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Complete customer satisfaction...superior service...friendly, knowledgeable personnel... 
quality merchandise.. .providing the best values in leading edge technology. 

t 
Z AXIS INTENSITY MODULATION 

OSCILLOSCOPE 
4 remarkable value 

FAST 'IONS RISE TIME 

DMM-300 $79.95 
3.5 DIGIT DMM/MULTI TESTER 
This full function 3.5 digit DMM offers highly accurate 
performance and a host of added features like audible 
continuity, capacitance, transistor, temperature, and con- 
ductance to help you do the job-fast. Temperature probe. 
test leads and battery included. 

Basic DC accuracy: plus/minus 0.25% 
* DC voltage: 200mv-1000V, 5 ranges 

AC voltage: 200mv-750V, 5 ranges 
Resistance: 200 ohms -20M ohms, 6 ranges 
Capacitance: 2000pí -20µl, 3 ranges 
Transistor Tester: 0°-2000°F 
Conductance: 200ns 
Fullyoverload protected 
Input impedance: 10M ohm. 

DMM-100 $29.95 
3.5 DIGIT POCKET SIZE DMM 
Perfect for the field service technician. Shirt pocket size 
without compromising features or accuracy. Large, easy 
to read 12" LCD display. Fully overload protected for safety. 
2000 hour battery life with standard 9v cell. Probes and 
battery included. 

Basic DC accuracy: plusiminus 0.5% 
* DC voltage: 2v -1000v, 4 ranges 

AC voltage: 200v -750v, 2 ranges 
Resistance: 2k ohms -2M ohms, 4 ranges 

* DC current' 2mA-2A, 4 ranges 
Input impedance: 10M ohm 
Fully overload protected 
Approx. 5' x 3" x 1". Under 7 ozs. 

DPM-1000 $54.95 
3.5 DIGIT PROBE TYPE DMM 
Customt30 pin LSI chip provides accuracyand reliability in 
such a compact size. Autoranging, audible continuity and 
data hod feature help you pinpoint the problem quickly. 
Case and batteries included. 

Basic DC accuracy: plus minus 1% 
DC: voltage 2v -500v, autoranging 
AC vcftage' 2v -500v, autoranging 
Resistance: 2k ohms -2M ohms. autora^gmg 

* Fully overload protected 
Input mpedance: 11M ohm 

Under 3 ozs. 

341-- TV SYNC FILTER 

*me Nsmtwexrr 

18.35 

DELAYED AND 

SINGLE SWEEP MODES 

*4,99% 
Wide bandwidth and exceptional 1 mV/DIV sensitivity make the Model 3500a powerful diagnostic tool for engineers or technicians 
at a remarkable price. Delayed triggering allows any portion of 
a waveform to be isolated and expanded for closer inspection. 
Variable Holdoff allows stable viewing of complex waveforms. 

EXCEPTIOr ALLY BRIGHT 5" CRT 
ti` 

OPERXTIOIN 

w Mani 
Pig P9 /9 ....rE .,, 

MODEL 2000 
$389.95 
20 MHz DUAL TRACE 
OSCILLOSCOPE 
Model 2000 makes frequency 
calculation and phase measurement 
quick and easy. The component tester 
aids in fast troubleshooting. Service 
technicians appreciate the TV Sync 
circuits for viewing TV -V and 1V -H 
and accurate synchronization of 
the video signal, Blanking, VITS, and 
V/H sync pulses. 

Exceptionally bright 5" CRT 
Built-in component tester 
TV Sync filter 
X -Y operation '110/220 volts 

DMM-200 $49.95 
3.5 DIGIT FULL FUNCTION DMM 
Get highly accurate performance at a very affordable price. 
Rugged conetructr0n, 20 amp current capability and 22 ranges male il a perfect choice for serious field or bench 
work. Low battery indicator and tilt -stand. Probes and 2000 
hour battery included. 

Basic DC accuracy: plus or minus 0.25% 
s DC voltage: 200mv-1000V, 5 ranges 

AC voltage: 200mv-750V, 5 ranges 
Resistance: 200 ohms -20M ohms, 6 ranges 
AC/DC current: 2001.A -20A, 6 ranges 
Input impedance: 10M ohm 
Fully overload protected 

` Approx. 7"x 31/2" x 11/2'. '. Wt. 11 ozs. 

* 2 YEAR REPLACEMENT WARRANTY 
* 30 DAY MONEY BACK GUARANTEE 
* TOLL FREE TECHNIC4L SUPPORT 
* NEXT DAY AIR SHIIP AVAILABLE 

JDR INSTRUME ,110 KwÓwLES DRIVE, LÖS GATOS, CA 95030: 
RETAIL STORE: 1256 SOUTH BASCOM AVE, SAN JOSE, CA (408) 

COPYRIGHT 1987 JOR MICROOE VICES p VISA 

CIRCLE 59 ON FREE INFORMATION CARE. 
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BUILD THIS 
37 IN -CIRCUIT IC TESTER 

An inexpensive way to speed your troubleshooting. 
Bill Green 

41 AMPLIFIED SPEAKER 
A low-cost, wide -range amplifier system, complete with loudness, 
bass, and treble controls. 
Gary McClellan 
his 

45 Electronics ADVANCED CONTROL SYSTEM 
Part 8. Building and programming the terminal interface. 
Michael A. Tucker 

49 NANOELECTRONICS: THE NEW SCIENCE OF 
MINIATURIZATION 
A quantum leap that may change integrated circuits forever! 
Josef Bernard 

53 VCR SERVICING BASICS 
A step-by-step approach to troubleshooting VCR problems. 
Brian Phelps 

57 LOGIC CIRCUIT DESIGN BASICS 
The ABC's of designing logic -switching circuits. 
R.F. Sharp 

COMPUTERDIGEST 
INCREASE YOUR BRnIN POWER 
Our Synergy Cord puts your brains hemispheres in 

sync for increosed onolyticol power Page 94 

Cf) CIl1SSROOM 
The series concludes with o look et the dish 
metro ter and paradai port Pogo 9T 

PAGE 89 

kikeiNg 
THE NEW SCIENCE OF MINIATURIZATION 

PAGE 49 

DEP 
AND MORE 

6 VIDEO NEWS 
What's new in this fast 
changing field. 
David Lachenbruch 

24 EQUIPMENT REPORTS 
Psion's Organizer hand-held 
computer. 

68 HARDWARE HACKER 
A/D and D/A conversions. 
Don Lancaster 

79 AUDIO UPDATE 
Can you hear the 
difference?-Pt. II 

Larry Klein 

82 DRAWING BOARD 
Copy protection and a Z-80 
reset. 
Robert Grossblatt 

84 COMMUNICATIONS 
CORNER 
A new way to communicate! 
Herb Friedman 

122 Advertising and Sales 
Offices 

122 Advertising Index 

12 Ask R -E 

123 Free Information Card 

16 Letters 
105 Market Center 
32 New Products 
88 PC Service 
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BUILD THIS 
IN -CIRCUIT DIGITAL 
IC TESTER 
TO SPEED YOUR TROUBLESH 
Or TTL CIRCUITS 

BUILD AN AUDIO 

UTILITY AMPLIFIER 
FOR YOUR TESTBENCH- 
OR YOUR WALKMAN! 

11th-': 

LEARN HOW TO DESIGN 

SWITCHING CIRCUITS 

BUILD THE 
Ommlweemrs 
SYNERGY CARD 
TO INCREASE YOUR 
MAIN POWER 

One of the advantages of inte- 
grated circuits is that they are much 
more reliable than the discrete com- 
ponents that they replace. Unfor- 
tunately, however, when an IC fails, 
the problem can be rather difficult- 
or very expensive-to trace. 

Our digital IC tester makes it easy 
to find problem IC's, and it can be 
builtforaround $100. It lets you com- 
pare a known -good IC to a question- 
able one. You can even test IC's as 
they're operating in a circuit! The IC 
tester can also be used as a 19 -chan- 
nel logic probe. The story begins on 
page 37. 

LT/ i['Di NEXT { 

THE OCTOBER ISSUE 
IS ON SALE 

SEPTEMBER 1 

BUILD A BREATHALIZER 
Learn how easy it is to go over the legal limit. 

LED THERMOMETER 
A great beginner's project! 

ISDN 
Find out what Integrated Systems Digital Network means to you now, and 
in the future. 

COMPUT ERDIGESÌ 
Part 2 of the Hemi-Sync Generator lets you synchronize both hemispheres 
of your brain, for maximum concentration and efficiency. 

As a service to readers, RADIO -ELECTRONICS publishes available plans or information relating to newsworthy products, 
techniques and scientific and technological developments. Because of possible variances in the quality and condition of 
materials and workmanship used by readers, RADIO -ELECTRONICS disclaims any responsibility for the safe and proper 
functioning of reader -built projects based upon or from plans or information published in this magazine. 

Since some of the equipment and circuitry described in RADIO -ELECTRONICS may relate to or be covered by U.S. patents, 
RADIO -ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such 
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney. 

RADIO -ELECTRONICS, (ISSN 0033-7862) September 1968. Published monthly by Gernsback Publications, Inc., 500-B Bi - 
County Boulevard, Farmingdale, NY 11735 Second -Class Postage paid at Farmingdale, NY and additional mailing offices. 
Second -Class mail registration No. 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions 
$17.97, Canada $23.97, all other countries $26.97. All subscription orders payable in U.S.A. funds only, via international postal 
money order or check drawn on a U.S.A. bank. Single copies $2.25. c; 1988 by Gernsback Publications, Inc. All rights reserved. 
Printed in U.S.A. 

POSTMASTER: Please send address changes to RADIO -ELECTRONICS, Subscription Dept., Box 55115, Boulder, CO 
80321-5115. 

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is 
desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or 
photographs while in our possession or otherwise. 

Hugo Gernsback (1884-1967) founder 

M. Harvey Gernsback, 
editor -in -chief, emeritus 

Larry Steckler, EHF, CET, 
editor -in -chief and publisher 

EDITORIAL DEPARTMENT 
Art Kleiman, editorial director 
Brian C. Fenton, editor 
Carl Laren, WB2SLR, 

editorial associate 
Marc Spiwak, associate editor 
Jonathan A. Gordon, 

assistant technical editor 
Teri Scadutoi, assistant editor 

Jeffrey K. Holtzman, 
computer editor 

Robert A. Young, assistant editor 
Byron G. Wels, editorial associate 
Jack Darr, CET. service editor 
Robert F. Scott, 

semiconductor editor 
Herb Friedman, 

communications editor 
Robert Grossblatt, circuits editor 
Larry Klein, audio editor 
David Lachenbruch, 

contributing editor 
Don Lancaster, 

contributing editor 
Richard D. Fitch, 

contributing editor 
Kathy Campbell, editorial assistant 
Andre Duzant, technical illustrator 
Injae Lee, assitant illustrator 

PRODUCTION DEPARTMENT 
Ruby M. Yee, production director 
Robert A. W. Lowndes, 

editorial production 

Karen Tucker, advertising production 
Marcella Amoroso, production traffic 

CIRCULATION DEPARTMENT 
Jacqueline P. Cheeseboro, 

circulation director 
Wendy Alanko, 

circulation analyst 
Theresa Lombardo, 

circulation assistant 
Nancy Estrada, manager, 

R -E Bookstore 

Typography by Mates Graphics 
Cover photo by Diversified 

Radio -Electronics is indexed in 
Applied Science & Technology Index 
and Readers Guide to Periodical Liter- 
ature. 
Microfilm 8 Microfiche editions are 
available. Contact circulation depart- 
ment for details. 

Advertising Sales Offices listed 
on page 122. 
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IBM ipso:: Professional Series 
* Quality and Reliability* 

MENUDRIVEN MULTIMETER - MODEL 560 

The newes- adiition tothe PRDFESSFOP AL SERIES the MODEL 560, 

incorporates measurement capabilities usua ly p-avidec ti--ough the 

use of separate rtstruments. The 560 is a m coprocessor based, 
52 000 count, menu-d-iien multimeter des gied and bu It with the 
requiremer-s of :he serious engineer r mind. The 560 prc/ides the 

accuracy and stability necessary for Enacting test ng applications. 

COMPUTER -AGE SOPHISTICATION IN A BENCH TOP DMM 

®Ri -s F 

1_<-) Rl: 5k ttrl 9.FRH 

;7E1 p . 11.1FC 9.LJ UM 

ti!kRt) 3 JO RF -E 7 al ertF 

MENU -DRIVEN MULTIMETER 

Model 560 
Model 560 vv/BUS Interface 

For information on: 

Model 560 circle 187 ON FREE INFORMATION CARD 

$2,195.00 
$2,395.00 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue. Elgin. Illinois 60120-3090 
(312) 697-2260 Telex 72-2416. FAX (312) 697-2272 

A CHIPPEWA NATION TRIBAL ENTERPRISE 

4 

4e41 

Features 
U tra Fast Autorang ng 

Front Panel Programming 
Data Logging to 2150 Readings 
on any Selected Range 
52 Segment Bar Graph 
500kHz Frequency Counter 
Battery Backed Data Storage 
Buffer 
RS232C Capable 
Centronics Printer Capable 
REL and Cortinuity 
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WHAT'S NEWS 

LIGHT 
EMITTED AT THE 

EDGE OF EACH PIXEL 

PIXEL ELECTRODES 

COMMON ELECTRODE 

SUBSTRATE 

AN ELECTROLUMINESCENT ARRAY is a new economical light source for laser printers, 
according to scientists at Westinghouse. 

Edge -emitter light source 
improves laser printers 

Westinghouse scientists have 
demonstrated a light source which 
they believe may be a "low-cost 
alternative to laser printers." Un- 
like the laser -light sources in most 
of todays's non -impact printers, 
the new source has no scanning 
mirrors or other moving parts, and 
it is smaller and more rugged. 

Called a Thin -Film LlectroLumi- 
nescent (TFEL) edge emitter, the 
new light source is based on a dis- 
covery that light emitted from the 
edge of a thin film of zinc sulfide is 
up to 100 times brighter than light 
from the face of the film. 

The new edge emitter was dem- 
onstrated with a specially built test 
station-a 10 page -per -minute 
laser printer with a 300 dots -per - 
inch printing capability was oper- 
ated with a 400 dots -per -inch TFEL 

A CHARACTER GENERATED BY THE 
TFEL EDGE EMITTER (left), is clearer than 
that from a laser -light source (right). Both 
images are magnified 50 times. 

edge emitter replacing the laser. 
Even though not all parts were 
properly matched in the tempo- 
rary setup, the edge emitter pro- 
duced superior letters. By simply 
replacing the laser -matched pho- 
toreceptor of the laser printer with 
one matched to the TFEL edge - 
emitter wavelength, the printing 
speed could be doubled to 20 
pages per minute, Westinghouse 
scientists said. R -E 

Ion damage improves 
semiconductor quality 

A new technique, known as ion - 
damage -controlled pho- 
tochemical dry etching, may im- 

prove the quality of computer 
chips and similar items, and save 
processing time and money. 

In conventional semiconduc- 
tors, complex circuits are etched 

out by covering parts of the sur- 
face with photoresist and etching 
out the parts that are not covered 
by that protective material. Com- 
plex integrated circuits require 
multiple masks and etchings. It is 
difficult to align the masks per- 
fectly with the structures already 
etched in the wafer, and where 
misalignment occurs, perfor- 
mance is degraded. 

Scientists at Sandia National 
Laboratories (Albuquerque, NM) 
have developed the new tech- 
nique that reduces the need for 
multiple masks. The semiconduc- 
tor surfaces that would have sur- 
viving masks are bombarded with 
ions, damaging the exposed areas. 
That damage makes those areas 
relatively inert. 

The masks that protected the 
other areas is then stripped away, 
and the surface is etched with a 

reactive chemical under strong 
light. The ion -damage forms an 
unshiftable mask for subsequent 
etching processes-the material 
will not be etched where the sur- 
face has been ion -damaged. 

Wallet -sized cards hold a library 
of information. 

The Optical Recording Corpora- 
tion of Toronto, Canada has 
developed a wallet -sized optical - 
storage card capable of storing up 
to 200 megabytes. That is the 
equivalent of an optical memory 
disc, but the card costs as little as 
$1.00 when purchased in quan- 
tities of 100,000. One of the first 
applications for the card will be to 
store personal -health records. 

Information is placed on the 
cards in arc -shaped tracks on 2 - 

micron centers. Data is stored on 
1 -micron diameter spots on 1 -mi- 
cron centers along the line of the 
tracks. A rotating multi -lens laser 
scanner is used to write or read 
four tracks per revolution. The 
card itself is held stationary during 
writes and reads. R -E 
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NEW! Measure to the MAX 
with the first Test Bench 
vou can hold in your hand 

For 5139.00 you can 
replace a bench 
full of instruments 

Micro -miniaturization strikes again! 
B&K-PRECISION has combined the capa- 
bilities of five popular instrcments into 
one hand-held Test Bench- unit. This 41 

range voltmeter, ammeter, ohmmeter, 
frequency counter; capacitance meter, 
logic probe, transistor and diode tester 
features an extra -large LCD display, 
ruggedized case and BU -PRECISION 
quality. - 

You don't need a trunk full of instru- 
ments to get the job done. See your local 
BU -PRECISION distributor for immediate 
delivery on the new 388 -HD Test Benchh' 

Large 3Y2 Digit 
LCD Readout. 
High -contrast 
cisplay, slanted 
for easy viewing 

DC and ACVots. 
0.5% DCV 
accuracy 

Integral Tilt 
Stand.Can ce 
detached anc 
used to har g 
DMM on vertical '; surface. 
Single Roty - 

Switch. 
Convenien- 
range and 
function 
selection 

Resistance. 
0.152 to 2001) P142 

hFE 

Measuremert. 
Measures 
transistor gain 

Audible 
Continuity Eeeo 
indicates a 
complete 
circuit 

a/\ pAGV/aM 
MAXTEC INTERNATIONAL CORP. 

6470 W. Cortland St. Chicago, IL 60635 312-889-1448 
International Sales, 6470 W. CortlandSt., Chicago, IL 60635 

Canadian Safes, Atlas Electronics, Ontario 
South and Central American Sales, Empire Exporters, Plainview, NY 11803 

Dc 

2000 

20M 

2M 

200K 

, ' / 2K 

200 

hFE 

ESCE 

V-2-liz C0M A 

Diode Test. Quick 
check of diode 
junctions f 

Logic Level 
Measurement. 
Checks TTL / levels 

88 -HD 

NPN 

PMP 

... zx> 

2r 

Na 20m 
N. 20A A \ 200m ! 

20A 

TEST BENCH 

Four -foot 'Drop Resistent 
Heavy Du y Case. Bright yelow 
safety col r 

Frequency 
Measurement. 
20Hz-200KHz 

DC and AC 
Current 

Capacitance 
Measurement. 
Up to 20µF 

- 20 Ama Range 

ZAP Proofed. 
High -E gy 
Fused 
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VIDEO 
NEWS 

Sony Adds VHS. Fourteen years after 
introducing the first successful home videotape 
recorder, Sony has finally conceded to the popular 
taste and added VHS recorders in the United 
States and Japan. Sony's VHS recorders, the first 
made in its own factories, are deluxe in every 
way. A mono recorder listing at $600 and a stereo 
hi-fi version at $1,100, have such features as 
"Digital Edit Monitor," which puts two small 
pictures on the screen for editing -one showing 
the edit source and the other the tape to be edited 
and the actual result. The recorders also have 
front -mounted input jacks for easy attachment of 
camcorders for editing, LCD remote controls for 
simple programming, flying erase heads, digital 
special effects such as picture -in -picture and 
other top -of -the -line features. In addition to the 
two recorders, Sony introduced a VHS Video 
Cassette Player (VCP), the first such major -brand 
play -only unit with hi-fi stereo -designed, 
presumably, for Beta owners who need a VHS 
machine to play rented tapes. 

Video Walkman. That's the name Sony has 
given its book -sized combination VCR and TV, 
obviously in hope of repeating the success of the 
audio Walkman. The little tote -along combines a 
complete color -TV set with 3 -inch backlit LCD 
with a complete 8mm videocassette recorder in a 
neat package weighing just 2.4 pounds. List - 
priced at $1,300, the Video Walkman is designed 
for viewing in almost any situation-it can be 
powered by rechargeable battery, dry cell, car 
battery, or AC adaptor, and has a loudspeaker as 
well as earphones for its PCM audio track. It can 
be used for watching TV, of course, as well as 
viewing tapes, which can play up to four hours. 

Fancy New Brandnames. What do 
Dimensia, Prism, Optonica, and HPX have in 
common? No they're not diseases; they're new 
lines being fielded by major color -TV brands in 
order to emphasize top -of -the -line features. 
Dimensia is the tippy-top line of the RCA brand; 
Prism belongs to Panasonic, Optonica is Sharp's 
dress -up label, and HPX is Hitachi's high end. 

DAVID LACHENBRUCH, 
CONTRIBUTING EDITOR 

Introducing IDTV. IDTV stands for " 
Improved Definition TV," and Philips and Toshiba 
share the honors of introducing the new initials 
to these shores. The first two IDTV sets vary in 
their features, so there's no real definition of 
what IDTV actually is. But what the Philips and 
Toshiba IDTV's share is digital memory-systems 
that double the number of horizontal lines and 
motion compensation to avoid blurring. 

The Philips IDTV sets, available in either 27- or 
31 -inch sizes, derive new scanning lines to insert 
between the existing lines, resulting in 525 lines 
in each field. The derived lines constitute the 
median of the line above, the line below and the 
corresponding line from the preceding field. In 
addition, the sets have a noise -reduction circuit 
that remarkably improves snowy pictures. They 
have two tuners to make it possible to watch two 
different stations using the picture -in -picture 
feature. They also let you freeze and store either 
the main or the subsidiary picture, among other 
features. Toshiba's IDTV has a 28 -inch picture 
and claims "advance double scanning." It also has 
picture -in -picture and a full -field memory, as 
opposed to the Philips' frame memory. 

"Digital Paper." Billed as the world's 
cheapest recording medium-so disposable that 
its developers call it "digital paper"-a new type 
of recording tape has been demonstrated by ICI, 
Britain's largest chemical company. It could make 
an excellent storage medium for digital -video 
recording as well as for computer data. The 
system uses low-cost polyester film with a layer 
of polymer dye. Recording is done by burning the 
dye layer with an infrared laser. 

The medium can store one terabyte (one 
thousand billion bytes) on a strip of tape 35mm 
wide by 1,640 feet long, at a cost of about 5 cents 
per megabyte, according to ICI. It's a record -once 
system because it can't be erased. The "digital 
paper" can be used in several forms-tape, disc, 
sheet, and so forth. Several companies are 
working to commercialize it for various uses, and 
hardware for the system could be shown as early 
as next year. R E 
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With Just One Probe Hookup You Can Confidently 
Analyze Any Waveform To 100 MHz, 10 Times Faster, 

10 Times More Accurately, Absolutely Error Free, 
Guaranteed Or Your Money Back B , . 

FOCUS 

tr) 
MODEL SC61 

Promises of increased productivity from other oscilloscopes 
fade fast when compared to the speed and accuracy of the SC61. 

Eliminate the confusing menus, cursors and complexity of 
regular oscilloscopes at the push of a button. Here's what the 
SC61 does for you: 

Analyze Waveforms Easily 

Accurate Waveform Display - 60 MHz Bandwidth (use- 
able To 100 MHz) To Test The Latest Digital Circuits. 

Rock -Solid Sync - ECL Logic Circuits And Differential 
Amplifiers Give Fiddle Free Operation. 

Four Times The Measuring Range - Measure From 
5 mV To 2000 Volts (3000 Volts Protection) For Ex- 
panded Signal Handling. 

AutotrackingTM Digital Readings Analyze The Whole 
Signal 

Autoranging DC Volts Through Single Probe, Even 
With AC Coupled. 

Automatic Peak -To -Peak Volts - Even If Variable Con- 
trol Is "Out Of Cal". 

Automatic Frequency Measurements Without Sensi- 
tivity Adjustment Or Range Switching. 

CIRCLE 189 ON FREE INFORMATION CARD 

DIGITAL 
READOUT 

CV 

VERTICAL 
POl ITION 

A w s.ww é 
vont roue en 

1101.611110R11110 0111611 

VOLT CHAN 
6 t 

ABUT COWLING 

CHA G DELTA MEASUr 
PPV 

CM8 
6 PPV 

QTIME 

WAVEFORM ANALYZER 

100 

Mt 
vi0[OVFAt 

With The SC61 Waveform An 
-1429Kle PATENT 

Digital Delta Tests Analyze Any Part Of The Signal. 

Delta Peak -To -Peak Volts - Peak -To -Peak Volts Of Any 
Part Of The Signal. 

Delta Time For Any Time Reading - Including Delay 
Between Traces 

1/Delta Time - Frequency Of Part Of The Signal - 

Finds Sources Of Interference Or Ringing. 

Frequency Ratio Test - Tests Multiplier And Divider 
Circuits 

Easy To Use - Human Engineered Controls And Virtually 
No Graticule Counting Or Calculations 

The SC61 is designed to give you the measurements you need - 
fast. We make one claim: 

"Try the SC61 on your bench for 30 days. If it doesn't cut 
your present scope time in half, send it back for a com- 
plete refund, no questions asked." 

Try the SC61 for 30 days, and discover true troubleshooting 
speed. 

Call 1-800-843-3338 
In Canada Call 1-800-851-8866 
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REASONS FOR 
SELECTING CIE 

Approved for educational 
benefits under the G.I. Bill 
for Veterans and other 
eligible persons. 

CIE provides printed job 
resumes, letters of recom- 
mendation, and lifetime 
Employment Service for all 
graduates at no extra 
charge 

State -of -the -Art laborctory 
equipment is yours to keep 
and it comes assembled, 
ready for hands -on - 
experiments 

Only CIE offers an 
Associate Degree program 
based on actual study 
time used. The faster you 
complete your degree, the 
less your overall tuition. 

Upon graduation, CIE offers 
you free preparation to 
pass the Certified Elec- 
tronics Technician Exam. 

C ' E 
CLEVELAND INSTITUTE OF ELECTRONICS 1776 East 17th Street Cleveland Ohio 44114 
PHONE TOLL FREE 1-800-321-2155 I In Ohio 1-800-523-9109 
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A CAREER IN ELECTRONICS STARTS WITH CIE. 
or the last few years, the elec- 
tronics field and related indus- 
tries have been growing at an 

incredible pace. And today, a 
career in electronics offers more 
opportunities and greater rewards 
than ever before. 

Just ask any of the many 
graduates of the Cleveland Insti- 
tute of Electronics who have landed 
high -paying positions with aero- 
space, computer, medical and 
communications firms. They'll tell 
you success didn't come easy.. . 

but that CIE made it all worthwhile. 

SPECIALIZED 
TRAINING CIE isn't just 

another be -everything -to -everybody 
correspondence school. We're 
accredited by the National Home 
Study Council. And with more than 

1100 graduates each year, we're 
the largest independent home 

study school specializing 
exclusively in electronics. CIE 

has been training career - 
minded students like your- 
self for over 50 years and 

we know the business 
inside and out. 

Some c - 
Training 
puters. 
needed 
ment of t 

lure the CIE Microprocessor 
y, an integral part of corn - 
ill the practical experience 
+ith state-of-the-art equip - 
tomorrow. 

RACT/CAL 
TRAINING CIE students learn 

by doing, using sophisticated elec- 
tronic learning tools that we've 
designed and developed. One 
such tool, our 4K RAM Microproces- 
sor Traln,ng Laboratory, teaches 
programming, interfacing and lets 
you work with a broad range of 
computers in a way that working 
with a single, stock computer 
simply can't. 

We combine that valuable hands- 
on training with our unique Auto 
Programmed lessons, designed to 
teach you step-by-step and prin- 
ciple -by -principle. The result is 

practical training ...the kind of 
experience you can put to work in 
the marketplace. 

Accredited by the Accrediting Commission of the 
National Home Study Council, Washington, D.C. 

ERSONALIZED 
TRAINING While some of our 

students have a working know- 
ledge of electronics others are just 
getting started. That's why we have 
10 career course levels from Basic 
to Advancec. They let you start 
where you want. Learn at your own 
pace. And learn as much as you 
like. You can even earn an 
Associate in Applied Science 
Degree in Electronics. And when 
you need help, our trained profes- 
sionals are on hand to assist you 
by phone or mail. 

Learning electronics isn't easy, 
but getting started is. For a CIE 
catalog and enrollment informa- 
tion, just mail the coupon below 
Or call toll -free 1-800-321-2155. In 
Ohio, call 1-800-523-9109. 

CIRCLE 60 ON FREE INFORMATION CARD 

YES! I want to get started. Send me 1 
my CIE school catalog including details I 

about the Associate Degree program. 1 

Print Name 

Address Apt. 

City State Zip 

Age Area Code/Phone No. >' 

Check box for G.I. Bulletin on Educational Benefits 
Veteran Active Duty 

MAIL TODAY! 

C' CLEVELAND INSTITUTE OF ELECTRONICS 
1776 East 17th Street, Cleveland, Ohio 44114 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
ARE -95 J 
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AsK R -E 

WHERE IS TRUE NORTH? 
Some months ago (Radio Elec- 

tronics, October 1986) you showed 
us how to use the stars to locate True 
North to use as an aid in setting up a 
satellite dish. In my area, smog and 
bright lights on the northern horizon 
make locating and identifying stars 
almost impossible. Is there any way 
that I can use the sun to locate True 
North?-G.S.R., Duluth, MN. 

There are several ways to use the 
sun to establish a true North - 
South reference line. All are based 
on the fact that the sun is exactly 
due south at high noon and the 
shadow of a vertical pole lies along 
a true North -South line. The draw- 
ing in Fig. 1 shows a method 
learned in the Boy Scouts. 

All that you need is some string, 
sticks and pegs, and a plumb bob 
or Scout's knife. Place the crossed 
sticks as shown in Fig. 1 so that the 
longer one points in a general 
northerly direction. Anchor the 
lower end with a large stone or tie 
it to a stake driven into the ground. 
Tie the plumb line to the tip of the 
pole so that the weight is almost 
touching the ground. Drive a small 
stake directly beneath the plumb 
bob or the point of the knife at 
point A. About an hour before 
noon (local time), drive a stake at 
point B, the exact end of the lean- 
ing pole's shadow. 

Tie a string to the stake at point A 
and extend it so its length is AB. 
Tie a sharpened stick to the string 
at point B and use it to scribe the 
arc BCD on the ground. 

At about an hour and fifteen 
minutes after noontime, the pole's 
shadow will cross the scribed arc 
at point D. Mark that point with a 
stake and tie a string from B to D. A 

WRITE TO: 

ASK R -E 

Radio -Electronics 
500-B Bi -County Blvd. 
Farmingdale, NY 11735 

ARC DRAWN 
/Y/TN ST/GK 

r.w 

iev rw A 
J. .u.-. 

.SFd4DcesY PATH 
AF> LbL,E T/P N,e 

O 
N 

B 

FIG. 1 

perpendicular bisector of line BD 
actually lies in a true North -South 
direction. 

To find the perpendicular bisec- 
tor, either drive a stake at point E, 
the mid -point of line BD, or at 
point C, the mid -point of arc BCD. 
Line AE or AEC indicates the direc- 
tion of true north. 

If you don't have a tape measure 
or ruler for locating either E or C, 
use the scheme, derived from geo- 
metric principles, illustrated in 
Fig. 1. Cut a piece of string to about 
three -fourths the length of BD. At 
one end, make a loop that will fit 
loosely around the stakes at B and 
D. Tie the other end to a pointed 
stick that you will use as a scribe. 
Use the string and stick as a com- 
pass to draw arc FG from point B 

and HI from point D. The straight 
line passing through points L and 
M also passes through A, and lies 
in a true North -South direction. 

TELEPHONE BELL SUBSTITUTE 
I'm looking for the circuit of an 

electronic warbling telephone ring- 
er that I can substitute for the con- 

PNL/NONÉ E 

NtJ4bva 
AlG3-K0/ 2 -/: C/ _ /Oa7jF 
.NC31'O/.Z -2: C/- spew' 
AiC3140/2 -3: C/=,Z¿L'bPF 

FIG. 2 

ventional bell. I can't seem to find 
one. Can You help?-R.W.K., Kenil- 
worth, NJ. 

The circuit in Fig. 2 shows how 
the Motorola MC34012-series tele- 
phone ringers are used. The IC is 
powered by the ring voltage from 
the phone line. The ring voltage is 
nominally 60-80 volts at 20 Hz, but 
may be anywhere in the range of 
40V/16Hz to 150V/68Hz depending 
on the TELCO system. That voltage 
is rectified by an internal bridge 
rectifier and it is then used to 
power the tone generators and 
also drive the ceramic piezo-elec- 
tric buzzer (BZ1). 

The base frequency of the relax- 
ation oscillator controlling the 
high- and low -frequency notes 
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N1 V! HWS-24-HT 
Deluxt Twin Band Handie Talkie 
Discover th fun and excitement of mobile 
communic; .tions with this highly versatile 
VHF/UHF FM handie talkie. Powerful, compact 
and easy to use, this deluxe twin band 
transceiver offers outstanding performance 
based on the most stringent specifications. 

Features: 
Two internal VFOs 20 available 

memory channels Frequency entry 
via keyboard or rotary channel 
switch Vacant channel search 

Auto power off, and much more. 

See it in the latest Heathkit catalog, 
along with our full line of handie talkies, 
including: 

The HWS-2 2 Meter The HWS-4 
450 MHz The HWS-2-XL Deluxe 
2 Meter The HWS-4-XL Deluxe 
450 MHz 

To get your FREE Heathkit 
catalog, write: 
Heath Company 
Dept. 020-694 
Benton Harbor, MI 49022 

' Send for your 

FREE 
Catalog 

Easy -to -read 
display 

VWFSET 

VHF/ UHF FM W -BANDER 

Full -function keypad 

Heath Company 

CL -796 
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Philips ECG's Master Guide 
gives you all the replacement semiconductor 
information you'll ever need. 

For speed, accuracy and ease -of -use, nothing beats the 
Philips ECG® Master Guide! 

Contains technical data for 4000 Philips ECG 
semiconductors that replace over 240,000 industry 
part numbers 

Contains the most accurate cross-references available. 
New edition has 13,000 additional cross-references 

and 230 new devices 

All this, all in one book. 
Contact your Philips ECG distributor or 
call 1-800-225-8326. It just might be 
the smartest (all you make all week. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

ECG® DM -76 Auto -Ranging Digital 
Multimeter: The smart choice for value! 
ECG DM -76 Multimeter is accurate, priced right and packed full of 
features. Here's what you get: 

Auto or manual range selection 
0.5% basic accuracy 
3' digit LCD with range indicator 
Data hold 
20 megohm full scale 
Transistor hFE 
Diode VF 
Audible continuity test 

Accuracy! Value! All the features you need! 
Contact your ECG products distributor or 
call 1-800-225-8326. It just might be the 
smartest call you make all week. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

Keep equipment in top shape with Philips 
ECG's top of the line Audio/Video products. 

The best performance from any piece of 
equipment. The line-up that delivers it looks 
like this: 

To measure and adjust frequency 
response of audio tape decks, the AR20 
frequency response cassette 

To accurately adjust audio tape running speed and record/playback 
head alignment, the AR30 speed and adjustment cassette 

To observe tape travel path in the VCR, the Video tape path 
view cassette 

To measure torque in play or fast forward/rewind modes, the Video 
torque meter cassettes 
Contact your Philips ECG distributor or 
call 1-800-225-8326. It just might be the 
smartest call you make all week. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

CIRCLE 68 ON FREE INFORMATION CARD 

along with the warble rate is set by 
resistor R1 and capacitor Cl con- 
nected to pin 8. The base frequen- 
cy can range between 1 kHz and 10 
kHz when R1 is between 150K and 
330K, and Cl is between 400 pF and 
2000 pF. The tone that is fed to the 
buzzer at pin 4 switches between 
the two frequencies at a 12.5 -Hz 
warble rate. 

The MC34012-series device is 
available in three frequency 
ranges, and they can easily be 
identified by suffixes 1, 2, and 3. 
The tone frequencies in Hz are 
822/1040 for the MC34012-1, 
1664/2080 for the MC34012-2 and 
416/520 for the MC34012-3. 

Check with Motorola Semicon- 
ductor Products, PO Box 52073, 
Phoenix, AZ for sources and avail- 
ability of the MC34012. The buzzer 
can be a Mallory PT -7, PT -8, or 
other similar ceramic piezoelectric 
device. 

SOLID-STATE REPLACEMENT 
FOR AN OLD TUBE 

I would like to have an oscillator 
circuit using some type of power 
transistor to replace the oscillator in 
a Boonton 160-A Q meter. The os- 
cillator has a type -45 tube in an 
Armstrong circuit with a grid, plate, 
and output coils. The output coil de- 
livers 0.5 volt at 500 mA along with 
the RF signal that heats the ther- 
mocouple element. I need help! 
Otherwise, it's back to the ancient 
45.-J.C.M., Baldwin, NY. 

You didn't say why you want to 
replace the original oscillator. If 
the instrument is operating prop- 
erly, you should definitely leave it 
alone. It is a high -quality instru- 
ment and I doubt that you can im- 
prove it by simply replacing the 
oscillator circuit. "If it ain't broke, 
don't fix it." You'll only be creating 
unnecessary work for yourself. 

If the 45 is weak, you may be 
able to purchase a replacement 
through Radio Shack or one of the 
tube suppliers that advertise in the 
Market Center. If you can't find a 
45, try a 2A3; that tube is a plug-in 
replacement with somewhat sim- 
ilar characteristics. You may have 
to "juggle" the grid bias in order to 
to adjust the output voltage and 
current to "specs." For the 2A3, 
one place that you can try is Edlie 
Electronics, 2700 Hempstead Turn- 
pike, Levittown, NY 11756. 
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DAMARK PRICE: 

$39 
Insured Ship/Hand. $4 00 

VISA (MasterCard 

pIICIVER 

ST ZIP 

epeefogefed VOICE RECOGNITION 
DIALER TELEPHONE 

The Phone That Re- 
sponds to Your Spo- 
ken Command! Say 
"Jim...Dial" and it 
dials Jim! It's that AJ!l RR 

R! simple! No phone 
numbers to look up --". 
or remember. Com- 
mand Dialer is the 
phone of the future. 
But it's here now! 
Dial by Voice - "Pat...Dial" Command Dialer dials: if Pat's line is busy, 
touch the REDIAL BUTTON. 
Hands Free Speaker Phone- For family or business conferences. 
16 Number Memory - By voice or touch. 
Long Distance Lock -Out - Prevents dialing long 
distance calls. 
Meets the needs of business people, families, elderly, 
handicapped, and even kids. 
Automatic re -dial of busy numbers. 
Digital Alarm Clock with snooze button. 
Electronic "Scratch Pad" ("write down" a phone 
number during a conversation). 
One Year Warranty! 

PAYER Rechargeable 
Razor 

Having prob- 
lems getting a 

close, smooth 
shave with an 
electric razor? 
Well, with the 
European made 
Payer cordless 
razor you can 
have it all! 

lose, sma th, shaves without fighting 
a cord. 

Single foil rechargeable razor with trimmer. 
Cordless Small enough to fit in your shirt 

pocket or travel bag. Made in Austria. 
Model #: 1001. Full Factory Warranty! 
Factory New! Factory Compare At: 
Perfect! $129.95 

Established over 40 years ago in 
Graz, Austria, Payer has a long 
history of innovation, including 
the first foil razor and commis- 
sioning F.A. Porsche to design 
the now famous Porsche Design Order No B-843-106237 

razor. 

Manufacturer's 
Suggested Retail 

$299.00 

DAMARK PRICE: 

Order No. B-843-105809 
Insured ShipMand 56 00 

AMBICO 

PUBLIC NOTICE: 
Due to a variety of reasons, (overproductions, dis- 
continued lines. Etc...) manufacturers & distributors 
get STUCK with inventories that must be liquidated. 
DAMARK walks in, lays down cash, and takes the 
entire inventory. This is how we can offer you 
products at BELOW DEALER COST! Just LOOK 
at the values below and order today - QUANTITIES 
ARE LIMITED! 

maxon Radar Detector 
This mini -size Maxon 
radar detector is one of 
the most sensitive, so- 
phisticated, reliable ra- 
dar detectors available 
today! Long range recep- 
tion with early audio and -. 
visual warning signals 
are just some of the valu- 
able features found in 

, 
this most appreciative 
radar detector. 
Pocket -size -2-7/8"W x 4-1/2"D x 1"H. 
Superheterodyne receiver detects X band & K `. 
band radar signals, reacts in 1/8 -second. 
Anti -false alarm circuit blocks signals from 
other vehicles' detectors, i -- I ì'r tLti1 

City & highway operating modes. Synchronized Compare At: 
audio alert, flashing visual display indicates radar $299.95 
signal strength. 
Includes spring visor clip, suction cup mount for 
windshield attachment, hook and loop fasteners, 

cord clips, straight and coiled power cords, earphone, 
and carrying case. 

90 Day Warranty! 

MTS STEREO 
DECODER 

Add stereo excitement to your TV 
viewing with this state-of-the-art 
Ambico MTS Stereo Decoder. Cre- 
ates TRUE stereo for most TV's! All 
cables included. 

Works with any tuner for TV (CATV cable 
converter, VCR, remote TV tuner, TV with MPX 
output). 
Automatically decodes stereo Manufacturer's 
signals broadcast through Suggested Retail: 
antenna or cable. 
Slim, compact size: 9.75"Wx 
7"Dx1.5"H. 
All necessary cables 
included. 

$129.00 
DAMARK PRICE: 

$58 
FULL 90 -DAY Order No 8843.102624 

WARRANTY! Insured ship/Hand $6 00 

MMIIIMI---_----INIMMMINIIMMMMMI 
FOR FASTEST SERVICE 

CALL TOLL FREE 

1-800-832-5555 
NAME 

ADDRESS 

CITY 

PHONE 

D Check/Money Order VISA 
MasterCard Discover CARD NO 

PRODUCT 

Eilrir71 

PERSONAL 
REMOTE 
CONTROL 
CENTER 
Operate your 
TV, VCR & Cable 
TV Decoder with 
one remote con- 
trol. Consoli- 
date all those remotes into one easy 
to use remote control center! It's 
simple to use! There's no need for the 
remote to "learn" anything...there's a 
simple, one-time set up of switches. 

Uses 3 AAA batteries (included). 
Dimensions: 8-1/10"H x Compare At: 
13/16"D x 2-1/2"W. $99.95 
The PCC may not 
operate every model 
listed. 
Made in U.S.A. 

DAMARK PRICE: 

Order No. B-843-106468 
Insured Ship/Hand.: $6.00 

DAMARK PRICE: 

9 
90 DAY OrdNo4843-104323 
WARRANTY! Insured Ship4i,nd 54 00 

11.1111.--.111 

ITEM NO. QTY. PRICE S/H/I TOTAL 

COMMAND DIALER B-843-105809 $88 $6.00 

MAXON Radar Detector B-843-106468 $79 $6.00 

PAYER Cordless Razor B-843-106237 $39 $4.00 

AMBICO Stereo Decoder B-843-102624 $58 $6.00 
ZENITH Unified Remote B-843-104323 $49 $4.00 

CORPORATE OFFICE 1612) 560-5415 SUB TOTAL 

DELIVERY TO 46 U.5. CONTINENTAL STATES ONLY in MN add 6% Sales Tax 

Total S/H/I 
TOTAL 

EXP. DATE q- Send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 
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LETTERS 

1,000,000s 

1000s 

1 SECOND 

0.001s 

(MILLISECOND) 

0.000,001s 

(MICROSECOND) 

0.000,000,001s 

(NANOSECOND) 

0.000,000,000,001s 

(PICOSECOND) 

0.000,000,000,000,001s 

SUPER 
CONDUCTING JppS` 

CAVITY O 

(FEMTOSECOND) 10-3 

STONEHENGE 

EARTH SPIN 

EARTH ORBIT 

(EPHEMERIS TIME) 

Rb GAS CELL 

.bMILLISECOND PULSAR 

Cs BEAM 

Hg ION STORAGE 

H MASER 

IHR 6000YRS 

1 MINI 1 DAY 1 YR 100YRS 1 MILLION YRS 

I I il I I I iI I u 

1 103 106 106 I025 

TIME SINCE SYNCHRONIZATION (SECONDS) 

FIG. 1 

KEEPING TIME 
"All About Calibration" (Radio - 

Electronics, June 1988) contains 
some errors in relation to time 
standards. The article states, as a 
general rule, that "universal time 
(UTO, UT1, UT2) is accurate to 
within 3 ms in 1 day." That yields a 

factor of about 3.5 x 10-8 accuracy. 
The Ephemeris time value of 50 ms 
in 9 years yields a factor of about 
1.8 x 10-1° accuracy. That is OK 
too. However, the atomic time of 
0.1 µs in 1 minute only yields a 

factor of 16.7 x 10-1°. That is less 
than what is stated for Em- 
phemeris time. I believe that what 
you wanted was something like 0.1 
µs in 1 day, which yields a factor of 
1.16 x 10-12. 
STEPHEN L. COAN 
Beaverton, OR 

Mr. Coan, you are absolutely 
correct. As the Time Chart shows, 
some Cesium -beam atomic clocks 

are accurate to 1 ns in 1 day, or an 
accuracy factor of 1.16 x 10-74. See 
Fig. 1.-Editor 

RS -232 CORRECTION 
It has come to our attention that 

there were a couple of errors in the 
article "RS -232 Monitor/Control 
System" (ComputerDigest, August 
1988). The voltage supplied to IC3 
can range from 4.5-18.0 volts, not 
4.5-8.0 volts, as the article indicat- 
ed. The equation for the time it 
takes to transmit data from the 
same node twice should read: 
(V4800) x 11 bits/byte x 8 bytes. 
We apologize for any inconve- 
nience caused by those mis- 
takes.-Editor. 

VERSATILE FUNCTION 
GENERATOR 

If you are building the "Versatile 
Function Generator" (Radio -Elec- 
tronics, May 1988), pflease note that 

;Yr ;Hrs 
rx;^ v ,esr 

/nKr- . l' 

LETTERS 
RAD/O- ELECTRON/cs 
SGO-B B/ -COUNTY BOULEVARD 
F4RM/NGLL4LE, N Y /1735 

the timing IC (IC6) must have an 
"A" suffix. Dó not try to use an 
ICM7207IPD in place of an 
ICM7207AIPD. Someone has been 
advertising the IC with the "A" suf- 
fix, but sending the wrong one, so 
check carefully before using it. 

A few minor errors appeared in 
the article. On the Parts Placement 
diagram, IC9, the negative reg- 
ulator, is oriented backward. The 
tab side should face the middle of 
the board-just the opposite of 
the two positive regulators. The 
ramp output and the pulse output 
are reversed. In the schematics, 
R23 should be a 2K linear potenti- 
ometer, C8 should be 100 pF, and 
C9 should be 10µF, 25 volts. The 
two rectifier diodes, D4 and D5, 
should have been labeled 1N4001, 
not 1N4401. Any diode with at least 
1-amp/50- volt rating will do. In the 
Parts List, R36 should be 2.7K, and 
R13 and R43 -R47 should be 4.7K 
instead of 47K. 
JOHN WANNAMAKER 
Orangeburg, SC 

AMATEUR COMPUTERISTS CLUB 
In May 1966, Stephen B. Gray 

formed the Amateur Computer 
Society for people who were inter- 
ested in building their own com- 
puters. By sharing their experi- 
ences and problems, Gray be- 
lieved that hobbyists could reduce 
the frustration and isolation of 
working on their own to build a 
computer. Ned Wadsworth's 
Scelbi-8H, Jonathan Titus' Mark -8, 
and Ed Roberts' Altair 8800 were 
the practical results of many years 
of effort to develop a personal 
computer. 

While personal computers are 
now readily available, there is an 
increasing emphasis on business 
uses and software appropriate for 
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NEW 
POCKET SIZE 

SIZE: 4" H x 3.5" W x 1" D 
MADE IN USA 

#TA -1005 

MINN *NM 

iF -. 
o.w.zwio..w.cw 

4b°. 1000 

OPTOELECTRONICS INC. 

