LI 
Dl 

ONE MINUTE 
PERIOD 

OSCILLATOR 
555 

7 SEGMENT 
DRIVER 

7447 
UNITS 

COMMON ANODE 
7 - SEGMENT 

DISPLAY 

Fig. 11. Down counter sounds the alarm when the counters 
decrement to zero from the data inserted via the thumbwheel switches. 
In this case, there will be one decrement per minute. 

ecorcluoeo 11113n 

D2 

D3 

D4 

D5 

D6 

D7 

DB 

CLEAR 

UP /DOWN 
0 UP 

I DOWN 

Fig. 10. One method of parallel 
data entry into an up /down 
counter. Data input can come 
from thumwheel or fixed 
switches, other digital logic, 
or even from a computer. 

tion of this circuit can essentially be du- 
plicated by a conventional TTL 74193 
IC with two small exceptions. The 
74193 is an up /down decade counter 
and, as such, will count only to 1001 
(decimal 9) before resetting to 0000. 
The second minor difference between 
the circuit of Fig. 10 and the 74193 is 
the method of parallel data entry. The 
IC abandons the cumbersome, two -step 
Clear -Shift approach for a simple one - 
pulse load technique. 

The combination of a 74193 and a 
BCD -thumbwheel switch (for ease of 
entry of the initial count) can be used to 
produce a handy count down timer using 
the logic shown in Fig. 11. If the clock 
period is one minute, the circuit will 
require a number of minutes equal to 
the initial setting of the thumbwheel 
switch to reach the 0000 state. The BCD 
outputs of the 74193s are also used to 

45V 

IK 

activate a transistor (QI) and alarm cir- 
cuit. Thus, the parallel- loading down 
counter can be used as a presettable tim- 
er. Notice that the eight counter outputs 
are effectively NORed by diodes DI 
through D8 and Ql. If any counter out- 
put is at logic 1, transistor Ql will be 
held on and will bypass the alarm. Only 
when all counter outputs are at logic 0 
will QI switch off and permit current to 
flow to the alarm. 0 
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ACTIVE FPTFR 
IMPROVES MORSE CODE READABILITY 

Outboard filter for low -cost rigs 
improves selectivity and 
reduces interference 

BY LOU DEZETTEL 

FOR learning or brushing up on 

Morse Code skills, it's hard to beat 
listening to and trying to "read" CW 
transmissions right off the air. Even 
though high transmission speeds and, 
sometimes, sloppy keying may make 
these signals frustrating for beginners, 
machine -perfect code at calibrated 
speeds is sent by W1AW, home station 
of the American Radio Relay League. 
The schedule of transmissions is given in 
the table; all you need to listen in is a 
general- coverage receiver with a bfo- 
providing that it is selective enough. 

If your receiver is not selective 
enough, the Code Filter described in this 
article should help. It is meant to be con- 
nected between a receiver's audio output 
and a user's headphones (or audio am- 
plifier) to sharpen the apparent selectiv- 
ity and eliminate the interference that 
would otherwise make CW hard to read. 
The design is active, with a bandpass 
centered on 600 Hz and narrow enough 
to greatly reduce the effect of interfer- 
ence at neighboring frequencies. The 
center frequency of 600 Hz was chosen 
to provide a pleasant, nonfatiguing tone 
for the user. 

Circuit Operation. The circuit, 
shown in Fig. 1 consists of a cascaded 
pair of active stages formed by op amps 
ICI and IC2. With the component val- 
ues shown, the bandpass peaks at about 

C2 

I R2 

RI 

CI 

-C3- 
-R3^- 
V 

ICI 

-INPUT 

-R5- 
R6 

-C4- 

R7 
2.2M 

4 

7 

+9V 

RB 
22K 

6 

+9V 

Fig. 1. Circuit for the Code Filter consists of cascaded 
pair of active stages formed by op amps IC 1 and IC2. 

PARTS LIST 

C 1- 0.005 -µF capacitor 
C2,C3,C4,C5- 0.001 -µF capacitor (C3 

and C5 must be closely matched) 
C6 -5 -µF, 25 -V electrolytic 
IC1,1C2-741 op amp 
R1,R5- 500 -k0 1 /4 -W resistor 
R2,R4,R6,R8- 22 -k52, I /4 -W resistor 

600 Hz and is 100 Hz wide at the 
-6 -dB points. 

The frequency- determining compo- 
nents are R2, R3, C2, and C3 connected 
to ICI, and R6, R7, C4 and CS with 
IC2. Corresponding components of each 

-05 - - R7 

V 
IC2 

-R4- 
I 
R8 

IJ 

- +9V 

- OUTPUT 

- GND 

FOUTPUT 
C6 

5yF 

R3,R7- 2.2 -M0 resistor (must be closely 
matched) 

Misc. -8 -pin IC socket (2, optional), spst 
switch (optional), battery holder and 
connector, suitable connector for audio 
jack, small enclosure, mounting hard- 
ware, etc. 

stage should be closely matched to keep 
the two filters at the same peak frequen- 
cy and bandpass. Components not af- 
fecting frequency may have ± 20% tol- 
erance in their values. 

Because of its high input impedance, 

VT1 itz 
e+ 

Fig. 2. Component placement guide for the Code Filter is shown at left, 
and actual -size pc board foil pattern is at right. 
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active filter 
the filter will not appreciably load any 
circuit to which it is connected. The au- 
dio output can feed loads as low as 300 
ohms without degrading the filter per- 
formance. (Most hi -fi phones have lower 
impedances and will not work.) 

Construction. Although a pc board is 
not a necessity, an actual -size foil pat- 
tern and component installation is 
shown in Fig. 2. If desired, the circuit 
can be created using Wire -Wrap or any 
other assembly technique. 

Since the circuit requires only 1.2 mA 
when operating, a conventional 9 -volt 
battery will have a reasonably long life. 
If the receiver being used for code recep- 
tion has a power supply between 5 and 
30 volts, this voltage can be used to pow- 
er the filter. Keep in mind, that if more 
than 20 volts or so is used, the rating of 
C6 will have to be increased accord- 
ingly. Maximum supply voltage for the 
op amps is 30 V. An optional power 
switch may be used to remove the volt- 
age from the filter when not in use. 

The filter can be mounted within the 
receiver case or in a small outboard en- 
closure. Audio input can be taken from 
the earphone jack, if provided with the 
receiver, from the loadspeaker connec- 
tions, or from a low -level audio circuit. 

W1AW CODE 
PRACTICE SESSIONS 

EST PST 
Speeds: 5, 71/2, 10, 13, and 15 wpm 
Mon. 9 a.m., 7 p.m. 6 a.m., 4 p.m. 
Tues. 4 p.m., 10 p.m. 1 p.m., 7 p.m. 
Wed. 9 a.m., 7 p.m. 6 a.m., 4 p.m. 
Thur. 4 p.m., 10 p.m. 1 p.m., 7 p.m. 
Fri. 9 a.m., 7 p.m. 6 a.m., 4 p.m. 
Sat. 4 p.m., 10 p.m. 1 p.m., 7 p.m. 
Sun. 4 p.m. 10 p.m. 1 p.m., 7 p.m. 

Speeds: 10, 13, 15, 20, 25, 30, and 35 
wpm 
Mon. 4 p.m., 10 P.m. 1 p.m., 7 p.m. 
Tues. 9 a.m., 7 p.m. 6 a.m., 4 p.m. 
Wed. 4 p.m., 10 p.m. 1 p.m., 7 p.m. 
Thur. 9 a.m., 7 p.m. 6 a.m., 4 p.m. 
Fri. 4 p.m., 10 p.m. 1 p.m., 7 p.m. 
Sat. 7 p.m. 4 p.m. 
Sun. 7 p.m. 4 p.m. 
Frequencies: 1.835, 3.58, 7.08, 14.08, 
21.08, 28.08, 50.08, 147.555 MHz. 

Use. With the filter connected to the 
receiver audio, and a suitable amplifier 
or headphones connected to the filter 
output, tune in the desired CW trans- 
mission, and note the very sharp "peak" 
that occurs with filter use. It becomes 
very easy to "fine tune" the receiver, or 
its bfo, to produce a clean CW signal at 
the filter output. A dramatic falloff of 
interfering signals indicates that the fil- 
ter is working properly. 0 
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NOW AVAILABLE! 

WATT WIZARD° 
POWER FACTOR CONTROLLER CUTS 
THE COST OF RUNNING ELECTRIC 
APPLIANCES BY AS MUCH AS 
50% -- AND YOU CAN EVEN SEE THE 
SAVINGS! 

For over a year now, in magazines 
and newspapers the world over, there 
have been enthusiastic write -ups on a 
remarkable new device that can cut 
your electric bill while helping the U.S. 
save huge quantities of fuel. 

"The NASA /Nola power saver," 
wrote a Popular Science senior editor, 
"was developed by Frank Nola at 
NASA's Flight Center in a program 
to reduce power consumption in space- 
craft motors. Nola calls it a PFC - 
power-factor controller. I prefer to call 
it a power saver, however, because 
that's what it does." 

NASA TESTED IT 
According to NASA documents, "The 

device has been tested at Marshall 
Center on over 40 types of motors, 
with power savings ranging up to 60 %, 
depending on the loading. The motors 
tested were both single -phase and 
three -phase, ranging from 1/2 H.P. to 5 
H.P. Most motors will show up to 40 - 
50% savings when running lightly load- 
ed or unloaded, and some will show 
5 -to -7% savings at rated load." 

NASA's Technical Support Package 
showed that "The Power Factor Con- 
troller applies to induction type electric 
motors - the most commonly used 
type in all major home appliances and 
the most commonly used by industry." 

HOW IT SAVES POWER 
Popular Electronics explained it this 

way: 'AC induction motors character- 
istically run at a nearly constant speed 
that's fixed by power -line frequency 
and independent of load and supply 
voltage. When heavily loaded, the 
motor draws line current that is 
nearly in phase with the applied volt - 
age...Under light load conditions, the 
motor develops less torque by allowing 
more lag between the voltage and the 
current. This reduces the power factor 
while leaving the current essentially 
the same in magnitude. 

"To minimize this waste, Nola's 
device monitors the motor's power fac- 
tor and when it detects light load condi- 
tions, it reduces the supply voltage 
The current, now more nearly in phase 
with the voltage, therefore does as 
much useful work as before, but it and 
the voltage are smaller, resulting in a 
net savings of electric power." 

THE SAVINGS CAN ADD UP 
The cost of electric power keeps 

going up. In 1980 -81 and beyond you'll 
pay more and more for the privilege of 
running your electric appliances. 

Right now, the typical consumer pays 
about $8 per month to operate a 16.5 
cu. ft. frost -free freezer...$10 to run a 
17.5 cu ft. frost -free refrigerator...and 

National Aeronautics 
and Space Administration 

Patent No. 4,052,648 

about $60 for an air conditioner used 
during summer months. That's what 
you're paying to run just one of these 
appliances per year. 

Nola's power saver can soon pay for 
itself, then start reducing your electric 
bills. Until now, the device has not 
been available - except for industrial 
models priced at $80 or more. 

INTRODUCING THE WATT WIZARD 
Cynex, an American manufacturer of 

electrical and electronic products and a 
prime contractor for the U.S. Army, 
has been licensed by NASA to manu- 
facture Frank Nola's power saver. Cy- 
nex calls it the Watt Wizard. 

The "Watt Wizard" says Ray 
Beauchea, the firm's Marketing 
Director, regulates the voltage fed 
into an induction motor making the 
motors run more efficiently and quieter, 
while lengthening motor life. 

The Watt Wizard features a unique, constant 
power saving readout. So you can constantly 
monitor you're energy savings. 

SIMPLE TO USE 
Cynex makes several models of the 

Watt Wizard (all with solid state de- 
sign), including the 110 v. AC plug -in 
model we're offering. It's for single 
phase fractional H.P. motors (less than 
1 H.P.) used in most freezers, refriger- 
ators, fans, swimming pool pumps, 
vacuum cleaners, sewing machines, etc. 

Simply plug the Watt Wizard into 
any electrical outlet, then plug the ap- 
pliance into the Watt Wizard. There's 
no wiring required. Unlike some corn - 
petitor's models (if and when available), 
the appliance does not have to be 
turned on before being plugged into 
the power saver. You can leave the 
appliance - whether on or off - plug- 
ged into the Watt Wizard all the time. 
Or you can move the Watt Wizard to 
various locations. 

OTHER MODELS AVAILABLE 
Air conditioners, washers and dryers 

require wire -in model. If you lack 
mechanical skill, you probably need an 
electrician to install it. We also offer it 
in 220 VAC single or three -phase. 

CIRCLE NO. 47 ON FREE INFORMATION CARD 

EXCLUSIVE ADVANCE FEATURES 
The Watt Wizard also includes two 

more unique features which no compet- 
itor has. It's fused so if you accidently 
overload the device, it won't burn out. 
Just change the fuse, which is available 
at any auto supply store. 

And Watt Wizard features a unique 
LED readout, so you can actually tell, 
at any moment, exactly how much 
power you're saving - 10 %, 20 %, 
30 %, 40% or 50 %. This feature is 
available only on the Watt Wizard. 

There's a "power -on" light, too. And 
the Watt Wizard comes with the manu- 
facturers 1 year limited warranty. 

LOW COST - AND A TAX CREDIT 
We're offering the Watt Wizard for 

only $39.95, with immediate delivery. 
Want two? Then its just $37.95 each. 
Or splurge and get three at $34.95 
each. Wire -in models for heavy duty 
motors are $6 more for each unit. Add 
just $2.50 postage /handling for each 
order (not each unit). 

And next year, when you fill out your 
tax return, you can deduct a full 15% 
energy tax credit -for additional savings. 

30 -DAY MONEY -BACK GUARANTEE 
Try the Watt Wizard for up to 30 

days. If not completely satisfied, return 
it (insured) for a full refund. 

The sooner you send for the Watt 
Wizard, the more you can save on your 
electric bills. To order, send your check 
or money order to the address below. 
Or charge it to your Visa, MasterCharge, 
American Express, or Carte Blanche 
credit card. If using your charge card, 
you can also order via our toll -free 
phone number: 

800-257-7850 
(In New Jersey, Call: 800 -322 -8650) 
N.J. residents, add 5% sales tax. 

Or mail your order to: 

INTERNATIONAL SALES GROUP 

rn MEiCURY 
THE IMAGINATION PEOPLE® 

Dept. PE -9 , Lakewood Plaza 
Lakewood, New Jersey 08701 
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Solid -State 
Developments 

A Solid -State Detective Story 
THE successful development of high - 

density 4K and 16K RAMs has 
many important implications for solid - 
state electronics. For a couple of years, 
however, a mysterious problem has 
plagued high- density RAMs. Finding 
the cause of the bug required some skil- 
ful solid -state detective work by Tim 
May and Murray Woods of Intel Corp. 

Several years ago Intel began noticing 
"soft" errors in its 4K and I6K RAMs. 
In contrast to a "hard" error, which is a 
permanent chip malfunction, a soft er- 
ror is the seemingly random loss of an 
isolated bit stored in the memory chip. 
Earlier, Intel had found its CCD memo- 
ries were also susceptible to soft errors. 

Intel began a major in -house effort to 
discover their cause. At first it was 
thought cosmic rays might be the villain, 
so Intel tried shielding some operating 
memory chips with lead. The soft errors 
continued unabated. 

Eventually it was discovered that the 
ceramic DIPs in which the chips were 
installed were slightly radioactive! They 
emitted alpha particles. 

In case your knowledge of radiation is 
a little rusty, alpha particles consist of 
two protons and two neutrons and are 
therefore equivalent to the nucleus of a 
helium atom. Alpha particles are but 
one of three possible emanations from a 
radioactive source, the remaining two 
being beta particles and gamma rays. 
Beta particles are electrons traveling at 
very high speeds. Gamma rays are elec- 
tromagnetic rays having a wavelength 
only about 1/100 that of x -rays. 

How do alpha particles cause soft er- 
rors? Research is underway at Intel, Zi- 
log, Siemens, Bell Labs and elsewhere, 
and results so far indicate both memory 
cells and bit lines that address the cells 
are susceptible to alpha particle im- 
pacts. For example, a hit on a memory 
cell's %.apacitor or its diffused bit line 
can change a 0 bit stored in the cell to a 
1. A hit on a nonselected bit line can 
change a 1 to a O. 

The obvious solution to the soft -error 
problem would be to remove the ra- 
dioactive contaminants, which happen 
to be thorium and uranium, from ce- 
ramic DIPs. Unfortunately there is no 
economically practical way of accom- 
plishing this. Naturally occurring ra- 
dioactive substances are much more 
common than most people realize. Even 
a teaspoon of ordinary dirt may emit 
several particles per hour -or even 
more. Consequently construction mate - 
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rials such as brick, cement and ceramic 
may be slightly radioactive. 

One way to prevent the alpha parti- 
cles emitted by a ceramic DIP from 
reaching a memory chip is to apply an 
alpha- absorbing barrier coating to the 
inside of the package lid or the top of the 
chip itself. It's not necessary to protect 
the bottom side of the chip since alpha 
particles are absorbed by a few tens of 
micrometers of silicon and, therefore, 
never reach the circuits photolitho- 
graphed on the top side of the chip. 

Barrier coatings turn out to be expen- 
sive since they must be capable of stop- 
ping alpha particles without interfering 
with the purity or hermeticity of the IC 
package. An excellent alternative solu- 
tion is to monitor the alpha emission 
rate of raw ceramic before it is made 
into DIPs. This way, warm ceramic (i.e., 
that which emits more than some mini- 
mum number of alpha particles) can be 
rejected. 

Engineers at Zilog have found that al- 
pha- induced soft errors can also be re- 
duced by designing chips with metal 
rather than diffused bit lines. Larger 
memory cell capacitors also help. These 
steps won't aid existing chips, but Zilog 
has also discovered that soft errors can 
be reduced by powering chips near their 
maximum allowable operating voltage. 

One way IC makers test the vulnera- 
bility of their memory chips to soft er- 
rors is to place them near a calibrated, 
high -rate alpha -particle emitter and 
count the number of soft errors during a 
fixed time interval. If the much lower 
alpha- emission rate of the memory 
chip's ceramic package is also known, a 
soft -error figure can then be determined 
by extrapolation. 

While preparing this column, I tried a 
rather crude experiment to see if it 
might be possible to induce soft errors in 
an Intel 2101 RAM. This 1K RAM is 
organized as 256 4 -bit words and is used 
by hobbyists in various microcomputer 
and controller projects. 

Not having access to a high -rate al- 
pha emitter, I used a very low -rate emit- 
ter that you can buy at any hardware or 
sporting goods store: a mantle used in 
camping lanterns such as those made by 
Coleman and others. These lamp man- 
tles are impregnated with radioactive 
thorium and emit alpha particles. A 
check with a homemade geiger counter 
revealed an alpha rate of several counts 
per second from a square- centimeter 
sample of mantle material. 

(continued overleaf) 

NOW -the best 
in Electronics 
training can 
cost you less- 
No school. large or small. gives you better 
electronics training than E.T.I. Nor. at a 
fairer price. Compare quality, price. ser- 
vice. background. ETI has been training 
men & women for entry into or advance- 
ment in electronics since 1909, utilizing 
the very latest in educational techniques. 
Only ETI combines Autotext programmed 
learning. listen & learn' cassettes and 
hands -on projects designed for learning 

at home. quickly. easily. Wide course 
choice. 

SEND TODAY for all new FREE catalog 
or for faster service. use the toll free tele- 
phone number below day or night. No 
obligation -no salesmen will call. 

CUD 
ELECTRONICS TECHNICAL INSTITUTE 

FOUNDED 1909 
153 W. Mulberry St.. Dept. 10070 

Lancaster, Ohio 43130 

FOR FASTER SERVICE - 

TELEPHONE FREE 8 A DAY 
1 B00 621 5809 

Illinois residents - 800 972 5858 

ETI Home Study. Dept. 10080 
153 W. Mulberry, Lancaster. Ohio 43130 

Please rush FREE catalog on electronics oppo 
tunittes. and training I'm interested in 

Basic Career Specialized 
Advanced 

NO SALESMAN IS TO CALL ON ME. EVER 

Name 

Address 

City state zip 

LOhio Registration NO 0683H 

CIRCLE NO. 25 ON FREE INFORMATION CARD 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


SEE YOUR DEALER TODAY 

DEMAND THE ORIGINAL 

`Firestik' 
THE #1 WIRE -WOUND AND MOST 

COPIED ANTENNA IN THE WORLD! 

CITIZEN BAND 

2 METER MARINE TELEPHONE 

LAND MOBILE TELEPHONE 

FIBERGLASS ANTENNAS 
AND ACCESSORIES. 

Hatch for tee 

SMOKET and the BANDIT II 

stareng BURT REYNOLDS 

and 'Firestik ' Antennas! 

SPECIAL QUOTES! 
ON 27 TO 1000 MHZ 

FIBERGLASS ANTENNAS 
ANYWHERE IN THE WORLD! 

Dealer & Distributor Inquiries Invited 
SEND FOR FREE CATALOG 

'Flnetlk' Antenna Company 
2614 East Adams Phoenix, AZ 85034 

Name -- 

Street 

City 

State Zip 
Serving the CB and 

Communications Market Since 1962. 
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AMAZING 
DEVICES 

PHASERS 
PPF -1 PHASER PAIN FIELD - This device recently deveiopec 
and patented in our labs is being evaluated by law enforcement 
agencies for riot and crowd control. It is now inviable but 

soon will come under the lunsdictton of weapons and internal 
machine control making it unavailable to the public The 

device is hand-held and looks like a BUCK ROGERS ray gun it 

is hazardous if not used with discretion 
PPF1 PLANS $10.00 

1 PG1 INVISIBLE PAIN FIELD GENERATOR - This amazing. 
simple hand -held device is about the size of a pack of ciga- 
rettes and generates a directional held of moderate to intensive 
pain in the lower part of the head up to a range of 50'. Device is 

simple and economical to make 
1PG.1 PLANS 00.00 1P0111 ALL PARTS 00.50 
1P0.10 ASSEMBLED 8 TESTED FOR ANIMAL CONTROL 

044.60 
LASERS 

HIGH POWERED CARBON DIOXIDE BURNING AND CUTTING 
Complete plans and all parts sources 010.00 

SOLID STATE IR 12 WATTS with built in power supply 
plans . . 0.00 Complete kit with collimator S44.50 
POCKET LASER pulsed. visible red plans 0.00 
Complete kit 00.50 Also complete plans and parts 

sources for RUBY, YAG. NEODYNIUM HeNe ARGON, DYE. 
NITROGEN and many more lasers 

SECURITY 
SNP -2. SNOOPER PHONE - Connects to telephone in sec- 

onds - enables you to check home or office while on vaca- 
tion User simply dials his number from anywhere activating 
highly sensitive mike and amp combination capable of detect- 
ing normal sound levels throughout area without phone nng- 
rng. yo weal is capability eef. 
while 

An 
away 

ne 
hearing 
with 

the familiar sounds 
would br 

of appliances 
athe a sigh 

and 
of reliother 

systems property operating 
SNP2 PLANS 07.00 
SNP2K ALL PARTS FOR ABOVE $49 50 

SNP20 ASSEMBLED d TESTED á79.5O 
LONG RANGE XMTR PLANS á6 00 

SEE -IN- THE -DARK PLANS 56.00 
DIRECTIONAL SHOTGUN MIKE PLANS 16.00 
SUPER SENSITIVE PARABOLIC MIKE PLANS 06.00 
SOUND & TELEPHONE OPERATED TAPE RECORDER 0.00 
CATALOG ON PLANS. KITS & FINISHED UNITS 01.00 

Send cheek or money order to: 

SCIENTIFIC SYSTEMS, Dept.. at 5es 716 
AMHERST, N.H., 03031 
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NEW 16 -K -RAM 
PERSONAL $299 
COMPUTER 
SPECIAL FACTORY PRICE!! 
For $299. you get new Interact Model "R" Computer, 16K- 
RAM, 2K -ROM, 8080A Microprocessor, color, sound, full 53 
keyboard, high speed cassette deck, AC adapter, R.F. Modula- 
tor, Black Console Case, 90 day parts and labor warranty, 
owners guide, FCC approved. 

SPECIAL FACTORY PACKAGE PRICE $399. 
Lists for over $740.00 
Everything you get for $299. plus: Level II Users Manual, Level II 

basic program tape, Level II command cards, Level Il basic 
examples book, two 8 axis action controllers, 3 program tapes, 
diagnostic instruction program tape, diagnostic manual, service 
manual, cassette head alignment tape, schematics and parts list, 
money saver service and warranty card, (everything you need 
to learn to operate, program and service your computer) 
15 DAY FREE TRIAL 
Return within 10 days complete and undamaged for refund of 
purchase price. Don't miss this sale - order now! Send certified 
check, money order, or check to PROTECTO Enterprizes, Box 
502 Franklin Park, Ill. 60131 (312.382.5244) 
Add $15. for handling and shipping via United Parcel. Add $10 for 
COD orders Add $25 for Visa or Master Card orders Illinois residents 
add 6 °/a Sales Tax. 
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SOLID STATE cont'd 
To perform the test, I connected the 

RAM into a simple programming cir- 
cuit that allows any combination of bit 
patterns to be loaded and then recycled 
out to a bank of sixteen readout LEDs. 
Figure 1 is a diagram of the circuit. 

I then loaded half of the addresses 
with 0000 and the remaining half with 
1111. This caused the highest and low- 
est order readout LEDs to flash back 
and forth at 1/e the clock speed. If any 
other LED flashes on, a soft error has 
occurred. 

During the test, a folded lamp mantle 
was placed directly on top of the RAM; 
no soft errors were detected during a 24- 
hour test run. This negative result prob- 
ably has more to do with the relative 
immunity of 1K RAMs to alpha - 

induced soft errors than to the low emis- 
sion rate of the lamp mantle. If time per- 
mits, I'll repeat the test with an Intel 4K 
RAM and report on it in the future. 

Fig. 1. Automatic 
1K (4 X 256) RAM 

scanner circuit. 
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In the meantime, if you've ever 
experienced any mysterious soft errors 
in a microcomputer or other project that 
incorporates high- density RAMs you 
may want to investigate the alpha- parti- 
cle problem in more detail. Lots of tech- 
nical papers on the subject have recently 
appeared, including four at the Interna- 
tional Reliability Physics Symposium 
held April 8 -10 earlier this year. 

The best general article I've seen on 
the subject is "Hardening RAMs 
Against Soft Errors" by Mark Brodsky 
of Zilog (Electronics, April 24, 1980, 

pp. 117 -122). 

Component News. National has an- 
nounced a new three -terminal tempera- 
ture sensor specifically designed to 
measure temperatures from -55°C to 
+100 °C, but capable of operation up to 
+200 °C. If you've ever used thermis- 
tors as temperature sensors, you'll be de- 
lighted to learn that this new sensor can 
be calibrated with a single trimmer for 
an accuracy of 1 ° C over its entire oper- 
ating range. 

Figure 2 shows a typical operating 
circuit for the new sensor. The chip is 
designated the LM335, and a recent 
National ad says it's available for only 
95e. Expect to pay more than that from 
distributors since the advertised price is 
probably for 100- or even 1,000 -unit 
quantities. 

Spectronics, a major manufacturer of 
POPULAR ELECTRONICS 
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91E3-308 p. -Trou ble- 
shooting Microprocessors 
ono Digital Logic ($12.95) 

MICROPROCESSORS 
Et DIGITAL LOOK 

971496 p. -Mirlpr.caasors; cram Cal- 
culators to Carraoln (59.95: 

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

ELECTRONICS BOOK CLUB 
take of these 24 unique S 95fot 
any electronics books ALL 

(values to$10170) for only Six 
with a Trial Membership in the Book Club that guarantees to 
save you 25 °r° to 75% on a wide selection of electronics books 

1169504 p. -The GIANT Handbook o1 
Computer Projects ($15.95) 

1205-350 p.-PASCAL (575. 95) 

1066.882 p. -The Illustrated Dictionary 
of Electronics ($19.95) A- 

1050-182 p. -The Most Popular 
Subroutines in BASIC (59.95) 

:..:, f. -. , 

1141-238 p.-Haw -o Build .our ..; 
Own Worklnc Rbba Pet ($10 90) . ̂ Á` i,"= r 

) 

/ 985-280 p.-Programming Mic 
! o rocessors (89.95 

1199-476 p. --ha Master IC Cool.- 
book ($15.95) 

1053 -266 p.- Microprocessor 
Cookbook ($10.95) 

804 -700 p. -Master Handbook of 
1001 MORE Practical Electronic 
Circuits ($17.95) 

Master 
Handbook of L 

a i r poo 1001, 
062 { El 

Pratt Hal Electronic, or 
801-392 p.- Master Handbook of 
Ham 

Eairr ` r.ir 
m Radio Circuits (012.95) 

1088 -322 p.- Illustrated Dictionary of 
Microcomputer Terminology ($12.95) 

1000.210 p. -57 Practical ticalPrograms & 
Games In BASIC ($10.95) 

57 PRACTICAL 
PROGRAMS C GAMES. 

IN BASIC 

:2::',".%Z.7:77== ="7 
HA 
Fi À 
TLi 

1077 -304 p.- Handbook of - u j 1101 -546 p. -How to Design & Build 
Remote Control & Automa- , Your Own Custom TV Games ($14.95) 
fion Techniques ($12.95) 

1184 -616 p. -The Master Guide To 
Electronic Circuits (819.95) 

800-602 p.- Master Handbook of 1001 
Practical Electronic Circuits ($15.95) 

1136-504 p.- Practical Electronics 
Math ($15.95) 

PRACT K'f ll 
EECTRGII?tCS 
1:1RTlri 

TIE F EÉMTER'S 

fAMOOK 
1055 -140 p. -The BASIC Cook- 
book ($7.95) 

HqNDDOOK OF MIGROPROGE550y? 
FIPPUGqTIONS 

1225 -322 p.- Master Handbook of 
Electronic Tables a Formulas - 
3rd Edition ($14.95) 1241 -23e p.-How To Build Your Own 

Self- Programming Robot ($12.95) 

Facts About Club Membership 
The 6 introductory books of your choice carry publisher's retail 

prices of up to $107.70.They are yours for only $2.95 for all 6 

(plus postagelhandling) with your Trial Membership 
You will receive the Club News. describing the current Selec- 

tions, Alternates, and other books, every 4 weeks (13t 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 01 the reply form (and in the envelope) provided, 
and return it to u5 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 tout books 

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

able after 10 days 4 you're not completely satisfied. 
All books are offered at low Member prices. plus a small 

postage and handling charge. 

Continuing Balms. 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 chose which you 

may choose from a list irovidee Members 

1123.210 p. -The Laser Experimenter's 
Handbook (09.95) 

May- we send yirUyourchotceo 6of these practical 
tune- and -money -saving books as part of an un- 

usual offer of a Trial Membership in Electronics Book 
Club? 

Here are quality hardbound volumes, each espe- 
cially designed to help you increase your know -how, 
earning power, and enjoyment of electronics. What- 
ever your interest in electronics, you'll find Elec- 
tronics 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 possible l 

keep up with the literature published in your arras 
interest, and to save substantially while so doing... 
part of your Trial Membership. you need purchase as 
few as four books during the coming 12 months. You 
would probably buy at least this many anyway, with- 
out the substantial savings offered through Club 
Membership. 

To start your Membership on these attractive 
terms, simply fill out and mail the coupon today. You 
will receive the 6 books of your choice for ill -day 
inspection. YOU NEED SEND NO MONEY. If 
you're not delighted, return the books w thin 10 days 
and your Trial Membership will be cancelled without 
cost or obligation. 

1203 -308 p.- Handbook of Micro- 
processor Applications ($14.95) iI1=MOM 111 MNI1 
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ELECTRONICS 800K CLUB, Blue Ridge Summit, Pa. 17214 m 

SEPTEMBER 19)30 CIRCLE NO. 73 ON FREE INFORMATION CARD 

ELECTRONICS BOOK CLUB 
Blue Ridge Summit, Pa. 17214 
Please open my Trial Membership in ELECTRONICS 

BOOK CLUB and send me the 6 books circled below. II 

understand the cost of the books I have selected is. 

only $2.95 for all 6. plus a small shipping charge. 
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 addi- 
tional books during the next 12 months after which I. 

may cancel my membership at any time. 

800 870 905 1059 1060 1064 1066 1077 
1088 1101 1119 1123 1132 1133 1136 1138 

1183 1184 1199 1203 1205 1222 1225 8224 

Name 

Address 

Phone 

City 

State Zip 
(valid for new Members only. Foreign and Canada add 15 %.) PE -9$O 
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SOLID STATE continued 
tone patterns. This chip may not be 
available in single quantities for some 
time since Panasonic's price of $2.50 per 
chip is for quantities of 50,000. While 
this means the MN6221 is intended for 
OEM (original equipment manufactur- 
er) users, hopefully some of the parts 

OK dealers who advertise in POPULAR ELEC- 
TRONICS will stock it. If they do, be sure 
to find out the tunes or alarm sounds 
programmed into the chip before part- 
ing with your money. 

R&D News. Some remarkable new 
solid -state transducers are being devel- 
oped at laboratories around the world. 
Included are sensors that detect mois- 
ture, dew point, pressure, acceleration, 
and gas and liquid flow. 

One of the most interesting new sen- 
sors is a miniature accelerometer devel- 
oped at Stanford University. This novel 
transducer consists of a silicon substrate 
with a recessed cavity containing a mov- 
able silicon beam. A piezoelectric strain 
gauge is attached to the flexible beam to 
measure the movement of the beam in 
response to acceleration. A second strain 
gauge serves as a reference. It is at- 
tached to a fixed piece of silicon and 
permits the first strain gauge to be com- 
pensated for temperature effects. 

OUTPUT 
(10m// °C) 

Fig. 2. LM335 temperature 
sensor with circuit 
for calibration. 

Fig. 3. Internal circuit of 
SDP 8600 light sensor 

infrared -emitting diodes and now a sub- 
sidiary of Honeywell, has announced an 
important new light sensor designated 
the SDP 8600. The sensor is actually an 
integrated circuit that includes a photo - 
diode, self- contained voltage regulator, 
amplifier, Schmitt trigger and output 
stage, all of which are connected as 
shown in Fig. 3. 

The best feature of the SDP 8600 is 
the photodiode since photodiodes have 
much faster response times than the 
more commonly used phototransistors. 
The SDP 8600 has a 50- nanosecond rise 
time which means it would make a much 
more efficient detector than a photo - 
transistor for a pulsed single- hetero- 
structure (SH) injection laser. SH lasers 
are now available for less than $10 from 
several electronic parts dealers. 

Another bonus of the SDP 8600 is the 
Schmitt trigger. It snaps on and off 
when the input signal exceeds or falls 
below a set threshold value. While this 
means the chip cannot be used to detect 
intensity -modulated light waves, it 
should be ideal for detecting pulsed sig- 
nals and provide a high degree of noise 
immunity. Figure 4 summarizes the re- 
sponse of the SDP 8600 to both fast- and 
slow- rising incoming pulses. For more 
information about this new chip, write 
Spectronics at 830 East Arapaho Road, 
Richardson, TX 75081. 

Another new optoelectronic compo- 
nent of interest to experimenters is a 
fiber -optic transceiver module contain- 
ing a LED made of gallium- arsenide- 
phosphide (GaAsP) mounted on a sili- 
con photodiode. This unique component 
makes possible two -way data transmis- 
sion over a single bundle of optical fibers 
or a large- diameter single fiber. Four 
versions of the transceiver are available, 
each of which includes a 1 -, 3 -, 7 -, or 10- 
meter Dupont Crofon® 1040 fiber -optic 
cable. 

The generic part number for the 
transceiver is OPB 950. The specific 
part number for a transceiver with one 
of the four available lengths of fiber ca- 
ble is obtained by adding to the generic 
number XX00, where XX is the length 
of the cable. Thus, OPB 950 -0700 spe- 
cifies a transceiver unit with an attached 
7 -meter fiber -optic cable. 

The OPB 950 is made by Optron, a 
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semiconductor manufacturer near Dal- 
las, TX, specializing in optoelectronics. 
It was recently acquired by TRW, Inc. 
For more information about the OPB 
950, write the company at 1201 Tappan 
Circle, Carrollton, TX 75006 and re- 
quest Product Bulletin 2034. 

Readers interested in phase -locked 
loops (see the July and August, 1980 
installments of "Experimenter's Cor- 
ner") will want to contact Doug Tashino 
at Motorola Semiconductor (P.O. Box 
20912, Phoenix, AZ 85036) to find out 
more about the MC145155 and 
MC 145156. These chips are apparently 
intended for synthesis of frequencies up 
to 500 MHz, and the divide -by -N value 
can exceed 131,000. Cost for the plastic 
MC145155 is $4.95 in 100 quantities, 
certainly reasonable in view of the chip's 
very wide frequency range. 

While this chip would make a super - 
wide -range frequency synthesizer, from 
the very preliminary data I've seen, it 
might also be suited for phase -shift op- 
tical rangefinding. In this appjication, a 
laser or LED is modulated at a fixed, 
high- frequency rate. The modulated 
light is then directed toward a target at 
an unknown range. Frequency of the 
light reflected from the target is then 
compared with the frequency of the 
light when it leaves the source. The fre- 
quencies will be shifted by a couple of 
nanoseconds per foot of distance to the 
target. 

Panasonic has announced the 
MN6221, a programmable melody/ 
alarm generator that can be pro- 
grammed to play up to seven different 
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Fig. 4. Response of SCP 8600 
to slow and fast rising pulses. 

I PROPAGATION 
I DELAY TIME 

(5 Hsec) 

Fig. 5. Miniature force transducer 
developed at Stanford University. 

Stanford has also developed a minia- 
ture force sensor designed specifically 
for biological implantation. The 1.7 -mm 
long sensor includes a pair of silicon 
rings connected by a bar -shaped silicon 
resistor whose resistance varies as the 
bar is bent. The rings, which are called 
suture loops, permit the sensor to be 
attached to the organ of interest. 

Both these new sensors are unique in 
that the silicon is selectively etched com- 
pletely through by hydrofluoric acids. In 
the case of the force sensor, a 5 -cm- 
diameter silicon wafer yields up to 1,000 
usable sensors which sink to the bottom 
of the acid bath as they are etched away 
from the wafer. Figure 5 shows how the 
new sensors are made. 

In future columns I'll describe several 
other unusual sensors as well as some 
novel gyroscopes, accelerometers and 
acoustic sensors using optical fibers. 0 
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Start learning and computing for only $129.95 with a Netronics 8085 -based 
computer kit. Then expand it in low -cost steps to a business /development system 
with 64k or more RAM, 8 "floppy disk drives, hard disks and multi - terminal I /O. 

THE NEW EXPLORER /85 SYSTEM 
Special! Full 8" floppy, 64k system for less than the price of a mini! Only $1499.95! 

(Also available wired & tested. $1799,95) 
nal 256 bytes located in the 8155A). The static RAM 
can be located anywhere from to EFFF in 4k 
blocks 

LEVEL "E" SPECIFICATIONS 
Level "E" adds sockets for 8k of EPROM to use the 
popular Intel 2716 or the TI 2516. It includes all sockets, 
power supply regulator, heat sink. filtering and decou- 
pling components. Sockets may also be used for 2k x 8 
RAM IC's (allowing for up to 12k of onboard RAM). 
DISK DRIVE SPECIFICATIONS 

8" CONTROL DATA CORP. Data capacity: 401.016 bytes 
professional drive. (SD). 802.032 bytes (DO). 
LSl controller. unformatted. 
Write protect. Access time 25ms (one 
Single or double density. track). 