FREQUENCY 
COUNTERS 

T0 2.4 GHZ 
8 LED DIGITS 2 GATE TIMES 

ALUMINUM CABINET 
INTERNAL NI -CAD BATTERIES INCLUDED 

AC ADAPTER/CHARGER INCLUDED 

EXCELLENT SENSITIVITY 
& ACCURACY 

AC -DC PORTABLE 
OPERATION 

Small enough to fit into a shirt pocket, our new 1.3 GHz and 2.4 GHz, 8 digit frequency counters are not toys! They 
can actually out perform units many times their size and price! Included are rechargeable Ni -Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 
#1300H/A Model 1300H/A 1-1300 MHz counter with preamp, sensitivity, < 1mV 

27MHz to 450MHz includes Ni -Cad batteries and AC adapter $ 169.95 

#2400H Model 2400H 10-2400 MHz microwave counter includes Ni -Cad 
batteries and AC adapter $299.95 

Model CCA counter/counter, for debugging, ultra sensitive, < 50 micro 
volts at 150MHzl 1-600 MHz with adjustable threshold, RF indicator 
LED. Includes Ni -Cad batteries and AC adapter $299.95 

ACCESSORIES: 

#CCA 

#TA -1005 

#P-100 
#CC -12 

Telescoping RF pick-up antenna with BNC connector 

Probe, direct connection 50 ohm, BNC connector 

Carrying case, gray vinyl with zipper opening. Will hold a counter and 
#TA -1000S antenna. $10.00 

ORDER FACTORY DIRECT 

FLA (305) 771-2050 1-800-327-5912 

OPTOELECTRONICS INC. L - 

5821 N.E. 14th Avenue 
Orders to US and Canada add 5% of total ($2 min, $10 max) 

Florida residents add 6% sales tax. COD fee $2. 
Ft. Lauderdale. Florida 33334 Foreign orders add 15% 

$12.00 

$20.00 

MasterCard 

AVAILABLE NOW! 

CIRCLE 198 ON FREE INFORMATION CARD 
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I= CORPORATION 
The Wire Handlers 

Rip us un 
OUR NEW ELECTRONIC 

TOOL CATALOG IS A STEAL... 
IT'S FREE. 

Paladin's new 1988 Electronic Tool Catalog shows 
you the latest selection of Paladin's top quality 
wire strippers, crimping tools, cutting tools and 
production aid equipment. 24 pages of the best 
specialty wire handling tools you can buy, and 
loaded with new products on every page. Po° 
Chock so full of valuable productivity enhanc- 
ing tools that it's hard to believe it's free. 
Be a thief and rip out this ad. Your new 
Paladin tool catalog will be on its way . 
even before guilt sets in. 

Name 

Title 

Company 

Address 

4 PALADIN City 

State Zip 
RE 9/88 i 

L3543 Old Conejo Road, #102, Newbury Park, CA 91320 (805) 499-03181 - s_ s>_ s>_ i' s>_ s s>_ s; - 
CIRCLE 182 ON FREE INFORMATION CARD 

DOES YOUR DIGITAL CAPACITANCE METER oO THIs?I 
FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITY 

AND THIS 
RANGE OF 0.0 pF to 1 FARAD (999.9 mF) 

0.5% BASIC ACCURACY UP TO 100 uF 

AND THIS 
READS DIELECTRIC ABSORPTION 

AND THIS 
EXTENDED PSEUDO 5 DIGIT 

RESOLUTION ON SOME RANGES ONLY 

AND THIS 
ABILITY TO ZERO LARGE CAPACITANCE 

VALUES UP TO 99.99 uF 

AND THIS 
CALCULATES TRUE CAPACITANCE 

IF CAPACITOR IS LEAKY 

AND THIS 
DIODE CLAMP AND FUSED 

PROTECTED INPUT. 
DISCHARGE RESISTOR IN OFF 

POSITION AT TERMINAL INPUTS. 
POWERED BY 9V BATTERY 

ONE YEAR PARTE 6 
LABOUR WARRANTY 

FOR ONLY THIS 

tn MODEL 

" M C300 A,,. 

º gDAETRON 
Ci a division of Bergeron Technologies Inc 

935 THE OUEENSWAY, BOX 841 
w TORONTO, ONTARIO M8Z 5Y9 W 

CANADA 

cc 

(416)676-1600 

AND THIS 
IDENTIFIES TRANSISTORS (NPN, PNP) 
AND THEIR LEADS (E, B, C, ETC.) 

AND THIS 
TESTS ZENER DIODES AND RECTIFIERS. 
UP TO 20V ZENER WITH AC ADAPTOR, 
ZENER VOLTAGE WITH 9V BATTERY 
DEPENDS ON ITS CONDITION 

AND THIS 
AUTOMATICALLY CALCULATES LENGTHS 
OF CABLES IN FEET, METRES, MILES, 
KILOMETRES (THEORETICAL RANGE 
OF 9,999 MILES) 

AND THIS 
ABILITY TO SORT CAPACITORS IN 
MANY DIFFERENT MODES 

AND THIS 
ABILITY TO READ LEAKY CAPACITANCE 
)INSULATION RESISTANCE OR CURRENT) 

AND THIS 
CALCULATES TIME CONSTANTS WITH 
USER DEFINED RESISTANCE VALUES 

AND THIS 
HOLD FUNCTION FREEZES DISPLAY 

SHIPPING INSTRUCTIONS: 
All units shipped out F.O.B. Buffalo NY via United Parcel Service (except Hawaii & Alaska) 
unless otherwise indicated (in which case shipments will be F.O.B. Canada) 

PLEASE SEND ME 
(QUANTITY) MC300(S) ( S199 95 

CARRYING CASE 5 16.95 

AC ADAPTOR $ 9.95 

SHIPPING AND HANDLING (r $5.00 PER INSTRUMENT 
[(CHECK ( IMONEYORDER 
[ ( VISA [ J MASTERCARD TOTAL 

(J CARD NO 
EXPIRY DATE SIGNATURE 
NAME TELEPHONE 
ADDRESS 

U.S. FUNDS 

s 

CITY STATE ZIP CODE 

DEALER ENQUIRIES INVITED 
CIRCLE 192 ON FREE INFORMATION CARD 

businesses. There is a need for 
support and exchange among 
non -business users. To that end, 
we are announcing the publica- 
tion of the first issue of the 
Amateur Computerist Newsletter, 
named in honor of Stephen Gray's 
pioneering interchange. 

We want to encourage amateur 
computer users to write and share 
what they are doing with their 
computers-their successes and 
achievements, and their prob- 
lems. We will try to support and 
encourage amateur use of com- 
puters, and to facilitate communi- 
cation between users. 

We recognize the important role 
Radio -Electronics has played in the 
history of the personal computer, 
by publishing Jonathan Titus' 
Mark -8 in July1974. (Editor's Note: 
H. Edward Roberts, M.D., author 
of the "Radio -Electronics Advanced 
Control System" series, is the 
same Ed Roberts of Altair 8800 
fame.) We're sure that many Radio - 
Electronics readers will be inter- 
ested in the Amateur Computerist 
Newsletter, and we hope they will 
write to us giving details of how 
they are using their computers; 
what uses they are most proud of, 
which programs are most useful, 
problems they've encountered, 
and programs they've created. 
RONDA HAUBEN 
Amateur Computerist Newsletter 
P O. Box 4344 
Dearborn, MI 48126 

NON -CLONE COVERAGE 
"Do it yourself"-I can't believe 

I read that in Radio -Electronics! Al- 
though you have some very valid 
points about budgeting your 
efforts to cover computers for the 
greatest return, you may have 
really frosted some of your readers 
with your response to Carl Kona. 
("Letters," July 1988.) 

I, too, own a non -clone home - 
computer system, and I, too, get 
miffed at seeing virtually all the 
technical journals ignoring any 
system that is not IBM-PC compati- 
ble. It is heartwarming to see Ap- 
ple's MAC's making serious in- 
roads into the PC jungle, and 
frightening to see that Radio -Elec- 
tronics is not. 

It is especially frustrating to see 
that tunnel -vision attitude in a 
journal such as Radio -Electronics. I 
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Now from NRI comes the first course of its kind ... anywhere! 

Learn to use, program, and service today's 
digital electronic music equipment as you 

build your own computer -controlled 
music center 

Now NRI puts 
you at the heart of 

the most exciting application 
of digital technology to date! With 

NRI's new at-home training in Electronic 
Music Technology, you get hands-on 
experience with the equipment that's 
revolutionizing the music industry-Atari 
ST Series computer with built-in MIDI 
ports, Casio CZ101 digital synthesizer with 
advanced MIDI capabilities, and ingenious 
MIDI software that links computer key- 
board to synthesizer keyboard-all yours 
to train with and keep. 

This year, over $1.5 billion worth of digital elec- 

tronic music instruments-keyboards, guitars, 

drum machines, and related equipment-will be 

sold in the U.S. alone. Who's buying this new -tech 

equipment? Not just progressive musicians and pro- 
fessional recording technicians, but also thousands 

of people who have never touched a musical instru- 

ment before. And there's good reason why. 

Something called MIDI (Musical Instrument 
Digital Interface) has suddenly transformed musical 

instruments into the ultimate computer peripherals 
... and opened up a whole new world of opportunity 
for the person who knows how to use, program, and 
service this extraordinary new digital equipment. 

Now NRI's breakthrough Electronic Music 

Technology course puts you at the forefront of this 

booming new technology with exclusive hands-on 

training built around a MIDI -equipped computer, 

MIDI synthesizer, and MIDI software you keep. 

Dynamic New Technology Opens Up New 
Career Opportunities for You 

The opportunities are unlimited for the person 

who's trained to take advantage of today's elec- 

tronic music phenomenon. Now you can prepare 

for a high -paying career as .a studio technician, 

sound engineer, recording engineer, or road 
technician ... even start your own new -age 

business providing one -stop sales and service for 

musicians, technicians, and general consumers 

alike. Or simply unleash your own musical 

creativity with the breakthrough training and 

equipment only NRI gives you. 

Only NRI Gives You an Atari ST Computer, 
Casio Synthesizer, and Innovative MIDI 
Software You Train With and Keep 

The Atari ST Series computer included in your 
course becomes the heart of your own computer - 

controlled music center. With its tremendous 
power, superior graphics capabilities, and built-in 
MIDI interface, the 16132 -bit Atari ST has almost 

overnight become the computer of choice for 
today's most knowledgeable electronic musicians. 

The Casio CZ101 digital synthesizer, also included 
in your training, is the perfect complement to your 
Atari ST. The polyphonic, multitimbral CZ101- 
which stores up to 32 voices internally-"commu- 
nicates" with your ST computer through MIDI, 
bringing life to virtually any sound you can imagine. 

Plus, you get ingeniously designed MIDI software 

that opens up amazing new creative 
and technical possibilities ... you 

actually build your own 4 -input 
audio mixerlamplifier ... and you 

test the electronic circuits at the 
core of today's new -tech equipment 
with the hand-held digital multi - 
meter included in your course. 

No previous experience 
necessary-in electronics 
or music! 

No matter what your background, 
NRI gives you the skills you need 

to take advantage of today's opportunities 
in electronic music technology. 

With your experienced NRI instructor always 

available to help, you master the basics of electronic 

theory step by step, gaining the full understanding 

of electronics that's now so essential for technicians 

and musicians alike. You move on to analyze sound 

generation techniques, digital logic, microprocessor 

fundamentals, and sampling and recording tech- 

niques... ultimately getting first-hand experience 

with today's explosive new technology as you 

explore MIDI, waveshaping, patching, sequencing, 
mixing, special effects, and much more. 

Plus, even if you've never been involved with 
music before, NRI gives you enough basic training 
in music theory and musical notation to appreciate 

the creative potential and far-reaching applications 

of today's electronic music equipment. 

Send Today for Your FREE Catalog 

For all the details about NRI's innovative new train- 

ing, send the coupon today. You'll receive a com- 

plete catalog describing NRI's Electronic Music 

Technology course plus NRI courses in other high- 

tech, in -demand electronics fields. 

If the coupon is missing, write to NRI School of 
Electronics, McGraw-Hill Continuing Education 

Center, 3939 Wisconsin Avenue, Washington, DC 

20016. 

PAW School of Electronics 
McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue 
Washington, DC 20016 

Ci CHECK ONE FREE CATALOG ONLY 

Electronic Music Technology Computers and Microprocessors 

TV/Video/Audio Servicing Basic Electronics 

Name (Please Print) Age 

Street 

City State Zip 

LNRI is accredited by the Accrediting Commission of the National Home Study Council 10-098 
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always thought that "diversity" 
and "ingenuity" were two of the 
buzzwords in your editors' vo- 
cabularies. I guess not, if their ex- 
cuse for not investigating Atari's 
and CoCo's is that they "grew up 
on CP/M and later moved to MS- 
DOS systems" and that's all they 
know. Thank goodness the com- 
puter/electronics industry as a 
whole does not operate on that 
same kind of philosophy! We'd 
still be using tubes and analog 
computers if it did. 

I fully respect the amount of 
time, effort, and money that goes 
into just keeping up, never mind 
diversifying into low -popularity 
areas. However, as a leading refer- 
ence journal for so many novice 
(and expert) computer users and 
technicians, shouldn't Radio -Elec- 
tronics give space to some of the 
"other guys" in the world of non - 
compatible systems? I was 
shocked at the strength of your re- 
jection in your reply to Mr. Kona. 
Go away, kid, you bother me! I 

Chemfon'' 

Static 
Free 

SEEK 
PROFESSIONAL 

Servicing electronic equipment isn't always 
easy, especially if you're doing it in the field. 
At Chemtronics we can help with over 200 

specially engineered products for the maintenance, repair and 
production of high technology equipment. Call today for our 
latest problem solving catalog. 

Chemtronics 
Keeping pace with advanced technology 

Chemtronics Inc. 681 Old Willets Path Hauppauge, NY 11788 516-582-3322 Telex 968567 

CIRCLE 54 ON FREE INFORMATION CARD 

honestly cannot believe that that is 
really your policy. 

After all, does a good tech know 
only one class of electronics? No, a 
good tech diversifies to learn ana- 
log, digital, radio, and computer 
(not just MS-DOS). 

It would benefit us all-editors 
and readers alike-if you could di- 
versify a little. Your surveys show 
that 80% of your readers use 
clones. Too bad the other 20% 
can't get equal time, propor- 
tionally. How much of your re- 
sources would it take to publish an 
article or series on non -clones 
once a quarter? 

Come on guys, let's get with it! 
RAY LaBRECQUE JR. 
Huntington, MA 

MORE ON NON -CLONES 
I wish to express my disappoint- 

ment with the editorial policy of 
the ComputerDigest section of Ra- 
dio -Electronics. It seems locked in 
with the IBM and the Com- 
modore. Out here in the West, 
quite a number of Apples are 
being used, especially in the 
schools. 

I hope you will abandon that 
myopic approach. 
ED GILLIS 
Central Valley, CA 

ANTIQUE -RADIO REPAIR 
In the July 1988 issue of Radio - 

Electronics, Mr. Fitch gave some 
pointers on the repair of antique 
automobile radios in his "Antique 
Radio" column. Regarding the re- 
pair of vibrators, that service is ad- 
vertised regularly in the publica- 
tion Hemmings Motor News (P. O. 
Box 100, Bennington, VT 05201.) 
Other services advertised are 
speaker rebuilding, transistorized 
vibrator substitutes, complete ra- 
dio rebuilding, and FM conversion 
is also available. 

I have no experience with any of 
those advertisers, so I cannot 
vouch for their workmanship. I 

hope this information will be of 
some help to the readers of Radio - 
Electronics. 
ROGER RAVENSBORG 
St. Paul, MN 

RADIATION SCARE TACTICS 
As a subscriber to Radio -Elec- 

tronics since 1949, I have appreci- 
ated the technical quality of the 
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articles. I am writing now because 
of the articles on the radiation 
monitor (June and July 1988). 

While I could not fault the elec- 
tronics aspects, the discussion of 
health effects smacks of yellow 
journalism. For those readers un- 
familiar with the biological effects 
of radiation, such comments 
could be alarming-and I suspect 
that that is why they were made. 

You are probably unaware that 
there is a negative correlation be- 
tween the presence of radon and 
lung cancer. In other words, those 
areas with the highest con- 
centration of radon have a lower 
incidence of lung cancer. The EPA 

set the radon standard by measur- 
ing the radon content in uranium 
mines without regard for the dust 
particles containing radioisotopes 
that are deposited in the lungs. 
The guideline of 4 picocuries per 
liter of air is a number that the EPA 

pulled out of thin air. There is 
nothing to support that. 

It is unfortunate that John 
Gof man was chosen as an au- 
thority on the hazards of radiation, 
as he is at odds with most au- 
thorities on the effects of radia- 
tion. After Gofman testified at one 
hearing, the judge commented, 
"This court does find that Dr. 
Gofman's dramatic conflict with all 
the world's radiation experts cre- 
ates a bias in him which destroys 
his credibility as an objective wit- 
ness in radiation cases. His obses- 
sion blinds his objectivity." 

The July article states that there 
are "differences of opinion on the 
ability of Geiger counters to detect 
radon." I don't know what the win- 
dow of the GM1 tube is made of, 
but I can guess that alpha particles 
do not penetrate it. A Geiger coun- 
ter can measure some of the radon 
daughters, but I doubt that it mea- 
sures radon. 

In the future, I would suggest 
that you stay with what is tech- 
nically correct, and stay away from 
scare tactics. The Journal of Health 
Physics can handle the biological 
effect of radiation considerably 
better than you can. 
LESLIE P. McCARTY, Ph.D., DABT 
Midland, Ml 48640 

THE MUSIC LIBRARY 
I'm sure that Radio -Electronics' 

readers will be interested in the 

National Music Library, a nonprofit 
organization established in Febru- 
ary 1988. High -quality compact 
discs, cassette tapes, sheet music, 
and other musical items can be 
taken out free of charge, by mail, 
through the National Music Li- 
brary organization. 

The library's circulation contains 
a large selection of compact discs 
and tapes of all types of music, 
including rock, classical, country, 
and jazz. 

For library card -information, 
write to the National Music Li- 
brary, 1994-A202 Woodward Ave., 
Bloomfield Hills, MI 48013. 
ALAN FOXX 
Chairman, National Music Library 

LEGAL LISTENING 
Regarding Forrest Mims Ill's let- 

ter in the May 1988 issue of Radio - 
Electronics: If Mr. Mims had his 
way, possessing an ordinary pencil 
would be against federal law as it 
could be used as a weapon to kill. 
It would be "assuming a fact not 
yet in evidence" to prohibit a de- 
vice simply because it could be 
used in the commission of a viola- 
tion of the law. 

Section 2511 2 (d) of the U.S. 
Federal Title 18 states "It shall not 
be unlawful under this chapter for 
a person not acting under the 
color of law to intercept a wire or 
oral communication where such 
person is a party to the communi- 
cation or where one of the parties 
to the communication has given 
prior consent to such interception 
unless such communication is in- 
tercepted for the purpose of com- 
mitting any criminal or tortuous 
act in violation of the Constitution 
or laws of the United States or of 
any State or for the purpose of 
committing any other injurious 
act." 

The word "intercept" is defined 
in section 2510 (4) as "the aural ac- 
quisition of the contents of any 
wire or oral communication 
through the use of any electronic, 
mechanical, or other device." 

Just for the record, there are 
many devices on the market that 
are specifically designed for "lis- 
tening and/or recording pur- 
poses" that are legally sold and 
registered with the FCC. 
RICHARD A. BOWEN 
Hudson, NH R -E 

The Fluke 8060A 41/2 -digit 
handheld multimeter. 

It's the best tool you could add to your tool 
pouch, because it lets you troubleshoot more 

... with less. 
This portable, powerful instrument has a 

unique combination of features not available 
in any other handheld DMM. 

A simple push of a button on the Fluke 

8060A lets you measure frequencies to 200 
kHz, make relative offset measurements, con- 
vert voltages to direct reading decibels, or 
conduct audible continuity tests. Plus the 

8060A offers wideband True RMS ac meas- 
urement capability to 100 kHz. 

So say goodbye to your part-time counters, 

oscilloscopes, continuity testers, calculators 
and power supplies. And welcome a full-time 
professional that'll be there when you need it. 

You'll find that for troubleshooting every- 
thing from motor controls to data communica- 
tions equipment, the Fluke 8060A is the best 

multimeter value going. 
Find out more by calling our toll -free hotline 

1 -800 -44 -FLUKE, ext. 33, day or night. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 
1988 Fluke Ad No 0183-F8060 
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EQUIPMENT REPORTS 

Psion Organiser II 
Handheld Computer 

A "lifestyle compatible" 
pocket computer 

CIRCLE 48 ON FREE INFORMATION CARD 
ONE OF THE MOST INTERESTING PROD- 
ucts displayed at this summer's 
CES (Consumer Electronics Show) 
was a handheld computer called 
the Organiser II from Psion Incor- 
porated (320 Sylvan Lake Road, 
Watertown, CT 06779). 

The computer, which its man- 
ufacturer likes to call "lifestyle 
compatible," is designed to re- 
place address books, phone 
books, appointment books, di- 
aries, Rolodexes, calculators, ex- 
pense logs, message pads, and so 
on. But emphasizing those ca- 
pabilities is selling the computer 
short. The Organiser can become 

a versatile and powerful tool if it is 
so programmed. In fact, prior to 
this year, the Organiser was avail- 
able in the U.S. only to OEM's and 
VAR's, who custom -programmed 
the powerful computer for their 
clients. (The Organiser was intro- 
duced in Europe in mid -1986, 
where it has since been the best- 
selling new consumer -electronics 
product.) 

Before we look at any applica- 
tions for which the computer can 
be programmed by the user, we 
should point out that right out of 
the box, the computer's built-in 
functions are impressive. Also, 
several applications programs are 
now available from Psion and 
others. 

Technical specifications 
The Organiser's microprocessor 

is an 8 -bit CMOS 6303 running at a 
speed of 1 MHz. (The 6303 is in the 
6800 family.) The computer's inter- 
nal RAM is 16K on the model XP, 
which we evaluated, and 8K on the 
less -powerful model CM. The 
built-in ROM, which contains the 
operating system and program- 
ming language, is 32K on both 
models. Two "solid-state drives" 
are built in to the computer. 

The drives accept up to two spe- 
cial "solid-state disks"-up to a 
total of 128K on the XP, or up to 64K 
on the CM. Those solid-state disks 
are either special EPROM's, or bat- 
tery -backed RAM modules. Soft- 
ware for the Organiser is dis- 
tributed in pre-programmed 
PROM's. Blank EPROM's are also 
available for data storage. As 
shown in Fig. 1, the EPROM mod- 
ules plug into the side of the com- 
puter. They are flush with the case 
when fully installed, and are pro- 
tected by the slide -up protective 
case when the cover is closed. 

The computer includes an inter- 
face port. While the port isn't stan- 

dard, it can be made so with the 
addition of the Comms Link, an 
optional RS -232 interface that al- 
lows the Organiser to communi- 
cate with other computers, 
printers, modems, etc. Other pe- 
ripherals, including a bar-code 
reader and a magnetic card reader, 
are available. 

The Organiser is powered by a 
standard 9 -volt alkaline battery, 
and an optional AC adapter is avail- 
able. The computer consumes 
from 50 microamps to 100 milli - 
amps depending on its operating 
mode. Expected battery life is from 
2 to 6 months. When the battery is 
removed for replacement (the 
computer tells you when it's time), 
RAM -stored data are protected for 
more than half a minute. 

The computer has some limited 
audio capabilities. Under software 
control, it can output tones from 11 

Hz to 10 kHz with durations from 1 

millisecond to 30 seconds 
The Organiser, including its 

protective case is about 6 x 3 x 1 

inches and weighs about half a 
pound. Its display is a 2 -line by 16 - 
character dot-matrix LCD, and its 
keyboard had 36 keys arranged in 
an ABC sequence. 

Using the Organiser 
Right out of the box, the 

Organiser is ready to help you get 
organized. Its menu at power up 
IS: FIND, SAVE, DIARY, CALC, PROG, 
and ERASE. Scrolling down through 
the menu yields the further 
choices: TIME, INFO, ALARM, COPY, 
RESET, and OFF. All menu choices 
can be run by moving the cursor 
over the appropriate word and 
pressing the EXE key. When you 
become familiar with the system, 
you can take shortcuts by simply 
entering the first letter of any 
menu choice whether or not it is 
displayed. 

While many of the functions are 
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75 31/2" digit, DMM 99. 
77 31" digit, DMM 128. 
8060A 41/2" digit -true 
RMS 323. 
8062A 41/2" digit -true 
RMS 260. 
37 Bench portable DMM 217. 
8010A Bench portable 
true RMS 255. 
8012A Bench portable 
true RMS 318. 
8050A Bench portable 
true RMS 349. 
FULL LINE AVAIL 

BECKMAN 
Beckman Industrial 

DM15B 31/2" digit, 
26 ranges, beeper 
DM25L 31/2' digit, 
29 ranges, logic probe, 
cap measure 94.50 
DM850 41/2" digit, 
frequency counter, 
data hold 207.83 
Tech300 Diode Test 113.00 
Tech330 True RMS, 
Diode Test 206.00 
DM73 Probe -Auto - 
ranging, beeper, 
data hold 55.00 
CC6 Clamp -on meters 
(measure up to 
600 amps) 68.18 
DM10 31/2" digit 38. 

$51.98 

more -or -less self explanatory, 
some require a bit of explanation. 
FIND retrieves records that have 
been previously saved; SAVE writes 
a record to memory -either inter- 
nal RAM or to a Datapack. DIARY is a 
sort of appointment book with 
alarms. CALC turns the Organiser 
into a full -function calculator. 
PROG puts the Organiser into the 
programming mode. Programs are 
written in a specialized procedure - 
based language called OPL (Or- 
ganizer Programming Language). 
ALARM allows you to set up to eight 
alarms, each of which can be set to 
ring once, hourly, daily, or weekly. 
INFO gives memory -status informa- 
tion. 

With those basic built-in func- 
tions, the Organiser can become a 

replacement for appointment 
books, address books, and the 
like. With plug-in Software Paks 
(pre-programmed ROM's) it can 
become much more. Currently 
available Paks include Pocket 
Spreadsheet (which allows up to 
26 columns by 99 rows and accepts 
Lotus worksheets) a bank -account 
program, a spelling checker, 

FIG. 1 

Maths Pak (which can solve Bessel 
functions, polynomial equations, 
matrices, and the like), and Travel - 
Pak (which does some language 
translation, provides international 
dialing assistance, metric con- 
versions, etc.). We're sure that 
many additional program packs 
will become available as well. 

Of course, since the Organiser 

contains its own programming lan- 
guage, OPL you its potential ap- 
plications are almost endless. For 
example, an Alabama company 
created a program that calculates 
the impact of the sugar in various 
foods on a diabetic's blood sys- 
tem. The diabetic patient need 
only punch in the type of food he 
plans to eat, and the Organiserwill 
then calculate the amount of in- 
sulin the diabetic should take. 
Other real -world dedicated pro- 
gramming examples include pro- 
grams that calculate -based on 
input measurements -the amount 
of material needed for the flooring 
and wall -covering of a room. With 
the addition of a bar-code reader, 
the Organiser can become a porta- 
ble inventory logger. 

In Britain, a drug smuggler used 
the Organiser to record his trans- 
actions, and the names of his asso- 
ciates. He was tipped off that the 
police were set to grab him, and 
was erasing the last Datapak as he 
was seized. (Unfortunately for 
him, he didn't realize when data is 

erased from the Datapak EPROM, 
it's only removed from the display 

GUARANTEED PERFORMANCE!! 
METERS 
FLUKE 

$67 

SCOPES 
3 Years 

Manufacturers 
Warranty 

parts & labor 

73 31/2" digit, DMM HITACHI 13>Hitachi 

Special 
V-212 20 MHZ dual 
trace scope 
V-222 20 MHZ dual 
trace scope 
V-423 40 MHZ dual 
trace, delayed sweep 
scope 
V-660 60 MHZ dual 
trace scope 
V-665 60 MHZ dual 
trace,cursor readout 
scope 
V-1060 100 MHZ dual 
trace scope 
V-1065 100 MHZ, 
cursor readout scope 
V-6020 20 MHZ 
digital storage scope 

Beckman 
9020 20 MHZ dual 520. trace scope, compo- 
nent tester, delay sweep 

B&K 
2120 20 MHZ dual 
trace scope 

$385. 

550. 

795. 

S 
P 
E 

A 
L 

$455. 

POWER SUPPLIES 

Viz 

WP -702A Dual 0-20VDC 
ra 0-200MA, 
dual meter $190. 
WP -703A Single 
0-20VDC rn 0-500MA, 
single meter 
WP -704A Single 
0-40VDC rn 0-250MA, 
single meter 146. 
WP -705A Single 
0-50VDC or 0-2A, 
digital meter 349. 
WP -706A Single 
0-25VDC ru 0-4A, 
digital meter 370. 
WP -707A Dual 
0-25VDC irr 0-2A, 
digital meter 465. 
WP -31A Isolation 
transformer 1.5KVA, 
3 fixed 350VA outputs 223.78 

B&K 
1610 Power supply 
0-30VDC, 0-1A 
1630 Power supply 
0-30VDC, 0-3A 228.80 
3011 Function generator 
0.2 HZ - 2MHZ 217. 

146. 

IC TESTER 
B&K 

560 Programmable 
IC tester 
541 Component 
tester 
550 T.T.L. IC 
comparator 
552 CMOS I.C. 
comparator 

52970 

354. 

364. 

364. 

SOLDERING SUPPLIES 

S 147. 

KEL VIN 

Tool Kits Our 
Specialty - Call 

Ungar 
UTC 100 
Temperature 
controlled 
soldering system 

4024 De -soldering 
service station 
9000 Temperature 
controlled soldering 
station 
6970 ND Heat gun 
(gives 1000 watts) 
1095 Heat gun 
(gives 1000 watts) 
1100 Soldering gun 
100/140 watts 

WELLER 

414. 

208. 

72. 

35. 

20. 

WTCPR Control 
output soldering $119. 
station 
8200 All purpose 
soldering gun 21. 
D550 28.58 

K solder and 
multicore solder available 

CALL! 

"I GUARANTEE YOUR 
SATISFACTION ! 

For 43 years 
professionals have 
counted on KELVIN, 
for the lowest prices 

and immediate delivery, 
from our huge inventory. 

Count on KELVIN" 
Lisa S. Hadar 

Executive V.P., C.P.A. 
WE CARRY 

Panavise, Xcelite Tools, 
Vaco Tools, X -Acto, 

Kester Solder, 
Sellstrom Safety 

Equipment 

Electronic Pans 
Electrical Parts 
Large Selection of 
State of the Art 
Educational Kits. 

Not Responsible For 
Typographical Errors. 

1-800-645-9212 
ELECTRONICS 7 FAIRCHILD AVE., PLAINVIEW, N.Y. 11803 (516)349-7620 FAX:516-349-7830 
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as a housekeeping chore. It's still 
programmed into the EPROM.) 
Now, RAM Datapaks-backed up 
by an internal battery- are also 
available. 

We've had a lot of fun putting 
the Organiser through its paces. 
For the most part, the Organiser, 
although powerful, is easy to use, 
and its manuals are well written, 
although we did find the Comms 
Link manual to be a bit con- 
voluted. 

The Organiser model XP is 
priced at $249.99, while the less 
powerful model CM is priced at 
$179.99. The RS -232 link costs $99, 
and program paks range from 
$49.99 to $129.99. R -E 

READER- 
HELP - 
READER 

SAMUEL DA ROCHA FON- 
SECA FILHO was happy with his 
Marantz 4400 receiver, until the 
filament of the cathode ray tube 
broke down. He needs a new 
one, but can't locate the 50TB1, 
3 -inch, 14 -pin cathode ray os- 
cilloscope tube anywhere. 
Send any information to Rua 
Dias da Cruz, 417; 20720 - Rio de 
Janeiro, Brazil. 

IVAN RODRIGUEZ has a sin- 
gle -trace, 5 -MHz triggering os- 
cilloscope. He wants a sche- 
matic with components and 
values for converting it into a 
dual -trace scope. Can you help? 
He's at 325 East 106th St., #13-F, 
New York, NY 10029-4808. 

Any assistance you can give 
RAY MARTIN would be greatly 
appreciated. He's looking for a 
vibrator/chopper for a 1956 
Plymouth car radio, MOPAR 
model 916 -HR. He doesn't have 
any specs on it (no schematic), 
and the part number on the old 
one is no longer readable. The 
radio is an original and works 
otherwise. It has three vacuum 
tubes (a 12AX4 and two 12AB5's) 
that must draw some power. If 
you can help him locate the 
vibrator/chopper-or a solid- 
state replacement for it-write 
to Ray at 2531 Melrose Dr., 
Wooster, OH 44691. 
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ThI[DIZ\ 

FREE CATALOG OF HARD -TO -FIND 
TOOLS is packed with more than 2000 
quality items. Your single source for precision 
tools used by electronic technicians, engi- 
neers, instrument mechanics, schools, labo- 
ratories and government agencies. Also 
contains Jensen's line of more than 40 tool 
kits. Send for your free copy today! JENSEN 
TOOLS INC., 7815 46th St., Phoenix, AZ 
85044. (602) 968-6231. 
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SIMPLY SNAP THE WAT 50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 

mile away! Adjustable from 70-130 MHZ. Use 
with any FM radio. Complete kit $29.95 + 
$1.50 S + H. Free shipping on 2 or more! COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507. (914) 232-3878. 
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CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $815.00 per each insertion. 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 

We typeset and layout the ad at no 
additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini -ADS, RADIO -ELECTRONICS, 500- 

Bi -County Blvd., Farmingdale, NY 
11735. 

PANASONIC CABLE CONVERTERS, 
Wholesale and Retail. Scientific Atlanta and 
Pioneer Cable Converters in stock. Pan- 
asonic model 140N 68 channel converter 
$79.95, Panasonic Amplified Video Control 
Switch Model VCS -1 $59.95. Scientific Atlan- 
ta Brand new Model #8528 550MHZ 80 
Channels Converter $89.95. Video Corrector 
(MACRO, COPYGUARD, DIGITAL) EN- 
HANCER $89.95. We ship to Puerto Rico, 
Caribbean countries, & So. Amer. Write or call 
BLUE STAR IND., 4712 AVE. N, Dept 105, 
Brooklyn, NY 11234. Phone (718) 258-9495. 
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PC -601 XT BUS EXTENDER BREAD- 
BOARD LAB connects to any IBM PC com- 
patible computer and extends all PC 
electrical bus connections out to the PC -601 
for easy circuit prototype connection, testing 
and trouble -shooting. Includes large 3060 tie - 
point breadboard, ±5V and ±12Vdc AC line 
powered power supplies. Includes buffer 
card, 2' ribbon cable & 1 -Year warranty. Price: 
$369.95 CHENESKO PRODUCTS, 21 Ma- 
ple St., Centereach, NY 11720. 
516-736-7977, Fax: 516-732-4650 
CIRCLE 200 ON FREE INFORMATION CARD 
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Éléctronics 
117 PRACTICAL 

IC PROJECTS 
' YOU CAN BUILD 

I y 

`x--C 
2645T-117 PRACTICAL IC PROJECTS 
YOU CAN BUILD $10.95. Dozens of fully - 
tested, ready -to -build circuits you can put to- 
gether from readily -available, low cost IC's! 

There are a total of 117 IC circuits ranging 
from an audio mixer and a signal splitter to a 

tape -deck amplifier and a top -octave gener- 
ator organ! From TAB Books. To order your 
copy send $10.95 plus $2.75 shipping to 
Electronic Technology Today Inc., P.O. 

Box 240, Massapequa Park, NY 11762- 
0240 

RECHARGE LASER PRINTER TONER 
CARTRIDGES -Earn big $$ in your spare 
time -All supplies and Do -It -Yourself kits with 
complete instructions available. Supplies 
cost from $10.95 in qty and you can sell re- 
charged toner cartridges for $40.00 to $55.00 
each. P'inters include HP LaserJet and Se- 
ries II, Apple LaserWriter, QMS, etc. Canon 
PC -25 Copier also. CHENESKO PROD- 
UCTS, 21 Maple St., Centereach, NY 11720, 
516-736-7977, Fax: 516-732-4650 
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APPLIANCE REPAIR HANDBOOKS -13 
volumes by service experts; easy -to - 
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, microwaves, etc.), elec. 
housewares, personal -care appliances. 
Basics of solid state, setting up shop, test 

instruments. $2.65 to $7.90 each. Free 
brochure. APPLIANCE SERVICE, P.O. Box 
789, Lombard, IL 60148. (312) 932-9550. 
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CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $815.00 per each insertion. 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 
We typeset and layout the ad at no 
additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini -ADS, RADIO -ELECTRONICS, 500- 
B Bi -County Blvd., Farmingdale, NY 
11735. 

ZENITH SSAVI UHF input from $169; ch.3 
input $229, reconditioned. UHF SSAVI proj- 
ect handbook $6.50 ppd. Used Sylvania 4040 
w/remote $169. N -12s $99. Converters, am- 
plifiers & accessories. Radar speed guns for 
car/boat racing, baseball, skiing, etc. Profes- 
sional X and K band police models, from $275 
used. Panasonic multi -line business tele- 
phone systems from $675. Catalog $1. AIS 
SATELLITE, INC., 106 N. 7th St./S, Perk- 
asie, PA 18944. 215-453-1400. 
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THE DIGITAL TACHOMETER MONITORS 
engine speed with a fast, easy to read bar/ 
graph along with an accurate digital readout. 
The Digital Speedometer's dual display deliv- 
ers vehicle speed with a 3 -digit readout and a 

rapid -read analog display. Adjustable redline 
on both units. Complete kits only $75.00 ea. 
Assembled & tested $99.95 ea. Add 4% S/H. 
90 day warranty. Contact: DAKOTA DIGITAL, 
11301 Kuhle Drive, Sioux Falls, SD 57107. 
(605) 332-6513. Visa/MC accepted. Dealer 
inquiries welcome. 
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TRI -MODE DESCRAMBLER PARTS Origi- 
nal parts as called up in Radio Electronics 
Feb 1987 article on tri -mode descrambling. 
Includes pc board, ac adäptor, resistors, ca- 
pacitors, diodes, pots, transistors, IC's, 
LED's, toko coil and Plessey SAW filler. Arti- 
cle included. $59 plus $2.50 shipping. ELEC- 
TRONIC PARTS, Box 276, Alburg, VT 
05440 (514) 739-9328. 
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CHAPMAN MFG. CO. KIT #6320 IS THE 
most popular tool set in the Chapman line. 
This kit contains twelve allen hex type adapt- 
ers, two slotted, two phillips, one 1/4" square 
drive adapter plus a midget ratchet, screw- 
driver handle and extension. Packaged in a 

pocket sized (4" x 6") vinyl covered steel 
case. Only $22.94 plus $2.00 for shipping. 
Other kits available. Write for free brochures. 
THE CHAPMAN MFG. CO., P.O. Box 250, 
Dept. RE -9, Durham, CT 06422. (203) 
349-9228. 
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THE MODEL WTT-20 IS ONLY THE SIZE OF 
A DIME, yet transmits both sides of a tele- 
phone conversation to any FM radio with 
crystal clarity. Telephone line powered - never 
needs a battery! Up to 1/4 mile range. Adjusta- 
ble from 70-130 MHZ. Complete kit $29.95 
+ $1.50 S + H. Free Shipping on 2 or more! 
COD add $4. Call or send VISA, MC, MO. 
DECO INDUSTRIES, Box 607, Bedford 
Hills, NY 10507. (914) 232-3878. 

CIRCLE 127 ON FREE INFORMATION CARD 

www.americanradiohistory.com



Take any one of these HANDBOOKS 
ELEC'IRONICS and CONTROL 

your one source for engineering books from 
over 100 different publishers 
the latest and best information in your field 
discounts of up to 40% off publishers' list prices 

322/910 

Publisher's Price $110.00 

ANTENNA ENGINEERING 
HANDBOOK, Second Edition 
Edited by R. C. Johnson and H. Jasik 

1,408 pages, 946 illustrations 
covers all types of antennas currently in 

use with a separate chapter devoted 
to each 
provides detailed data on physical 
fundamentals, operating principles, design 
techniques, and performance data 
up-to-the-minute information on antenna 
applications 
a must for those involved in any phase of 
antenna engineering 

Publisher's Price $64.50 

STANDARD HANDBOOK OF 
ENGINEERING CALCULATIONS, 
Second Edition 
By T. G. Hicks 

1,468 pages, 793 illustrations, 499 tables 
puts more than 1,100 specific calculation 
procedures at your fingertips 
every calculation procedure gives the 
exact, numbered steps to follow for a 

quick, accurate solution 
virtually all procedures can be easily 
programmed on your PC or calculator 
uses USCS and SI units in all calculation 
procedures 

- r-----~` 

287/35X 

Publisher's Price $89.50 

TELEVISION ENGINEERING 
HANDBOOK 
Edited by K. B. Benson 

1,478 pages, 1,091 illustrations 
packed with all the technical information 
today's engineer needs to design, operate, 
and maintain every type of television 
equipment 
extensive coverage of receivers, broadcast 
equipment, video tape recording, video 
disc recording, and the latest 
technological advances 
provides television system and industry 
standards for the U.S. and other countries 
the most comprehensive book on the 
subject of television engineering 
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for only X14.95-when you join the 
ENGINEERS' BOOK CLUB4;=w- 

to 

$110.00 
Publisher's Price $82.50 

MODERN ELECTRONIC CIRCUITS 

REFERENCE MANUAL 

By J. T. Markus 
1,264 pages, 3,666 circuit diagrams 
a handy, desktop reference with 103 

chapters organized by "family" grouping 
filled with predesigned and use -tested 

circuits to save you production time and 
money 
includes concise summaries of all the 

recent applications notes, journal articles, 

and reports on each circuit, efficiently 

organized and indexed for the practicing 
engineer 

Publisher's Price $86.50 

STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS, 
Twelfth Edition 
Edited by D.G. Fink and H.W. Beaty 

2,416 pages, 1,388 illustrations, 430 tables 
the essential reference for all electrical 
engineers 
ranges from basic circuits and measure- 
ments to advanced topics, such as power 
distribution and telecommunications 
fully updated to cover all recent advances 
and developments 
written and compiled by 115 contributors 
- all experts in their fields 

r 

IIL 

209/758 

K1sk: ÿ`j.on 

4 reasons 
to join today! 
1. Best and newest books from ALL pub- 
lishers! Books are selected from a wide range of 

publishers by expert editors and consultants to give 

you continuing access to the best and latest books 
in your field. 

2. Big savings! Build your library and save money, 

too! Savings range up to 40% off publishers' list 

prices. 

3. Bonus books! You will immediately begin to 

participate in our Bonus Book Plan that allows you 

savings up to 70% off the publishers' prices of 

many professional and general interest books! 

4. Convenience! 14-16 times a year (about once 
every 3-4 weeks) you receive the Club Bulletin 

FREE. It fully describes the Main Selection and 

alternate selections. A dated Reply Card is in- 

cluded. 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 Reply Card and return 

it by the date specified. You will have at least 10 

days to decide. If, because of late delivery of the 

Bulletin you receive a Main Selection you do not 

want, you may return it for credit at the Club's 

expense. 

As a Club member you agree only to the purchase 
of three additional books during your first year of 

membership. Membership may be discontinued by 

either you or the Club at any time after you have 

purchased the three additional books. 

rerl rl 

FOR FASTER SERVICE IN ENROLLING CALL TOLL FREE 1-800-2-MCGRAW 

McGraw-Hill Book Clubs 
Electronics and Control Engineers' Book Club® 

P.O. Box 582 
Hightstown, NJ 08520-9959 

Please enroll me as a member of the Electronics and 
Control Engineers' Book Club® and send me the book 1 

have chosen for only $14.95, plus local tax, postage, and 
handling. I agree to purchase a minimum of three 
additional books during my first year as outlined under 
the Club plan described in this ad. Membership in the 

club in cancellable by me or McGraw-Hill any time after 
the three book purchase requirement has been fulfilled. A 

shipping and handling charge is added to all shipments. 

I wish to order the following book: 

ANTENNA ENGINEERING HANDBOOK (3_'-'/910) 

MODERN ELECTRONIC CIRCUITS REFERENCE MANUAL (404. tbt) 

STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 12/e (209/758) 

E TELEVISION ENGINEERING HANDBOOK (047/790) 

E STANDARD HANDBOOK OF ENGINEERING CALCULATIONS (287/35X) 

Signature 

Name 

Address/Apt # 

City/State/Zip 
This order subject to acceptance M McGraw -11W. Offer good only to new members. Foreign member acceptance subject to special conditions. 

E33996 

J 
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NEW PRODUCTS 

CIRCLE 10 ON FREE INFORMATION CARD 

PERSONAL VIDEO. Sony intro- 
duces the concept of "Personal 
Video" with the GV-8 Video Walk- 
man TVNCR-combination. A por- 
table hand-held unit, about the 
size of a paperback book, the GV-8 
contains a 3 -inch diagonal color - 
TV screen and a complete VCR. 
With it, viewers can use and enjoy 
video virtually anywhere-while 
waiting for appointments, riding 
in the car, cooking in the kitchen, 
or at the beach or park. 

Sony predicts that the Video 
Walkman will have the same affect 
on the video market as personal 
stereo had on the audio market, 
and expects consumer demand to 

precipitate a boom in prerecorded 
8mm-tape production. Other 
companies have already an- 
nounced production plans for do- 
it-yourself instructional tapes, 
children's videos, full-length fea- 
ture films, and video magazines 
called "videodicals"-all compati- 
ble with the GV-8. Sony's ultra - 
miniature CCD-G1 color -video 
camera can also be used with the 
Video Walkman. 

The Video Walkman measures 5 
X 21/2 x 8 inches and weighs about 

21/2 pounds. The color -LCD screen 
has an active -matrix system for su- 
perior sharpness, contrast, and 
color purity. A back -light built in 

behind the screen provides a 
brighter picture and easier view- 
ing in sunlight. The VCR has play- 
back and recording capabilities of 
up to four hours on a single high- 
performance 8mm videocassette, 
in the extended-play mode. 

The GV-8's VCR component fea- 
tures a high-speed picture search 
to scan recordings quickly, a one- 
day/one-event timer, a sleep timer, 
and a built-in TV tuner with full 
VHF and UHF channel reception. 
A linear time counter displays the 
tape position in hours, minutes, 
and seconds. Despite its compact 
size, the 8mm format yields a high - 
quality video image and high- 
fidelity sound. The Video Walk- 
man has a built-in high-perfor- 
mance speaker for clear audio 
reproduction. 

Although designed for personal 
use, the GV-8 can be connected to 
a monitor for viewing by groups. 
Audio/video-input and output 
connectors allow for connection 
to another VCR-of any format. 

The Video Walkman's telescop- 
ing antenna allows TV viewing in 
many locations. There is also an 
external -antenna connector for 
improved reception outdoors, or 
while travelling in a car. For in- 
door/outdoor flexibility, the Video 
Walkman unit operates on AC or 
DC current, rechargeable nickel - 
cadmium batteries, or alkaline bat- 
teries, when used with an optional 
external battery case. 

The GV-8, complete with soft 
carrying case, will be available in 
late 1988 at a suggested retail price 
of $1300.00.-Sony Corporation of 
America, Corporate Communica- 
tions Department, 9 West 57th 
Street, New York, NY 10019. 

UNIVERSAL REMOTE CONTROL. 
Onkyo has introduced a second - 
generation, lower -cost model of 

the Unifier universal programma- 
ble remote control. The RC-AV10 
has enough memory functions to 

control at least one of each unit 
found in a typical audio/video en- 
tertainment system. 
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The RC-AV10 has 55 programma- 
ble keys, clearly marked to control 
a television or cable box, two 
VCR's, two cassette decks, a com- 
pact disc player, and a full array of 
amplifier or receiver functions. 
Function keys for each component 
are in separate, clearly marked 
areas on the keypad. Program- 
ming is simplified by lighted dis- 
plays that indicate the necessary 
procedures, step-by-step. 

The suggested retail price for 
the RC-AV10 universal remote con- 
trol is $79.95.-Onkyo, 200 
Williams Drive, Ramsey, NJ 07446. 

DIGITAL -STORAGE SCOPE. Heath/ 
Zenith's model SDS-5000 comes 
complete with menu -driven soft- 
ware. It plugs directly into a PC, or 
can be mounted in an instrument 
chassis, so it can be working with- 
in a few minutes after its arrival. 

Dual analog -to-digital convert- 
ers capture two channels simulta- 
neously, without reducing the 
digitizing rate. The SDS-5000 has a 

real-time mode which samples 
data at up to 20 MHz with 4K mem- 
ory depth, and 16K memory is 
available with the optional 
SDS-5000-16 Memory Upgrade. 
The digital -storage scope also has 
software -controlled 10 -step at- 
tenuators for scaling input volt- 
ages from 40 -mV to 40 -volts full 
scale. 

Users can examine both pre - 
and post -trigger events, zoom in 

CIRCLE 12 ON FREE INFORMATION CARD 

on trouble spots, and make cursor 
movements. Signal averaging, de- 
layed sweep, infinite persistence, 
signal addition and subtraction, 
and file -saving retrieval can also be 
performed. The SDS-5000 Digital 
Storage Oscilloscope is priced at 
$1995.00.-Heath/Zenith Comput- 
er -Based Instruments Group, Hill- 
top Road, St. Joseph, MI 49085. 

IN-FLIGHT HEADPHONES. Air 
travelers can now enjoy music, 
movies, and other in-flight enter- 

tainment on lightweight stereo 
headphones with premium -quali- 
ty stereo sound. Lotus Develop- 
ments Ltd.'s Jetset portable audio 
system provides an alternative- 
with increased comfort and better 
sound quality-to the standard air- 
line headsets. 

The Jetset system consists of a 

patented Airdapter amplifier 
which plugs into the plane's seat 
jack, anda set of lightweight head- 
phones. The Airdapter features a 

pair of sensitive condenser micro - 

Special 
OKINSTRUMENT 

SALE! 

Model 2125 Oscilloscope 
Same great features as 2120, 

except with delayed 
sweep 

$519 40 
Reg $620 . 

¿ITN ANNIVERSARY PRICE 

Modal 1541A Oscilloscope DC to 

40 MHz, Dual Trace, 6" CRT 1mv 

Sensitivity 
Reg. $845 

EOTM ANNIVERSARY PRICE 

Model 2160 Oscilloscope DC- 

60MHz, dual trace, delay sweep. 
6" COT. 1mv. sensitivity 

x839,40 
Reg. $995 

EaeN ANNIVERSARY PRICE 

$739,40 

Model 2520 Digital Storage 
20MHz. Dual Trace, 2mv Sens. 

Reg. $1990 $1795.40 
EOM ANNIVERSARY PRICE 

Model 2521 Digital Storage 
20MHz. Dual Trace CRT Readout. 

Cursors, RS232 Interface 

Reg. $3050 $2745.40 
We ANNIVERSARY PRICE 

Modal 1249 NTSC/RGB Color Bar 
Generator. Composite Video 
Output, RF 

Reg. $499 
Output 

OM ANNIVERSARY MICE 

Model 2009 MTS TV Stereo 
Generator Ideal for Stereo TV, 

Receivers, VCR's and Stereo 
Adapter Service 

$419.40 Reg. $499 
cane ANNIVERMRY MICE 

Model 2830 3' DIGIT LEO 

BENCH Multimeter .5 DCV 

Accuracy, ALL 33 Ranges and 

Functions are Push Button 
Selectable 
Reg. $243 

Rre ANNIVERSARY MICE 

Model 1045 Telephone Product 
Tesler Provides Basic Operation 
Tests for Corded and Cordless 
Telephones, Answering Machines 
and Automatic Dialers 

Reg $495 
lore ANNIVERSARY PRICE 

Model 1883 Frequency Counter 
100 MHz. 8 digit display, zero 

blanking AC or Battery 

$209.40 

Reg. $199 
EOM ANNIVERSARY PRICE 

We are celebrating our 40th Anniversary by offering 
you huge savings on B&K Test Equipment. 

$415.40 

FSend for FREE 480 page 'Industrial 
Products Catalog." I understand it Is 

FREE with any order or if requested 
on company letterhead. (Other- 
wise, $4.95 to cover catalog and 

I shipping costs.) 
ORDER TOLL FREE 

1-800-323-5925 
IN IWNOIB 

312-297-4200 
I FAX: 312-297-6923 

I 
EISErdi 

LCLCI.n I FEV/VISr.7 

$169.40 

Model 2120 
Oscilloscope 
DC to 20 MHz. Dual Trace, 
6" CRT, 1 my Sensitivity. 

_ 
Reg. $520$379.40 

40TH ANNIVERSARY PRICE 

Model 2005 RF Signal Generator 
100 KHz to 150 MHz, in 6 

fundamental bands and 450 MHz 
in harmonics 
Reg. $195 

x 

165.40 
EITN ANNIVERSARY PRICE 

Model 3011 Function Generator 
2 MHz, 4 digit display, TTL 8 

Reg $239 
pulse outputs 3199 

EOM ANNIVERSARY PRICE 

Model 1630 DC Power Supply 
0-30V 0-3A, high -low current 
range, Low ripple 

Reg. $251 
cane ANNIVERSARY PRICE 

40 

$209.40 

Model 1601 DC Power Supply 
isolated 0-50V, 0-2A m ranges, 
fully automatic shutdown, Adl. 
current limit 
Reg. $463 

RUN ANNIVERSARY MICE 

Model 1650 Triple Output Power 
Supply two 0-25 VOC 15 .5A and 

5VDC p 5A, fully automatic 
shutdown 
Reg. $489 

cane ANNIVERSARY MICE 

Model 1653 AC Power Supply 
variable isolated 0-150 VAC 15 

2A. built-in isolation transformer 

Reg. $200 

D389.40 

$409.40 

40 
40T11 ANNIVERSARY PRICE 

NEW! Model 388 -HD 

Hand-held 31/2 Digit LCD 

TEST BENCH 
41 voltage ranges, frequency 

counter, capacitance meter, 

logic probe, transistor and diode 

tester. All packed into a drop - 
resistant case. SPECIAL PRICE! 

Reg. $139 511 9.40 

IL Res. 7% Tax 

JOSEPH ELECTRONICS, INC. Dept. R 

8830 N. Milwaukee Ave., Niles, IL 60648 
Rush merchandise per attached order. 

I understand rated accounts are shipped open 
account, otherwise send per credit card. 
Include $5.00 per item for shipping and handling. 

Visa D Master Card D Discover 
Check Money Order Rush Catalog 

Cord No. Exp Dote 

Nome 

Company 

Street Address 

City State Zip 

Im 

I W 

Ia 
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phones mounted in a specially de- 
signed seat connector, and acous- 
tic "correction baffles" to filter ex- 
cess hiss and sibilance from the 
sound source. Those micro- 
phones convert the airline's piped 
sounds to stereo electronic sig- 
nals, which are amplified and then 
reconverted to sound by the ster- 
eo headphones. The stereo ampli- 
fier has a 30 -20,000 -Hz response 
and is protected from short cir- 
cuits and reverse polarity. 

Measuring only 3 x 23/8 x 1/2 
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inches, the Airdapter module is 
small enough to fit into a shirt 
pocket. It can be used on any 
plane fitted with the standard air - 
pipe audio connector, in any seat- 
ing class, when in-flight entertain- 
ment is provided. The head- 
phones can also be used with 
Walkman -style tape players. 

The Jetset is powered by two 
AAA batteries. Power is automat- 
ically switched off when the head- 
set is disconnected. It is priced at 
$19.95, plus $3.00 shipping and 
handling. (Illinois residents must 
add 8% sales tax.)-Executive Tray- 
elware, P. O. Box 59387, Chicago, 
IL 60659. 

SOUND -MIXING SYSTEM. De- 
signed for all "would-be" disc 
jockeys, the Studio 4 sound -mix- 
ing system from Bondwell com- 
bines an audio console, sound 
mixer, and computerized -effect 
generator in one package. 

The system features a built-in 
four -channel mixer, 6 -function 
control cassette -deck recorder, 
microphone, and 3 -inch speaker. 

CIRCLE 14 ON FREE INFORMATION CARD 

Studio4can be used to record mu- 
sic; to create sound effects, voice- 
overs, and dialogue; and to mix all 
the recorded elements together 
into a customized track. 

The sound -mixing system also 
has plug -ins for a second cassette 
deck, status lights and record - 
level indicators, an AC/DC power 
transformer, and a headset. 

Studio 4 retails for $59.95; a ster- 
eo version is available for $79.95.- 

Prototyping Made 
Your Electronic Specialty Products 
distributor has a wide selection of 3M 
breadboards and prototyping labs in 
the quantities and styles you desire. 

We invented solderless breadboarding with 
one thought in mind: "make it fast and easy!" 
And we build these products with American 
made reliability. 

Whether your requirements demand 3M's 
A C E 100 Series solderless breadboards or 
Powerace prototyping labs with self-contained 
power supplies, or our newest Powerace labs 

Easy. In The Quantities You Require. 
with removable boards, you'll find what 
you need at your authorized 3M Electronic 
Specialty Products distributor. 

For educators, students, hobbyists and 
even professional designers, 3M prototyping 
products make circuit building and testing fun 
and easy. And whether you need one bread- 
board or a hundred, we've got them packaged 
as you need them. 

Your Electronic Specialty Products distribu- 
tor also has all the prototyping tools you'll need. 
Tools such as jumper wires, adaptor pins and 
patch cords. 

For the name of your nearest 3M ACE 
Board and Powerace distributor, call toll free 
800-321-9668 or (216) 354-2101 in Ohio. 

Electronic Specialty Products 
3M Electronic Products Division 
9325 Progress Parkway 
Mentor, Ohio 44060 

We've Packaged Our Solutions. 

3M 
Naawrle sponsor 

1988 dynp,c canes 

i 
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Bondwell, 47358 Fremont Blvd., 
Fremont, CA 94538. 

A -D SCOPE CONVERTER. The 
Model 2501 Digital Storage Adapt- 
er adds the features of a true digi- 
tal -storage oscilloscope to almost 
any analog oscilloscope. It pro- 
vides dual -channel operation, an 
output connector for a hard -copy 
plotter, and 10 -MHz per second 
sampling rate. 

The Model 2501 connects to the 
oscilloscope with a simple three - 
lead hook-up. It is easy to operate, 
even for those who have never 
used a digital -storage oscilloscope 
before. By adding the adapter, 
even a simple analog scope can be 
used to capture single -shot 
events, to store and magnify wave- 
forms for analysis, and to view pre - 
trigger information at either zero, 
50%, or 100%. 

CIRCLE 15 ON FREE INFORMATION CARD 

The digital -storage memory is 
2048 x 8; vertical resolution is 8 - 

bits; and sampling rate is from 10 - 

MHz per second to 2.5 -MHz per 
second. The Model 2501 has a sug- 
gested retail price of $795.00.- 
B&K Precision, Division of Maxtec 
International Corp., 6470 West 
Cortland St., Chicago, IL 60635. 

Sharp has introduced a "no -frills" 
facsimile, designed for use in 

CIRCLE 16 ON FREE INFORMATION CARD 

home offices by those who need 
fax capabilities but don't want to 

pay for extra features that they 
don't really need. The compact 
unit, Model UX-50, has an inte- 
grated telephone handset and also 
has the ability to transmit and re- 
ceive standard -size documents. 

The UX-50 measures 13.7 x 9.9 
x 3 inches, and weighs 9 

pounds, so it won't take up too 
much space. Its features include 
automatic reduction, on -hook di- 
aling, contrast control, manual/au- 
tomatic receiving selection, and 
redialing/pause function. The user 

can also signal the receiving party 
and instruct them to pick up the 
phone to talk after the transmis- 
sion is complete. The UX-50 fac- 
simile is equipped with a 50 - 
second transmission speed, and it 
also has a fine mode to increase 
the resolution of transmissions, 
for documents that require it. 

The UX-50 is priced at 
$1399.00.-Sharp Electronics Cor- 
poration, Personal Home Office 
Electronics Division, Sharp Plaza, 
Mahwah, NJ 07430. R -E 

4 eefr .5 goo 

Celebrating our 10th Year in U.S.A... 
Proven Quality .. . 

Factory Direct Prices! 

COS 5100: 100 MHz 
3 Channel, 8 Trace 
P -P level -lock auto -trigger 
Delayed Sweep 

COS 5042TM, 40 MHz $779.00 

255 Frequency Counter: 
150 MHz $299.00 

FCO1130 Frequency 
Counter: 1GHz $739.00 

677D Wow and Flutter 
Meter $949.00 

6701 Wow and Flutter 
Meter $999.00 

(800) 545-8784 
Local Service Centers 

Nationwide 
©Copyright Kikusui International Corp. 1988 Torrance, CA 90503 
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COS 5041TM 
40 MHz, Delayed Sweep 
2 Channel 
Ch 1 Signal Output 

$669.00 

COS 5021 TM 
20 MHz, Delayed Sweep 
2 Channel 
Ch 1 Signal Output 

$489.00 

COS 5040TM 
40 MHz 
2 Channel 
CH 1 Signal Output 

$639.00 

COS 5020TM 
20 MHz 
2 Channel 
CH 1 Signal Output 

$449.00 

Add $15 per unit shipping and handling. 

COS 5060TM 
3 Channel, 8 Trace 
P -P level -lock auto -trigger 
Delayed Sweep 

$889.00 

(213) 371-4662 
Collect CA & AK 

MasterCard 
Kikusui International Corp. 
19601 Mariner Avenue 
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Your Career in ELECTRONICS or COMPUTERS 
Add prestige and earning power to your technical career 
by earning your Associate or Bachelor's Degree in electronics 
or computers-through independent home study. 

No commuting to class. Study at your own pace, while continu- 
ing on your present job. Learn from easy -to -understand lessons, 
with help from your Grantham instructors when you need it. 

Grantham College of Engineering is a specialized institution 
catering to adults who are employed in electronics and allied 
fields such as computers. These fields are so enormous that 
opportunity for advancement is always present. Promotions 
and natural turn -over make desirable positions available to 
those who are prepared to move up! 
An important part of being prepared to move up is hold- 
ing the proper college degree, but the absolutely essential 
part is really knowing your field. In electronics or 
computers, Grantham can prepare you in both ways. But 
don't expect to really know your field or earn that college 
degree without hard work. Any degree that's worth your 
while can't be had without giving effort to the task. Of course it's 
what you learn in the process, as much or more than the degree itself, 
that makes you stand out above the crowd - that places you and 
and your career in an enviable position, prestige -wise and financially. 

Why not "go for it"? Go for the knowledge, and the degree will follow 
naturally. Be a "can do" person, with the right credential to put your 
best "moving -up" foot forward! 

Put Professional 
KNOWLEDGE 

and a 

COLLEGE DEGREE 

in your 
Technical Career 

through 
HOME STUDY 

Which 
Road 

Will 
You 

TAKE 

7 

r 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Technical Career through 

Accredited by the 
.4 ccrediling Commission of the National Home Study Council 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California 90720 

Write for our free catalog 
(see coupon below) or phone 

(213) 493-4421 (no collect calls) 
and ask for our "degree catalog." 

Grantham offers two B.S. degree 
programs - one with major em- 
phasis in ELECTRONICS and the 
other with major emphasis in 
COMPUTERS. Either program 
can be completed by correspond- 
ence (also known as "distance edu- 
cation.") An A.S. degree is awarded 
along the way in each B.S. program, 
but the B.S. program is not com- 
plete without the A.S. part. Our 
catalog gives complete details. 

Now in Our 38th Year 

Grantham College of Engineering 
P.O. Box 539, Los Alamitos, CA 90720 

Please mail me your free catalog which ex- 
plains your distance -education (home study) 
degree programs. 

NAME 

ADDRESS 

( I H 1 S I ATh / I I' 
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IN -CIRCUIT 
DIGITAL IC TEST 
Now you can test digital IC's without 

lifting a pin-or a probe! 

ARE YOU TIRED OF HAVING TO CHECK EACH 

pin of a digital IC using some kind of 
probe? Do you hate having to look up 
truth tables in order to compare the 
inputs and outputs of IC's? Well, now 
you can stop wasting time trou- 
bleshooting IC's that are working in 
the first place. By using our in -circuit 
tester, you can check out the whole 
IC-while it's still on the board and 
operating-without having to investi- 
gate each pin separately. And our test- 
er can do more than check IC's. It can 
also function as a 19 -channel logic 
monitor. 

There are several types of in -circuit 
IC testers that are now available. 
Some come equipped with a library of 
IC parameters stored in their memo- 
ries, while others require the user to 
enter the testing parameters. Still 
others merely compare a known -good 
IC with an identical one that is operat- 
ing in a circuit. 

The first two types, although ex- 
pensive and complex, do a superior 
job. The comparator -type tester, has 
the important advantage of being less 

expensive-ours can be built for un- 
der $100! But it also has a disadvan- 
tage: Because it is passive, it does not 
provide any stimulation to the IC 
being tested. As a result, a defective 
IC may appear to be good. An inverter 
with an output stuck low will appear 
bad only when its input is low. 

While our tester is of the com- 
parator type, it has both monitoring 
and testing capabilities. By selec- 
tively using its compare and monitor 
functions, we can determine whether 
the inputs of an IC are being exercised 
sufficiently-that is, in a way such 

BILL GREEN 

that comparison testing can be used to 
determine its quality. If not, we can 
move through the circuit using the 
tried-and-true methods of circuit trac- 
ing, along with comparison testing, 
until we can sort the good IC's from 
the questionable and obviously bad 
ones. 

Circuit description 
The in -circuit IC tester is based on 

four custom AE013 IC's. Custom IC's 
were used to make the tester as easy to 
build as possible. When you consider 
that each AE013 contains 5 indepen- 
dent comparator/latch/LED-driver 

N 

L.. 

DIGITAL 
COMPARATOR 

LATCH 

D D 

'13 -' CLR 

-Vc,.----, 

Vcc 

LED DRIVER 

18OUT . 

FIG. 1-ONE OF THE DIGITAL -COMPARATOR LATCH/LED-DRIVER sections in the AE013 
custom logic IC. Each IC contains four of these circuits. 
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PARTS 

All resistors are 1/4 -watt, 5%, un- 
less otherwise noted. 

R1 -R42-330 ohms, carbon film 
R43 -R60-1000 ohms, or 9 -pack 

SIP network 
Capacitors 
C1 -100µF, 10 volts, electrolytic 
C2 -C6 -1µF, 10 volts, ceramic 

monolithic 
Semiconductors 
IC1-1C4-AE013 Custom Com- 

parator/Latch/LED Driver 
D1 -1N4001 rectifier diode 
D2-6.2 volt, 1 -watt Zener diode 
LED1-20-T-1 size, red 
LED21-T-1 size, green 
Other Components 
F1-250 mA, pigtail fuse 
SO2-20-pin straight male header 
S01 -20 -pin wire wrap socket 
P1 -20 -pin DIP header 
S1-Normally-open pushbutton 
S2 -8 -section DIP switch 
Micsellaneous: PC board, test ca- 

bles and clips, power cord and 
clips, IC sockets, 20 -pin ZIF sock- 
et, and any kind of suitable cabinet 
and front panel. 

sections, you can appreciate how 
much the custom IC's simplify the 
unit's construction. 

A single section of an AE013 is 
shown in Fig. 1. When both inputs of 
the comparator are at the same logic 

f4-R42 

Z s1 
TEST 

IN : ,. 

4 41- 82 --- 
34-R3 

84 

R5, 

- R6 

R7 

4-- R8 -4, 

-4 
Rfg,--4 

R11 * 

C3- T- 
IC1 

C4-- °e.-r 

IC2 

LIST 

Note: The following items are 
available from W.L. Green, AL- 
PHA Electronics, P.O. Box 
541305, Merritt Island, FL 
32954-1005, (407) 453-3534. In - 
Circuit IC Tester kit (does not in- 
clude DIP header, cables, test 
clips and ZIF socket): $100.00 
plus $5.00 postage and han- 
dling. Fully assembled IC Tester 
with IC test cable, 20 -pin and 16 - 
pin DIP clips included, (does not 
include DIP header, ZIF socket, 
monitor cable and clips): 
$169.00 plus $5.00 postage and 
handling. AE013 custom IC: 
$18.00 each plus $1.00 postage 
and handling. PC board and four 
AE013 IC's: $80.00 plus $4.00 
postage and handling. Florida 
residents must add state sales 
tax. Canadian sales must add 
$2.00 additional postage and 
handling to each order. Foreign 
sales add appropriate amount 
for air shipping and insurance. 

level, the driver output will be low, 
and the LED will be off When there is 
a logical difference at the inputs, the 
driver output will be high, and the 
connected LED will be on. Therefore, 
an LED will light when the logic level 

--- R22 

1, R23 * 
4- R24 
-1-- R25 b1 *- R26-*' 

4-R31 
°R30-4, 
4-R29-47, 
4- R28--* 

827 

D1 ' D2 

* H .... 

J 

S2 

Oa060çOdbebf 6h 

M7 1 

LED1 LED20 e 
LED2 LED19 

LEM LED18 

LED4 LED17 

LED5 LED16e' 

LED6 LED15 e' 
LED7 LED14 

LED8 LED13 

LEDO LED12 

LED10 LED11 

Cl 

- C2 

on a given pin of the DUT (Device 
Under Test) doesn't match the level 
on the RIC (Reference IC). 

Figure 2 shows the complete sche- 
matic for the tester. As we describe 
the operation of the tester in the test 
mode, we will assume that the DUT 
has 20 pins. Since all twenty of the 
sections are used in essentially the 
same manner, we will describe only 
one and point out any exceptions. 

Resistor R2 is connected across the 
input of one of the comparators of 
IC1. If pin 1 of the RIC is an input, 
then R2 provides a path for an input 
signal to flow from pin 1 of the DUT to 
pin 1 of the RIC. On the other hand, if 
pin 1 of the RIC is an output, then R2 
is unnecessary. When both inputs of 
the comparator are at the same logic 
level, a low will be on the driver out- 
put and the LED will be off When a 
logical difference is present at the in- 
puts, the output and the LED will be 
on. As explained previously, a lit 
LED is an indication of a defective 
IC. The LED indicates at which pin 
the problem exists. 

The cix pin of IC1 is common to all 
sections of the IC. When it is high, the 
latch between the comparator's out- 
put and the LED driver's input is ac- 
tive; any disparity at the comparator's 
inputs will be latched. When low, the 
latch will be cleared and will appear 
transparent, meaning that the logic 

J 

R41 

-840 
- -R39-- - 

-R38 
R37 - 

^ - 836 --- - R35 

-R34 - 
R33---= 

--832 

FIG. 3-PARTS-PLACEMENT DIAGRAM. Notice how IC1 and IC2 are facing in the oposite 
direction of IC3 and IC4. 

- C6 

IC4 

IC3 

R21 

-- R20 

- - R19 

- R18 

- R17 - 

4- R1 - 
LE D 21 

POWER,,; 
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RESISTORS 
R43-51 AND 

R52-60. 
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FIG. 4-FINAL ASSEMBLY should look like this. Notice the E -Z hook power -supply clips 
and the ZIF socket on the left. 

level at the latch's input will appear at 
its output. When test -button Si is 
pressed, the cLkk input of each AE013 
is grounded; that clears all latches in 
preparation for a new test. 

IC's can have 14, 16,18,or 20 pins. 
Notice that each switch contained in 
S2 (DIP switch) is connected in paral- 
lel with an input resistor. Depending 
on how many pins the DUT has, and 
which pins are power and ground, the 
appropriate switches should be 
closed. In other words, we will short 
out two of the resistors to provide a 
direct path for power and ground from 
the DUT to the RIC. 

Resistors R1, and R22-R41 limit 
the current through the LED's to less 
than 10 mA. LED's 1-20 indicate the 
level at the output of the drivers, and 
the green LED (LED21) is the power 
indicator. All capacitors are used to 
filter the power bus. Rectifier -diode 
D1, Zener-diode D2, and fuse FI, pro- 
vide power -supply polarity and short- 
circuit protection. Because power for 
the tester is supplied from an external 
source-usually the circuit board un- 
der test-you must protect it against 
overvoltage and reverse voltage. Rec- 
tifier -diode D1 will conduct with re - 

Number of IC Pins 

verse polarity and blow the fuse 
because there's no current limiter. 
Also, Zener-diode D2 will conduct at 
greater than + 6.2 volts and also 
cause the fuse to blow. 

When the tester is used as an ana- 
lyzer/monitor, one side of all of the 
comparators are connected to ground. 
The other side of the comparators are 
connected through the test cable to 
various points in the circuit that we 
wish to analyze. When any one of 
those points is high, the correspond- 
ing LED will light. Whether S1 is 
open or closed will determine if those 
LED's will be latched or non -latched, 
respectively. 

Assembly 
Refer to the parts -placement di- 

agram in Fig. 3 for correct orientation 
of all components on the PC board. 
(Space does not allow us to print the 
board pattern in this month's issue. It 
will appear in next month's PC Ser- 
vice section. We apologize for the 
inconvenience.) 

Begin by installing resistors 
R1-R42 on the board. Next, install 
the two diodes D1 and D2, and filter - 
capacitors C2-C6. Install the sockets 

TABLE 1-IN-CIRCUIT IC TESTER 

DIP -Switch S2 Sections Turned -On 
20 pins 
18 pins 
16 pins 
14 pins (pin -7 ground, pin -14 power) 
14 pins (pin -10 ground, pin -5 power) 

a and g 
b and f 
bande 
b and d 
a and c 

for the IC's and switch S2, noting that 
IC1 and IC2 face one direction while 
IC3 and IC4 face in the other direc- 
tion. Install Cl with its negative lead 
in the hole marked by a " - ," and 
then install the fuse Fl. 

In the author's model, the LED's 
are installed with their bottom edges 
spaced 3/8 -inches from the board; that 
way each LED will protrude through 
the front panel when the PC board is 
installed. Of course, the amount that 
the LED's will protrude above the 
front panel depends on the length of 
the stand-offs that you use to mount 
the PC board. As with most LED's, 
the cathode lead is shorter than the 
anode lead, however, our experience 
tells us that it's a good idea to check 
each LED before installing it-es- 
pecially if you're using "grab-bag" 
parts. Each LED is installed so that 
the cathode lead is soldered to the 
square pads, which are the ground 
points. 

Use a 20 -pin wire -wrap socket for 
SOL so that the socket will be flush 
with the top of the case when the 
board is installed. If you fail to do 
that, you will never be able to plug the 
ZIF socket into 501. Seat a socket for 
DIP -switch S2 against the board and 
solder it in. (Use a wire -wrap socket 
as a pin extender if necessary.) Next, 
install connector SO2, a 20 -pin dou- 
ble -row straight male header strip. 

For the power cord, use a piece of 
zip -cord, about 18-24 inches long. 
On the free end of that cord, attach a 
red and a black hook clip. The black 
clip goes to the ground side of ji , 

continued on page 86 
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IF YOU WORK WITH AUDIO, THERE MUST BE 

times when you wish you had an am- 
plifier and speaker system handy. If 
so, the amplified speaker described in 
this article is the answer to your 
needs. It is a low-cost, wide -range 
amplified -sound system complete 
with loudness, bass, and treble con- 
trols. Just connect power, and a line - 
level audio source and you're in busi- 
ness! Here are some common uses for 
the project: 

If you would like to share the sound 
of your headphone stereo with your 
friends, all you have to do is connect 
the amplified speaker system. The 
project provides over 5 watts into an 
internal speaker, and the sound quali- 
ty is great. 

The amplified speaker system is 
also a great addition to your workshop 
because you'll no longer have to drag 
out your stereo and speakers just to 
check a tuner, tape deck, or other 
audio component. You'll be able to 
troubleshoot an audit, component on 
your workbench rather than where 
your stereo is located. 

Another possible use for the ampli- 
fied speaker system is as an amplifier 
for an electric guitar or other musical 
instrument. And, because the project 
can be powered from a 12 -volt car 
battery (we'll explain how later), you 
can even use it outdoors. 

You should enjoy building the proj- 
ect almost as much as you'll enjoy 
using it. And, perhaps best of all, it's 
not going to break your bank account; 
ours only cost $17.00 to build. Of 
course, your cost will be determined 
by the state of your junkbox, and your 
ability to track down bargains. 

How it works 
The amplifier is based on a high - 

quality audio -amplifier IC made by 
Sanyo. That particular part was 
chosen because of its low distortion, 
high power output, and relatively low 
noise. Additional circuitry is included 
for loudness, bass, and treble con- 
trols, which are always included in a 
high -quality audio amplifier. 

The schematic of the amplified - 
speaker project is shown in Fig. 1. 

Input signals to the audio -input termi- 
nals drive volume -control R2. Capac- 
itor C2, resistor RI, and a tap on R2 

AMPLIFIED 
SPEAKER 

GARY McCLELLAN 

You can build this low-cost amplified speaker system 
that is useful for testing audio components, or 
to amplify a walkman -type stereo for "ears -free" 
listening pleasure. 

are a loudness -compensation net- 
work, which boosts bass tones at low - 
volume levels. That circuitry corrects 
for human hearing deficiencies at low 
volume. 

From R2, the audio signal is ampli- 
fied by transistor Q1, which is a high - 
gain, low -noise device. That stage 
compensates for losses in the tone - 
control circuitry. Bias -resistor R3 fur- 
ther reduces noise by providing nega- 
tive feedback. Capacitor C4 is 
included to prevent RF pickup and to 
roll off high -frequency noise. 

Basically, the circuit connected be- 
tween capacitor C6 and resistor R12 is 
a 20 -dB resistive attenuator network 
combined with adjustable low-pass 
(bass) and high-pass (treble) filters. 
The potentiometers increase or de- 
crease the capacitive reactance across 
various resistors, boosting or cutting 

bass and treble tones. Bass -control R7 
is part of a voltage divider consisting 
of R6 and R8. Turning the potentiom- 
eter clockwise puts more of the reac- 
tance of capacitor C8 across the 
potentiometer and R8, shunting most 
of the high frequencies to ground, and 
boosting the lows. Turning the poten- 
tiometer counterclockwise puts more 
reactance of C7 across the potentiom- 
eter and R6, boosting most of the high 
frequencies and cutting the lows. 

The output from the bass potenti- 
ometer (R7) goes to resistor R10, 
which reduces control interaction, 
and then it goes to treble -control R11. 
That potentiometer is in a series volt- 
age divider with capacitors C9 and 
C10. Turning R11 clockwise puts 
more of the reactance of C9 in the 
circuit, shunting high frequencies 
around the bass control, boosting tre- 
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FIG. 1-SCHEMATIC DIAGRAM of the amplifier board and its power supply. 
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FIG. 2-PARTS PLACEMENT DIAGRAM for the PC board. Close attention should be paid 
to the polarities of the electrolytic capacitors. 

ble. Likewise, turning R11 coun- 
terclockwise shunts high frequencies 
away from the bass control to ground, 
cutting treble tones. The tone -control 
output drives resistor R12 and capaci- 
tor C12, which serve as a low-pass 
filter. That circuitry is included to pre- 
vent oscillation in power -amplifier 
ICI. 

Power -amplifier ICI is a bridging - 
type amplifier. That means that there 
are two power amplifiers inside the 
package that drive the speaker in a 
push-pull configuration for double the 
power output. The input signal to pin 
2 is amplified and then drives the 
speaker from the pin -7 output. A 
phase -inverted output appears at pin 4 

and is coupled through capacitors C14 
and C13 to the second amplifier in 
ICI. After being amplified, the phase - 
inverted output drives the speaker 
from pin 9. Resistors R15 and R16, 
and capacitors C18 and C19, are in- 
cluded at the output of ICI to prevent 
high -frequency oscillation. Note that 
if you can't find the 2.2 -ohm resistors 
specified for R15 and R16, 10 -ohm 
units may be substituted. The exact 
value isn't critical, although 2.2 ohms 
is preferred. 

Rounding out the circuitry is a fair- 
ly conventional power supply, con- 
sisting of bridge rectifier BRI; capaci- 
tors C22 and C23; and diodes D2, 
D3, and D4. Since the supply volt- 
age, after being rectified, is at about 
17 volts, D2, D3, and D4 are required 
in order to drop it down to about 15 
volts. Note that power is also tapped 
off capacitor C22 for Q1. That extra 

2 INCHES 

3.6 INCHES 

0.5 INCH 
BEND 90 

MATERIAL = 0.050 INCH ALUMINUM 

FIG. 3-YOU CAN MAKE A HEAT SINK for 
IC1 from a piece of scrap aluminum. 
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All resistors are Yewatt, 5% unless 
noted 

R1, R6-10,000 ohms 
R2-100,000 ohms, potentiometer, 

40% loudness contour tap (Radio 
Shack 271-1732) 

R3-2.2 megohms 
R4, R10-4700 ohms 
R5, R9, R14---470 ohms 
R7, R11-100,000 ohms, potentiom- 

eter, audio taper (Radio Shack 
271-1722) 

R8, R12, R13-1000 ohms 
R15, R16-2.2 ohms 
Capacitors 
C1, C3, C8, C17, C18, C19 0.1 µF, 

50 volts, radial -lead polyester 
C2-0.047 µF, 50 volts, radial -lead 

polyester 
C4-100-pF, 500 volts, ceramic disc 
C5, C14, C15-100 µF, 10 volts, radi- 

al -electrolytic 
C6, C13-1 µF, 16 volts, radial -elec- 

trolytic 
C7, C16-0.01 p.F, 50 volts, radial - 

lead polyester 
C9-0.0022 µF, 50 volts, radial -lead 

polyester 
C10-0.022 µF, 50 volts, radial -lead 

polyester 
C11-100 p.F, 16 volts, radial -elec- 

trolytic 
C12, C20, C21-0.001 µF, 50 volts, 

ceramic disc 
C22-2200 µF, 25 volts, radial -elec- 

trolytic 
C23-2200 µF, 16 volts, radial -elec- 

trolytic 
Semiconductors 
IC1-LA4460 linear power amplifier 

(Sanyo) 
Q1 -2N5088 NPN transistor 
D1 -1N4739 9.1 -volt, 1 -watt, Zener 

diode 
D2-D4-1N5400 3 amp, 50 PIV, sil- 

icon diode 
BR1-6 amp, 50 PIV, bridge rectifier 
Other components 
S1-SPST potentiometer switch for 

R11 (Radio Shack 271-1740) 
T1-Plug in transformer, 12 volts AC, 

1 amp (Jamenco AC1000 or equiv- 
alent) 

PL1-RCA plug 
F1-1 amp, slow -blow, 3AG fuse and 

holder 
Miscellaneous-speaker, PC 

board, 3 knobs, 3 feet of shielded 
wire, scrap aluminum for heatsink, 
hardware. Note: A PC board is 
available from E2VSI, P.O. Box 
72100, Roselle, IL 60172, for 
$9.95 plus $0.50 shipping. 

power -supply circuitry is required to 
ensure amplifier stability, as it would 
otherwise motorboat (low -frequency 

self -oscillation). Resistors R14 and 
R9 provide current limiting, while ca- 
pacitors C1l and C5 provide extra fil- 
tering. Zener diode D1 ensures that 
the supply voltage is stabilized at 9.1 
volts, as required by transistor Ql. 

Part selection 
Now that we have covered the cir- 

cuit details, let's discuss the parts. 
The speaker system may be any 

decent -sounding unit you can find. 
Chances are you will want to build 
two amplified -speaker systems, so it 

would be wise to get two identical 
units for balanced sound. The Pan- 
asonic two-way unit used for our pro- 
totype was purchased at a flea market 
for $1.50; perhaps you can do better. 
If possible, test out the speaker sys- 
tem you are considering, as you don't 
want to waste time on a unit that is 

defective, or has poor sound quality. 
You may have some trouble finding 

a tapped potentiometer that is re- 
quired for R2. One alternative is the 

ganged unit mentioned in the Parts 
List. That unit consists of two ganged 
potentiometers, but only one of them 
is used. Of course, if you can find a 

single -unit substitute with same spec- 
ifications, you should use that. 

The semiconductors are available 
from a wide variety of sources. Many 
Japanese TV/stereo replacement - 
parts suppliers carry the Sanyo 
LA4460 for ICI. And any 3 -amp di- 
odes can be used for D2, D3, and D4. 
The bridge rectifier specified is a stan- 
dard 6 -amp, 0.6 -inch square -cube 
unit. You can also cross-reference 
those semiconductors with the Phi- 
llips -ECG replacement line, as well 
as many others. 

Finally, transformer Tl is a plug-in 
12 -volt AC 1 -amp unit. It is available 
from several sources. If you prefer, a 

standard 12.6 -volt AC, 1 -amp or bet- 
ter, filament transformer may be used. 
If you go with a standard filament 
transformer, remember to pick up a 

line cord and a 1/4 -amp fuse for Fl 

FIG. YOUR BOARD SHOULD look similar to this one when it is completed. 
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FIG. 5-A GOOD PLACE TO MOUNT the board is on me side of the cabinet, near the rear. 
Note the spacers that are used betweer the I_oard and the cabinet 

TO POWER PADS 126V 
ON THE BOARD 1AMP 

F1 

Y4 AMP 
FAST BLOW 

FIG. 6 -ALTERNATE TRANSFORMER de- 
tails should be followed if a standard fila- 
ment transformer is used. 

Construction 
The amplifier should be built on a 

PC board for best results. Either make 
one using the pattern in the PC Ser- 
vice section of this magazine or you 
can buy one from the source given in 
the Parts List. 

Start the assembly by stuffing the 
amplifier PC board. Refer to Fig. 2 for 
component locations and the Parts 
List for values. Starting with the di- 
odes, install bridge -rectifier BR1 with 
the case, notch, or positive terminal 
as shown. Then install 3 -amp diodes 
at D2, D3, and D4 as indicated. Fi- 
nally, install the 1N4739 Zener diode 
at D1 near BR1. Double-check all 
parts before continuing. 

Next comes the resistors. Install 
470 -ohm resistors at R14, R9, and R5 
as indicated. Then install a 2.2- 

megohm resistor at R3 and a 4.7K 
resistor at R4. Next, install 10K re- 
sistors at R1 and R6. After that install 
2.2 -ohm resistors at R15 and R16. 
Continue by installing 1K resistors at 
R12, R13, and R8. Finish up by in- 
stalling a 4.7K resistor at R10. 

Modify the three potentiometers 
next. If necessary cut the shafts to 
length. Measure 1 inch from the bush- 
ing, mark it, and cut it off with a 
hacksaw, and then smooth the edges 
with a file. We suggest using a poten- 
tiometer switch for Sl, and an appro- 
priate unit is listed in the Parts List. 
The switch, by the way, should be 
installed on R11. 

Install the potentiometer and 
switch combination at the R11 loca- 
tion, and the tapped potentiometer in 
the R2 location. Then install the last 
potentiometer in location R7. Con- 
nect the potentiometer terminals to 
the board by passing short lengths of 
solid wire through the board and 
through each potentiometer terminal. 
Leftover resistor leads are good for 
that. Make sure that all connections 
are soldered, and check for mistakes 
before continuing. 

Next comes the capacitors. Re- 
member to pay attention to the polar- 
ities of the electrolytics as you install 
them. Start by installing the 2200-µF, 
25 -volt capacitor at C22. Then install 
the 2200-µF, 16 -volt capacitor at 

C23. Continue by installing 0.1-µF 
capacitors at C17, C18 and C19. Now 
move over to the righthand side of the 
board and install 0.1-µF capacitors at 
Cl and C3. Next, install a 0.047-µF 
capacitor at C2 and install a 100-pF 
disc at C4. Now install 1-µF capaci- 
tors at C6 and C13, and a 0.01-µF 
capacitor at C7. Next to that, install a 
0.1-µF capacitor at C8. Now install a 
0.0022-µF capacitor at C9, and in- 
stall a 0.022-µF capacitor next to it at 
C10. Finish up by installing 100µF 
capacitors at C14 and C15, and check 
everything before continuing. 

Next, Q1 and IC1 are installed. 
Place the 2N5088 as shown at Q1, and 
then install the LA4460 at IC1. Insert 
the part with the metal side to your 
left. Also, note that the pin -1 marking 
on the board matches the pin -1 stripe 
on the IC package. Double check be- 
fore soldering the connections. 

Continue by fabricating a heat sink 
for IC1. Details are shown in Fig. 3. 
We used a piece of aluminum sal- 
vaged from an old chassis for the heat 
sink, as it conveniently already had a 
%z -inch lip on it. 

Install the heat sink. Place it 
against IC1 with the lip over the 
board's mounting holes. Then mark 
and drill the two mounting holes for 
IC1. Also, mark and drill the board's 
mounting holes. Put a dab of silicon 
grease on the metal surface of ICl and 
secure the heat sink to IC1 with 4-40 
x 1/2 -inch screws. Tighten the screws 

just enough to hold ICl in place, as 
overtightening may damage it. The 
board is now complete, and it should 
look like the one shown in Fig. 4. 

Set the assembled board aside for a 
moment and work on the speaker cab- 
inet. Determine a suitable location to 
mount the board. A good location is 
on the side of the cabinet, toward the 
rear, as shown in Fig. 5. Using the 
board as a guide, measure, and mark 
the holes for the four mounting 
screws, and the three knob shafts. Do 
that carefully, as mistakes will be hard 
to fix later on. Note that the holes for 
the screws must be smaller than the 
holes for the knob shafts. Drill all 
holes and make sure the board fits. 
You can, if you like, use rub -on letter- 
ing to label the controls for a profes- 
sional appearance. 

Return to the assembled board and 
refer back to Fig. 2 for final assembly 
details. Start by wiring a shielded ca- 
ble to the IN pads on the board as 

continued on page 104 
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Build REACTS: 
THE RADIO -ELECTRONICS 

ADVANCED CONTROL SYSTEM 
This month we're going 
to show you how to 
build and program the 
terminal interface for 
your REACTS system. 

Part g LAST MONTH 
we didn't get a 

chance to discuss the data 
registers. So, we'll start with 
that, and then build the inter- 
face. 

By writing an eight 
(00001000) to the address 
register, the top -of -screen 
register is selected. That reg- 
ister contains the RAM ad- 
dress of the first character 
displayed at the top of the 
video screen. 

The cursor -low register is 
addressed by writing a nine 
(00001001) to the address register. 
The cursor -low register holds the 
lower eight bits of the 11 -bit RAM - 
cursor address, and the upper three 
bits of the cursor address are in the 
cursor high register. 

As was mentioned, the upper three 
bits of the RAM -cursor address are 
located in the cursor -high register. 
The other five bits of the cursor -high 
register select the smooth -scroll offset 
value and disable/enable the non - 
scrolling 25th status line. That regis- 
ter is located at address ten 
(00001010). 

The fill -address register is selected 
by writing an eleven (00001011) to the 
address register. That register is used 
to obtain the fill -screen feature. The 
fill -address register contains the 
memory -RAM address of the 
character following the last address to 
be filled. After writing to the fill -ad- 
dress register, the next character 

MICHAEL A. TUCKER 

placed into the character register will 
be placed in each display -memory - 
RAM location between the address 
specified by the cursor -low and cur- 
sor -high register (the cursor address), 
and the address preceding the one in 
the fill -address register. 

The screen attribute data register is 
at address twelve (00001100). The 
most -significant bit (bit 7) of the regi- 
ster determines whether the EVTLC 
is in the 9 x 28 -graphics or 9 x 28- 
alphanumerics mode. If the alpha - 
numerics mode is enabled, the other 
seven bits of the register will select the 
type of attribute to be exhibited by the 
"tagged" screen characters. Re- 
member that in the 9 x 28 mode, only 
one attribute per screen is possible. If 
the EVTLC is in the graphics mode, 
no attributes are permitted; however, a 
combination of graphics and alpha- 
numeric characters can be displayed 
on a single screen. In the graphics 

mode, a character is deter- 
mined to be a graphics or al- 
phanumerics character by 
the most -significant bit of the 
character byte. That is the 
same bit that determines 
whether or not an alpha- 
numeric character is "tag- 
ged" in the 9 X 28 alpha- 
numeric mode. 

Only the most -significant 
bit (bit 7) of the mode -1 regi- 
ster is used. It is called the 
auto -increment bit and it de- 
termines whether or not the 
display -memory character 
address is automatically in- 
cremented by the EVTLC 
after every read/write of the 
character register. The 
mode -1 register is at address 
fourteen (0001110). 

A fifteen (00001111) out- 
put to the address register 

will select the EVTLC's mode -2 regi- 
ster. Bit 0 places the EVTLC in either 
the 9 x 28 or 9 x 53 mode. Bit 1 en- 
ables or disables the cursor blink, and 
the other bits are not used. 

The last register to be discussed is 
at register -address thirteen 
(00001101), and it is called the 
character register. All screen charac- 
ters are written to and read from the 
display memory via that register. It 
should be noted that the register is 
accessible when the done -bit (bit 7 of 
the status register) is high. Tables 1, 

2, and 3 show the assignments of each 
bit of the character register in the vari- 
ous programmable modes. 

Control software 
If you purchase the CRT -controller 

kit from the source listed in this arti- 
cle, you will receive a PROM with a 
CRT -controller program already load- 
ed. We strongly recommend that you 

45 

www.americanradiohistory.com



TABLE 1-9 x 28 GRAPHICS MODE 

Character -register bit 7 6 

Character 
Thin Graphics 
Wide Graphics 

5 4 3 2 1 0 

1 Character Data 
0 0 X X SEG4 SEG3 
0 1 SEG6 SEG5 SEG4 SEG3 

TABLE 2-9 x 28 ALPHANUMERICS MODE 

Character -register bit 7 6 5 4 3 2 

SEG2 SEG1 
SEG2 SEG1 

1 o 

Character (Attr. enabled) 1 

Character (No attribute) 0 
Character Data 
Character Data 

TABLE 3-9 x 53 OPERATION MODE 

Character -register bit 7 6 

Character 
Attribute Character 
Thin Graphics 
Wide Graphics 

UI = Underline Attribute 
RV = Reverse Video Attribute 

5 4 3 2 1 0 

0 Character Data 
1 0 0 Blank Blink Int UL RV 
1 0 1 X SEG4 SEG3 SEG2 SEG1 
1 1 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 

start with the preprogrammed PROM 
even if you decide to develop your 
own. 

The software that you can purchase 
works in the following manner: When 
a key is pressed the DR (Data -Ready) 
output of the 82C52 UART, which is 
connected to the maskable interrupt 
ONT) of the Z80, goes high notifying 
the CRT microprocessor that it has 
received a character. The Z80 will 

read that character from the UART 
and determine whether the character 
is alphanumeric or a special function. 
If the character is alphanumeric, the 
CRT's CPU will send it to the system 
CPU. The system CPU, after placing 
the character in the file or program 
currently called up, will then send it 
back to the CRT controller to be dis- 
played. A special function can be one 
that is performed by the system's CPU 
such as CTRL -C, ESC, and CTRL -S, 
or one sent to the EVTLC to disable 
or enable a screen attribute such as 
reverse video, character blink, or 
move the screen cursor. 

Programming the CRT controller 
Before programming the CRT con- 

troller, various registers of the con- 
troller's IC's must first be initialized. 
All but one of the IC's of the CRT 
controller are hardwired to the I/O 
ports of the onboard Z80. The only 
one that is not addressed by the on- 
board Z80 is one of the 82C55 PPI's; 
it is addressed by four of the I/O ports 
of the CPU's Z80. The following list 

shows the addressable CRT controller 
IC's and their assigned I/O ports. All 
addresses are in decimal form: 

82C52 UART-Ports 64-67 
Page register-Port 68 
82C55 PPI (addressed by the on- 

board Z80)-Ports 72-75 
EVTLC-Ports 76 and 77 
82C55 PPI (addressed by the 

CPU's Z80)-User selectable (uses 4 
ports) 

Those ports are selected by the on- 
board CRT -controller address switch- 
es. If the operating system is used, the 
switches should be set to 252. The 
address set by the switches will be the 
first of four, with the others following 
in consecutive, incrementing order. 
For example, if the switches are set to 
address 252, the first address used by 
the 82C55 will be 252 and then 253, 
254, and 255. 