DISK CONTROLLER/ I/O BOARD 
SPECIFICATIONS 

Cont.ols up to four 8" drives. 2716 PROM socket included 
1771A LSI (SD) floppy disk for use in custom 
controller. applications. 
Onboard data separator Onboard crystal controlled. 
(IBM compatible). Onboard I/O baud rate 
2 Serial I/O ports generators 10 9600 baud. 
Autoboot to disk system Double -sided PC board 
when system reset. (glass epoxy.) 

DISK DRIVE CABINET/POWER SUPPLY 
Deluxe steel cabinet with individual power supply for max- 
imum reliability and stability. 

Imagine - for only $129.95 you can own the starting 
level of Explorer /85, a computer that's expandable into 
full business /development capabilities - a computer 
that can be your beginner system, an OEM controller, 
or an IBM -formatted 8" disk small business system. 
From the first day you own Explorer /85, you begin 
computing on a significant level, and applying princi- 
ples discussed in leading computer magazines. Ex- 
plorer/85 features the advanced Intel 8085 cpu, which 
is 100% compatible with the older 8080A. It offers on- 
board S -100 bus expansion, Microsoft BASIC in ROM. 
plus instant conversion to mass storage disk memory 
with standard IBM -formatted 8" disks. All for only 
$129.95, plus the cost of power supply, keyboard/ 
terminal and RF modulator if you don't have them (see 
our remarkable prices below for these and other ac- 
cessories). With a Hex Keypad /display front panel. 
Level "A" can be programmed with no need for a ter- 
minal, ideal for a controller, OEM, or a real low -cost 
start. 

.... ... 

r* g° \ 44 

Level "A" is a 
complete operating 
system,perfect for 

N beginners, hobbyists, 
industrial controller 
use. $129.95 

LEVEL "A" SPECIFICATIONS 
Explorer /85's Level "A" system features the advanced 
Intel 8085 cpu, an 8355 ROM with 2k deluxe monitor/ 
operating system, and an advanced 8155 RAM I/O .. . 

all on a single motherboard with room for RAM /ROM/ 
PROM /EPROM and S -100 expansion. plus generous 
prototyping space. 

PC Board: Glass epoxy, plated through holes with 
solder mask. I /O: Provisions for 25 -pin (DB25) con- 
nector for terminal serial I /O, which can also support a 
paper tape reader ... cassette tape recorder input and 
output ... cassette tape control output ... LED output 
indicator on SOD (serial output) line ... printer inter- 
face (less drivers) ... total of four 8 -bit plus one 6 -bit 
I/O ports. Crystal Frequency: 6.144 MHz. Control 
Switches: Reset and user (RST 7.5) interrupt ... addi- 
tional provisions for RST 5.5, 6.5 and TRAP interrupts 
onboard. Counter /Timer, Programmable. 14 -bit bi- 
nary. System RAM: 256 bytes located at F800, ideal 
for smaller systems and for use as an isolated stack 
area in expanded systems ... RAM expandable to 64K 
via 5-100 bus or 4k on motherboard. 

System Monitor (Terminal Version): 2k bytes of 
deluxe system monitor ROM located at FO. leaving 
e4147 free for user RAM /ROM. Features include tape 
load with labeling . examine /change contents of 
memory .. , insert data ... warm start ... examine and 
change all registers ... single step with register display 
at each break point. a debugging /training feature ... go 
to execution address ... move blocks of memory from 
one location to another ... fill blocks of memory with a 
constant ... display blocks of memory ... automatic 
baud rate selection to 9600 baud ... variable display 
line length control (1 -255 characters/line) .. chan - 
nelized I/O monitor routine with 8 -bit parallel output 
for high -speed printer ... serial console in and console 
out channel so that monitor can communicate with I/O 
ports. 

System Monitor (Hex Keypad /Display Version): 
Tape load with labeling ... lape dump with labeling 

. examine /change contents of memory ... insert data 
... warm start ... examine and change all registers ... 

Full 8" disk system for less than the price of n mini (shown with 
Netronics Explorer /85 computer and new terminal). System features 
floppy drive from Control Data Corp., world's largest maker of 
memory storage systems (0ót o hobby brand!) 

Level "A" 
With Hex 
Keypad /Display. 

single step with register display at each break point .. 
go to execution address. Level "A" in this version 
makes a perfect controller for industrial applications. 
and is programmed using the Netronics Hex Keypad/ 
Display. It is low cost. perfect for beginners. 
HEX KEYPAD /DISPLAY SPECIFICATIONS 
Calculator type keypad with 24 system- defined and 16 
user -defined keys. Six digit calculator -type display. 
that displays full address plus data as well as register 
and status information. 
LEVEL "B" SPECIFICATIONS 
Level "B" provides the S -100 signals plus buffers/ 
drivers to support up to six S -100 bus boards. and in- 
cludes: address decoding for onboard 4k RAM expan- 
sion selectable in 4k blocks ... address decoding for 
onboard 8k EPROM expansion selectable in 8k blocks 
... address and data bus drivers for onboard expansion 

. wait state generator (jumper selectable). to allow the 
use of slower memories ... two separate 5 volt regula- 
tors. 
LEVEL "C" SPECIFICATIONS 
Level "C" expands Explorer /85's motherboard with a 

card cage. allowing you to plug up to six S -100 cards 
directly into the motherboard. Both cage and card are 
neatly contained inside Explorer's deluxe steel 
cabinet. Level "C" includes a sheet metal superstruc- 
ture, a 5 -card. gold plated S -100 extension PC board 
that plugs into the motherboard. Just add required 
number of S -100 connectors. 

Explorer /85 
With Level "C" 
Card Cage. 

LEVEL "D" SPECIFICATIONS 
Level "D" provides 4k of RAM. power supply regula- 
tion, filtering decoupling components and sockets to 
expand your Explorer /8L5 memory to 4k (plus the origi- 

ORDER A COORDINATED 
EXPLORER/85 APPLICATIONS 
PAK! 
Beginner's Pak (Save $26.00!) - Buy Level "A" (Ter- 
minal Version) with Monitor Source Listing and AP-1 
5 -amp Power Supply: (regular price $199.95), now at 
SPECIAL PRICE: $169.95 plus post. & insur. 
Experimenter's Pak II (Save $53.40!) - Buy Level 
"A" (Hex Keypad /Display Version) with Hex 
Keypad /Display, Intel 8085 User Manual, Level "A" 
Hex Monitor Source Listing, and AP -1 5 -amp Power 
Supply: (regular price $279.35), all at SPECIAL 
PRICE: $219.95 plus post. & insur. 
Special Microsoft BASIC Pak (Save $103.00!) - In- 
cludes Level "A" (Terminal Version). Level "B ". 
Level "D" (4k RAM), Level "E ". 8k Microsoft in 
ROM. Intel 8085 User Manual. Level "A" Monitor 
Source Listing, and AP-1 5-amp Power Supply: (regu- 
lar price $439.70), now yours 'al SPECIAL PRICE: 
$329.95 plus post. & insur. 

ADD A TERMINAL WITH CABINET, 
GET A FREE RF MODULATOR: Save 
over $114 at this SPECIAL PRICE: $499.95 
plus post. & insur. 

Special 8" Disk Edition Explorer /85 (Save over $104!) - Includes disk -version Level "A ". Level "B ", two 
S -100 connectors and brackets. disk controller, 64k 
RAM, AP -1 5 -amp power supply, Explorer /85 deluxe 
steel cabinet, cabinet fan, 8" SD /DD disk drive from 
famous CONTROL DATA CORP. (not a hobby 
brand!), drive cabinet with power supply, and drive 
cable set -up for two drives. This package includes 
everything but terminal and printers (see coupon for 
them). Regular price $1630.30, all yours in kit at 
SPECIAL PRICE: $1499.95 plus post. & insur. Wired 
and tested, only $1799.95. 

Special! Complete Business Software Pak (Save 
$625.00!) - Includes CP /M 2.0. Microsoft BASIC. 
General Ledger. Accounts Receivable. Accounts 
Payable, Payroll Package: (regular price$1325). yours 
now at SPECIAL PRICE, $699.95. 

Please send the items checked below: 
O Explorer /85 Level "A" Mt (Terminal Version) ... 6129.95 plus 

$3 post. & insur. 
O Explorer /85 Level "A" kit ( Hex Keypad /Display Version) .. 

6129.95 plus $3 post. & insur. 
O 0k Microsoft BASIC on cassette tape. $64.95 postpaid. 
O 8k Microsoft BASIC In ROM MI ( requires Levels "B ". "D" and 

"E" ( ... $99.95 plus $2 post. & insur. 
O Level "B" (S -100) MI ... $49.95 plus $2 post. & insur. 
O Level "C" (S- 100 8 -card expander) Mt ... $39.95 plus $2 post. 

& insur. 
O Level "D" (4k RAM) MI 569.95 plus $2 post. & insur. 
O Level "E" (EPROM/ROM) MI... $5.95 plus 50C pith. 

Deluxe Steel Cabinet for Explorer /85 $49.95 plus $3 post. 
& insur. 
O Fan For Cabine) SI 5.00 plus $1.50 post. & insur. 

O ASCII Keyboard /Computer Terminai kit: features a full 128 
character set. u &I case: full cursor control. 75 ohm video 
output: convertible to haudut output: selectable baud rate. 
RS232 -C or 20 ma. I /O. 32 or 64 character by 16 line formats. 
and can he used with either aCRT monitor ora "IV sel (if you 
have an RF modulator)... $149.95 plus $3.00 post. & insur, 
O DeUUe Steel Cabinet for ASCII keyhoani /terminal ... 

S19.95 plus $2.50 post. & insur. 
Newt lTrminal/Monitor: (Seu photo) Same features as above. 
except 12" monitor with key hoard and terminal is in deluxe 
single cabinet: kit . $399.95 plus $7 post. & insur. 

O Hazeltine terminals: Our prices boo low to quote - CALL Us 
E Lear -Sigler terminals /primers: Our prices tisi low to quote. 

CALL US 
'.ì Hex Keypad /Display Mt... $89.95 plus $2 post. &insur. 

O AP- I Power Supply 101 ±8V @ 5 amps ) in deluxe xnrl cabinet 
$39.95 plus $2 post. & insur. 

O Cold Rated S-I00 Bus Connectors .. $4.85 each. postpaid. 
O RF Modulator kit (allows you tu use your TV set as a monitor) 

$8.95 postpaid. 
O 16k RAM Mt(S -100 board expands to64k)... S199.95 plus $2 

post. & insur. 
O 32k RAM MI .. $299.95 plus $2 post. & insur. 
O 48k RAM Mt ... $399.95 plus $2 post. & insur. 
O 64k RAM MI ... 5498.95 plus $2 post. & insur. 

16k RAM Expansion MI (to expand any of the above In lek 
hloa:ks up lo 64k) ... 699.95 plus $2 post. & insur. each. 

O Intel 8085 cpu Users' Manual ... 57.50 postpaid. 
O 12" Video Monitor (10MHz bandwidth) $139.95 plus $5 

post & insur. 
O Beginner's Pak (see above) 1169.95 plus $4 post. & insur. 

Experimenter's Pak (see aMwe) 5219.95 plus $ri post. & 
insur. 

E Special Microsoft BASIC Pak Without Terminal (see above)... 
$329.95 plus $7 post. it insur. 

O Same as above. plus ASCII Keyboard'Srminal With Cabinet, 
Cet Free RF Modulator (see above) 

, $499.95 plus $10 pest. 
& insur. 

O Special 8" Disk Edition Explorer /85 (see ahuvi' $1490.95 
plus $26 posa. & insur. 
O Wired &Tested.. 51799.95 Plus $26 pend. & insur. 

O Extra 8" CDC floppy Drives 5499.95 plus $12 post. & insur. 
O Cabinet & Power Supply For Drive. 589.95 plus $3 tous & 

insur. 
E Drive Cable Set -up For Two Olives S25 plus $1.50 post. & 

insur 

E Disk Controller Board YAM I/O Ports $199.95 plus $2 post 
& insur. 

O Special: Complete Business Software Pak Isis above) . 

$600.08 pits! paid. 
SOLD SEPARATELY 

O CP /M 1.4... $100 postpaid. 
O CP /M 2.0.. 8150 postpaid. r Microsoft BASIC $325 postpaid. 

O Intel 8085 cpu User Manual . $7.50 postpaid. 
Level "A" Monitor Source listing $25 postpaid 

Continental 1 S.A. Credit Card Buyers Outside Connecticut 

CALL TOLL FREE: 800- 243 -7428 
To Order From Connecticut Or Fur Technical 

Assistance. call (203) :154 -9375 

Total Enclosed (Conn res. add sales tax) $ 

Paid By: 
O Personal Check O Cashier's Check /Money Order 
O VISA O Master Charge (Bank No. - - - -) 
Acct. No. Exp. Dale 
Signature 
Print 
Name 
Address 
City 
State Zip 

11 
NETRONICS Research & Development Ltd. 
333 Litchfield Road, New Milford, ET 06776 
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"RATED NO.1 FOR 
SERVICE & RELIABILITY" 

THIS MONTH'S 
SUPER SPECIALS! 

PIONEEJT CASSETTE 
INDASN W/RADIO 
AP-1500 8990 
KP.25D0 104 90 
KP 4500 119 90 
K P-5500 127 90 
KP8500 14290 
10 -2100 174.90 
Kf-3000 20990 
K F-5000 24490 
KP-3500.11um9n cars/ 129 90 
8P.4502119,e9eca91 14490 
KP8000119e9e ,1 91 154.90 
KE-200241e99e<a7q 209.90 
K7X-900019999s9e9 15490 
1C7K-9500 0e90nes 4901 17990 
CASSETTE UNDERDASH 
KP-272 6990 
KP.373 8490 
K7-575 9490 
89.250 104.90 

17punes ampl 
12990 
79 90 

87.7 70 lae9ones a9pl 10490 
K P-88G 1999oes 4901 99.90 
KPKÓ00 1e909es amPl 124 90 
KP. 707G Ire9m7es 4901 144.90 
CAR SPEAKERS 
TS-742 28901p 
75-73 .. 34.9019. 
15.121 .. 34.90191 
15.107 . .. 379019 
TS-167 499019 
1$-168 849019. 
TS-411 _.479019- 
TS-695 .. 89.900 
TS-X6 

129.90/9. 
OWER AMPS /EQUALIZERS 
BP-320 420 wattslcn I 54.90 
A036000 w19, 1 119.90 
AD-3000 90991 agMY7e0 89.90 
A030(50wat14r9 197-6717) 144.90 

MONEERtor,snved 
614.12 16wanvcA I 2890 
GM-40 00 68887 4990 
GM-120160wanVrn, 10990 
CD-5(7. 17 6aM e991re9 89 90 
CD-7 ( 747 6aMe9n4arml 124 90 

JENSEN CAR SPEAKERS 
1100116.9'sepa7ale9 94.5019 
1106516.90,1. 50 warm 62501W 
1103316.91-.R-100w 

I 
7950191 

11101H.t0v-. 1517.109 625019 
2113011.101na. 507., 79501p 
JI174 /577 e-. 50 walls, 62 500 
11124.15'.95i,11 75 w90) 7950pr 
J106916.9cM. 15wa0.1 4050pr 
J1037/6.9 cam 1, 90 599058 
907715'.cOa, F d150p1 
11041 49 50 p I .. . 

!gSAN VC> CASSETTE 
IN-DASH W /RADIO 
0-14906 13990 
F1-1498 25990 
FT-646 154.90 
FT-1490-2 164.90 
F71495 16990 
F1C-2 . 5490 

FiCb 7,.90 

CASSETTE UNDER DASN90 
F7-606 7490 
F7-1400_ 9590 
RLAUVUNKT 
C720000 
CR2001 
CR3001 
CR4000 

22995 
269 95 
46995 
25995 

WE ALSO CARAT THE FULL LIE OF 

CAR STEREO AY' 61911019. RADS6 
E61ß, CNta9. PANA88, MA- 
MAT2.CLA80N.0tAUVIMT, Fes - 
GATE. AUSOYOR.CAA9 M9 SONY 
MNOFORCATALOC 

SLAM( TAPES 
CASSETTE TAPES 

AMPFJl6-M Mnm mmC 90.. 299 
BA5FR9,.9aeC90 299 
FUR FRI WIC 90 299 
SCOTCHl9wNmeC90Lpac6 5.99 
nEMdiEXNBne-sC90 179 
SONY Fe0C90 3.25 
SONY LNMC90 104 
IDKDC60 119 
1DKOC90 108 

REELTOREEL TAPES 
SCOTCHMader118009I 
SCOTCH 2071180011 1 

MAXF30 *035-90 1180091 
TM-180011800n I 

MK 805 60 I 08 
MI( AOC90 245 
11)1559C 60 215 
1DI(SAC90 299 
iDKMA C 601me911 6.29 
1DKMAC9019e-9 799 
MAXEILLID, WML 1811 C 90 

too bwl9pdyenlFe 
... cal or w41eT9prices 

599 VIDEOTAPES 
519 4a00761-500 ... ..12.95 
549 ALL OITA1 -750 15.95 
122 ALL V1157- 120(saceatMG). __ 495 

VIDEO TAPES 
WECARRY -AMPEX BASF,FUA NC MAXE11 PANASONIC, MEMOREX, 

11385COTC11.S0NY,RCA 
WE ÁL50 STOCK VOGO RECORDERS ANDHOME VIDEO MOVIES 

MINIMUM ORDER 12TAPES- 100 %GU ARA NTEED 

.:.. ;. :.: 

'. 9udD_tehrvça 
- EE E AT.2055 13490 

Ai-1555 89.95 
4.1.1456 4995 
Al-1254 39.95 
A1-10 1295 

5.1.1.I1 sil 
8815 7995 
681 EEE-5 

68IOff ii .9°55 

95 

® PICKERING 
14.95 

0579 5000. . 109 90 
X0914000M1 ... 68.50 

4995 
I3000. ... 4590 
7415/750 .. 3490 

VIS typo PI 
9151ype111. 
88971E 
M9514 
M91 FD 
M4AE 
M7OEJ. . 

IEWIfE 

8990 
6995 
5195 

3490 
2050 
14.90 
1190 

2995 
2000E88.. 185p XV151400 2450 
EDR9 114.50 

Yivÿ 
;'".i.:ri%:;:x:::`::::::: . ' ... 

DISCWASNER - HEADPHONES 
COMRFIFáY51EM 1095 KOSS9104/AAA... 
DISI1n ... .3495 KOSSHVI/LC. .... 34.50 
d SCOIKANI7FR .. 995 K0551NK/10 48 SO 
1602.038190 .1095 00551843 .4295 

7EROSIATANR-5IAM-GUN. 1495 S[NNHEISfR11DJ20 52.50 
SGISMOSCIFPtaEk ..495 SENNIEISERI40-430 7250 
d5CF00T 1595 AUDIO 1ECIR4IGAM-7 9495 

FUZZBUSIERII,adq detector 8290 CASIOC 8004800 /I 4500 
FULMUSIEREUE detector 13495 COLE- AA10NE tA0OI/ele9l 16495 
NAM 80XFM- 0antenna 3995 1EXASINSH9MEMSn 57 4850 
BEAM 0001794- 10 antena 6495 ATARI CM 20010011 13995 

REC:altus 
ALL ROCK, JAZZ & CLASSICAL 

ART 98 List $4.99 
All6.981.1st $5.49 
4119.98Ost $5.99 , 

50c oddihonal to cassette or 8 -hock 
MINIMUM ORDER 5 records or tapes 

WE STOCK ALL MAJOR LABELS 
NOW TO ORDER, for shipment within 48 hours, send money order or 
:!rtified check, Two weeks delay on personal checks. Please add 
53.50 per order for shipping 8 handling (S5.5D for orders outside 
U.S.) N.Y.S. residents add tao.No C.O.D.'s. All merchandise 11:10' /. 
guaranteed, brand new 8 factory fresh. 

ORDER TOLL FREE(800)221-8180 
ALL OTHER MATTERS, CALL (212) 732 -8600 

wadmWORtEl 
23 PARK ROW, DEPT. R.T, NEW YORK, N.Y.10038 
CALL OR W RITE FOR FREE 160 PAGE CATALOG 

CIRCLE NO. 41 ON FREE INFORMATION CARD 

Hobby Scene, 

Improving Receiver Selectivity 
G. Last November, I purchased a Realis- 
tic DX -300 communications receiver. I 
have found it to be quite adequate in 
terms of sensitivity and selectivity for the 
reception of AM broadcast signals. How- 
ever, the receiver's selectivity is not high 
enough for reception of SSB signals un- 
der crowded band conditions, and CW is 
almost impossible to copy -even when 
the receiver's audio bandwidth control is 
set to its narrow position. Could you de- 
scribe an external audio filter (Q- multi- 
plier) that can be added to the receiver to 
narrow its bandwidth from the existing 5 
to 6 kHz ? -C. F. Baker, Jenison, MI. 

A. As the product test report that ap- 
peared in the November 1979 issue re- 
vealed, the Realistic DX -300 is a fine 
receiver for AM broadcast listening but 
isn't up to the critical demands of SSB 
and CW reception. Part of the problem 
is that the unit does not (apparently) 
employ a product detector, and its non- 
adjustable bfo frequency is too far re- 
moved from the suppressed carrier fre- 
quency for proper demodulation. Also, 
as you have noted, it lacks sufficient 
selectivity. 

The first two shortcomings can be 
dealt with by appropriate internal modi- 
fications -the addition of a good prod- 
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By John McVeigh, Technical Editor 

uct detector and a means of varying the 
beat oscillator's frequency (such as by 
adding a variable capacitor or a Varac- 
tor diode to the bfo's frequency- deter- 
mining tuned circuit). Insufficient selec- 
tivity can be improved by any of several 
means, some internal modifications and 
some involving the addition of external 
devices. For example, replacing the ex- 
isting i -f filter with a sharper mechani- 
cal or crystal filter can yield dramatic 
improvements. Another approach is to 
connect a Q- multiplier to the receiver's 
maximum -selectivity stage (usually the 
final i -f amplifier). A third method of 
improving reception of SSB and CW sig- 
nals is totally external -the insertion of 
an active audio filter between the audio 
output of the receiver and the monitor 
loudspeaker or headphones. Note that 
the latter two methods are distinct from 
one another. A Q- multiplier is not an 
audio filter. Rather, it is a regenerative 
stage that operates at the receiver's in- 
termediate frequency. 

Shown in Figure A is the schematic 
diagram of a Q- multiplier that you can 
build and use with a receiver having a 
455 -kHz i -f. It is essentially a 455 -kHz 
Colpitts oscillator that can be adjusted 
in and out of oscillation by means of 
potentiometers R3 and Rd. When the 
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A MCGRAW-HILL PUBLCATIO 

1:3 LI 
GUIDE TO PERSONAL - - COMPUTING 

GETTING STA ED 
yam: You load hot It Will Cost 

EQUIPMENT RE EWS 
-:115 -110, Apple, , and PET 
SEMSEARRE 
TERRY POURNEt 
-VhR4y WIp, A 

VS it LUNAR,' WC) 

RSONAL 
CO 1AN)TER ggERORI 
:°NMI tEEIR 

C°E.°, 

When will - Personal Computer 
Explosi YOU? 

Are you prepared for the changes coming during 
explosive transforma- tie 1980's (Some are 
tion? Right in your own already here). 
home? Electronic ma.l. r",7.7.7MN onComputinr explains 
Personalized invest- 
ment analysis. Foreign Lan- 
guage tutorial. Home energy 
management. Robots 
Computer music. Sec-e- 
tarial service. Diet and 
menu planning. And more, 
more, more. 
onComputingr the new 
McGraw -Hill quarterly, pre- 
pares you for the enormous 

in nontechnical Ian- 
guage what personal computers 

are, how hey work, and how 
you can tese them at home, 

For fun and profit. 

Don't let he personal com- 
puter explosion catch you off 
guard. Know what's happen- 
ing and help make it happen! 
Prepare now for the exciting 

future with onComputingT"! 

Start your subscription today. 
Call Toll Free 800 -258 -5485 

Hobby Scene 
circuit oscillates, the Q (selectivity) of 
the tuned circuit comprising LI and C3 
through C6 is determined primarily by 
the passive components employed. How- 
ever, when the circuit is adjusted to a 
regenerative point just short of oscilla- 
tion, the positive feedback offsets the 
losses of the passive components. The 
overall selectivity increases to many 
times its normal value. 

If the circuit is placed in parallel with 
the receiver's 455 -kHz i -f transformer 
(see Fig. B) and mode switch SI is 
placed in its PEAK position, the receiver's 
i -f passband can be reduced greatly. Po- 
tentiometer R4 can be adjusted to tune 
the multiplier and peak any signal in the 
original passband. Placing SI in its 
NULL position alters the way the Q -mul- 
tiplier is connected to the i -f transformer 
and makes it possible to leave the origi- 
nal i -f response unaltered except for the 
introduction of a sharp notch. This notch 
is tunable so that unwanted signals can 
be nulled out. 

To use the Q- multiplier, connect it to 
the receiver using a short length (no 
more than 24 inches) of coaxial cable. 
Turn the receiver to a quiet spot on one 
of the broadcast bands and place SI in 
its PEAK position. Adjust C4 for mid - 
capacitance (plates half meshed), place 
R4 in its fully clockwise position (maxi- 
mum resistance above ground), and tune 
LI until you hear a signal. If the Q -mul- 
tiplier is tuned to the receiver's i -f, the 
signal will be heard across the band, 
with a beat note when the receiver is 
tuned across a transmitted signal. The 
Q- multiplier can thus be used as a bfo. 

Then place Si in its NULL position and 
adjust C4 until a signal is again heard 
with R3 set fully clockwise. (It might be 
necessary to make a compromise adjust- 
ment of LI so that the settings of C4 in 
the PEAK and NULL modes fall as close to 
midcapacitance as possible.) Finally, ad- 
just the Q- multiplier so it is just short of 
oscillating and adjust the receiver's i -f 
transformer for optimum response. 

It takes some practice to learn how to 
use the Q- multiplier efficiently Adjust- 
ing R4 more and more clockwise in- 
creases selectivity and decreases the i -f 
bandwidth. Greatest selectivity will oc- 
cur just before the onset of oscillation, 
which is indicated by a ringing sound as 
the receiver is tuned across a signal. In 
the NULL mode, the notch is made sharp- 
er as R3 is adjusted progressively clock- 
wise. A very noticeable decrease in am- 
plitude will be heard as the notch is cen- 
tered (by means of C4) on an offending 
signal. Further information on construc- 
tion and operation of this Q- multiplier 
can be found in the April 1974 issue of 
POPULAR ELECTRONICS, in an article by 
Joe A. Rolf. 

Have a problem or question in circuitry. compo- 
nents, parts availability. etc'? Send it to the Hobby 
Scene Editor. POPULAR ELECTRONICS, One Park 
Ave.. New York, N.Y. 10016. Though all letters can't 
be answered individually, those with wide interest 
will be published. 
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An Integrated Polarity Converter 

EVERY few years, one of the semiconductor manufactur- 
ers introduces a new IC that quickly becomes a standard 

building block. Three classic examples are the 741 op amp, 
the 555 timer and the LM109 5 -volt regulator. Recently, 
Intersil introduced its ICL7660 voltage polarity converter, 
which is sure to become a standard building block IC. The 
ICL7660 is a useful power- supply chip which generates a neg- 
ative voltage from a positive input voltage. If you've ever 
wanted to employ a circuit that required a dual - polarity pow- 
er supply in an application where only a single -ended supply 
was available, you can readily appreciate the practical impli- 
cations of this new chip. 

About the ICL7660. A block diagram of the ICL7660 
appears in Fig. 1. It shows what might at first seem to be a 
relatively complex circuit. Actually, the operation of the 

Fig. 1. Block diagram 
showing how the 

ICL7660 functions 
as a voltage 

polarity converter. 

OtC/LL7bR 
OVFG(/pE O 

(P/N 7) G 

RC 
OSC/LUT 

VOLTAGE O 
(aJN 67 

ICL7660 is straightforward, and you can understand how the 
chip works by referring to the simplified diagram in Fig. 2. 
Switches SI through S2 in Fig. 2 are the MOSFETs of Fig. 1. 

Capacitors Cl and C2 are external 10 -µF electrolytics. 
In operation, SI through S4 are opened and closed by the 

switch logic at a rate determined by the oscillator. During the 
first half of the operating cycle, SI and S3 are closed, and S2 
and S4 are open. This allows CI to charge to the positive sup- 
ply voltage. During the second half of the cycle, SI and S3 are 
open, and S2 and S4 are closed. This inverts the connection of 
CI with respect to ground so that the output voltage is now 
equal in magnitude to the positive supply voltage but opposite 
in signal (polarity). The switches also connect C2 in parallel 
with CI, thus causing C2 to draw charge from CI. This ena- 
bles C2 to serve as a reservoir of charge during the first half of 
the cycle, when CI is being charged. 

The MOS switches, which occupy most of the ICL7660 
chip's real estate, required clever design techniques - 
although this might not be immediately obvious. The channels 
of S3 and S4 must remain nonconductive to prevent device 
latchup when power is first applied and when the output is 
short -circuited. The logic network (Fig. 1) monitors the out- 
put voltage, and the voltage -level translator applies bias when 
necessary to keep both switches (S3 and S4) nonconductive. 
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By Forrest M. Mims 

Without this precaution, Intersil reports that high power loss 
and device latchup (presumably resulting from overheating) 
would occur. 

Using the ICL7660. The pinout diagram of the ICL7660 
appears in Fig. 3. The chip can be powered by a supply volt- 
age of + 1.5 to +10 volts. It has a typical open- circuit voltage 
conversion efficiency of 99.9% and a power efficiency of 98 %. 

The output of the internal voltage regulator can be shorted 
to ground to improve low- voltage operation. This is accom- 
plished by connecting pin 6, the LV (low -voltage) terminal, to 
pin 3. Note, however, that if the power -supply voltage is 

greater than +3.5 volts, the iv pin must not be grounded or 
device latchup might occur. 

If the supply voltage exceeds +6.5 volts, a diode (Dl in 
Fig. 4) should be connected in series between pin 5, the output 

*SUPPLY VOLTR&E 
(1N8) 

1 

OR COUNTER 

voLTAGe 
REGuLaroR 

VOL TRL{- 
L E VEL 

TRANS.e.AroR 

5 

5z 

GRO UNO 
(P /N 3) 

-+ 
CRPt 
(PIN 1) 

CAP- 
(PIN) 

LOGIC 
NETWORK 

-OUTPUT 
VOLTAGE 
(PINS) 

Fig. 2. Simplified version of Fig. 1. 

terminal, and the load. Of course, this will reduce the voltage 
delivered to the load by an amount equal to the diode's voltage 
drop -about 0.6 volt for a silicon diode and 0.3 volt for a ger- 
manium diode. However, the addition of the diode permits the 
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Guaranteed to outperform any watch sold 
today... or costs you nothing! 

The Sunwatch; acclaimed as 
the most accurate, most 
versatile, most rugged 
watch ever made. 
These features make all other 
watches obsolete: 

day or night 
Natural side -view window 
simplifies reading 
100ä solar- powered, you never 
replace batteries 
No resetting of calendar, not even in 
leap years 

Space age accuracy 
Now you'll never worry about accuracy again. Because 
the Sunwatch will keep you on time for the rest of your 
life. (Accurate to within 1 sec. per month.) 
Solar age efficiency 
Miniature solar cells automatically convert sunlight, 
daylight or ordinary bulb light into usable energy for 
storage. The solar cells last virtually forever. So you'll 
never replace a watch battery again. 
Programmed for over a century 
The built -in computer on a chip will always display the 
correct time date and month. Also, it automatically 
adjusts the watch calendar for long and short months, 
leap years and its programmed until the year 2100! 
Easy to read 
The natural side -view display lets you tell the time, day 
and date without twisting your arm into an uncomfort- 
able position 
Numbers always visible 
Four varying light intensities are built into the viewing 
display, allowing the Sunwatch to adjust automatically 
to any light. This means you can always read it, even 
in the brightest sunlight 
10 Display functions 
The 5unwatch is capable of displaying the following 
information: hours minutes seconds months date 

day leap year speed calibration AM /PM indicator 
seconds count -off. 

Extreme accuracy 
Unlike other electronic watches using tuned crystals to 
control timing accuracy, the Sunwatch incorporates a 
unique, programmable, microcircuit synthesizer to 
make it the first watch in history that is accurate to less 
than 1 second per month. That's 5 times more accurate 
than the latest quartz Accutron. 
The Power Source 
Tiny silicon power cells, which are constantly being 
energized by natural sunlight, daylight or an ordinary 
light bulb keep the Sunwatch energy storage system 
charged. Should the watch not be exposed to light, it 
will continue to operate for months on stored power. 
The most indestructible watch in the world 
The workings of the watch solar panels, energy cells, 
quartz crystal, computer on a chip, etc., are all perma- 
nently sealed in a Lexan module. This module is so 
unique it's protected by U S. and foreign patents. 
Completely waterproof 
Leave the Sunwatch in salt water for months. Dive with 
it in depths up to 750 feet. There are no openings - 
magnetic slide bars activate all functions. With Sun - 
watchs exclusive, permanently sealed Lexan module, 
there are no "0" rings or seals to leak. 

STAINLESS STEEL CASE 
SEALED MICRO 
ELECTRONIC 
MODULE 

(NO OPENINGS 
OF ANY KIND) 

CONTAINING: 
SOLAR CELLS 
POWER 
STORAGE SYSTEM 
VISUAL DISPLAY & 

EXCLUSIVE SUNWAACH 
MICRO- CIRCUIT 
MAGNETIC SENSORS 

Shock res 
You can crash it into a rug -surfaced brick wall at 90 
mph with no noticeable effect. Wear it while doing 
heavy work, exercise or any strenuous activity. 
Temperature resistant 
Put the Sunwatch to boiling water for 30 minutes, 
freeze it in a block of ice for a year. Extreme tempera- 
tures will not damage your Sunwatch. 
Pressure resistant 
There are no air spaces inside the Sunwatch. There- 
fore, it is not susceptible to high pressures such as 
might be encountered diving to great depths. 
The perfect watch for a lifetime 
Imagine split- second accuracy for the rest of your life. 
Sunwatch is a virtually indestructible, beautifully 
styled, space -age timepiece, and its available in three 
exciting finishes: Brushed stainless steel, Gold tone 
stainless steel, or a Durable black finish on stainless 
steel. All Sunwatches come with a matching stainless 
steel hand with removable links and adjustable clasp. 
Made in the United States 
The Sunwatch, designed by Roger Riehl, was being 
worn by its inventor nearly a year before the first 
electronic digital watch was even available to the gen- 
eral public. Since that time constant engineering evalu- 
ations and design improvements have been made on 
the Sunwatch to incorporate the latest in digital micro- 
circuit and solar power technology. Thus the Sunwatch 
today represents state -of- the -art electronics technology 
It is built to the same rigid standards practiced by the 
manufacturer in creating sophisticated computer micro- 
circuits for the U S. Government and other major 
users of these components. 

* A word about other "Solar Watches" 
Roger Riehl, designer of the Sunwatch, states that 
there is no other completely solar powered watch on 
the market today Claims of solar power by other watch 
manufacturers are based on the use of a small solar 
cell. Due to their limited size, these cells can be proven, 
in technical terms, to be of virtually no significant value 
in extending the life of a watch battery. For this reason, 
all other so- called "solar watches" mast have replace- 
able batteries. The Sunwatch's power storage system, 
however, need never be changed and is, in fact, perma- 
nently sealed to withstand abuse and the elements. 

Quick delivery direct from the manufacturer CIRCLE NO. 65 ON FREE INFORMATION CARD 

Uahme red nuwerable gift 
Available in a spezial gift box (see order form) the 
Sunwatch makes an ideal gift for special holidays, 
birthdays, graduation, Father's Day, etc. Perfect for 
business people, commuters, teachers, athletes and 
sporstmen, who require split second accuracy 
Free custom engraving 
At your request, each Sunwatch will be hand -engraved 
with the name you specify. 
Limited Warranty is your protection 
The Sunwatch is covered by a 2 year limited warranty 
issued by Riehl Time Corporation (manufacturers of the 
prestigious Synchronar 2100) and included with your 
watch. A copy of the warranty may also be obtained 
free of charge by writing to Riehl Time Corp., 53 S. 
Jefferson Rd., Whippany, NJ 07981. This warranty 
gives you specific legal rights, and you may have other 
rights which vary from state to state. 

15 Day no risk trial offer 
Order your Sunwatch today and use it for 15 
days. Then, if you are not completely satis- 
fied return if for full money back. 

CREDIT CARD ORDERS CALL 
TOLL FREE 800 -621 -5199 
Ill. Residents Call 800- 972 -5855 
OR MAIL THIS NO RISK COUPON 

rRIEHL TIME CORP. 
53 5 Jefferson Rd Dept 44AWhippany NJ 07981. 
Plisse send me: 

Brushed Stainless Steel Sunwatches 
at $129.95 each 

Black Finish on Stainless Steel Sunwatches 
at $159.95 each. 

Gold Tone Stainless Steel Case Sunwatches 
at $159.95 each. 
24 Hour (Military Time) $10.00 Additional. 
Gift Boxes at $4.95 each. 

Please add $3.95 per watch shipping and insurance. 
Enclosed Is $ Check or Money Order 
N I Residents add appropriate sales tax' 

CHARGE IT (Check One) 

Master Charge VISA (BankAmericard) 

Credit Card# Bank# 

Issue Date Ezp Date 

Signature 

Name to be engraved 

Name 

Address 

City :State /Zp 
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Experimenter's Corner 
chip to operate over its entire rated temperature range at a 
supply voltage with a maximum of 10 volts without the possi- 
bility of device latchup. 

The oscillator frequency of the ICL7660 is typically 10 

kHz. If this frequency of oscillation causes interference to cir- 
cuits powered by or close to the ICL7660, it can be changed. 
To lower the frequency of the oscillator, connect a capacitor 
(C3) between pins 7 and 8. The installation of a 100 -pF 
capacitor will lower the frequency from 10 kHz to 1 kHz. This 
reduction in frequency must be accompanied by an increase in 
the capacitance of Cl and C2 by the same factor the frequen- 
cy is reduced. Because 1 kHz is one -tenth of 10 kHz, Cl and 
C2 must be increased by a factor of ten( to 100 DF). 

TOP VIEWS 

8 

I o 7 0 

2,O o 6 

o 
s o 

ó -P /N MINI DIP 

P/N / -NO CONNECT/ON (NC) 
P/N 2. -CARAC /TOR t (CAP t) 
A /N3-GROUNO (GNO) 
P/N H- CRPAC /TOR-(CRP- ) 

P/N S- OUTour VOLTAGE (Vo r) 
P/N L -LOA/ VOLTAGE C L V ) 
P /N 7- OSC /LLATOR (OSO) 
P m/B- -SUPPLY VOLTAGE (VS) 

Fig. 3. Pin outlines 
of the ICL7660. 