The 82C52 UART is initialized by 
the on -board Z80 sending a 62 to I/O - 
port 65, a 34 to I/O -port 67, and a 35 
to I/O -port 66, in that order. I/O -port 
64 is the data port, and the control 
program should read the byte from 
there when the 1NT (maskable inter- 
rupt) input of the Z80 goes active 
(high), such as when a keyboard 
character has been received. 

The CRT controller can display a 
maximum of two thousand characters 
on the monitor at one time. Each 
character being displayed uses one 
byte of the display RAM's memory. 
You will notice that the display mem- 
ory is an 8K x 8 RAM IC. That is four 

times the amount of RAM needed to 
display one screen. Therefore the 
memory -page register allows the stor- 
ing of four different screens within the 
display RAM. That is, the display 

PARTS LIST 

All resistors 1/4 -watt, 5%, unless 
otherwise noted. 

R1-1 megohm 
R2-68 ohms 
R3-330 ohms 
R5-70 ohms 
R6, R7 -9 -into -1, 10,000 ohms, SIP 

resistor pack 
Capacitors 
C1-C20-0.47 µF, 25 volts, ceramic 

disc 
C21, C22-22 µF, 25 volts, ceramic 

disc 
C23-47 µF, 16 volts, electrolytic 
Semiconductors 
IC1, IC17-8K x 8 -bit CMOS static 

RAM 
IC2-74HC573 tri -state D -Type latch 
IC3, IC18-74HC245 octal tri -state 

transceiver 
IC4-106-74HC04 hex inverter 
1C7-9053 enhanced video terminal 

logic controller 
IC8, IC11-82C55 programmable 

peripheral interface 
IC9-74HCO2 quad 2 -input NOR 

gate 
IC10-Z80 8 -megahertz CMOS IC 

microprocessor 
*IC12-32K x 8 -bit CMOS PROM 

with controller software 
IC13-82C52 UART 
IC14, IC15-74HC688 8 -bit magni- 

tude comparator 
*IC16-CRT32-16 programmable 

array logic (PAL) 
IC19-74HC273 octal D -type flip- 

flops 
*IC20-CRT32-20 programmable 

array logic (PAL) 
LED1-right angle PC -mount red 

LED 
NOTE: Components that are marked 

with a * are customized parts that 
can be obtained from the source 
listed in last month's article. 

Other components 
501, SO2-60-pin male and female 

bus -connector set 
S03 -6 -circuit telephone jack 
SO4-9-pin female D -sub printer 

connector 
S05 -25 -pin female D -sub con- 

nector 
X1-16.4 MHz crystal 
SW1, SW2-6-position DIP switch 
Miscellaneous: 1 PC board, ex- 

truded aluminum case, 4 14 -pin IC 
sockets, 8 20 -pin IC sockets, 4 28 - 
pin IC sockets, 4 40 -pin IC sockets 
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FIG. 1-PARTS-PLACEMENT DIAGRAM. The parts for the CRT controller/keyboard inter- 
face module are installed on the double -sided board as shown. 

memory is divided into four pages 
with each page occupying 2 kilo- 
bytes. The memory page is changed 
by writing a 0, 1, 2, or 3 to the I/O port 
at address 68. Normally a 0 should be 
written to the display -memory paging 
register, to display the same screen all 
the time. However, when customizing 
your CRT controller, .you may wish to 
use that feature in one way or another. 

The 82C55 addressed by the on- 
board Z80 (IC11) is initialized by 
writing a 98 to I/O -port 75. That sets 
I/O -port 72 as an input port and I/O - 
port 73 as an output port, and also 
configures 1/0 -port 74 as a status or 
handshaking port. 

The other 82C55 (IC8) is config- 
ured by writing a 166 to the highest 
UO port used by IC8 (the I/O -port 
address selected by the switches + 
3). The REACTS operating system, if 
used, will do that for you, and in 
addition, will handle the transfers be- 
tween the PPI and the CPU. All you 
need to do is set the CRT controller's 
address switches to address 252. Re- 
member that IC8 is controlled by the 
Z80 on the CPU. 

The address and status registers of 
the EVTLC are accessed by writing to 
(to enter a data -register address) or 
reading from (to access the status reg- 

ister) I/O -port address 77. The 
EVTLC's data registers are selected 
by I/O -port 76. 

After initialization, the CRT -con- 
troller program should be set to poll 
the status register, I/O -port 74, con- 
stantly checking for a character from 
the system CPU. If a character is re- 
ceived, it should be retrieved from 1/0 
port 72, and the program should deter- 
mine if it is a character to be displayed 
or one to change one of the screen's 
attributes or the EVTLC's operating 
mode. If an interrupt is received from 
the 82C52 (which means a character 
from the keyboard has been sent), the 
interrupt routine should fetch the key- 
board character from 1/0 -port 64 and, 
depending on the type, send it to ei- 
ther the system CPU or the EVTLC. 
Customizing the CRT software can 
include using special keyboard or 
program inputs to change the EVTLC 
operating modes, change memory - 
display pages, perform graphics, etc. 

Printer interface 
The printer -interface design is 

straightforward. The magnitude com- 
parator (IC14) enables the printer -in- 
terface portion of the module when 
the correct I/O address is on the ad- 
dress bus. Note that address signals 

AO and Al are not connected to IC14, 
and changing the least -significant 
switch on the addressing switch incre- 
ments or decrements the first I/O port 
used by the printer interface by four. If 
we built a module that required eight 
I/O ports to operate, we would use the 
A2 signal along with the AO and Al 
signals to obtain them. 

If you purchased the REACTS op- 
erating system (ARTDOS) containing 
the printer -interface driver, using the 
printer port after building the module 
is as simple as setting the module - 
addressing switches to 248 and con- 
necting a parallel printer to the mod- 
ule's 25 -pin port. If you didn't, you 
will have to design your own driver 
routine to use the interface. 

Construction 
The patterns for the double -sided 

PC board can be found in the PC- 
Service section of next month's maga- 
zine. Unfortunately, space does not 
permit our showing them this month. 
The board can also be purchased sep- 
arately, as was mentioned in the 
"Sources" box that appeared toast 

month. 
When assembling the module, fol- 

low the parts -placement diagram 
shown in Fig. 4. And, we recommend 
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Remove copy -protection from video cassettes. 

Digital Filter Type, removes 
only Macrovision pulses 
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controlled 
Compatible with all VCR's, 
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blanking level 

Macro -Scrubber - We stock the exact parts, PC board, and 
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controlled PLL 
operation 
Skip channel memory 
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channels 

Parental control for all 
channels 
Last channel recall 
Fine tune memory 
UL listed/FCC 
approved 
Simple installation with 
any TV 
Includes battery and 3 
toot coax cable 

CABLEMASTER $19.95 
Cable/VCR Timer 

Record multiple premium play channels 
Turns cable box on and off 
Selects channel for unattended recording 
Thousands sold nationally for $99.95 

Add $3.50 shipping & handling 
$4.50 Canadian orders 

ORDER TOLL FREE ANYTIME 
1-800-227-8529 Ask for FREE 

Color Catalog 

Inside MA: 617-695-8699 

VISA, MASTERCARD, 
or C.O.D. I 

End 
ELECTßOnICS,InC. 

P.O BOX 800 MANSFIELD, MA 02048 

©Copyright 1988 by J&W Electronics Inc. 

that you use sockets for all the IC's. 
First Solder in all the components, 
then check all of the connections. 
Then double-check them. 

Checkout 
Before installing the CRT control- 

ler/printer module onto the REACTS 
CPU, make sure the system is off. If 
you are using the REACTS operating 
system, set the CRT controller's I/O - 
addressing switches to I/O -port 252 
(all switches up). Also, set the printer - 
interface addressing switches to I/O - 
port address 248 (the rightmost 
switch down and the rest up). The 
fourth switch from the right on the 
row of CPU switches should be 
placed in the down position; that 
switch should be up if a terminal is 
being used as the console and is con- 
nected to the CPU's serial port. 

Make sure that none of the pins of 
the CPU connectors are obstructed or 
bent. To install the module, align the 
female connectors on the bottom of 
the CRT/printer module with the male 
connectors on the top module of your 
system, making sure the modules are 
parallel to each other. Press the CRT/ 
printer module onto the system (ex- 
treme force is not necessary). Using 
common sense and following proper 
procedures, the connectors will last 
indefinitely. 

After the CRT/printer module has 
been properly installed, connect the 
monitor to the 9 -pin D -type port on 
the rear of the module and the key- 
board to the connector on the front. 
Turn on the power, and if everything is 
in order, the opening menu should be 
displayed. 

If that does not occur, check your 
switch settings. Also, make sure the 
correct switches for the CRT control- 
ler were set and not confused with the 
ones for the printer -interface I/O -ad- 
dress selection. Connect a parallel 
printer to the printer port to check out 
the printer interface. If you are using 
the REACTS operating system you 
can enter a CTRL -P, and any data 
entered afterwards will be printed. To 
get out of that mode, simply re -type 
CTRL -P. 

In the next REACTS installment 
we will discuss the operation and con- 
struction of a module that will allow 
REACTS to remotely -control ap- 
pliances, lights, etc., using the exist- 
ing AC -power lines in your home, and 
inexpensive, easy -to -get control mod- 
ules. R -E 
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THE NEW SCIENCE OF MINIATURIZATION 

Every year, improvements in manufacturing technology allow us to squeeze more and more 

circuitry onto a silicon wafer. However, it is physics, not manufacturing technology, that 

ultimately determines how small the features of an integrated circuit can be made before the 

circuit will no longer function-and technology is rapidly approaching that limit. Therefore, if our 
quest for the miniaturization of integrated -circuits is to continue beyond that limit, a whole new 

breed of semiconductors must be developed. 

AS MORE AND MORE COMPONENTS ARE 

crammed on the small chip of silicon 
that is the basis for an integrated cir- 
cuit, it becomes necessary to make 
those components, and the paths that 
connect them and carry electrical sig- 
nals between them, smaller and 
smaller. As feature sizes decrease, 
some interesting things begin to hap- 
pen. Some of those effects are useful, 
others less so. 

Miniaturization certainly makes 
for compactness, that much is evident 
to the eye. Smaller features on an IC, 
and an increase in their proximity to 
one another also means that switching 
operations can take place more 
rapidly due to the fact that the elec- 
trons do not have so far to travel-the 
shorter the distance they have to trav- 
el, the faster an IC will operate. The 
small feature size and dense architec- 
ture of today's LSI and VLSI inte- 
grated circuits is what make possible 
their high speed and throughput. 

*Thanks to everyone at Texas Instruments, 
especially Robert Bate for their help in prepar- 
ing this article. 

JOSEF BERNARD* 

Small size brings with it another 
benefit-fewer electrons to be moved 
shorter distances means that less 
power is required. In an IC with sev- 
eral hundred thousand active ele- 
ments that is important. Even so, with 
that large number of components, a 
lot of energy is used (and lost) in 
getting electrons from one point to 
another. Just try to keep your finger on 
top of a 80386 microprocessor run- 
ning at full tilt. A lot of energy is 
dissipated as heat and wasted just in 
pushing those electrons through the 
equivalent of microscopic wires. 

Small feature size brings with it 
another problem, too. While tiny fea- 
tures mean that power consumption is 
lower, there is a phenomenon in tran- 
sistors known as leakage current. A 
transistor is never fully, one -hundred - 
percent, off. There is always some 
current passing through it. At the dis- 
crete component level, and even in 
most integrated circuits, that leakage 
current is so small compared with that 
used to differentiate "on" from 
"off," that it can be ignored. As 

switching currents become lower, 
however (something that goes hand - 
in -hand with small size and is, in fact, 
something to be desired-up to a 
point) they come to approach the val- 
ue of the leakage current, and the 
point at which a device can be said to 
be on or off starts to become vague. 
As you might imagine, vagueness is 
not a desirable quality in digital logic 
circuits. 

And, on really small small-scale 
devices, another, and much more dis- 
turbing, phenomenon occurs. Pres- 
ent-day technology allows us to 
manufacture integrated circuits with 
features as small as .3 micron-three 
hundred -millionths of a meter. And 
technologies are under development 
that will allow even smaller feature 
sizes-perhaps as small as .05 micron 
by the mid 1990's (see Fig. 1). 

On that submicroscopic scale, 
strange things begin to happen. As we 
enter the realm of dimensions ap- 
proaching billionths of a meter (10-9 
meter) we begin to encounter a world 
unlike any that we have experienced 
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FIG. 2-IN A TUNNEL DIODE electrons 
burrow through a barrier layer only about 
100 angstroms thick. 

in our lives. On that scale the nature 
of matter becomes completely dif- 
ferent. 

Particles and waves 
Way before the time of Isaac New- 

ton (as far back as ancient Greece) 
there was argument as to the nature of 
light. Some said it was made up of 
particles, and some said it was a series 
of waves in the luminiferous aether 
(the ether, as it later was called). One 
theory worked better for some of the 
observed characteristics of light, the 
other better for others. Eventually the 
concept of a wavicle-a wave that 
acted like a particle (or a particle that 
acted like a wave) evolved. And it is 
still with us today. 

Up to a point, the behavior of mat- 
ter can be explained by treating it as 
solid particles. That extends down 
even to electrons and below, hence the 
concept of electron shells and orbits. 

At a certain point, though, we have to 
begin to think of electrons and other 
subatomic particles as exhibiting the 
type of behavior we associate with 
waves. That becomes more and more 
the case as we approach dimensions 
close to those of the electron itself 

When we do approach those di- 
mensions, a curious thing happens. 
The minimum feature size of the inte- 
grated circuit begins to approach the 
size of the electron. Using present- 
day optical manufacturing tech- 
niques, the feature size of an inte- 
grated circuit can be made as small as 
0.3 micron, or 3 x 10-7 meter (fea- 
ture sizes as small as 0.1 micron have 
been achieved in the laboratory). The 
size of an electron is about 200 bil- 
lionths of a meter, or 2 x 10-7 meter. 
The electron and its environment are 
almost the same size! 

Now what happens? 
To explain the behavior of things at 

that level, a science called quantum 
mechanics has evolved (actually, the 
quantum theory was expounded by 
Max Planck in 1900). You're probably 
familiar with the expression "quan- 
tum leap," as in "a quantum leap 
forward." Many people think that 
that means a huge leap, but it doesn't 
(especially if you're talking about 
things as minuscule as electrons). It 
refers to the behavior of things at the 
level where they lose their "particle" 
characteristics and start behaving 
more like waves. 

At the quantum scale, energy 
travels in packets or bunches. De- 
pending on their nature and wave- 
length, those packets of energy may 
be photons, electrons, or other types 
of particles. Furthermore, they seem 
to go from here to there, or from one 
state to another, without entering or 
passing through the space, or states, 
in between. 

In a semiconductor, that "passing 
through states" takes the form of an 
effect known as tunneling. If two ad- 
jacent layers of a semiconductor de- 
vice are separated by an extremely 
thin (about the wavelength of an elec- 
tron) depletion layer containing nei- 
ther electrons nor holes, under the 
right conditions electrons can "tun- 
nel" through that depletion layer as if 
it presented no barrier (see Hg. 2). 

(While the idea of quantum -effect 
semiconductors is just now getting 
under way, tunneling devices have 
been known for some time. In the late 
1950s and early 1960s a device known 
as a tunnel diode gained some degree 
of popularity. It even showed up in a 
Heathkit grid -dip meter, used for 
measuring antenna performance.) 

Quantum dots, wires, and wells 
In an ordinary semiconductor, 

electrons, that act like particles rather 
than waves, are confined in a material 
such as one of the layers of doped 
silicon making up the device. In a 
quantum -effect device, however, the 
barriers that confine the electrons are 
made of energy. 

Electrons occupy what are known 
in quantum physics as energy levels 
or energy bands. That is the quantum - 
theory equivalent of electron orbits in 
the more conventional model of 
atomic theory. A higher orbit repre- 
sents a higher energy band. Under 
certain conditions, some materials, 
such as the doped gallium arsenide 
(GaAs) and aluminum gallium arse- 
nide (AlGaAs) that have been con- 
templated for use in quantum -effect 
devices, have energy bands that are 
different. And unless the two different 
materials have energy bands that over- 
lap, electrons cannot be transferred 
from one to the other. That discon- 
tinuity prevents electron movement 
from one material to the other. 

In order to overcome that barrier, a 
semiconductor "sandwich" is made, 
consisting of a very thin layer (200 
angstroms-about the same size as an 
electron's wavelength) of AlGaAs be - 
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tween two layers of GaAs. Then, un- 
der certain conditions, the wave 
nature of electrons make it possible 
for them to tunnel through the middle 
barrier layer as if it were not there. 

If we take advantage of the barrier 
effects of differing materials, we can 
construct several types of quantum - 
effect devices. There are quantum 
dots, quantum wires, and quantum 
wells, depending on whether con- 
finement is to zero, one, or two di- 
mensions (see Fig. 3). The energy 
bands in one- and two-dimensional 

EXPONENTIAL NOTATION 
To express extremely large or ex- 

tremely small numbers, a method 
known as exponential notation is fre- 
quently used. For example, the 
number 106 represents one million- 
a one followed by six zeros. The ex- 
ponent, 6, tells us how many times 
ten must be multiplied by itself to 
reach that magnitude, and indicates 
how many zeros to put after the one if 
the number is written out. 

For numbers smaller than one, a 
negative exponent is used: 10-6 rep- 
resents one millionth (1/1,000,000), 
or ten divided by itself six times. 

Numbers that are not exact multi- 
ples of ten can be represented as 
follows: 
6 x 106 = 6,000,000 (six times one 
million) 
4.5 x 106 = 4,500,000 (four -and -a - 
half times one million) 
3.14 x 10-n = 0.000314 (3.14 times 
one ten -thousandth) 

The table below is a guide to the 
exponential system for representing 
values. Each time the exponent 
changes by one, the value of the 
number changes by an order of ten. 

quantum structures are somewhat 
continuous, meaning that there can be 
some degree of electron transfer be- 
tween them by conventional means. 
In a quantum dot, though, the energy 
bands become discrete and electron 
transfer, in a physical sense, is effec- 
tively blocked. 

Another aspect of the wave nature 
of electrons becomes apparent in con- 
finement. Standing waves, like those 
in systems involving sound (the way 
your voice sounds so great when you 
sing in the shower) or radio -frequency 
(affecting an antenna's efficiency) can 
occur. The quantum structure be- 
comes resonant at a certain frequency. 

At resonance, where the standing 
waves reinforce rather than cancel 
each other, a small amount of energy 
has a great effect. A specific voltage 
will easily cause tunneling; other volt- 
age levels, both higher and lower, will 
not. That, in effect, enables us to turn 
a quantum -device switch on or off. 

Thus, the quantum effect, which at 
first appeared to be rather disconcert- 
ing, and perhaps to present a barrier 
to the further miniaturization of elec- 
tronic components and circuits, now 
appears to present a way out of the 
situation. It may eventually allow us 
to produce complex semiconductor 
devices that will be perhaps one one- 

QUANTUM WELL 

QUANTUM WIRE 

QUANTUM DOTS 

AlGaAs 

FIG. 3-DEPENDING ON THE DEGREE of confinement of electron travel, a quantum 
device may be defined as a quantum well, wire, or dot. 

TABLE 1 

1012 1,000,000,000,000 trillion tera- 
109 1,000,000,000 billion giga- 
106 1,000,000 million mega- 
103 1,000 thousand kilo- 
102 100 hundred hecto- 
101 10 ten deca- 
100 1 unit 
10-1 1/10 tenth deci- 
10-2 1/100 hundredth centi- 
10-3 1/1,000 thousandth milli- 
10-6 1/1,000,000 millionth micro- 
10-9 1/1,000,000,000 billionth nano- 
10-12 1/1,000,000,000,000 trillionth pico- 
10-15 1/1,000,000,000,000,000 quadrillionth femto- 

hundredth the size of current devices. 
Furthermore, while current semi- 

conductor devices have a theoretical 
switching -speed limit in the picose- 
cond (1042 second) range, quantum - 
effect devices can have switching 
speeds up to 100 femtoseconds (10-13 
second)-ten times faster. The way in 
which such a device might be con- 
structed is shown in Fig. 4, and an 
experimental array of quantum -dot 
diodes is shown in Fig. 5. 

Getting things down to size 
It is unfortunate that this new sci- 

ence of nanoelectronics (from the 
Greek nanos, meaning "dwarf") is 
not yet a reality. There are still many 
difficulties to overcome before you'll 
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QUANTUM 
DOTS 

FIG. 4-CROSS SECTION of a theoretical quantum -dot device. 

be able to buy a "supercomputer on a 
chip." 

The first difficulty in making semi- 
conductor devices that small lies in 
getting the pattern for the IC from its 
original size (perhaps several dozen 
square feet) down to a quarter -inch or 
so-the size of the square piece of 
silicon for which it is intended. 

Conventional integrated circuits 
are produced in much the same way as 
an enlargement from a photographic 
negative, only in reverse. Simply 
speaking, a large negative of the IC 
pattern is projected onto the sen- 
sitized surface of the small silicon 
wafer that will eventually become the 
integrated circuit. It is an optical pro- 
cess, where a beam of light does the 
work. The main difference is that the 
image is reduced in size rather than 
blown up. 

In quantum -effect IC's, though, we 
are dealing with extremely small di- 
mensions. So small, in fact, that light 

is too crude a medium to achieve the 
precision required. The wavelength of 
light is measured in angstroms, one 
angstrom being one ten -thousandth of 
a micron, or 10-10 meter. Blue light 
has a wavelength of approximately 
4500 angstroms, or 4.5 x 10-7 
meters. The feature size of our intend- 
ed quantum -effect IC, however, is less 
than 3 x 10-7 meters, which is small- 
er than the wavelength of the light that 
we would use to project the image. 

Obviously, that method won't 
work. It would be like trying to slice 
an olive with a sledgehammer! To 
achieve smaller feature sizes, some- 
thing smaller than photons (with their 
relatively long wavelengths) must be 
used. 

The current solution to the size 
problem is a technique called elec- 
tron -beam lithography, where elec- 
trons, rather than photons, are used. 
With their smaller wavelengths, elec- 
trons afford a much greater definition 

FIG. 5-MICROGRAPH of an experimental array of quantum -dot diodes. The smallest 
feature here is just 1000 angstroms, or 10-7 meters. (Photo courtesy of Texas Instruments) 

than photons. (That is why electron 
microscopes can enable us to see 
things that are much smaller than we 
can see using conventional optical 
microscopes.) 

Electron -beam lithography, how- 
ever, is an impractical method for 
mass -production. At present, the 
most promising answer lies in Mask- 
ed Ion -Beam Lithography (MIBL), a 
technique now under investigation at 
the University of Houston. Instead of 
using photons or electrons to project 
the IC pattern onto the surface of a 
silicon wafer, MIBL uses ions of hy- 
drogen. The wavelength of those ions 
is even smaller than that of electrons, 
making it possible to achieve the fea- 
ture size required by quantum -effect 
devices. 

The next problem comes in the in- 
terconnection of the components on 
the surface of the integrated circuit. In 
ordinary -scale IC's, the components 
are connected by thin strips of con- 
ductive material deposited on the sil- 
icon surface. At the quantum -effect 
scale, however, such a method is im- 
practical. Not only does electrical re- 
sistance and current leakage cause 
problems, but we also run into the 
problem of how to contain the elec- 
trons in the microscopic conductors 
that would have to be used. 

One solution is to make the inter- 
connects as large as, if not larger 
than, the components they join -not a 
very practical answer. A more elegant 
solution involves what is called lim- 
ited -interconnect architecture. Using 
computer assistance, the IC pattern is 
laid out so that parts of the circuit that 
are electrically adjacent to one an- 
other are physically adjacent as well. 
Where one ends, the next begins, and 
electrons move from one to the other 
directly. Using that approach, at least 
a good deal of the interconnections 
can be eliminated. 

Other difficulties arise from the ex- 
tremely small feature size of quan- 
tum -effect devices. A quantum dot 
can contain only a few electrons-not 
enough to make it possible to discrim- 
inate between a legitimate signal and 
random noise. Several quantum dots 
have to be ganged together to over- 
come the noise threshold. 

Also, getting signals out of a quan- 
tum -effect integrated circuit and into 
the real world is not a simple matter. 
The voltages and currents present in 
quantum -effect devices are much 

continued on page 104 
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E i u1 i NG 13 
This quick six -step approach can help you to isolate VCR failures. 

PEOPLE OFTEN HAVE QUESTIONS DEALING 

with VCR problems. One of the most 
frequent is: "How can I tell which 
circuit in my VCR is causing the 
symptoms I see on my TV or 
monitor?" This article will provide 
some of the answers to that question, 
and also discuss some valuable ser- 
vicing tips. 

One reason why it's sometimes so 
difficult to isolate a VCR failure is 
that almost any circuit can cause 
many different problems, and, quite 
often, the symptoms are misleading. 
Sometimes something unusual, such 
as a shorted switching transistor or a 
capstan- or cylinder -servo problem, 
may confuse a servicer into replacing 
a good component. Therefore, to 
avoid any unnecessary procedures, 
some kind of step-by-step process is 
required. 

A step-by-step method 
One way to isolate problems is by 

checking out the unit in the following 
order: 
1-Visual inspection 

BRIAN PHELPS 

2-Check microprocessor 
3-Servos (cylinder and capstan) 
4-Luminance 
5-Chrominance 
6-Audio 

Visual inspection 
Looking for the obvious includes 

things such as foreign objects that 
may be jammed inside the VCR. (You 
would be surprised what children 
might manage to stick inside an ap- 
pliance). The tracking control may be 
out of the center-detent position, or 
the consumer may have locked -up 
their VCR in a program mode. At any 
rate, failure to check for the obvious 
problems first can send you on a wild 
goose chase. 

Microprocessor analysis 
There are some very basic things to 

check that concern the micro- 
processor. 

The B + supply for DC level, rip- 
ple, and any high -frequency glitches. 

The clock input for any DC voltage 
that should be there, the amplitude of 

i CS 

the clock signal, and the frequency. 
The data inputs and outputs. We're 

mostly concerned that there is activity 
on those lines, and that the activity 
changes when different functions of 
the VCR are selected, rather than how 
the actual signals look. 

The reset pulse; it usually occurs 
between 0.5 and 1 second after B + is 

applied to the microprocessor. If the 
reset pulse is absent, the micro- 
processor may start its routine at any 
point, yielding some strange symp- 
toms-if anything at all. 

Servos 
When troubleshooting servos, it is 

often helpful to use a block diagram 
(see Fig. 1). Before you start, however, 
you must decide which servo or ser- 
vos you should be looking at. 

You can determine if the problem is 
caused from the capstan or the cylin- 
der servos by listening to the audio. 
The audio quality is dependent upon 
the rate at which the tape is being 
pulled by the capstan across the audio 
head. If the speed is incorrect, the 
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FIG. i-THE BLOCK DIAGRAM of the servo circuits inside a VCR. A block diagram is often 
very helpful in troubleshooting because it shows you how the different sections ofi a 
circuit are interconnected. 

a 

FM. 2-THE PULSE -WIDTH modulator 
signai is shown in (a). The capstan fre- 
quency generator, shown in (b), has a fre- 
quency that changes as the tape speed 
ch, anges. The cylinder pulse generator (c) 
shoud have a constant frequency, the 
control track logic (d) should have a fre- 
quency of 29.97 Hz, and the 30 -Hz refer- 
erce pulse (e) should have an extremely 
steady frequency of 29.97 Hz. 

audio will sound distorted. But, if the 
audio sounds good, you should lock 
at the cylinder servo circuitry. 

When analyzing the servo circuits, 
there are some key signals to check. 
Those include the pulse -width mkx1u- 

lator signal (PWM), the capstan fre- 
quency -generator signal (FG), the 
cylinder pulse -generator signal (PG), 
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FIG. 3-THIS BLOCK DIAGRAM shows the video -processing circuitry inside a VCR. The 

circuitry inside all VCR's is similar. 

the control -track logic pulse (CTL), 
and the 30 -Hz reference signal. Fig- 
ure 2 shows how those signals should 
look for proper servo operation. 

Luminance circuitry 
The luminance circuits typically 

produce failures ranging from noisy 
video to a lack of video. However, 
failures such as those can also be 
caused by anything from the video - 
head circuitry to the RF modulator. 

A good approach to troubleshoot- 
ing luminance circuits is to inject a 
signal that would be present at various 
test points if the VCR were operating 
properly. That way you can determine 
which circuits are and aren't working 
by checking every point where the 
signal is supposed to appear. 

One example of troubleshooting by 
using signal injection is substituting a 

known good signal in place of the one 
coming from the video heads (see Fig. 

3). Sencore's VC63 VCR test accesso- 
ry provides a signal to inject into the 
video preamps. (You should use equal 
levels for both preamp inputs and if 
one of the inputs needs a greater sig- 
nal level, that's the path to follow.) 
That simple procedure tells you 
whether or not the preamps were re- 
ceiving a good signal from the video 
heads. If everything checks out after 
the signal is injected, that would 
probably indicate a bad video head. 

If, after injecting a signal into the 
preamps, there is still a problem, the 
chances are good that the video heads 
are all right. For example, suppose 
that one of the playback/record 
switching transistors has a short. That 
would put 10 ohms between the play- 
back path for one of the heads and 
ground. The resulting picture on the 
monitor is similar to that of a bad 
video head, and many repairmen 
would prematurely clean and/or re- 

place the video heads-a procedure 
that is costly and time-consuming. 

Chrominance 
Defects in the chrominance and audio 
circuits can be detected by looking at 
the color or listening to the audio. 
Quick checks for the chrominance in- 
clude testing the 3.58 -MHz oscillator, 
the 4.2 -MHz conversion signal, the 30 - 
Hz and 15 -kHz reference signals, and 
the 629 -kHz VHS color subcarrier. 

If you troubleshoot a VCR following 
the procedures in the correct order, you 
can quickly and accurately isolate de- 
fective stages in the circuitry. After a 

couple of trial runs on known -good 
VCR's, you should be able to tackle the 
"Tough Dog" problems that you may 
come across. Just be sure that you learn 
any new techniques and procedures on a 

known good unit, so that you are not led 
astray by erroneous readings and 
strange results. R -E 
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This article shows you 

how to design your own 
logic circuits-even if 

you're not an engineer. 

R. F. SHARP 

NOT LONG AGO, PEOPLE WHO WERE IN - 

volved in electronics as a hobby more 
than likely worked in the electronics 
field as well. As a result, those people 
quite often had a strong background in 
circuit design. Nowadays, however, 
many people dabble with all sorts of 
do-it-yourself electronic gadgets. Un- 
fortunately, when you build a ready - 
to -assemble kit, or if you assemble a 
circuit according to someone else's 
schematic, you learn very little in the 
way of actual circuit -design and engi- 
neering techniques. 

In this article we will show you a 
systematic approach that is used by 
circuit designers to create switching 
circuits. And although circuit design 
is a broad topic, and cannot be cov- 
ered in detail in the space we have 
available, you should still be able to 
acquire enough knowledge from read- 
ing this article to get a good head start 
when you set out to design a logic 
circuit of your own. 

We will begin with the fundamen- 
tals and, although the subject of cir- 
cuit design requires some familiarity 
with algebra, we will try to avoid 
mathematics as much as possible. 
Those of you who are already familiar 
with digital circuitry may find some 
parts of this article too elementary and 
will want to skip over them. Even so, 
it might be a good idea to read along 
just as a refresher. 

Number bases 
The most elemental language of 

computers or digital circuits is the 
base -2 (or binary) number system. 
The reason for that is because all digi- 
tal circuitry is basically a collection of 
on/off switches, electronic or me- 
chanical. And since a switch has only 
two states it can therefore be repre- 
sented using the digits 0 or 1 in the 
binary number system. Other number 
systems, such as Binary Coded Deci- 
mal (BCD) and hexadecimal (base 16) 

are natural outgrowths of base 2. Our 
everyday number system, decimal, 
was originally chosen as base 10 to 
correspond to the number of fingers 
(digits) we have. Perhaps there are 
some computer scientists who at one 
time or another have wished that hu- 
mans had eight fingers on each hand 
so that we would be more familiar 
with hexadecimal! 

To help explain how the binary 
number system works, let us first ana- 
lyze the cecimal number system. The 
base -10 number system works like 
this: The number 1234 means 4 x 1 + 
3 x 10 + 2 x 100 + 1 x 1000. Each 
successive position to the left of the 
decimal point represents the next 
highest power of 10. So, the number 
1234 could also be represented as 
4x100 + 3x101 + 2x102 + 
1 x 103. (Note that any number raised 
to the power of 0 is equal to 1 and any 
number raised to the power of 1 is 
equal to the number itself.) 
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1 ¡ MANUAL SWITCH 1((A) 
_TIMER 

FIG.1-IN THIS CIRCUIT, the lamp will turn 
on if both the timer AND the switch are 
closed. 

r- 

_ 

(A) 
;TIMER - (B) 
; 

_ J MANUAL SWITCH 

B1 

FIG. 2-THIS CIRCUIT REQUIRES that ei- 
ther the timer OR the switch must be 
closed for the lamp to be on. 

T 

P IA) 

B1 

N 

z 

LMPI 

FIG. 3-IF THE SWITCH (A) is open, the 
lamp is on, and if the switch is closed, the 
lamp is off. The relay inverts the switch's 
action. 

Base -2 numbers use powers of 2 
instead of 10. For example, the 
number 111011 in base 2 translates as 1x1+1x2+0x4+1x8+ 
lx 16 + lx 32. It could also be writ- 
ten as 1x20 + 1x21 + 0x22 + 
1 x 23 + 1 x 24 + 1 x 25. Notice that 
the base number of any given number 
system never appears as a single 
character. For example, base 10 only 
has the characters 0-9, while base 2 
only has the characters, 0 and 1. 
Counting in binary is actually very 
easy, for example, 000, 001, 010, 011, 
100, 101, 110, 111, 1000, 1001, etc. 

Logic 
When it comes to switching cir- 

cuits, there are two types of logic: 
positive and negative. Positive logic 
assigns the digit "1" to represent a 
high output and "0" to represent a 
low output. Negative Logic is much 
less common and works just the op- 
posite (1 = low output and 0 = high 
output). For our purposes we'll say 
that a high output is 5 volts and a low 
output is 0 volt. We can also say that a 
"1" means true and that a "0" means 
false. 

So why, you wonder, is all that of 
interest? As an example, suppose we 
want to design a circuit that will turn 
on a lamp at 7:00 pm. We would also 
like to have an override switch so that 
we can manually turn the lamp off 
regardless of the time. 

The circuit in Fig. 1 turns on the 
lamp if both the timer AND the manual 
switch is closed. Using positive logic 
we can say that LMPI is true only if A 
AND B are closed. Alternately, we 
might want to turn the lamp on even if 
the timer has not reached its set time. 
The circuit in Fig. 2 will light the bulb 
if either the timer OR the manual 
switch is closed. Again, using 
positive logic we can say that LMP1 is 
true if either A oR B is closed. 

While those two circuits are trivial, 
and are very easy to design, we have 
nonetheless introduced some con- 
cepts that will eventually allow us to 
create much more complicated cir- 
cuits. The two key words that we used 
were AND and OR, our basic tools. 
When we talk about AND and OR in 
electronics, we are referring to de- 
vices called logic gates (switches that 
control electron flow). 

Our last basic building block is the 
NOT gate, better known as an inverter. 
Figure 3 shows a way of implementing 
the NOT function by using a normally 
closed relay to invert the switch's ac- 
tion. Logically, LMP1 is true only 
when switch A is open. 

Logic gates can be made using di- 
odes and resistors, known as Diode 
Resistor Logic (DRL). Figure 4-a is a 
DRL OR gate and it works as follows: 
If both inputs (A and B) are low, the 
output (VouT) is low. However, if ei- 
ther input is high, the diode that cor- 
responds to the high input conducts, 
providing a path for current to flow to 
ground. As the current flows, most of 

FIG. 4-THESE TWO CIRCUITS use diode - 
resistor logic (DRL). The one in a is an OR. 
gate, and the one in b is an AND gate. 

AND 

a 

A B 

0 0 

o 1 

1 0 

1 1 

Y 

0 

0 

o 

OR A B Y 

A 
0 0 0 

0 1 1 

Y 

B 1 0 I 

1 1 1 

B 

Nor 
(INVERTER) 

NAND 

NOR 

b 

C 

d 

A Y 

0 1 

1 0 

A B Y 

o o 
1 

o 1 

1 0 

1 1 0 

A B Y 

o o 1 

0 1 0 

1 0 0 

1 1 0 

FIG. 5-SHOWN HERE ARE the truth ta- 
bles and schematic symbols for the five 
basic logic gates. 

the voltage is dropped across R3, and 
a high is measured at VouT. The out- 
put is the same if both inputs are high. 

Figure 4-b is a DRL AND gate and it 
works as follows: If both inputs are 
low, both diodes are conducting and 
VouT will be low. If only one input is 
high, the other input is still con- 
ducting and there is still a low at the 
output. It is only when both inputs are 
high, that neither diode is conducting 
and a high is measured at the output. 

Two other useful gates can be made 
by adding an inverter at the output of 
an AND gate and an OR gate. An AND 
gate becomes a NAND gate (meaning 
NOT AND) and an OR gate becomes a 
NOR gate (meaning NOT OR). 

Truth tables 
A truth table is a method of sum- 

marizing the operation of a gate or 
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combination of gates. Circuits are 
said to have equal functions if their 
truth tables are the same. In general, 
the inputs to a logic gate are labeled 
"A", "B", "C", etc., and the output 
is labeled "Y." A truth table usually 
has those designations, uses positive 
logic, and l's and 0's to represent 
highs and lows. You may also come 
across a truth table using "T" and 
"F"(true and false), or "H" and "L" 
(high and low). 

A truth table lists all possible com- 
binations of inputs and their corre- 
sponding outputs. Figure 5 shows the 
truth tables for the gates that we have 
discussed, along with the schematic 
symbols for each one. Note that al- 
though we have shown only two in- 
puts for the AND, OR, NAND, and NOR 

gates, they often have several inputs. 
Listing all possible combinations 

of inputs can be a very painstaking 
process, especially for a circuit hav- 
ing ten inputs. That would require that 
you recognize 1024 different com- 
binations. The simplest way to figure 
out how many possible combinations 
of inputs there are is to count the 
number of inputs to the device or cir- 
cuit, and then raise 2 to that power. 
For example, a circuit having ten in- 
puts would have 210, or 1024 possible 
combinations of inputs. 

Figure 6 shows a partial truth table 
for a 5 -input AND gate. Although the 
table is incomplete, you should see a 
pattern there. Notice that the five in- 
puts (A-E)' are actually counting in 
binary from zero to thirty one (there 
are a total of 32 possible combina- 
tions of inputs). For example, input 
number 4 corresponds to the binary 
number 4 (00100). Notice that the 

INPUTS 

o 
U 

T 
P 
U 
T 166 8's 4g 2's 1's 

A BCDE Y 

o o o o o o o 

o o o o o 

2 o o o o o 

3 o o o o 

4 o o o o o 

5 o o o o 

6 o o o o 

7 o o o 

8 o o o o o 

9 o o' o o 

10 o o o o 

31 1 1 

F G. 6-THIS IS A PARTIAL truth table for a 

five -input AND gate. 

only time the output of the 5 -input 
AND gate is a "1" is when all the 
inputs are 1. 

Suppose you had a device with 
seven inputs and you had to list all the 
possible combinations of inputs. To 
make a truth table you would first 
have to calculate: 27= 128. That 
means that there are 128 possible 
combinations of inputs. Then you 
would have to count in binary from 0 
to 127, and that would be the list of all 
the different inputs. Data sheets sup- 
plied with logic components usually 
list truth tables. 

Boolean algebra 
So far we have developed most of 

the tools we will need for circuit de- 
sign. However, the last subject that 
you must become familiar with, 
Boolean algebra, is at the very heart 
of circuit design. 

Boolean algebra is named in honor 
of George Boole, an English mathe- 
matician, who was underappreciated 
during his own times. His develop- 
ments of the "algebra of logic" had 
little practical use in 1847 when it was 
introduced. However in 1938, Claude 
E. Shannon of M. I. T. presented a 
paper outlining how Boolean algebra 
could be adapted to represent switch- 
ing circuits. 

If you are familiar with ordinary 
algebra you'll notice some sim- 
ilarities between that and Boolean al- 
gebra. The main difference is that the 
variables (the unknown quantities) of 
algebra can represent any value, 
while the constraints of logic (that a 
statement is either true or false) insist 
that variables of Boolean algebra have 
only one of two values. 

Rules 
Certain rules must be followed in 

Boolean algebra. We will not offer 
any proof of these rules, we will sim- 
ply list them for later use. In Boolean 
algebra you must be aware that: the 
symbol "" means AND (the "" can 
be dropped: AB can also be written 
as AB), the symbol " + " means OR, 6-0 + 1 = 1 

and when something has a bar over it, 7-1 + 0 = 1 

the term is negated; for example, "A" 8-1 + 1 = 1 

means "A NOT." 9-1 = 0 
1-A, B, C, etc., can either be 1 or 0 10--5 = 1 

(true or false) 11-AB = BA (the commutative 
2-0.0 = 0 property) 
3--0.1 = 0 12-A+B = B+A 
4-1.0 = 0 13-A(BC) = AB(C) (grouping is 
5-1.1 = I also commutative) 
5-0+0 = 0 14-A+(B+C) = (A+B)+C 
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1 
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1 
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FIG. 7-THIS CIRCUIT PROVES that 
A(A+B)=A because the columns for A 
and Y in the truth table are the same. 
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FIG. 8-A AB A. That can be proven by 
comparing columns A and Y. 
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FIG. 9-THE TRUTH TABLE has been ex- 
panded to include other points in the cir- 
cuit. It proves that A(A + B) AB. 
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15-A(B + C) = AB + AC (the dis- 
tributive property) 
16-A+BC = (A+B) (A+C) 
17-A0 = 0 
18-A1 = A (depends solely on A's 
value) 
19-AA = A (A can only be equal to 
Oor1) 
20-AÁ=0 
21-a double negative equals itself 

w 
D 
S 

M 

T 
TO 

A 

FIG. 10-OUR BURGLAR -ALARM system 
can be represented using logic gates. 

WINDOW SENSOR 

DOOR SENSOR 

SAFE SENSOR TIMER 

FILE SENSOR 

MOTION SENSOR 

ACTIVATE 
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FIG. 11-HERE IS THE ACTUAL CIRCUIT- 
RY for our office burglar -alarm system. 

22-A+0 = A 
23-A +1 = 1 (1 is always true) 
24-A+A = A 
25-A +,A = 1 

DeMorgan's theorems can often be 
used to simplify a Boolean expres- 
sion. The theorems are as follows: 

ABC = A+B+C 
and 
,A+B+C = ABC 

We will not prove the validity of 
those equations; however, the three 
steps for using them are: 
1-Change all the " "to " + " and 
vice versa 
2-Replace all variables with their 
complements. (A would become A, B 
would become B, etc.) 
3-Negate the entire expression. 

Figures 7-9 show some interesting 
ways of simplifying Boolean éxpres- 
sions. The relationships can be de- 
rived from DeMorgan's theorems, 
however, there is no need to go into 
those derivations. 

The circuit in Fig. 7 proves that: 
A(A + B) = A. In that circuit Y is 
true if A is true AND A OR B is true. 
Obviously Y is equal to A. The truth 
table demonstrates that equivalence. 
The circuit in Fig. 8 proves that 
A + AB = A. You can see that by 
looking at the truth table and compar- 
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n 

FIG. 12-THIS CIRCUIT WILL PREVENT our farmer from loosing any of his goods. 

ing A to Y. That whole circuit can 
therefore be replaced by A alone. The 
circuit in Fig. 9 is a bit more tricky, 
proving that ACA- +B) = AB. The 
truth table has been extended to in- 
clude A and AB. Since the truth table 
shows that AB and Y are equal, the 
expression is true. 

In the beginning of this article we 
agreed to go lightly on mathematics, 
and by now you probably suspect that 
we have strayed from that promise. 
Take heart, you now have all the 
equipment you need to design a work- 
able switching circuit. Of course you 
must observe the parameters given in 
the data that is included with the com- 
ponents you plan to use in your de- 
signs. Those include power -consump- 
tion, loading, and timing constraints, 
that we are not going to get into. 

Circuits 
Before we apply the techniques we 

have learned to designing an actual 
circuit, let us first list the steps we 
must follow when designing a circuit 
from scratch: 
1-State the problem in logical and 
concise sentences, using the logical 
operators OR, AND, and NOT. 
2-List the input variables and assign 
a letter to each. 
3-Determine the desired output for 
the circuit. 
4-Translate the words into a 
Boolean equation. 
5-Represent the Boolean expression 
using gate symbols. 
6-Redraw the schematic using real 
components. 

As our first test of that approach we 
will design a security system for an 
office. 

Let's suppose that the office has a 
window and a door that are potential 
entrances for a burglar. We also want 
to guard the contents of a safe and a 
file cabinet. As an added measure of 
security we will add a motion sensor 
to cover the entire room. Since no one 
is authorized to enter the room except 
during working hours, we can power 
the alarm system from a timer that 
activates the system from 5:30 pm 
until 8:30 am. We will also need some 
sort of disable switch in case an au- 
thorized person must enter during 
non -working hours. 

Step one: 
The alarm will sound if the timer is 

on AND the on/off switch is on AND the 
window sensor oR the door sensor oR 
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FIG. 13-A 7 -SEGMENT DISPLAY (a) is la- 

beled as shown. In order for it to display a 

number correctly, the segments shown in 
b must be lit. The table in c shows the 
Boolean expressions that must be de- 
coded in order to display the correspond- 
ing decimal number. 

the safe sensor OR the file sensor OR 

the motion sensor are on (or triggered 
by an intruder). 
Step two: 

We will represent our variables 
with the following letters: 

Window sensor-W 
Door sensor-D 
Safe sensor-S 
File sensor-F 
Motion sensor-M 
Timer-T 
On/off switch-H 

Step three: 
Our output will be something like a 

bell or siren and we will represent it 
with the letter "A" 
Step four: 

Our Boolean expression is: 
A = TH(W+D+S+F+M) 
Step five: 

Figure 10 shows our Boolean ex- 
pression being implemented with gate 
symbols. 

Step six: 
The easiest way to implement our 

alarm system is to use switches to 
detect an open or closed window, 
door, safe, or file cabinet. The motion 
sensor can be considered as a switch 
that closes when motion is detected in 
the room,. The circuit in Fig. 11 illus- 
trates our alarm system. 

The chicken and the fox 
Our first circuit was fairly simple. 

Let us now turn to a classic example, a 
variation on what appears in nearly all 
logic texts. This time we will design 
an electronic version of an old word 
puzzle: 

There was once a farmer who was 
taking to market a fox, a chicken, and 
a basket of corn. To get to market the 
farmer had to cross a stream. His boat 
could carry only the farmer and one 
other item. The farmer found himself 
in a dilemma. If he left the chicken 
and the corn together while he took 
the fox across the stream, the chicken 
would feast on the corn. Alternately, 
if the chicken and the fox were left 
alone, that would cost the farmer a 
hen. Short of wringing a few necks, 
what was the farmer to do? We're sure 
everyone has heard this one, but as a 
refresher; first the chicken is taken 
across and left alone on the market 
side of the stream. The farmer returns 
across the stream and picks up the fox 
which he then carries across. The 
farmer returns the chicken to the orig- 
inal side where he exchanges it for the 
corn. The corn is taken across and left 
with its safe companion, the fox. The 

farmer returns for the chicken and, on 
recrossing, is on his way to market; all 
products intact and healthy, though a 
bit confused. 

Now we want to construct an elec- 
tronic game around that old scenario. 
Step 1: 

We want to sound an alarm if the 
fox AND chicken are together but NOT 

the farmer, OR if the corn AND chicken 
are together but NOT the farmer, OR if 
the corn AND the chicken AND the fox 
are together but NOT the farmer (that 
last situation could leave the farmer 
with only a very fat fox!). 
Step 2: 

We'll use the following letters: 
Farmer-F 
Fox-X 
Corn-N 
Chicken-C 

Step 3: 
Our output will be a buzzer or light 

represented by the letter "A" 
Step 4: 

Our Boolean expression is: A = 
CXF + CNF + CNXF 

We will now attempt to simplify 
that expression using Boolean al- 
gebra, and then we will check our 
results with a truth table. 
A = CXF + CNF + CNXF (original 
expression) 
A = CF(X + N + NX) (rule 15) 

A = CF(X + N(1 + X)) (rules 15 and 
18) 
A = CF(X + N)(rule 23) 
Step 5: 

Figure 12 shows our circuit and also 
the truth table confirming .that our 
simplification was correct. 

A o } ABC) 

D o 

ABC) 

ABCD 

ABC 

TO 

SEGMENT 

ABC +-ABC+ABCD+ABC 

FIG. 14--IERE IS OUR FINAL CIRCUIT. It will decode the BCD information for the "a" 
segment. 
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7 -segment decoder 
By now you should be able to see 

how Boolean algebra allows for an 
orderly design procedure. As a final 
example we will construct part of a 7 - 
segment decoder. Such a device is 
used to translate BCD (Binary Coded 
Decimal) information into a familiar 
base -10 digit to be displayed on an 
LED or LCD 7 -segment display. Fig- 
ure 13-a outlines the segment desig- 
nations for that type of display. For 

INPUTS 

(7) 

111 

12) 

(5 

BI/RBO 
BLANKING 
INPUT OR 

RIPPLE -BLANKING 
OUTPUT 

o 

LT 

LAMP -TEST 
INPUT 

131 

RBI 
RIPPLE -BLANKING 

INPUT 
15) 

t> 

example, to display the numeral 3 we 
would light segments a, b, c, d and g. 
Step 1: 

We want to be able to display the 
digits 0-9 so we'll need at least ten 
different combinations of inputs. 
That's because in binary, if we have 
three inputs (A,B,C), we would only 
have eight possible combinations 
(23 = 8). Therefore we need four in- 
puts (A,B,C,D). Let A represent the 
most -significant digit, B the next, and 

)- 

l 
}_J 

.-.-I l l 

-11) 

a 

t 

13) 

1101 

(14) 

115) 

Ob 

Oc 

Od 

Oe 

0 

OUTPUTS 

DECIMAL 
OR 

FUNCTION 

INPUTS OUTPUTS 

D C 8 A a b .c d e f= g 

0 L L L L ON ON ON ON ON ON OFF 
1 L L L H OFF ON ON OFF OFF OFF OFF 
2 L L H L ON ON OFF ON ON OFF ON 
3 L L H H ON ON ON ON OFF OFF ON 

4 L H L L OFF ON ON OFF OFF ON ON 
5 L H L H ON OFF ON ON OFF ON ON 
6 L H H L OFF OFF ON ON ON ON ON 
7 L H H H ON ON ON OFF OFF OFF OFF 

8 H L L L ON ON ON ON ON ON ON 
9 H L L H ON ON ON OFF OFF ON ON 

10 H L H L OFF OFF OFF ON ON OFF ON 
11 H L H H OFF OFF ON ON OFF OFF ON 

12 H H L L OFF ON OFF OFF OFF ON ON 
13 H H L H ON OFF OFF ON OFF ON ON 
14 H H H L OFF OFF OFF ON ON ON ON 
11 H H H H OFF OFF OFF OFF OFF OFF OFF 

b 

FIG. 15-THIS IS A COMPLETE 7 -SEGMENT decoder. The device is made by Texas 
Instruments. 
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FIG. 16-THE CIRCUITS ON THE LEFT are 
functionally equivalent to the ones on the 
right. 

so on. For example, if the BCD 
number is 0011, D=1, C=1, B=O, 
and A = 0. That is the code for the 
number "3" in base -10. We want our 
display to show a: 
"0" if NOT D AND NOT C AND NOT B 
AND NOT A 
"1" if D AND NOT C AND NOT B AND 
NOT A 
"2" if NOT D AND C AND NOT B AND 
NOT A 
"3" ifDANDCANDNOTBANDNOTA 
"4" if NOT D AND NOT C AND B AND 
NOT A 
"5" if D AND NOT C AND B AND NOT A 
"6" if NOT D AND C AND B AND NOT A 
"7" if D AND C AND B AND NOT A 
"8" if NOT D AND NOT C AND NOT B 
AND A 
"9" if D AND NOT C AND NOT B AND A 
Step 2: 

Input variables are A, B, C and D. 
Step 3: 

Figure 13-b shows which segments 
must be lit according to the number to 
be displayed. 
Step 4: 

Figure 13-c shows what the 
Boolean expressions for our inputs 
look like, and also the corresponding 
hi/low (1/0) input values. 
Step 5: 

We now have to do some thinking. 
Each segment of our display needs a 
circuit that can decode the BCD infor- 
mation so that the segment will light 
only when it is supposed to. Let's 
work on the "a" segment. Figure 13-b 
shows that segment "a" is supposed 
to light when displaying 0, 2, 3, 5, 7, 
8, and 9. From the information in Fig. 
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13-c we can come up with the follow- 
ing expression: 
a =ABCD + ABCD + ABCD + 
ABCD + ABCD + ABCD + ABCD 

Using the rules we have learned we 
will simplify that expression. 
a = (ABCD + ABCD + ABCD + 
ABCD) + (ABCD + ABCD + 
ABCD) (rule 12) 

We will work it out in two halves: 
(ABCD + ABCD + ABCD + ABCD) 

(ABC(D + D)) + (ABD(C + C)) 
(rule 15) 
= (ABC) + (ABD) (rule 25) 

Now the second half: 
(ABCD + ABCD + ABCD) = 
ABCD+ABC(D+D) = 
ABCD + ABC 

Now we recombine the two halves 
to form our final expression: 
ABC + ABD + ABCD + ABC 

Figure 14 shows our final circuit. 
That circuitry will turn on the "a" 
segment whenever a BCD input re- 
quires it. By now, you should be able 
to design the circuitry to decode BCD 
for all the other segments. 

Figure 15 shows a complete BCD - 
to -7 -segment decoder, Texas Instru- 
ments' 74LS47. Right away you 
should notice that the circuitry for the 
"a" segment is different from what 
we came up with. One of the reasons 
for that is because ours only decoded 
digits 0`9. The one made by Texas 
Instruments will display six addi- 
tional characters that we made no 
provisions for. However, the tech- 
niques that were used in designing 
Texas Instruments' decoder are sim- 
ilar to ours. Texas Instruments has 
also added some extra features to their 
decoder, such as a means to test of all 
of the segments of the display simul- 
taneously. 

So far we haven't said anything 
about reducing the number of compo- 
nents in your circuit design. However, 
by properly applying the rules of 
Boolean algebra, many unnecessary 
components can be eliminated. We 
can, if necessary, change an expres- 
sion so that we can use components 
that we have on hand. Also, most 
logic components contain several of 
the same gates in a single package, so 
you should make full use of all gates 
available whenever possible. For ex- 
ample, notice the substitutions you 
can make shown in Fig. 16. Those 
substitutions are quite often very 
useful, should you have any unused 
gates in your circuit. R -E 
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HARDWARE 
HACKER 

A/D and D/A conversion 

CONGRATULATIONS TO RICK STANLEY 
of Bloomsburg, Pennsylvania for 
his winning of our grand prize tin- 
aja quest in the pneumatic -valve - 
hacker applications contest. Rick's 
Air -Dale automatic dog -watering 
mechanism won paws down, 
while his Air -O -Smith guitar -play- 
ing machine was in a special class 
by itself. 

As per usual, this is your column 
and you can get both tech help and 
off-the-wall networking by calling 
up the Guru hisself per the "Need 
Help?" box. The best calling times 
are weekdays, 8-5, mountain -stan- 
dard time. 

Also as per usual, we've again 
gathered all of those names and 
numbers together for you into one 
single table. That's where you go 
for further tech info on any and all 
of the items mentioned. 

One correction. The real phone 
number is (812) 339-7305 to reach 
Speleonics. You might call Frank 
Reid there on most any weekday 
evening. Many thanks to the Indi- 
ana University Chem Department 
Machine Shop (the wrong number 
previously listed) for forwarding 
the zillions of calls they got. 

A bunch of positively ridiculous 
breakthroughs in the hacker A/D 
converter pricing, availability, and 
performance have happened in 
the last few weeks. The rule seems 
to be this: If the ink on your A/D 
data sheet is not still wet, then you 
are dealing with a very overpriced 
and obsolete part. 

The best place to start on all this 
is with some.... 

A/D conversion fundamentals 
An A/D Converter (ADC) is most 

any electronic device for changing 
varying or analog inputs into digi- 
tal pulses or numbers. The two 
most important specifications of 
an ADC are its resolution and its 
conversion speed. 

The resolution will determine 
the best possible output accuracy 
and is usually expressed in bits. An 
8 -bit ADC can resolve up to one 
part in 256. A 10 -bit ADC can re- 
solve one part in 1024.12-,14-, and 
16 -bit ADC's can resolve 4096, 
16384, and 65514 separate analog 
levels. 

But note that a 16 -bit ADC will 
only give you a 16 -bit result for a 
full-scale input, and then only if 
the input signal has not been cor- 
rupted by noise or any kind of fre- 
quency limitations. 

For instance, a 16 -bit ADC with a 
four -volt reference will give six- 
teen bits of resolution for a four - 
volt input, twelve bits of resolution 
for a one -volt input, only eight bits 
of resolution for a quarter -volt in- 
put, and so on. The minimum in- 
put signal that can be converted is 
often set by the quantization noise 
of the A/D process itself. 

The conversion speed is simply 
how many conversions per second 
the ADC is capable of. Examples 
include instrument circuits that 

Phone or write yo 
Hacker questior)_; 
Don Lancaster 
Synergetics 
Box 809 
Thatcher, AZ 8555 
(602) 428-4073.;.,. 

Electronic references 
16 -bit converter chips 

Synchronous inverters 

A/D conversion secrets 

Apple computing books 

DON LANCASTER 

can very accurately handle only a 
few to a few hundred conversions 
per second, telephone chips that 
work in the three- to six -kHz 
range, CD audio converters that 
run near 40 kHz, video A/D circuits 
that operate at 15-25 MHz, and the 
pricey radar A/D converters that 
extend beyond 200 MHz. 

There are a number of different 
ways of doing an A/D conversion. 
The fastest is called a brute -force 
or flash -converter type, in which a 
pile of comparators is put to use, 
having one for each input level. A 
variation on flash converters uses 
the new feedforward conversion 
process, where one-half of the bits 
are flash converted, and the r' 
mainder error is calculated. m he 
remaining half of the bits are then 
flash converted and combined 
with the previous conversion. 
Feedforward converters run at 
one-half or less of flash -converter 
speeds, but will use far fewer com- 
parators to do the job. 

Most video converters are either 
the flash or the feedforward type. 
Radar converters of necessity must 
use flash conversion. They can be 
insanely expensive. 

One of the very common older 
conversion methods is known as 
successive approximation. In that, 
one-half of the reference is sub- 
tracted from the input so long as a 
positive result remains. Then one - 
quarter of the reference is sub- 
tracted, which is followed by one - 
eighth, one -sixteenth, and so on 
down the bits. Those successive - 
approximation converters are fair- 
ly simple and fairly cheap. Uses are 
typically in the medium -speed and 
medium -resolution areas. 
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NTE'S SECOND THEORY OF REPLACETIVITY 

DO IT BY THE BOOK! 

"Replacetivity" is the science of setting things up and 

running again. And nothing helps accomplish it faster, 

easier and with more confi lence than the new 1988-1989 
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of $ 
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Telephone A/D converters are 
sometimes also called compan- 
ders. They do a non-linear con- 
version where the small signal 
levels are sliced finer than larger 
ones. That way, you can digitally 
represent a 12 -bit range with only 
an 8 -bit non-linear output. 

Those instrument A/D convert- 
ers normally run much slower than 
the others while providing a con- 
siderably higher accuracy. The 
classic conversion schemes here 
include the dual -slope and multi- 
ple -slope conversions, where the 
input will linearly charge up an in- 
tegrating capacitor and a precision 
reference then discharges it. By 
measurement of the discharge 
time, you end up with a number 
equal to the input analog voltage 
or current. 

One very important feature of 
most instrument converters lies in 
their ability to reject power -line 
frequency noise or hum. That is 
done by converting exactly at the 
power -line rate or a submultiple. 

Other A/D conversion schemes 
do include the voltage-to-frequen- 

NEW FROM 
DON LANCASTER 

HANDS-ON BOOKS 
Ask the Guru Reprints 24.50 
CMOS Cookhook 16.50 

TTL Cookbook 16.50 

Active Filter Cookbook 15.50 

Micro Cookbook vol I or II 16.50 

Enhancing your Apple v. I or II 15.50 

Applewriter Cookbook 19.50 

Apple Assembly Cookbook 21.50 
Incredible Secret Money Machine 9.50 

PostScript Cookbook (Adobe) 16.50 

PostScript Ref. Man. (Adobe) 22.50 

PostScript Prog. Man (Adobe) 22.50 

UNLOCKED SOFTWARE 

Absolute Reset Ile & Ilc 19.50 

Applewriter/Laserwriter Utilities 49.50 
PostScript Show & Tell (Ile/Mac/PC) 39.50 
Intro to Postscript VHS Video 39.50 
PostScript Perspective Draw 39.50 
PostScript Printed Circuits 39.50 
PostScript Technical Illustrations 39.50 
Postscript BBS stuff 19.50 
Apple Ram Card Disassembly Script 24.50 
Enhance I or II Companion Disk 19.50 

Applewriter CB or Assy CB Disk 24.50 

FREE VOICE HELPLINE VISA/MC 

SYNERGETICS 
Box 809 -RE 

Thatcher, AZ 85552 
(602) 428-4073 
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VERY careful attention to all of the details of grounding, 
shielding, and input guarding are an absolute must! 

FIG. 1-AN ANALOG -TO-DIGITAL conversion system normally will need all of the areas 
shown here. Often, the A/D converter chip itself will be the least of your worries. 

cy converters and charge balan- 
cers. In a charge balancer, the 
input will continually add charge 
to an integrating capacitor, while 
the output will remove the charge 
in discrete current -line packets. 
The number of packets removed is 
proportional to the input voltage 
or current. 

But the latest, and certainly the 
most bizarre, of A/D converters are 
called oversampling converters 
that use an elaborate decimation 
and digitalfiltering process. An 
oversampling converter makes all 
of its measurements at an ex- 
tremely high sampling frequency. 

They're also known as delta -sig- 
ma A/D converters. They are new 
and they are hot. 

The theory here is that the only 
"little thing" wrong with one -bit 
A/D is that its quantization noise is 
totally gruesome. By taking that 
quantization noise and spreading 
it out over a much wider band- 
width than the input signal and by 
then rejecting most of the noise 
with a filtering process, you can 
actually reduce the noise to below 
that of a 16 -bit converter! 

The Crystal Semiconductor 
folks are a leading developer of 
those exciting new low-cost over - 
sampling converters. 

A fairly good background book 
on A/D conversion in general is 
Analog to Digital Conversion, now 
available from Analog Devices for 
$32. Some of the fundamentals of 
computer A/D interface appear in 
my Micro Cookbooks, both vol- 
umes I and II. 

The rest of the story 
Unfortunately, though, your 

A/D converter chip is only a tiny 
part of the hardware that you will 
really need to do an A/D con- 
version. Figure 1 shows you some 
of the rude surprises that you are 

going to have to work around to 
get a complete analog -to-digital 
conversion system. 

You first need some input -signal 
conditioning. That will accept your 
input signal and amplify it enough 
so that its maximum value equals 
the converter's reference voltage. 

Signal conditioning can also do 
such things as subtracting out an 
offset value, filtering, rejection of 
noise, temperature compensa- 
tion, or calibration. 

The latest of A/D converter chips 
allow you to use lower or floating- 
point reference voltages or else 
can have enough bits that you 
might work at reduced resolution 
and are able to end up with useful 
results. Nonetheless, signal con- 
ditioning is always a very sticky de- 
sign area. 

After all of your initial signal 
conditioning, you must provide an 
anti-aliasing filter, and a darn good 
one. There is a fundamental rule 
that says that any A/D converter 
must never be fed any signal that is 
greater than one-half of its sam- 
pling frequency. 

Figure 2 shows you what an alias 
is and how it is created. Say you 
were on a long commuter airline 
flight and you are very sleepy. You 
briefly open your eyes and see a 
green service truck on the runway. 
You fall asleep, and wake up an 
hour later at a new airport. This 
time the green service truck is ten 
feet further along. You repeat the 
process a third time, and now, the 
green truck is yet another ten feet 
further away. You then wrongly 
conclude that the green truck is 
traveling at ten feet per hour. 

In exactly the same manner, an 
alias gets created if you sample any 
frequency near the sample rate of 
an A/D converter. For instance, if 
you employ a 40,000 -Hz sample 
rate, and then sample a 40,100 -Hz 
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Analog Devices 
One Technology Way 
Norwood, MA 02062 
(617) 329-4700 
Burr -Brown 
P.O. Box 11400 
Tucson, AZ 85734 
(602) 746-1111 
C & H Sales 
2176 East Colorado Blvd. 
Pasadena, CA 91107 
(800) 325-9465 
Crystal Semiconductor 
4210 South Industrial Drive 
Austin, TX 78744 
(512) 445-7222 
Exar Corp./Literature 
2222 Qume Drive 
San Jose, CA 95161 
(408) 732-7970 
Harris Publishing Co. 
2057-2 Aurora Rd. 
Twinsburg, OH 44087 
(216) 425-9000 
Interlink Electronics 
535 E. Montecito 
Santa Barbara, CA 93103 
(805) 965-5155 

NAMES AND NUMBERS 

ISL Corp. 
4354 Olive St. 
Et. Louis, MO 63108 
(314) 535-5760 
Linear Technology 
1'530 McCarthy Blvd. 
Milpitas, CA 95035 
(408) 432-1900 
Motorola 
FO Box 20912 
Fhoenix, AZ 85036 
(602) 244-6900 
National Semiconductor 
2900 Semiconductor Dr. 

Santa Clara, CA 95052 
(408) 721-5000 
Plessey Semiconductors 
9 Parker 
Irvine, CA 92719 
(714) 472-0303 
Samsung Semiconductor 
3725 North First St. 
San Jose, CA 95134 
(408) 434-5400 
Solar Age 
Church Hill 
Harrisville, NH 03450 
(603) 924-9641 

Solar and Wind Technology 
Fairview Park 
Elmsford, NY 01523 
(914) 592-7700 
Solar Energy 
Fairview Park 
Elmsford, NY 01523 
(914) 592-7700 
Solar Engineering 
Box 3600 
Troy, MI 48007 
(313) 362-3700 
Standard Microsystems 
35 Marcus Blvd. 
Hauppauge, NY 11788 
(516) 273-3100 
Speleonics 
PO Box 5283 
Bloomington, IN 47407 
(812) 339-7305 
Texas Instruments 
Box 655303 
Dallas, TX 75265 
(214) 995-3821 

amplitude 

"real" input signal 

"folded over" alias 

A/D sampling 
frequency 

2X AID sampling 
frequency 

\ / 
frequency 

FIG. 2-A ANTI-ALIASING filter absolutely must be used with any A/D converter so as to 
sharply reject any and all frequencies above one-half of the sampling frequency. Should 
any higher frequencies remain present, they will "fold over" and form aliases that end up 
looking just like "real" input signals. 

signal, you will apparently get a 

100 -Hz signal digitized that you 
simply cannot tell from a "real" 
100 -Hz signal. That's an alias, and 
you absolutely must not ever let 
that happen. 

One big advantage of the new 
oversampling converters is that 
the anti-aliasing filter is both sim- 
pler and cheaper to build. 

After filtering, you normally 
must do a sample and hold, as 
shown in Fig. 3. If your input signal 
is allowed to change during the 
measurement interval, you can get 

wild inaccuracies since you are 
now measuring a different ampli- 
tude at the end than you were at 
the beginning. 

A sample and hold is normally 
done with an electronic switch 
that charges up a capacitor during 
the sampling, or the aperture 
time. The charge is kept during the 
time a conversion gets completed. 

At high resolutions, the penalty 
for leaving off a sample and hold is 
severe. Figure 4 shows you the dif- 
ferences in the full accuracy input 
frequency response you will get 

with or without using a sample - 
and -hold circuit. 

Fortunately, most of the newer 
chips do have their own internal 
sample -and -hold circuits on 
board. But you have to be abso- 
lutely certain that you understand 
how the sampling process works. 

Your actual A/D converter will 
follow the input conditioning, the 
anti-aliasing, and the sample and 
hold. That final circuit area is often 
the least of your problems. 

Along the bottom, we also have 
shown you some guarding and 
shielding. It is trivially easy to let 
digital noise and even power -line 
hum totally trash out any accuracy 
from your A/D system. Ferins- 
tance, a typical hacker digital cir- 
cuit will be very lucky to hold the 
digital -logic ground noise down 
below 300,000 microvolts. 

On a typical 16 -bit A/D converter 
circuit, any input noise greater 
than 15 microvolts or so might bob- 
ble the bits and give you all sorts of 
nasty jitter and errors. 

If so much as a hint of a whiffofa 
few of the fumes of your ground 
noise ends up referenced to the 
input of your high -resolution A/D, 
then all is lost. 
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HITACHI SCOPES AT DISCOUNT PRICES! 
$100 Price Reduction 

V-212 

FD4;tfç C? " 
rmt 

g,. e } 
; 

NOW $379 
was $475 
List $560 

List 995 40MHz V-425 
CRT readout $835 

List 1,195 60MHz V-660 
Delayed sweep $949 

Lst 1 595 , 100MHz V_1060i 
Delayed sweep $1,285 

Plus `Free' 9600 Function Generator 
All Hitachi scopes include two 50 MHz probes 
and have a 3 year guaranty on parts and labor 

List Our Price Save 
V-223 20MHz D.T. 2mV Sens Delaed S5 
V-422 40MHz D.T. 1mV Sens. DC off et 

weep 875 695 
875 695 180 

V-423 40MHz D.T. 1mV Sens. Delayed Sweep DC offset 955 795 160 
V-1065 100MHz D.T. 2mV Sens. Delayed Sweep 1,895 1,575 320 
V-1100 100MHz D.T. 1mV Sens. Curser meas. DVM counter 2,295 1,995 300 
V-1150 150MHz O.T. 1mV Sens Curser meas. DVM counter 3,100 2,565 535 

ELENCO PRODUCTS AT DISCOUNT PRICES! 

$349 
t MO -1251 

6" CRT 

A Built in component r` á tester 
Sync i TV 

' y 
Much More 

20MHz Dual Trace Oscilloscope 

Scope Probes 

P-1 65MHz,lx,l0x $19.95 
P-2 100MHz,1x,l0x $23.95 
with 5 accessories 
10 Meg ohms input impedance 

Fits all scopes with 
BNC connector 

TL -3 BNC to Minigrabber $3.49 
35MHz 

_. $498 
MO -1252 

High Luminance 6" CRT ; g 

. 1114 
" 

lmV Sensitivity 
6KV Acceleration Voltage Á = 

F s ;y iOns Rise Time .,} 
?4 X -Y Operation Z Axis 

Delayed Triggering Sweep 
Dual Trace Oscilloscope Much More 

Top quality scopes at a very reasonable price. Contains all desired features. Two lx, 10x probes, diagrams and manual. 

r 
True RMS 41/2 

Digit Multimeter 

$135 M-7000 

05' , DC Accuracyx 
1'7, Resistance 

with Freq. Counter 
f+ Deluxe Case 

10MHz Oscilloscope "'S 3000 
- $239 

10MHz DC or AC 

Sweep 
Calibrated Vert 6 Hot 

Reads Volts b Freq 

Decade Blox 

9610 or 9620 

`S14.95 
#9610 Resistor Blox 

47 ohm to 1M & 100K pot:, 
#9620 Capacitor Blox 
47pf to 10MFD 

Low Cost 

w C 

Multlmeter 
M lsoo$138 

31/o Digit LCD 
s a» 

1 i DC Accuracy 
10A Scale 
Auto zero/polarity 

Digital LCR Meter 

' ' 

LC 1800 

Measures 

Coils (1uH 2O0H) 
Caps (.tpf 2004Triggered 

Resistors 
ohm -20M ° (.1 ohms) 

Breadboard Multimeter with Digital Capacitance Meter Analog Multimeter 3v: Digit Meter 

11 0 Auto and 
Manual Ranging 

- 

''. 

,' _ 

Capacitance and 
Transistor Tester 

$55 CM -1500A 
Reads Volts, Ohms 
Current, Capacitors, 
Transistors and 

CM -1550 

$58.95 
`+ 

9 Ranges 

p .1pf-20,000ufd 
.5% basic accuracy 

?. Zero control 

M-1100 

9436 
Shown 

1trte 

"°' 

$19.95 
19 ranges 

28 Functions 

-r Fully Protected 

+ ' Ci C) C)! 
M-1181 
M-1181 ..1%Ac 

$42.95 
1% Ac $42.95 

High Accuracy 
10A reading 
Mirrored scale 
Kit 17.50 

9430 1.100 pins $15 
9434 ,170 pins $25 
9436 2,860 pins $35 Diodes w/case w/case M-1182 "25%Ac $39.95 

Function Generator Blox Solderless Breadblox 

550 tie pts n9550 
including 2 power 
bus lines 

IC Test Clips 
16 pin $5.95 
20 pin $8.25 
24 pin $10.75 
28 pin $11.75 
40 pin $18.50 

All are gold plated to 
assure trouble free contact 

Temperature Probe 
M-110CF 

- $29.95 
t Semiconductor 

type 
Range 

-58F -302F 
Fits most digital multimeters 

50MHz Logic Probe 
LP -700 

« $23 

Logic Pulser LP -600 $23 

4--- 

#9600 

$24.95 
Provides sine. tn, squ wave 
From 1Hz to 1MHz 
AM or FM capability 

Digital 3 Amp Power Supply 
XP -750 

$175 
410. 132 RE Ili i 0-40V @ 1.5A 

-us. 
, # it: 0-2V @ 3A 

,- 
XP -650 with Analog Meters $129.50 

Regulated P.S. Breadboard GF -8016 Function Generator 
with Freq. Counter 

`r'`" $239 
^'rrli Sine, Square. Triangle 

' Pulse, Ramp, .2 to 2MHz 
Frequency .1 thru 10MHz 

GF -8015 without Freq. Meter $179 

$99.95 XK-400 

Fully regulated 
Short circuit protection 

3550 test points 
3 power supplies 

5V ® 2A,12V t .3A. -12V ® .3A 

Fully 
2 Limit 

XP 

Digital Triple Power Supply 
XP -765 

,g*, - '* $239 

'" MMir 0 23V 1A 

0-20V @ 1A 

Regulated, Short Circuit Protected with 5V @ 5A 

Cont. 3 Separate Supplies 

-660 with Analog Meters $169.50 

Quad Power Supply 

P?F 
- 

--..,. 
Fully regulated and 
short circuit protected 

XP -575 without 

XP -580 

$59.95 
2-20V © 2A,ri 

= 12V @ 1A 

... 5V ® 3A 

5V ®.4A 

meters $44.95 

Four -Function Frequency Counters 

F-1000 $259 
1.2GH _.:òAe 
F-100 rT } r 120MH $179 

Frequency, Period, Totalize, Self Check with High - 
Stabilized Crystal Oven Oscillator, 8 Digit LED Display 

WE WILL NOT =C & S SALES INC. (800) 292-7711 15 Day Money Back Guarantee' 

BE UNDERSOLD! 
1245 Rosewood, Deerfield, IL 60015 (312) 541-0710 2 Year Warranty 

v1r Add 5% for Postage ($10 Max) IL Res., 7% Tax ASK FOR FREE (,A-1-AI.OG 
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S 

n po 
Electunics Series 

The fast, easy and low cost way to 
meet the challenges of today's 

electronic innovations. A unique 
learning series that's as innovative as 

the circuitry it explains, as 
fascinating as the experiments you 

build and explore. 

From digital logic to the latest 
32 -bit microprocessor, the McGraw- 
Hill Contemporary Electronics Series 
puts you into the electronic picture 
one easy step at a time. Fifteen 
unique Concept Modules, sent to you 
one every 4-6 weeks, give you a 
handle on subjects like optoelec- 
tronics, robotics, integrated circuits, 
lasers, fiber optics and more. 

Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history. It's a 
fast, efficient, and lively learning 
experience... a non-traditional 
approach to the most modern of 
subject matter. 

Unique Interactive Instruction 
With each module, you receive 

a McGraw-Hill Action Audio 
Cassette. Each tape is a dynamic 
discussion that drives home the key 
facts about the subject. Your learning 

With your first 
module, you 
get this 
solderless 
breadboarding 
system. You'll 
use it through- 
out the series to 
build elec- 
tronic circuits 
and bring 
concepts 
to life. 

experience is reinforced through 
interaction with vividly illustrated 
text, audio cassettes, and actual 
electronic experiments. Indexed 
binders preserve backup material, 
notes, and tapes for convenient 
referral. 

Perform 
Experiments 

in Contemporary Electronics 
Throughout your series, lab- 

oratory experiments reinforce every 
significant point. This 
essential experience 
...dynamic, hands-on 
demonstrations of 
theory in practice .. . 

will help you master 
principles that apply all' 
the way up to tomorrow's'\ 
latest VLSI (Very Large 
Scale Integrated) circuitry. 

In your very first module, you'll 
use integrated circuits to build a digital 
oscillator, verifying its operation with 
a light emitting diode (LED). You'll 
learn to identify passive and active 
components, understand concepts 
common to all electronic circuits. 

For Anyone Interested in Electronics 
The Contemporary Electronics 

Series is designed for anyone from 
hobbyist to professional. It's for you 
if you're looking for new fields of 
interest...if you're a teacher who 

wants 
an update in con- 

temporary circuits...a 
manager or supervisor in an electronics 
plant...a doctor, an engineer, a chemist 
who finds electronics playing an 
increasingly important role in your 
work. It's even for electronics engineers 
or technicians who feel their training 
needs freshening up. It's the quickest, 

most convenient, 
probably least 
expensive way to 

! do it. And the 
only one that gives 
you hands-on 
experience. 

15 -Day No -Risk Trial 
To order your first module 

without risk, send the card today. 
Examine it for 15 days under the 
terms of the order form and see how 
the Contemporary Electronics Series 
gets you into today's electronics. 
If card has been used, write us for 
ordering information. 

(/ r McGraw-Hill 

id 
Continuing Education Center 
3939 Wisconsin Ave. i H Washington, D.C. 20016 
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AID conversion time 

BEFORE sample -and -hold 

"95 -- 

AFTER sample -and -hold 

FIG. 3-A SAMPLE AND HOLD is needed to hold the analog input signal constant during 
the conversion time, or serious errors are certain to result. 

Proper grounding and shielding 
techniques, including the use of 
ground planes, guarding, and 
careful separation of digital and 
analog grounds, are, or course, an 
absolute must. 

It is all part of the black art of 
analog -circuit design. 

The bottom line? Unless you 
have successfully gotten a low -res- 
olution, low -speed ND converter 
to work, there is not a snowball's 
chance in a rather unpleasant lo- 
cale that you will ever be able to 
accomplish anything at all useful at 

higher speed and resolution. 
So, as an initial prequalification 

entrance exam that you must pass 
before you can even think about 
doing any fancy ND stuff, Fig. 5 is 
an ancient 8 -channel 8 -bit A/D cir- 
cuit that you can build and test. 
The chip is available from either 
National or Analog Devices for a 
few dollars. It will interface simply 
with most any parallel port on 
most any microcomputer. 

New A/D chips 
What are the new A/D chips and 

where can you get them? Last 

month we looked at the LTC1092 
10 -bit chip from the Linear Tech- 
nology people. There is a fancier 
"big brother" to that device called 
the LTC1090 that includes multiple 
channels, variable formatting, and 
lots of other goodies. 

The big breakthroughs are 
found in the new oversampling A/ 
D chips that are newly available 
from Crystal Semiconductor. In 
particular, do check out their in- 
strument CS -5501 and their hi-fi 
audio CSZ-5116. Yes, they are both 
16 -bit chips. And at insanely low 
prices. 

The major supplier of ND con- 
verters to all the Japanese CD 
ROM manufacturers is the compa- 
ny called Burr Brown. 

And, Texas Instruments has now 
announced a new combined 14 -bit 
telephone -speed ND and D/A for 
$26. It's intended for digital -signal 
processing, but should also be an 
absolutely outstanding hacker 
chip. But half a dozen very expen- 
sive phone calls have proven that 
device to be pure vaporware, at 
least for now. 

SCIENTIFIC ATLANTA AND PIONEER 
CABLE CONVERTORS IN STOCK 

AC/DC - 7de i2ecu.b.ade4 uc.eou4 Paced. 
ITEM 1 UNIT 5i UNITS 

6900 
6900 

PANASONIC WIRELESS CONVERTER 
400 

1 

640$ x.% 
JEROLD 400 COMBO WI REMOTE NIIx3Dxl 13.96 115.00 
JEROLD 450 COM130 WI REMOTE LDRZJDICL 169.96 179.69 
JEROLD 40008 (MADAME HAND MT 24 96 15.00 
JEHOLDSB ADO 044 1495 69.00 
JEROLD SR ADO OH WITH lea 10995 7600 
OAK M35 COMBO 9495 6500 
OAK 94.35 COIIOOW/VAR6YNC - - 18495 /4.00 
OOX a976CO0E (N.12) 84.96 59.00 
OM(MINI CODE 04-12I W/ VAJL6VNC 9195 6590 
OM( MIN COOE/14 V) VARISYNC IN/ AUTO ONOEF 13496 9900 
OAKECONOCOOE (E.13) 84% 40.00 
OAKEC01/OCOOE 5.139W/wane 7196 4600 
HLMAJN MED-1200 64.96 59000 
'EAGLE P0.3 99.96 6000 
ZENITH SSAM (ROLE READY 14696 I (500 
SCIENDT IC ATLANTA SA 3 ADO ON 109.96 90.00 
INTERFERENCE rL TER (CHANNEL J OR N 24.96 14 00 
VIDEO TAPE COPY STABILIZER 9996 69.00 
SCENTEIC ATLANTA VIDEO SOMCMER 70.96 2600 
PANASONIC AMPLIFIED VIDEO WATCHER 5996 4900 
PANASONIC CONVERTORW/VOLUME CONTROL (170 379 109.96 9600 
SCENIEIC ATLANTA 83 CHANNEL CONVERTER 396 75.00 
SCIENTIFIC ATLANTA SA4ABIE.Egn9 6495 5500 
PIONEER CONVERTOR (4535) 69.66 79.96 

'CALL FOR AVAILABILITY 

r 
QUANTITY ITEM OUTPUT L HANNEL 

PRICE 
EACH 

TOTAL 
PRICE 

NO NEW YORK sat S I s na Imo mina a AC DC to da,aw any pay lS* apeeraa and ne .+a na ay.,' any company a 'nand S In 4909 In 

'LEASE PRINT. TT Casket's cn0cl L-1 Laney Order OCOO 

Jame 

SUBTOTAL 

Add 
SI° 1^' dna 

COD: 
Add S% 

Lddress TOTAL 

City /State / Zlp 

Signature Phone Number ( ) 

WAIVER. Seca L Ile utderai9lwd, nay am.land knal Ina o.ne,snp a a cable decoder does ea gee Ise a.,wl a Me 
decoder the nple lo decode a V00 peewee cable channels .e100 pope, aano0talm nom Mek Oral cable company, 
bonny dOrder. ends, penalty a penury Pelee pal0Us pacnaaed, al any 50. e a cant, be used on sae IV ayslema wp 
(00084 aanaltanon man Kral canals a calla company oólcwa w acca0aae ma 05 apWrable 'Wen' and stale laws 
( e6aa .0d yerkoua sae laws pods lee subslaa W canna' and cawl pendan. Ion awiNawed use 

flaked Sneed 

ATLANTIC CABLE DISTRIBUTING CENTER INC. 
P.O. BOX 278 - GREENVALE, NY 11548 

518 - 825-3550 I 
IMPORTANT: Neye caSo and meda 516 - 625-3532 of the 4K)111pmerd lived y9II ArMJ 

CONNECTION 
PROTECTION 

S'/TC/9 1t 

EDGE CONNECTORS 

PLUGS & SOCKETS 

OTENTtOME1Es 

GONNEG-fltsiG 

BLES 

TERMINAL 
STRIPS 

GOLD PLATED 
CONNECTORS 

R4TTFRY 

CRAMOLIN* 
CONTACT 

Even the finest equipment in the world cannot guarantee noise -free operation. 
One "dirty" connection anywhere in the electrical path can cause unwanted 
noise or signal loss. 

"MORE THAN A CONTACT CLEANER" 
CRAMOLIN® is a fast -acting, anti -oxidizing lubricant that cleans and 
preserves all metal surfaces, including gold. 

When applied to metal contacts and connectors, CRAMOLIN® removes 
resistive oxides as it forms a protective molecular layer that adheres to the metal 
surfaces and maintains maximum electrical conductivity. 

CRAMOLIN' 
Bell & Howell 

Boeing 

Capitol Records 

CAIG 

- USED BY THOSE WHO DEMAND THE BEST: 
Nakamlchi 
RCA 

Switchcraft 
SINCE 1956 

Hewlett Packard 
John Fluke Mfg. 
McIntosh Labs 

MCI(Sony) 

Motorola 

NASA 

LABORATORIES 
1175-0 Industrial Ave., (P.O. Bon J) - Escondido, CA 92025-0051 U.S.A. (6191 743-7143 
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number of 

bits 

max frequency 

WITH a S/H 

max frequency 

WITHOUT a S/H 

speed penalty 

WITHOUT a SIN 

2 20,000 3120 13 

4 20,000 795 50 

6 20,000 199 201 

8 20,000 50 804 

10 20,000 12 3216 

12 20,000 3.1 12,868 

14 20,000 0.8 57,472 

16 20,000 0.2 205,887 

FIG. 4-A RIDICULOUSLY SEVERE speed penalty must be paid if you omit the sample and 

hold from your A/D converter. The examples here are for a 40 -kHz conversion rate. 

analog 
inputs 

channel 
select 

t 

1 

o 5 
100K 

o- 
o 
o 
o 
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o 
o 
o 

msb 

5V 

® m ® ® ® ® ® 

digital 
outputs 

Q 

42 INI INO Al 

Isb 

" 0 oiD 
A4 AH; 07 0E 0E 04 00 .REF 02 

ADC 0808 
NA IN4 INS INS IN7 ST E0C OE CIS 4SY+AEFGNO 01 000000000 mom®®m 

+5V 

d 

Q 

m 
Ñ 
o 

FIG. 5-THIS OLDER 8 -BIT, 8 -CHANNEL A/D converter is very easy to interface to any 
parallel input port on most any personal computer 

As an interesting entry in video - 
rate A/D conversions, do check 
out Samsung. They now have a 

dozen different combined 8 -bit 
A/D and 10 -bit D/A chips. Their 
KVS311ON-7 should be a good 
starting point. 

For the contest this month, just 
dream up an unusual use for A/D 
or D/A converters. A paper design 
is just fine. There will be the usual 
Incredible Secret Money Machine 
prizes for the best twenty entries, 
and a great all -expense -paid (FOB 
Thatcher, AZ) tinaja quest for the 
best entry of all. 

Finding names and numbers 
How do you find out where to 

buy a Maxim integrated circuit? Or 
how do you get a National Semi- 
conductor data sheet? Who makes 
solid-state gyroscopes? Electronic 
inclinometers? 

Finding sane answers to those 
and other similar questions is what 
hardware hacking is all about. 

Naturally, you start with our own 
Names and Numbers section, and 
by reading all of our great Radio - 
Electronics ads. And, yes, a master 
names and numbers directory will 
soon be available. Call or write for 
full details. 

But where to from there? 
Let us start out with the only 

electronics directory that I actually 
pay cash for out of my own pocket. 
That is the Electronic IndustryTele- 
phone Directory, and costs $40 
per year from Harris Publishing. 

An excellent list of many local 
distributors for electronic goodies 
appears monthly in the E.E. Times 
magazine. But for some strange 
reason, that otherwise great list 
seems to be strictly limited to their 
current advertisers. 

CRYSTEK 
The pulse of dependable 

communications 
Reliability & Quality 

From Start To Finished Product 

QUARTZ 
CRYSTALS/OSCILLATORS 

FOR 
ELECTRONIC - INDUSTRIAL 
Micro -Processor Control 
Computers/Modems 
Test/Measurement 
Medical 

COMMUNICATIONS -REPLACEMENT 
Mobile/2-way/Channel Elements 
Pagers 
Marine 
Aircraft 
Telemetry 
Monitors/Scanners 

AMATEURS 
CB 
Hobbiest 
Experimenter 

COST EFFECTIVE 
MODERATE PRICING 
FAST DELIVERY 

The 
Pulse of 
Dependable Communications 
Crystek Crystals offers their new 16 page 
FREE catalog of crystals and oscillators. 
Offering state-of-the-art crystal 
components manufactuered by the latest 
automated technology. Custom designed or 
"off the shelf," Crystek meets the need, 
worldwide. Write or call today! 

CRYSTEK CRYSTALS 
2351/2371 Crystal Dr. Ft. Myers, FL 33907 
P.O. Box 06135 Ft. Myers, FL 33906-6135 

TOLL FREE 1-800-237-3061 
(813) 938-2109 - TWX 510-951-7448 
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Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$30 an 
and more! 

clro 
Learn at home in spare time. 
No previous experience needed! 

eA 

No costly School. No commuting to class. 
The Original Home -Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications, RadioTV, Micro- 
wave. Computers, Radar, Avonics and 
inure! You don't need a college degree to 
qualify, but you do need an FCC License. 

Nu Need to Quit Your Job or Go To School 
This proven course is easy, last and low cost! 
GUARANTEED PASS - You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

commanD PRODUCTIONS ' 
FCC LICENSE TRAINING, Dept. 90 
P.O. Box 2824, San Francisco, CA 94126 
Phase rush FREE details immediately! 

NAME 
ADDRESS 
CITY __ STATE ZIP 

Alik 
ac power line waveform 

= inverter is OFF 

= inverter is ON 

FIG. 6-A SYNCHRONOUS INVERTER can be used to feed surplus energy from a solar 
panel or other alternate energy source back into the power line. Here is one possible 
waveform. 

Most of those electronics trade 
journals publish yearly directories 
that are extremely useful for pin- 
ning down names and numbers. I 

especially like the Gold Book from 
Electronic Design, the Electronics 
Buyers Guide from Electronics, 
and the EEM Master from the Elec- 
tronic Products people. 

Various "focus" tech stories in 
EDN are also quite handy refer- 
ence sources for needed names 
and numbers. 

You can get a list of all of the 
trade journals from that Uhlrichts 
Periodicals Dictionary over on the 
reference shelf at your local li- 
brary. Also at your favorite library 
will be the Thomas Registry of 
Manufacturers, and possibly the 
Electronic Representatives Associ- 
ation (ERA) Directory. 

Asking for help from an engi- 
neer or a technician working for a 
larger electronics company will 
sometimes work, as might a ham - 
radio operator, our technical help - 
line, the editor of a trade journal, 
or an electronic bulletin board. 

Naturally, it is best to build up 
your library of useful names and 
numbers ahead of time, rather 
than waiting until you desperately 
need some hard -to -get part. Your 
own resource library should al- 
ways be the first place to check. 

As a second contest this month 
to test your source -finding abil- 
ities, just tell me the cheapest 
source of 64 pin, 70 mil shrink dip 
IC sockets that you know of. That 
component is desperately needed 
for an upcoming Radio -Electronics 
project or two. 

Synchronous inverters 
I've been getting a lot of calls 

and letters from hardware hackers 
who have heard somewhere that, 

if you have a few solar panels or 
other alternate energy source up, 
then your local power company is 
required by law to buy all of your 
surplus power from you. 

Well, in this day and age, most of 
the power companies are fairly en- 
lightened and would be most 
happy to buy power from most any 
alternate energy source that is 
both local and reliable. 

But there are several very big 
gotchas here. 

First, a power company will sell 
power to you at retail and buy it 
back from you at their wholesale 
avoided cost. Avoided cost is the 
price of the most expensive power 
they are currently buying or gener- 
ating. Thus, you do not simply 
swap energy, since one of their 
kilowatt hours may be worth five 
or more of yours. 

Secondly, a very special device 
called a synchronous inverter is 
needed to meter your energy back 
into the power line. As Fig. 6 
shows us, a waveform is carefully 
crafted that feeds your power back 
in phase with the existing AC -line 
waveforms. 

Synchronous inverters and all of 
the metering that goes with them 
are not cheap. The bottom line is 
an economic one. The time value 
of the money used to pay for the 
synchronous inverter and all of its 
metering will often insanely ex- 
ceed the total value of all the 
power you are able to generate. 

Thus, many smaller solar -power 
installations are never able to 
reach cost breakeven, let alone 
show a profit. But I certainly en- 
courage all of you dedicated 
hackers out there to keep on try- 
ing. The situation is certain to im- 
prove in the future. 

continued on page 87 
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AUDIO 
UPDATE 
Can You Hear the Difference?-Pt. II 

LAST MONTH I PROBABLY ALIENATED 

some readers and invalidated my 
ears by maintaining that amplifiers 
that measure well and are oper- 
ated within their power ratings al- 
most always sound alike. Note that 
I'm not saying flatly that all ampli- 
fiers sound alike-they don't-but 
I do believe that there are no mys- 
terious forces, factors, or for- 
mulas, that cause one amplifier to 
sound better or worse than an- 
other. The use of gold-plated lin- 
ear -crystal AC line cords, special 
capacitors, vacuum tubes, a band- 
width extending from DC to light, 
plus the ear of a bat and the eye of 
a newt, may or may not have audi- 
ble consequences-but when 
they do, their influence is readily 
measurable by conventional 
methods. 

The "readily measurable" per- 
formance parameters I'm referring 
to go far beyond the FTC -man- 
dated specifications on power, 
bandwidth, and distortion, that 
you see in every amplifier or re- 
ceiver advertisement. Nobody be- 
lieves that the FTC power state- 
ments come close to totally defi- 
ning the comparative perfor- 
mance and sound of any. two am- 
plifiers. For example, the dynamic 
headroom and current capabilities 
of an amplifier, although they are 
ignored by the required FTC state- 
ment, can still significantly affect 
its sonic performance. 

I'm aware that my beliefs about 
what is audible, inaudible, or mea- 
surable don't carry much weight 
with those who believe in the spe- 
cial sonic wonders produced by 
the designs and designers of their 

NORMAL 
SPEAKER 

FIG. 1 

NULL 
SPEAKER 

R.N. IN 

NORMAL 
SPEAKER 

FIG. 2 

chosen and usually costly ampli- 
fiers. My claim that scientifically 
constructed double-blind listen- 
ing tests regularly fail to confirm 
the existence of mysterious dif- 
ferences is pooh-poohed by those 
who hear such differences every 
time they switch on their equip- 
ment. Is there any way out of the 
impasse? 

Listening tests 
There are two popular types of 

listening -comparison tests: 1- 
"Do you prefer A or B?" and 2- 
"Can you hear a difference be- 
tween A and B?" Obviously, ques- 
tion 1 includes question 2, but they 

LARRY KLEIN, 

AUDIO EDITOR 

are really quite different in several 
ways. Question 1 is appropriate 
when comparing components in a 

showroom and is likely to reveal as 

much about the taste of a listener 
as it will about the performance of 
a component. Laboratory listening 
tests, on the other hand, usually 
ask a type -2 question because it 
leaves out the confusing "better or 
worse" element-which can be 
addressed later if desired. 