The frequency of oscillation can be increased by overdriv- 
ing the internal oscillator with an external clock or oscillator. 
In this case, however, the values of CI and C2 need not be 
reduced. Figure 5 shows how to connect CMOS or TTL cir- 
cuits to the OSCILLATOR OVERRIDE input (pin 7) of the 
ICL7660. 

Finally, keep in mind that the ICL7660 is a CMOS chip. 
Standard CMOS handling precautions should be observed. 
Don't use an ungrounded soldering iron. Also, be sure to pro- 
tect the chip from static voltages when installing it. 

Applications. The ICL7660 is a brand new chip, so it 
might not yet be available from parts suppliers who advertise 
in POPULAR ELECTRONICS. If not, contact an Intersil sales 
office or an Intersil distributor. (Distributors are listed in the 
Yellow Pages under "Electronic Equipment and Supplies. ") 
Don't attempt to order chips directly from Intersil because the 
company cannot process retail orders. The ICL7660 sells for 
$1.95 in lots of 100, so you will have to expect to pay more for 
single quantities. 

+vs 

Fig. 4. How to lower 
the oscillator frequency 

of the ICL7660. 

The circuits which follow will give you some ideas about 
how to use the ICL7660 in specific applications. The chip is so 
easy to use that you should have few, if any, problems when 
you try the circuits on your own. 

Basic Polarity Converter. Figure 6 shows a simple voltage - 
polarity converter employing a single ICL7660. The circuit 
has two design variations which are dependent upon the mag- 
nitude of the supply voltage. When +Vs is less than 3.5 volts, 

t SV +VS 

/Ok 

OPEN-COL L E CTO,e 

TTL iv/TN H/6H- 
- VOLTAGE OUTPUT FOR 

A PPL /CA T/oNS 14/NERE 
fSV f.5V6-hVs- :ISt- /OV 

4J.7k R/ 
/K 

FOR 7TL 
APPL /CA T/ONs + 

W//E(E 4 VS=t5V 

CMO5 

2 
C/ 

Y 

Fig. 5. Interfacing 
an external TTL or 
CMOS oscillator 
to the ICL7660. 

+ VS 

SCL7L6 O s 
;---- f 

d- 
I - Ou7PVT 

Dl 
.L VOLTAGE 

SEE TEXT 

pin 6 should be grounded. When the supply voltage is greater 
than +6.5 volts, DI should be connected to pin 5 as shown. In 
no case should any pin be connected to a voltage higher than 
the supply voltage or below circuit ground. Otherwise, the 
chip might be destroyed. 

Voltage Multiplication. Figure 7 shows how to cascade two 
ICL7660's to double the negative voltage available from a sin- 
gle chip. When the supply voltage exceeds +6.5 volts, DI and 
D2 must be included. This will reduce the output voltage by 
the sum of the voltage drops across each diode. Thus, when a 
10 -volt supply is used and both Dl and D2 are silicon diodes, 
the voltage out will be - 18.8 volts. 

You can cascade up to ten ICL7660's using the cascade 
configuration shown in Fig. 7. Assuming that the + VS termi- 
nal of the first ICL7660 is connected to a + 10 -volt supply 
and that a silicon diode is connected in series with each IC's 
output terminal, the output voltage at the end of the multi- 
plier string will be -94 volts! 

Until now, all of the circuits we have described have had 
outputs whose polarity has been inverted with respect to the 
power supply (a positive supply voltage and a negative output 
voltage). The next circuit to be shown is a voltage multiplier 
whose output is of the same polarity as the supply. The circuit 
shown in Fig. 8 provides positive voltage multiplication using 
a single ICL7660. Capacitor Cl charges to the supply voltage 
less the voltage drop across DI . The sum of the voltage across 

C/ 
/01.4F 

f Vs 

ICL7660 

OUTPUT 
VOLTAGE 

4 CR + /0µF 

+*' SEE TEXT 

Fig. 6. Ultra -simple voltage polarity converter. 
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Cl and the supply voltage then charges C2 through D2. The 
resulting output voltage is twice the supply voltage less the 
sum of voltage drops across the two diodes. 

Dual- Output Supply. The circuit shown in Fig. 9 performs 
positive voltage multiplication and negative voltage conver- 
sion using a single ICL7660. This configuration can provide 

_o _Di 
L J 

OurOUT 
VOLTR6E 

C4 + + 
/0/4F 

Fig. 7. Negative voltage multiplication by cascading ICL7660s. 

several different combinations of output voltage from a single 
positive supply. The voltage level appearing across the nega- 
tive output is an inverted version of the positive supply voltage 
(less one diode drop if the supply voltage exceeds 6.5 volts, in 
which case Dl must be included). The voltage level across the 
positive output is twice the positive supply voltage less the 
sum of two diode drops with no polarity inversion. 

The high efficiency of the ICL7660 is apparent from an 
inspection of the following table. It is a list of output voltages 
that I measured when a sample chip was powered with a given 
sequence of positive supply voltages. 

+Vg Negative Output Positive Output 
+1.5 -1.5 V + 1.8 V 
+3.0 -3.0 V + 4.2 V 
+5.0 -5.0 V + 8.8 V 
+6.0 -6.0 V +10.8V 
+9.0 -8.4 V +16.8V 
+10.0 -9.4 V +18.8 V 

Note that the voltage drops across D2 and D3 prevent the positive 
output level from approaching twice the positive supply voltage, 
especially at low supply voltages. Also, Dl was included when 
+VS was raised above +6.5 volts, so the negative output levels 
measured when +Vs was +9 and +10 volts reflect the forward 
voltage drop across the diode. This circuit can be made more ver- 
satile by adding one or more ICL7660s to multiply the negative 
output voltage level. 

Square -Wave Oscillator. The ICL7660 is ideally suited for 
supplying the negative voltage to op-amp circuits that require a 
bipolar supply. Such a circuit is the square -wave oscillator 
appearing in Fig. 10. The circuit provides a true ac square wave 
that is not riding on a dc level. It can be powered by a single - 
ended 5 -volt supply or a 9 -volt battery. 

The component values shown result in a square -wave frequency 
of approximately 900 Hz. Changing the values of R1, CI or both 
R1 and Cl will change the frequency of oscillation. More precise- 
ly, the frequency equals the reciprocal of the product of (2R1 C1) 
and the natufal logarithm of the quantity (2R2/R3+ 1). 

The value of resistor R2 should be approximately one -third 

Fig. 8. Positive voltage 
multiplication with single ICL7660. 
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WIRE UP MICROPROCESSORS & DIP CIRCUITS FASTER 

USE VECTOR PROFESSIONAL 

BREADBOARDING PRODUCTS 

8804 

45P80 -1 

FREE 12 PAGE CATALOG 
See us at WESCON 
Booth No. 114 -16 

S100 Plugbords - 5 models plus 

12 other Plugbords for all pop- 

ular buses. 

New pad -per -hole Micro- Vector- 
bord® wiring board. 96 Vector - 
bords available. 

51X 

Reliable Slit -N -Wrap wire 

wrapping tools and 

terminals. 1_1_ 1.44.. 

P184-4T 

Solderless Breadboards - One 
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solderless tie points. 

Ask your favorite electronics supplier. 
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WE WILL NOT BE UNDERSOLD 
DISK DRIVES $314 
More capacity than Radio Shack 35 Track (80 K 

Bytes) drives. Fully assembled and tested. 
Ready to plug -in and run the moment you 
receive it. Can be intermixed with each other 
and Radio Shack drive on same cable. TRS -80' 
compatible silver enclosure. External card edge 
included. 

90 DAY WARRANTY. ONE YEAR ON POWER SUPPLY. 
FOR TRS -80' 
CCI -100 
CCI -200 
CCI -800 
For Zenith Z89 
CCI -189 
Z -87 

51/4", 40 Track (102K Bytes) for Model I $314 
51/4", 77 Track (197K Bytes) for Model $549 
8" Drive for Model II (1/2 Meg Bytes) $795 

51/4", 40 Track (102K Bytes) add -on drive $394 
Dual 51/4" add -on drive system $995 

DISKETTES - Box of 10(51/4 ") -with plastic library case 
8" double density for Model II (box of 10) 

16K MEMORY UPGRADE KITS 
for TRS -80'. Apple II, (specify): Jumpers $2.50 

PRINTERS NEC Spinwriter 

$24.95 
$36.49 

$49 

Letter Quality High Speed Printer 
Includes TRS -80' interface software, quick 
change print fonts, 55 cps, bidirectional, 
high resolution plotting, graphing, propor- 
tional spacing: R.O. $2689 

R.O. with Tractor Feed $2789 KSR with Tractor Feed $3200 
779 CENTRONICS TRACTOR FEED PRINTER $969 

Same as Radio Shack line printer I 

737 CENTRONICS FRICTION & PIN FEED PRINTER $839 
9 x 7 matrix 

730 CENTRONICS FRICTION & PIN FEED PRINTER $639 
7 x 7 matrix Same as Radio Shack line printer II 

P1 CENTRONICS PRINTER $269 
Same as Radio Shack quick printer 

PAPER TIGER (IP440) $939 
Includes 2K buffer and graphics option 

TI-810 Faster than Radio Shack line printer III 
Parallel and serial w /TRS -80* interface software $1575 

with upper and lower case and paper tray $1665 
OKIDATA Microline 80 Friction and pin feed $559 

Tractor Feed, friction, and pin feed $679 
EATON LRC 7000+ 64 columns, plain paper $349 
ANADEX DP-9500 $1389 DP -8000 $869 

COMPLETE SYSTEMS 
TRS -80' LEVEL II-16K with keypad 
TRS80* Expansion Interface 
HEWLETT PACKARD HP-85 
ZENITH Z89, 48K all -in -one computer 
ZENITH Z19 
TELEVIDEO 912B $745 
ATARI 400 $489 ATARI 800 $799 
MATTEL INTELLIVISION 
Software available for the above systems 

DISK OPERATING SYSTEMS 

$709 
$269 

$3199 
$2595 

$740 
9206 $769 

TI 99/4 $894 
$249 

PATCHPAK #4 by Percom Data $ 8.95 
CP /M for Model I. Zenith $145 for Model II, Altos $169.00 
NEWDOS Plus - with over 200 modifications 35track $ 89.00 

and corrections to TRS -DOS 40 or 70 Track $ 99.00 

CAT MODEM Originate and answer same as $148 
Radio Shack Telephone Interface II 

LEEDEX MONITOR Video 100 $119 

The CPU SHOP 
TO ORDER CALL TOLL FREE 1- 800 -343 -6522 

5 Dexter Row, Dept. PE -9M, Charlestown, MA 02129 
Hours: 10AM -6PM (EST) M -F (Sat. till 5) 
Mass. Residents: Call 617/242- 3361,add 5% sales tax 
TRS -80 is a Tandy Corp. T.M. Prices subject to change 
DEALER (NATIONAL /INTERNATIONAL) INQUIRIES INVITED 

VISA' 

CIRCLE NO. 19 ON FREE INFORMATION CARD 

Experimenter's Corner 
that of R1. The resistance of R3 should be from two to ten times 
that of R2. For those readers who lack access to scientific calcula- 
tors or sophisticated slide rules, the component values specified in 
Fig. 10 cause the expression In (2R2/R3 + 1) to equal 0.5068. 
Therefore, the frequency of oscillation equals 1/(10,136) (C/). 

Here are some results that I obtained using a breadboarded 
version of the circuit where fo is the output frequency: 

Nominal Calculated fo 
value of Cl 

1 µF 98.65 Hz 
0.1 µF 986.5 Hz 
0.01 µF 9865 Hz 

Measured fo 

95.8 Hz 
908 Hz 
7768 Hz 

As you can see, the calculated or predicted output frequency 
becomes less accurate as the value of CI decreases and the fre- 
quency of oscillation increases. 

I originally built this circuit as part of an experimental high - 
voltage power supply. Connecting the secondary of a 6.3 -volt fila- 

+vs 

Fig. 9. Combined positive and negative voltage multiplication. 

ment transformer between pin 6 of the 741 and ground will cause 
80 volts of ac to appear across the transformer's primary when the 
circuit is powered by a +6 -volt supply. Increasing the supply volt- 
age to +9 volts will boost the voltage induced across the primary 
of the transformer output to 160 volts ac. You can connect a 
diode -capacitor voltage multiplier to the output of the transformer 
to obtain even higher dc voltages. 

Use caution if you add the transformer (and possibly a voltage 
multiplier) to the oscillator shown in Fig. 10. Such a combination 
can deliver a hefty shock! 

Going Further. The ICL7660 is intended primarily for use in 
microprocessor, controller and data -acquisition systems which 
have a +5 -volt supply for the digital circuits and require a nega- 
tive voltage for analog stages. It's also ideal for providing -5 -volt 
body bias for dynamic RAMs. Perhaps the basic circuits 
described in this column will give you some ideas for many other 
applications. 

+9V 

e 

IC L 76Go a 1 c/ 3 
^`./,uc 

DI 
/N9/i/ 
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Fig. 10. Circuit for a square -wave oscillator. 
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DX 
Listening 

By Glenn Hauser 

USAF Starts Radar on Shortwave Broadcast Bands 

SHORTWAVE listeners, already 
plagued by U.S. military tactical 

communications, radioteletype, jam- 
ming, the "Russian woodpecker" and 
interference among SWBC stations 
themselves, which are crammed into 
about one third of the spectrum they 
need, now are faced by a new threat. 
The United States Air Force has de- 
cided that its Over -The - Horizon Back - 
scatter (OTHB) radar system will trans- 
mit on the bands supposedly reserved 
worldwide for nothing but international 
broadcasting. 

This plan is explained in some detail 
in the April 1980 issue of QST. Hams 
are naturally pleased that the USAF 
OTHB radar system has decided not to 
operate on amateur bands; any interfer- 
ence there should be only incidental and 
is to be handled by a "good- neighbor 
policy." Also excluded are portions of 
the shortwave spectrum between 6.8 and 
22 MHz, which are allocated to aero- 
nautical and maritime communications, 
and standard frequencies. This leaves 
only those bands designated as "fixed" 
(point -to- point) and broadcasting. 

Without a doubt there are many 
times more shortwave listeners than 
there are amateurs. Unfortunately, we 
are not as well organized as the hams, 
nor do we have a powerful lobby looking 
out for our interests like the hams' 
ARRL. Consequently, SW listening is 
easier to step on. 

Though the OTHB radar system does 
need access to a wide range of frequen- 
cies, no evidence has been presented that 
it is essential for it to use both the fixed 
bands -where it obviously belongs as a 
"utility" service -and the broadcast 
bands, where it obviously does not be- 
long and can only cause harmful inter- 
ference to shortwave programming. 

Indeed, it is easy to make the case 
that, if OTHB needs more spectrum 
than the fixed bands can provide, it 
should be allowed in the ham bands 
rather than broadcast bands. The ama- 
teur bands are already occupied by non - 
voice signals, such as radioteletype, 
CW, slow -scan television, facsimile, etc. 
Hams have the great advantage of being 
able to change frequency on short notice 
to avoid interference, while SWLs have 
to put up with whatever nonbroadcast 
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garbage is interfering with frequencies 
that can be changed only on a delayed 
and long -term basis. Furthermore, ama- 
teur radio has always been the place for 
experimentation in new uses of radio, 
which this certainly is. 

There is some hope, though. The 
USAF OTHB system is allegedly not as 
disruptive as the 10 -per- second milli- 
second- length pulses coming from the 
Soviet equivalent, which has been dis- 
rupting all shortwave bands for several 
years. The USAF supposedly uses a nar- 
rower bandwidth and automatically se- 
lects a "clear" frequency. (This is done 
for its own effectiveness, and not as a 
consideration for other users of the spec- 
trum). But a frequency that's "clear" to 
the OTHB receiving site may be just the 
frequency on which a listener elsewhere 
is trying to hear a weak signal. 

The sound of the USAF OTHB radar 
is quite different from the "Soviet wood- 
pecker." The USAF OTHB is described 
as sounding on an AM receiver like pow - 
erline hum at any of several modulation 
frequencies from 20 to 60 Hz. It is 
extremely important not to confuse the 
two. We do not have any say about what 
the USSR does; we do in the U.S. 

The military organization controlling 
the OTHB system in Maine (with an- 
other one to be activated on the West 
Coast), evidently cares nothing about 
interference to shortwave listeners. It 
has, however, invited amateurs experi- 
encing interference to file complaints 
and has set up an address for this. 

To get our views across too, I urge 
shortwave listeners not only to complain 
about every instance of interference ac- 
tually observed, but to complain now 
against the idea that OTHB should be 
,allowed in the SWBC bands at all. The 
address is: OTH Radar Office, USAF 
Electronic Systems Division, Code 
OCUE, Hanscom AFB, MA 01731. 
Also send copies to your congressman, 
senators and the FCC. Let the authori- 
ties know we indeed care enough to pro- 
tect our shortwave broadcasting bands! 

Third -Language Services. Most 
countries involved in international 
broadcasting transmit in English to 
North America, for obvious reasons. 
They also beam programs here in their 

OUR PRICES 
ARE 

T00 LOW 
TO 

ADVERTISE! 
CHECK THEM -CALL TOLL FREE! 

800 - 243 -7428 
LOOK WHAT WE OFFER! 

HAZELTINE 
Terminals 

CENTRONICS 
Printers 

LEAR -SIEGLER 
Terminals/ Printers 

DATAPRODUCTS 
Printers 

AN NAD EX 
Printers 

BE SMART- 
DON'T BUY 
UNTIL YOU 

CHECK OUR 
PRICES! 

MASTERCHARGE 

VISA COD 

PERSONAL CHECK 

MONEY ORDER 

11NETRONICS 
RESEARCH Et DEVELOPMENT, LTD. 
333 Litchfield Rd., New Milford, CT 06776 
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McIntosh 
"A Technological 

Masterpiece..." 

McIntosh C 32 

"More Than a Preamplifier" 

McIntosh has received peerless ac- 

claim from prominent product 

testing laboratories and outstand- 
ing international recognition! You 

can learn why the "more than a 

preamplifier" C 32 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 directory. 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 for your catalog please 
send the coupon to McIntosh. For non -rush 
service send the Reader Service Card to the 
magazine. 
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DXL continued 
native language, which also makes sense 
(a few diehards, such as Denmark and 
France, broadcast to us only in their na- 
tive language -this is easier to sell in 
the home country on the grounds that it 
will reach expatriates or emigrants rath- 
er than foreigners). Spanish and French 
are also legitimately targeted on North 
America, since they are widely under- 
stood in portions of this continent. 

But there are some oddball broad- 
casts which are in other languages nei- 
ther native to the country of origin, nor 
understood by more than a tiny fraction 
of the SWL audience. 

Russian is a good example; until May 
of this year, Israel beamed it toward 
New York every night at 0300 GMT. It 
was dropped due to budget problems. 
Since the difficulties in Iran, Israel has 
stepped up its broadcasts in Persian, but 
also beamed one of the broadcasts to the 
U.S. -1530 -1625 GMT on 21675 kHz. 
It should be noted that both these trans- 
missions involve simulcasting programs 
to the more obvious destinations. 

HCJB, Ecuador, is another station 
with Russian to North America, at 
0130 -0200 GMT on 11810 (frequently 
changed). However, HCJB is well aware 
that part of the USSR lies just beyond 
North America from the viewpoint of 
Ecuador. HCJB also broadcasts in Rus- 
sian to Australia and in German and 
Japanese to South America. Former 
broadcasts in Eskimo to North America 
were also carried on a frequency aimed 
at the South Pacific. 

HCJB's experimental transmission on 
26020 kHz results in some strange com- 
binations: German at midnight, Nordic 
languages at 2000 and 2100, Japanese 
at 2200, and Portuguese at 2300, all to 
North America. 

Another evangelical, Trans World 
Radio, sees fertile ground among lan- 
guage minorities, with broadcasts from 
Bonaire to South America in Russian, 
and from Swaziland to South and 
Southwest Africa in German. FEBC 
from the Philippines has German to the 
USSR. 

Radio Free Europe's Czechoslovak 
Service has a 10- minute weekly com- 
mentary in English, which serves several 
purposes. The enemy does not bother to 
jam one of its frequencies, since it's only 
on the air for that segment; and it allows 
English- speakers to hear and under- 
stand RFE, however briefly. It's Fridays 
at 2050 -2100 GMT during the summer- 
time in Europe, 2150 -2200 the rest of 
the year, on frequencies in the 19- or 25- 
meter bands (most recently 15420 kHz), 
via Portugal. 

Radio Sofia, Bulgaria, has broadcasts 
in Greek and Turkish not only to Greece 
and Turkey, but also to western Europe, 
where there are lots of guest workers 
from those countries. 

One of Radio Nederland's several 
broadcasts in Indonesian is also for 
western Europe, probably Holland it- 
self, where there is a considerable Indo- 
nesian- speaking minority. 

Radio Sweden has German not only 
for Europe but for Africa, and a broad- 
cast in French to South Asia. Both Ger- 

many and France once had colonies in 
these areas. Chile also had broadcasts to 
Africa in Italian and German, but these 
appear to have been dropped. Radio 
Korea has one Spanish broadcast to 
southeast Asia, presumably for Spanish - 
speaking remnants in the Philippines. 
Interestingly, Radio Pyongyang has a 
broadcast in Russian to the Near and 
Middle East! (Do they know something 
we don't know ?) 

Norway has a weekly 5- minute Span- 
ish segment in its transmissions to all 
parts of the world, whether or not there 
are any Spanish- speaking countries in 
the individual target zones. 

While in a slightly different category, 
an oddball service worthy of note is Ra- 
dio Portugal's Spanish broadcast at 
0230 -0300, specifically for Venezuela. 
It's safe to say this is the only shortwave 
broadcast on the air especially for that 
country and not its many Spanish - 
speaking neighbors. 

Radio Cairo broadcasts in Afar, Am- 
haric, Somali and Swahili not only to 
East Africa, but to South Africa too. 
These oddball broadcasts have been 
compiled from schedules issued by the 
stations or appearing in the World Ra- 
dio-TV Handbook. Not included are 
such anomalies as the Voice of America 
broadcast from California to the Philip- 
pines in Swahili, since it is intended to 
be relayed on from there to East Africa. 

Changes at Voice of America. 
VOA is about to complete phasing in a 
satellite -feed system to its overseas 
transmitters, meaning that there will be 
less need for domestic sites except dur- 
ing emergencies. Dixon, California was 
mothballed last year, and the same is 
about to happen to Bethany, Ohio (that 
antenna farm is readily visible east of I- 
75, just north of Cincinnati). This will 
reduce VOA interference to domestic 
shortwave listeners, but it will also make 
it harder for us to hear VOA programs. 
Bethany has been heavily used for sec- 
ondary services, such as AFRTS, the 
Voice of the OAS, and United Nations 
Radio. These will presumably be shifted 
to Greenville, N.C, unless Bethany re- 
ceives a reprisal. 

The VOA relay in Liberia survived 
the April coup intact, but VOA had 
already signed an agreement with Bo- 
tswana to build another station there. 
However, it is planned to operate on 621 
kHz (mediumwave) only. Part of the 
agreement is that Radio Botswana gets 
to use it for domestic services during 12 
hours of daytime. 

Owing to delays in funding and in 
finding qualified personnel, the VOA 
has been slow to react in adding new 
languages that suddenly become strate- 
gically important. VOA plans to add a 
service in Azeri (understood in Azerbai- 
jan SSR and parts of Iran), and has 
been criticized for not broadcasting in 
the primary language of Afghanistan, 
Pashto. Meanwhile, funding was ap- 
proved for increased broadcasts to the 
USSR on Radio Liberty from sites in 
Israel and Egypt, before those countries 
had agreed to such an operation. 
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Right Out Of Electronic 
Counterintelligence .. 

THE 
HI EROMYITIUS 

mACHIME. 

Voice Stress Computer 

It's almost beyond belief. This tiny solid - 
state instrument measures 3" x 6" x11/2" 
and fits in a pocket. Yet it contains 
sophisticated electronic circuitry, a 
microphone, and three red diodes. It 
analyzes the human voice for stress. 

Once you learn, in about 30 minutes, 
how to use the Hieronymus Machine, you 
will be able to discover whether a person 
is calm or stressful - merely by monitor- 
ing his or her voice. 

DEFINITELY NOT A "LIE DETECTOR" 
The Hieronymus Machine is not a Ile 

detector. Nor Is It a "truth" device. Even 
the famed polygraph machine is not a 
lie detector, plain and simple. The 
polygraph can be used to monitor a per- 
son's pulse, respiration, blood pressure, 
and galvanic skin response, bodily func- 
tions affected by stress. 

And In the hands of a skilled operator, 
the polygraph can be used to gain in- 
sights about a person's stress levels when 
talking about certain topics. But a very 
real part of the polygraph's usefulness is 
the "Hieronymus Effect," which we'll get 
to in a moment. 

SPIES AND COUNTERSPIES 
During wartime, counterintelligence 

experts wondered If science could come 
up with something simpler than the 
polygraph to help ferret out spies. 
Researchers became attracted to the 
theory that human voices emit "micro - 
tremors," low- frequency vibrations that 
are generally Inaudible or masked by 
other voice components. 

An article In Popular Electronics (April 
1980) describes the theory in detall. But 
the short story Is that after spending 
millions of dollars, researchers 
developed a voice stress analyzer. Now, 
the authors of the definitive article in 
Popular Electronics have perfected a 
personal voice stress analyzer, which we 
call the Hieronymus Machine. 

WHAT IT DOES, HOW YOU USE IT 

The Hieronymus Machine electronically 
measures changes In voice micro - 
tremors. The read -out Is simple: one red 
diode Indicates normal, two show 
moderate stress, and three reveal 
greater stress, ranging from mild to 
severe anxiety. 

You, as the operator, could use the 
Hieronymus Machine like a thermometer, 
checking the "fever level" of stress. As 
you gain skill, your Judgment will Im- 

prove, enabling you to pursue or avoid a 
line of questioning or discussion that pro- 
duces stressful responses. 

MANY USES AT HOME OR WORK 
You can use the Hieronymus Machine 

at home to have fun with your family. 
You'll discover how it responds to dif- 
ferent people's voices, what effect 
laughter and singing have on It, and 
even evaluate pollticans' speeches over 
TV or radio. It works quite well on transmit- 
ted voices, as well as over the telephone 
or with tape recordings. 

Next, try it on friends. See how well so- 
meone's favorite fish story holds up when 
you point out that the Hieronymus 
Machine doesn't believe a word of It. 
And watch that poker face disappear as 
the "stress" diode steadily Insists you're 
not getting the whole story. 

BIOFEEDBACK FOR YOU 
If you're required to talk in front of 

groups or need to speak convincingly to 
one person at a time, you can use the 
Hieronymus Machine to monitor your 
voice and learn a more relaxed, self - 
assured, persuasive style of delivery. If 

you wanted to learn hypnotism, a relax- 
ed voice would be a real asset - and 
the Hieronymus Machine could help you 
achieve it. 

At work, there are numerous situations 
in which the Hieronymus Machine could 
work wonders. Here's how: Hieronymus 
Bosch was a 15th -century painter known 
for his startling originality. He was also 
something of a medical practitioner, 
and he believed that patients could be 
cured by passing stones over their 
bodies. Bosch achieved success 
because his patients believed that a 
cure was taking place. 

Nearer our own time, a couple of 
science fiction writers concocted a 
devise they named after Bosch: It pro- 
duced varying sensations in the user 
depending on where a dial was set, from 
zero to 100. The amazing thing was that 
this machine worked on subjects even 
when it wasn't plugged in - a perfect 
Hieronymus Effect! 

Now we have a true Hieronymus 
Machine, the Voice Stress Analyzer. It ac- 
tually works, and among other things of a 
scientifically verifiable nature, It pro- 
duces the Hieronymus Effect. In Its 
presence, people suddenly become 
more forthright. In some cases, with such 
a machine present, employees being 

asked about office theft became very 
cooperative in answering questions 
truthfully. Naturally, you'll want to use the 
Hieronymus Machine In plain sight and 
tell people what It does. This actually 
gets more cooperation from them. 

30 -DAY TRIAL, 
MONEY -BACK GUARANTEE 

The potential uses of the Hieronymus 
Machine are limited only by your im- 
agination. Try It at no risk for 30 days. 
We'll send you one or more with com- 
plete instructions (9v. battery not includ- 
ed). You'll be able to try It, experiment, 
even conduct your own "Investigation." 

Governments and police departments 
and huge corporations are already us- 
ing large (briefcase- sized) versions of this 
kind of machine, and they have to pay 
$3,000 or so for theirs. But you can have a 
personal Hieronymus Machine for only 
$119.95. If you're not satisfied, send it 
back (Insured) for a full refund, no ques- 
tions asked. If you want two, the cost is 

$109.95 each. And if you want three or 
more for business use, It's only S99.95 
each. You're also protected by a 1 -year 
parts and labor warranty. 

EXCLUSIVE BY MAIL FROM MERCURY 
The Hieronymus Machine cannot be 

obtained in stores or from any other 
source. To order, send check or money 
order to the address below. Or charge it 
on American Express, Carte Blanche, 
Diners Club, Master Charge or Visa. You 
can also call us toll free: 

800-526-2801 
or 

800-257-7850 
In New Jersey, call toll free 800-322-8650. 
Include $2.50 insured shipping charge 
per Machine. N.J. residents please add 
5% sales tax. 
Or mall your order to: 

NATIONAL SALES GROUP 

MERCURY 
THE IMAGINATION PEOPLE° 

Dept. PE -9 , Lakewood Plaza 
Lakewood, New Jersey 08701 
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NEW! 
Space Age 
Security Timer 

Put a Computer in 
Your Wall Switch! 
This Space Age Timer goes way beyond 
ordinary plug -in timers. Pre- programmed 
Vigilite gives your home a "lived -in' look 
when you're away. Installs easily in a 
wall switch and turns the overhead light 
on and off...at slightly different times 
each day! It controls the kind of light that 
really makes your home look occupied... 
even kitchen, bathroom or porch, etc. Hand- 
some design fits any decor. Vigilite even 
contains an accurate digital clock. 

Easy to operate. Each Vigilite contains 
5 different lighting programs. Choose 
and set the one closest to your usual pat- 
terns. Your light will go on and off just as 
though you were there. Of course, you 
can override the automatic mode anytime 
by simply touching the built -in switch. 
For incandescent lights (not fluorescent) 
up to 300 watts. UL approved. 
Homeguardian Products 
2991 Meade Avenue Santa Clara, CA 95051 

60 DAY NO RISK MONEY 
BACK GUARANTEE 
Homeguardian Products, Dept. PE980 
PO. Box 4357 
Santa Clara, CA 95054 

YES! Send me Timers @ $46.95` 
(Calif. res. add $2.80 tax). Save $15...buy 
three for just $125.85` (Calif. res. add $7.55 
tax). If not satisfied, I can return the Vigi- 
lite within 60 days for a full refund. 

*Incl. $2.50 per order post. /handling 

Chk /m o for $ en-losed. 

Charge my. Tr Master Charge Visa 

Acc. # Exp Date 

Signature 
Name 
Address 
City Zip 

VISA /MasterCard buyers call Toll Free 
800 -854 -2003, Ext. 852 
(in Cal. call 800 -522 -1500, Ext. 852) 
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Tips &Techniques 

Low -Cost Pulse Detector 
Logic transitions (pulses) are the life- 
blood of a digital circuit or system. Pre- 
sented here is a simple pulse detector 
than can be used to monitor such transi- 
tions in TTL networks. Despite its sim- 
plicity, the circuit is an effective pulse 
catcher. It can be assembled from junk - 
box components in a half -hour or less, 
and its modest power requirements can 
be satisfied by the circuit to be moni- 
tored. This further simplifies its design. 

As shown in the diagram, two of the 
four NAND gates (ICIA and ICIB) 
contained in a 7400 TTL IC are inter- 
connected to form an RS flip -flop. The 
remaining two gates function as invert - 
ers-ICID inverts the logic level at the 
input probe and ¡Cl C inverts the output 
of the flip -flop. When the output of 
ICI C is logic zero, current flows 
through R2 and LEDI, causing the 
LED to glow. 

The circuit functions in either the 
HOLD or VIEW mode, depending on the 
position of S/. In the HOLD mode, a logic 
transition at the input probe changes the 
state of the flip -flop. The flip -flop re- 
mains in the changed state until it is 
reset by the user. In the VIEW mode, the 
flip -flop functions as a follower, chang- 
ing state in step with the input signal. 

The LED is a visual indicator of the 
state of the flip -flop's output. If the cir- 
cuit is in its VIEW mode and the input 
signal is a pulse train, the LED will 
blink on and off. Limitations in the re- 
sponse of the human eye must be consid- 
ered, however. If the duration of each 
pulse is very brief and the interval be- 
tween pulses relatively large, the eye 
will not see the brief flashes of light 
from the LED. If the duty cycle and fre- 
quency of the pulse train are sufficiently 
high, the LED will appear to be on con- 
tinuously when in fact it is rapidly flash- 
ing on and off. It is only at relatively low 
frequencies and large duty cycles that 
the user will see the LED blinking on 
and off. 

+VCC CLIP 

GROUND 
CLIP 

Jt 
PROBE 

Switch S2 routes either an inverted or 
noninverted version of the signal ap- 
pearing at the input probe to the flip - 
flop. Switch SI selects the operating 
mode and also functions as a reset 
switch when the circuit is in HOLD. 

The Inexpensive Pulse Detector's cir- 
cuit is so simple that it can be easily 
reproduced using perforated board, 
solder, and point -to -point wiring tech- 
niques. Wrapped -wire construction is 
also suitable. Mount the circuit in any 
small enclosure. 

The most convenient housing for the 
project is a plastic cigar tube. The tube 
can be drilled to accommodate the LED, 
input probe, and power leads. (No pow- 
er source need be included in the project 
because it can tap the current it needs 
from the supply of the circuit being 
monitored.) The circuit board and LED 
can be secured to the interior of the 
cigar tube using plastic cement. Two 
holes should be drilled at either end of 
the tube -one at the rounded end for the 
input probe and one in the cap for the 
power leads. The leads should be termi- 
nated with alligator clips and have 
color -coded insulation. A standard pin 
jack is the best choice for use as the 
input probe. 

What follows is a description of how 
the circuit behaves when logic signals 
are applied to its input probe for the four 
combinations of switch positions. 

If SI is in its view position and S2 in 
its noninverting position, the LED will 
remain dark as long as the probe is left 
floating or connected to a circuit node at 
logic one. When the input signal 
changes from logic one to logic zero (or 
when the probe is touched to a point at 
logic zero), the LED starts to glow. It 
will continue to glow until the signal 
returns to logic one or the probe is 
removed from the circuit. 

If S/ is in VIEW but S2 in its inverting 
position, the LED will glow as long as 
the probe is left floating or connected to 
a circuit node at logic one. When the 
input signal changes from logic one to 
logic zero (or the probe is touched to a 
point at logic zero), the LED will go 
dark. It will remain dark until the input 
logic level changes from zero to one or 
until the probe is removed from the cir- 
cuit node being monitored and is left 
floating. 

The HOLD mode differs from the VIEW 
mode in that the LED will not flash on 
and off in step with the input logic sig- 
nal. Rather, the circuit will be triggered 
by the first logic transition of the proper 
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polarity. The LED will be either turned 
off or on by this transition, depending on 
the position of S2, and will remain on 
(or off) until the circuit is reset. This is 
accomplished by momentarily placing 
SI in its VIEW position. 

If S/ is in its HOLD position and S2 is 
in its noninverting position, the LED 
will remain dark as long as the input 
probe is left floating or is applied to a 
circuit node at logic one. When the cir- 
cuit node goes from logic one to logic 
zero, the LED starts to glow. It will con- 
tinue to glow until SI is momentarily 
placed in its VIEW position. Note that if 
the circuit has not yet been triggered, 
the LED will start to glow as soon as the 
input probe is touched to a point in the 
circuit at logic zero. This happens be- 
cause the project perceives that a nega- 
tive logic transition has taken place 
when in fact the circuit node to be moni- 

tored has not changed state at all. To 
reset the circuit so that it can catch and 
hold the next negative logic transition, 
simply toggle SI to VIEW and then back 
t0 HOLD. 

Now assume that SI is placed in its 
HOLD position and S2 in its inverting 
position. If the input probe is floating or 
touched to a circuit node at logic one, 
the LED will glow and continue to glow 
even if Si is placed in its VIEW position. 
However, if the probe is in contact with 
a circuit node that is at logic zero before 
Si is placed in its HOLD position, the 
LED will remain dark until a positive 
logic transition (zero to one) occurs. 
Once the circuit has been triggered by a 
positive logic transition, the LED will 
continue to glow until the input probe is 
placed at logic zero and SI is toggled 
from HOLD to VIEW.- Richard Towle, 
Bedford, MA. 

Simple Flasher 

Shown here is a simple flasher circuit 
that can be assembled from standard, 
readily available parts. With the compo- 
nent values shown, the flash rate is ap- 
proximately once per second. The incan- 
descent lamp used as a load glows at 
half brightness for about one -third of 
the total flasher period and is off for the 
remaining two thirds. 

Electrolytic capacitor CI charges up 
during the positive half -cycle of the ac 
waveform through RI, R3 and D2. 
When the voltage across the capacitor 
reaches the breakover voltage of silicon 
asymmetrical switch DI (either 9 or 18 
volts), the capacitor starts to discharge 
through R2, DI, Q1, R4 and Q2. Emit- 
ter follower Ql is driven by the dis- 
charge current from Cl and in turn pro- 
vides gate drive for triac Q2. Thus, Q2 

conducts and II glows only while CI is 
discharging. The lamp goes dark when 
CI is depleted of charge and remains 
dark until the ac power waveform goes 
positive again and charges the capacitor 
sufficiently. 

Transistor QI, nominally a type 
2N4401, can be any medium -current, 
high -beta npn silicon device with a VCEO 
rating of 40 volts or more. A triac used 
for Q2 should be rated to handle 10 
amperes, to withstand 400 volts rms and 
should be triggered into conduction by a 
gate current of no more than 5 mA. In 
many applications, the triac will not 
have to be heat sinked. The flash rate 
can be varied by changing the capaci- 
tance of CI. Using more capacitance re- 
sults in a slower flash rate, and less 
capacitance in a faster flash rate. -Ber- 
tram A. Thiel, Frostburg, MD 

RI 
10K 

R2 
10K 

+ CI 
IOOyF 

IN25V 

01 
2N440í 

R3 
D2 IOK 

IN4004 
MT2 21 

7TOIOOW 

vri v 
MTI 

DI 
GE ST-4 

OR 
ECG6405 

R4 
33011 

HOT 

- 120 
VAC 

NEUTRAL 

PC Board Viewer 

The enclosure shown in the figure is a 
very handy printed circuit board viewer. 
It was made out of 1/4-inch (6.4 -mm) 
plywood, and the interior was lined with 
aluminum foil. A 25 -watt incandescent 
bulb and bulb holder were installed to 
illuminate the inside of the box. In oper- 
ation, the lamp's line cord is plugged 
into a power outlet and the printed cir- 
cuit board to be observed is positioned 
over the opening on the top of the box. A 
visual inspection of the board for minute 
cracks can then be made. The box is also 
helpful when looking for unbonded foil 
(blisters) caused by excessive applica- 
tion of heat during soldering, for shorts 
or causes of leakage paths, for the exact 
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solder point when removing miniature 
components from densely packed pc 
boards such as those found in transistor 
radios, and when performing general 
circuit tracing. -Harry J. Miller, Sa- 
rasota, FL. 

DISCOUNT 
PRICES. 

Top Quality 
Money -Back Guarantee 

All Factory Prime 
MICROPROCESSOR IC'S 
Z-80 895 6800 675 
Z-80A 1095 6802 1150 
8080A 550 6502 950 
8085A 11 95 6504 9 50 
Z8001 18900 6505 950 
Z8002 139.00 2901 8 95 

MICROPROCESSOR SUPPORT IC'S 
8212 249 Z80-PIO 695 
8214 390 Z80A-P10 825 
8216 249 Z80-CTC 695 
8224 295 Z80A-CTC 825 
8226 225 780-DMA 2495 
8228 4 75 Z80A-DMA 32 95 
8238 4 90 Z80-S10/0 33 95 
3251 5 95 280A-S10/0. 37 95 
8253 19 50 Z80-S10/1 33 95 
8255 570 Z80Z-S10/1 3795 
8257 19.50 Z80-S10/2 33 95 
8259 1950 Z80A-S10/2 3795 
6810 4 75 6860 895 
6820 390 6520 675 
6821 390 6522 9.75 
6850 410 6532 1995 
6852 3 90 6551 13 75 

MEMORY RAMS PROMS EPROMS 
2114-/50 na /50 2101-450 ns 
2114L-200 ns 595 21L02-250 ns I 10 

4044-450 ns 425 21L02-450 ns 99 
4116-200 ns 795 2111-450 ns 295 
4116-150 ns 12 95 2112-450 ns 1 95 
4096-5 3 50 2147-85 ns 19 95 
MCM 6604 AC 350 2708-450 na 895 
AM 9060 CDC 295 2716-450 ns 2595 
5101-3 495 2732450 ns 7995 

SOUND GENERATORS 
SN76477 Complex Sound Generator 249 
AY-3-8910 GI Sound Gen (Add $3 00 for manual) 64 Pgs 11 95 

UARTS 
AY-5-1013A 395 AY-3-1015A 5.10 
AY-3-1014A 650 TR1602A 350 

LINEAR LM 3401 Serles 1 15 

LM 301N-8 32 LM 387N-8 99 
LM 301AH 32 LM 393N-8 99 
LM 307N-8 25 LM 3900N-14 58 

LM 3078 25 LM 3909N-8 99 
LM 308H 75 LM 739DC-14 99 
LM 311N-8 59 LM 74ICN-14 19 

LM 319H 90 LM 7470N-14 59 
LM 320K Serles 1 35 RC 1556NB-8 1 25 

LM 3201 Serles 1 15 LM 4250CH 95 
LM 323K 4 95 CA 31301 225 
LM 339N-14 98 LM 4136N-14 95 
LM 340K Series 1 35 LM 383T 1 25 

SOCKETS 
Low Wire Wrap #3 

Profile Gold Tin 

Low 

We 
Wrap 

n 

#3 
Profite Gold ü 

8 Pin 14 49 29 22 Pin 28 99 69 
14 Pin 16 57 37 22 Pin 16 99 70 
16 Pin 20 61 41 24 Pon 36 1 10 85 

18 fia .10 89 59 28 Pin 39 1 39 1 10 

20 0.1 28 99 SS 40 Pm 55 1 75 1 40 

SPECIALS OF THE MONTH 
Whde Supply Lasts 

ECL 10146L RAM 10240629 Os m 95 

AM 3705 PMOS 8 -Ch Multiplexer 895 
MM 5001-1 Dual 25.811 Shift Register 49 
TR1671 Asyn /Sync Receiver - Transmitter 1695 
95H90 HI -Speed Div 10,11 Prescaler 1095 
MCT6 Dual Opto Isolator 1500V 99 
ICL 7107 CPL 3' r -Digit AO Cone LED 1150 
AV -5 -2376 Keyboard Encorder 88 Keys 1050 
AY-5-3600 Keyboard Encoder. 90 Keys 995 
1488 or 1489 Liner Driver/Receiver 99 

18 -Pin Low Profile Sockets End Stackable 10 

HOW TO ORDER-Pay by check credit cam a C O D Foegn pay 
Funds O1á01 by phone or mail 8100 nnnimum Prices sand [Orb last day al cove, 

Shippirg- SO 00 for the first 7 lOo Fa surtale add 151 la ea add lb For air add 
for each anal lb Foreign- Add In" Ica shoving and handling CODE add St85Goer- 
anleed saristaclion pr yaw money back We reserve the right to limo quantities -,...i 
items sullied lo prior sale We are ,x11 responsible for 155115 

SEND FOR OUR FREE FIVER Contains complete íí5l 0l 74LS00 ICS . Components 
Express, Inc. 

80 E. Edinger, Unit PE 
anta Ana, CA 92705 

(714) 558 -3972 
"Have you kissed your computer lately 
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TRS-80 $669. 
Level II, 

16K 

Chatte Box 

$25995 
Full 8 -.it parallel port - Acoustic modem 
RS -232 -C port (up to 19,200 baud) 
TRS -BUS connector for future expan. 
Connects directly to the keyboard 
Includes terminal software 

Atari 800 16K RAM 

$819. 
J 

Atä ri 4-00$499. 

PET16K 

$895.________ 
r 

PET32K $1195. 
Send $1. for our complete catalog featuring 
HARDWARE/SOFTWARE/BOOKS 
FOR THE TRS -80, Apple, Atari and 
Pet. You also get a $2. credit toward 
your first order. 

TO ORDER TOLL FREE 

800 -258 -1790 I (In NH call 673 -5144) 

ill 6 South St., 

I nRa5 
Milford NH 03055 
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Electronics Library 

The Radio Amateur's Handbook 1980 
(Fifty- Seventh Edition) 

by the ARRL Headquarters Staff 
This latest incarnation of the venerable 
Radio Amateur's Handbook continues 
the trend of recent editions in its in- 
creased emphasis on physics concepts in 
the presentation of such topics as trans- 
mission lines, antennas, shielding, etc. 
Also, the increased use of VMOS de- 
vices, toroidal inductors and transform- 
ers, linear and digital ICs, doubly bal- 
anced mixers and other components in 
the circuits presented in the Handbook 
reflect the evolution of communications 
electronics. 
Published by the American Radio Re- 
lay League, 225 Main Street, Newing- 
ton, CT 06111. 576 pages. Hard cover 
$15.75 in the U.S., $18 in Canada and 
elsewhere. Soft cover $10 in the U.S., 
$11 in Canada, and $12.50 elsewhere. 

The BASIC Handbook 
by David A. Lien 

This new book can prove to be an invalu- 
able aid in getting published BASIC 
programs to run in your computer. It 
lists the various BASIC statement /com- 
mand words and existing variations used 
in 78 popular BASICs. An explanation 
of the word tells what it is and does. 
Then a program allows you to determine 
if your computer's interpreter or compil- 
er recognizes and makes use of the word 
and how the computer might respond if 
it does. Helpful hints on simplifying a 
program to achieve a higher level of reli- 
ability are then noted. 
Published by Compusoft Publishing, 
P.O. Box 19669, San Diego, CA 92119. 
Soft cover. 360 pages. $14.95. 

Audio Servicing 
by Andy J. Wells 

Here's a book that delivers just what its 
title implies, considering that its subtitle 
is "Theory and Practice." (It is designed 
to be used with a companion Lab Manu- 
al that is available for $4.95.) By itself, 
Audio Servicing can be a very useful 
book for any audio -equipment owner to 
have, as well as the service technician. 
With numerous photos, schematic dia- 
grams, and other illustrations, backed 
up by well -written and easy-to- under- 
stand text, it succeeds in explaining 
every part of an audio system in non- 
technical terms. 
Published by Gregg /McGraw -Hill Book 
Co., 1221 Ave. of Americas, New York, 
NY 10020. Soft cover. 228 pages. 
$8.95. 

FREE 
Software. Lists 400 pro- 
grams on 70 tapes and 
disks. For education, recre- 
ation, and personal use. 

Books. Lists 100 books, 
games, records, prints, etc. 
for educational and per- 
sonal users of small compu- 
ters. 

Peripherals. (ALF music 
synthesizer and Versa - 
Writer for the Apple II). 

Send 3 15 d stamps for 
either catalog or 5 for both. 
Or send $2.00 for a sample 
issue of Creative Computing 
and both catalogs. 

creative 
computirtg 

DEPT. PEJG 
P.O. Box 789 -M 

Morristown, NJ 07960 

SAVE! 
MONEY TIME FREIGHT 

QUALITY STEREO EQUIPMENT 
AT LOWEST PRICES. 

YOUR REQUEST FOR QUOTA- 
TION RETURNED SAME DAY 
FACTORY SEALED CARTONS - 
GUARANTEED AND INSURED. 

SAVE ON NAME BRANDS LIKE: 

PIONEER SANSUI 

KENWOOD DYNACO 

SHURE SONY 

MARANTZ KOSS 

AND MORE THAN 50 OTHERS 

BUY THE MODERN WAY 

BY MAIL -FROM 

BANK CARDS ACCEPTED 

12 East Delaware 

Chicago, Illinois 60611 

312 -664 -0020 
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FLASHING L.E.D. 
Lltronix FRL -4403 

diffue.d rid is with built 
M flashing unit 
Ti % package 
pule. rat. Ma a 5520 m.. 

2 for $1.70 

ALCO HEAVY DUTY 
MINIATURE SIZE TOGGLE 
Rated: 10 amps G: 120 vac 
Contacts: solid silver S.P.D.T. 
Body Size: 9/18" die. 

cylindrical body 3/4" 

s 1. O each specify handle style 
,a' standard Minitlun 
',AO eel ism I.! .. s0 .nin° Busking ee'''° 

" c+ wo *.t 
22.000 MFD. as50VDC 

COMPUTER GRADE CAPS. 
4.k" high s 3" 53.50 clamps 50s 

AXIAL ELECTROLYTIC 
CAPACITORS 

8,000 MFD 15V1.50 ea. ave" long s 1.1110 diameter 
600 MFD. 100 VDC 51.00 ea. 
21111e" long o I" diameter 
4,700 MFD 18 VDC 210( 61.50 
2 bong al" diameter 

DUAL 50K SLIDE POT 
linear taper 51.50 each 'f 

POTTER BRUMFIELD 
4 PDT RELAYS 

14 pin style 
3 amp contacts 
24 V.D.C. or 
120 V.A.C. con 

uedbut lolly 
t 

S1.50esch 
specify coil voltage 
LARGE QUANTITIES AVAILABLE 

3lnch long 2' inch slide 
knobs for elide pots 208 each 

50K SLIDE POT 75sEact 
Knobs for Slid. 

audio to Br Pot. 204 each P - 22/44 EDGEBOARD CONNECTOR 
TIN SOLDERTAIL.154"e.200" 

LARGE QUANTITIES AVAILABLE 
11.35 each 10 for S12.50 

3 -l. d ."cn ono ? 3.4 ncn skis 

TRANSFORMERS 
115 volt primaries 

_. 
3 VOLTS a 200MA. 51.25 
8 VOLTS0260MA. $1.25 
12.6 VOLTS C.T. e 260MA. $1.50 
12.6 VOLTS C.T. T MP. P. 52.75 
18.5 VOLTS IS 3 AMP $6.50 

PHOTO - FLASH 
CAPACITOR 

1100 MFD 330 VOLTS 

r 
I 

31/4"x11/4" 

$ 1.50 Each 

3x5" OAKTRON 
SPEAKER 

`mil 3 Magnet 
8 HM Impedance 
$2.50 each 

LARGE QUANTITIES AVAILABLE 

INLL ELECTROAICS 
905 S. Vermont Ave. SEND 

Los Angeles, CA 90006 
(213) 380 -8000 

Store a Warehouse Hours 
9AM -5 PM 

Monday thru Friday 
Saturday 

10 AM . 3 M 

CORP. 
FOR OUR FREE CATALOG 

TERMS 
Quantities Limited 
Min. Order 110.00 
AddS2.00 
Shipping USA 
Calif. Rea. Add 8% 
Prompt Shipping 
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apple computer 
Complete Mkroprocessers line, peripherals d Terminals. 

APPLE II PLUS, 16K S 995.00 Disk II /controller ..S 535.00 
SOROC 10120 845.00 SOROC 10140 1395.00 
ADM3A. assembled.. 840.25 T1.99/4 w /monitor 999.00 
TI.745 1440.00 TI.810 1715.00 

Texas Instruments 
Invest. Anal... 49.95 
(1.55 35.50 
Accessories call us 

TI.58C 92.90 
PC100C 162.00 
1159 208.50 
Dig. Therm. 105.00 
Lang. Trans. 225.00 

Speak d Spell $59.00 
Spelling Bee.. 30.95 
TI- Programmer 52.50 
MBA 52.50 
115100 31.50 
T1 -5015 59.00 
TI -5025 61.95 
Il -5040 79.00 

HEWLETT -PACKARD 
HP -61 $299.00 HP -41C Prog 243.00 
HP-97 584.50 HP-41C Printer _ _._ 327.00 
HP-33C 89.95 HP.41C CRD RDR ... 117.95 
HP.34C 124.95 HP.41C Mem. Module 40.00 
HP38C 124.95 HP 32E 56.00 

HP -85 CALL US FOR PRICES 

SCM TYPEWRITER SPECIALS 
SCM 2200 
SCM 2500 

5269.00 INTREPID $274.00 
279.00 CLASSIC 12 144.00 

All unirs shipped ,n original cart ns w,rh accessories accordin 
g to manulacturer's spec,i,cation Send money orders. personel 

Acheck 12 weeks to clear!. In Illinois add 8% sales tax. dd 54.95 minimum shipping A handling charges per unit. 
We ship UPS. Subject to availability Written warranty for 
specific products can be obtained I tee upon request. Above 
prices are for 
s ) subject to change without notice. Send Im 

and 
mail ail orderc 

naóik's, Pm. 
519 DAVIS. EVANSTON, ILL. 60201 TEL.: 312.869 -6144 
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New Literature 
Reference Manual for 
The Imagination Machine 
A Technical Reference Manual on APF 
Electronics' Imagination Machine in- 
cludes chapters on memory maps, mem- 
ory usage for programs and variables, 
and entering and using machine lan- 
guage. Appendices include schematics 
and parts layout. Written for The Imag- 
ination Machine purchaser who would 
like to have more knowledge about how 
it works. Send $2, postage and handling, 
to APF Electronics Inc., 444 Madison 
Ave., New York, NY 10022. 

Dolby HX Literature 
In a four -page pamphlet, Dolby Labora- 
tories describes the theory and operation 
of its new Headroom Extension (HX) 
circuit configuration now appearing in 
cassette decks on the audio market. 
Through signal -controlled variation of a 
deck's recording bias and equalization, 
Dolby HX is said to achieve a dynamic - 
range increase on the order of 10 dB at 
high frequencies. Address: Dolby Labo- 
ratories, 731 Sansome St., San Francis- 
co, CA 94111. 

Printed -Circuit Design Bulletin 
An updated Bulletin (Vol. III, No. 1) 
from Bishop Graphics features new 
printed- circuit artwork patterns recent- 
ly introduced by the company. Included 
are solder mask artwork patterns, feed - 
through conductor patterns for creating 
multi -color DIP stikons, dual in -line 
patterns, multipurpose prespaced pads, 
and templates. Address: Bishop Graph 
ics, 5388 Sterling Center Dr., Box 5007, 
Westlake Village, CA 91359. 

Gas -Discharge Displays 
A four -page brochure from Boston Elec- 
tronics Corp. covers its Optnix series of 
planar gas- discharge displays. Included 
are descriptions of the 2 -inch and 3.1- 
inch high digits, typical circuitry, and 
tables of electrical and mechanical prop- 
erties. Address: Boston Electronics 
Corp., 68 Harvard St., Brookline, MA 
02146. 

Hard -to -Find Tool Catalog 
A new catalog of tools for electronic 
assembly and precision mechanics from 
Jensen Tools Inc. includes over 2,000 
tools. Included are micro -tools, test and 
soldering equipment, tweezers, screw- 
drivers, cutters, drafting supplies, power 
tools, and a line of kits and cases. Ad- 
dress: Jensen Tools Inc., 1230 South 
Priest Dr., Tempe, AZ 85281. 

Build the World Famous 
CHROMA -CHIME 

KIT Give your friends a 
warm welcome. Yes, 
think how delighted 
and amazed they 
will be to hear 
the musical 
Chroma -Chime play 
when they press 
the front door bell! 

The Chroma- 
Chime uses a 
microcomputer 
to play 24 
well -known tunes 
Instead of the regular 
ding -dong bell or buzzer. This British designed 
unit uses a Texas instruments TMS 1000 specially 
programmed with a complete repertoire of 
tunes built In. The kit is simplicity itself for ease 
of construction. Absolutely everything needed 
Is supplied, including: 

* Resistors, Capacitors, Diodes, 
Transistors, I.C. Socket and 
all hardware 

* Texas Instruments TMS 1000 
microcomputer 

* Comprehensive kit manual with 
full circuit details 

* Ready drilled and legended 
PCB Included 

When built, simply substitute for your old door 
chime or bell, no additional wiring needed, can be 
operated either from a 16 volt AC transformer or 
from two regular 9 volt batteries. 

Plays 24- well -known tunes including: 
Star Spangled Banner 
William Tell Overture 
Greensleeves 
Mozart Sonata 
Oh come all ye faithful 
plus many other popular favourites. 

* No previous microcomputer experience 
necessary 

* All programming retained Is on chip ROM * Fully guaranteed. 

TMS 1000 N- MPO027A 
Microcomputer chip r 

available separately if 
required. Full 24 tune device supplied 
with data sheet and fully guaranteed 
only $12.50 Incl. p & p. 

To order, send either a personal Check or money 
order, alternatively we can deduct from your Visa 
or Master Charge account. 

Absolutely no risk, money back if not delighted. 
$39.95 inclusive of air mall, direct to the USA. 
Delivery may take 14 to 28 days. 

Ordering from the UK is just like any other place in 
the USA 10,000's already sold! 

rTo: CHROMATRONICS, RIVER WAY, PE -801 
HARLOW, ESSEX, ENGLAND. 

I Our phone (01144) 279 418611 

Please send me kits 

NAME 

67, 

I 

I 

I 

I 

I 

ADDRESS 

I enclose checks value S 

or debit my Visa /Mas -ter Charge account no. !MI II 11111111 l 
Signature 
Dealers note: Available in kit or 
ready built from:- Timely Products 

LSales Inc Chicago Tel: (312) 263 6231 J 
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r- 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 50i for first class mail. 

LO 
108 New South Road 
Hicksville, N.Y. 11801 E/CO 

J 
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Operation Assist 
If you need Information on outdated or rare 

equipment -a schematic parts hst. 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 II appreciate it (Only those 
items regarding equipment not available from normal 
sources are published 

Bell & Howell model 34 oscilloscope. Need schematic and 
alignment information. Charles Kneiblher III, 1751 New Ash - 
lend City Hwy., Clarksville, KY. 

Jackson Electric Co., TV sweep /marker generator. Need 
schematic and any available information. Douglas Young, 
4314 Wyoming Ct., Virginia Beach, VA 23458. 

Precision aeries E -400 sweep generator. Need operating 
manual. Norman Schmidt, 3301 Rollingwood Dr., Gastonia, 
NC 28052. 

Zenith model 8801 wavemagnet AM radio. Need schematic 
and parts list. Robert M. Shuster, 210 Briar Ave., North Can- 
ton, OH 44720. 

Approved Electronic Instrument Corp., model A -200 r -f 

signal generator. Need schematic or address of company. 
Dan Bleicher, 8820 Van Nuys Blvd. #6, Panorama City, CA 
91402. 

Stromberg- Carlson No. 920 -H radio receiver. Need sche- 
matic or specifications on power transformer. Charles Cline, 
8334 Ben Ave., N. Hollywood, CA 91808. 

Olympic model CT -400 (chassis CT -1990) TV. Need high 
voltage transformer part #TRJ- 61442. William J. Maida, 341 
Isabella Dr., Longwood, FL 32750. 

Simpson model 310 signal generator. Operating manual and 
schematic needed. Elden Perry, Box 441, Nashville, MI 
49073. 

Thordarson type T11K18 oscilloscope. Need schematic. 
Nicholas Mulchin, 232 Willow St., Meadville, PA 16335. 

Electro Instruments, Inc., model 405 digital voltmeter. Need 
schematic, manual, any available information and company 
address. Frank Nally, 1127 Berkeley Sq., Louisville, KY 
40213. 

Precision Apparatus Co., series ES -500A oscilloscope. 
Manual and schematic needed. Dewey Parlier, 3311 Wide 
Country Rd., Pfafftown, NC 27040. 

Lear, Inc., model ADF -12, ADF -12C, ADFL -12 orienter. Need 
schematic and manuals. Greg Woods, PO Box 69, Moosom- 
in, SK, SOG 3NO Canada. 

Dumont model 3044 oscilloscope. Need instruction manual. 
L.E. Weiss, Sr., 14518 S. Disney Ave., Norwalk, CA 90650. 

Alaron model B606 reel -to -reel tape recorder. Need sche- 
matic and manuals. E.R. Gamble, 1053 Elm St., Clinon, IN 

47842. 

Pilot model TV 37 television. Need kinescope 3KP4. Barry 
Dalton, 10354 Danube Ave., Granada Hills, CA 91344. 

Philco model 810 radio. Need antenna transformer (original 
part #32- 1689). Glen Steinman, 7915 E. Michigan Ave., 
Jackson, MI 49201. 

Halllcratters SX -100 receiver. Need schematic, operating 
manual and any available information. Alan Herbach, 27200 
Franklin Rd., Apt. 622, Southfield, MI 48034. 

Simpson model 480 genescope. Need manuals, schematics 
and calibration data. Emil Huddy, 45541 Rd. 200, North Fork, 
CA 93643. 

Grunow model 501 AM radio. Need schematic, parts liai and 
service information. Doug Lobb, 6815 X St., Lincoln, NB 
88505. 

Jackson model TVG -2 TV sweep /marker generator. Sche- 
matic and manuals needed. Ted Wilson, Isabel! Enterprises, 
12439 So. Giles St., Las Vegas, NV 89119. 

(Continued on page 127) 

1 10 -QUAD PHONO TACKS, 4 RCA jacks on 2 x 11," Bakelite strip, 1.62491 2.99w 
50 -RCA PHONO PLUGS, popular audio /speaker plugs, 1004° material, 1.32931 2.99 
25 -MINI PLUG & CABLE SETS, 3.5mm plug, 6' insulated 2 rond. leads, 1.62691 2.99 
25- MAGNETIC DISCS, Plastalloy 13/16 dia. x 1 /8" discs, 1.6294) 2.99 
430-PRE-FORMED DISCS, caps w /leads for PC use, mixed values, 1.26051 2.99 
30- PLASTIC POWERS, 25 watt, npn a pnp, 50 -200 bvcbo, TO -220, 1.62371 299 
100 -2 WATT RESISTORS, assorted carbons, films etc. some 54 °ers, 1.62381 2.99 
24 -LM -3407 VOLTAGE REGULATORS, untested TO -220, may incl. 5 -24V, 1.26351 2.99 
150- POLYSTYRENE CAPS, assorted types, styles, A sizes, all good, 1.27291 2 99 
200 -COILS & CHOKES, asst. RF, OSC, IF, and peaking types, 1.6283) 2.99 
50 -POWER TAB TRANSISTORS, plastic NPN. TO -220, asst. types, untested, 1.2425/ 2.99 
24- SKINNY TRIM POTS, multi & single turn, asst. values 8 types, ío62851 2.99 
-25A 50V BRIDGES, "block" type, with four lug -type leads, 1.63111 2 99 

iii0.TTLs, 7400 series, incl. gates, flip -flops, elc. untested, 1.62261 299 
5 -BRASS LOCKS, with key. 1'2" long, fm doors, windows, etc. 1.62531 2.99 
250 -MOLEX SOCKETS, "on -a- strip ", make your own pc sockets. 1.62551 2 99 
50 -MINI POTS, pc style, single turn, assorted values, (.33451 299 
20 -IUMBO RED LEDS, 3V 10 mA, 100', good material, red dome tense, 1.3369) ....2.99 
3 -SOUND TRIGGERS, sound activated amp, SCR triggered, on 3" board, 1.36251 2.99 
50- TRANSISTOR SOCKETS, assortment may include; TO- 19,5,66,3, eli, 1.38451 2.99 
100 -CABLE TIES, 4" non -dip white plastic, like Ty -wrap, 1.52181 2 99 

150- FEEDTHRU CAPS, assorted types & sizes, for RF, UHF, etc, 445668AI 2 99 
250 -', WATT RESISTORS, asstd. carbons, orbo- films, some Viers, In5797A1 299 
100 -PLESSY CAPS, ceramic blocks in assorted sizes 8 values, 1.62211 2.99 
30 -HOBBY LEDS, assorted types & colors, mostly dims, some good, 1.62251 2 99 

150 PC.- HEATSHRINK, slip -over type, shrinks 5040, like Thermo -fit, 1.62391 299 
30 -NE -2 BULBS, neon, for 110 VAC, requires resistor, (not incl.) 1.2613) 2.99 
100 -METALLIC RESISTORS, mostly 'I wafters, asst. val. 1 -5 ".. tot. 1.62801 2.99 
100- POWERS POWERS, 3 to 7 watt power resistors, 1.62811 2 99 
'S- CRYSTALS, assorted types, some H6 /U, some frequency marked, 1.62561 2 99 

I 0- SUBMINI IF TRANSFORMERS, asst. may include; asc. antenna, etc. 1.62591 2.99 
50- SQUARE OHM RESISTORS, prime resistors, asst. values, grab 'em! 1.6261 i 299 
30 -MICRO MINI REED SWITCHES, 1" long, for alarms, relay systems, etc. 1.62631 . 2.99 
200 PC.- CAPACITOR SPECIAL, asst. mylars, polys, miras, etc. 1004 good, 1.62641 2.99 
20- PUSHBUTTON ALARM SWITCH, SPST, momentary, NC, w /hardware, 1.62671 2.99 
500' PC.- HARDWARE SURPRISE, l'approx.l 1 Ib. asst. screws, washers, etc. 1.627112.99 
30 -9V BATTERY CLIPS, snap connector, coded, insulated leads, 1.62861 2 99 
6 -WATCH GUTS, 5- function, LED style, assorted sizes, untested, 1.62871 299 
10 -HEAVY DUTY LINE CORDS, white, 2 rond. 6 ft. 16 gauge, 1.62921 2.99 
20- SINGLE PIN LEDS, green, micro style, 3V 10mA, 1003., (.62931 2 99 
40- LED /TRANSISTOR SOCKETS, "snap -in ", 3 pc leads, for TO- 5,18,46.etc, (.62971 2.99 
200- PRECISION RESISTORS. '.W, 1'., axial 1.2428) 2 99 
IS- MOTORS MOTORS, asstd. sizes speeds & types, 1.5 -12 volts, 1.2551A) 2.99 
1Sf LONG LEAD DISCS, prime, marked caps, assorted material, 1425951 2.99 
100 -PLASTIC TRANSISTORS, untested, TO -92, asst. types 1.26041 299 
50 -SLIDE SWITCHES, various shapes, sizes, and types, 1.27261 299 
75- TRANSISTOR ELECTROLYTICS, epoxy encapsulated, asst. values, 1.27471 2.99 

I 1 250 -HALF WATTERS. 100 °, color -coded resistors, asst. values, 1.30461 2.99 
25-SLIDE VOLUME CONTROLS, various values & types, for Hi -Fi, etc. 1.30571 2 99 

-, 50- UPRIGHT ELECTROS, 100°., assorted values & voltages, marked, 1.32261 2 99, 

'SALE ENDS: November 1, 1980 
Discount To Be Taken BEFORE Postage Is Added. 

Cat. No. 
92CU6671 

KEYBOARDS wt lOoz. 

ASCII Compatible Original 
Factory Keyboards 
Includes; 53 -Key 
Alphanumeric, PLUS 20 -Key 
Hexadecimal Arrays! 
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TANK GAME CHIP 
& BOARD SET 

-kam General 

d $1488'x; 
Instruments 1 

Cat. No. 92C1.16526 AY- 38700 -1 
t,enrr,l In.tr unent'. Al '' I 'rank Haitle Gan,! Uhr, ,i 
heard .ei Ln pin 1111' 

TANK GAME CHIP Cat. No. $9.95 LESS BOARD 92cussos 

40 CHANNEL 
CB BOARD 

Boards have 
Phase Lock Loop IC. Heat 
ranked 9W Amp Chip, RF 
and Modulation transistors 
Sise 6 "s6 "s2 "'H' Wt 9 on 

MOTOROLA 
AM /FM 

PUSHBUTTON 

CAR $4085 

`a1j 
g 

STEREO 
i48$ ,.: 

afts w'1 

+++NNN "' ' y 
F 

Adjustable Shafts Wt 

{f +, - I In /Under Dash Mount 
cat. Ne. J ' -'. 'Factory Installed " ,Quality 

sxusssa ,i ' k - Speaker Stereo Reproductio 

SEND FOR FREE CATALOG 

POLY PAK1 
P.D. BOX 942, E9 

SOUTH LYNNFIELD, 
MASS. 01940 

NOW TO ORDER -41 
We honor MASTERCNARGE. VISA, Check, e C.O.D.. 
Order by Phone or Mail. Min. Order: USA & Canada: 
SIO, foreign; S20. Please state Cat. No. a Deacrip. 
lion, Name a Month of magazine. Please Enclose for 
POSTAGE & HANDLING: USA: SS, Canadian; 56, 
Foreign: $20, TUS Funds). OPEN ACCOUNTS: (Must 
be listed a rated in ORB) Net.30, 1525 minimum). 
PHONE: (6171 2453826 
C.O.D. ORDERS: Payment must be made via Cash. 
Postal Money Order, or Certified Check. C.O.D. 
charges will be added to the order. 
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ALL TOLL -FREE 
800.223 -2706 

lc Electronics 
1263 Br New York, N.Y. 10001 

BLANK TAPES RECORDS 
(Minimum Ordeh10 Tapes) 

MAXELL 
C90 00XL-Il or I 3 39 
C-60 UDXL-11 or I 249 
C-90 UD 279 

TDK 
C-90 SA (Cr) 
C-60 SA (Cr) 
C 90 AO 

2 99 
2 19 

2 49 

ENTIRE SCHWANN CATALOG 
ROCK, JAll, R &B 

(Minimum Order 4 Records) 
All 7.98 List Only 4.85 
All 8.98 List Only 5.35 
All 9.98 List Only 5.85 
Tapes - Cassette or 0-Trach add .40 

Record Orders By Mail Only 
No Telephone Orders Accepted 

PHONO CARTRIDGES CAR STEREO 
Shure V -15 Type IV 89.99 
Shure V15 Type III HE 67.99 
Shure M97 -HE 53.99 
Shure M95 -11E 35.99 
AT-30E w /AT -630 102.99 
Audio -Technics AT14-SA 49.99 
Audio- TechnireAT12 -SA 35.99 
Stanton 8815 71.99 
Stanton 681EEES 56.99 
Stanton 681EEE 47.99 
Empire 2000Z 54.99 
Empae 2000ES 18.99 
Pickering XSV4000 68.99 
Pickering XSV3000 4919 

HEADPHONES 

Kass Pro 4AAA 49.99 
Koss HVXLC 48.99 
Sennheiser HD-430 75.99 
Sennheiser HD-420 52.99 
Audio -Technics ATH -7 99.99 

PIONEER 
KPX 9500 Indash 171.99 
KP 8500 lodes!) 142.99 
KP 8000 Indash 155.99 
KE 5000 Indash 249.99 
GM-40 Power Amp 4919 
GM -120 Power Amp 107.99 

SANYO 
FT 1490.2 Indash 166.99 
FT 646 Indash 144.99 
FTC 6 Indash 80.99 

JENSEN 
R4301ndas!r Cassette 329.99 
9420 Indash Cassette 269.99 
8410 Indash Cassette 209.99 
9402 Indash Cassette 172.99 

JENSEN SPECIAL 
R-405 Indash Cassette 189.99 

BLAUPUNKT 
CR 2001 Indash 275.99 
CR 20000 Indash 231.99 

FREE CATALOG UPON REQUEST!! 
We carry a lull Iron of PIONEER, TECHNICS. AKAI, B.I.C. & TEAC 
Home Stereo Egmpment as well as PIONEER, JENSEN CLARION. 
SANTO BLAUPUNKT, PANASONIC, and CONCORD Car Stereos. 

All merchandise is Factory Fresh and complete with Manufacturer's 
Warranty. For immeadiate shipment, send Certified Check, Money 
Order, Cashier's Check or Master Charge or Visa (Send Card Number 
and Expiration Date). Call on Toll -Free Mon -Fri 9AM -7PM Sat 
10AM-7PM (Eastern Time) for Credit Card orders. Personal Checks 
are object to hold for bank clearance. Shipping and Handling charge 
53.50 (Canada, Puerto Rico, Hawaii, Alaska 57.00) Allow 5.12 days 
for U.P.S. delivery. For all martert other than to place orders please 
call on at 212-686-5500. No C.O.D. orders accepted. NY residents 
must include Gales Tax. 

GM 
IC Electronic 

CALL TOLL -FREE 800 -223 -2706 
n N.Y. Hawaii Alaska Puerto Rico Canada all 21 , . -5 

a,1nr,Lc NV. 5 ON FREE INFORMATION CARD 

ICALCULATOR SPECIALS 

HEWLETT - PACKARD 
Model your Cost 
HP-31E Scion E 44.95 
-HP -32E Scree 5895 
HP -33E Frog 7295 
HP -33C Rog 94 95 
HP -34C Rog 124 95 
HP-37E Fran 6295 
HP- 38E Felon 10495 
HP -38C Freon 12495 
HP-67 Rog 29995 
HP -92 Fnan 39995 
HP -97 Rog 57995 
HP -41C Rog 25995 
Card Readee,41C 18995 

__ - 
-- 

- 

- - - - 
_ 

- 

._ 1 

= 
_ 
, 

-' Pnmer /41C 36495 - - - 
HP -85 Computer CALL 

TEXAS INSTRUMENTS 
TI -30SP $1695 TI -57 $ 4995 PC-100C $169.95 
1-35 . 2295 T1-58C 99.95 TI-99/ 4 74995 
TI-55 34 95 TI -59 20995 TI- 5040 89 95 
'I Translator $199.95 Thermostat $9995 
Speak R. Spell 59.95 Chrono alarm 34.95 

Craig Translator $149 95 Casio ML -90 $44 95 
Sharp EL -5100 74.95 Sharp EL -6200 84.95 

SEIKO SPECIALS in stainless steel 
Chronograph $ 79.95 Alarm $ 7995 
Mutts elm gldtne 139.95 Alm chr catdo 124 95 
Solar aim chr 14995 Music aim chr 13995 
World time alarm 14995 Calculator alarm 14995 
Drgdal analog 12995 Mem bares calndr 9995 

Fy taster delivery 
1'b of your order 
add 6% Sub!ect 

Order 
toll -tree 

For technical 

ta rNContQu 

use cashiers check or money order Add shlpprtg 
152 50 min I East of 'Ass R0 add 51 00 CA res 

to ava5abdlty 

800-421-5188 Outside 
CA, AK, HI 

Information call 12131 633 -3262 

s Tam' 
Garfield 14932 
Dept. 

9 Av 
Paramount, CA 90723 

ATUD (213) 633 -3262 

CIRCLE NO 74 ON FREE INFORMATION CARD 

OPERATION ASSIST cont'd 

Burroughs model #B -9352, serial #A -60203 CRT terminal. 
Need user and maintenance manuals. Larry L. Hoglin, 5824 
Morgan Ave. So., Minneapolis, MN 55419. 

Radio Shack model #STA -78 AM /FM stereo receiver. Need 
schematic. Luis Milian Castillo, Buzon 858 El Ouenepo, Que- 
brada Grande, Mayaguez, PR 00708. 

Micro Match model #283.11 watt meter. Need repair /ser- 
vice manuals and schematics. Nick Marsala, AB5M, 5339 
East 97th Street South, Tulsa, OK 74138. 

Accurate instrument Co., Inc., model 157 tube tester. Need 
operation manual and set up charts. Harvey Wells bandmas- 
ter Z match. Need calibration graph. S.A. Schreiber, 2607 
Meadow Lane, La Marque, TX 77588. 

Concord model #MK8 8 track recorder. Need service manu- 
ale and schematics. Harry F. Robertson, 5309 N.W. 108 Ter- 
race, Oklahoma City, OK 73132. 

RCA model 180 -B oscilloscope. Need schematic and manu- 
als. Henry M. Cantor, 21 Friendly Court, Babylon, NY 11702. 

RCA Victor model R -4 radio. Need service data, tubes and 
dial parts. Len Powell, 1800 Crestview Rd., Baltimore, MD 
21239. 

Superior Instrument Co., model 870 -A multimeter. Need 
manuals. Merle W. McMahom, 3327 S. Northern Blvd., Inde- 
pendence, MO 84052. 

Electronic Measurements Corp., model 300 VTVM and 
Precision Apparatus Co., model E -200 signal generator. 
Need schematics and owner's manuals. Louis D. Antuono, 
Saint John's University Amateur Radio Club, Jamaica, NY 
11439. 

Sound City model 200 guitar amplifier. Need athematic. 
Tony Fox, 8480 Narrow Gauge Road, Beulah, MI 49817. 

Technical Material Corp., model MSR 4 mode selector 
receiver and Allen B. Dumont Laboratories, Inc., cathode 
ray oecillogreph model 224 -A. Need operation and service 
manuals. Paul C. Gunn, 1398 South Fourth St., Aurora, IL 

80538. 

Motorola model 41E radio. Need schematic. B. Grimes, Rt. 
1, Box 2008, Ft. McCoy, FL 32637. 

Sylvania type 400 television oscilloscope and Akal 3000 D 

tape recorder. Need manuals and schematics. Leo P. Stone, 
R.D. #4, Bath, NY 14810. 

Hewlett- Packard model 400C generator. Need schematic. 
M.D. Chedester, 2507 SE 20th Pl, Cape Coral, FL 33904. 

Knight Kit star roamer II short wave receiver. Need sche- 
matic and /or assembly manual. R. Tomeo, Box 2382, San 
Diego, CA 92112. 

Faelt Electronic type 1121 #103.489 calculator. Need 
operator and maintenance manual. E.P. Eardley, 4002 Rose 
Lane, Annandale, VA 22003. 

Tektronix type 531 oscilloscope. Need manual or schemat- 
ic. Rose Hansohn, 841 E. Sheridan, Phoenix, AZ 85006. 

Sonar model H tube type CB transceiver. Need schematic, 
alignment procedure and parte source. Douglas Weeks, 
1617 Maurice St. , Monroe, NC 28110. 

Tektronix model 533 oscilloscope. Need schematic and op- 
eration manual. Ernest Koenderink, 9 Begonia St., 2585 SP 
The Hague, Netherlands. 