But the type -2 question has its 
own problems. Because of psy- 
choacoustic masking and other 
reasons it is not always easy to hear 
distortion in program material 
even when the amplifier aberra- 
tion producing it can be easily 
measured. (It is well -documented 
that impedance -matching prob- 
lems and harmonic distortions in 
complex wide -band program ma- 
terial have to reach the 6 -percent 
level before becoming percepti- 
ble. Musical energy at the fre- 
quencies of the distortion prod- 
ucts tends to have a masking 
effect.) If we could convert the 
type -2 question from "Do you hear 
a difference?" to "Do you hear 
something-or nothing?" many of 
the psychoácoustic and other sub- 
jectivity problems would be avoid- 
ed. David Hafler of The Hafler 
Company has long been con- 
cerned with such matters and has 
recently come up with a very 
clever type -3 test configuration 
that should help resolve many of 
those questions. 

The Hafler differential test 
Many years ago Hafler invented 

a sort of poor man's quadraphonic 

.11 
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system. It consisted essentially of 
an additional speaker (or a pair of 
series -connected speakers) con- 
nected directly across the two hot 
(positive) terminals of the ampli- 
fier in use. Connecting a speaker 
in such a fashion feeds it a signal 
which contains only the dif- 
ferences (including those of am- 
plitude and phase) between the 
two stereo channels. Because on 
many recordings, out -of -phase 
"hall -ambience" sound is a good 
part of that difference, feeding it 
to separate speakers located to- 
ward the rear of the listening room 
provides a worthwhile listening 
enhancement at a very low cost. 
For our present discussion, keep 
in mind that the additional "am- 
bience" speakers are silent when 
there is no difference between the 
channels-such as would occur if 
a mono signal were fed simulta- 
neously to the two channels of a 
perfectly balanced amplifier. 

At some point it occurred to 
Hafler that the ability to nullify 
identical signals by a "hot -to -hot" 
speaker connection could be 
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useful in amplifier testing. A cir- 
cuit (see Fig. 1) was devised that, in 
effect, electrically subtracts the 
original signal (from a signal - 
source amplifier) fed into an am- 
plifier under test from the signal 
coming out of it. After adjustment 
for level differences and phase 
shift (using R1), any residual sound 
that's heard in the null speaker 
represents the difference between 
the input and output signals. By 
definition, such a difference is 
considered to be distortion. Be- 
cause the distortion -signal level at 
the null speaker is always much 
lower than the normal program 
sound-even if the distortion is 
severe-the normal speaker has to 
be moved out of listening range to 
keep it from overwhelming the 
null speaker. 

Figure 2 shows a practical con- 
nection of the Hafler test circuit 
(which he refers to as the "straight - 
wire differential test" or SWDT). 
The left channel of a stereo power 
amp serves as the low -impedance/ 
power signal source and the right 
channel is the amplification sec- 
tion under test. Potentiometer R1 
is used to adjust the signal level 
fed to the right -channel input so 
that the signal voltages appearing 
at the right and left channels' hot 
speaker terminals are as close as 
possible. 

All that technical work has not 
been done in the cause of pure 
science. Hafler's new power ampli- 
fier, the XL -280, has been de- 
veloped using the SWDT test 
technique. The new amplifier also 
includes trimmer adjustments on 
each channel to compensate for 
speaker impedance characteristics 
and thereby enhance the amp's 
performance on the SWDT test. 
SWDT testing of the Hafler-and 
most other amplifier brands-is 
facilitated by a switching/adjust- 
ment test box available from The 
Hafler Company. Note that ampli- 
fiers with bridged and polarity -in- 
verting output circuits are not 
suitable for SWDT testing. 

Final thoughts 
The Hafler difference -signal test 

is sensitive enough so that it will 
easily show up any conceivably au- 
dible difference between an am- 
plifier's input and output signals. 
As a matter of fact, I would guess 
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that the test is so sensitive that the 
null speaker will reproduce "dis- 
tortion" that under normal stereo 
music playback conditions would 
never be heard-no matter how 
golden the listener's ears. I cer- 
tainly do not fault the Hafler test 
for excessive sensitivity, but I 

could see it sending some engi- 
neering -type audiophiles in pur- 
suit of ever deeper nulls-a 
pursuit which would have no audi- 
ble benefit. 

Incidentally, a variation on the 
null test can easily be used to test 
the alleged benefits of special ca- 
pacitors, wires, and so forth. All 
that is necessary, is to install the 
special parts in one channel, leav- 
ing the other unaltered. If a speak- 
er connected across the two hot 
terminals indicates a difference 
between the channels, the SWDT 
test can then be used to determine 
which channel has less distortion. 

I don't really expect that this 
new test will end the debates 
among the audio critics. The prob- 
lem is that you can't really argue 
convincingly with those who state 

calmly that their ears consistently 
reveal things that your tests don't, 
despite all the science and logic 
you bring to bear. Or worse, that 
the very quality that your test re- 
veals as distortion is really the 
magic ingredient that makes the 
equipment sound so good. One 
would hope that the inner realities 
of all audio critics would be in ac- 
cord with objective reality; but 
when it isn't, there is no way that I 

know of to force them to agree. R -E 

NEXT MONTH watch for a feature article 
that will show you how to build a Hafler 
differential test box. 

Technicians, 
Get Serious 

About Your 

Profession 

ISCET 

Being a certified electronics techni- 
cian lets people know that you are 

a professional in your field. It tells 
them that you are serious about your 
work and can perform up to CET 
standards. 

Now you can order the "Study 
Guide for the Associate -Level CET 
Test" from the International Society 
of Certified Electronics Technicians. 
It includes material covering the 
most often missed questions on the 
Associate CET exam. 8'W' x 11", 
paperback, 60 pages. 

For More Information Contact: 

ISCET, 2708 W. Berry, Fort Worth, TX 
76109; (817) 921-9101 

NAME 

ADDRESS 

CITY 

ZIP 

STATE 

copies @ $5 1+ $1 postage.) 

send material about ISCET 
and becoming certified. 

FACTCARD 

Ir 

Jampacked with 
information at your 

fingertips 

ALL YOU NEED to know about 
electronics from transistor packaging 
to substitution and replacement 
guides. FACTCARDS numbers 34 
through 66 are now available. These 
beautifully -printed cards measure a 

full three -by -five inches and are 
printed in two colors. They cover a 
wide range of subjects from Triac cir- 
cuit/replacement guides to flip-flops, 
Schmitt triggers, Thyristor circuits, 
Opto-Isolator/Coupler selection and 
replacement. All are clearly explained 
with typical circuit applications. 

WANT TO EXPAND your knowl- 
edge of electronics? Do it the easy way 

by studying the Electronics Fact 
Cards. Do you travel to and from your 
job each day? Drop a handful of cards 
in your pocket before you leave, and 
the bus becomes a schoolroom! At 
home, you can build some of the proj- 
ects and not only have fun building and 
using them, but learn how they work at 

the same time. 

YOU'LL BE AMAZED both at how 
rapidly you learn with these cards, and 
how easy it is to understand. These 
new cards are available right now. 
Don't miss out. Send your check or 
money order today. 

FACTCARDS-Facts at gour fingertips for 
Experimenters and Project Builders! 

Please send one copy of FACTCARDS at $3.50. Shipping $1.00 (U.S. and Canada only). 

Please send copies of FACTCARDS. Total cost is sum of copy price and First Class 
postage and handling cost multiplied by number of card sets ordered. 

Allow 6-8 weeks for the material to arrive. 

Please print 

(Name) 

(Street Address) 

(City) (State) (Zip) 

Detach and mail today: 
HANDS-ON BOOKSTORE 
P.O. Box 4079 
Farmingdale, NY 11735 

All Payment must be in U.S. 
Funds! 

R9-88 

81 

www.americanradiohistory.com



cr, 
O 
z o 
IL 

O 
w J 
w 
ó 
o 

82 

DRAWING 
BOARD 
Copy protection and a Z-80 reset 

A FEW MONTHS AGO I WROTE SOME 
articles on disk storage and copy 
protection-what it is, how it's 
done, and why it works. At the end 
of the series, I decided to see how 
many of you found the subject as 
interesting as I did. In order to 
make things a bit juicier, I threw in 
a short listing I found in a pro- 
tected Apple game a few years ago 
and figured that only a few of you 
would be able to work it out. 

LISTING 1 

59E4 CE E7 59 DEC $59E7 
59E7 CF ??? 
59E8 EA NOP 
59E9 59 EF EA EOR $EAEF,Y 
59EC 59 AD 51 EOR, $51AD,Y 
59EF CO AD CPY #$AD 
59F1 54 ??? 
59F2 CO AD CPY #$AD 
59F4 57 ??? 
59F5 CO AD CPY #$AD 
59F7 52 ??? 
59F8 CO 20 CPY#$20 
59FA 60 RTS 
59FB 5B ??? 
59FC 20 C5 5B JSR $5BC5 
59FF 20 4E 5B JSR $5134E 
5A02 A9 04 LDA #$04 
5A04 8D EC B7 STA $B7EC 
5A07 A9 00 LDA #$00 
5A09 8D EB B7 STA $B7EB 
5A0C A9 00 LDA #$00 
5A0E 8D FO B7 STA $B7F0 
5A11 A9 60" LDA #$60 
5A13 8D F1 B7, STA,$B7F1 
5A16 A9 40 LOA #$40 
5A18 20 45 5A JSR` $5A45 
5A1B 10 01 BPL $5AIE 
5A1 D A9 20 ` LOA #$20 
5A1 F 91 5A STA ($5A),Y 
5A21 AD 50 CO LDA $C050 
5A24 A9 09 LDA #$09 
Etc., etc., etc. 

ROBERT GROSSBLATT, 
CIRCUITS EDITOR 
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Boy, was I wrong! 
It seems that not only are there 

loads of Apple freaks out there but 
a lot of you have spent some time 
code -snooping. However difficult 
it is to follow uncommented ma- 
chine code, protected code is 
twice as hard to understand. The 
listing in the article was an exam- 
ple of a self -modifying code-a 
particularly nasty piece of busi- 
ness that shows up every once in a 

while in low -end software, like 
games. The original and com- 
mented disassembly are shown in 
listings 1 and 2 respectively. As you 
can see, once you figure out what's 
going on, the correct code stares 
you right in the face. 

The only interesting part of the 
listing is the first three lines of the 
original code. If you don't catch 
that, there's absolutely no way 
you'll be able to make sense out of 
the rest of it. I'm not going to talk 
about all of the code, but it's worth 
some time to go through the pro- 
tection scheme. Like many other 
things, it's really simple when you 
see it. 

The first three lines of the origi- 
nal code disassembled like: 

----> 59E4 CE E7 59 DEC $59E7 
59E7 CF ??? 
59E8 EA NOP 
59E9 59 EF EA EOR $EAEF,Y 
59EC 59 AD 51 EOR $51AD,Y 
59EF etc., etc. 

That looks exactly like the kind 
of junk you usually see when you 
try to disassemble data, graphics, 
or look -up tables. In actual fact, 
that is the kernel of the method 
used by the programmer-more 
than once, I might add-to keep 
people from following his code. 
All you have to do to figure it out is 
exactly what's shown in the first 
instruction. After decrementing 
the $CF at $59E7, the code changes 
and looks like this: 

59E4 
----> 59E7 

59EA 
59EB 
59EC 
59EF 

CE E7 59 DEC $59E7 
CF EA 59 DEC $59EA 
EF ??? 
EA NOP 
59 AD 51 EOR $51AD,Y 
etc., etc. 

By_ now, a bit of light should be 
peeking through the window. And 
as soon as you execute the second 
instruction at $59E7, the whole 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

59ED: AD 51 CO 13 

59F0: AD 54 CO 14 

59F3: AD 57 CO 15 

59F6: AD 52 CO 16 

17 

18 
19 
20 

59F9: 20 60 58 21 

59FC: 20 C5 58 22 

59FF: 20 4E 58 23 
24 

25 
26 
27 

5602: A9 04 28 

5604: 3D EC 87 29 
5607: A9 00 30 
5609: 80 EB 87 31 

5A0C: A9 00 32 

560E: 8D E0 B7 33 

5611: 69 60 34 

5613: 80 F1 87 35 

36 
37 
38 
39 

5616: 69 40 40 
5618: 20 45 56 41 

42 
43 
44 

45 
46 
47 
48 
49 
50 
Si 
52 

53 

54 
5618: 10 01 55 

5610- A9 56 
57 
58 
59 
60 

5A1F,: 20 91 5A 61 
62 
63 
64 
65 

5621: AD 50 CO 66 
67 
68 
69 
70 

5624: A9 09 71 

LISTING 2 

* COMMENTED LISTING BOF THE SELF MODIFYING * 

* CODE FROM THE COP.' PROTECTION ARTICLE * 

*****************k************************* 

ORG $59ED 

* 

* 

SETUP 

* 

* Run several subroutines 

* 

* 

Set 

Set 

the screen display switches 

LDA 
LDA 
LOA 
LOA 

JSR 
JSR 
JSR 

$C051 
$C054 
$C057 
SC052 

$5860 
$5BC5 
$584E 

;Set screen to text 
;Set Page 1 

;Set HIRES graphics 
;Set full screen 

;Jump to subroutine #1 

;Jump to subroutine #2 

;Jump to subroutine #3 

several DOS parameters 

LDA 
STA 
LDA 
STA 
LDA 
STA 
LOA 
STA 

#504 
$87EC 
#500 
$87E8 
#500 
$87F0 
#560 
$B7F1 

;Make track #4 the 
;current disk track 
;Make 00 the current 
;disk volume number 
;Set the active DOS 
;buffer to the one 

;that's located at 
;address $6000 

Run another subroutine 

LDA 
JSR 

4(540 ;Set up accumulator 
$5645 ;jump to subroutine #4 

The next instruction makes the program 
bypass the byte at $5610, (an $A9). The 
69 is put there only to confuse the 
disassembly since there's absolutely no 
way it can be reached and executed. This 
is an example of another protection method 
called FALSE DISASSEMBLY' and is used by 

some programmers to hide sensitive code. 

* 

* 

* Run 

B PL 

VERY hard to detect!! 

$5AiE ;Skip over next byte 
;False disassembly 

another subroutine 

JSR $5691 ;Jump to subroutine #5 

* 

* 

* Switch the 
* 

START LOA 

* Continue with the rest of the program 

screer to graphics 

$C050 ;Set graphics screen 

LDA #$09 ;etc., etc 

thing becomes clear since what 
you get is: 

59E4 
59E7 

----> 59EA 
59ED 

CE E7 59 DEC $59E7 
CE EA 59 DEC $59EA 
EE EA 59 INC $59EA 
AD 51 etc. LDA $??51 

The final instruction at $59EA 

changes the $EE back to $EF-but 
not until after the instruction ex- 
ecutes! That means the instruction 
at $59EA modifies itself and loca- 
tion $59EA only contains an $EE for 
as long as it takes the instruction to 
execute. Unless you work it out 
you'll never get it. 

continued on page 86 
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COMMUNICATIONS 
CORNER 
A new way to communicate! 

THE ENCODING OF NON-MILITARY 
communications originated as a 
need to conceal commercial trans- 
actions from accidental discovery. 
Almost anyone could eavesdrop 
on short-wave Morse -code cable 
traffic, and so the five -group com- 
mercial code was developed as a 
way to pass international traffic 
without a casual listener discover- 
ing that a boatload of bananas had 
just left Central America, or that a 
rust -bucket pulling into Pago -Pago 
had gold bars concealed in the 
salted fish. 

Those who required maximum 
secrecy-spies, international 
bankers, merchants of death, and 
other nefarious schemers-used 
encoding that might take hours to 
decode by those having the key; 
weeks, months, years, or never by 
those not having a key, or a spy or a 
mole with the opposition. 

Non-military encoding was also 
used to reduce the amount of time 
and effort needed to send a com- 
mercial message, and there were 
various national and international 
message codes for that purpose. 
The familiar 73's (goodbye, or best 
regards) and 88's (love and kisses) 
used by the amateur radio oper- 
ators are from an old international 
message code in which two -digit 
numbers represented complete 
sentences. Radio operators also 
had the international Q -signal 
code, in which 3 -letter groups 
starting with the letter Q repre- 
sented a thought, a sentence, or a 
particular situation. 

Digitize 
In the context of using encoding 

to save time-not for conceal- 

ment, espionage, nor military use, 
although it provides security even 
superior to the famed enigma 
code machine-we have com- 
bined the modern microprocessor 
with the old concept of an alpha or 
a numeric commercial code to 
create the fastest, most secure 
means of sending a message from 
one place to another. 

For example, assume we have a 
data -exchange system running at 
1200 baud. The transmission of the 
digitized message 22 96 16-which 
at 1200 baud would sound exactly 
like a blip of static-would pro- 
duce a printout at the receiver of 
"CONGRATULATIONS ON YOUR 
WINNING THE LOTTERY FROM 
YOUR LONG LOST FAMILY IN CAL- 
IFORNIA." Or perhaps a digitized 
blip of 13 87 23 POLE 15 MAL- 
AMUTE 17 would result in a tele- 
gram reading "SORRY WE CAN'T 
BE WITH YOU ON YOUR MOST 
JOYOUS OCCASION. CONGRAT- 
ULATIONS ON YOUR REACHING 
THE POLE. THE BOYS AT THE MAL- 
AMUTE SALOON." 

Not only would the blips of what 
sounds like static to the human ear 
result in complex messages; they 
would also be automatically trans- 
lated into the language and gram- 
mar of the people at the receiving 
facility. 

HERB FRIEDMAN, 
COMMUNICATIONS EDITOR 

Done in memory 
Sound farfetched? Not so! Just 

such a system is being introduced 
in Europe for-would you be- 
lieve?-the common automobile 
radio, and Radio -Electronics will 
have a feature article on the Euro- 
pean system in a future issue. 
Meanwhile, let's take a quick -and - 
dirty look at how it's done. 

The key to the system is the 
same idea used in the Digital L/C 
Meter project in the July '88 issue 
of Radio -Electronics. If you recall, 
the results of thousands of calcula- 
tions were stored in a ROM. A ca- 
pacitor or inductor connected to 
the meter's input terminals cre- 
ated a specific voltage condition. 
Instead of going through all the 
calculations and interpretations 
needed to determine the L or C 
value represented by the con- 
dition, the meter simply com- 
pared the condition to the 
calculated results stored in the 
ROM. Almost instantly, a match 
was found; and the meter dis- 
played the L or C value that corre- 
sponded to the stored ROM data. 
(Yes, that's a gross oversimplifica- 
tion. Read the original article if you 
want an in-depth explanation.) 

Using the functional block di- 
agram shown in Fig. 1 as the refer- 
ence, let's apply the UC meter's 
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equipped instruments, regardless of the 
manufacturer, to be easily connected to- 
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Combine a computer and some MIDI instru- 
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FCC LICENSE 
PREPARATION 

The FCC has revised and updated the 
commercial license exam. The NEW 
EXAM covers updated marine and 
aviation rules and regulations, 
transistor and digital circuitry. 
THE GENERAL RADIOTELEPHONE 
OPERATOR LICENSE - STUDY GUIDE 
contains the necessary preparation 
for CNLY $25.00. 

WPT PUBLICATIONS 
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use of ROM memory to communi- 
cations. Notice that we have a re- 
ceiver feeding a data output to a 

ROM, which, in turn, feeds a mi- 
croprocessor, a voice synthesizer, 
an audio amplifier, and a speaker. 
A second output channel from the 
microprocessor feeds a decoder 
and a printer. 

The ROM is like a giant CD- 
ROM, or even a Compact Disc, in 
that it contains a digitized repre- 
sentation of thousands of words 
and phrases; much like the 
"human" voice the telephone 
company uses for its information 
service to give telephone num- 
bers. Each word or phrase can be 
keyed only by a specific input data 
code. For the sake of discussion, 
let's assume that a number repre- 
sented by binary data represents a 

digitized word, or a string of digital 
data represents a phrase. 

Assume that the receiver out- 
puts data representing the 
number 13. The 13 is the ROM -ad- 
dress key for digitization of "SOR- 
RY WE CAN'T BE WITH YOU ON 
YOUR MOST JOYOUS OCCA- 
SION." That digitized message is 

fed to the voice synthesizer, which 
outputs the complete phrase in a 

"human voice." Alternately, the 
digitized data from the ROM could 
also feed the decoder and printer, 
thereby printing the message. 

Now I have the message repre- 
sented by a13 written in English. In 
actual use, the equipment used in 
each country would have a ROM 
whose messages are digitized in 
its own language. In that way, an 
international communications 
code of 13 could produce the same 
message in any language. 

What's that? You claim that the 
system would provide unbreaka- 
ble encryption. You betcha! If the 
ROM data were uncovered by a 

spy, it would only be necessary for 
the user(s) to plug a different ROM 
into each receiver. If the ROM ex- 
change was time -coordinated, a 

communications service, country, 
or whomever could change all 
their encoding equipment in a 

matter of minutes. It would even 
be possible to bank -switch various 
ROM's in order to accommodate 
specific services. 

Rolling code 
In the event that the ROM could 

not contain certain data, such as 
the name of a city, state, or person, 
that information for ordinary com- 
munication traffic could be sent in 
clear text-as we showed with 
POLE and MALAMUTE, or digital 
data could be used to represent 
individual characters. Were full se- 
crecy necessary, the character en- 
coding could be done on a rolling 

basis, in the same manner as used 
for the enigma machine. That is, 
the first time a 12 might represent 
the letter P, while the second time 
a 12 would represent a Z while a 26 
represented E, etc., etc., etc. A 4 - 
bit microprocessor is really all 
that's required to accommodate a 

rolling code. 
The only real limitations for 

ROM'ized, communications are 
the practical limitations on the size 
of the ROM and the kind of mes- 
sages we intend to exchange. But 
the way that technology is going, 
in a couple of years a $2 ROM 
might well contain the digitized 
data for every word and phrase 
known both on Earth and in the 
nearest inhabitable galaxy. 

The applications for such a sys- 
tem are endless. For example, 
imagine that you're driving in your 
car somewhere out of state, and 
you don't know what stations are 
broadcasting classical music, 
which you enjoy. All you would 
have to do is program your car ra- 
dio to tune in to any station that 
happens to be broadcasting classi- 
cal music, and your car radio 
would then tune in to only those 
stations. In fact, there is just such a 

system in use today. You should 
keep an eye out for a feature arti- 
cle on that system in an upcoming 
issue. R -E 
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DRAWING BOARD 

continued from page 83 

In actual fact, that is really slop- 
py programming. The game it was 
protecting (no names) is a really 
slick piece of work and is ob- 
viously that of a gifted program- 
mer. Finding that kind of garbage 
in the middle of it is evidence that 
someone else modified the source 
code in order to make it difficult 
for people like us to examine and 
understand. 

If you go through the corrected 
listing carefully, you'll realize that 
the second programmer forgot to 
put everything back the way it was 
in the beginning, because execut- 
ing the instruction at $59EA will 
leave the listing looking like: 

59E4 
59E7 
59EA 
59EB 
59EC 

----> 59EF 

CE E7 59 DEC $59E7 
CE EA 59 DEC $59EA 
EF ??? 
EA NOP 
59 AD 51 EOR $51AD,Y 
etc., etc. 

That's not the same as the origi- 
nal listing. In order to do the job 
properly, the code should have 
looked like: 

59E4 CE E7 59 DEC $59E7 
59E7 CE EA 59 DEC $59EA 
59EA EE EA 59 INC $59EA 

----> 59ED EE E7 59 INC $59E7 
59F0 AD 51 etc. LDA $??51 

The instruction I added at $59ED 
would make the code go back to 
its original garbage appearance as 
soon as it was finished. 

Hey, if you want to throw people 
off the scent at least do the job 
properly! 

Several people who worked out 
the listing also picked up the fact 
that there was some unnecessary 
code as well. It showed up as: 

5A07 A9 00 LDA #$00 
5A09 8D EB B7 STA $B7EB 

----> 5AOC A9 00 LDA #$00 
5AOE 8D FO B7 STA $B7F0 

You can see that the instruction 
at $5AOC is a waste of space since 
the accumulator was already load- 
ed with $00 at $5A07 and hasn't 
been changed. It's only a couple of 
bytes and doesn't really mean 

much in the great scheme of 
things, but it's surprising to see it 
there since the game was such a 
neat bit of programming. 

A special thanks to D. H. Evett, 
Steve Z, James Swindell, Raymond 
Zapp Jr., Philip Albro, Alan Wilson, 
Isaac Molho, Michel Kronowit, 
and David Andrus, for sending in 
the correct listing. You've all 
earned 17 cracking points and a 
gold star. 

I was happy to see that a lot of 
you share my interest in working 
out puzzles in general and snoop- 
ing around software in particular. 
If you'd like to see more of that 
kind of thing, drop me a note and 
let me know_The next time I do it, 
however, I'm going to make it 
really tough! 

There isn't really enough room 
in this column to go into a heavy 
discussion of copy protection, but 
I can certainly pass along any tips 
and suggestions that look interest- 
ing. One thing though: Software is 
machine-specific-an elegant 
code on an Apple is just garbage to 
an IBM. If you want to see more on 
that subject, let me know what 
kind of computer you have and 
what peripherals you have con- 
nected to it. 

In order to deal with copy pro- 
tection you have to have a working 
understanding of assembly -lan- 
guage programming. There's no 
easy way to get into it-you just 
have to make up your mind and do 
it. 

The more experience you have 
with dealing with the CPU on a gut 
machine -code level, the more suc- 
cess you'll have in dealing with the 
ins and outs of copy protection. 
When I get a better idea of what 
kind of computers you own, I'll be 
able to make some recommenda- 
tions of programming books and 
tutorials. If you know of any good 
ones for your hardware, put them 
on the note and I'll be sure to pass 
them along. 

Z-80 Reset 
On a completely different sub- 

ject, John Gruszynski dropped me 
a note with a question about the 
Z-80 series we did a few months 
ago. He wants to know what hap- 
pens to the registers when the 
Z-80 is reset. Here it is: 

IC TESTER 

continued from page 40 

while the red clip goes to the positive 
side. Make or purchase an IC test 
cable and test clips (one 20 -pin and 
one 16 -pin test clip should be ade- 
quate), and use a 20 -pin cable with 
multi -colored micro -hook probes for 
the analyzer cable. 

After checking for good solder 
joints and proper component loca- 
tion, install the four AE013 IC's ob- 
serving proper handling precautions 
for CMOS devices. As shown in Fig. 
3, pin 1 of IC3 and IC4 is oriented 180 
degrees from pin 1 of ICl and IC2. If 
the IC's are installed backwards, they 
will be damaged. Put an 8 -section 
DIP switch in the S2 socket; the 
switch marked "1" goes toward the 
pin -1 end of the socket. 

Checkout and final assembly 
For the preliminary checkout you 

will need a + 5 -volt supply, capable 
of outputting at least 250 mA. (DO 
NOT connect the tester to anything 
greater than + 5.5 volts.) Plug the 20 - 
pin header, Pl, to SOI, and connect a 
jumper from any pin of the header to 
ground. Now wrap a thin piece of bare 
wire around each pin of the header, so 
that all of the pins are connected to- 
gether. Wrap a thin piece of bare wire 
around each pin of DIP -clip S02, so 
that all the pins are connected to- 
gether. Now connect a jumper from 
any pin to ground. Turn off all sec- 
tions of S2, and then connect the 
power leads to the + 5 -volt supply 
and then press and release Sl. If the 
tester is working properly, all of the 
LED's should be off except LED21. 

With S2 -h open, connect the Pl 
header jumper to + 5 volts, and then 
remove it and connect it to ground. 
All of the LED's should turn on and 
stay on. Now, with S2 -h closed, con- 
nect the jumper to + 5 volts, and then 
to ground. All the LED's should turn 
on when 5 volts is applied, and then 
go off when the jumper is grounded 
(holding S1 will have the same effect). 
Now remove the power, the Pl header 
from SO1, and the SO2 test clip. 

Now get your enclosure, and label 
the front panel using the photographs 
as a guide. Drill and/or punch holes as 
necessary, and be sure to make a hole 
in the bottom of the case for the power 

continued on page 104 
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1-Output control lines become 
inactive. 

2-Data and address buses go 
tristate. 

3-Interrupt mode is set to zero. 
4-Interrupt and refresh regis- 

ters are set to zero. 
5-All interrupts, except NMI, are 

disabled. 
6-Program counter is set to 

zero (execution starts at 0000h). 
As you can see, it pretty much 

starts everything from scratch. A 
hardware reset is usually gener- 
ated when you first power -up the 
system to make sure things start 
off in a known state. 

To answer specifically: The pro- 
gram counter resets to zero as a 

result of a reset, and program ex- 
ecution starts at location 0000h. If 
you do a reset at startup, (and you 
should), it doesn't really matter 
what else is going on in your cir- 
cuit because you're just starting 
out. If, however, you do a reset 
while your circuit is powered up, 
there is one circumstance that can 
cause you some problems. 

If you're using dynamic RAM in 
your circuit and the R register in 
the Z-80 to handle the refresh, a 

hardware reset can cause the con- 
tents of the RAM to get trashed 
because the reset signal takes pre- 
cedence over everything else. 

When RESET is brought low, it 
takes effect irrespective which part 
of the instruction is being ex- 
ecuted. One way around that is to 
synchronize a reset with the ap- 
pearance of the M1 signal. The cir- 
cuit in Fig. 1 will do that for you and 
also give you a way of having a 

reset done by either a manual 
switch or some other kind of logic 
circuitry. 

By synchronizing reset with Ml, 
a reset can never happen while the 
CPU is talking to memory so 
there's no chance of a memory glit- 
ch due to an erroneous write. Of 
course, since the R register is reset 
to zero as well, you'll have to make 
sure your refresh timing is fast 
enough to save the data you've al- 
ready stored-but that is a dif- 
ferent problem. 

The Z-80 can take the strain out 
of a lot of design problems. A good 
designer can mix some hardware 
with a bit of software and cut the 
size of the board down to a mini- 
mum. But the price you pay for 
that convenience is that the Z-80 is 

a complex IC and dealing with 
software is a whole new can of 
worms. There's no way you can use 
the IC successfully without doing 
your paperwork first. 

There are lots of books on the 
Z-80 that can tell you everything 
you want to know about the IC. 
The first place to look is in your 
local library; if you don't find what 
you want there, write to the elec- 
tronics book publishers. And 
don't forget the people who make 
the Z-80 (Zilog, 210 Hacienda Ave., 
Campbell, CA 95008). They all have 
data books and application notes 
that are crammed with lots of good 
information. 

We seem to have gotten off the 
subject of display multiplexing but 
don't worry, we'll pick it up again 
next month. I promise. R -E 

HARDWARE HACKER 

continued from page 75 

The best sources of design and 
supplier information on syn- 
chronous inverters seem to be 
several rather expensive trade 
journals. Visit a large technical li- 
brary and see if they have Solar 
Age, Solar Energy, Solar and Wind 
Technology, or, on the more prac- 
tical side, Solar Engineering and 
Contracting. 

New tech info 
Let's see. There's a free Thyristor 

selector guide and cross reference 
from Motorola, a Modem Design 
Booklet from Exar, a new Linear IC 
Handbook from Plessey, and the 
Standard Products data book from 
Standard Microsystems that does 
include such chips as CRT display 
circuits and keyboard encoders. 

And C & H Sales now has a new 
surplus catalog full of robotics and 
other goodies. A free sample 
force -sensing resistor is obtaina- 
ble from Interlink Electronics. 
And, at long last, sanely priced 
current transformers for energy 

management and such as de- 
scribed in the Current Ring data 
sheets from ISL. 

If you are at all interested in any 
Apple computing, be sure to 
check into my Enhancing yourAp- 
ple Ile, volumes I and II, my 
Apple Writer Cookbook, and my 
Apple Assembly Cookbook. By 
one of those absolutely astound- 
ing coincidences, I do appear to 
have several autographed copies 
on hand here. 

Write or call if you are at all inter- 
ested. Let's hear from you. R -E 

"There's a rumor around that some of 
your guys are using an electronically 
controlled ball..." 

CONVERTERS & 
CABLE DECODERS 

INFORMATION 
402-554-0417 

Orders & Free Catalog 
1-800-624-1150 
ALL PRODUCTS GUARANTEED 
New Stargate 2000 $99.00 
SB -3/2 $89.00 
Tri -Bi Mode $99.00 
Hamlin MLD-1200 $100.00 
Oak N-12 W/V.S $99.00 
Panasonic $99.00 
Oak -M -35-B W/V.S $100.00 
Zenith SSAVI $185.00 
Eagle PD -3 $110.00 
Scientific Atlanta $120.00 
Pioneer W/ Parental $105.00 
Tocom Call 
Oak N-12 W/ Auto $140.00 
Evaluator Tap Detector.. $495.00 
ViewStar Volume+ $129.95 
Jerrold Starcom CSV.... $139.95 
M.D. ELECTRONICS 
5078 SO. 108th 
SUITE 115MD 
OMAHA, NE. 68137 
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A Pair From Paradise 

Resolution of video adapters and 
monitors is increasing. For those in 

fields requiring high resolution (CAD and 
desktop publishing), that's good news. 
For the rest of us-those who want it but 
can't afford it-it's bad news. In fact, a 
quality EGA adapter and monitor still 
costs three times or more what a Hercules 
mono system costs-and a Hercules sys- 
tem actually provides 12% better resolu- 
tion than an EGA! 

To help users at both ends of the scale, 
Paradise Systems recently introduced a 
pair of half-length video adapters. The 
low-cost AutoSwitch Monochrome EGA 
allows the user to run both CGA and EGA 
programs on a TTL monochrome monitor. 
Of course the board can also run stan- 
dard Hercules monochrome graphics. 
The VGA Plus Card, on the other hand, 
requires an analog monitor or a NEC Mul- 
tiSync (or equivalent), and provides dis- 
plays of up to 800 x 600 with 16 
simultaneous colors. 

The AutoSwitch Monochrome EGA 
Many programs are written to support 

both Hercules and EGA graphics sys- 
tems-but some aren't. OS/2, for exam- 
ple, requires EGA (or VGA) graphics. 
However, it's hard to scrap a perfectly 
good video system, especially when you 
consider that a standard TTL mono- 
chrome monitor has the bandwidth to 
display images at EGA resolution easily. 

Paradise did consider that fact, and 
decided to build an adapter that takes 

advantage of it. The AutoSwitch Mono- 
chrome EGA Card can run any software 
designed for CGA, EGA, and Hercules 
graphics-all on a standard TTL mono- 
chrome monitor. 

The board works in twò modes: True 
Monochrome Mode (TMM) and Color 
Simulation Mode (CSM). In TMM, you run 
software set up for standard text, Her- 
cules text and graphics, and mono- 
chrome EGA text and graphics. In CSM, 
you run software set up for color CGA 
and EGA text and graphics. In this mode, 
colors are represented as different inten- 
sity levels. White is bright, black is dark, 
and the other colors are somewhere in 
between. 

DIP -switch settings allow you to boot 
the card in either TMM or CSM. You can 
also change modes at the DOS command 
line using a utility program (MEGA.EXE). 
You can even "lock" a mode, so that even 
if you normally run in TMM, you can lock 
CSM, reboot, and then run Flight Sim- 
ulator and other self -booting programs. 

In addition to the two modes, the 
board has a feature called AutoSwitch 
which is also enabled and disabled by a 
DIP switch and MEGA.EXE. With Auto - 
Switch enabled, in TMM, you can run any 
monochrome software (MDA, Hercules, 
or mono EGA), and the card will switch 
into the correct mode automatically 
without changing switch settings, soft- 
ware drivers, or anything else. Likewise, in 
CSM, you can run CGA and EGA software 
at will. 

The board's last major feature allows 
you to run text -mode applications in 132 - 
column width, with either 25 or 43 lines. 
Paradise supplies software drivers and 
patches that allow you to do so using 
Lotus 1-2-3 and Symphony, Framework II, 
WordPerfect 4.2, and WordStar versions 
3.3 and 4.0. 

One potential problem with a board 
of this nature is lack of contrast. Color 
combinations that are perfectly legible 
on a color monitor may be illegible on a 
monochrome monitor. So Paradise sup- 
plies an additional utility that allows you 
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to modify, save, and load "palettes"; 
maps that show how various colors are 
translated into different levels of intensity. 
You can have different palettes for dif- 
ferent applications, loading them as re- 
quired at the DOS command line or by 
batch file. 

As for compatibi litythe board worked 
fine in both modes with all software test- 
ed, including tough graphics programs 
such as Windows 2.0, Dr. Halo Ill, and 
Broderbund's PrintShop. (By the way, in 
the past we had run the latter on a Her- 
cules mono card using a public -domain 
utility called SIMCGA, which is available 
on the RE-BBS. It looks much better on the 
Paradise card.) 

We tested the card in two machines: a 
new -model IBM PC XT (with a 640K moth- 
erboard), and an AST Premium/286 (a 10 - 
MHz AT compatible). The AutoSwitch 
Monochrome EGA card ran with no 
problems whatsoever in the AST, but in 
the IBM, a slight shimmering effect was 
observable with some color combina- 
tions. For example, the bright blue that is 
used as a background color in PC Outline 
shows up as a shimmering grey on the 
AutoSwitch Monochrome EGA. Careful 
adjustment of the monitor's contrast and 
brightness controls could reduce the 
effect, but not eliminate it. Because we've 
had compatibility problems with that XT 
before, we suspect it is at fault. Paradise is 
looking into the problem. 

Enhanced VGA 
At the other end of the scale, the VGA 

Plus is an analog -only card, which means 
you'll need a NEC MultiSync or compati- 
ble, or one of the new IBM analog 
monitors. 

The VGA Plus is compatible with all 
IBM standard video modes (CGA, EGA, 
MCGA, and VGA), Hercules mono- 
chrome, and three proprietary modes. 
Like the monochrome EGA card, the VGA 
Plus supports 132 columns by 25 or 43 
lines in text modes. It alsò supports an 
800 x 600 graphics mode. (The latter 
mode won't run on IBM analog monitors.) 
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Special drivers are supplied that allow 
you to run Windows 2.0 (including any 
program that runs under Windows-Pag- 
eMaker, Excel, etc.), GEM, AutoCAD, Ven- 
tura Publisher, Cadvance, and Framework 
Il in the 800 x 600 graphics mode. Other 
drivers and patches are available for run- 
ning Framework II, WordStar 3.3 and 4.0, 

and WordPerfect 4.2 in 132 -column text 
modes. 

Unlike some VGA -compatible boards, 
the VGA Plus has the "Feature Connector" 
that is part of the IBM VGA standard. The 

Feature Connector is designed to allow 
add-on hardware to provide enhanced 
video features, but so far there are no 
commercial products that utilize the Fea- 

ture Connector. 
Like the AutoSwitch Monochrome 

EGA adapter, the VGA Plus ran all the 
software we tested it with, without any 
problems, including Windows 2.0 and 
AutoCAD Release 9.0. 

Whether you're looking for an en- 
hanced VGA card for advanced graphics 
applications, or for an inexpensive way to 
obtain EGA graphics, Paradise has a solu- 
tion for you. 

OS/2 on an XT? 

If you know anything about OS/2 at all, 
you know that it requires an 80286 or 

80386 microprocessor and at least 1.5MB 
of extended memory. Therefore, the new 
operating system can't run on an XT- 
right? Wrong. SOTA Technology's Mother - 
card 5.0 (reviewed in the November1987 
issue of Computer Digest) is an acceler- 
ator card that provides a complete oper- 
ating environment for its 80286: it has its 

own AT -compatible BIOS, its own on- 
board RAM, its own math coprocessor, 
etc. Except for I/O circuitry, the Mother - 
card amounts to an entire AT machine on 
a card. 

The wizards at SOTA have devised a 

set of drivers that allow IBM's version of 
OS/2 to run on the card. It works nicely: 
We tried it. 

You'll need a high -density disk drive 
(1.2M or 1.44M) to install OS/2; because 
most XT's don't have the proper adapter, 
SOTA has designed one of their own. We 
saw an early version of The Floppy I/O 
Plus, which should be ready by the time 
you read this. The board will support as 

many as four internal and external floppy - 
disk drives in any format (3Yº and 5Y4, 

720K and 1.44M, and 360K and 1.2M, re- 
spectively), and also contains a parallel 
port and one or two serial ports. The 
company will throw in a free copy of 
OS/2 and a Floppy I/O Plus to anyone 
who purchases the 12.5 -MHz version of 
the Mothercard and the two -megabyte 
daughtercard. 

SOFT- 
WARE 

GrandView 

Organization is the key to working effi- 
ciently; a new category of software 

purports to help us get organized. Some 
programs in that category provide brand- 
new interfaces and techniques; others 
build on past types of software (out- 
liners, project managers, free -form 
databases) to provide capabilities far 
beyond those of the software type on 
which they're based. Because of the po- 
tential and versatility of these organizers, 
we'll examine several of the more inter- 
esting ones during the next few months. 

Living VideoText (a division of Sym- 
antec) recently introduced GrandView, a 

program that comes from the outline tra- 
dition. In fact, the program was written by 
the same person who wrote our favorite 
(till now) outliner, PC Outline. As you 
might expect, GrandView resembles PC 

Outline in many respects, but the pro- 
gram was also influenced by Living Vid- 
eoText's own ThinkTank. (PC Outline and 
ThinkTank were examined briefly in the 
March 1987 and May 1988 editions of 
ComputerDigest respectively) 

The basic user interface strongly re- 
sembles that of PC Outline. A series of 
drop -down menus allows you to load 
and save files, perform editing functions, 
change the screen view, reorganize your 
outline, etc. You can access the menus by 
pressing F10 or the slash key ("/"), or by 
using a mouse. Many common menu 
commands are also accessible through 
Ctrl- and Alt -key combinations. Alt -S, for 
example, saves the current outline to 
disk. A built-in keyboard macro pro- 
cessor allows you to define your own 
keystrokes to accomplish the tasks you 
perform most often. 

Like PC Outline, you can have as many 
as nine outlines open on -screen simulta- 
neously. But GrandView gives you quite a 

bit more flexibility in their on -screen ar- 

rangement. They can be tiled (arranged in 

adjacent, non -overlapping windows) in 
several ways, overlapping, or in a custom 
arrangement designed by you. When you 
hit on the correct format, you can save it 
to disk and reload it later. And using the 
Autostart macro, you can even force that 
window setup to be loaded every time 
you start GrandView. Those are great im- 
provements over PC Outline. 

If you've never used an outliner, nearly 
all allow you to create headlines, sub - 
headlines, sub-subheadlines, and so 
forth. Each headline (or subhead) maybe 
just a single line of text, or it may contain 
several paragraphs of text. To rearrange an 

outline, you can move a headline (or sub- 
head); all subheads and associated text 
will move with it. Display options allow 
you to hide and show various levels of 
detail-headlines only, headlines and 
first -level subheads, etc. The ability to 
"zoom" in and out using the various dis- 
play options allows you, at different 
times, to see the overall structure and to 
zero in on the details. 

Of course, GrandView includes the 
usual complement of editing and outlin- 
ing functions, as well as advanced fea- 
tures like the ability to mark a disparate 
group of headlines throughout the outline 
and gather them together in a new place. 
Other commands allow you to move and 
copy a headline or group thereof, join 
and divide headlines, clone headlines (in 
which all changes made to one copy of a 

headline or group are reflected in the 
other), sort and prioritize headlines. 
Hoisting a headline hides all of the outline 
except the current headline, its sub- 
heads, and all associated text. That al- 
lows you to focus on the subset. Hoisting 
and cloning are borrowed from 
ThinkTank. 

GrandView also allows extensive print 
formatting, including headers and 
footers, specification of fonts and type- 
styles by outline level, etc. No longer do 
you have to transfer an outline from an 
outliner to a word processor for final 
printing. 

What's new 
So far, GrandView sounds like a 

beefed-up outliner. What gives it the in- 
creased organizational abilities men- 
tioned above? Two things: the automa- 
tion provided by the automatic keyboard 
macros, and the new ability to view out- 
line entries by category. 

In fact, GrandView allows three views 
of a given document: outline, document, 
and category. Outline view is the tradi- 
tional indented hierarchy of headlines 
and subheads. 

Document view shows (and allows 
you to edit) just the text of a particular 
headline or subhead. 

Category view is more complex. When 
creating your outline, you can associate 
each headline and subhead with one or 
more different categories. You can then 
use category view to view your outline by 
category entries. 

For example, suppose you're manag- 
ing the research, engineering, and man- 
ufacturing departments of an engineering 
firm. Suppose further that some people 
work in more than one department. You 
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might create an outline with research, en- 
gineering, and manufacturing as the major 
headlines. Under each headline you 
would create a list of current projects. 
Each project would be categorized ac- 
cording to project leader, monthly ex- 
penses, and critical parts. 

Then, when Bill comes in and com- 
plains that he has too much to do, you 
could call up your outline, go into cate- 
gory view, and instantly display all the 
projects he's working on. Once a week 
you would examine your outline from the 
critical parts perspective, thereby making 
sure that a project isn't being delayed 
because parts aren't available. Once a 
month, you could update (and justify to 
your boss!) the expenses category. 

GrandView also has numerous small 
features that make it a joy to use. It is, for 
example, one of the growing class of text - 
mode programs that make impeccable 
use of a mouse to initiate menus and 
select items from them, mark blocks of 
text, etc. The program also has an envia- 
ble on-line help system, and numerous 
configuration options that allow you to 
customize behavior to your tastes. 

Conclusion 
Even without the ability to categorize 

information, GrandView represents a sig- 
nificant improvement in outlining soft- 
ware. In fact, GrandView currently 
represents the state of the art. So whether 
you've been considering using an out- 
liner or you're already experienced with 
another outliner; check out GrandView- 
you won't be disappointed. Just re- 
member that, like any tool, GrandView is 

only as effective as the person using it. If 
you're new to PC -based outlining, you'll 
probably have to spend some time get- 
ting acquainted before you can become 
productive. 

Excel 

otus 1-2-3 has reigned as king of the 
preadsheet hill (which is rapidly be- 

coming a mountain) for many years now, 
but several contenders to the throne have 
arisen recently. Borland's Quattro at- 
tempts to out -Lotus Lotus, but Microsoft's 
Excel takes the spreadsheet metaphor to 
new heights. 

The program runs under Windows 2.0. 
Excel comes with a run-time version of 
Windows, but to pass data among Win- 
dows applications, you need a regular 
copy of Windows 2.0. You also need a 
big, fast machine with a lot of RAM to run 
Excel. At a minimum, a fast AT with a fast 
hard disk, 640K of conventional memory, 
and at least a few hundred K of ex- 
panded or extended memory are re- 
quired. You'll also want a mouse. 

Whereas Quattro provides an optional 
clone of the Lotus interface, Excel has its 
own user interface. However; in what 
without question the best on-line help 
system we're ever seen, an experienced 
Lotus user can easily find the equivalent 
Excel command. A similar capability is 
provided for Multiplan users. In addition, 
the help system contains an excellent tu- 
torial and an encyclopedic multi -level in- 
dexed and cross-referenced listing of all 
commands. There is also a separate guide 
to keyboard commands, and a Feature 
Guide that functions as a tutorial for inter- 
mediate users. The combination of all the 
help functions makes it possible to learn 
(or releam) most or what you need to 
know about that complex product with- 
out ever opening the well-done manual. 

Because Excel runs under Windows, 
you get all of the advantages and disad- 
vantages of that environment. On the plus 
side, the graphic environment is easy to 
work with, and provides, with the proper 
printer, the possibility of high -qual fry out- 
put in a multitude of type faces, as well as 
high -quality graphics. On the other hand, 
with anything less than a fast 286, opera- 
tion is slow 

Excel provides three basic kinds of 
structures: spreadsheets, macros, and 
charts. Unlike Lotus, each type of struc- 
ture is stored in a separate file, which 
helps keep your spreadsheets free of 
clutter. All three structures provide ca- 
pabilities that Lotus is only now begin- 
ning to incorporate into the latest version 
of the program (3.0), which is due out 
about the time you read this. For example, 
Excel provides more than 40 pre -defined 
charts, including various types of bar, line, 
and scatter charts. You can define multi- 
ple charts for a single spreadsheet; each 
chart appears in a separate window. Un- 
fortunately, 3D charting is not imple- 
mented. Unlike Lotus, Macros can be 
recorded as you enter the actual key- 
strokes; lateryou can edit your macros in a 
macro editing window. As for 
spreadsheets, you can have more than 
one open at once (limited by the amount 
of memory you have), and separate 
spreadsheets can be linked, so that 
changing data on one spreadsheet is au- 
tomatically updated on any linked 
spreadsheet. The list goes on and on. 