Dressen Barnes model 1K -5008 power supply. Need ser- 
vice information. J.A. Call, 1878 E. 2990 S., Salt Lake City, 
UT 84106. 

Knight Electronics model KG -415 tape deck. Need assem- 
bly manual, schematics or any available information. David 
Taylor, 2179 Lake Village Dr., Kingwood, TX 77339. 

Solar model CE -2U capacity analyzer. Need schematic and 
operating instructions. R. J. Sayler, 312 -188 Edinburgh Rd., 
Guelph, Canada NIG 2H9. 

Furst Electronics model 115R.A. wow meter, Waveforms 
model 452A transmission measuring set, and Ballantine 
model 300 and 305 ac voltmeters. Need schematics and 
operating manuals. Ken deGruchy, 281 Eastbrook Rd., Rid- 
gewood, NJ 07450. 

Bell Sound Systems, Inc. model #2254 FM tuner and model 
#2256 amplifier. Need schematics and service manuals. F. 
Lee Moratzka, Box 725, Hoffman Estates, IL 60195. 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Electronics Career through 

No commuting to class. Study at your 
own pace, while continuing your present 
job. The Grantham home -study program 
leads first to the A.S.E.T. and then to the 
B.S.E.T. degree. Our free bulletin gives 
full details. Write for Bulletin ET -80. 

Grantham College of Engineering 
2500 So. LaCienega Blvd. 

Los Angeles, California 90034 

GRANTHAM'S FCC LICENSE STUDY GUIDE 
-377 pages, 16 FCC -type practice tests, 1465 ques- 
tions with answers and discussions- covering third, 
second, and first class radiotelephone license 
exams. Preparation for each separate class of li- 
cense is presented is a separate section of the 
book. $15.75 postpaid. Order from: 

GSE Publications 
P. 0. Box 35499, Los Angeles, Calif. 90035 

Maoeupto 
12- an hour 

Start your own 
money making business! 41s 

Hundreds of Belsaw trained men ' 
hare succeeded in Ibis fascinating 
and highly profitable held .. 

YOU Can Do It Too! 

_ 1 Be 
,I Your 
J Own 

1Lt:HIB 
Never bet r me o 
great oualmed 

d l t 
regular 

loch and ey busne has a housandd 
emillianrmore 

protection against zooming trim. 
there- only one Leeasmim ter encre 1o,000 people! 

Train FAST at Hama- Collect CASH PROFITS Right Away. 
You're "in business° ready to earn up to $12.50 an hour 
a few days arter you begin eelsaw's shortcut training. 
Take advantage of today's unprecedented opportunities 
in Locksmithing for year -round EXTRA INCOME in- spare- 
time -or runtime in a high -profit business of your own. 
Hundreds we've trained nave done it. So can YOU! All 
tools alga professional Key Machine given you with 

s 
raw practice materials and equipment. Rimgmple, illustrated lessons, p_lyi expert supervision, Tells how you quickly 

RIO business -building guidance will enable you to KEEP tram to be your own hoes THE MONEY COMING IN! Ideal for retirement -good in a profitable Sparetime jobs too. SEND FOR EXCITING FACTS -NO Obligation! 
OF Fulltrme business 01 All SPECIAL TOOLS AND EOUIPMEM, INCLUDED! 

FREE 
..4111/." I 
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RUSH COUPON! 

oss Send for your owl copy today! 

Accredited Membe 
National Home 

10-BAY Study Council 

NO RISK BELSAW INSTITUTE 
TRIAL! 1066 Field Bldg. 

Kansas City, MO. 64111 

H t 
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BELSAW INSTITUTE 
1066 Field Bldg., Kansas City, Mo. 64111 

Please rush FREE Book "Keys to your Future." 
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PROJECT 
OF THE 
MONTH 
BY FORREST M. MIMS 

LOW- FREQUENCY signals are 
more difficult to measure than 

you might think. First of all, you must 
have a frequency counter whose am- 
plifier has a response that goes far 
enough down toward dc. Many coun- 
ters are rated to 50 or 100 Hz, and 
will display meaningless information 
when driven by lower- frequency sig- 
nals. Secondly, no degree of precision 
can be obtained unless your frequency 
counter has a gate time of 10 or more 
seconds. Even a 10- second gate time 
gives an accuracy of only one decimal 
place (0.1 Hz). To make matters 
worse, a 10- second gate time means 
that the display is updated only six 
times a minute. This can make critical 
circuit adjustments tedious. 

Figure 1 shows schematically a 
simple but very useful X 100 frequen- 
cy multiplier or prescaler. This device 
dramatically simplifies low- frequency 
measurements by inserting a divide - 
by -100 counter between the vco and 
the wideband phase comparator of a 
CMOS 4046 phase -locked loop. With 
the component values shown, the cir- 
cuit will multiply signals at frequen- 
cies ranging from less than one to a 

/NPL/ 
G To /2H) 

4-9V 

/y 

/6 

C/ o/r F 

7 q 

few hundred hertz up to a range that 
even counters with relatively restric- 
ted low- frequency responses can ac- 
commodate. 

In operation, properly conditioned 
pulses are applied to the input of the 
4046. The loop generates an error 
voltage which is filtered and applied 
to the input of the vco, thus beginning 
the capture process. Because a divide - 
by -100 counter is placed between the 
output of the vco and the phase corn - 
parator's second input, the vco fre- 
quency will be exactly 100 times that 
of the input signal when the loop is 
phase- locked. The signal frequency 
can then be measured to an accuracy 
of one decimal place (0.1 -Hz resolu- 
tion) with a standard frequency coun- 
ter having a one -second gate time. 

The capture time of this phase - 
locked loop prescaler can easily ex- 
ceed several seconds, especially when 
very low frequencies are applied to its 
input. If you intend to use the circuit 
to measure frequencies consistently 
higher than 50 Hz, you can speed up 
the loop's capture time by reducing 
the value of C2 to 0.22 F. 

If the signals to be multiplied are 

/00,E, 

C7, 
z, zpF` 

( SEL 
TEXT) 

OUTPUT= 
/ooX /NPUr 
F. EQt/ENC )/ 

¡fro PRep./ENG) 
CO LATER ) 

Fig. 1. A X 100 prescaler for low- frequency measurements. 

noisy or have slow rise and fall times, 
it will be necessary to condition them 
before they are applied to the input of 
the 4046. Figure 2 shows a simple 
snap- action comparator made from a 
BiMOS CA3130 op amp that can be 
used for this purpose. This circuit can 
process signals with frequencies as 
high as 50 kHz. Other op amp types 
can be used in place of the CA3130. 

In Fig. 1, a 4518 is used as a 
divide -by -100 counter. This IC was 
selected principally because it in- 
cludes two decade counters in a single 
DIP, but other counter arrangements 
can also be used. A pair of 4017 
decade counters, for example, can be 
cascaded to form a suitable divide -by- 
100 counter. 

Applications for this month's pro- 
ject are plentiful because the circuit 
can be used to multiply virtually any 
low- frequency signal. Of particular 
interest is the measurement of such 
low- frequency biological signals as 
brain waves and cardiac -pulse, respi- 
ration and blink rates. Other possibili- 
ties include measuring the revolution 
rates of wind turbines, bicycle wheels 
and low -speed motors. 

C/ 

..f 1_ 0- PooRH 
C oND/T/oNIO 
/A/PVT S/6N4L RI 

60,t 

9V 

Fig. 2. A snap- action comparator 
made from a BiMOS op amp that 
can be used as a pulse shaper. 

PROPERLY 
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DIGI-KEY 
CORPORATION 

Quality Electronic Components 
1-800-346-51 4 TOLL , 

FREE MN., AK., HI. RESIDENTS 218-681-6674 

DON'T FORGET OUR 
DISCOUNTS WHEN COMPARING PRICES 

TEXAS INSTRUMENTS 

.C. SOCKETS 

. r7M9P15 ;m.....r..nl-b.. 

4046.4 736 rwe u. W IM..'Ir.wnl 
ll IMU4 

97oN1. 

777* 72 22 

ö7sié dI 

I.C.'S RESISTORS TRANSISTORS CAPACITORS DIODES I.C. SOCKETS IL PINS SWITCHES 
CLOCK MODULES OPTOELECTRONICS BREADBOADING & TESTING DEVICES DRAFTING SUPPLIES 
DATA BOOKS HEAT SINKS WIRE TOOLS... AND MORE... WRITE FOR FREE CATALOG 

TIME -TEMPERATURE 
PROGRAMMABLE MODULE 

USER PROGRAMMABLE FOR: 

OA 1.4 711772 

. sa 63'28.. 3'291..3 -.0 r -3103 l.n9.7-7w.. 
7 

I 111 

0 NI .ro 
T7 1 53 17 01 

ám 
30 2.65 74 CO 

INLAY 
76rDS-T141« 

17.M+7 
C.7 

ñ5w ve.99 
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NEW PANASONIC ELECTROLYTIC CAPACITORS 
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The Hobby-Bias '° System Takes 
You As Far As Your 

Imagination Will Go. 

/E1267T43 ""M" 
For All the Details on Hobby-131o6 Call 

Or Write for your Fro. 0391.Key Catalog 
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.83 106 58.78 .92 7.87 65.55 
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87 7.46 62.10 92 7.85 65.39 
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1.51 1113 109,40 135 13.77 110.51 - 114 17.94 141,63 
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DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! 
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CORPORATION 
Quality Electronic Components 

P.O. Box IV Thief Rim Ms, MN 56701 MC 6814674 
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Super Color S -100 Video Kit $129.95 
Expandable to 256 x 192 high resolution color 
graphics. 6847 with all display modes computer 
controlled. Memory mapped. 1K RAM expanda- 

ble to 6K. S -100 bus 1802, 8080, 8085. Z80 etc 

Editor Assembler $25.00 
(Requires minimum of 4K for E/A plus user 
source) 

1802 Tiny Basic Source listing $19.00 

Super Monitor V2.02.1 Source Listing $20.00, 

Cle 
P.O. Box 

Santa Clara, CA 95054 

ELECTRONICS Will calls: 2322 Walsh Ave. 
(408) 988 -1640 

Same day shipment. First line parts only. Factory tested. 
Guaranteed money back. Quality IC's and other compo- 

INTEGRATED CIRCUITS nents at factory prices. 
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CONTINENTAL SPECIALTIES le WPM 
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1057 2 
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DISPLAY LEOS 
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4101112 71 CA CA 
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3 Md 84001e 60 
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414005n1 1 25 
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MAN4640 CC 40 120 
11464110 CA 10 95 
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MAN6640 CC 56 2 95 
MAN6110 CA 60 1 15 
MAN6710 CC 60 1 35 

14110554 
561002E 
MA10124 
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111415154 Transformer 

PROM Eraser 
assembled. 25 PROM capacity $37.50 
(with timer $69.501. 6 PROM capacity OSHN 
UL version $69.50 (with timer $94.50). 

Z80 Microcomputer 
16 bit I /O. 2 MHz clock, 2K RAM. ROM Bread- 
board space. Excellent for control. Bare Board 
$28.50. Full Kit 599.00. Monitor $20.00. Power 
Supply Kit $35.00. Tiny Basic $30.00 

S -100 Computer Boards 
8K Static Godbout Econo IIA Kit 145.00 

16K Static Godbout Econo XIV Kit 285.00 
24K Static Godbout Econo VIIA -24 Kit 435.00 
32K Static Godbout Econo X -32 Kit 575.00 
16K Dynamic RAM Klt 199.00 
32K Dynamic RAM Kit 310.00 
64K Dynamic RAM Kit 470.00 
Video Interface Kit $135.00 

80IC Update Master Manual $55.00 
Comp. IC data selector. 2700 pg. master reference 

guide. Over 51,000 cross references. Free update 
service through 1980. Domestic postage $3.50. 

Modem Kit $60.00 
State of the art, orig., answer. No tuning neces- 
sary. 103 compatible 300 baud. Inexpensive 
acoustic coupler plans included. 

LRC 7000 +Printer $389.00 
40/20 column dot matrix impact, std. paper 
Interface all personal computers. 

64/40/32/20 version S405.00. Optional cables 
available. 

LAC 7000 printer interface cable for Super Elf 

with sedtware $26.00 

TERMS 

&95 
1.95 
e.9s 
225 
2.25 

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. $7.25 

Rockwell AIM 65 Computer 
6502 based single board with full ASCII keyboard 
and 20 column thermal printer. 20 char. alphanu- 
meric display. ROM monitor, fully expandable. 
$375.00. 4K version $450.00. 4K Assembler 
$85.00. 8K Basic Interpreter $100.00. 

Special small power supply for AIM65 assem. in 
frame $5400. Complete AIM65 in thin briefcase 
with power supply $499.00. Molded plastic 
enclosure to fit both AIM65 and power supply 
$47.50. Special Package Price 4K AIM, 8K Basic. 
power supply. cabinet $599.00 

AIM65 /KIMNIM /Super Elf 44 pin expansion 
board; 3 female and 1 male bus. Board plus 3 

connectors $22.95. 

60 Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC line frequency 
to crystal time base. Outstanding accuracy. 

Video Modulator Kit $8.95 
Convert TV set into a high quality monitor w/o 
affecting usage. Comp, kit w/full instruc. 

Multi -volt Computer Power Supply 
8v 5 amp. -± 18v .5 amp. 5v 1.5 amp, -5v 

5 amp. 12v .5 amp, - 12e option. ±5v, ±12v 

are regulated. Basic Kit $29.95. Kit with chassis 
and all hardware $43.95. Add $4.00 shipping. Kit 
of hardware $14.00. Woodgrain case $10.00. 
Si 50 shipping. 

RCA Cosmac 1802 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 EH 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, Full Basic, ASCII 
Keyboards, video character generation, etc. 

Before you buy another small computer. see if it 

includes the following features: ROM monitor; 
State and Mode displays; Single step; Optional 
address displays, Power Supply; Audio Amplifier 
and Speaker: Fully socketed for all IC's; Real cost 
of in warranty repairs; Full documentation. 

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 seethe microprocessor chip opera- 
ting with the unique Guest address and data bus 
displays before, during and after executing in- 
structions. Also. CPU mode and instruction cycle 
are decoded and displayed on 8 LED indicators. 

An RCA 1861 video graphics chip allows you to 
connect 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, nut, wait, input, memory pro- 
tect, monitor select and single step. Large. on 

board displays provide output and optional high 
and low address. There is a 44 pin standard 
connector slot for PC cards and a 50 pin connec- 
tor slot for the Ouest Super Expansion Board. 
Power supply and sockets for all IC's are in- 
cluded in the price plus a detailed 127 pg. instruc- 
tion manual which now includes over 40 pgs. of 
software info. including a series of lessons to 
help get you started and a music program and 
graphics target game. Many schools and univer- 
sities are using the Super Elf as a course of study. 
OEM's use it for training and R&D. 

Remember, other computers only offer Super Elf 

features at additional cost or not at all. Compare 
before you buy. Super Elf Kit $106.95, High 
address option $8.95, Low address option 
$9.95. Custom Cabinet with drilled and labelled 
plexiglass front panel $24.95. All metal Expan- 
sion Cabinet, painted and silk screened, with 
room for 5 S -100 boards and power supply 
$57.00. NiCad Battery Memory Saver Kit $6.95. 
All kits and options also completely assembled 
and tested. 

Ouestdata. a software publication for 1802 com- 
puter users is available by subscription for 
$12.00 per 12 issues. Single issues $1.50. Is- 

sues 1 -12 bound $16.50. 

Tiny Basic Cassette $10.00, on ROM $38.00, 
original Elf kit board $14.95. 1802 software; 
Moews Video Graphics $3.50. Games and Music 

$3.00, Chip 8 Interpreter $5.50. 

Super Expansion Board with Cassette Interface $89.95 
This is truly an astounding value! This board has points can be used with the register save feature 
been designed to allow you to decide how you to isolate program bugs quickly, then follow with 
want it optioned. The Super Expansion Board single step. If you have the Super Expansion 
comes with 4K of low power RAM fully address - Board and Super Monitor the monitor is up and 
able anywhere in 64K with built -in memory pro - running at the push of a button. 
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. 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, (relocatable cassette file) 
another exclusive from Ouest. It includes register 
save and readout, block move capability and 
video graphics driver with blinking cursor. Break 

Other on board options include Parallel Input 
and Output Ports with lull 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. Also a 1K Super 
Monitor version 2 with video driver for full capa- 
bility display with Tiny Basic and a video interface 
board. Parallel I/O Ports $9.85, RS 232 $4.50, 
TTY 20 ma I/F $1.95, S- 100 $4.50. A 50 pin 
connector set with ribbon cable is available al 
$15.25 for easy connection between the Super 
Elf and the Super Expansion Board. 

Power Supply Kit for the complete system (see 
Mufti -volt Power Supply ). 

Announcing Quest Super Basic- SECOND GENERATION 
A new enhanced version of Super Basic now Enhancements include increased speed, built- 
available. Ouest was the first company worldwide in provisions for Stringy Floppy, Floppy Disc, 
to ship a full size Basic for 1802 Systems. A Printer Driver, I/O, user definable command 
complete function Super Basic by Ron Cenker library and statement renumbering. 
including floating point capability with scientific 
notation (number range ..17E.), 32 bf t integer 
+ 2 billion; multi dim arrays, string arrays: stnng 
manipulation: cassette I/O, save and load. basic. 
data and machine language programs; and over 
75 statements. functions and ooeratìons. 

Easily adaptable to most 1802 systems. Re- 
quires 16K RAM minimum for Basic and user 
programs. Source listing for both Serial and 
Parallel I/O included. 

Super Basic on Cassette $40.00. 

Gremlin Color Video Kit $69.95 
32 x 16 alpha/numerics and graphics; up to 8 

colors with 6847 chip, 1K RAM at E000. Plugs 
into Super Elf 44 pin bus. No high res. graphics 
On board RF Modulator Kit $4.95 

1802 16K Dynamic RAM Kit $149.00 
Expandable to 32K. Hidden refresh w/clocks up to 4 

MHz w /no wait states. Addl. 16K RAM $63.00 

Super Elf 44 pin expansion board: 3 female and 1 

male bus. Board plus 3 connectors $22.95 
Tiny Basic Extended on Cassette $15.00 
(added commands include Stringy, Array, Cas- 
sette VO etc.) 
S -100 4 -Slot Expansion 
SIIna, Mnnitnr VI I SnILrre I Minn 

S 9.95 
51500 

S5.00 min. order U.S. Funds, Calif residents add 6 %tax. 
$10.00 min. order BankAmericard and Master Charge and COO. $1.00 insurance optional. 
Shipping charges will be added on charge cards. 

CIRCLE NO. 64 ON FREE INFORMATION CARD 

Elf II Adapter Kit $24.95 
Plugs into Elf II providing Super Elf 44 and 50 pin 

plus S -100 bus expansion. (With Super Ex- 

pansion). High and low address displays. state 
and mode LED's optional $18.00. 

FREE: Send for your copy of our NEW 1980 
OUEST CATALOG. Include 48c stamp. 

POPULAR ELECTRONICS 
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SUMMER 
SALE. 

Now a complete OHIO SCIENTIFIC 
mini -floppy system for just $797! 

Here's what you get: 

vititt WW1 MOM 
+ 

E0it 

Cr 

Ohio Scientific Superboard II 
The first complete computer system on a board! Includes 
keyboard, video interface and audio cassette interface. 8K 
BASIC -in -ROM, 4K RAM. 
Requires power supply of + 5V 3 amps $299 

"We heartily recommend Superboard II for the 
beginner who wants to get into microcomputers 
with a minimum cost. A real computer with full 
expandability." 
-POPULAR ELECTRONICS, MARCH, 1979 
"The Superboard II is an excellent choice for the 
personal computer enthusiast on a budget." 
-BYTE, MAY, 1979 

Buy OHIO SCIENTIFIC's 610 Expander Board and 
(get $99 off reg. $299 price of mini -floppy disk drive 

including connector cable). ONLY $200! 
Si 
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610 Expander Board 
For use with Superboard II and Challenger 1P. 8K static RAM 
expandable to 24K or 32K system total. Accepts up to two 
mini -floppy disk drives. 
Requires + 5V a 4.5 amps $298 

Mini -Floppy Disk Drive 
Includes Ohio Scientific's PICO DOS software and connector 
cable. Compatible with 610 Expander Board. 
Requires + 12V a 1.5 amps and + 5V 0.7 amps. 

Reg. $299 SALE! $200 
TOTAL $797 

4KP 4K RAM chip set S 79 
PS003 Mini -floppy power supply 

each S 29 
PS005 5V 4.5 amp open frame 
power supply S 35 
SAMS manual C1 P /Superboard II S 8 
SAMS manual C4P S 16 
OS-650 V3.2 Disk Operating System 
with 9 -digit extended BASIC, random 
access from sequential files S 49 
C4P computer BK RAM expandable 
to 32K RAM S 750 
C4P MF computer Mini- floppy, 
24K RAM 51795 
CBP computer BK RAM expandable 
to 32K and dual 8 -inch floppies S 950 
CBP CIF computer 32K RAM 
expandable to 48K. dual 8 -inch 
floppies $2895 

NEW! SAMS manual for the 
Challenger Ill Series S 40 

Attention Superboard II and C1 P owners: 
You can still take advantage of our summer sale. Purchase the 610 
Expander Board for the regular price and get $99 off on the mini -floppy 
and cable. 
Step up to mini -floppy operation for only $498. 

COMING SOON! Color Video Adaptor for Superboard II and Cl P! 

Freight Policies 
All orders of $100 or more are shipped 
freight prepaid. Orders of less than $100 
please add $4.00 to cover shipping costs. 
Ohio Residents add 5.5% Sales Tax. 

Guaranteed Shipment Cleveland 
Consumer Computers & Components 
guarantees shipment of computer systems 
within 48 hours upon receipt of your order. 
Our failure to ship within 48 hours 
entitles you to $35 of software, FREE. 

CLEVELAND CONSUMER 
COMPUTERS & COMPONENTS 
P.O. Box 46627 
Cleveland, Ohio 44146 

To Order: 
Or to get our free catalog 

CALL 1- 800 -321 -5805 TOLL FREE. 
Charge your order to your 
VISA or MASTER CHARGE ACCOUNT 
Ohio Residents Call. [2161464-8047. 
Or write, including your check or money 
order, to the address listed below. 

Hours: 
OilCall Monday thru Friday 
8.00 AM to 5:00 PM E.D.T. 

11.4 

TO ORDER: CALL 

1- 800 -321 -5805 
TOLL FREE 
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JE6O8 PROGRAMMER 
2704/2708 EPROM PROGRAMMER 
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JE608 KIT $399.95 
JE608 Assembled and Tested $499.95 

AY-5-9100 
AY39200 
AY9-9500 
AY-5.2376 
HD0165 
74C922 
74C923 

ICM7045 
ICM7205 
ICM7207 
ICM7208 
ICM7209 

IcLtrnunc /n010unnu Surd 
Push Button Telephone Dialler 
Repertory Dialler 
CMOS Clock Generator 
Keyboard Encoder (88 keys 
Keyboard Encoder (16 keys 
Keyboard Encoder 16 keys 
Keyboard Encoder 20 keys 

ICM CHIPS 
CMOS Precision Timer 
CMOS LED Stopwatch/Timer 
Oscillator Controller 
Seven Decade Counter 
Clock Generator 

$14.95 
14.95 
4.95 

14.95 
7.95 
7.95 

6.25 

24.95 
19.95 
7.50 
19.95 
6.95 

MCM6571 
MCM6574 
MCM6575 

NMOS READ ONLY MEMORIES 
128 X 9 X 7 ASCII Shined with Greek 
128 X 9 X 7 Math Symbol 8 Pictures 
128 X 9 X 7 Alpha Control Char. Gen 

13.50 
13.50 
13.50 

TL074CN 
TL494CN 
TL496CP 
11C90 

4N330 
MK50240 
OS0026CH 
TIL308 
MM5320 
MM5330 
L0110/111 
MC14433P 

MISCELLANEOUS 
Quad Low Noise 121 -fat Op Amp 2.49 
Switching Regulator 4.49 
Single Switching Regulator 1.75 
Divide 10/11 Prescaler 19.95 
Hi -Speed Dlvide 10/11 Prescaler 11.95 
Photo- Darllnopt[on Opto- Isolator 3.95 
Top Octave Freq. Generator 17.50 
5Mhz 2 -phase MOS clock driver 3.75 
27' red num. d'piay w /integ. logic chip 10.95 

TV Camera Sync. Generator 14.95 
442 Digit DPM Logic Block (Special) 3.95 . 

342 Digit A/D Converter Set 25.00 /set 
31/2 Digit A/D Converter 13. 95 

LITRONIX ISO -UT 1 

Photo Transistor Opto- Isolator 
(Same as MCT 2 or 4525) 

49é each 

TV GAME CHIP AND CRYSTAL 
AY -3- 8500 -1 and 2.01 MHZ Crystal (Chip 8 Crystal 

Q1,C ?t Includes Rehm disolay. R names anA ReleO anniee Mn 

SN 76477 
SOUND GENERATOR 

Generates Complex Sounds 
Low Power - Programmable 

$3.95 each 

rtm 
SN7400N 
SN7401N 
SN7402N 
SN7403N 
SN7404N 
SN7405N 
SN7406N 
SN7407N 
SN7408N 
SN7409N 
SN7410N 
SN7411N 
SN7412N 
SN7413N 
SN7414N 
5N7416N 
SN7417N 
SN7420N 
SN7421N 
SN7422N 
SN7423N 
SN7475N 
SN745N 
SN7427N 
SN7429N 
SN7430N 
SN7432N 
SN7437N 
5N7/38N 
SN7439N 
SN7440N 
SN7441N 
SN7442N 
SN7443N 
SN7444N 
5N7445N 
SN7446N 
5N7447N 
SN7448N 
SN745oN 
SN7451N 
5N7453N 
SN7451N 
SN7459A 
SN7460N 

7400 TTL 
SN7170N .29 

SN7472N .29 
SN7473N .35 
SN7474N .35 
SN7475N .49 
SN7476N .35 

SN7479N 5.00 
SN7480N .50 
SN7482N .99 
SN7483N .69 

SN7485N .89 
SN7486N .35 

SN7489N 1.75 
SN7490N .45 
SN7491N .59 
SN7492N .43 
SN7493N .43 
SN7494N .65 
SN7495N .65 
SN7496N .65 
SN7497N 3.00 
SN74100N 1,25 
SN74107N .35 
SN74109N .59 
SN74116N 1.95 
5N74121N .35 
SN74122N .39 
SN74123N .59 
SN74125N .49 

SN74126N .49 
SN74132N .75 
SN74136N .75 

5N74111N .79 
5N71142N 2.95 
SN74143N 2.95 
5N74144N 2.95 
5N74145N .79 
SN74147N 1.95 
SN74148N 1.29 
SN74150N 1.25 
SN74151N .59 
SN74152N .59 
SN74153N .59 

SN74154N 1.50 
SN74155N .79 
SN74156N .79 
SN74157N .65 

5N74150N .89 

SN74161N .89 
SN74162N 1.95 
SN74163N .89 
SN74164N .89 
SN74165N .89 
SN74166N 1.25 

5N74167N 1.95 
SN74170N 1.59 
SN74172N 6.00 
SN74173N 1.25 
SN74174N 1.00 
5N74175N 1.00 
SN74176N .79 
SN71177N .79 
SN74179N 1.95 
SN74180N .79 
SN71181N 1.95 
SN74182N .79 
5N74184N 1.95 
SN74185N 1.95 
SN74186N 9.95 
SN74188N 3.95 
SN74190N 1,25 
5N71191N 1.25 
SN74192N .79 
SN74193N .79 
SN74194N .89 
5N74196N .69 
SN71196N .89 
SN74197N .89 
SN74198N 1.49 
SN74199N 1.49 
5N745200 4.95 
5N7451N ,99 
SN71279N .79 
SN74283N 2.25 
SN74284N 3.95 
5N74285N 3.95 
SN74365N .69 
SN74366N .69 
SN74367N ,69 

SN74368N ,69 
SN74390N 1.95 
SN14393N 1.95 

C D4000 
C D4001 
C 04002 
C 04006 
C 04007 
C04009 
C D4010 
C04011 
C D4012 
CD4013 
C 04014 
C D4015 
CD4016 
CD4017 
C 04018 
C D4019 
CD4020 
C04021 
C D4022 
CD4023 
C D4024 
CD4025 
CD4026 
et run" 

.39 

.39 
,39 

1.19 
.25 
.49 
.49 
.39 
.25 
.49 

1.39 
1.19 

.59 
1.19 

.99 

.49 
1.19 
1.39 
1.19 

.29 

.79 

.23 
2.95 
69 

CMOS 
C04028 
C 04029 
CD4030 
CD4035 
CD4040 
C04001 
C 04042 
CD1043 
C 04044 
CD4046 
C D4047 
C 04008 
C D4049 
CD4050 
C 0/051 
C D4053 
CD4056 
CD4059 
CD4060 
CD4066 
C04068 
rnans4 

.89 
1.49 

.49 

.99 
1.49 
1.49 

.99 

.89 

.89 
1.79 

2.50 
1.35 

.49 

.69 
1.19 
1.19 
2.95 
9.95 
1.49 

.79 

.39 

CD4070 .55 
C 0407 .49 

C04072 .49 
CD4076 1.39 
C 0408 .39 
C D4082 .39 
C D4093 .99 
CD4098 1.19 
MC14409 14.95 
MC14410 14.95 
MC14411 14.95 
MC14419 4.95 
MC14433 13.95 
MC14506 .75 
MC14507 .99 
MC14562 11.95 
MC14583 2.49 
CD4509 3.95 
CD4510 1.39 
CD4511 1.29 
CC4515 2.95 
CD4518 1.29 
CD4520 1.29 

74C00 .39 
74CO2 .39 
71C04 .45 
74C08 .49 
74C10 .39 
74C14 1.95 
74C23 .39 
74C30 .39 
74C42 1.95 
7AC48 2.49 
74C73 -89 
74C74 .89 

74C00 
74C85 2.49 
74C90 1.95 
74C93 1.95 
74C95 1.95 
74C107 1.25 
74C151 2.90 
74C151 3.00 
74C157 2.15 
74C160 2.49 
74C161 2.49 

740163 
74C164 
74Cí73 
74C192 
74C193 
74C195 
74C922 
74C923 
740925 
74C926 
80C95 
80097 

2.49 
2,49 
2.60 
2.49 
2.49 
2.49 
7.95 
6.25 
8.95 
8.95 
1.50 
1.50 

78MG 1.75 
LM106H .99 
LM300H .80 
LM301CN/H .35 
LM302H .75 
LM304H 1.00 
LM305H .60 
LM307CN/H .35 
LM308CN/H 1.00 
LM309H 1.10 
LM309K 1.25 
LM310CN 1.95 
LM311N/H .90 
LM3I2H 1.95 
LM317K 5.50 
LM318CN/H 1.50 
LM319N 1.30 
LM320K9 1.35 
LM320K-5.2 1.35 
LM320K-12 1.25 
LM320K-15 1.35 
LM320K-18 1-35 
LM320K-24 1.35 
LM320T-5 1.25 
LM320T-5.2 1.25 
LM320T-8 1.25 
LM320T-12 1.25 
LM320T-15 1.25 
LM320T-18 1.25 
LM320T-24 1.25 
LM323K-5 5.95 
LM324N 1.49 
LM339N .99 
LM340K-5 1.35 
LM340Kb 1.35 
LM340K-8 1.35 
LM340K-12 1.35 
LM340K-15 1.35 

LINEAR 
LM340K-18 1.35 
LM340K-24 1.35 
LM340Tb 1.25 
LM340TÓ 1.25 
LM340T-8 1.25 
LM340T-12 1.25 
LM340T-15 1.25 
LM340T-18 1.25 
LM3401-24 1.25 
LM358N 1.00 
LM370N 1.95 
LM373N 3.25 

_LM377N 4,00 
LMS0N 1.25 
LM380CN .99 
LM381N 1.79 
LM382N 1.79 
NE501N 8.00 
NESIOA 6.00 
NE529A 4.95 
NE531H/V 3.95 
NE536T 6.00 
NE540 6.00 
NE544N 4.95 
NE550N 1.30 
NE555V .39 
NE556N .99 
NE5608 5.00 
NE562B 5.00 
NE565N/H 1.25 
NE566CN 1.75 
NE567V/H .99 
NE570N 4.95 
LM703CN/H .69 
LM709N/H .29 

LM710N .79 
LM711N .39 
LM723N/H .55 
LM733N 1.00 
LM739N 1.19 
LM74ICN/H ,S 
LM741-14N .39 
LM747N/H .79 
LM748N/H .39 

LM1310N 1.95 
LM1458CN/H 59 
MC3488N 1.95 
MC1489N 1.95 
LM1496N .95 
LM1556V 1.75 
MCI7IISCP 3.00 
LM211IN 1.95 
LM2901N 2.95 
LM3053N 1.50 
LM3065N 1.49 
LM3900N(3401).59 
LM3905N 1.49 
LM3909N 1.25 
MC5558V .59 
80388 4.95 
LM75450N .49 
75451CN .39 
75452CN .39 
15453CN .39 
75454CN .S 
75491CN .79 
75492CN .89 
75493N .89 
75494CN .89 
RC41S 1.25 
RC4151 3.95 
R 0419 4.95 
RC4195 4.49 

74LS00 .35 
74LSO1 .35 
74L502 .35 
74L503 .35 
74L504 .42 
74L505 .42 
74L508 .35 
74LS09 .42 
74LS10 .35 
74LS11 .75 
74LS13 -59 
741.51/ 1.25 
74LS15 .35 
74L520 .35 
74L521 .35 
74L522 .S 
74L526 .35 
74LS27 .35 
74L528 .35 
74L530 .35 
74L532 .42 
74L537 -45 
74L540 -35 
74L542 1.05 
4L 7 1.05 
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74LSOOTTL 74LS139 1.05 
74L551 .29 74L5151 1,05 
71L554 ,29 74L5155 1.05 
74LS55 -29 74L5157 1.05 
74LS73 .54 74L5160 1.15 
74L574 .54 74LS161 1.39 
71 L575 .71 74LS162 1.25 
74L576 .54 74LS163 1.39 
74LS78 -49 74L5164 1.50 
74L583 1.05 74L5175 1.25 
74L585 1.50 74LS181 2.49 
74L556 .54 74L5190 1.39 
74L590 -71 74LS191 1.39 
74LS92 .90 74LS192 1.39 
74L593 .90 74L5193 1.39 
11LS95 .99 741-5194 1.39 
74L596 1.15 74LS195 1-39 
74L5107 .54 74L5253 1.25 
74LS109 -54 74L5257 1.05 
74 L5112 .54 74 L5258 1.75 
74L5123 1.50 74L5260 .83 
74L5125 1.05 74LS279 .90 
74L5132 .99 74L5367 .75 
74L5136 .59 14LS368 .75 
74L5138 1.05 14L5670 2.49 

XC556R .200" red 5/$1 
XC556G .200" green 4/$1 
XC556Y .200" yellow 4/$1 
XCS56C .200" clear 4/$1 
XC22R .200" red 5/$1 
XC22G .200" green 4/$1 
XC22V .200' yellow 4/$1 
MVIOB .170" red 4 /51 

DISCRETE LEDS 4111- 
M V50 .085" reo 6/$1 
X C209 .125" red 5/$1 
XC209G .125" green 4/$1 
XC209Y .125" yellow 4/91 
XC526R .185" red 541 
X05260 .185" green 4/11 
XC526Y .155" yellow 4/$1 
XC526C .185" clear 4/$1 

XC31IR .190" red 5/$1 
XC1IIG ,190" green 4/91 
X01119 :190' yellow 4/$1 
XC1IIC .190" clear 4/$1 

INFRA -RED LED 
V<r'x Va "x 1/16" flat 5/$1 

TYPE 

MAN I 

MAN 2 

MAN 3 

MAN 4 

MAN 7G 

MAN 7V 

MAN 72 

MAN 74 

MAN 82 

MAN 84 

MAN 3620 

MAN 3630 

MAN 3640 
MAN 4610 
MAN 4640 
MAN 4710 
MAN 4730 
MAN 4740 
MAN 4810 
MAN 4840 

MAN 6610 

MAN 6630 
MAN 8640 

MAN 6850 

MAN 6680 

MAN 6680 
MAN 6710 

DISPLAY LEDS 
POLARITY HT PRICE 

Common Anodl-100 .270 2.95 

5 a 7 Dot Matna -red .300 4.95 
Common Cathode -red 125 .25 
Common Camode -red 187 1.95 
Common Anode -preen 300 1.25 
Common Mode -yellow .300 .99 

Common Anode -red 300 .75 
Common Cathode -red .300 1.25 
Common Anode- yellow .300 .49 
Common Cathode- yellow .300 .99 
Common Anode. orange .300 .49 

Common Anode -orange x 1 .300 .99 

Common Cathode -orange 200 .99 
Common Anode- orange .300 .99 
Common Cathode -orange A00 .99 
Common Anode -red .400 .99 

Common Mode -red x 1 .400 .99 

Common Cathode -rod .400 ,99 

Common An00e- yellow .400 .99 

Common Cathode- yellow .400 .99 

Common Anode. orange -09 560 .99 

Common Anode- orange x 1 .560 .99 
Common Cathode.oange- D.D..560 .99 
Common Cathode- orange - I 560 .99 
Common Anode -orange 560 
Common Camode.oralpe 560 
Common Orror reO0 0 560 

TYPE POLARITY 

MAN 6730 Common Anode-red - 1 

MAN 6740 Common Cathode-red-D.D. 
MAN 6750 Common Cathode -red it 1 

MAN 6760 Common Anode -red 
MAN 6780 Common Cathode-red 
DL 01 Common AnWe.re0 x 1 

0L704 Common Cat9o0e -red 

DL707 Common Ord a -red 

0L728 Common Cathode -red 
01.741 Common Anode -red 
DL746 Common Mode -red x 1 

31747 Common Anode -red 
01749 Common Cathode.red x 1 

31.750 Common Cathode -red 

DL3317 Common Cathode -red 
FND70 Common Cathode 
FND358 Common Cathode x 1 

í740359 Common Cathode 
FN0503 Common Cathode(F510500) 
FND507 Common Anode IF416101 
5082.7730 Common Anode -rod 
HDSP -3400 Common Mode -red 
HOP-3403 Common Cathode red 

5002 -730 4 x 7 set. DIl11'RHDP 

.99 5082.7302 4 x 7 50I. 11911-LHDP 

.99 5082.7304 Ovemnle character loll 

.99 5082.734 4 x 7 Sol Dien -Hexadecimal 

MT PRICE 

560 99 

560 .99 
560 .99 
560 .99 
560 .99 

300 .99 
300 .99 
300 .99 

500 1.49 
600 1.26 
630 1.49 

600 1.49 

630 1.49 
600 1.49 
110 .35 

250 .69 

357 .99 
357 .75 

500 .99 
500 .99 
300 .99 

800 1.50 
800 1.50 
600 
600 
600 
600 

19.95 

19.95 
15.00 

22.50 

RCA LINEAR 
CA3013T 2.15 
CA2023T 3,25 
CA3035T 2.48 
CA3039T 1.35 
CA3046N 1.30 
CA3059N 3.25 
CA3060N 3.25 
CA3080T 1.25 
CA3081N 2.00 

C 413082 
CA3083N 
CA3086N 
CA3089N 
CA3130T 
CA3140T 
CA3160T 
CA3401N 
CA3600N 

2.00 
1.60 

.65 
3.75 
1.39 
1.25 
1.25 
.59 

3.50 

CALCULATOR 

CHI PS, DRIVERS 

MM5725 92.95 
MM5738 2.95 
DMe864 2.00 
DMISAS 1.00 
DM8887 .75 
DM8889 ,75 

9374 7 -seq. 
LED driver 1.50 
M M5309 4.95 

fiff 
8 pin LP 

14 pin LP 
16 pin LP 
18 pin LP 
20 pin LP 
22 pin LP 
24 pun LP 
28 pIn LP 
35 pin LP 
40 pIn LP 

LOW PROFILE 
(TIN) SOCKETS 

1 -24 25 -49 50 -100 

.17 .16 .15 

.20 .19 .18 

.22 .21 .20 

.29 .28 .27 

.34 .32 .30 

.37 .36 .35 

.38 .37 .S 
-45 .44 .43 
.60 .59 .58 
.63 .62 .61 

8 pun SG 
14 pun 5G 
16 pIn SG 
19 pin SG 
24 pIn SG 
28 pun SG 
36 pin SG 
40 pin SG 

SOLDERTAIL (GOLD) 
STANDARD 

1-24 75.49 50-100 

.39 .35 .31 

.49 .45 .41 

.54 ,49 .44 

.59 .53 .45 

.79 .75 .69 
1.10 1.00 .90 
1.65 1.40 1.26 
1.75 1.59 L45 

CLOCK CHIPS 

MM5309 
MM5311 
MM5312 
MM5314 
MM5316 
MM5318 

4.95 
4.95 
4.95 
4.95 
6.95 
9.95 

MM5369 2.95 
MM5387/1998a4.95 
CT 7001 6.95 

MOTOROLA 

MCI408L7 4.95 
MC1408L8 5.75 
MC1439L 2.95 
MC3022P 2.95 
MC3061P 3.50 
MC4016(71416)7,50 
MC4024P 3.95 
MC4040P 6.95 
MC4044P 4.50 

SOLDERTAIL 
(TIN) (TIN) 

1 -24 25.49 50-100 

.25 .24 

.27 .25 

.32 .30 

.45 .42 

.90 .81 
1.26 1.15 
1.45 1.30 

14 pin ST .27 
16 pin ST -30 
18 pin ST .35 
24 pin ST .49 
28 pIn ST .99 
36pinST 1.39 
40 pin 5T 1.59 

8 Pin WW 
10pInWW 
14pinWW 
16 ele WW 
18 pin WW 
20 pIn WW 
22 pIn WW 
24 pin WW 
28 pIn WW 
36 pin WW 
40 pin WW 

WIRE WRAP SOCKETS 
(GOLD) LEVEL #3 
1.24 25 -49 50400 

.59 -54 .49 

.69 .63 .58 

.79 .73 

.85 .77 

.99 .90 
1.19 
1.49 
1.39 
1.69 
2.19 
2.29 

1.08 
1.35 
1.26 
1.53 

1.99 
2.09 

.67 

.70 
.81 
.99 

1.23 
1.14 

1.38 

1.79 
1.89 

1/4 WATT RESISTOR ASSORTMENTS -5% 
ASST. 1 5 ea 

ASST. 2 5 ea 

ASST. 3 5 ea 

3.9K 

ASST. 4 See 82K IOc 

nn 1,. 
ASST. 5 5 ea the 595 629 

- 50 PCS 

50 PCS 

50 PCS 

50 PCS 

'005 50 PCS 

600e 50 PCS 

'509 !BOA 220/1 2705 
ASST. 6 5 ea i90. 4'05 560K 580E 

''.2M (5M '.8M 
ASST. 7 5 ea .. yM - - , 50 PCS 1.75 
ASST. 8R Includes Resistor Assortments 1 -7 (350 PCS.) S9.95 ea. 