Excel is a big, powerful program, and it 
requires a big, powerful machine to run it. 
But working with it is both fun and pro- 
ductive. And it's also a harbinger of the 
type of program we'll start seeing soon 
that run under OS/2. 

Graphics Conversion with Hijaak 

Graphics on PC's were once limited to 
games, but more and more serious 

uses are cropping up all the time. The 

problem is that there is no standard file 
format, so you can't, for example, read 
images created by Microsoft Paint into Dr. 

Halo for further editing. And forget about 
transferring an image from an Amiga or a 
Macintosh to a PC (or vice versa). 

Inset Systems recognized the problem 
and has started building a solution to it. 
(The company's first product, Inset, al- 
lows you to do desktop publishing with- 
in the confines of your own word 
processor; see the February 1988 issue for 
a review) 

Hijaak allows you to capture the screen 
of just about any IBM PC program and 
then convert it to one of the supported 
formats, which presently include: Amiga 
ILBM, Compuserve GIF, Halo CUT, 
Hewlett-Packard PCL, Inset PIX, Lotus PIC, 
Macintosh MacPaint, Microsoft Paint, 
NewsMaster, PC Paintbrush, PrintMaster, 
Text, TIFF and PostScript. Or you can con- 
vert a disk file created in one format to 
another. Exceptions presently include the 
ability to transfer only from (not to) the 
Lotus PIC format, and only to (not from) 
PostScript format. 

Conversion can be accomplished from 
a fill -in -the -blanks program or via the 
DOS command line (or in batch files). In 
either case, the process is quick and 
painless. 

Supported formats for capturing im- 
ages directly from screen include C/GA, 
EGA, VGA, Hercules, AT&T, and Toshiba 
(T3100). 

Hijaak's manual is very well written and 
laid out, which makes learning and using 
the program simplicity itself. All software 
manufacturers should buy a copy of Hi- 
jaak just to see the right way to do a 
manual. 

Optimize Disk Performance with 
VOPT 

It's a fact of PC life that disk files become 
fragmented over time. By un -fragment- 

ing them, they load faster because the 
read/write head needn't shuttle back and 
forth across the surface of the disk. Rather 
it laps up each sector as it passes beneath 
the head. 

Several un -fragment programs are sold 
commercially; one of the better is VOPT, 
by Golden Bow Systems. VOPT is both 
safer and faster than most comparable 
programs, because it does not try to ac- 
count for every single sector. For exam- 
ple, if there is a single unused sector in 
one of the lower numbered tracks, other 
programs will shift the entire sector 
chain-which could comprise many 
megabytes-down just to reclaim a few 
K of space. Doing so takes a long time and 
is dangerous, because if a power line 
glitch occurred in the middle of the pro - 
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cess, one or more files could be hope- 
lessly scrambled. 

VOPT, on the other hand, adopts an 
intelligent approach to reclaiming un- 
used space. Rather than shifting an entire 
disk down to fill a small space, it will 
move a small file there, or simply leave it 
unused. Doing so greatly increases safety 
and greatly decreases the amount of time 
required to optimize the disk. 

In addition to VOPT, the disk comes 
with several utility programs, including 
one (VMAP) that provides a graphic dis- 
play of your hard disk's sector usage. Fig- 
ures 1 and 2 show the displays provided 
before and after running VOPT on a 20 - 
megabyte hard disk (a Seagate ST -225) 
installed in an IBM PC XT, a process that 
took about 2.5 minutes, rather than the 
25-40 minutes required by other similar 
programs. 
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Golden Bow also markets a quality 
disk -caching program, VCACHE, and a 

hard -disk partitioning program called 
VFEATURE that al lows you to create boot - 
able partitions larger than the 32 -mega- 
byte limit imposed by DOS. 

BASIC 6.0 

ÄÄ icrosoft just released a slew of lan- 
guages (BASIC, assembler, Pascal, 

FORTRAN, and C) that allow you to de- 
velop programs for both DOS and OS/2. 
BASIC 6.0 is a complex hybrid product 
that includes the QuickBASIC 4.0 environ- 
ment for developing DOS programs inter- 
actively, as well as a command -line 
compiler that both runs under and pro- 
duces code for both DOS and OS/2 en- 
vironments. The only problem is that the 
compiler cannot take full advantage of 
some of the advanced features of OS/2, 
such as multiple processes in the same 
program. 

Fortunately, versions of CodeView, Mi- 
crosoft's windowing debugger, are in- 

cluded for both environments. Unfor- 
tunately, however, QuickBASIC doesn't 
run under OS/2 (yet). 

The programs are supplied on nine 
360K diskettes, and are accompanied by 
about six inches of spiral -bound docu- 
mentation. It's possible to run various 
portions of the package from a floppy - 
only system, but you'll really want a hard 
disk for convenience. To store everything 
you'll need almost three megabytes of 
space; you won't need all files if you're 
just going to use QuickBASIC, for exam- 
ple, or just the OS/2 development tools. 

This author gave up on BASIC as a se- 
rious programming tool long ago, but 
QuickBASIC could change his mind. 
There are several reasons for that. For one, 
the language doesn't require line num- 
bers, and it allows named procedures 
(subroutines). In addition, it contains a 

built-in debugger that allows you, for ex- 
ample, to keep a watch on one or more 
variables while a program is running. Fur- 

ther, its built-in editor is infinitely better 
than that supplied with GW-BASIC. An 
especially nice feature is that, many times, 
you can modify a program (not just a 

variable, as in GW-BASIC) and continue 
running it without recompiling. Last, file 
facilities that allow for binary records al- 
low you to create Pascal -like records. No 
more FIELD, LSET, etc! 

For use with the command -line com- 
piler (BC.EXE), BASIC 6.0 also includes a 

configurable text editor (M.EXE) from 
which other programs-including BC, of 
course-can be run. That ability is no 
replacement for the integrated Quick en- 
vironment, but it helps. 

You can buy QuickBASIC separately for 
considerably less money, but with BASIC 
6.0 you also get the command -line com- 
piler and editor, and versions of Co- 
deView for both DOS and OS/2. So you 
could use QB to develop, say, the interac- 
tive portions of programs, and BC to 
compile (and CodeView to debug) the 
"meat." Also, don't forget that under 
OS/2, you can run multiple programs si- 
multaneously, so you could run BC-even 
several copies of it-in the background, 
while at the same time editing another file 
in the foreground. 

If you're looking for a simple way (i.e., 

PRODUCTS 
P&toSwitch Monochrome EGA ($249) 

and VGA Plus Card ($399), Paradise Sys - 
terns, Inc., 99 South Hill Drive, Brisbane, 
CA 94005. (415) 468-7300. 

Mothercard 5.0 (12.5 MHz, $995; 10 

MHz, $895), SOTA Technology, 657 N. 
Pa:toria Ave., Sunnyvale, CA 94086. 
(403) 245-3366. 

GrandView ($295), Symantec Corp., 
Liv rig VideoText Division, 117 Easy 
Street, Mountain View, CA 94043. (415) 
964-6300. 

Excel ($495), Microsoft 16011 NE 36th 
Way, Redmond, WA 98073. (206) 
882-8080. 

not with C or assembler) of easing into 
OS/2 programming, BASIC 6.0 is what 
you need. It combines a wealth of pro- 
gramming tools for both old and new 
environments, all at a reasonable price. 

Customizing AutoCAD 

utoCAD has developed a cult follow- 
ng for a number of reasons, not the 

least of which is its ability to be thor- 
oughly customized. (See the April 1988 
issue for a review of the current version.) 
You can customize the program's on- 
screen menus to provide you with a sub- 
set of commands that fit your particular 
application. In addition, using AutoCAD's 
built-in LISP -like language, you can pro- 
gram special functions to do just about 
anything you like. 

The problem is that Autodesk's docu- 
mentation on customization is sparse. So 
New Riders Publishing decided to show 
us how to do it. The result is a big (81/2 x 
11), thick (600 pages) book written by 
Joseph Smith and Rusty Gesner that 
covers just about every imaginable (and 
several unimaginable) aspect of 
customizing AutoCAD. The book teaches 
you all about menu customization and 
working with LISP The book does not, 
however, inundate you with much detail 
all at once; rather, it presents information 
to you in well-chosen and easily man- 
ageable chunks, gradually building on 
earlier concepts. 

Along the way, it teaches how to best 
use DOS (subdirectories, etc.), interfac- 
ing with Lotus 1-2-3 and dBASE, and 
more. 

In short, if you're seriously into Auto- 
CAD, you need a copy of Customizing 
AutoCAD, to help you get the absolute 
most from your system.iW$ 

REVIEWED 
Hijaak ($89), Inset Systems 12 Mill 

Plain Road, Danbury, CT 06811. (800) 
828-8088, (203) 794-0396 (CT). 

VOPT ($49.95), Golden Bow Systems, 
2870 Fifth Ave., Suite 201, San Diego, CA 
92103. (619) 298-9349. 

BASIC 6.0 ($295), Microsoft Corp., 
16011 NE 36th Way, Redmond, WA' 
98073. (206) 882-8080. 

Customizing AutoCAD ($34.95, 
disk with AutoLISP routines, $29.90), 
New Riders Publishing, P.O. Box 
4846, Thousand Oaks, CA 91360. 
(818) 991-5392. 
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BUILD A 

SYNERGY CARD 
FOR YOUR PC 

Tap your hidden potential! 

Jeff Wiley & R. D. Warner 

In our society, we tend to over -emphasize analytical, linear thinking, and under -emphasize intuitive, 
symbolic approaches. However, we short-change ourselves when we do. The best scientific 

achievements have something "artistic" about them, and the best artistic achievements have 
something "scientific" (organized or structured) about them. Systems design and analysis, for 
example, requires one to retain an image of the overall system while simultaneously being able to 
break that system down into its component parts. 

To help you learn to maximize both analytical and intuitive types of skills, we're going to describe 
the construction of a device, called the Synergy Card, that plugs into any IBM PC or compatible with 
an eight -bit slot. The Synergy Card works by generating computer -controlled sound waves that put 
your brain into a state that is more conducive to both learning and creating. The Synergy Card can also 
be used to create various sound effects. The card can be built for under $100; assembled and tested 
versions are also available. See the sidebar for more information. 

Because of the controversial nature of the technique, we'll spend most of this first article describing 
basic terms, background research, and philosophy. Next time we'll build the card itself and show you 
how to use it. 

,mle.44.:e; 
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Background 
Research has taught us much about how the human 

brain works. Using machines such as the Electro- 
EncephaloGraph (EEG) and the Superconducting QU 
antum Interference Device (SQUID), researchers have dis- 
covered that there is a division of labor between the sides 
of the brain. The left hemisphere is predominantly ana- 
lytical, linear, and verbal. By contrast, the right hemisphere 
is intuitive, creative, visual, and symbolic. Throughout the 
course of the day, we shift from one hemisphere to the 
other, depending on the task at hand. When speaking or 
balancing a checkbook, the highest brainwave ampli- 
tudes are in the left side. When painting or listening to 
music, the right side becomes most active. 

Another discovery revealed that certain psychological 
and physiological states were associated with certain 
ranges of brain waves. That discovery led to the develop- 
ment of bio -feedback techniques. With the proper tech- 
niques, a person could learn to produce alpha or theta 
brainwaves, and thereby experience the physical and 
mental states associated with them. 

A technique that, unlike biofeedback, requires no 
learning by the subject has been developed by Robert 
Monroe, presently of The Monroe Institute (TMI) in Faber, 

Virginia. In the late 1950's, Monroe began investigating 
methods of accelerated learning, which led to remarkable 
discoveries about the nature of human consciousness. For 

example, Monroe found that regular sound waves at 
brainwave frequencies could induce the brain to pro- 
duce brainwaves of a similar frequency. That phe- 
nomenon is called a Frequency -Following Response 
(FFR). The important thing about FFR is that, given the 
correct frequencies, one could enjoy the physical and 
mental states associated with those frequencies. 

Because most brainwave frequencies are quite low, 
"beat" frequencies are used to generate them. The way 
they're generated is unusual, though, because the actual 
beat frequencies are synthesized by the brain instead of 
being heard normally. To understand how it works, imag- 
ine listening through headphones to two distinct signals. 
A 200 -Hz signal is fed to one side, and a 205 -Hz signal to 
the other. Those signals are not being mixed electrically, 
nor are they mixing in the air. Nevertheless, you will hear a 

distinct 5 -Hz beat frequency, which is created in your 
brain. The way it works is that the two brain hemispheres 
synchronize to synthesize the beat signal. That process 
was dubbed Hemi-Sync(for hemisphere synchroniztion) 
by Monroe. We'll call it HS. 

In that example, if you were being monitored with an 
EEG, it would trace a 5 -Hz brainwave, and the amplitudes 
of the signals from both hemispheres would gradually 
become equal. 

Which signals produce desirable physiological and 

ORDERING INFORMATION 
The following are available from Perceptual Research Ven- 
tures, P.O. Box 201516, Missoula, MT 59801: Etched, 
drilled, tin-plated, and silk-screened PC board (PR -10), 

$36.00; assembled, tested, and conformal -coated card 
(PR -48), $319.95 (for research organizations only ); custom 
cabling (PR -8), $28.95; Sleep Lab software, compiled, runs 
card as a background task, leaving CPU free for other work, 
(PR -100), $29.95. Add $5 for postage and handl ng. 

psychological responses? TMI was founded in 1971 to 
answer just that question. Thousands of experiments with 
volunteers led to the development of certain combina- 
tions to produce specific responses. For example, a fre- 
quency of about 4 Hz can produce theta waves, which 
are associated with deep relaxation and high receptivity. 
By itself, theta waves may produce drowsiness, but when 
combined with beta waves (which are associated with 
concentration and alert problem solving), you have an 

excellent mental state for learning, retention, and problem 
solving. 

Case studies 
A philosophy professor at the Tacoma Community Col- 

lege in Washington has been using HS signals combined 
with music in his classes since 1978. The professor spends 
less time on housekeeping and department tasks; stu- 
dents are more relaxed, cooperative, and interested in 

learning; and student performance is enhanced. 
In another study, HS (delta, theta, and beta) was mixed 

with music and played in 24 second- through fifth -grade 
classrooms. Teachers reported that students had more 
highly focused attention, were more interested in learn- 
ing, and were able to learn more material in a given period 
of time. The general classroom atmosphere was one of 
relaxed attentiveness. 

Dream research 
HS also looks useful for dream research. In fact, HS was 

developed mainly as a way to maintain a state conductive 
to lucid dreaming, so that dreaming could be studied in a 

more consistent manner. That fascinating phenomenon 
has potential as a psychological and creativity tool, and as 

entertainment. In fact, HS has been used to develop 
techniques that can teach you how to increase dream 
awareness, and how to dream with finesse. 

Sleep research has shown that in REM sleep (the period 
when most dreams occur) the right hemisphere is much 
more active than the left. That's understandable based on 
what we said before, because dreams are usually pic- 
torial, emotional, and illogical, and the right side of the 
brain is the home of such states. 

In order to become lucid in a dream, it is necessary to 
increase activity in the left hemisphere. The effect of 
hemisphere synchronization seems to be that it allows 
one to carry more left -brain critical -analysis functions into 
dreaming. Much of what we've said about HS and dream- 
ing is speculative, but the authors can personally attest 
that HS helps induce lucid dreaming. 

Hardware introduction 
The Synergy Cart! is built around two 8255A parallel 

interfaces, three AY -3-8910 Programmable Sound Gener- 

ators (PSG's), and a stereo amplifier suitable for driving 
headphones or the line -level inputs of your stereo system. 

Because sound generation is done with hardware 
rather than software, the control software is easy to write. 
The hardware approach also provides much greater con- 
trol over the sound envelope generated by the Synergy 
Card. In addition, it also frees the CPU for other tasks. For 

example, the CPU can give the card the necessary param- 
eters, and then go off and monitor biofeedback equip- 
ment, altering the signal mix based on the information 
provided by that equipment. 
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FIG. 1-THE PROGRAMMABLE SOUND GENERATOR has six- 
teen registers that control the operation of a noise generator, 
tone generators, and the frequency and amplitude of the result- 
ing waveforms. 

Figure 1 shows a block diagram of the PSG. As you can 
see, each PSG has three analog outputs and 16 digital I/O 
lines. Each of the three analog outputs has its own tone 
generator; the output of a single noise generator (if en- 
abled) may be mixed with one or more outputs. The 
amplitude of each output may be fixed or variable, de- 
pending on the state of the envelope generator. The 
output of each mixer is fed through its own four -bit 
(sixteen -level) D/A convertor. The analog outputs of the IC 
have maximum amplitudes of 1 volt pk-pk. 

All operational parameters are specified by a set of 
sixteen registers. Output frequency, for example, is deter- 
mined by the contents of registers R13 and R14, which are 
the fine and coarse envelope period control registers. 
Here is the formula for determining output frequency: 

F0 = F0/[161x (256 x CT + FT)] 

Fo is the desired frequency, Fc is the clock frequency, CT is 
the contents of the coarse -tune register, and FT is the 
contents of the fine-tune register. 

Control software must be able to calculate CT and FT, 
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MIXERS 
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8 BITS 
ANALOG 

CHANNEL 

B C' 
ANALOG ANALOG 
CHANNEL CHANNEL 

given a desired output frequency (F0). (Clock frequency 
Fc is set at 1.8432 MHz.) For example, to obtain a 200 -Hz 
tone, plug in the known values and re -arrange the equa- 
tion as follows: 

200 Hz = 1843200 Hz/[16 x (256 x CT + FT)] 

200 Hz = 1843200 Hz/(4096CT + 16 FT) 

4096CT + 16FT = 1843200 Hz/200 Hz 

4096CT + 16FT = 9216 

CT = 9216/4096 = 2 

FT = 1024/16 = 64 

CT is calculated first, and then FT is determined from 
the remainder. The reason is that the PSG views the eight - 
bit fine-tune register and the four -bit coarse -tune register 
as representing one twelve -bit number. So you really 
aren't solving the equation for two unknowns, but one that 
is broken down into most -significant and least -significant 
parts that fit into the two registers. 

Next time we'll present the complete circuit, discuss 
how it works and how to build it..CD. 
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BUILD 
THE PT -681( 

This time we install hard - 
and floppy -disk controllers, 
and a parallel port. 

COMB 
liltllltl111t1111IHUlIIHIIIIIII 
11111111111111111111111111111111 

PETER A. STARK 

WWetend to look in awe at the floppy -disk circuitry of a 

computer, but actually it is very simple, mainly be- 
cause the most complex parts are hidden in a dedicated 
IC known as the floppy Disk Controller (FDC). 

Step 21: Floppy -disk controller 
Figure 1 shows the floppy -disk circuit used in the 

PT -68K. The heart of the circuit is the WD1772 FDC, which 
connects to the lower eight bits of the data bus, to 
address bits Al and A2, to the RAW line, to the REs line, to 
the ¡7 select line from the address decoder, and to the 8 - 

MHz clock signal (aKa). 
The ¡7 line comes from IC34 in the address decoder 

(shown in Fig. 3 in the January 1988 installment). It goes 
low whenever the 68000 accesses any location 
$FE0100-$FE013F, and thus selects the FDC whenever the 
68000 reads or writes any address in that range. However, 
because only the lower eight bits of the data bus go to the 
FDC, only odd addresses in that range actually are used to 
transfer data. 

Internally, the CPU -side of the FDC is organized into six 

byte -size registers, two of which the 68000 can either 
read or write. Two others can be read but not written, and 
the remaining two can be written but not read. The 68000 
selects which register it is reading or writing by(a) making 
the R/V(/ line high for reading or low for writing, and (b) 
putting the appropriate bit pattern on address lines Al 
and A2. 

The values of those two bits depend on the address (in 
the range from $FE0100 through $FE013F) that the pro- 
gram accesses. For example, writing to location $FE0103 

makes RAW low and puts the bits 01 on A2 and Al respec- 
tively. (Remember that the 3 at the end of $FE0103 is the 
bit pattern 0011; the middle two bits of this pattern 
correspond to A2 and Al, respectively) The six registers 
appear at the addresses shown in Table 1. 

t I t 
5 1 R 

i i 

Each register has a specific job. The Control register, for 
example, tells the floppy -disk drive to move the read/ 
write head to a specific track, to read or write a specific 
sector, or to format a track. (See the December 1987 and 
January 1988 issues for more on tracks and sectors, and 
the sidebar here entitled "SK*DOS Disk Organization" for 
information on how SK*DOS stores information on disk.) 

The FDC presents the results of various operations in the 
Status register, where each bit has a function: indicating 
that the FDC is busy, that it is waiting for data, that the disk 
is write -protected, or that an error has occurred. 

The 68000 tells the FDC where to read or write by 
placing the track and sector number into the Track and 
Sector registers. 

Last, the 68000 places data to be written on the disk 
into the Write data register, or reads data from the disk in 

the Read data register. 
Although the FDC handles most of the housekeeping 

involved with reading and writing floppy disks, there are 

several tasks it does not handle: choosing one of several 
drives, choosing a specific side of a double -sided disk, 
and choosing single- or double- density format. All three 
tasks are handled by IC11, a quad latch. 

As shown in Fig. 1, the four data inputs of IC11 connect 
to bits 0, 1, 5, and 6 of the data bus, and the IC's CLK input 
connects to ¡io3. Like iioa, iios comes from IC34 in the 
address decoder, but iio3 is pulsed whenever the 68000 
reads or writes locations $FEOOCO-$FEOOFF. Specifically, 
any time the 68000 stores a byte into location $FE00C1, 

IC11 is clocked and the data present on bits 0, 1, 5, and 6 

of the data bus is stored in IC11. 

The outputs of IC11 are used as follows: bits 0 and 1 go 
to IC12, a decoder that selects one of four drives; bit 5 

goes to the DIET, input (pin 26) of the FDC to choose single 
or double density; bit 6 is buffered by IC22-a and is used 
to select the side. 
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FIG. 1-FLOPPY-DISK CONTROLLER: IC5 does the real work; 
IC11 and IC12 select drive, disk side, and disk density. 

$FE0101 
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$FE0103 
$FE0105 
$FE0107 
$FE01O7 

TABLE 1-FDC REGISTERS 

Write only Control register 
Read only Status register 
Read/Write Track register 
Read/Write Sector register 
Write only Write data register 
Read only Read data register 

Last, let's look at the connections to the disk drives 
themselves. Disk drives connect to the PT -68K through a 
34 -wire flat cable that plugs into J13. All odd -numbered 
pins of the cable are grounded; the even -numbered pins 
carry signals to and from the drives. Physically, all the odd 
pins are on one side of the connector, but in the cable, the 
odd -numbered wires, alternate with the even -numbered 
wires. Therefore there is a ground between each adjacent 
pair of signal -carrying wires, reducing noise pickup. 

There is only one 34 -conductor cable, even when there 
is more than one disk drive. So each drive receives all 
signals from the computer. A specific drive is selected 
through use of the DRVO-DRV3 signals. For example, to ac- 
cess drive 0, the PT -68K places a low on DRvö, meanwhile 
keeping the other three lines high. In that way, when a 
command or data is sent down the cable, only the se- 
lected drive actually obeys. 

The signal wires themselves can be divided into three 
types: data, control, and status signals. The data lines 
carry serial data to and from the drives. The computer 
uses the control lines to tell the drive what to do. And, the 
status lines tell the computer the results of various opera- 
tions. 

The two data lines are RD for Read Data, and WD for Write 
Data. Although data on the data bus travels in parallel, the 
FDC contains shift registers that convert parallel data (that 
comes from the bus) to serial form (that goes to the drive), 
and vice versa. The FDC also adds clock pulses to ensure 
that the data on the disk is properly timed and can be 
read back correctly. In single density, a clock bit follows 
every data bit; in double density, clock bits are inserted 
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only between consecutive zero bits. Reducing the 
number of clock bits is what al lows double -density oper- 
ation to store more bits per track. 

Several signals control the operation of the drive. We 
already discussed the four DRV signals, which select a 

particular drive; and the SIDE signal, which selects a par- 
ticular side of the disk. Other control signals include Write 
Gate (wG), which goes low to tell the drive to switch from 
reading to writing; (Step srP), which tells it to move the 
read/write head to the next track; Direction (DIR), which 
tells it which direction to move the head; and Motor 
(MoT), which tells it to turn the motor on. 

Actually, MOT controls all drives, so even unselected 
drives turn their motors on and rotate the disk when Mor is 

asserted. 
The STP signal is so named because floppy drives use a 

stepper motor to move the head from track to track. A 
stepper motor has a ratchet -like motion, whereby the 
head aligns itself over a track correctly each time the 
motor clicks into position. In that way, the head is posi- 
tioned precisely by the motor with no help from other 
potentially problematic mechanical devices. 

Last, there are three status signals, all of which are 

usually derived from photo -electric sensors in the drive. 
A drive sends back a low on the Write Protect (WPRT) line 
when the write -protect notch on the disk is covered. The 
drive sends back a low on the Track 0 (Roo) line when the 
héad is positioned over Track 0, which is the outermost 
track on the floppy disk. Note that the FDC has no easy 
way of knowing which track the head is positioned 
over-it keeps track of head position by sensing track 0 

and then keeping a count of the STP step pulses as the 
head moves in and out. 

The drive senses the beginning of the track by sending 
a beam of light through a small hole in the disk called the 
index hole. That light is sensed once per revolution. When 
a disk is rotating, the Index Pulse (IP) goes low every time 
the beginning of a track comes under the read/write disk - 
drive head. 

The FDC uses the index pulse in several ways. In normal 
operation, the presence of the signal tells the FDC that 
there is a disk in the drive and that the door is closed 
(otherwise the disk would not turn). In addition, when a 

disk is being formatted, the index hole tells the FDC where 
to begin and end each track. Also, when the FDC encoun- 
ters a disk error, it uses IP to count the number of times it 
retries the failed operation before giving up. 

A word or two about 40- and 80 -track drives. An 80 - 
track drive can read 40 -track disks by a process called 
double -stepping, in which the drive takes two steps of 
'/96" to traverse the 1/48" spacing between tracks on a 

normal 40 -track disk. In fact, SK*DOS automatically tries 
double -stepping when it encounters a disk error, so read- 
ing a 40 -track disk in an 80 -track drive is totally invisible to 
the user. 

However, the reverse is not true-although SK*DOS 
can write a 40 -track disk in an 80 -track drive, it often 
happens that the disk is unreadable in a 40 -track drive. 
The reason is that the tracks on an 80 -track disk are not just 
closer together, they are also narrower. So when an 80 - 
track drive writes on a 40 -track disk, it does not write over 
the full track width, and some of the original 40 -track data 
may remain around the edges of the track. Then, when a 

40 -track drive tries to read the disk, it reads the new data 

SK*DOS DISK ORGANIZATION 
Although a double -density track can theoretically hold al- 
most 6000 bytes, in practice only 4608 bytes are used for 
actual data storage; the remaining bytes are wasted. On an 
IBM disk running MS-DOS, those 4608 bytes are divided 
into 9 sectors of 512 bytes each; on the PT -68K running 
SK*DOS, they are divided into 18 sectors of 256 bytes 
each. Sectors are numbered beginning with 1. 

On an SK*DOS disk, track 0 holds system information; 
the remaining tracks hold program and data files. Sectors 1 

and 2 of track 0 hold the superboot program, which is used 
when starting (booting) the system. Sector 3 is called the 
System Information Sector (SIS) because it stores system 
information such as how much of the disk is free. Sector 4 is 

used for testing purposes, and the disk directory begins 
with sector 5. If more space is needed for the directory, then 
it may be continued in other sectors of track 0. 

Each file on the disk has an entry in the directory that 
contains the file's name, size, time and date of creation or 
last update, location on the disk, and a one -byte attribute 
that provides further file information. The location of the file 
is specified by the track and sector where the file begins, 
and the track and sector where the file ends. 

Because only the beginning and ending locations are 
specified in the directory, additional information indicating 
where to find the rest of the file is contained within the file 
itself. The first two bytes of every sector in the file contain a 

pointer to the next sector of the file, in the form of another 
track and sector number. The linked sectors form a chain - 
like structure, so this type of disk organization is called a 

linked chain system. 
The free space on the disk is treated like a file (i.e., as 

another linked chain of sectors), whose beginning and end- 
ing locations, as well as size, are stored in the SIS, sector 3 

of track 0. 
As SK*DOS creates or deletes files, it simply moves 

sectors between chains. For example, when a file is de- 
leted, its name is removed from the directory, and its sec- 
tors are added to the end of the chain of free sectors. One 
neat side -effect of this system is that, if there is enough free 
space on the disk, these sectors may not be overwritten for 
some time. It is therefore possible to recover a deleted file, 
sometimes days or weeks later, depending on how the disk 
has been used. SK*DOS is supplied with such an UN - 
DELETE program. 

as well as some of the old. Depending on the exact track 
positioning and other factors, it may then misread the disk 
and fail. 

Build the floppy controller 
Enough theory; let's warm up our soldering irons. Install 

the following components, using sockets for all IC's: IC5 

(WD1772), IC11 (74LS175), IC12 (7442), IC7 (74LS367), IC6 

(7406). Then install 150-ohm,'/4-watt resistors at R1, R2, R4, 

R5, and 126, and a 0.1-µF ceramic disk at C6 (if it's not 
already installed). Last, install J13, a 34 -pin dual -row 
header strip. 

Just about any 51/4" disk drive will work with the PT -68K, 
but a double -sided, 80 -track drive is preferable, because 
it holds more data. Note that the SK*DOS disk operating 
system is normally supplied on 80 -track double -sided 
disks unless you specify otherwise. 

The next task is to make sure that the jumpers on the 
drive are properly set. As described above, selecting one 
of four possible drives is done by the four DRV lines. 
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Although all four lines go to each drive, only one DRV signal 
is actually used by any single drive. 

Figure 2 shows a simplified diagram of the jumpers that 
control drive selection on a typical floppy drive. As you 
can see, the four DRV signals appear on pins 6,10,12, and 
14 of the 34 -pin connector, and go to a set of jumpers 
usually called DSO.-ßs3, although sometimes they are la- 
beled DS1-DS4. When one of those jumpers is installed, the 
corresponding DRV signal goes to the Drive Select line of 
the drive itself. 

To use a drive with the PT -68K, you must make sure that 
it has only one Drive Select jumper installed. In some 
drives, the connections are made through a shorting plug 
installed in an IC socket; in that case, you may have to 
break three of the four connections on the shorting plug 
(or install a small DIP switch instead of the shorting plug). 
In other cases, you may have to move a jumper from one 
of the other positions into DSO. Many floppy drives cur- 
rently sold for use in IBM PC's and compatibles have the 
DS1 jumper installed, because drive selection in IBM's is 
done by flipping wires in the 34 -pin cable, rather than by 
moving jumpers on the drive. 

In a single -drive system, the jumper would be installed 
on DSO (or DS1 if your drive's numbering scheme starts with 
1). If you install more than one drive, place each DS jumper 
in a successively higher position. 

In addition to moving the DS jumpers, you should also 
remove the Micx (or Mx) and HM jumpers if installed, and 
install a jumper in the HS position. Mux is used to select a 
drive permanently for those computers that don't provide 
DRV signals. HM and HS jumpers control the Head Load 
signal in those drives that use a solenoid to move the read/ 
write head against the disk. Installing the HM (Head with 
Motor) jumper would bring the head against the disk as 
soon as the motor turned on, whereas installing the HS 

(Head with Select) jumper only brings the head against 
the disk if the drive is selected. 

A word about terminating resistors. In order to mini- 
mize noise, each signal -carrying wire must be terminated 
at the drive with a resistor. A drive usually has a small 
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FIG. 2-DRIVE-SELECT CIRCUITRY: Typical floppy -disk drives 
have a header block for selecting the disk -drive number that the 
drive will respond to. 

FURTHER HELP 
For further help, contact us through our BBS at (914) 
241-3307. Hardware questions can be answered by Pe- 
ripheral Technology, 1480 Terrell Mill Rd. #870, Marietta 
GA 30067, (404) 984-0742. Software questions dealing 
with HUMBUG and SK*DOS can be answered by Star -K 
Software Systems Corp., R. O. Box 209, Mt. Kisco NY 
10549, (914) 241-0287. 

Ordering Information 
Complete details were given in Part One (in the October 
1987 issue). To summarize: the basic kit (PT1, $200) con- 
tains all parts except power supply, case, and video termi- 
nal or personal computer to get a small system (ROM 
monitor, 2K RAM) up and running. The full basic system 
(PT -68K, currently $530 but the price may vary as DRAM 
prices change) includes 512K of dynamic RAM, floppy -disk 
controller, parallel port, battery -backed clock/calendar, 
three PC -compatible expansion slots, SK*DOS, editor, as- 
sembler, and system utilities. To order, or for more informa- 
tion, contact Peripheral Technology, 1480 Terrell Mill Road 
#870, Marietta GA 30067, (404) 984-0742. 

resistor pack that provides termination. To avoid over- 
loading when more than one drive is installed in a system, 
only the drive at the end of the cable should have its 
resistor pack installed. If there is no terminating resistor 
pack, or if there are two or more, the disk system may be 
unreliable, so check each drive in your system. 

Then connect the four -pin power plug to the power 
supply, and connect the 34 -pin data cable between the 
computer and disk drive. Pin 1 of J13 is toward the back of 
the board, and the pin 1 end of the connector is marked 
on most disk drives with a small notch between pins. 

Now insert a blank disk into drive 0 and turn on the 
power. When HUMBUG is running, examine the disk drive 
to check that the motor is off and the drive select LED on 
the face of the drive is off. If either of those is on, the 34 - 
pin cable may be reversed at one end. 

Now type the HUMBUG command FD (Floppy Disk). 
The drive still contains a blank disk, so it cannot boot 
SK*DOS; even so, the drive motor should start and the 
drive -select LED should light. If the motor comes on but 
the LED does not, the DS jumpers may not be properly 
placed. Don't continue on until the motor and the LED 
behave properly. 

When all seems well, reset the computer, remove the 
blank disk, place a write -protect strip on your SK*DOS 
system disk, and place it in the drive. Then type FD again. 

If all goes well, the disk drive should start, the drive 
select LED should go on, the head should go back and 
forth a few times, and in a few seconds the SK*DOS sign - 
on message should appear. Congratulations-your sys- 
tem is working and almost finished! 

Drive debugging 
If not, then a bit of debugging is in order. First check the 

type of disk drive-a single -sided drive cannot read a 
double -sided disk, a 40 -track drive cannot read an 80 - 
track disk. If you are really quick, try to count the disk 
revolutions per second (rps). The disk should be turning 
at 5 rps, not 6. If it turns at 6 rps, it may be a 360 -rpm 1.2 - 
megabyte drive intended for an AT -type system; if so, you 
may be able to boot by switching jumpers, because 
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some drives of that type have a jumper to select either 
300 or 360 rpm. 

If the drive seems correct, use HUMBUG'S FM com- 
mand to fill all of memory from address $0800-$8000 
with zeros, and then try the FD command again. After 
about 15 seconds, reset the system and use the HA 
command to look at locations $0800-$0900. If those 
locations still contain zeros, the disk system failed to read 
the disk. If an oscilloscope or logic probe is available, 
check that the IP and RD lines are normally high, but have 

negative -going pulses just after you type FD. If not, the 
disk may be in the drive backward, the disk drive may still 
not be properly selected, or it may be defective. 

An easy way to check the drive is to remove the disk, 

turn off the power, then manually (and very carefully-it 
might be wise to ask a knowledgeable person for help!) 
move the drive's head carriage a half -inch toward the 
center of the disk, and then try again. As soon as you type 
the FD command, the FDC should step the head carriage 
outward toward track 0. If it doesn't, then either some of 
the control signals are not getting to the drive, or else they 
are being ignored. 

If locations $0800 and up are now non -zero, then 
somethingwas read from the disk. Check whether the first 
few bytes at $0800 are: 

60 08 50 54 32 

Those are the very first bytes read from track 0, sector 1 of 
the disk. If that data is correct, then the disk system is 

almost OK. The data read from this very first sector con- 
tains the first half of a program we call the superboot, 
which loads into locations $0800-$08FE Once loaded 
via HUMBUG'S FD command, FD then begins execution at 

location $0800. The program loaded there then loads the 
next sector (track 0 sector 2) into memory beginning at 
location $0900, so check whether the area from 
$0900-$09FF still contains zeros. If so, the second sector 
wasn't loaded. 

The combination of those two sectors is supposed to 
load the SK*DOS.SYS system file into memory at location 
$1000, and then start execution there. Look at locations 
$0805 and $0806; those two bytes should contain two 
non -zero numbers, which tell the program where to find 
SK*DOS.SYS on the disk. 

Next, look at locations $1000-$1100. If those locations 
still contain zeros, then SK*DOS.SYS was not loaded. If 

the drive seems able to read the superboot program but 
fails to read SK*DOS.SYS, there may be a problem with 
the sTi or DIR lines or circuitry such that the drive can read 
track 0 but not other tracks. The same symptom would 
also appear if you were using a 40 -track drive to read an 

80 -track disk, or a single -sided drive to read a double - 
sided disk. 

Last, look at locations $4000-$5000 or so. If that area 

still contains zeros, then an error may have occurred while 
reading the disk. A common problem is head alignment: 
The disk head may not be centered over a track. If you 
suspect that's the case, try a different drive or copy your 
SK*DOS system disk on another system and try the copy. 
(You can also copy SK*DOS disks with the Copy II PC 

Option Board on IBM hardware.) Alternatively, return your 
SK*DOS disk for exchange to either Peripheral Technology 
or Star -K Software. 
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FIG. 3-PARALLEL PORT: IC2 has two full eight -bit ports and a 

counter/timer. Port A can drive a printer with standard Centronics 
parallel interface. 

Step 22: The parallel printer port 
There are several ways to connect a printer to the 

PT -68K. A serial printer can be connected to the serial port 
at J21. A parallel printer can be connected to either the 
printer port on an IBM -type monochrome video card, or 
directly to J8 on the PT -68K system board. All three are 

supported by SK*DOS drivers, and it is even possible to 
connect all three printers at once. Here we'll discusses 
installing the parallel printer port at J8. 

As shown in Fig. 3, there isn't much to the port. In fact, 
the entire port consists of just IC2, an MC68230 Parallel 

Interface/Timer (PVT), which is part of the Motorola 68000 
family. 

The 68230 consists of three main sections. Port A is an 

eight -bit input/output port consisting of the eight pins 
labeled PAO-PA7, along with two handshaking pins, labeled 
H1 and H2, that are used for sending control information. 
When used with a printer, pins 1-20 of J8 connect to a 

Centronics -compatible parallel -printer connector. The PA 

lines deliver characters to the printer, H2 tells the printer 
that a character is ready, and H1 lets the printer tell the 
PT -68K when it is busy. 

Port B is a second eight -bit port that is similar to port A. 
Its control lines are H3 and H4. Port B is uncommitted, so 
you are free to use it for whatever you wish. When using 
port A to drive a parallel printer, don't connect anything 
to pins 21-40 of J8. 

The third part of the 68230 PI/T is a timer consisting of a 

24 -bit counter that can count either CLK8 clock pulses or 
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FIG. 4-HARD DISK INTERFACE: Use this circuit only if you're 
not using a hard -disk controller in one of the IBM expansion 
slots. 

external pulses, generate square waves, generate inter- 
rupt signals to the computer at fixed time intervals, and 
various other functions. It is not used by PT -68K software, 
but it is available for custom applications. 

The 68230 connections to the computer are similar to 
those of the floppy -disk controller. The 68230 receives the 
iTd§ signal from the address decoder, so it is selected 
whenever an address in the range $FE0080-$FE00BF ap- 
pears on the address bus. Like the FDC, it contains a 
number of internal registers that are accessed at specific 
addresses, depending on the states of address lines 
A1-A5. However, there are too many registers and operat- 
ing modes to describe here-Motorola publishes a 75 - 
page manual on that IC alone! 

Construction is simple; install the following compo- 
nents: IC2 (MC68230) with socket, J8 (40 -pin header), 
and C2 (0.1 µF ceramic disk). 

Build the printer cable with 20 -conductor flat cable; 
you may use a 20 -pin connector at the computer end if 
you install it only in the pin 1 end of J8; otherwise, use a 
40 -pin connector. Place a standard Centronics printer 
connector at the other end, making sure that pin 1 of the 
Centronics connector connects to pin 1 of the other 
connector. 

Step 23: Optional HDO hard disk controller port 
The cheapest way to add a hard disk to your PT -68K is 

with a Western Digital WD1002-WX1 or -WX2 hard -disk 
controller (used in IBM XT's and compatibles). The con- 
troller generally costs about $90, or can be obtained 
complete with a 20 -megabyte disk and cables for under 
$300. 

However, to keep all their XT -type slots open for other 
purposes, some users may wish to use the Western Digital 
WD1002-HDO controller, which costs about $250 (with- 
out a drive). The HDO hard -disk port is shown in Fig. 4; all 
others can simply skip this part since the HDO controller 
has no other advantages. (While both hard disk control- 
lers can be installed at the same time, they require slightly 
different versions of SK*DOS and therefore cannot be 
used simultaneously) 

The HDO controller connects to the PT -68K with a 40 - 
pin flat cable connected to J17. The controller needs the 
data bus and three bits from the address bus to select 
internal registers. Buffered address lines BAO -8A2, obtained 
from the XT -type interface connectors, are used. In add- 
tion, the controller needs 1ios, which selects the port at 
locations $FE0140-$FE017F, RESET and a pair of signals 
called V/E and RE for write enable and read enable. VVE and 
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Stocking Distributor 
of Semiconductors 

81187 58 I11tlI.(r 
811287 68 10 MEG 
811387 16 20 MEG 
2561. 641h 128h 211 30 

Fust Reliable F,1erYlime 

Phone: 714-855-0411 
Fax: 714-855-8504 

No refund exchange only - Exchange good for 30 days 
unless manufacturer warranties merchandise longer. 

CIRCLE 194 ON FREE INFORMATION CARD 

Rates: Ads are 21/4" x 2//8". One insertion $825. Six insertions $800 each. Twelve 
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RE are generated by IC15-b and IC15-c from the R/W signal 
and a port -select signal derived from IC16. 

IC16 is a digital delay that is used to generate DTACK. Each 

time the HDO port is selected by lion and AS (Address 
Strobe) arrives, IC16 starts to shift AS from stage to stage. 
After two CLK8 clock pulses, it clocks IC15-b and IC15-c to 
generate either WE or RE, depending on the state of R/W. 

After six clock pulses, IC16 sends a pulse to IC15-d, which 
generates DTACK. 

If you're going to build this portion of the PT -68K, start 
by removing the jumper between pins 7 and 12 of IC15. 

When we installed IC15 (in Step 16, as part of the XT -bus 
connector circuitry), we connected the jumper to pre- 
vent IC15-d from generating a continual DTACK, which 
would prevent the rest of the computer from working 
properly. 

Then install the following parts: IC16 (74LS174) with 
socket, R3 (150 ohms, 1/4 watt), J17 (40 -pin header). The 

other components (R10, IC15, and IC22) were installed in 

previous steps, so installation is complete. 
Unless you have the HDO controller, there is no easy 

way for you to test this circuit, so we will leave it as is, and 
hope for the best. 

Step 24: Loose ends 
If you still have a test wire connected to pin 1 of J14, cut 

it very short and use it to jumper pin 1 to pin 2. We won't 
need the LED logic probe any longer; cutting that jumper 
restores the circuitry feeding the LED, thereby restoring 
the LED's operation. 

Way back in Step 4, we installed three LED's at J15, J16, 

and J17. If you're planning to install the PT -68K in a cabinet 
with cutouts for LED's on the front panel, you may wish to 

replace the board -mounted LED's with those on the front 
panel. Since the DISK LED at J16 is only used with the HDO 
hard disk controller, you will probably choose to leave it 

on the motherboard, but the POWER LED at J15 and the HALT 

LED at J17 might be useful on the front panel. If so, cut off 
the two LED's, leaving about 1/2" of each lead sticking up 
above the board. The two -pin connectors that most 
cabinets are supplied with for the LED connections will 
slip right over the LED stubs. If the LED's do not light, all 

you have to do is reverse the connectors. 
Before mounting the motherboard in the case, examine 

it carefully to make sure that all solder joints are good, and 
that there are no suspicious joints that might cause prob- 
lems a few months from now. Also make sure that all 

components are installed; look especially for capacitors 
or resistors you may have missed. The computer might 
workwithouta particular resistor or capacitor, but it might 
not be as reliable as it should be. 

Conclusion 
That brings us to the end of this series. Keep in mind 

that hundreds of other readers have built this project, and 
that they're all interested in learning more about the 68000 
microprocessor and the PT -68K computer. If you come up 
with an unusual application for the computer, or with an 

interesting add-on to make it more useful or more power- 
ful, let the editors know. They may ask you to write an 

article based on your idea. 
If you built a PT -68K, send your name and address to 

Star -K Software Systems to be placed on their mailing list. 

A newsletter is mailed occasionally with information 
about improvements and updates. 

Above all, enjoy using your 68000 system..m« 
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AMPLIFIER 

continued from page 44 

shown. After that, install an RCA 
plug on the other end for PLI. Then 
install two short wires at the pads 
marked SPKR for the speaker. Con- 
tinue by connecting a 6 -inch wire be- 
tween S1 and the power pads 
(unmarked). Finish up by connecting 
transformer T1 and fuseholder be- 
tween SI and the other unmarked pad. 
Snap a 1 -amp slow -blow fuse into the 
holder when you are finished. 

Note that if you substitute a stan- 
dard filament transformer for Tl, the 
wiring is a somewhat different, as 
shown in Fig. 6. Wire the trans- 
former's secondary directly to the un- 
marked pads, then wire the primary to 
Si and Fl as shown. Also, be sure to 
use a 1/4 -amp fast -blow fuse for Fl. 

All that is left to do now is to install 
the board in the cabinet with 4-40 
hardware, using spacers between the 
cabinet and the board, as shown in 
Fig. 5. Now connect the speaker 
wires, attach the knobs. 

Operation 
Now set all controls fully coun- 

terclockwise. Plug the unit into a 
nearby AC outlet, then turn it on by 
advancing the treble control. You will 
hear a brief "pop" from the speaker, 
then silence if all is well. Turn up the 
volume and touch the center terminal 
of PLI. You should hear a hum. If you 
are successful so far, you should con- 
nect a signal source, such as a tuner, 
and adjust the controls. 

If you have any problems, check 
some voltages. From ground, you 
should read about 17 volts on C22, 15 
volts on C23, and 9.1 volts on D1. The 
collector of QI should read about 4.9 
volts. Start troubleshooting where the 
voltages are seriously off. Integrated 
circuit IC1 is more difficult to check, 
but start by measuring the voltages on 
the SPKR pads with the speaker discon- 
nected; expect 7.5 volts on each pad, 
and if that voltage is not present, try 
replacing IC1. 

The project also works well from a 
12 -volt battery. Simply short out di- 
odes D2, D3, and D4 with a jumper 
wire, and then connect the + 12 volts 
through fuse Fl and switch S1 directly 
to the positive terminal of BR1. Wire 
the negative side of the battery to the 
negative terminal of BR1. R -E 

NANOELECTRONICS 

continued from page 52 

lower than those used in conventional 
logic circuits. Therefore, quantum - 
effect devices will have to have cur- 
rent- and voltage -translation devices 
built into them to make the signal 
levels compatible with more con- 
ventional devices. Similarly, signals 
input to a quantum -effect device will 
have to be reduced to levels compati- 
ble with its operation. And, presum- 
ably, signals routed from one 
quantum -effect device through a PC 
trace to another quantum -effect de- 
vice on the same board will also have 
to go through a translation process to 
push them along. 