51.75 

1.75 

1.75 

1.75 

1.75 

1.75 

$10.00 Min. Order - U.S. Funds Only Spec Sheets - 25! 
Calif. Residents Add 6% Sales Tax 1980 Catalog Available - Send 41 t stamp 
Postage-Add 5% plus St Insurance (if desired) 

FREE 
1980 

CATALOG 
lameco 

ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592 -8097 

MAIL ORDER ELECTRO. \YCS - WORLDWIDE 
1355 SHOREWAY ROAD, BELMONT, CA 94002 

9/80 PRICES SUBJECT TO CHANGE 

XR205 $8.40 
XR210 4.40 
X11215 4.40 
06320 1.55 
XR -1.555 1.50 
X11555 39 
XR556 .99 
XR567CP 99 
XR567CT 1.25 
XR1310P 1.95 
XR1468CN 3.85 
081488 1.95 
X111489 1.95 

EXAR 
JE2206K8 1995 
081800 3.20 
X82208 4.40 
082207 3.85 
082208 5.20 
X82209 1.75 
XR2211 5.25 
X82212 4.35 
XR2240 3.45 

XR2242CP 1.50 
082264 4.25 
082558 3.20 
XR2567 2.99 
XR3403 1.25 
084136 1.25 
084151 3.95 
XR4194 1.45 
XR4202 3.60 
XR4212 2.05 
584558 .75 
084739 1.15 
064741 1.47 

TYPE 

151746 

15751 
14752 

. 

15753 
/N754 
19757 
19759 
15959 

1N965 
1N5232 
155234 
1N5235 
155236 
145242 
195245 
151456 

154458 

154850 
144001 

DIODES 
VOLTS W PRICE 

3.3 400m 411.00 
5.1 400m 4/1 00 

56 400m 4/1,00 

6.2 400m 4/1.00 
6.8 400e 411.00 

9.0 400e 4/1.00 
12.0 400m 41.00 

8.2 400m 4/100 
15 400m 4/1.00 

5 8 500m 28 
52, 500m 28 

61 500m 28 
7.5 500m 28 

12 500m 28 

15 500m 28 

25 40m 8/1.00 
150 7m 611.00 
180 tom 5/1.00 

50 PIV 1 AMP 12/1.00 

TYPE 
194002 
144003 
194004 
1N4005 
144006 
194007 
143600 
1544148 

144154 
151473.1 

144734 
744735 
1514736 

154738 
144742 
154744 
7N1183 
191164 
151185 
1N1186 
141188 

MOLTS W PRICE 
100 PIV 1 AMP 12/1,00 
200 PIV 1 AMP 12/1.00 
400 PIV 1 AMP 12/1.00 
600 PIV / AMP 10/1.00 
600 PIV 1 AMP 10/1.00 

1000 PIV 1 AMP 10/1.00 
50 200m 6/1.00 
75 10m 1511.00 

35 10m 12/1.00 
5 1 re 28 

5.6 le 28 

62 le 28 
8.8 lw 28 

8 2 1w 28 
12 le 28 
15 tw 28 

50 PIV 35 AMP 1.60 

100 PIV 35 AMP 1.70 
150 PIV 35 AMP 1.70 

200 PIV 35 AMP 1.80 
400 PIV 35 AMP A rl 

SCR AND FW BRIDGE RECTIFIERS 
C380 754 C 400V SCR12418491 

C3OM 35A ( 6005 SCR 

242328 1.64 Ce 300V SCR 

MDA 940 -1 124 C 50V FW BRIDGE REC. 

MDA 980.3 12A Cg 200V FW BRIDGE REG. 

51.95 

1 95 

SO 

1 95 

1 e 
C106131 .50 TNANSISTORS 
MPSA05 .30 243055 .89 

MPSA06 5,1 00 MJE3055 1.00 
11597 51.00 793392 51.00 
11598 6/1.00 293398 5/1.00 
40409 1.75 843567 3/1.00 
40410 1.75 P43568 4i1.00 
40673 1.75 PN3569 4/1.00 
29918 4/1.00 99936380 5/1 00 
2422194 2/1.00 MPS3702 5/1.00 
2422214 4/1.00 293704 511 00 
2422224 5/1.00 MP83704 5/1.00 
PN2222 Plastic 711 00 243705 5/1 00 
26123A94 4/1.00 MPS3705 511.00 
MPS2369 5/1.00 2543706 511.00 
242484 4/1.00 MPS3706 5/1.00 
242906 41.00 243707 5/1.00 
242907 5/1.00 2N3711 5/1.00 

2N3724A .65 

51.0p 2N37254 1 00 

1.25 253772 2.25 

21.00 253823 I.00 
'NAME 

2N2925 
MJE2955 
253053 

243904 
253905 
243906 
2N4013 
294123 
1944249 

PN4250 

294400 
244401 
254402 
294403 
294409 
2515086 

295087 
295086 
295089 
295129 
PN5134 
PN5138 

2N5139 
295210 
295449 

4/1.00 
4/1.00 
4/1.00 
3/1.00 
6/1.00 
4/1.00 
4/1.00 
4/1.00 

4/1.00 
4/1.00 
4/1.00 

5/1.00 
4/1.00 
4/1.00 
4/1.00 
411.00 
5/1.00 
5/1.00 
5/1.00 
5/1.00 
5/1.00 

3/1.00 
m 

CAPACITORDISCCAPACCIITORS RNER 
l9 !0423 100_ 

05 04 03 001µF 
22 pl 05 04 .03 0047µ4 05 04 
47 pi 05 04 03 01µi 05 .04 

100 PI 05 04 03 022µ1 06 05 
220 pi 05 04 03 047PF 06 05 
470 of 05 04 035 1µF 12 09 

100 VOLT Á391ÁR FILM CAPACITORS 
001mí 12 10 07 02261 13 11 

.0022 12 10 07 047m1 21 17 

00470 12 10 07 Imi 27 23 
Oler 12 10 07 22611 33 27 

284 DIPPED TANTALUMS 100,101 CAPACITORS 
I /35V ,39 .31 .25 1 5 35V .41 .33 
15/359 ,39 .31 .25 2 2.35v .51 .41 
.22/359 .39 .31 .25 3 125V .53 .43 
33,35V .39 .31 .25 4.7/25V -63 .51 

.47/359 .39 .31 .25 6.8/25V .79 .63 
66135V .39 .31 .25 15/25V 1.39 1.12 

1.0(35V .39 .31 .25 22/6V .79 .63 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 
Axial Lead Radial Lead 

.47/500 II 13 10 471259 15 13 

1 0/505 16 14 11 47)509 16 14 

3.3/50V to 12 09 1016V 15 13 
4 7/25V 15 13 10 1.025V .16 14 

10/255 15 13 10 1 0,500 16 14 
10/509 16 IS 12 4.71169 15 13 

22/25V 17 75 12 4.7(250 15 13 
22/50V 24 20 18 4.7 /509 16 14 
47/259 IS I7 15 10 /166 14 12 
47/50V 25 21 19 10/25V 15 13 

100/25V 24 20 16 101506 16 14 
100 /50V AS 30 28 47/500 24 .21 
220/250 32 28 25 100/16V .19 15 

220/500 45 41 38 100/25V 24 20 
470/25V .33 29 27 100 /500 35 .30 

_9 Q-99 
OS 4 035 

035 
035 
04 
04 

075 

OB 

13 

17 

22 

.26 

.41 

.89 

.50 

10 

11 

10 
11 

11 

lo 
10 

.11 

09 
10 
.12 

19 
14 

18 
28 

1000/16V .55 50 45 220 /165 23 .17 16 

2201116V .70 62 55 470/250 31 28 

POPULAR ELECTRONICS 
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arreco 
ELECTRONICS 

ULTRAVIOLET 
INTENSITY 

METER 
by BLAK-RAY 

TWO MODELS: 
LONG WAVE 

AND 
SHORT WAVE 

Meter consists of a sensor cell attached to 
a compact (3" x 314" x 3 ") metering unit. 
Can be hand -held or placed directly on 
surface for measuring. Can be used re- 
motely, while connected to a meter hous- 
ing by a 4 -foot extension cord. Two 
models available - one for long wave 
and one for short wave ultraviolet. Read- 
ings are in microwatts per square centi- 
meter. Weight: 1 lb. 

Completely assembled (includes sensor 
cell, reduction screen, extension cord, 
contrast filter and certification report.) 

J-221 LONG WAVE 
(300nm- 400nm) $242.00 
J -225 SHORT WAVE 
(200nm- 280nm) $260.00 

EPROM Erasing Lamp 

Erases 2708, 2716, 1702A, 5203Q, 52040, etc. 
Erases up to 4 chips within 20 minutes 
Maintains constant exposure distance of one inch 
Special conductive foam liner eliminates static 
build -up 
Built -in safety lock to prevent UV exposure 
Compact - only 7-5/8" x 2-7/8" o 2" 
Complete with holding tray for 4 chips 

UVS-11E $69.95 

Jumbo 6 -Digit Clock Kit 
Four .635 "ht. and two .300 "05. 
common anode displays 
uses MM5314 clock chip 
Switches for hours, minutes and hold functions 
HOUeS easily viewable to 30 feet 
Simulated walnut caw 
115 VAC operation 
12 or 24 hour operation 
includes all components, case and wall transformer 
Sixe: 53/4 x 33/4 x 13/4 

J E 747 $29.95 

JE701 

Bright .3w ht. Comm. cem- 
ode display 
Uses MM5314 clock chip 
S witches for hours. minutes 
and hold modes 
Hrs. easily viewable to 20 ft. 

Simulated walnut case 
115 VAC operation 
12 or 24 hr. operation 
Intl. all components, case & 
well transformer 
Size: 6C" x 3.1/8" x 11:" 

6 -Digit Clock Kit $19.95 

Regulated Power Supply 
Uses LM309K. Heat sink __ 
provided. PC board con- 
struction. Provides a solid - 
1 amp @ 5 volts. Can supply up 
to .5V, .9V and o t2V with 
JE205 Adapter. Includes compo- 
nents, hardware and instructions. 
Sine: 3 /," x 5" x 2 "H 

JE200 $14.95 

ADAPTER BOARD 
- Adapts to JE200- 
±5V, ±9V and ±12V 

DC /DC converter with +5V input. Toriodal hi- 
speed switching XMFR. Short circuit protection. 
PC board construction. Piggy -back to JE 200 
board. Size: 3 '4" x 2" x 9/16 "H 

JE205 $12.95 

SEPTEMBER 1980 

MICROPROCESSOR COMPONENTS 
8080A/80806 SUPPORT DEVICES 

8080A CPU 

S 37 

95 
8212 8 -01 InpUtOutput 3 25 
8214 Priority Interrupt Control 595 
8216 Si-Directional Bus Driver 3.49 

8224 Clock Generator /Driver 3.95 
6226 Bus Dover 3.49 

8228 System Controller/us Driver )4 95 

8238 System Controlier 5.95 
8251 Prop Comm 1/0 (USART) 7.95 
8253 Prop. Interval Timer 14 95 

8255 Prop POSE, I/O (PPU 995 
8257 Prop DMA Control 19 95 
8259 Prop Interrupt Control 19 95 

E800i6800 SUPPORT DEVICES 
MC6800 MPU 514 95 
MC6802CP MPU with Clock and Ram 24.95 
MC6810API 12808 Static Ram 5.95 
MC6821 Permit. Inter. Adapt (MC6820) 7.49 
MC6828 Priority Interrupt Controller 1215 
MC6830L8 102498 at ROM (MC68A30 -e) 14 95 

MC6850 Asynchronous Comm. Adapter 7.95 
MC6852 Synchronous Serial Data Adapt. 9.95 
MC6860 0 -600 bps Digital MODEM 12.95 
MC6862 2400 bps Modulator 14.95 
MC6880A Ouad 3-State Bus Trans. (MC8T26) 2 25 - MICROPROCESSOR CNIPS- MISCELLANEOUS - 
Z00170001 CPU 
0804)780.1) CPU 

CDP1802 CPU 

2650 MPU 

6502 CPU 

8035 8 -B0 MPU wclock, RAM, 1 01ines 
P8085 CPU 

TMS9900JL 16 -e1 MPU w /hardware, multiply 
A divide 

SHIFT REGISTERS 

MM500H Dual 25 Bit Dynamic 
MM503H Dual 50 Bt Dynamic 
MMS04H Dual 16 Bit State 
MM506H Dual 100 Bit Static 

MM510H Dual 64 Bit Accumuotor 
MM5016H 500/512 Bit Dynamic 
25040 1024 Dynamic 
2518 Hex 32 Bit Static 
2522 Dual 132 Bo Static 
2524 512 state 

2525 1024 Dynamic 
2527 Dual 256 gal Static 
2528 Dual 250 State 
2529 Dual 240 Blt Static 
2532 God 80 Bit Static 

3341 Fife 

7415670 4X4 Register File )TriState) 

UARTB 

A-Y-5 -1013 30K BAUD 

013.95 
15.95 
19.95 
1995 
11 95 

19.95 
19 95 

49 95 

f 50 

50 

50 

89 

3.95 
4.95 
2.59 

2.95 
2.95 
4 OD 

400 
2.95 

6.95 
2 49 

5 95 

MICROPROCESSOR MANUALS 

M -280 User Manual 

M- CDP1802 User Manual 
M -2650 User Manual 

251312140) 
2513130211 
2516 
MM5230N 

ROWS 

Character Generatorl,pper easel 

Character Generator)lower case) 

Character Generator 
2018 -9ir Read Only Memory 

RAM'S 

Static 
Dynamic 

Static 
Static 

State 
Static 
Static MOS 

Slate 450ns 
Static 450ns low power 
Static 30010 
Static 300ns low power 
Static 
Dynamic 
Static 
Static Tristate 

Static 
Dynamic 16 pm 

1101 256X1 

1103 102401 

2101)8101) 256X4 
2102 1024X1 

21102 1024X1 

2111181111 25604 
2112 256X4 
2114 102404 
2114L 1024X4 

2114 -3 1024X4 

2114L -3 1024X4 

5101 25604 
5280/2107 409601 
7489 1604 

745200 256x1 

93421 25601 

UPD414 41( 

(M14027) 
UPD416 16K Dynamic 16 pin 250ns 

(M64116) 
TM54044- 41( Static 

4501 
7054045 10204 Static 
2117 16,3801 Dynamic 350ns 

(house marked) 
MM5262 26X1 Dynamic 

PROM 8 

57.50 
7.50 
500 

59 95 
9.95 

1095 
1 95 

St 49 

99 

3 95 

1 75 

1 95 
3 95 
4.95 
7 95 

1095 
10.95 
11.95 
7 95 
4.95 
1 75 

4.95 
2 95 

4.95 

7.95 

14.95 

14 95 

995 

4r1 00 

1702A 2048 FAMOS 

2716INTEL 16K- EPROM 
TMS2516 160- EPROM 

(2716) -Requires single +5V power soppy 
TM52532 4608 EPROM 

2708 8K EPROM 

2716 T I 166' EPROM 

--Requires 3 voltages. -SU. -5V, +12V 
-5203 2548 FAMOS 

6301. 1(76111 1024 Trlstate Bipolar 

6330- 1(7802) 258 Open C Bipolar 
82823 32X8 Open Collector 
820115 4096 Bipolar 
820123 3208 Trisute 
74186 512 TTL Open 0011,0or 
74188 256 TTL Open C liecto1 
745287 1024 5149E 

Function 
Generator Kit 

4"4101 e, 

iv 

Provides 3 basic 
waveforms: sine, 
triangle and square 
wave. Freq. range 
from 1 Hz to 100K 
Hz. Output ampli- 
tude from 0 volts 
to over 6 volts 
(Peak to peak). 
Uses a 12V supply 
or a 06V split sup- 
ply. Includes chip, 
P.C. Board, com- 
ponents & instruc- 
tions. 

JE2206B . . . -$19.95 

55 
59.95 

95 

24.95 

SSG 

29.95 

14 95 

3 49 

2 95 

3.95 
1995 

3 95 

9 95 

3.95 
295 

DIGITAL 
THERMOMETER KIT 

* Dual sensors -switching control for In- 
door /outdoor or dual monitoring 

*Continuous LED .8" ht. display 
Range: -40 °F to 199°F / -40°C to 100°C 
Accuracy: i1° nominal 

* Sat for Fahrenheit or Celsius reading 
Sim, walnut case AC wall adapter Incl. 
Slze: 3-1/4-H x13-5/8"W x 1 -3 /8 "D 

JE300 $39.95 

DESIGNERS' SERIES 
Blank Desk -Top Electronic Enclosures 

U 
High strength epoxy molded 
end pieces In mocha brown 
finish. 
Sliding rear /bottom panel for 
service and component ac- 
cessibility. 
Top / bottom penels.080 thk 
alum. Alodine type 1200 
finish (gold tint color) for 
best paint adhesion after 
modification. 
Vented top and bottom 
panels for cooling efficiency. 
Rigid construction provides 
unlimited applications. 

CONSTRUCTION: 
The "DTE" Blank Desk Top Electronic Enclosuresare designed to blend and complement 
today's modern computer equipment and can be used in both industrial and home. The 
end pieces are precision molded with an internal slot (all around) to accept both top and 
bottom panels. The panels are then fastened to 'A" thick tabs inside the end pieces to 
provide maximum rigidity to the enclosure. For ease of equipment servicing, the rear/ 
bottom panel slides back an slotted tracks while the rest of the enclosure remains in- 

tact. Different panel widths may be used while maintaining a common profile outline. 
The molded end pieces can also be painted to match any panel color scheme. 

Enclosure 
Model No. 

DTE -8 

DTE -11 

DTE -14 

Panel 
Width 

8.00" 
10.65" 
14.00" 

PRICE 

$29.95 
$32.95 
$34.95 

$10.00 Min. Order - U.S. Funds Only Spec Shee s - 25! 
Calif. Residents Add 6% Sales Tax 1980 Cate og Available - Send 41i stamp 
Postage -Add 5% plus$1 Insurance (if desired) 

J 
PHONE 

ORDERS 
WELCOME 

(415) 592.8097 

MAIL ORDER ELECTRONICS'' - WORLDWIDE 
1355 SHOREWAY ROAD, BELMONT, CA 94002 

9/80 PRICES SUBJECT TO CHANGE 

CIRCLE NO. 39 ON FREE INFORMATION CARD 

The Pommels*, 103 Is capable of rearding data to and from audio tape without 

cribpl speed requirements for the recorder and it Is able to communicate directly with 

another modern and terminal tor telephone "hamming" and communications. In 

addition, itlslree of critical adjustments and is built with non -precision, readily available 
pans 
Oeta Trenmaalon Method Frequency-Shift Keying, lull -duplex (hall-duplo, 

selectable) 
Maximum Data Rate 300 Baud. 
Dal. Pormat Asynchronous Sena) (return to mark level required 

between each character). 
Recalve Channel Frequencies 2025 Hi for space, 2225 Hi tor mark. 

Transmit Channel FIORE,,clm Swnch Selectable: Low (normal) = 1070 space. 
1270 mark. High 

= 025 sou,. 2225 mark. 
Receive Sensitivity -46 dbm accoaelitally coupled. 

Transmit Leval -15 Om nominal Adjustable from -6 50m 
Io -20 50m 

Rosira. Frequency Tolerance Frequency reference automatically adjusts to 
allow for operation between 1800 Hi and 2400 Hi. 

Dlghal Data interlace EM RS -2320 or 20 mg current loop (receiver is 

optoisolated and non -polar) 
Power ORquiremenls 120 VAC, single phase, 10 Watts 
Physical All components mount on a single 5" by 9' 

mimeo exc., 10311 All components Included. 
Requires a VOM, Audio 05011141,11 1 .. ,nr. cc., rte, and/or Oselllou0pe to align. 

TRS -80 
16K Conversion Kit 

Expand your 4K TRS -80 System to 16K. 
Kit comes complete with: 

8 each UPD416 -1 116K Dynamic Rams 1250N5 
Documentation for conversion 

TRS-16K $59.95 
JE610 ASCII 

Encoded Keyboard Kit 

The JE610 ASCII Keyboard Kit can be interfaced into 
most any computer system. The kit comes complete 
with an industrial grade keyboard switch assembly 
(62- keys), IC's, sockets, connector, electronic compo- 
nents and a double -sided printed wiring board. The 
keyboard assembly requires +5V @ 150mA and -12V 
@ 10mA for operation. Features: 60 keys generate the 
full 128 characters, upper and lower case ASCII set. 

Fully buffered. Two user -define keys provided for 
custom applications. Caps lock for upper -case -only 
alpha characters. Utilizes a 2376 (40 -pin) encoder 

read -only memory chip. Outputs directly compatible 
' with TTL /OTL or MOS logic arrays. Easy interfacing 

with a 16 -pin dip or 18-pin edge connector. 

JE610 (Case not included) $79.95 
Desk -Top Enclosure for 

JE610 ASCII Encoded Keyboard Kit 
Compact desk -top enclosure: Color- coordinated de- 
signer's use with light ten aluminum panels and molded 
and pieces in mocha brown. Includes mounting hardware. 
Size: 315 "H x 1455 "W x 8% "D. 
DTE -AK $49.95 
SPECIAL, JE610 /DTE -AK PURCHASED TOGETHER 

(Value $129.901 $124.95 

JE600 
Hexadecimal Encoder Kit 

FULL B -BIT 
LATCHED OUTPUT 
19 -KEY KEYBOARD r 
The JE600 Encoder Keyboard Kit provides two separate 
hexadecimal digits produced from sequential key entries 
to allow direct programming for 8 -bit microprocessor 
or 8 -bit memory circuits. Three additional keys are 

provided for user operations with one having a bistable 
output available. The outputs are latched and monitored 
with 9 LED readouts. Also included isa key entry strobe. 
Features: Full 8 -bit latched output for microprocessor 
use. Three user- define keys with one being bistable 
operation. Debounce circuit provided for all 19 keys. 

9 LED readouts to verify entries. Easy interfacing with 
standard 16-pin IC connector. Only +5VDC required for 
operation. 

JE600 (Case not included) $59.95 
Desk -Top Enclosure for 

JE600 Hexadecimal Keyboard Kit 
Compact desk -top exclosure: Color- coordinated de- 
signer's use with light ten aluminum panels and molded 
end pieces in mocha brown. Includes mounting hardware. 
Size: 319 "H x 83 "W x 8951 "D. 
DTE -HK $44.95 
SPECIAL: JE600 /DTE -HK PURCHASED TOGETHER 

(Value 5104.90) $99.95 

133 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


NEW PRODUCTS -H A M E F OSCILLOSCOPES Capacitance Meter 
Easy to use plug in capacitor. push range '\ 
button and reed the velue to 0.1% 
0.5 in. liquid crystal display 
Exclusive "4charge /]volt" 

ment cocon (patent pending) holds % 
/ 

basic accuracy for a full year. ( r 
uptozoohr,eper . uonenseana . dava,. 

8 easy pushbutton r.ng.s co.er 91 pl to 
1999 microfbutto 
Best of all it's easy on the budget - only 

MODEL 938 $179 

1:1 

IDEAL SERVICE 

TIMEBASE 

LPS -TRIGGER 

BUILT -IN 

10 Megahertz 

1 H M 307 
SINGLE TRACE 
OSCILLOSCOPE 

INSTRUMENT 
0.2 s -0.2 s /cm F1 

COMPACT 

COMPONENT TESTER 5404.25 

°--- 20 Megahertz 

, H M 312 
DUAL TRACE 

OSCILLOSCOPE 
' 

e .. 
10 X 8 cm DISPLAY 

I t 
- r LPS- TRIGGERING 

BANDWIDTH DC -20MHz 

TRIGGERING up to 30MHz 

FULL X -Y OPERATION $609.00 

2716 EPROM 

5 volt 
$18.80 

16K 
9rder 2pss order Sots 

5 %óscote lo +.maro., 

LIQUID CRYSTAL DISPLAY 

198.9 " r 

High Contrast Ratio 
Wide Viewing Angle 
0.5 in. Digit Height 

ULTRA Low Power Consumption 
LCD106 $13.50 50 Megahertz 

30 MHz HITACHI Dual Trace Oscilloscope 

-' S TV sync -separates circuit 
HM812 

DUAL TRACE STORAGE 
OSCILLOSCOPE 

50 MHz DUAL TRACE n írn 
PLUS VARIABLE - PERSISTENCE ia- .t.l 
DELAYED SWEEP WITH 
AFTER DELAY TRIGGERING 

STORAGE OF SINGLE -SHOT- SIGNALS 
"AUTOMATIC STORE " 
LED INDICATION FOR OVERSCAN,SINGLE 
SHOT, TRIGGER ACTION DELAY 
AUTOMATIC STORE 

1,- 

e ea.r 
I )) 

MODE, 
$4032.00 

50 Megahertz 

HM512 
DUAL TRACE 

OSCILLOSCOPE 
BANDWIDTH DC -50MHz 
TRIGGERING up to 70MHz 
AFTER TRIGGER DELAY LINE 

SWEEP DELAY 

DELAY LINE 

OVERSCANNING INDICATION 

BRIGHT DISPLAY 

IDEAL FOR COMMUNICATIONS 
AND DATA PROCESSING 

. 

+ 

., =L 
' 

t . 
- 

3. 7!# t4i e 

$1485.75 

High - sensitivity 1mV /div 
(5MHz) 
Sweep -time magnifier 
(10 times) - ; Z -axis input (Intensity 

- ---, -- o - modulation) 
Signal delay line 

" x -Y operation s945°o Trace Rotation 

More sensitive to your input 

e 
HYBRID AUDIO POWERAMPLIFaIhERS 

P/N Transformer 
S1.1010G(10w15 6.95 TRIOS 7.90 
s1- 1020GI20w) 573.95 TR20 S10.90 
ASISIsc kat for above) 95 

51- 1030G130WI 519.00 TR30 512.90 
9I.1059G150WIS27.60 TR50517.90 
ASI.101Socket for above) .95 

, Note: One Transformer can power two audio ernO00e/4 

Power Supplies from ADTECH 
Model Vdc Amps 
APS 6 -3 5 3.0 
APS 12 -1.6 12 1.6 
APS 15 -1.5 15 1.5 
APS 24.1 24 1,0 

,/ 2 a to rip 25 8 

542 50 540.65 538.65 

POWER 
Model Vdc Amps 
APS 5.6 5 6.0 
APS 12 -4 12 5.0 
APS 15 -3 15 3.0 
APS 24-2.2 24 2.2 

1.9 up 25 ao 
566 90 888 4.00 581.10 

Intersil LED or LCD OUnn! olt. 
r':' 

31 2 DIGIT PANEL - 

METER KITS- -..,. 
BUILD A WORKING DPM IN 'A HOUR WITH -- - 

THESE COMPLETE EVALUATION KITS 
Test these new parts for vourseld with Intersil s low 
cast prototyo ng kas complete with A/0 converter and 

CD display 171061 or LED dsPlavc ]n0]I Kits provide 

--1-- all materials ncl PC hoard for al n nog pane meter 

/ 
ANCRONA 

ti . P 0 B 2298y C I CO, CA 90210 

d add M Order S1 0 
g Messer Charge and VISa 

I.., ,t ee PHONE ORDERS: (213) 641 -4064 
SYM-i NEW LOW 

f 
..s.. '_. 

PRICE 

8022A FLUKE( $139 

8020A 
5179 

j - 
8024A ;ep4 
S219 

ICL71B9EV LCD 92995 ILLIIO7EV (LEM 52195 " 
I.... 

- - - 

?.e $239.00\ 
8 Digit - 10 MHz Universal Counter Kit 
Kit Includes: Resistors 

ICM7226AIDC IC Capacitors 
10 MHz Quartz Crystal Diodes 
(8) 7 Segment .3" LED Displays Switches 
PC Board IC Socket 

Order Part Number ICM7226AEV 574.95 

TUCSON 
s,ef a.o.a... 

álwii áiïw' 

CULVER CITY , -a^ ^ 
v 0,'59559 

30 

SANTA ANA 
^e 

I iu ̂ s:ie:i. 

PORTLAND 
^ 

ai9ö0 2134/641 

L4NAOA,B.C. 

°N:aON "s 
v, ̂ , ,,.::bec 
moáaiz:óvo, 

SUNNYVALE 

s,.lwl 
iaseutn~ 

^',cea sape 

ATLANTA 

as Ata0el x1-nwS 
O9 .mea Dio 

HOUSTON 
a n 

T TTOaa itm ̂sAaaa, KTM -2 CRT /TV Kybd Term 5349 

CIRCLE NO. 3 ON FREE INFORMATION CARD ,ji.Lii..1 .:-dii i 0 lib,..5 ,Iii. zyji .Lij)L-aiLNdli 
Here is a chance to stock up your lab at unprecendented prices... we've got to move these out to make room for our over- 

expanding CompuProT" division. Limited quantities - first come, first served. Sorry., at these low prices we cannot include spec 
sheets or accept COD /telephone orders. Part numbers must include the special -S suffix or you will be charged our regular 

prices. Parts may be house numbered or have dual markings. This is your chance to save! 

LINEARS 
(package type: H=T099, M=minidip, D=dip, TK =T066) 

7403 -S 
7410 -S 
7413 -S 
7438 -S 
7444 -S 
7450 -S 
7472 -S 
7493 -S 
7496 -S 
74122 -S 
74151 -S 
74155 -S 
74159 -S 
74161 -S 
74163 -S 
74164 -S 
74190 -S 
74192 -S 
74194 -S 
74195 -S 
74198 -S 

Quad 2 input OC 
Triple 3 input NAND 
4 to 16 line decoder /demux 
Quad 2 input NANO OC 
Gray to decimal decoder 
And -or- invert 
JK M -S flip flop 
4 bit binary counter 
5 bit shift register 
Retriggerable one -shot 
8 channel mux 
Dual 2/4 demux 
4 to 16 line decoder /demux OC 
Synchro4 bit binary counter 
Synchro4 bit binary counter 
8 bit shift register 
Up /down decade counter 
Up /down binary counter 
4 bit bidirectional shift reg 
4 bit parallel shift register 
8 bit shift register 

21/$2 
21/$2 
6/$2 

21/$2 
8/$2 

21/52 
21/$2 
10/52 
12/52 
18/$2 
8/$2 
8/$2 
4/$2 
8/$2 
8/$2 
6/$2 
4/$2 
4/$2 
4/$2 
6/$2 
4/$2 

201H -S Improved301 op amp 
308H -S Micropower op amp 
703H -S RF /IF amp 
723D -S Voltage regulator 
741M -S Compensated op amp 
1458M -S Dua1741 
4558M -S Dual741 
4195TK -S Dual track 15V reg w/ data 

4012 -S 
4020 -S 
4023 -S 
4044 -S 
4046 -S 
4071 -S 
4093 -S 
4507 -S 
4510 -S 
5101 -S 

Dual 4 input NAND 
14 stage counter 
Triple 3 input NAND 
Quad R -S latch 
Phase locked loop 
Quad 2 input OR 
Quad 2 in NAND Schmitt trig 
Quad EX -OR 
BCD up /down counter 
1024 bit stat. RAM 4x256 

12/52 
4/52 

12/52 
4/52 
2/52 

12/52 
4/52 
4/52 
2/$2 

10/$12.50 

TO -220 NEGATIVE 
VOLTAGE REGULATORS 

10/$2 
6/52 
6/52 
6/52 

15/$2 
10 /S2 
12/52 
2/52 

7906 -S 
7908 -S 
7912 -S 
79M 15 -S 
7918 -S 
7924 -S 

-6V regulator 
-8V regulator 
-12V regulator 
-15V regulator 
18V regulator 

-24V regulator 

2/52 
2/52 
2/S2 
2/52 
2/52 
2/52 

.OTHER SEMICONDUCTORS 
General purpose silicon signal diodes 50/52 
GT5306 NPN darlington, min gain 17000, 

25V 200 mA,1092 package 100/58.95 
NPN transistor similar 2N3904 100/$7.95 
PNP transistor similar 2N3906 100/58.95 
4N28 -S opto- coupler 6 pin minidip, 

MCT- 2 /IL -1 pinout 5/52 
SN76477 -S complex sound generator 1/52.50 
MA1003 12V DC clock module w/ case 519.95 
Opto- Isolator Grab Bag - 50 mixed opto- isolators 

from a major manufacturer. Unmarked 6 and 8 
lead minidips include single and dual types with 
diode, transistor, and darlington outputs. Test 
them yourself and save! Not recommended for 
beginners. 50/54 

SOLDERTAIL 
SOCKET SPECIAL ! 

Now that you've got the ICs, get some sockets at a 

fantastic price! 
14 pin: 50/54.95 24 pin: 30/54.95 
16 pin: 50 /54.95 28 pin: 30/54.95 
18 pin. 50/54.95 40 pin: 20/54.95 
20 pin. 40/54.95 

16K DYNAMIC RAM 
SPECIAL ... 8/$59 !! 

Expand memory in TRS -80' -I and -II, as well as 
machines made by Apple, Exidy, Heath H89, newer 
PETs, etc. Low power, high speed (4 MHz), Add $3 
for 2 dip shunts plus TRS -80' conversion 
instructions. Limited quantity. 

TERMS: Cal res add tax. Allow 5% shipping; excess 
refunded. Orders under $15 add $1 handling. We accept 
VISA' and Mastercard' orders ($25 min). Please include 
street address for UPS delivery. Sale prices good through 
cover month of magazine; other prices subject to change 
without notice. 

®QP 
GODBOUT ELECTRONICS 

Bldg. 725, Oakland Airport, CA 94614 

FREE CATALOGUE: This is only the tip of the iceberg... 
we also have power supply kits, MusiKits , more 
components, and of course the CompuProT" series of 
high- performance S -100 computer boards. For 1st class 
catalog delivery, add 41 cents in stamps. Foreign orders 
add $2 to help cover postage (refundable with order). 
Thank you for your business! 

CIRCLE NO. 29 ON FREE INFORMATION CARD 
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Radio Shack -Your No. 1 Parts PlaceTM) 

Low Prices and New Items Every Day! 
4000- Series CMOS ICs 

Low 890 
As 

Type Cat. No. Each 

4001 276 -2401 .99 
4011 276 -2411 .89 
4013 276 -2413 1.19 
4017 276 -2417 1.99 
4027 276 -2427 1.19 
4511 276 -2447 1.99 
4049 276 -2449 .99 
4050 276 -2450 .99 
4066 276 -2466 1.59 

Schottky Low 79¢ ICs As 

Type Cat. No. Each 

74LS00 276 -1900 .79 
74LS02 276 -1902 .79 
74LSO4 276 -1904 .79 
74LS08 276 -1908 .79 
74LS32 276 -1915 .89 
74LS73 276 -1918 .99 
74LS74 276 -1919 .79 
74LS75 276 -1920 .99 
74LS90 276 -1923 1.19 
74LS123 276 -1926 1.49 
74LS151 276 -1929 1.09 
74LS157 276 -1930 1.19 
74LS161 276 -1931 1.59 
74LS164 276 -1932 1.59 
74LS175 276 -1934 1.39 
74LS193 276 -1936 1.69 
74LS367 276 -1835 1.59 

TTL Digital Low 69¢ 
ICS As 

Type Cat. No. Each 

7400 276 -1801 .69 
7402 276 -1811 .79 
7404 276 -1802 .79 
7408 276 -1822 .79 
7447 276 -1805 1.19 
7448 276 -1816 1.29 
7473 276 -1803 .79 
7474 276 -1818 .99 
7475 276 -1806 1.09 
7476 276 -1813 .89 
7490 276 -1808 1.09 
7492 276 -1819 1.19 
74154 276 -1834 1.49 
74192 276 -1831 1.59 
74193 276 -1820 1.49 

All 100% Prime from Ma- 
jor Manufacturers. Specs 
and Pin Out Diagram In- 
cluded with Each Device. 

Barrier Strips 
New! 
Low As 

119 
Rugged thermoplastic. Prevent shorts. 
Ideal for audio equipment, power sup- 
plies. Terminals extend his' 

Terminals Cat. No. Each 

4 274 -651 1.19 
6 274 -652 1.49 
8 274 -653 1.79 

Sound Effects Chip 

44 
28 -Pin DIP 

SN76477. Music, explosions, phas- 
ers, gunshots and more - almost 
any sound imaginable! Line -level 
output. 6- 15VDC. With data. 
276 -1765 4 49 

3" Solar Cell 

999 

High Efficiency 

Back in Stock! 0.45V at 
1 Amp in full sunlight. 
276 -123 9 99 

New! IC Tool 
Set 

695 

f 1 tr Built -In Pin 
Straightener 

Handy insertion and extraction 
tools handle all 14 to 16 -pin de- 
vices. Both tools easily grounded. 
276 -1574 Set 6.95 

16K Dynamic RAM 

New! ! 
95 

I 

1 Each 
16,384 x 1 bits in a 16 -pin DIP. Ac- 
cess time: 250 nanoseconds. Re- 
fresh: 1 millisecond. Requires +5, 
+ 12, and - 5VDC. TTL compati- 

ble. 276 -2505 13.95 

Mini Lamps 
New! 

Only 
Enlarged 99¢ to show 
detail 

Pkg. of 6 

Long life red incan- 
descents for models, 
charts, dial lights, 
more. 6V, 60 mA. 
272 -1144 .... 6/99e 

Speaker Terminals 

New! 
199 

Just right for hi -fi, instrument or PA 
speakers. Push -terminals accept 
up to 16 -ga. wire. Also has 2- 
conductor 1 /d' phone jack with seal- 
ing plug. 274 -624 1 99 

Opto Devices 
Low As 

890 

D Emi er /Detector Pair. LED 
infrared source. Sensitive photo- 
transistor detector. 
276 -142 1 99 
© Phototransistor. Sensitive, fast 
response silicon. 276 -130 .... 894 

Yellow 0.3" 
LED Readout 

New! 
199 

Pkg. of 2 

Right hand decimal, 3.0V/ 
segment la 20 mA. Com- 
mon cathode. 
276 -067 Pair /1.99 

Cases and Cabinet 
Save 33% 

0 Deluxe "Wood Look" Cabinet. Metal, slide -off cover, rubber feet. 
23/4x41/4x51/8:' 270 -262 (Reg. 5.95) Sale 3.95 

J Readout. Holds tour 0.6" or eight 0.3" readouts. Removable bracket. 
113,5x37/w47/e:' 270-285 (Reg. 3.95) Sale 2.95 

© Clock. For MA -1003 car clock. Blue lens. Accepts 3 switches (not 
incl.). Bracket, 31/ 21/ax2:' 270 -303 (Reg. 5.95) Sale 3.95 

TV RF Modulator Board 

Save 
29°ío f< 

Reg. 16.95 

1195 
Etched, drilled 8 labeled PC board with pre - 
wired RF module and back -of -set ant. 
switch. Ch. 3 or 4 out. Produces color or 
!Am video, 30- 15,000 Hz hi -fi sound. With 
instructions. Parts extra. 
277 -122 Sale 11.95 

16 -Pin DIP Jumper 
Cable 

399 
Two 16 -pin DIP plugs connected by an 
18" color- indexed ribbon cable. Simpli- 
fies linking up digital circuits. 
276 -1976 3 99 

AC Cooling Fan 

Quiet, Efficient 

1495 
Ideal for cooling hi -fi and ham 
equipment, power supplies, com- 
puters. 70 CFM. For 120VAC. Just 
4.63x4.63x2.47" overall. 
273 -241 14.95 

Regulated 12VDC Supply 

2995 
Circuit 
Breaker 

Protected 

Powers CBs, ham rigs, auto -sound equip- 
ment and more from 120VAC. 2.5A continu- 
ous, 5A surge, 21 /vc41x64'á: U.L. listed. 
22 -124 29.95 

Prices may vary at individual stores and dealers 

NEW 1981 Catalog Available Now! Come in 
for Your FREE Copy! (None Sent by Mail). 

SEPTEMBER 1980 

ftadue I'haek 
A DIVISION OF TANDY CORPORATION FORT WORTH, TEXAS 76102 

OVER 7000 LOCATIONS IN 40 COUNTRIES 
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s-100 s-I00 S-10 

*Less 

*$249°° 
IN STOCK NOW 

INTRODUCTORY 
OFFER 

PLACE QUANTITY 
ORDERS NOW, 

SAVE! 
Boards and Fans, Assembled Add $45.00, 

6 Slots Populated with Connectors 

i 

COMPLETE S -100 SYSTEM 
ALL NECESSARY 
POWER SUPPLIES 

*12 Slot Motherboard *220VAC or 110VAC 
Fully Terminated 

*30A of +8V 

6A of -±16V 

*Disc Power Supply 
6A of +24V 
5A of +5V 
1A of 

*All Steel Frame 

50 or 60 Cycle Operation 

*Low Voltage Tap 

*Nylon Card Guides 

*Connectors Supplied 
for up to 4 Drives 

*Optional Fans Mount 
Neatly on One Side 

DELTA PRODUCTS 
15392 Assembly Lane, Huntington Beach, CA 92649 

(7141 898 -1492 

CIRCLE NO. 21 ON FREE INFORMATION CARD 

For more 
information 
on 
advertised 
products, 
equipment 
tested, etc., 

circle 

appropriate 
number 
on 

postpaid 
Free 
Information 
Card. 

IBEAT HIGH GAS PRICES! 

FREE 

Booklet 

Electrify Your Bike! 

PEDALPOWER exciting new bike drive tames tough 
hills. Be independent. Shop when you want. Fits all 
Bikes, Adult Trikes. Installs in minutes. Thousands 
sold. Recharges overnite. Travels 100 miles for a 

dime. Get your exercise without strain. Pedal easily 
with motor engaged to help improve your health. 
Visit friends. Travel to work or ride for fun. Starts 
without pedaling. Noiseless, nonpolluting. Virtually 
maintenancefree operation! 

CALL TOLL FREE 
800 -257 -7955* 

For Free Booklet and Special Offer or write: 

General Engines Co. 
5959 Mantua Blvd. Sewell, NJ 08080 

1 

1 

1 

1 

1 

1 

1 

I 
1 

1 

1 

1 

1 

In AK, HI, NJ call collect (609) 468-0270 I 
1 

I 
, -.is)i . 7 . p I 

r `..ss<!.<S<S..<!..1 
CIRCLE NO. 27 ON FREE INFORMATION CARD 

'SOUND EFFECTS GENERATOR BASIC KIT 
Now C 

" 

ANE ELECTRONICS HAKES ,T POSSIBLE TO BUILD YOUR OWN 
ND EFFECTS GENERATOR WITHOUT SPENDING A FORTUNE. WE SUPPLY 

YOU WITH THE T176477 SOUND CHIP PLUS AN ETCHED AND DRILLED 

LASS 
EPDXY PC BOARD WITH OOWEMATIC ANO LAYOUT INSTRUCTIONS. 

IiS BOARD MAKES IT SIMPLE TO BUILD A GENERATOR CAPABLE OF 
HASER BOUNDS, LOCOMOTIVE, SIRENS, AIRPLANES, CLOCKS, ETC. 
DOES NOT REQUIRE DIP SWITCHES OR OTHER ,VESUNUSUAL 
COMPONENTS. YOU SUPPLY ONLY A FEW STANDARD RESISTORS, CAP - 

ORS, WITCHES, POTS, SPEAKER, 2N2222 TRANSISTOR AND ON 

BATTERY. mpg! BAS,C Ir ONTAINING 
f23883 TIÓ6476ieuCTBnD 

ac psAY 55x95 
2N2222 TRANSISTOR FOR ABOVE C23884 .39 EACH 

IF YOU HAVE ALREADY PURCTASEO THE 1176477 CHIP You MAY BUY 
THE PC BOARD ANO INSTRUCTIONS ONLY. C2388S $4.00 

SaobeTube &Trigger E LED 
Flasher 

E Klt 

O w\ 
$2.49 

'1.75 

6VDC Xenon 
Flasher 
Klt ktis 
"- °' naos fß.00 

La Digital 
13 -I Counting 
O Module 

.7g 
eH.M1 .,.I 

V. i 

120 VAC =-7-® Wheel of 
Xenon a s Fortune 
Strobe Klt ¡j = 

al c 

$7.50 $e.99 

OTO O ID ÍDa ID ÍI]a 1010 La a a Oa ID O E IUa La Oa a 
HIGH OUTPUT SILICON SOLAR CELLS 

WE NON STOCK A FULL LINE OF 1LEBE HARD YD FIND CELLS WHICH 
CONVERT LIGHT DIRECTLY INTO ELECTRICITY. EACH CELL GENERATES 
APPROXIMATELY .45 VOLT AND GENERATES CURRENT AS SHOWN BELOW. 
CONNECT CELLS IN SERIES FDR MORE VOLTAGE AND CONNECT CELLS IN 

PARALLEL FOR MORE CURRENT. MANY OTTER TYPES ARE LISTED IN 

OUR CATALOG( 
SIZE CURRENT STOCK I PRICE 

2" 1/4 CELL 100MA C24154 $1.75 
21' 1/2 CELL 250MÁ 024155 $3.00 
2" WHOLE CELL 500MA 024156 55.50 

3" 1/3 CELL 300MA C24157 $3.25 
3" 1/2 CELL 500MA C24158 $5.50 
3" WHOLE CELL 750MÁ C24159 $8.50 

4" 00 OLE ELL 1.3 AMPS C24160 510.00 

RECHARGEABLE AA NICADS 
OSED-EXCELLENT CONDITION C21101 794 

(_ CMANEnl 
electronics Inc 

Minimum order $5D0 
Please include $1.00 for postage 
Visa, MC and COD accepted 
Phone orders are welcome 

P.O. BOX 27038, DENVER, CO. 80227 (3031 781 -5750 

Send for our free giant catalog of unique items III 

CIRCLE NO. 12 ON FREE INFORMATION CARD 

Popular Electronics 
ADVERTISERS INDEX 

RS no. ADVERTISER PAGE no. 

2 All Electronics 123 
3 Ancrona Corporation 134 
4 Apple Computer Cover 2, 1 

7 AP Products 45 
6 Atari 8, 9 
5 Audio Matic 127 

8 Beckman 6 
9 Belsaw Instruments 127 
10 B & K Precision 52 

Bullet Electronics 141 
11 BYTE 103 

12 Chaney Electronics 136 
Classified Advertising ...138, 139, 140, 141 

13 Chromatronics 123 
14 Cleveland Consumer Computer 131 
11 Cleveland Institute of 

Electronics, Inc. 26, 27, 28, 29 
1 Communications Electronics 13 
15 Components Express, Inc. 121 
49 Compuserve 49 
16 Computique 96 
17 Concord Computer Components 115 
18 Cooper Group, The 10 
19 CPU Shop 116 
20 Creative Computing 122 
79 Crown International 14 

21 Delta Products 136 
22 Dlgi -Key Corp. 129 
23 Discwasher 3, 20 

80 EICO 124 
24 Electra Co. 24 
25 Electronic Technical Institute 105 

26 Firestik Antenna Corp. 106 

27 General Engines Company 136 
28 Gladstone Electronics 44 
29 Godbout Electronics, Bill 134 

Grantham College of Engineering 127 

30 Heath Co. 91, 92, 93 
31 Heath Co. 72 
32 Heath Co. 30 

Heath Co. 60, 61 
33 Hewlett- Packard Cover 3 
34 Hobby World 141 
35 Home Guardian 120 

36 Illinois Audio 122 
37 Information Unlimited 106 
38 Institute of Audio Research 31 

39 Jameco Electronics 132, 133 
40 JBL 58 
41 J &R Music World 110 

JS & A National Sales Group 7 

42 Koss Cover 4 

43 Maxell Corp. of America 95 
MICROCOMPUTER MART 137 

44 Media Marketing 75 
45 Mercury International 84 
46 Mercury International 41 
47 Mercury International 104 
48 Mercury International 119 

McGraw Hill 54, 55, 56, 57 
50 McIntosh Laboratory, Inc. 118 

51 Nabih's 123 
52 National Guard 37, 38, 39 

National Technical Schools ...80, 81, 82, 83 
Netronics R & D Ltd. 47, 109, 117 
NRI Schools 16, 17, 18, 19 

OK Machine & Tool Corp. 71 
54 Olympic Sales 141 
55 On Computing 111 

56 PAIA Electronics, Inc. 96 
57, 58, 59, 60 Percom Data 2 
61 Personal Computer Systems 137 
62 Poly Paks 124 
63 Protetto 106 

64 Quest Electronics 130 

Radio Shack 135 
65 Riehl Time Corp. 113 
66 Roy Thomas Associates 51 

67 Sansui 23 
68 Shure Bros. 67 
69 Sinclair Electronics 97 

Sinclair Ltd. 53 
71 Sony 32,33 
72 Soundguard 34 

73 TAB Books 107 
74 Tam's Inc. 127 
75 The Software Exchange 122 

76 Vector Electronics 115 
77 Video Club of America 5 

78 Yamaha 15 

POPULAR ELECTRONICS 
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MEMOREX 
DISKETTES 
Call m6 FREE (800) 235-4137 

PACIFIC EXCHANGES J 

THE (TIKROÇOIT1PUTER MART 

MICROCOMPUTER MART RATE: 1" x 1 Col. (1 -5 8 ") $125. 1 -1 2" x 1 Col. (1 -5 8 ") $187.50. 2" x 1 Col. (1 -5.8 ") $250.00. Send order and remit- 
tance to MicroComputerMart. POPULAR ELECTRONICS, One Park Avenue, New York. NY 10016. Direct inquiries to (212) 725 -3485. 

ILLINOIS 

FARNSWORTH 
qc COMPUTER 

Apple. Hewlett- Packard. 
Cromemco. North Star. 

(Check our prices) 
1891 N. Farnsworth Ave. 

Aurora, IL 60505 
(312) 851 -3888 

GEORGIA 

AUTHORIZED TRS -8O`°' DEALER A301 

COMPUTER SPECIALISTS m 
Morin 
osmemmeor 

Up to 
15% Discount 
on TR5 -80's 

26.1051 4K LEVEL .. $424.00 
26 -1056 16K LEVEL II $715.00 

1-800-841-0860 TOLL FREE 

MICRO MANAGEMENT SYSTEMS, INC. 
Downtown Plaza Shopping Center 

115 C. Second Ave.. S.W. 
Cairo, Georgia 31728 

(912) 377-7120 Ga. Phone No 

CALIFORNIA 

OHIO SCIENTIFIC EXPANSION 
The first Book of Ohio Sclentiac 

Volumes 1 6 2 - S7.95 ea (189 pages ea I 

Call (Monday Saturday) or write for Irae bulletins 

SILVER SPUR COMMUNICATIONS 

3873 -F Scheeler Avenue 
Chino, CA 9r710 (714) 627 -9386 

Master Charge VISA accepted 

LARGE SOFTWARE SELECTION 

1 

OHIO SCIENTIFIC 
MICRO- COMPUTERS 
A.A. Office 
Equipment Company 
2140 American Avenue 
Hayward, CA 94545 
(415) 782 -6110 

OHIO 
SCIENTIFIC 

Data Poducrs Maintenance 

213 513 5991 4 994-4180 

HUGE DISCOUNTS 
PET -8K - $778.12 I T1 99/4 - $936.33 

HORIZON 1- 32K -D -ASM - $2259.70 
DYNABYTE DB 8/2 -48 - $3633.22 

Similar Discounts on all Items. Call for 
Prices 

MICROPROCESSOR APPLICATIONS 
P.O. Box 462 Woodacre, CA 94973 

(415) 488 -0992 
VISA - MASTER CHARGE HONORED 

FREE'software catalog 
for Apple II 

SALESSERVICE LEASING 
of 

APPLE ATARI ',DEC 
Plus all PERIPHERALS & SUPPLIES 

Open Tuesday through Sunday 
VISA and MASTERCHARGE 

RAINBOW COMPUTING, INC. 
9719 Reseda Blvd. 

Northridge, Ca 91324 
(213) 349 -5560 

DISKETTES 
Call toll FREE (800) 235-4137 

PACIFIC EXCHANGES 

NEW JERSEY 

501 Route 27 Iselin, N.J. 08830 

12011 283 -0600 

NEW HAMPSHIRE 

As advertised in 73 Amateur Radio, 
80 Mlcrocomputing 6 
Kilobaud Mlcrocomputing magazines 

COMPUCRUISE 95 
WITH CRUISE CONTROL Sq Regular list $199.95 S +$8.00 
FREE CATALOG shipping & handling 

MAIL (MEP MILr109 .Wj,j Pa 90D.. ,I M.00 
wN r 

03r55 

p, $669. 6 x 

Level II, 16K TRS80 

1- 800 -258 -1790 
(in. NH call 673 -5144) 

Send $1 for our complete catalog. 

l$2 credit on first purchase) 

NEW YORK 

' THE FINEST IN 

I 

MICROCOMPUTERS 

COMPUTER CENTER I 
I 31 East 31st Street I 
I New York, NY 10016 

(212) 889 -8130 I 

GET A GREEN SCREEN 

Superb results! Custom molded to fit over 
the picture tube Mounts with Invisible 
double -faced tape. Specify TRS -80 Mod I 

or II. PET Leedex 100 or 180 Sanyo 9" or 
12- 

MONEY BACK GUARANTEE! 

To order. call 12121 296 -5916 or send 
$12 50 plus $2 00 S &H (VISA MCI to. 

ALPHA PRODUCTS CO. 
85 -71 79th St. 

Woodhaven. NY 11421 

TEXAS 

As a Radio Shack A. Authorized 
Sales Center owned 8 operated 
by Pan American Electronics, Inc., 
we can sell them for less. No taxes 
collected on out -of -state ship- 
ments. We pay shipping 8 insur- 
ance. 

TOLL FREE 800 /531 -7466 
Texas Et Main No. 

512/581 -2765 
1117 Conway 

Mission Texas 78572 

LLOOK!! 
TRS-80° Computer Owners 

MEGASAVINGS! 

Brand new Percom mini -disk 
systems: 
Single-Drive- $349.95; 
Double-Drive- $699.45; 
Triple -Drive - $1049.45. 
16K -Byte Memory: 8 prime 4116 
ICs- $64.95 

Introductory prices good tor a limited time 
only. Prices do not Include shipping, or 
sales tax if applicable. 

CALL Toll -free 1- 800,527 -4196 

ACCESS UNLIMITED 
315 71 Slm 1)1 Sia DI - Garland, TX 75042 

4, 404.02011 

Discount 
Prices on 
Personal 
Computers 

rsonaI 
Computer 
5ystms 

HEWLETT 
PACKARD 

H P-85A 

List $3250 

ATARI ° 400, List $630 .... ONLY $499 
ATARI` 800, List $1080 $849 

TI -99/4, List $1150........ ONLY $995 
COMMODORE PET .. Call us! 

[hp]CALCULATORS: 
HP -41C Calculator, "A System" .. $244.95 
HP -32E Scientific w /Statistics ... S 53.95 
HP -33C Scientific Programmable ... 99.95 
HP -34C Advanced Scientific 
Programmable 123.95 

HP -37E Business Calculator 58.95 
HP -67 Handheld Fully Advanced 

$2799 Programmable Scientific for 
Business Er Engineering 298.95 

32K, List $1395 $1169 HP -97 Desktop w /Built -in Printer 579.95 

609 Butternut Street, Syracuse, N.Y. 13208 (315) 475 -6800 48K $1259 

Prices do not include shipping by UPS. All prices and offers subject to change without notice. 
CIRCLE NO. 61 ON FREE INFORMATION CARD 

.c1pplc, II 

16K, List $1195 

ONLY $989 

k:® 
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Electronics Classified 
CLASSIFIED RATES: Per Word, 15 Word Minimum. COMMERCIAL: $2.75. EXPAND -AD ": $4.10. DISPLAY: 1" x 21/4", $330.00. 2" x 2'iá', $660.00. 3" x 21/4', $990.00 
GENERAL INFORMATION: Frequency rates and prepayment discounts available. Payment must accompany order except credit card -Am. Ex., Diners, MC, VISA 
(include exp. date) -or accredited ad agency insertions. Copy subject to publisher's approval; must be typewritten or printed. First word set in caps. Advertisers using 
P.O. Boxes MUST supply permanent address and telephone number. Orders not acknowledged. They will appear in next available issue after receipt. Closing date: 1st 
of the 2nd month preceding cover date (e.g., Mar. issue closes Jan. 1). Send order & remittance to: Classified Advertising, Popular Electronics Magazine, 1 Park 
Avenue, New York, NY 10016. Direct inquiries to Linda Lemberg, (212) 725 -7686. 

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. 

UNSCRAMBLERS FOR any scanner. Several models avail- 
able. Free literature. Capri Electronics. 8753T Windom, St. 
Louis, MO 63114. 

CB RADIOS, VHF -UHF Scanners, Crystal, Antennas, Radar 
Detectors. Wholesale. Southland, Box 3591, Baytown, TX 
77520. 

PRINTED CIRCUIT supplies, chemicals, tools, artwork, plat- 
ing solutions. Major credit cards. Catalog $2.00, refundable. 
CIRCOLEX, Box 198, Marcy, NY 13403. 

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 -49 cents each. Send for free catalog. 
Cornell. 4213 University, San Diego, Calif. 92105. 

AMATEUR SCIENTISTS. Electronics Experimenters. Sci- 
ence Fair Students ... 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 $1.00 (no stamps) for complete 
catalog. Technical Writers Group, Box 5994. University Sta- 
tion. Raleigh, N.C. 27650. 

SOUND SYNTHESIZER KITS - Sud $16.95. Wind $16.95, 
Wind Chimes $22.95. Musical Accessories. many more. 
Catalog free. PAIA Electronics, Box J14359, Oklahoma City. 
OK 73114. 

TELETYPE EQUIPMENT: Copy Military. Press, Weather. 
Amateur. Commercial Transmissions. Catalog $1.00. 
WEATHER MAP RECORDERS: Copy Satellite Photographs. 
National -Local Weather Maps. Learn How! $1.00. Atlantic 
Sales, 3730 Nautilus Ave., Brooklyn, NY 11224. Phone: (212) 
372-0349. 

BUILD AND SAVE TELEPHONES. TELEVISION, DETEC- 
TIVE. BROADCAST Electronics. We sell construction plans 
with an Engineering Service. Speakerphones, Answering Ma- 
chines, Carphones, Phonevision, Dialers. Color TV Convert- 
ers. 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 Hob- 
by Catalog PLUS year's subscription to Electronic News Let- 
ter, $1.00. Don Britton Enterprises, 6200 Wilshire Blvd., Los 
Angeles, Calif. 90048. 

NAME BRAND Test Equipment. Guaranteed discounts up to 
50%. Free catalog. Salen Electronics. Box 82, Skokie, II 

60077. 

HIGH PERFORMANCE 
SPEAKER CABLE 

$15.95 buys a pair of 20 -foot rolls 
of 12-gauge, twin -conductor, color - 

coded speaker cables. You could be 
losing up to halt your system's per- 

formance in puny speaker wire! Ultra- low -resis- 
tance cable allows maximum damping factor in your 
system to get the full transient response and dynamic 
range your speakers are capable of. Supplies limited. 
Add $2.50 per set for postage and handling. 

4eokeiIciept. PE09, 735 N. Northlake Way 
B Seattle, Washington 98103 

UNSCRAMBLERS. seven models available to decode police, 
ambulance, and fire coded transmissions. Other scanner de- 
vices. Tone encoders decoders. Telephone accessories, etc. 
Free Catalog. KRYSTAL KITS, Box 445, Bentonville. AR 
72712. (501) 273-5340. 

POLICE FIRE SCANNERS, crystals, antennas, CBs, Radar 
Detectors. HPR, Box 19224. Denver, CO 80219. 
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RECONDITIONED TEST EQUIPMENT $1.00 for catalog. 
WALTER'S TEST EQUIPMENT, 2697 Nickel, San Pablo, CA 
94806. (415) 758 -1050. 

SATELLITE TV 
FOR THE HOME 

Our receiver lets you get 
over 75 channels of televi- 
sion directly from earth - 
orbiting cable TV satellites!: 
HBO, Showtime, super sta- 
tions, sports and movies 
from around the world. 

Sick of Network TV? 
Buy Complete or 

Build our kit and save! 
Our 24- channel receiver provides "studio quality" 

TV reception. Easy to Install! Ultra low power con- 
sumption! Brilliant color! Works anywhere! FCC 
licensing no longer required. Order today! 

Complete details covered in our Home Earth Sta- 
tion manual. Send S7.95 today (refundable against any 
purchase), or call: 

24 -hour C.O.D. Hotline 
(305) 869 -4283 

SPACECOAST RESEARCH 
Dept. H, P.O. Box 442, Altamonte Springs, FL 32701 

Buy 
Gov't 

Surplus 
SAVE 

To 
8S/. 

Send 600 For Big Bargain Catalog 
1000's of Bargain.: Surplus. Excess Invnlorr, 

Brand Name New Equipment 

COMPRESSORS WINCHES GEAR MOTORS 

SILIPNONES WILOEK POWER PLANTS 

SURVEYING INSTRUMENTS ELECTRONICS 

RI,BURGIAR ALARMS PAINT GUNS 

HYDR BINOCULARS TOOL BORIS 

AULICS AIR IDOLS PUMPS 

SURPLUS CENTER Boa a]]00 -PF 
Lincoln, Nebroska 

Zip Code 68501 

NEW ELECTRONIC PARTS. Continuously stocked. Stamp 
brings catalog. Daytapro Electronics, 3029 N. Wilshire Ln., Ar- 
lington Hts., IL 60004. 

RF POWER TRANSISTORS plus TV, audio, radio, VTR tran- 
sistors, and more. IC's, diodes. B & D Enterprizes, P.O. Box 
32, Mt. Jewett, PA 16740. (800) 458 -6053 

FREE CA3140 OpAmp with every order. All top quality mer- 
chandise. Send for bargain catalog. KEY ELECTRONICS, 
Box 3506P, Schenectady, NY 12303. 

ELECTRONIC CATALOG. Over 4,500 items. Parts, & compo- 
nents. Everything needed by the hobbyist or technician. $2.00 
(U.S. funds) postage & handling, refundable with first $15.00 
order. T & M Electronics, 472 East Main St., Patchogue, NY 
11772. (516) 289-2520. 

SAVE 50%. Build your own speaker system. Write: McGee 
Radio Electronics, 1901 McGee Street, Kansas City, Missouri 
64108. 

HOW TO BUILD CROSSOVERS. Send S.A.S.E. for catalog 
of crossover information publications. Mesalab, Dept. PE, 
3942 Mesa Avenue, Sarasota, FL 33583. 

PRINTED CIRCUIT BOARDS, your artwork. Quick delivery. 
Reasonable. Atlas Circuits, Box 974, Waynesville, NC 28786. 
(704) 456 -3739. 

SATELLITE TV RECEPTION 36 -page "How -To" Book. Com- 
plete reprint of Bob Cooper's 7 -article series from Radio -Elec- 
tronics Magazine. $6.00 postpaid U.S. and Canada. All others 
add $3.00 postage. N.Y.S. residents add 480 sales tax. SAT- 
ELLITE TV RECEPTION, Box A, Radio Electronics, 45 East 
17th Street, New York, NY 10003. 

HAMS, CBERS, SWLS, ELECTRONICS BUFFS! Parts, kits 
and plans now available for Popular Electronics projects. 
MORSE -A -WORD: Circuit boards $24.00; Essential parts kit 
$99.95; Complete four character kit $149.95; Eight character 
kit $169.95; Wired $249.95. RTTY READER: Boards $24.00; 
Complete kit $189.95; Wired $269.95. S &H $5.00 kits; $1.50 
boards, Use VISA /Mastercard. (414) 241 -8144. Write for 
catalog. MICROCRAFT, POB 513PE, Thiensville, WI 53092. 

RECORDS - TAPES! Discounts to 73% All labels; no pur- 
chase obligations; newsletter; discount dividend certificates. 
100% guarantees. Free details. Discount Music Club, 650 
Main St., Dept. 5 -0980, New Rochelle, NY 10801. 

GIANT SCREEN TV projection kits buy direct, $9.95. Bell En- 
terprises, 4616 Belair Rd., Baltimore, MD 21206. Dealer in- 
quiries welcome. 

BIOPHYSICAL MONITORING, Telemetry Transmitters: EKG - $27.50. Pulse - $39.50. OMNI -TEK, Dept. E, Box 1318, 
Longmont, CO 80501. 

CABLE TV DESCRAMBLERS AND CONVERTERS. Build or 
buy. Plans and parts. For information send $2.00. C &D Com- 
pany, P.O. Box 26, Hudsonville, MI 49426. 

PRINTED CIRCUIT BOARDS. Our years of experience deliv- 
er you top quality boards fast. And we offer what no one else 
dares. GUARANTEED DELIVERY DATES. Call or write us to- 
day. OIGITRONICS, PO Box 2494, Toledo. OH 43606. (419) 
473 -0985. 

YOU CAN EARN $1,000/$3,000 weekly rebuilding CRT's. 90 
day equipment sale- save $1,500. LAKESIDE, 4071 -P El- 
ston, Chicago. IL 60618. (312) 583 -6565. 

RF TRANSISTORS - MRF454 - $19.75, MRF455A - 
$14.50, SRF2027- $18.00, SRF2857- $18.00. Exclusive 
parts and service facility for Palomar, Atlas, Pride equipment. 
Parts catalog available. WESTCOM, 1320 Grand, San Mar- 
cos, CA 92069. (714) 744 -0728. 

ELECTRONIC COMPONENTS and test equipment. Illustrat- 
ed catalog 258. EF Electronics, P.O. Box 249, Aurora, IL 
60507. 

COPPER WIRE, Enamel, Tinned, Bare, Insulators. 

Write: Jug Wire Company, 2234 36th St., Woolsey, 

NY 11105. 

LOGIC LAB TTL CMOS LINEAR- breadboards, func- 
tion generator, six supplies, indicators, switches 

$99.95. Cascade Labs, 5637 Bayview Ave., Rich- 

mond, CA 94804. 

SATELLITE TELEVISION INFORMATION - Build or buy 
your own Earth Station. $3.00 U.S. Satellite Television, RD 3, 

Oxford, NY 13830. 

OSCILLOSCOPE, DC to 22 MHz, Dual Trace, Navy equiv- 
alent to HP170, $199. Hammond, 1013 Lafayette Avenue, 
Colonial Heights, VA 23834. 

AUDIO, VIDEO, ELECTRONIC PRODUCTS: Best pricing, 
prompt delivery! Sony, DBX, Teac, Tascam, Onkyo, Sound 
Workshop, Maxell, Mobile Fidelity Records, others. SOUND 
IDEAS, Dept. PE, P.O. Box 340, Cary, NC 27511. 1- 800 -334- 
2483. (NC -(919) 467 -8462). 

POLICE SCANNERS - WHOLESALE PRICES. Over 25 
models. Bearcat 300- $359.95. Regency M 400- $289.95. 
Bearcat 220 & 250- $279.95. Same day shipping. VISA/MC. 
(415) 573 -1624. Free catalog. Write: Scanners Unlimited, 
1199A Laurel Street, San Carlos. CA 94070. 

OSI CHALLENGER 1P - Superboard ÌI. 90 page'step -by- 
step programming manual, $5.95 + $1.00 P &H. TIS, Box 
921 -PE, Los Alamos, NM 87544. 

RESISTORS 1/4W, 1/2W5%C.F..035 each, NO MINIMUMS. 
Send for stocklist and information. JR INDUSTRIES, 5834 -A 

Swancreek, Toledo, OH 43614. 

POPULAR ELECTRONICS 
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SATELLITE TV 
FANTASTIC 80 Q, CHANNELS 

A must for all homeowners and Ito- it- yourselfers. Build 

a Video System the whole family can enjoy! No commer- 
cials. FREE movies. sports and Vegas Shows - worldwide, 
crystal clear reception connects to any TV set. 100 

pages (8 x II) loaded with photos, plans, kits - TELLS 

EVERYTHING! 

S.0 s6. % TODAY! as WOO Ice 19 ass (ae nual. Saddectun Guaranteed 

GLOBAL TV ELECTRONICS, P.O. Box 219-A Maitland, FL 32751 

SCRAMBLED TELEVISION - Encoding /Decoding. New pub 
lication. Complete theory, circuits. $9.95. Workshop, Box 
393PE, Bethpage, NY 11714. 

SATELLITE TELEVISION -New package includes: ANTEN- 
NA AIMING DATA computed for your latitude, longitude, (plot- 
ted by Compusat), Revised listing of U.S. and international 
geostationary satellites, transponder video frequencies, audio 
subcarriers, formats, antenna/feedline data and more. All for 
$10.00. COMPUSAT, 643 South Route 83, Elmhurst, IL 
60126. 

KEYBOARDS- High quality 61 -note single or dual contact 
for the organ or synthesizer you are building. Send for infor- 
mation. Devtronix, Dept. 71, 6101 Warehouse Way, Sacra- 
mento, CA 95826. 

DOLBY FM AS IT SHOULD BE HEARD. Assembled Decoder 
$99.50. Also encode /decode kit for recordists. SPE INTE- 
GREX, Box 747, Havertown, PA 19083. 

FIBER OPTIC SPECIALS -100 foot spool of fiber $3.00 - 
Experimenter's kit $6.00 -High Power LED with matched De- 
tector $10.00 -Data Link construction plans (detailed) $5.00. 
Catalog with samples $1.00. FIBERTRONICS, Box 322 -A, 
Primos, PA 19018. 

GEL CELL rechargeable batteries 6v (a 7.5 amp -HR. 
6 x 33 x 2" wt. 3 lbs. $25.00. Free catalog. In- X- Sales, Box 
222, Medford, MA 02155. 

HIGH PERFORMANCE Speaker Kits, Drivers. Transmission 
lines, Push -pull reflex. Audax, Dalesford bextrenes, Decca 
ribbons, Jordan Modules. Brochure $1.00. Lazer Audio, P.O. 
Box 943, Union City, CA 94587. 

RARE OUT -OF -PRINT ALBUMS. 25,000 in stock (FS). List 
$2.00 refundable. Record Warehouse, Box 4617, Dept. PE, 
Rochester, NY 14613. 

GOV'T SURPLUS EQUIPMENT, PARTS, TUBES. Catalog 
50c. G&G Radio, 45 Warren St., New York, NY 10007. (212) 
267-4605. 

______ ___ __. -t __ - 
Telephone Listening Device 

Record telephone conversations !n your 
office or home. Connects between any 
cassette or tape recorder and your 
telephone or telephone LINE. Starts 
automatically when phone is answered. 
Records troth sides of phone conversation. 
Stops recorder when phone is hung up. 
This device is not an answering service. 

Super Powerful 

Wireless Mic 
10 times more powerful than other mics. 
Transmits up to Y mile to any FM radio. 
Easy to assemble kit. 15V battery (not incl.) 
Call (305) 725 -1000 or send $18.95 51.00 shipping per 
Hem to USI Corp, P.O. Boa PE -2052, Msbourne, R. 7601. 
COD'. accept. For catalog of transmitters, voice scramblers 
and other specialty items. enclose $2.00 to USI Cori. 

re 1c 

Each 
$18.95 
Sly Disc avad 

sue 2' ea-.'.- 

: 

POLICE SCANNERS - Wholesale prices. Bearcat 210- 
$179.95. VISA/MC. Free catalog. Scanners, 6580 Frank - 
stown Ave., Pittsburgh, PA 15206. (412) 441-9659. 

HV CAPACITORS, ceramic silver plated, 15KV 500pí., 10/ 
$8.00 plus $1.00 U.P.S. Star Wind, PO Box 184, Goleta, CA 
93017. 

ELECTRONIC TOYS AND GAMES. Booklet with photos and 
schematics for 10 toys, $5.00. Micron, 210 E. Belcrest Rd., 
Bel Air, MD 21014. 

SHORT WAVE LISTENERS! Free catalog of short wave re- 
ceivers, digital frequency displays, Collins filters, active All - 
Band receiving antennas, loop antennas and special DX 
modifications! Radio West, 3417 Purer Road, Escondido, CA 
92025. (714) 741-2891. 

WWVB RECEIVER. The ELEMEK Model LXK receives the 
60KHZ WWVB signal. Brochure. Elemek, 6500 -P Joy Rd., 
East Syracuse, NY 13057. 

AMATEUR RADIO 

MADISON DEEP HAM DISCOUNTS. Kenwood, Yaesu, 
Isom, Drake, Accessories- Stock. FREE flyer, Madison Elec- 
tronics, 1508 -P McKinney, Houston, TX 77002. (713) 658- 
0268. 

SEPTEMBER 1980 

HEAVY DUTY REPLACEMENT TRANSFORMERS for HAM/ 
CB. Write for list. Dahl Co., 4007 -P Fort Blvd., ELP/TX 79930. 
(915) 566 -5365. 

RADIO AMATEUR CALLBOOKS: Directories of Radio Ama- 
teurs around the world. Write for FREE catalog. Radio Ama- 
teur Callbook, Dept. PE, 925 Sherwood Dr., Lake Bluff, IL 

60044. 

C.B. EQUIPMENT 

FM TWO -WAY RADIO. Confused? Don't gamble with your 
dollars! Send $3.00 for an informative "BEGINNERS GUIDE" 
to: Two -Way. Box 1302, South Bend, IN 46624. Money -Back 
Guarantee. 

GET MORE CB CHANNELS! Frequency Expanders, boost- 
ers, how -to books, plans, kits. Catalog $1. CB CITY, Box 
31500PE, Phoenix, AZ 85046. 

CHARLES GIZMOTCHY'" ANTENNAS AND COAXIAL 
SWITCHES. Dealer inquines welcome. Charles Radio Co., 
6836 -P Pearl City Road, Freeport, IL 61032. 

COMPUTER EQUIPMENT 

r Now decode exotic -1 
I radio signals 1 

IField Day is a real computer that reads all kinds of coded radio transmis I 
sions. Not only Mori code, but radioteletype, press -wire reports and ASCII 

Icomputer talk. Figures code speeds. Built -in 24 -hour clock. Wired, tested, I 
full -year warranty. 15-day trial Easy hook -up to any receiver. $467.95 UPS 

Iship. Charge. check or C.0.0. No risk! I 
1202 E. 23rd St. 

I Kantronics, Inc., Lawrence, KS660441 
`mateur radio manufacturers. 19131842-7745 

FLOPPY DISKS and COMPUTER PERIPHERALS at DIS- 
COUNT PRICES. AB COMPUTERS, 115 -E East Stump 
Road, Montgomeryville, PA 18936. (215) 699 -5826. 

COMPUTER COVERS - TRS -80, Apple, Pet, Printers, 
Disks, etc. For sample /prices write: COMPUCOVER, Box 
324 -PE, Mary Esther, FL 32569. (904) 243 -5793. 

QUEST ELF OWNERS - Modify your units for full memory 
address display in monitor mode. Send $3.00 to: Pearce. Box 
237, St. Norbert, Manitoba, Canada R3V 1 L6. 

APPLEII GPIB Uses powerful 6522VIA. Two parallel ports, 
shift register, two timer- counters. SASE data. $59.50. mi- 
croAustin, PO Box 14408, Austin, TX 78761. 

PLANS AND KITS 

FREE KIT Catalog contains Test and Experimenter's 

Equipment. Dage Scientific Instruments, Box 

1054P, Livermore, CA 94550. 

TIGER 500 
SIMPLI -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 6 tune -ups 
Inc, horsepower 15% Instant starting, any 
Plugs and Points last weather 
50,000 miles Dual system switch 

Fits only 12 volt neg. ground... 

çOnly $26.95 postpaid 

!,/-.Star Corporation ation 
P.O. Box 1727 Grand Junction, Colorado 81501 

PROJECTION TV ... Convert your TV to project 7 Foot pic- 
ture. Results equal to $2,500 projector. Total cost less than 
$20.00. PLANS & LENS $16.00. Illustrated info. FREE: Mac - 
rocomca, Washington Crossing, PA 18977. 

SPEAKERPLANS -Build ANY size speakers without special 
tools, experience. FOOLPROOF, illustrated instructions, 
parts sources. 80% SAVINGS! Rush $4. SPEAKERPLANS, 
334 Purse!, Phillipsburg, NJ 08865. 

PRINTED CIRCUIT BOARDS, send your sketches or artwork, 
kit projects. Quick Service. Free Estimates. ELECTRONIC 
DESIGN CONCEPTS, 2780 Skyline Circle, Memphis, TN 
38127. 

NEW -UNSCRAMBLER PLANS. State of art integrated circuit 
design. Fits all scanners. Complete plans, $3.95. Innovative 
Marketing, Box 7577, Huntington, WV 25777. 

TOP QUALITY SPEAKERS AND KITS. Send $1.00. Speaker 
Warehouse, 809 North Route 441, Hollywood, FL 33021. 

LASERS HANDBOOK with burning, cutting, Ruby Reds, CO's 
complete plans, books, and parts. Send $4.00 to: Famco, 
Dept. PE, Box 1902, Rochester, NH 03867. 

SATELLITE TV ANTENNA build for $300. Detailed plans $30. 
Numan Enterprizes, Rt. 1, Box 357, Jonesboro, TN 37659. 

TELEVISION ALIGNMENT - In minutes! Revolutionary, In- 

expensive. Free Details. John Kozulko, Box 2702P, Clear- 
water, FL 33517. 

BUILD CUSTOM STEREO SPEAKERS. For instructions 
send $3.00 to: Constructa Speaker, Box 1124, Melrose Park, 
IL 60160. 

SCOPE used as transistor tester, convert for under $10.00. 
Plans $1.50. AEE, Box 6531, Portsmouth, VA 23703. 

PRINTED CIRCUIT Boards from sketch or artwork. Kit pro- 
jects. Free details. DANOCINTHS Inc., Dept. PE, Box 261, 
Westland, MI 48185. 

NEGATIVE Ion Generator Plans includes Ion Detector. Send 
$5.00. HEK Publishing, 6205 Joyce Drive S.E., Washington, 
DC 20031. 

KIT BUILDERS DELIGHT - level controls, ferrite chokes, 
electrolytic caps, drivers, cabinets, crossovers, plans, car 
speakers, speaker closeouts below cost! $2.00 for complete 
catalog. C.C.L. Enterprises, Inc., 30682 San Antonio St., 
Hayward, CA 94544. (415) 487 -1144. 

MULTISONIC STEREO IMAGER, 3 -D time delayed sound 
comparable to nationally advertised unit. Builds in 1/2 hour. Kit 
$69.00, P.C. boards $30.00, Complete $99.00. VISA/Master- 
card (914) 255 -5521. L.S. Audio, P.O. Box 935, New Paltz, 
NY 12561. 

COMPLETE PLANS & PARTS LIST for the following circuits: 
D -37 muting for stereo via telephone - ring or off hook - 
$3.00, D -17 waterbed temperature control - $4.00, D -43 
electronic telephone ringer- $2.00, D-76 12v battery charger 
control - $4.00, D -9 TV /Audio interface to stereo system - 
$2.00, D -81 20 energy saving projects for households - 
$6.00, D -18 Scanner/Tape Recorder interface (fully automat- 
ic) - $3.00. E -TIPS, Box 467, Belvidere, IL 61008. 

COMPUTER DESIGNED Stereo Speaker Kits. All designs 
computer tested. Build your own cabinets; save a bundle. For 
information send 505 to: Vorg Products, 2260 Maplewood, 
Cleveland Heights, OH 44118. 

SUBSCRIPTION TV EDUCATIONAL KIT 
If there's a TV channel in your area you can't tune to and get a 

properpictureorsound, chances areyou're seeing asubscrip- 
tion TV signal. Now you can find the signal. Our 24 -page illus- 
trated manual contains a description of how such a system 
works and includes construction details for building a circuit to 
restore the audio and video signals to their original state. Our 
circuit is proven in many areas of the U.S.. but does require 
use of a scope and is not intended for beginners. 

Manual only . . _..$15.00 
Drilled and etched PC project board 23.00 
Board and manual 35.00 
Complete kit _.. ...__..... .69.00 

MICRO MART 
552 Summit Ave.. Westfield, NJ 07090 (201) 654-6008 

VISA 8 MC accepted 

ALARMS 

Burglar -Fire Protection 
EIRE 

Protect Your Life, Home, Business, Auto, etc. 

we,;,,. Our catalog shows low. Install your own 

. e[i ell alarm systems and devices and save EELS. We 

offer FREE write -in engineering service. 

FREE CATALOG ;;, "=á ee 

Burdex Security Co. Box 82802- PE Lincoln. Ne. 68501 

POLICE DIALER $29.95. Free burglar alarm equipment cata- 
log. Sasco, 5619P St. John, Kansas. City, MO 64123. (816) 
483 -4612. 

BURGLAR, FIRE, CAR! Finest equipment! Save! Free Cata- 
log. Refundable! MS, 186A Oxmoor Road, B'ham, AL 35209. 

EVER ACCIDENTALLY left your car lights on and stranded 
yourself with a dead battery? Easily installed light alarm will 
remind you if you ever forget again. $12.95. Olmtech, Inc., 
Box 12583, Gainesville, FL 32604. 

TUBES 

RADIO 8 T.V. Tubes -49 cents each. Send for free Catalog. 
Cornell, 4213 University, San Diego, Calif. 92105. 
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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. 

ANTIQUE AND OBSOLETE TUBES $1.00 to $5.00. $1.00 for 
list. Preller T,V., Augusta, AR 72006. (501) 347 -2281. 

HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges at Discount 
prices for Shure, Pickering, Stanton, Empire, Grado, Audio 
Technica, Osawa, Satin and ADC. Send for free catalog. 
LYLE CARTRIDGES, Dept. P, Box 69, Kensington Station, 
Brooklyn, New York 11218. Toll Free 800- 221 -0906 9AM - 

8PM except Sunday. 

GOVERNMENT SURPLUS 

MANUALS for Govt Surplus radios, test sets, scopes. List 
$1.00 (cash). Books, 7218 Roanne Drive, Washington, D.C. 
20021. 

SURPLUS JEEPS -$19.30U- CARS -$13.50!!- 650,000 
ITEMS!! - GOVERNMENT SURPLUS!! - Most COMPRE- 
HENSIVE DIRECTORY AVAILABLE tells how, where to buy!! - YOUR AREA - $2. - MONEYBACK GUARANTEE!! - 
"Government Information Services ", Department GE -41, Box 
99249, San Francisco, California 94109. 

"GOVERNMENT SURPLUS DIRECTORY." Buy 500,000 
items (including Jeeps) ... low as 20 on dollar! Most complete 
information available - $2.00. Surplus Disposal, Box 19107 - 
HI, Washington, DC 20036. 

ATTENTION campers, shooters, divers, bikers, cavers. Great 
new catalog. Send $2.00 (refundable). Axis Surplus Sales, 
Box 9933F, Atlanta, GA 30319. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international corre- 
spondence, illustrated brochure free. Hermes -Verlag, Box 
110660/Z, D -1000 Berlin 11, W. Germany. 

PENFRIENDS - ENGLAND - USA, through correspon- 
dence. Send age, interests. Free reply. Harmony, Box IPE, 
Brooklyn, New York, 11223. 

TRAVEL/VACATIONS 

SAVE ON LUXURY CRUISE! (passenger ship or freighter). 
How? Ask TravLtips, 163 -09 Depot L909, Flushing, NY 
11358. 

INSTRUCTION 

UNIVERSITY DEGREES BY MAIL! Bachelors, Mas- 

ters, Ph.D.'s. Free revealing details. Counseling, 
Box 317 -PE09, Tustin, California 92680. 

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details, 
strange catalog free! Autosuggestion. Box 24 -ZD, Olympia, 
Washington 98507. 

RADIO BROADCASTING: Become DJ, engineer. Start your 
own station - investmenVexperience unnecessary! Receive 
free equipment, records. Free details. Broadcasting, Box 
130 -A9, Paradise, CA 95969. 

LEARN ELECTRONIC ORGAN SERVICING at home. Com- 
pletely revised course covers latest models including digital, 
LSI's, synthesizers, etc. NILES BRYANT SCHOOL, PO Box 
20153, Sacramento, CA 95820. 

PASS FCC EXAMS 
The Original FCC Tests.Answers exam manual that 
prepares you at home for FCC First and Second class 
Radiotelephone licenses Newly revised multiple -choke 
exems corer all tested on the actual FCC exam. 
Plus -Selt.Study ability Test." Proven! 19.95 
postpaid. Moneyback Guarantee. 

COMMAND PRODUCTIONS f P O Box 26348 P 

Sen F rdneite , CA 94126 

MEDICAL ELECTRONICS TECHNOLOGY, home study. 
Troubleshoot medical instruments. University Reme 5, Box 
9622, Fresno, CA 93793. 

LEARN MORSE CODE. One hour of practice material at 3, 5, 

and 6 WPM on cassette tape. Prepares you for Novice exam. 
Includes code groups, punctuation and numbers. Instructions 
included. $6.00 postpaid. A and F Enterprises, P.O. Box 
47152, Atlanta, GA 30362. 
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COLLEGE DEGREES BY MAIL! No classes. Fast. Economi- 
cal, Accredited. FREE Revealing details. Success, Box 
13151 -R9, Columbus, Ohio 43213. 

FOR INVENTORS 

PATENT AND DEVELOP Your invention. Registered Patent 
Agent and Licensed Professional Engineer, Send for FREE 
PATENT INFORMATION every inventor should have. Rich- 
ard L. Miller, P,E., 3612 Woolworth Building, New York, NY 
10007. (212) 267-5252. 

INVENTIONS WANTED 
FREE CONSULTATION NO IDEA TOO SMALL 

Disclosure registration. Potential cash or royalties from manufacturers seeking new 

ideas. For free information on how to register your ideas Call or write 

AMERICAN INVENTORS CORP. 
59 Interstate Dr. Dept PE 

West Springfield, MA 01089 (413) 737 -5376 
Fee Based Service Company 

NEW! "Patenting Your Invention Yourself! ", $29.95. Guaran- 
teed! Registered Practitioner, 7400 ZD, Washington, DC 
20044. Invention Record Free! 

INVENTORS Patent your invention. Free initial consultation. 
We are registered by the U.S. Government. VICTOR J. EV- 
ANS & CO., 4637 Eastern Ave. N.E., Washington, DC 20018. 
Since 1898. 

PATENT SEARCHES, LOW FEE, Since 1940. Whitehurst, 
Box 8022, JFK Post Office, Boston, MA 02114. 

CUSTOM PROTOTYPING from your ideas. Confidential. SU- 
PER WIDGETS & Gizmos. (817) 387 -2189. 

IDEAS, INVENTIONS, new products wanted! Write for Kit -PE, 
!MI, 701 Smithfield, Pittsburgh, PA 15222. 

BUSINESS OPPORTUNITIES 

ENERGY CONSERVATION! America's dynamite industry! 
Free information. Hale Energy, Dept. G, 4110 Soule, Eureka, 
CA 95501. 

GOLD ... from electronics, jewelry, scrap. Guaranteed indus- 
try procedures, secrets. $5.95 (Texas + 300). AUROTECH, 
MS103. 2806 Geraghty, Austin, TX 78757. 

$700 PER MONTH EARNINGS possible filling out income tax 
forms at home or tax office during tax season. We show you 
how. Simple, quickly learned. Details mailed free. No sales- 
men. Hurry. Big demand. Federated Tax. 2012 Montrose, 
Chicago, IL 60618. 

EMPLOYMENT OPPORTUNITIES 

ELECTRONICS /AVIONICS EMPLOYMENT OPPORTUNI- 
TIES. Report on jobs now open. Details FREE. Aviation Em- 
ployment Information Service, Box 240E, Northport, New 
York 11768. 

MAKE YOUR HOBBY YOUR CAREER! High demand elec- 
tronic job market! Get unique guide booklet- prepare for ex- 
citing, rewarding jobs. Send $3.95 to: Files, Box 459E, Mas- 
sapequa, NY 11758. 

REPAIRS & SERVICES 

TV TUNERS REBUILT, VHF or UHF only $11.90. Send for 
free mailing kit. JW Electronics, Box 51A, Bloomington, IN 
47402. 

ALL T.V. TUNERS repaired $11.95. Fast, quality work. 
MIKE'S T.V. TUNER SERVICE, Box 187, Bean Station, TN 
37708. (615) 581 -6393. 

PRINTED CIRCUIT BOARD ASSEMBLY. Precision solder- 
ing, reasonable rates. Free info. Solderkraft, 647 Penryn 
Road, Manheim, PA 17545. 

I MADE $40,000.00 Year by Mailorder! Helped others make 
money! Details 250. Torrey. Box 318 -NN, Ypsilanti, Michigan DO -IT- YOURSELF 
48197. 

FREE CATALOGS. Repair air conditioning, refrigeration. 
Tools, supplies, full instructions. Doolin, 2016 Canton, Dallas, 
Texas 75201. 

MECHANICALLY INCLINED individuals desiring ownership 
of Small Electronics Manufacturing Business - without in- 
vestment. Write: BUSINESSES. 92 -K2 Brighton 11th, Brook- 
lyn, New York 11235. 

MECHANICALLY INCLINED INDIVIDUALS 
Assemble electronic devices in your home. 
Knowledge, or experience not necessary. Get start- 
ed in spare time. Above average profits. $300 - 

$600/Wk possible. Sales handled by others. No in- 
vestment - Write for free details. 

ELECTRONIC DEVELOPMENT LAB 
Box 1560PE, Pinellas Park, FL 33565 

ERASE DEBTS with little -known law- create wealth!! Details 
FREE - Blueprints, No. EE9, Box 100, LaGrangeville, NY 
12540. 

DIGITAL WATCH REPAIR- Learn to repair digital watches - provide service to jewelry and department stores - part 
time or full time. We supply training - equipment- replace- 
ment parts. Zantech, Inc., 13 Greentree Rd., Trenton, NJ 
08619. (609) 586-5088. 

$625/WEEKLY! Home mailing program. Free postage -sup- 
plies! - $20 bonus! Write immediately. Treasure -7Y, Morri- 
son, CO 80465. 

BORROW $25,000 "OVERNIGHT." Any purpose. Keep in- 
definitely! Free Report! Success Research, Box 29263 -GI, In- 

dianapolis, IN 46229. 

SPARE TIME FORTUNE in Vinyl Repair. Huge demand cre- 
ates exceptional profits. We supply everything. Details free. 
VIP, 2012 Montrose, Chicago, IL 60618. 

ARE YOU A YOUNG and Enthusiastic Computer Engineer in 

the U.S.A. hoping to start your own business some day. Send 
Curriculum vitae to: H.N. Bronkhorst, Janvethstraat 66, 6813 
HM Amhem, Netherlands. 

START BIG -PAY BUSINESS AT HOME IN SPARE TIME. No 
experience needed to operate little tabletop machine for 
bronzing baby shoes. Be your own boss, freedom from time 
cards. Full particulars Free! Send postcard to: Curt, Room 
MC- 376 -JK, 1512 Jarvis, Chicago, IL 60626. 

PROJECTION TV ... Make $200.00 + per evening assem- 
bling Projectors ... Easy ... Results equal to $2,500 projec- 
tors ... Your total cost less than $15.00 ... PLANS, LENS & 

Dealer's information $14.00 ... Illustrated information FREE 
Macrocomax, Washington Crossing, PA 18977. 

SAVE 90%. Build your own minicomputer. Free details. DIGI- 
TRONICS CORPORATION, 2723C W. Butler Dr., Phoenix, 
AZ 85021. 

REAL ESTATE 

BIG ... FREE ... FALL CATALOG! Over 2,700 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 VIDEO 

GREAT NEWS! 3 Stooges comedies 400' S -8 B &W Snd 
avail. again! Immediate delivery, Micro Phonies ( #7200); 
Women Haters ( #7310); A Bird in the Hat ( #7110). Abbot & 

Costello "In The Navy" - only $48.75 ea del (reg $59.95). 
Sound Good? They're great! Lantz "Woody The Woodpeck- 
er" col. cartoons 200' Eastman col snd only $31.85 ea PPD. 
Choice: Stage Hoax; Dippy Diplomat; Arts & Flowers. Official 
NFL Funnies, 400' S -8 col snd bloopers $54.95 ea'; Football 
Follies 200' S -8 col sil, $21.95 ea'. Maj. League base. off. S -8 
snd film & video cass. Roberto Clemente "A Touch of Royal - 
ty ", hilites Pittsburgh star's career, $51.95 ea' (list $59.95). 
Grt moments in baseball, early league all -stars to '60; S -8 
B &W snd 400' $48.95 ea'. Sportlite also features your choice 
any World Series from 1959 -79, ea a separate tape, $74.95 
ea + $2.50 ea ship. Indicate year, Beta II, VHS. Charge Visa 
or Master Card. Penny Pinchers: '71 World Series (Pirates 
Balto) ea 200' St 8 B &W $4.95: All -Star Baseball Game; RFK, 
1928 -65; 200' St 8 $4.95 ea. Scenes from "Cowboy" (J. Lem - 
mon) St 8 col 200' sil $6.95 ea. A. Murray dance lessons 50' 
St 8 B &W: Waltz, Swing; Fox Trot, $2.99 ea or 3/$6.75. Ring 
Classics lists 50e. Paramount Pix lists 500; Univ S -8 Sil & Sd 
cat $1.25:'Univ S -8 Sd only $1.; Col. VTR cat 75e. 'Add $2- 

SPORTLITE FILMS, Elect -9, Box 24 -500, Speedway. IN 

46224. 

HYPNOTISM 

FREE Hypnotism. Self- Hypnosis. Sleep Learning Catalog! 
Drawer H400, Ruidoso, New Mexico 88345. 

POPULAR ELECTRONICS 
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HOBBIES 

3 OLD LIBERTY HEAD NICKELS Only $1.00. Issued before 
1913. Limit 1 set. (Adults only). Plus price lists. Littleton Coins, 
HL -17, Littleton, NH 03561. 

WANTED 

GOLD, Silver, Platinum, Mercury, Tantalum wanted. Highest 
prices paid by refinery. Ores assayed. Free circular. Mercury 
Terminal, Norwood, MA 02062. 

BOOKS AND MAGAZINES 

ELECTRONIC MUSIC and home recording in Polyphony 
magazine. Advanced applications, interviews, projects, com- 
puter music. Sample $1.50. Subscription (6 issues). $8.00 
US/$10.00 foreign. POLYPHONY, Box P20305, Okla. City, 
OK 73156. 

TOTAL MIND POWER (how to use the other 90% of your 
mind). FREE BOOKLET. Total Mind Power Institute #37, 
Larkspur, CA 94939. 

CLEARLY ILLUSTRATED, inexpensive do- it- yourself books. 
From home repairs to furniture construction. Brochure: $1.00 
(refundable). Craftbooks, P.O. Box 726, Concord, NH 03301. 

PUBLISHERS' OVERSTOCKS, BARGAIN BOOKS. 2,000 ti- 
tles, all subjects! Free catalog: Hamilton, 98 -84 Clapboard, 
Danbury, CT 06810. 

MISCELLANEOUS 

MPG INCREASED! Bypass Pollution Devices easily. RE- 
VERSIBLY!! Free details - Posco GEE9, Box 300, La- 
Grangeville, NY 12540. 

RINGS. JEWELRY priced 130% below retail price. Catalog 
$1.00 (refundable). Anka -PE. 95 Washington. West Warwick. 
RI 02893. 

FREE INFORMATION! Fuel- economy tuning secrets ex- 
plained. Techneering, Box 12191 DD, Norfolk, VA 23502. 

Save on Calculators 
Model Your Cost 
HP-41C Scient $264.95 
Card Reader /41C 184.95 
Printer /41C 324 -95 
HP -34C Scient 124.95 
HP -38C Bus. 124.95 
HP-33C Scient 99.95 
HP -38E Bus. 94.95 
HP -32E Adv. cog 58.95 

Adv. Scient 53.95 
HP-67 Scient Prag 298.95 
HP -97 Scient Print 579.95 

% I HEWLETT 
PACKARD 

. 

_.; -. 

HP -92 Bus. Print 398.95 

C" 
stands for continuous memory 

We carry an enormous stock of HP 

HP-85 COMPUTER 
We have the lowest prices in the 
nation. If you have an order 
somewhere else, cancel it and 
re -order from Olympic Sales. All 
accessories and peripherals 

accessories. All units complete. 
One year guarantee by HP 

TEXAS INSTRUMENTS 4, 
Tó59 208.95 TI -5015 63.95 

58/59 Libraries 34.95 TI -58C 98.95 TI- 5100 38.50 j 

PC -100C 16995 TI -5200 Call us TI- Programmer 54.95 

TI -55 3415 TI -5225 Call us Bus Analyst I 20.50 

TI -50 3150 TI -5221 Call us Bus Analyst II 3950 
T635 24.50 TI -5230 Call us TI- Translator 229.95 

TI -30SP 17.50 TI-MBA 58.95 TI- Thermostat 119.95 

TI -5040 92.95 Speak and Spell 62.95 

Huge inventory of TI accessories on hand at all times. Guarantee by TI 

Computers at unbeatable prices 
APPLE II Computer 
Accessories and peripherals 
For immediate 1111.aam.,d 

SPECIALS 
320 Seiko watches to chaos. from 

Digiana SS 12195 
Cartier Typ "Tank" ladies 169.95 

delivery call us 

Apple II, the 

complete 
computer - 

Cartier Typ Tank' men 169.95 
Music Alarm Chrono SS 169.95 
Calc Watch with Alarm 159.95 
Dual Chronograph SS 99.95 

Please inquire about Dual Time Zone SS 79.95 
the new Apple III. Memory Bank Calendar 139.95 
Texas Instruments 

99/4 Consle 695.00 
Color monitor for 99/4 395.00 
RF Modulator for 99/4 69.95 

APP Imagination Machine Call us 
ATARI Models 800 and 400 Call is 
Mattel Intellivision #2609 249 95 
Manet Keybrd component #1149 429.95 

Divers SWOFt (Az 60581 179.95 
Solar Alarm Chrono SS 169.95 
Multi Alrm SS 109.95 

Worldtmr ohm, perp cal 169.95 
Single Alarm SS 79.95 
Alarm Chrongraph SS 129.95 

TI Watches 70 models to 
choose from 57.95 up 

Prices I. o. b. L.A. Minimum freight Si handling charge -54.95 In CA, add 6% 
sales tax. Goods subject to availability. We'll beat any advertised price if 

competitor has goods on hand - 

VISA 
Request our 130 page catalog in writing. 

Outside Cu loll hoe 800 -421 -8045 
in cu. Cali below #'s Call Mon. - Sat. 7AM - 6PM 

ol9mPlc SALES comPAn9. Inc. 
216 South Oxford Avenue P.O. Box 74545 Los Angeles, CA 90004 

12131381-3911 or 12131381 -1202 Telex 67.3477 
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; BILLET 
. 

S 
ELECTRONICS. Inc. 

P.O. Box 401244P Garland, TX. 75040 
; 

1 Music For Your Ears 
Bullet's Electronic Musk Maker- Kil has a single 28 Pin 
Mkroproceesor Clap with ROM Shat has been programmed Moray 
the first 6 to 10 notes of the 25 popular loon listed below Each 
tune can easily be addressed individually or played soquencially at ) 
the push of a button The 3 chime sequences are activated at any 

s 
time by separate switch closures so when used as a doorbell. one 
door can play songs while two others will play diffamer chimes 
The unit has a 5 watt audio Amp and will run on either 12VAC or 

1 

12VDC. Optional 117VAC transformer is available Construction is 
1 very simple, works with any B or 16 Ohm speaker, or horn speaker 

(Not Included.) Tunes can be remotely programmed using a single 
` rotary switch. (not included). iI desired 

Complete Kit 

f ' e $16.95 
Transformer $1.35 ) 

(For operation on 117VAC) 
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(f Sound Effects Kit $18.50 
The SE -01 Sound Effects Kit is a complete kit: all you need to build 

( a programmable sound effects machine except a battery and 
speaker. Our kit is designed to really ring out the TI76477 Sound l 

) Chip. Only the SE -01 provides you with additional circuitry that ) 
includes a PULSE GENERATOR, MU% OSCILLATOR and 

l! COMPARITOR to make more complex sounds a snap. We help 
you in building the kit with a clear. easy -to- follow construction 

( manual and we show you how to easily program the unit. Other 
1 dealers will sell you the chip or a "kit" of parts but you are on your 1 

own to do the most difficult part...make neat Sounds With in a short 
time after you build the SE -01 you can easily create Gunshots, 
Explosions, Space Sounds, Steam Trains and much more. We 
think the Bullet SE -01 is the best deal on the market but don't ask 1 
us. - ask the 15,000 happy SE -01 ownersi 

Complete KR With Ouality Plated PC Board $16.50 l 
( Less battery 8 speaker) 1 

I UM. Group Notes: Includes additional programming 
charts plus quarterly updates $5.00 

1 

; 
7 Watt Audio Amp Kit $5.95 1 

e SMALL, SINGLE. HYBRID IC AND COMPONENTS FIT ON A 
1 2" x 3" PC BOARD (INCLUDED). RUNS ON 12 UDC. GREAT 

S. FOR ANY PROJECT THAT NEEDS AN INEXPENSIVE AMP. 
LESS THAN 3% THD @5 WATTS. COMPATIBLE WITH SE- ) 

01 SOUND KIT. 1 

1 AY3 -$,10 PROGRAMMABLE SOUND GENERATOR 
1 The AY3 -8910 is a 40 pin LSI chip with three oscillators. three 

amplitude controls, programmable noise generator. three 
mixers, an envelope generator. and three D/A converters that 1 
are controlled by B BIT WORDS. No external pots or caps 
required. This chip hooked to an 8 bit microprocessor chip or 
Buss (8080, Z80. 6800 etc.) can be software controlled to 1 

l produce almost any sound. It will play three note chords, make /l 

) bangs, whistles. sirens. gunshots, explosions. Meets, whines, 1 

or grunts. In addition. it has provisions to control its own 

I 
memory chips with two 10 ports. The chip requires +5V @ ; 75ma and a standard TTL clock oscillator. A truly incredible 
circuit. l 

$14.96 WBasic Spec Sheet (4 pages) S 

60 page manual with S -100 interface instructions and 

1 

several programming examples, $3.00 a %á6 
1 

PN2222 (2N2222A) 
MOST POPULAR NPN 

S 
GEN. PURPOSE 
TRANSISTOR. 

- TO - 90 Viceo = 40V 
Pd = .5W 
Hfe = 100 - 300 

10K1.00 10039.00 

SILICON 
'2N5191 POWER 

NPN TRANSISTOR 

Viceo = 60V Pd 40W - ) 
IC =4A 
Hfe 25-100 

@ 1 .5A 3/51.00 

HSE # 
100 /$25.00 

. THE PERFECT TRANSFORMER 

1 
117VAC primary. 12VAC secondary @ 200ma ' S 
Great for all you CMOS. or low power TTL 
projects. PC board mount. 

996 oa. 3/8250 ORDER 
Size: 1.5" W x 1.25" D x 1.25" H XFMR -03 

COMPONENTS ,",, ,+ S 

; 
301 OP AMP B LEAD CAN 3/100 TIP30 TAB PIP POWER 3/100 
723 VOLT REG. 10 LEAD CAN 39 MCI351P FM IF DISC IC 50 
773 11 PIN DIP .50 T1490 BAR GRAPH 0ß196R 2.50 

13741 FEE INPUT 741 MINI DIP 3/1.10 79355V IA REGULATOR 99 
30900 @ 159 COMPUTER GRADE 210 '78005 '.,A Si REG. TO .5 60 ( 
211442 PM, COMPLIMENT B /1110 103911 TEMP TRANSDUCER i 

IC W/SPECS 
iLM3M 2W 60015 IC W /SPECS 1.09 L143302 

TIMER 
9185 COMPARATOR IC 1.50 

LM QOÁD N RTP AMPS MC3401 QUAD NORTON AMP X 

8I20PT0 ISOLATOR MINI DIP 
95 'NDICATES ITEM IS "HOUSE NUMBERED' 1 

;'MEN 811 DUAL GATE MOSFET LEO'S i 
OIOOE PROTECTED. SIMILAR JUMBO GREEN 4/89 i 
TO40673 50 JUMBO REO 5/89 

MV1611 VARICAP 0100E ID PFD 39 MEDIUM RED CO 15 j 
105148 VARICAP 0100E MEDIUM GAN OR YELLOW 18 1 

17 PFO MOM 31 RATIO 49 BI POLAR LEO 

; 
1114003 I A 200V 0100E 15/100 TWO COLOR RED /GRN 

1 
M 

; 
¡ * CALL OR WRITE FOR FREE CATALOG. 7¡ 

THE FINE PRINT 
))) 

4 
NO C.O.D.'o SEND CHECK, MONEY ORDER, CREDIT CARD 

ADD 6% FOR SHIPPING TX. RES. ADO 5% TAX FOREIGN ORDERS , 
II (EXCEPT CANADA) ADDIO% (20 %) AIRMAN.) U.S. FUNDS ONLY 

1 PHONE ORDERS ON MASTER CHARGE PISA ONLY 
(2 II) 278 -3563 
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ELECTRONICS WORLDV 
Personal Electronics News 

A WORLD -CHAMPIONSHIP BOXING MATCH was made available, for the first time in cable -TV 
history, on a pay -per -view basis with the cablecast of the June 20 Sugar Ray Leonard/Roberto 
Duran fight. The venture was a joint undertaking by Top Rank Productions and Warner Amex 
Cable Communications, Corp. Warner Amex's two -way QIIBE system also allowed viewers to 
rate the fight during the live cablecast at the end of each round by pressing a button on their 
home consoles. QUBE's central computer tabulated the results and flashed comparisons of 
viewer, TV announcer, and official opinions on home TV screens. 

AN AUDIO COMPUTER from Crown International, Elkhart, IN, analyzes sound. Called Badap 1, 
it's designed to replace a series of dedicated test instruments. Uses a color CRT to display data, 
with all data captured digitally and stored in memory. Even in real -time analysis, all data is 
processed through memory, enabling users to expand or contract a display to include only that 
segment of immediate interest. Up to eight data sequences can be displayed at a time through 
use of a system ofbars and dots and four NTSC -compatible colors. The NTSC -compatible display 
makes it possible to videotape the display or to show it on a larger remote monitor. Since 
software for the system is on circuit boards, as new routines are developed, Badap 1 owners can 
simply add boards instead of buying new instruments. 

THE WORLD'S LARGEST WRIST WATCH towers over New 
York's Times Square. The Casio watch on a billboard 
measures 36 feet across and 64 feet from top to bottom of the 
band. It displays time in hours, minutes, and seconds (plus 
a.m. /p.m. indication) and, every 15 seconds, switches over to 
display month, day, and day of week ... AND THE WORLD'S 
THINNEST is only 0.98 mm thick. The Concord Delerium IV 
watch's minute and hour "hands" are on two separate discs 
that revolve on the face of the timepiece. The watch also uses 
the world's smallest battery, motor, and quartz tuning fork, 
and a microprocessor for electronic time and time -zone 
setting. Solid -gold backplate and face are integral parts of 
the working system. Claimed accuracy is within 10 seconds 
per month. You can buy the thin one for $15,000. 

AN INFORMATION- RETRIEVAL SYSTEM for home and office use has been unveiled by Radio 
Shack. Users of the equipment will be able to carry on keyboard "conversations " with a central 
computer over the telephone line and view results on their color or monochrome TV receivers. 
Information expected to be available include weather, news, stock reports, transportation 
schedules, library data, electronic banking, software exchange, news and computer games. 
Called TRS -80 Videotex, the two -way system will be made available in several configurations. 
One, designed for owners of personal computers, is a software package that converts TRS -80 
and several other makes of computer into a Videotex device. Another is a Videotex terminal 
( "hardware ") that attaches to the telephone line and antenna terminals of any TV receiver. 
Announced prices are $30 for the software package, $400 for the hardware options packages. 

MOST USEFUL TV RECEIVER FEATURES, according to a nationwide consumer survey con- 
ducted by Venture Development Corp., Wellesley, MA, are high- quality speakers, automatic 
tuning, and "energy saving." Reduced power consumption was cited more often as `very 
useful," but it fares only modestly in attracting consumer dollars, its worth averaging only an 
extra $41. Six out of 10 consumers feel that high - quality TV sound would be worth an extra $66 
for better speakers and more than $80 for built -in stereo sound. Automatic tuning through 
VIR (vertical interval reference) was considered very useful by 41.5% of consumers, who felt it 
was worth an extra $48. Other high- technology features, didn't fare so well. 

AM SPECTRUM OPENED BY FCC makes it possible for 125 new AM stations to get on the air. 
The new stations will operate on or next to channels now reserved for 25 special nighttime 
stations. According to the ruling, 100 new stations can operate on channels now occupied by 
clear -channel stations but must be outside the 750 -mile protection radius given to long - 
distance stations. An additional 25 stations will be on adjacent channels. Fourteen of the latter 
already share nighttime use of their channels with other stations, but the adjacent channels 
were previously off limits to other operators. 
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HP-41C. 
The calculator that 
changes with your needs. 

POWERFUL AND FLEXIBLE 
As your professional problem -solving 

requirements change and grow, you may 
find yourself having to upgrade to a more 
powerful calculator. Not so with the 
HP -41C. By itself, the HP -41C could easily 
be all the calculator you'll ever need. It has 
a resident memory of over 400 lines, or 
63 data registers, or any combination. 
It has over 130 functions. And any func- 
tion, or any program, may be assigned to 
any key - allowing you to customize your 
HP -41C to meet your specific needs. The 
HP -41C Continuous Memory retains your 
programs, data, and key assignments 
even after the calculator is turned off. And 
it is alphanumeric: programs may be 
named, output can be labeled, error mes- 
sages and prompts appear in words. 

PLUG-IN PERIPHERALS, TOO 
But if you need more problem -solving 

power, the HP -41C can become a com- 
plete personal computation system. Expand 
memory to 2,000 lines. Add a Card Reader, 
an Optical Wand that inputs bar -coded 
programs, a Printer that also plots, and 
Plug -in Application Modules that provide 
solutions to problems in business, science, 
and engineering.The HP -41C Owner's 
Handbook can guide even novice program- 
mers to problem solution with easy-to- 
understand, step -by -step procedures. 

ENQUIRE, NOW 
Visit a Hewlett- Packard dealer now. And 

make a decision you can live with. Buy 
an HP -41C. For details and the address of 
your nearest dealer, CALL TOLL -FREE 
800 -547 -3400, Department 254T, except 
from Hawaii or Alaska. In Oregon, call 
758 -1010. Or write to Hewlett- Packard, 
1000 N.E. Circle Blvd., Corvallis, OR 
97330, Dept. 254T. 610/14 

PHEWLETT 
PACKARD 

CIRCLE NO. 33 ON FREE INFORMATION CARD 
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Introducing a totally new 
concept in stereophones. 

The new Koss HV /X 
high velocity stereophone 
represents a remarkable 
breakthrough in hear -thru 
stereophone design and 
performance. For the 
first time, Koss engineers 
have been able to create 
a lightweight, hear -thru 
stereophone that com- 
bines the transparency of 

high velocity phones with 
the superior bass per- 
formance of closed -type 
phones. The result is a 
breathtaking musical 
experience. 

CONTOURED 
VARIABLE- DENSITY 

EARCUSHIONS 

While most lightweight, 
hear -thru stereophones 
have earcushions that fit 
against the ear, the new 
Koss HV /X features a 
unique, contoured, vari- 
able- density cushion that 
fits around the ear. Not 
only does this unique 
earcushion design create 
a far 
more com- 
fortable 
stereo - 
phone but 
it has also 
allowed 
Koss engi- 
neers to 
create a 
dramati- 
cally better element 

m'.n7Cp`l 

design as well. 
These new variable - 

density earcushions are 
made up of a very porous 
material that is acousti- 

cally transparent at the 
perimeter of the ear - 
cushion yet com- 
pressed toward the 
center region. This 

varies the pattern of 

acoustic resistance over 
portions of the earcush- 
ions creating the proper 
seal for specific bass 
frequencies while al- 

Koss HV /XLC 

lowing the 
flow of 
middle and 
high fre- 
quencies at 
the perim- 
eter of the 
earcushions. 

for Koss engineers to 
design a lightweight ele- 
ment that reproduces a 
Sound of Koss you have to 
hear to believe. Incredibly, 
even though the overall 
weight of the element was 
reduced, Koss engineers 
were able to develop a 
magnet with enough mag- 
netic density to drive an 
extra large diaphragm. 
With a response range of 

15 to 35,000 Hz, the new 
Koss HV /X will drive you 
into ecstacy and our 
competitors nuts. 

HEARING 
IS BELIEVING. 

Slip into the new Koss 
HV /X or HV /XLC with 
volume/balance controls 
at your audio dealer soon. 
You'll like the best of both 
worlds: the open, airy, up- 
front sound of hear -thru 

I stereophones and the deep, 
rich bass performance of 

closed -type stereophones. 
And while you're with 

your audio dealer, listen 
to our full line of Koss 
stereophones and CM 
loudspeakers. There's no 
sound quite like the 
Sound of Koss. 

For more information 
on the HV /X, our full line 
of stereophones and loud- 
speakers or our new Koss 
K /4DS digital delay 
system, write c/o 
Virginia Lamm. 

cC 1980 Koss Corp 

LIGHTWEIGHT 
ELEMENT 

The uniqueness of the 
new variable- density ear - 
cushions made it possible 

KOS Swstereophones /loudspeakers 
hearing is believing`M 

KOSS CORPORATION, 4129 N Port Washington Ave . Milwaukee. Wisconsin 53212 International Headquarters Milwaukee facilities Canada France Germany Ireland 
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