Tooling up for a new generation of 
quantum -effect devices will not be 
easy or cheap. However, in the end, 
the benefits will outweigh whatever 
obstacles may presently stand in the 
way. Future integrated circuits will 
permit us to place as many as a hun- 
dred switching devices in the space 
that is now required for just one. 
Power requirements will be reduced 
significantly, and switching speeds 
will increase. Indeed, sometime in 
the next decade, we may truly see the 
advent of the "supercomputer on a 
chip." R -E 

IC TESTER 

continued from page 86 

cord. Install the completed board in 
the case, and make sure that the wire 
with the black clip goes to the " - " 
pad of J1. 

Tester operation 
Table 1 shows the settings of 

S2a-h. The settings depend on the 
pinout of the IC being tested, and 
whether the in -circuit tester is in the 
testing or analyzing mode. 

Connect the power leads to the 
power supply of the board to be test- 
ed. Set the DIP switches to the in - 
circuit test position, as shown in Table 
1. Install a known -good reference IC 
in SOI, and connect the IC test clip to 
the DUT. Now, press and release S1; if 
any LED's light, the IC is bad. Re- 
move and replace any bad IC's that 
you find, and then observe the board's 

operation. If the board works prop- 
erly, we are now finished, and if not, 
we will need to use the monitor/ana- 
lyzer feature to check the circuit. 

To set the tester for analyzing, set 
S2 -b on, and S2 -h either on or off as 
your experience dictates. Also, install 
the 20 -pin header in SO1 (with all 
pins shorted together). Closing S2 -b 
provides a ground to the header in 
most cases. If, however, you are ana- 
lyzing an IC with pin 10 grounded, 
open S2 -b, and close S2 -c. 

Let's call upon your experience and 
knowledge of logic circuits to deter- 
mine which IC's would be most likely 
to cause the symptoms that the circuit 
exhibits. A schematic and IC data 
sheets would, at this time, be helpful. 
The in -circuit tester is an instrument 
that can separate IC's that are defi- 
nitely good from those that might not 
be. Remove and replace suspected 
IC's as necessary, but keep in mind, 
that it may be something other than an 
IC that's causing the problem. 

As mentioned earlier, resistors 
R43-R60 may or may not be neces- 
sary. It depends on the type of circuit 
that is being tested. They may be 
needed when testing circuits with 
three -state outputs connected to a 
common bus, such as the data bus of a 
microprocessor, but not always. In 
fact, those resistors are so rarely re- 
quired, that they are optional. LED's 
on the tester corresponding to these 
outputs may turn on during the time 
when the bus is floating. If that oc- 
curs, it can be overcome by using the 
resistors, or by holding S1 down dur- 
ing testing. If needed, they can be 
discrete resistors or resistor networks. 
Mount them on the pins of SO2 on the 
bottom side of the PC board. The 
ground for those resistors is provided 
by the jumpers through S2 -h. 

To use the tester as a logic monitor/ 
analyzer, plug the 20 -pin DIP header 
into SOI, and close S2 -b. Connect the 
cable with the hook probes to S02. 
The hook probe connected to pin 10 of 
SOl is to be connected to a ground 
point on the board we are monitoring. 
That connects one side of all the com- 
parators to ground. Now, connect the 
other probes to the points in the cir- 
cuit that you wish to examine. 

As mentioned earlier, S2 -h will se- 
lect the latched or non -latched mode. 
Generally, use the non -latched (S2 -b 
closed) mode because the latched 
mode is used mostly to capture very 
short pulses. R -E 
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MARKET CENTER 
FOR SALE 

TUBES, name brands, new, 80% off list. KIRBY, 
298 West Carmel Drive, Carmel, IN 46032. 

IS it true...jeeps for $44 through the government? 
Call for facts! 1-(312) 742-1142, ext. 4673. 

TUBES. "Oldest," "latest." Parts and schematics. 
SASE for list. STEINMETZ, 7519 Maplewood Ave., 
R.E., Hammond, IN 46324. 

SOLAR battery chargers. Homes, RVs, boats. 
From $30.00. Brochure. SUN POWER, Texas, Dept. 
01B, P.O.B. 2788A, Freeport, TX 77544. 

TESLA coils-Kirlian electrophotography-plas- 
ma bulbs...Free 1988 science plan catalog! SCIEN- 
TIFIC, Box 1054HRH, Duvall, WA 98019. 

GREAT buys! Surplus prices, ICs, linears, transfor- 
mers, PS, stepping motors, vacuum pump, pho- 
totransistor, meters, Isase, FERTIK'S, 5400 Ella, 
Phila., PA 19120. 

TWO -Way -Radio, PC computers, Uniden service. 
General Radiotelephone licensed technician. Cata- 
log -RAYS, 2025 Moline, Ft. Worth, TX 76117 (817) 
831-7717. 

AIDS? Yes we have! Cable aids to help you. Zenith, 
Jerrold, Scientific Atlanta, Oak, Hamlins, much 
more. No Michigan sales! HOTRONICS, (313) 
675-5834. 

ATTENTION, are you looking for surplus test equip- 
ment volt meters, oscilloscope, etc. J.B. ELEC- 
TRONICS, 9518 W. Grand, Franklin Park, IL 60131, 
(312) 451-1750. 

Multi -Channel Microwave T.V. Receivers 

VISA/MC/COD 

19-2.7 GHz Parabolic Dish 40, dB Gain 

LIFETIME WARRANTY 
Complete System $99.95 (Shipping Incl.) 

Replacement Components 
& Expert Repairs Available 

K & S ELECTRONICS Call now 
forff some P.O. BOX 34522 

PHOENIX. AZ 85067 16021 230-0640 

S2 CREDIT ON PHONE ORDERS 

RESTRICTED technical information: Electronic 
surveillance, schematics, locksmithing, covert sci- 
ences, hacking, etc. Huge selection. Free bro- 
chures. MENTOR -Z, Drawer 1549, Asbury Park, NJ 
07712. 

FREE power supply, connectors ($8.95 val- 
ue) with assortment #103 (February 1984 

article) contains PCB, Toko coils, tran- 
sistors, IC's, diodes. $25.00. Five/$112.50. 
Assortment #104 contains all other parts. 
$10. Shipping $2.00. JIM RHODES, INC., 
PO Box 3421, Bristol, TN 37625. 

COPYGUARD corrector restores rental movies. 
Connects between VCRs. Satisfaction guaranteed. 
$59.95 plus $4 handling. 1 (800) 338-8751. 

SAVE make $1000's high technology insider se- 
crets catalog $2.00. Exotic parts, LEEWARE, Box 
5636, Greensboro, NC 27435. 

TUBES 59t. Year guarantee. Free catalog. Tube 
checker $8.95. CORNELL, 4215 University, San 
Diego, CA 92105. 

TUBES - 2000 TYPES 
DISCOUNT PRICES! 

Early, hard -to -find, and modern tubes. 
Also transformers, capacitors and 
parts for tube equipment. Send $2.00 
for 20 page wholesale catalog. 

ANTIQUE ELECTRONIC SUPPLY 
688 W. First SI.Tempe, AZ 85281.602/894-9503 

CABLE TV decoders Jerrold, Scientific Atlanta, 
Zenith, most major brands. Dealer inquiries wel- 
come. Visa-M!C accepted E & O VIDEO, 9691 E. 

265th Street, Elko, MN 55020, 1-(800) 638-6898. 

SINGERS! 
REMOVE VOCALS 

FROM RECORDS AND CDs! 

SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 

stereo records! Record with your voice or perform live 
with the ackgrounds. Used in Professional Performance 
yet conrects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 

Free Brochure and Demo Record. 

LT Sound, Dept.R L-3,7980 LT Parkway 
Lithonia, GA 30058 (404)482-47 24 
Manufactured and Sold Exclusively by LT Sound 
24 HOER PHONE DENO LINE: /4041482-2485 

COMMODORE -Amiga chips, diagnostics, parts or 
low cost repair. Send for complete catalog, (dealer 
pricing available). VISA/MC. KASARA, INC., 31 

Murray Hill Drive, Spring Valley, NY 10977, 1-(800) 
248-2983 or (914) 356-3131. 

CABLE TV converter/descramblers-original 
factory equipment-Zenith, TOCOM, Scientific 
Atlanta, Oak, Jerrold, Panasonic-remotes, video 
accessories. Best buys/warranties, quantity dis- 
counts-Free catalog. ARIZONA VIDEO, 7739 
East Broadway, #108, Tucson, AZ 85710. (602) 
323-3330. 

PLASTIC BAGS many sizes, types. Samples $2 list 
LSASE. BAGMAN, E2 Box 466, Georgetown, TX 
78627. 

CB RADIO OWNERS! 
We specialize in a wide variety of technical 
information, parts and services for CB radios. 10 - 

Meter and FM conversion kits, repair books, plans, 

high-performance accessories. Over 12 years of 

satisfied customers! Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500RE, PHOENIX, AZ 85046 

DESCRAMBLERS! for all systems. Individually 
same 

day. (In stock! SA8580-338ís) 1-(800) 2 8--ackaged, 

warrantees, insructions.D7333. 

DESCRAMBLERS. All brands. Special combo Jer- 
rold 400 and SB3 $165. Complete cable de - 
scrambler kit $39. Complete satellite descrambler 
kit $45.00. Free catalog. MJM INDUSTRIES, Box 
531, Bronx, NY 10461-0531. 

DESCRAMBLERS. Jerrold 400 combo remote, fac- 
tory built-in decoder, $149.95, 90 day warranty. 
S.A.C.; 702) 647-3799. 

FAIR prices SB -3, SX3, SA3, TRI -BI, MLD-1200-3. 
Some Oak, any notch filters. Small dealer only. No 
Michigan sales (313) 979-8356. 

3-D HOLOGRAMS with any camera. $2.00 info. 
STELLAR TECHNOLOGIES, 4710 University Way 
N.E., #1003, Seattle, WA 98105 (206) 783-3548. 

TUBES. new, unused. Send self-addressed, stamp- 
ed envelope for list. FALA ELECTRONICS, Box 
1376-2, Milwaukee, WI 53201. 

PHOTOFACT folders, under #1400 $3.00. Others 
$5.00. Postpaid. LOEB, 414 Chestnut Lane, East 
Meadow, NY 11554. 

TRANSISTORS -tubes: MRF421 $24.00, MRF454 
$14.50, MRF455-MRF477 $11.75, MRF492 $16.00, 
SRF2072 $12.75, SRF3800 $17.50, 2SC2290 
$16.75, 2SC2879 $22.00, 6LF6, 6LQ6, 6JS6, 8950, 
etc -call. New Ranger AR3500 all mode 10 Meter 
transceiver $319.00. Quantity discounts! Best 
prices on hard -to -find parts, antennas, mics, power 
supplies, & equipment! Catalog $1.00 (refundable), 
or free with order. RFPC, Box 700, San Marcos, CA 
92069. For information or same day shipment-call 
(619) 744-0728. Visa/MC/C.O.D. 

FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 

FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 

SAM'S photofact folder sets new above #1300 
$9.95 used under #1300 $5.95 add $1.00 SHIP- 
PING ELECTRONICS, P.O. 219, Edgewood, NM 
87015. 

DESCRAMBLERS, Zenith, combo remote, Z -TAC, 
$199.95, 90 day warranty anti flash $35.00 extra. 
S.A.C. (702) 647-3799. 

CABLE descrambler liquidation. Major makes 
and models available. Industry pricing! (Example: 
Hamlin combo's, $44 each...minimum 10 orders). 
DEALERS ONLY!, Call West Coast Electronics, 
(818) 989-0890. 

Quality Microwave TV Antennas 

Multi -Channel 1.9 to 2.7 GHz. 40dB Gain 
30 -Channel System complete $149.95 
12 -Channel System complete $104.95 

2 -Channel System complete $79.95 

Phillips -Tech Electronics 
PAL Baal 8588 Scottsdale, AZ 85252 

LIFETIME (602) 947-7700 ($3.00 Credit all phone orders!) 

WARRANTY MasterCard Visa COOS Quantitc Pricing 

LASERS, components and accessories. Free cata- 
log, M.J. NEAL COMPANY, 6672 Mallard Court, 
Orient, OH 43146. 

PICTURE flyer lists quality surplus electronics at 
low prices. Since 1970. Send for the last 3 issues. 
STAR-TRONICS, Box 683, McMinnville, OR 97128. 

SATELLITE & cable equipment. We have those 
hard -to -find units ready to go. Tired of junk that 
doesn't work properly? Try our 10 day satisfaction 
guarantee & 90 day warranty (wholesale only). HI 
TECH ELECTRONICS, PO Box 42423, Detroit, MI 
48242, (313) 722-9381. 

FEDERAL law and descrambling. Statutes and 
court cases. $6.95 G.H. PUBLICATIONS, RR1 Box 
121, Hartland, MN 56042. 

SONY, Trinitron rebuilt picture tubes are now avail- 
able. All tubes shipped U.P.S. No charge. We buy all 
Sony duds. ROCHESTER KINESCOPE, (716) 
235-0750. 

OLD radio TV schematics. Send $3.00, make, 
model. RADIO MAPS, P.O. Box 791, Union City, CA 
94587. 

CONVERTER sales and repairs on all types S.A., 
Jerrold, Panasonic, Pioneer. REDCOAT ELEC- 
TRONICS, (718) 459-5088. 
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AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 
PLANS -Build Yourself -All Parts Available In Stock 

LC7-BURNING CUTTING CO, LASER $ 20.00 
RUB4-PORTABLE LASER RAY PISTOL 20.00 
TCC1-3 SEPARATE TESLA COIL 

PLANS TO 1.5 MEV 20.00 
10G1 -10N RAY GUN 10.00 
GRA1-GRAVITY GENERATOR 10.00 
EML1-ELECTRO MAGNET COIL GUN/LAUNCHER 6.00 

KITS 
MFT3K-FM VOICE TRANSMITTER 3 MI RANGE 49.50 

VWPM7-TELEPHONE TRANSMITTER 3 MI RANGE 39.50 
BTC3K-250,00 VOLT 10-14" SPARK TESLA COIL 199.50 
LHC2K-SIMULATED MULTICOLOR LASER 39.50 
BLS1K-100,000 WATT BLASTER DEFENSE DEVICE 69.50 
ITM1K-100,000 VOLT 20' AFFECTIVE 

RANGE INTIMIDATOR 69.50 
PSP4K-TIME VARIANT SHOCK WAVE PISTOL 59.50 
PTG1K-SPECTACULAR PLASMA 
TORNADO GENERATOR 149.50 

MVPIK SEE IN DARK KIT _ _, .......... ,..199.50 

ASSEMBLED 
PIW1K-SPECIAL EFFECT VISUAL PLASMA GENERATOR 

FOR GLOBES/NEON TUBING ETC $59.50 

BTC10-50,000 VOLT -WORLDS SMALLEST 

TESLA COIL 49.50 

LGU40-1MW NeNe VISIBLE RED LASER GUN 249.50 

TAT30 AUTO TELEPHONE RECORDING DEVICE 24.50 

GPV10-SEE IN TOTAL DARKNESS IR VIEWER 349.50 
LIST10-SNOOPER PHONE INFINITY TRANSMITTER 169.50 
IPG70-INVISIBLE PAIN FIELD GENERATOR - 
MULTI MODE 74.50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS MORE AVAILABLE FOR $1.00 OR USE OUR 
PHONE FOR "ORDERS ONLY' 603-673-4730. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS 
PLANS ARE POSTAGE PAID. SEND CHECK, MO, VISA, MC IN 

US FUNDS. 

INFORMATION UNLIMITED 
P.O. BOX 716 DEPT, R E, AMHERST, NH 03031 

DESCRAMBLERS. SB3-2, SA2-3, TRI -MODES, 
N-12, MLD-1200, Tocom, Oak low as $49.95. 
C.O.D., fully guaranteed. S.A.C. (702) 647-3799. 

INVENTORS 
INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORPORA- 
TION for free information: Over a decade of service. 
1-(800) 338-5656. In Massachusetts or Canada call 
(413) 568-3753. 

DESCRAMBLER MODULE 
LATEST technology alternative to Jerrold SB -3 or 
Radio -Electronics Feb. 1984 project. Featuring 
electronic tuning, AGC, auto-on/off, AD/DC power, 
mini -size, A&T, and more. For literature -SOUTH - 
TECH DISTRIBUTING, (813) 527-2190. 

Cable TV Converters 
Why Pay A High Monthly Fee? 

Jerrold Products include "New Jerrold 
Tri -Mode," SB -3. Hamlin, Oak VN -12, 
M -35-B, Zenith, Magnavox, Scientific At- 
lanta, and more. (Quantity discounts) 60 
day warranty. For fast service C.O.D. or- 
ders accepted. Send SASE (60 cents 
postage) or call for info (312) 658-5320. 
MIDWEST ELECTRONICS, INC., 5143-R 
W. Diversey, Chicago, IL 60639. MCNisa 
orders accepted. No Illinois orders ac- 
cepted. Mon. -Fri. 8 A.M.-5 P.M. CST 

TINTS VOLTS 
M A G A Z I N E 

P.O. Boa 1111-E 
Placentia, CA 92970 

714432-7721 

GIVE YOURSELF A BREAK -A PRICE BREAK! 
NUTS A VOLTS WILL Sill YOU MONEY 
ON ELECTRONIC PARTS G EQUIPMENT 
PIP SHOW YOU WHERE TO FIND UNIQUE, 
UNUSUAL AND HARD -TO -FIND ITEMS. 

SUBSCRIBE TODAY! 

eusar,R-e Ratee 

3. ü... NON . USA 
21200 
e2 0 

r 

In Caw Men 
220 a 

MIX.° 522 w 
.,Air IARiI 

A Worked PubliationForTeBuyingAndSellingOfElectronicEquipment 

WANTED 
INVENTORS! AIM wants -ideas, inventions, tech- 
nology, improvements on existing products. We 
present ideas to manufacturers. Confidentiality 
guaranteed. Call toll free in U.S. and Canada 
1-(800) 225-5800. 

INVENTIONS, ideas, technology wanted! Industry 
presentation/national exposition. 1-(800) 288 -IDEA. 
ISC-RAD, 903 Liberty, Pittsburgh, PA 15222. 

PLANS AND KITS 
VOICE disguisers! FM bugs! Telephone transmit- 
ters! Phone snoops! More! Catalog $1.00: XANDI 
ELECTRONICS, Box 25647, Dept. 60E, Tempe, AZ 
85282. 

BUILD this five -digit panel meter and square -wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50. BAG- 
NALL ELECTRONICS, 179 May, Fairfield, CT 
06430. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for cable and subscription 
TV. Instructions, schematics, for SSAVI, gated sync, 
sinewave. (HBO, Cinemax, Showtime, adult $8.95, 
$2 postage. CABLETRONICS, Box 30502R, Beth- 
esda, MD 20814. 

JUST SIMPLY SAID ... . 
"When you're looking for a company that provides service and 

up-to-date technical advances, call us. That's what we're here for." 
800-85-AMCOM 

CABLE EQUIPMENT 
crop"° T C- V I P 
" 

CHANNEL #3 IN/CHANNEL #3 OUT. 
IT YOURSELF AND SAVE. 

Assembled and tested $169.00 
Kit includes all parts 109.00 

Super SSAVI ADD-ON 
ELIMINATES UNE 20 FALSE FLASHING 
AUTOMATICALLY HANDLES NORMAL 8 

INVERTED VIDEO. SWITCHES.s. 
FULLY AUTOMATICBUILD 
$219.00 

Standard SSAVI ADD-ON 
CH 63 IN CH 63 OUT 

/ 
YEAR WARRANTY 

VHF TUNER 
NO ELM( CCNVERIEm $159.00 
BETTER voEO oUMUTY 

6 UNITS 9135.00 12 UNITS $115.00 
24 UNITS $ 95.00 96 UNITS 9 CALL 

TEN -TEC DW-12 "BLASTER" $25.00 

Metal Enclosure UHF PREAMP KIT 
w . 1 o' 
L . 10.25' 
H . 4.50' 

25 db pin with only .5 NI 
logs when mw mooned. 

INTERFERENCE FILTERS $15.00 
CHANNEL 82, 3, 5, 6, 8, 9, 14, 17, 22 ONLY 

BI -STATE TRIMODE ADD-ON 

$119.00 

$20 USES PHANTOM ROWER 
sTRRUN%culcunRv 

WALL PWR SUPPLIES 

K VAC 600 MA N/C .00 
12 VAC 600 MA W/C 2.00 

UHF SSAVI UNIT 

'1PO"'' apply $50.00 

12 VAC 265 MA W/C 1.75 
ORIGINAL Z -TAC 

TV TUNER VARACTORS 
VHF/MID/UHF MITSUMI $25.00 

CALL US!!! 
VyE BUY EXCESS 

INVENTORY 

AND 

SSAVI POWER SUPPLY 

$15.00 

LINEAR CMOS OTHER RARE IC CHIP 

6/2318 .00 12C1310 ..op 
02310 .00 .1330 .76 
1.51322 .26 .1350 1.26 
1.6353 .80 CA 1305. 200 

L/2303 .40 021240 .76 
1.241680 .30 LW.. 1.00 
L12650 76 Timm 70 
NE502 .m 61.082 ,.e 

Iwo 20 C04027 35 

cow. 25 CO2047 .05. 
022013 6 C134063 .50 

CO2017 .35 C13207, 20 
w001á 26 024038 20 

20 CUM 
c0.0í, .. CO.egs za 

c04= 
C04520 

Two 
74L904 

,s ei29 
046905 

CAMERA SYNC CHIP 
SUPPLIES ALL SYNC 
AND COLOR INN) 

Super Special 
MM5321 $8.50 

DEALERS WANTED!! GREAT QUANTITY PRICES 

. ! .5 

AMCOM 
P. O. Box 68391 

Virginia Beach, VA 23455 

804-456-5505(TECHNICAL) 
800-852.6266(oRDERs ONLY) 

UPS DAILY 
COD ACCEPTED 

MINIMUM ORDER $15.00 
PRICES SUBJECT TO 

CHANGE WDTIOUT NOTICE 

NO INSTATE SALES 

Try the 

Electronics 
bulletin board 

system 

(RE-BBS) 
516-293-2283 

The more you use it the 
more useful it becomes. 

We support 300 and 1200 
baud operation. 

Parameters: 8N1 (8 data 
bits, no parity, 1 stop bit) 
or 7E1 (7 data bits, even 
parity, 1 stop bit). 

Add yourself to our user 
files to increase your 
access. 

Communicate with other 
R -E readers. 

Leave your comments on 
R -E with the SYSOP. 

RE-BBS 
516-293-2283 

EMPLOYEES 
APPRECIATE 

THE PAYROLL 
SAVINGS PLAN. 
JUST ASK THE 

PEOPLE AT 
GEORGIA -PACIFIC. 

"Besides being a good 
investment in my country, 
Bonds help me save for my two 
daughters." 
-Craig Heimbigner 

U.S. Savings Bonds now offer 
higher, variable interest rates and a 
guaranteed return. Your employees 
will appreciate that. They'll also 
appreciate your giving them the 
easiest, surest way to save. 

For more information, write to: 
Steven R. Mead, Executive Director, 
U.S. Savings Bonds Division, Depart- 
ment of the Treasury, Washington, DC 
20226. 

US. SAVINGS BONDS 
Paying Better Than Ever 

-' 
A public service of this publication. 
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REMOTE CONTROL KEYCHAIN 
Complete w/mini-transmitter 

and +5 vdc RF receiver 
Fully assembled including plans 

to build your own auto alarm 
and extend the range. 

Check, Visa or M/C $19.95 30 days return 
VISITECT INC. (415) 872-0128 
PO BOX 5442, SO. SAN FRANCA 94080 

ans. 
Latest high-tech catalog $2.00. 

ng 
DETIECTION 

-surveillance, kits, 
SYS- 

TEMS, 2515 E. Thomas, 16-864F, Phoenix, AZ 
85016. 

CATALOG: Hobby/broadcasting/HAM/CB: Ca- 
ble TV, transmitters, amplifiers, bugging devices, 
computers, more! PANAXIS, Box 130-F9 Paradise, 
CA 95967 

VIDEO catalog, electronic kits, remote control items 
much more. Write VIDEO VIBES, 670 Central Park 
Ave., Yonkers, NY 10704. (914) 476-4864. 

KITS parts*plans. We have hard to find parts! Vari- 
able tuning capacitors, tuning coils, crystal head- 
phones, germanium diodes, shortwave, crystal, 
CB radio kits (no soldering). Very inexpensive. Send 
large SASE for catalog. YEARY COMMUNICA- 
TIONS, 12922 Harbor #800R, Garden Grove, CA 
92640. 

CRYSTAL radio sets, plans, parts, kits, catalog 
$1.00. MIDCO, 660 North Dixie Highway, Hol- 
lywood, FL 33020. 

PRINTED circuit boards etched & drilled. Free deliv- 
ery. K & F ELECTRONICS, INC., 33041 Groesbeck, 
Fraser, MI 48026. (313) 294-8720. 

VICEOCIPHER II technical manuals. 120 + pages. 
Volume 1 -hardware, Volume 2 -software. Either 
$29.95 both $49.95! Catalog -$3.00. MICRO- 
TRONICS, Box 6426, Yuma, AZ 85364-0840. 

PROJECTION TV...Convert your TV to project 7 
foot picture... Easy!... Results comparable to $2,500 
projectors...Plans and 8" lens $24.95... 
Professional systems available...Ilustrated catalog 
free. MACROCOMA, 15GA Main Street, Wash- 
ington Crossing, PA 18977...Credit card orders 
24HRS. (215) 736-3979. 

DETAILED PLANS: $4.95 

TV -SCOPE 
PENN RESEARCH, 

Box 3543 
Williamsport, PA 17701 

An interesting and worth- 
while project. This EASY -TO - 
BUILD circuit lets you use 
any regular TV set as a sim- 
ple OSCILLOSCOPE. Build 
for less than $10. NO MODI- 
FICATIONS TO TV! Single or 
dual trace. Send for FREE 
CATALOG of other plans and 
kits. 

REVERSE utility meters -phone boxes-phre- 
aking-descrambling-unusual publications! Cat- 
alog $1.00 (refundable). Alternatives, Box 4-R, 
Carthage, TX 75633. 

IDEAL school projects KIR -1 stereo image ex- 
pander $97. KVSP-1 stereo synthesizer $92. Plans 
$1.00 SOUND CONCEPTS, Box 135, Brookline, 
MA 02146, (617) 566-0110. 

TOP quality imported, domestic kits, surplus, dis- 
count electronics, computers, components. Free 
catalog. TEKTRASONIX, 1120 Avenue of the 
Americas, 1/f1 Suite 4038, New York, NY 10036. 

THE DECODER. National monthly technical satel- 
lite/cable descrambling newsletter. News -sche- 
matics -modifications -reviews. $18.00 -year. Sam- 
ple -$3.00. TELECODE, Box 6426, Yuma, AZ 
85364-0840. 

MICRO -link FM stereo audio transmitter. One chip 
does it all! Transmit your CDNCR/ Walkman in ster- 
eo to any FM radio. Free schematic and info. Send a 
self addressed/stamped envelop to: DJ INC., 217 E. 
85th St., Suite 108, New York, NY 10028. 

PRELIMINARY report on radio frequency brain - 
waves for sale price U.S. $2.00 cash only at TER 
BALS ELECTRONICS, 919 Pensacola Way S.E., 
Calgary, Alberta, Canada T2A 2G8. 

CABLE -TV 

BONANZA! 
ITEM i 

UNIT 
10 OR 
MORE 

RCA 36 CHANNEL CONVERTER (Ch. 3 output only) 29.00 18.00 

PANASONIC WIRELESS CONVERTER (our best buy) 88.00 69.00 

400 OR 450 CONVERTER (manual fine tune) 88.00 69.00 

'JEFFIOLD 400 COMBO 169.00 119.00 

JEFROLD 400 HAND REMOTE CONTROL 29.00 18.00 

'JERROLD 450 COMBO 199.00 139.00 

'JERROLD 450 HAND REMOTE CONTROL 29.00 18.00 

JEFROLD SB -ADD-ON 89.00 58.00 

'JEMOLD SB -ADD-ON WITH TRIMODE 99.00 70.00 

'M-35 B COMBO UNIT (Ch. 3 output only) 99.00 70.00 

'M-36 B COMBO UNIT WITH VARISYNC 109.00 75.00 

'MINICODE (N-12) 89.00 58.00 

'MINICODE (N-12) WITH VARISYNC 99.00 62.00 

'MINICODE VARISYNC WITH AUTO ON-OFF 145.00 105.00 

ECONOCODE (minicode substitute) 69.00 42.00 

ECONOCODE WITH VARISYNC 79.00 46.00 

'MLD-1200-3 (Ch. 3 output) 99.00 58.00 

'MLD-1200-2 (Ch. 2 output) 99.00 58.00 

'ZENITH SSAVI CABLE READY 175.00 125.00 

INTERFERENCE FILTERS (Ch. 3 only) 24.00 14.00 

'EAGLE PD -3 DESCRAMBLER (Ch. 3 output only) 119.00 65.00 

'SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER 119.00 75.00 

'CALL FOR AVAILABILITY 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code #593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

Ili r -.r., nr,,.,r 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 
ii 

Name 
8 Address City 

State Zip Phone Number ( m 
.11 

Cashier's Check Money Order D COD D Visa Mastercard it 
Acct # Exp Date i 

v 
á 
w e 
Si 
1. 

e 
f 
e 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be used on cable TV systems with proper 
authorization from local officials or cable company officials in accordance with all applicable federal and 
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOR UNAUTHORIZED USE. 

Dated' Signed 

Pacific Cable Company, Inc. 
7325/ RESEDA BLVD., DEPT. # R-9 RESEDA, CA 91335 

(818) 716-5914 No Collect Calls (818) 716-5140 

IMPORTANT: WHEN CALLING FOR INFORMATION 
Please have the make and model # of the equipment used in your area. Thank You 

107 

www.americanradiohistory.com



SCRAMBLING NEWS 
Twenty plus pages of information per issue, covering 
cable, satellite and wireless cable. News, product re- 
views, mailbag, features, patents, circuits, turn-ons etc. 
Current articles Cable N SSAVI-SAWY Part 5, VC and 
the Self Sufficient Pirate. $24.95/yr. May backdate to Oct. 
87. Sample $3. New... ST -1085 decoder schematic 
$14.95. Z -TRAP Ill eliminatershing $15.95. Z -BAG 
Bogus Address enerator $19.95. Both $29.95. Pay TV 
and Satellite Descrambling Vol. 1 or Vol. 2. $13.95 each. 
Cable TV Security $12.95. Wireless Cable Hacking $9.95. 
Satellite Systems Under $600. $12.95. Exreriments with 
Videocipher $14.95. Any 3/$28 or 6/$40. New Fall Cata- 
log $1. 

Shojiki Electronics Corp., 1327A Niagara St., 
Niagara Falls, NY 14303 CODs 716-284-2163 

SATELLITE TV 
CABLE TV Secrets-the outlaw publication the ca- 
ble companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
plier's list included $8.95. CABLE FACTS, Box 711- 
R, Pataskala, OH 43062. 

FREE catalog systems, Upgrades, Houston, Uni - 
den, Chaparral, etc. Save, $$$$ SKYVISION, 2009 
Collegeway, Fergus Falls, MN 56537, (218) 
739-5231. 

SCRAMBLE FACTS 
718-343-0130 

PHONE TODAY for 3 minutes of 
satellite TV industry news, technical 
tips, and new product information. 

SATELLITE TV receiver kits! Instruction manual, 
boards, semiconductor parts! 59° LNA's! LNB's! Ku - 
Band LNB's! Catalog $1.00 (refundable): XANDI 
ELECTRONICS, Box 25647, Dept. 21JJ, Tempe, 
AZ 85282. 

DESCRAMBLERS for movies, networks, $175. vid- 
eo only. $450 complete. Visa, MC accepted. Cata- 
log $4 SKYWATCH, 238 Davenport Road, Toronto, 
Ontario, Canada, M5R-1J6. 

VIDEOCYPHER II descrambling manual, sche- 
matics, both video and audio encoding, DES, clon- 
ing, muskateering, EPROM codes. (HBO, Cinemax, 
adult channels.) $13.95, $2 postage. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20814. 

CABLE T.V. 
"BOXES" 

Converters-Descramblers 
Remote Controls-Accessorles 

* Guaranteed Best Prices * 
* 1 Year Warranty-C.O.D.'s * 

* Immediate Shipping * 
* FREE CATALOG * 

Call or Write 
TRANSWORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 

Miami, Florida 33186 
800-442-9333 

ROBOTIC SENSORS 
TACTILE and pressure sensors, $5/element, sin- 
gles and arrays available. For info, send address to: 
RECEPTOR TECHNOLOGY INC., 2 Kenwood 
Street, Somerville, MA 02144. 

BIG 
PROFITS 

ELECTRON IC 
ASSEMBLY BUSINESS 

Start home. spare time. Investment knowledge or 
experience unnecessary. BIG DEMAND assem- 
bling electronic devices. Sales handled by profes- 
sionals. Unusual business opportunity. 

FREE: Complete illustrated literature 
BARTA. RE -O Box 248 

Walnut Creek. Calif. 94597 

BUSINESS OPPORTUNITIES 
EARN thousands with your own part time elec- 
tronics business. I do. Free proof, information. 
INDUSTRY, Box 531, Bronx, NY 10461. 

EASY, lucrative. One man CRT rebuilding machin- 
ery. Free info: (815) 459-0666 CRT, 1909 Louise, 
Crystalake, IL 60014. 

PROJECTION TV...Make $$$'s assembling proj- 
ectors...easy...results comparable to $2,500 proj- 
ectors...Plans, 8" lens & dealers information 
$22.50... Professional systems available.... Illus- 
trated catalog free. MACROCOMA 15GAX Main 
Street, Washington Crossing, PA 18977. Creditcard 
orders 24hrs. (215) 736-2880. 

YOUR own radio station! AM, FM, TV, cable. Li- 
censed/unlicensed. BROADCASTING, Box 130- 
F9, Paradise, CA 95967. 

Big Profits! 
LEARN VCR CI.EANINC-REPAIR. Prior Experience 
1 N NECESSARY. Need only small hand tools & average 
mechanical abilities. BIG DEMAND performing VCR 
cleaning and repairs. REAL EXAMPLES of VCR mal- 
functions and their solutions. Photos and illustrations. 
ALSO: Information on starting your own business. 

Free information; Write: 
Viejo VCR Repair 

23010 Lake Forest Dr. #155 
Laguna Hills. CA 92653 

('14)'68-1925 

10" WOOFER 
Heavy duty paper cone with 20 oz. 
magnet. 60 watts RMS, 90 watts max. 
Response: 35-3500 Hz. 11" v.c. 

#290-o83 $1880 $1690 
(1-3) (4 -up) 

Made in 
8" WOOFER u.s.A. 

Ribbed paper cone with poly foam roil 
edge. 20 oz. magnet. 4 ohm. 50 watts 
RMS, 75 watts max. 11/2" v.o. 

#290-os3 $210 $1995 
(1-3) (4 up) 

SPEAKERS AND COMPONENTS 

i1D PIONEER . 
AA MOTOROLA 

AA MOTOROLA 

3'/2" PIEZO TWEETER 
Super horn tweeter. Mfg. #KSN1005A. 
3K-30KHz. 

by EMINENCE 
Q 

#270-010 $8830 $450 
(1-9) (10 -up) 

ELECTRONICS 

EAIPIfE 

100 WATTS 
RMS 

12" POLY WOOFER 
Super duty, 40 oz. magnet. Polypropylene 
cone. 100 watts RMS, 145 watts max. 4-8 
ohm compatible (6 ohm). 2" voice coil. 

#290-125 $3680 $3450 
(1-3) (4-uP) 

THI F * ER 
Dv EMINENCE 

Made in 
U.S.A. 

15" WOOFER 
56 oz. magnet. 21/2" voice coil. 150 watts 
RMS, 200 watts max. Paper cone with 
poly foam roll edge. 4 ohm. 

#290-180 $4350 $3980 

WOODGRAIN 
GRILL CLOTH 

Authentic woodgrain print 
design cloth. 36" x 60". 

$595 
Per Yard 

#260-340 

12" 3 -WAY, 100 WATT SYSTEM 
Pioneer design engineers carefully 
evaluated the performance characteris- 
tics of this speaker system to ensure 
the best full range frequency response. 

System Includes: (1) #290-125 poly 
woofer, (1) #280-045 heavy duty 5w' 
midrange, (1) #270-035 4" soft dome 
tweeter, (1) #260-210 3 -way 100 watt 
crossover, (2) #260-255 50 watt L -pads, 
(1) #260-300 terminal, and (1) #260-340 
woodgrain grill cloth. Recommended cabinet volume: 3.1 
cu ft. t . 

#12-100 
Save Over 

-.$1000 

s73e5 
each 

PIONEER 

HORN TWEETER 
Exponential horn design. 
Mylar dome. 31" x 
1800-20,000Hz response. 
35 watts RMS, 50 watts 
max. 

#270-050 $650 $590 
(1-9) (10 -up) 

#260-212 

150 WATT 3 -WAY 
CROSSOVER 
12 dB/octave 3 -way cross- 
over network. 800-5000Hz. 
Automatic resetting over- 
power protection. 

$2180 ch 

340 E. First St., Dayton, OH 45402 
Local 1-513-222-0173 
FAX 1-513-461-3391 

CALL 
TOLL FREE 

1-800-338-0531 

15 day money back guarantee. * $10.00 minimum 
order. * We accept Mastercard, Visa, Discover, and 
C.O.D. orders. 24 hour shipping. Shipping charge 
= UPS chart rate ($2.50 minimum charge). Hours: 
8:30 am - 6:00 pm EST, Monday - Friday. Mall order 
customers, please call for shipping estimate on 
orders exceeding 5 lbs. 

FREE 
CATALOG 
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DO YOU OFTEN WISH 
THAT THE SMITH 
COMPANY WAS THE 
SMITH & SMITH & 
SMITH & SMITH 
COMPANY? 

Business people often find 
themselves doing so many things 
that just one of them isn't enough. 
So hire some of the needy and 
disadvantaged young people of 
America this summer to help you. 
Hiring them can also help you in 
another very important way. 
Because a business that hires 
economically disadvantaged youth 
(luring the summermay get as 
much as an 85eí tax credit on the 
first $3,000 of wages you pay them. 
Write the National Alliance of 
Business at PO. Box 7207, Washing- 
ton D.C. 20044. And support your 
local summer -jobs -for -youth 
programs. You'll be doing something 
for yourself, for your business, for 
your community, and for the needy 
youth of America, too. 

LET'S GET ALL OF AMERICA WORKING AGAIN. 

MA PUBLIC SERVICE 
e 1$ OF THIS PUBLICATION & 

THE ADVERTISING COUNCIL. 

ENGINEERING core course everybody can under- 
stand with programming Practical circuit theory 
simplified. $12 BAY SHORE PRESS, 981 Indian 
Beach Drive, Sarasota, FL 34234. Money -back 
guaranteed. 

CABLE TV CONVERTERS 
CABLE TV converters. Scientific Atlanta, Jerrold, 
Oak, Zenith, Hamlin. Many others. "New" Video 
Hopper "The Copy Killer." Visa, M/C & Amex. 
1-(800) 826-7623. B&B INC., 10517 Upton Circle, 
Bloomington, MN 55431. 

This publication 
is available 
in microform. 

University Microfilms 
International 

Please send additional information 
Name 
Institution 
Street 
City 
State Zip 

300 North Zeeb Road 
Dept. P.R. 
Ann Arbor. Mi. 48106 
U.SA. 

30-32 Mortimer Street 
Dept. P.R. 

London WIN 7RA 
England 

CABLE -TV AT IT'S BEST 
SCIENTIFIC Atlanta models 8500-8550 remote 
included...$240.00. S8 -3's...$74.00. TRI- 
Bl's..$95.00. SA -3's...$99.00. Zenith (Z -Tac) de- 
scramblers...$169.00. N-12 (Vari-sync)...$89.00. 
M-35 B (Vari-sync).,.$99.00. Hamlin 
MLD-1200's...889.00. 80 -Channel convert. 
ers...$95.00. Dealer discount on (5) units. Call- 
N.A.S. INTERNATIONAL, (213) 631-3552. FAX: 
(213) 925-3542. 

NEURAL NETWORKS 
AMAZING circuits simulate thought & sensory pro- 
cessing. Plans $25. Brochure $2 purchase 
deductible. Author MSEE. LP WEBER, Box 621, 
Dept. RE -0902, Allenwood, NJ 08720. 

CAR -STEREO EQUIPMENT 
BOOM boom subwoofer speaker systems, elec- 
tronic crossovers, power amplifiers, equalizer 
stereos, CB's etc. Wholesale prices, free catalog, 
information. BOOM BOOM ELECTRONICS, 2905 
Las Vegas Blvd. North, #53RE, North Las Vegas, 
NV 89030. 

EDUCATION & INSTRUCTION 
F.C.C. Commercial General Radiotelephone 
license. Electronics home study. Fast, inexpensive! 
"Free" details. COMMAND, D-176, Box 2223, San 
Francisco, CA 94126. 

ENGINEERING software for IBM-PC. CompDes... 
circuit design. CompMath... math tutor. Com- 
pView...digital signal analysis. $49 each. (614) 
491-0832. BSOFT SOFTWARE, 444 Colton Road, 
Columbus, OH 43207. 

300W HQ HI -FI POWER 
AMPLIFIER (MONO) 
TA -3600 AM 
OUASILOMPLEMENTARY.SYMMETRY WITH 
PARALLEL HIGH OUTPUT TRANSISTORS' 
SPECIFICATIONS: 
POWER OUTPUT .300W IRMSI INTO 8 OHMS . W 

2450W (P.M.P,0.1 INTO 8 OHMS 
540W (MUSIC POWER) INTO 8OHMS 

LOAD IMPEDANCE: 4 OHMS OR 8 OHMS 
'FREQUENCY RESPONSE : 10Hz200,00011z 
TOTAL HARMONIC DISTORTION LESS THAN 0.05% 
INPUT SENSITIVITY AND IMPEDANCE AT 1KHz 

1V.1.40 47K OHMS 
SUPPLY VOLTAGE DC! 75V OR AC 53V a 2 BA 
KIT/ASSM.WITH TESTED .. $88/110 
X'FORMER $38.00 

120W VERSATILE STEREO 
TA -302 POWER BOOSTER AA 

OR 

ousk- PRO` 

5D 
OTL full tr ze end low dinonion of SEPP circuit design. high output 
Power end s f{delity, 
With high and low input inp.od,nce for selection, w it cm match with all 
°reamplifien, low power of porttlle sourd equipment. and MI types of mreo 
corder 0.0k to use. It can boon 'welkmen type of dio and tap pIenW. 

With 10 band colour LED power meter. output Power can be ae.ily defined. 
TA -302 is vermine amplifier for both v.ueI end listening enjoyment. 
60We2 P.M .P.O. 

KIT/ASSN WITH TESTED......... 

ELECTRONIC LOTTO A 

"I's( -8 

$50/70 

0-48 DIGITS DISPLAY, SUITABLE FOR LOTTERY GAME. 
AUTO -SHUT OFF POWER. SO POWER CONSUMPTION IS VERY LOW. 
0.5" GREEN LED DISPLAY WITH FANCY PLASTIC PANEL. 

OPERATION VOLTAGE: 5V DC (BATTERY NOT INCLUDED) 
DIMENSIONS 3.1" e 2" 0.5" 

KIT ............... c.cm 

MARK V ELECTRONICS INC., 
8019, E. SLAUSON AVE. 
MONTEBELLO CA90640 
FAX: (2113) 888-1029 

INFORMATION:1213) 888-8988 

TOLL FREE 1100-423-3483 FOR ORDERS ONLY 
Only for orders paid by Master or Visacard 

IN CAL.: 1 -800 -521 -MARK 
TERMS. $10 m .der $20 ern charge rd order Co.,money mo or phone 

c.etad we mom UPS Ground Ad 10% of tow, order (min $251 to, 
throgrino. outs. USA ceded 20%Imin 36.001 Transit Inwrence. odd 5% of tots loneid. 
USA only) CA reorient. ad te. tee All merehad. wqc ono M Rip N s 

ace subj. to chOye without nob. A ,wPe p Y to be defective MUST BE 
RETURNED IN ORIGINAL FORM WITH OA COPY OF YOUR INVOICE WITHIN 30 
DAYS FOR REPLACEMENT. 

15OMC X00 
Digital SM' 
Frequency 
Counter 
Frequency Range 10Hz 150MHz 
Event Counter 0 to 99999999 counts. iB DIgILI 
Input sensnivlty KHz range 10Hz . 10MHz 50mVrms. 

MHz range 1MHz 150MHz 40enVrms 
Response time 0.2 second. 
Hold Function Hold the last input signal 
Power Supply 0C6V Battery or DC9V Adaptor 
Domens,ons 9 7'8" a 6 11'16" o 2 3'4" 
Assembled with tested S99 00 

PROFESSIONAL 
COLOR LIGHT 
CONTROLLER 

SM -328 
FEATURES: 
1. FOUR GROUPS OF INDEPENDENT OUTPUT SYSTEM1000W/CH. MAX. 
4680W (100-117V) 2. PROFESSIONAL COLOR CONTROL SYSTEM (KEY. 
BOARD TYPE) 3. INDEPENDENT INPUT SIGNAL ADJUSTMENT 4. FOUR 8 Digit 1 GHz 
GROUPS OF INDEPENDENT DIMMER CONTROL 5. SPEED CONTROL 
CHASER 6. AUTOMATIC CHASING CONTROL SYSTEM 7. FOUR KINDS Multifunctional 
OF SPECIAL CHASING PROGRAM 8. COMBINATION OF PROGRAM AND Counter 
MUSIC CHASING EFFECT 9. FORWARD/ BACKWARD CHASING CONTROL. 

F Ca 000A SM -328 color light controller is specialized for ballroom. night club disco and 

IDOW+100W NEW CLASS 'A'DC STEREO PRE -MAIN AMPLIFIER edvenisemeqtligheng.Itwn.ons With several color control characteristics. which ,R CHECKe 

STORE HOURS: (PACIFIC TIME) 
MON.-FRI. 9:30 to 5:00 SAT. 10:00 to 5:00 

SURROUND SOUND PROCESSOR 

SM -333 

® 'n * 
T. props. amn0w the mou upd."» IC a, ite heel. It n (Pm pu,00.e POP a "DNR.. 
DYNAMIC NOISE REDUCTION SYSTEM IC mad by NATIONAL SEMICONDUCTOR 
to particularly Inter out the ennoyi05 noise that h commonly found on tepee or CD disc. 

In adlbon, 11.1re ti, LOW NOISE OP -AMPS and NI in on board dear.. no o,6., 
,,tamed connxbom connect p Out Map, bond. 

SPECIFICATIONS: 
Frpuency Re,ponee: 2610-2000, I 5001. Toul 02,0000. Dla,o,tion. 006% 20en- 
20KHe (front channel). < 0.25% (unsound channel). 10 1 ge. Volta O. t V -3.6V. Outil, 
Vol,.?'. 07Y-3.SO (from channel. 6.6V Ms.. nunpd ...mu. Dees Tim. Sms- 
SOO, Inpl Impedance- 27K Ohana Deemed.: Power. AC I1OV 60He Dd.: 4 311,0. IWI 
X4 11/16in 101 K 2 1/1,n. IHI. 

IT/A6 0. WITH TESTED $72/S3 

0-15V 2A REGULATED 
DC POWER SUPPLY 

Kit $59.50 
Au. with 
tested $99.50 

J Output voltage is adjustable "DOT 0-15V DC, two current limit 
rang, ere available for tOcbon. 200mA or 2A. 
An eleboretd protection system is specially designed, '88' sound end 
a sparkling light will appear when the output is overloaded 

1 High stability and .liability is moulted by employing high quality 
voltage regulated IC. 
King.size meter meke the reeding of voltage and current more clearly 
end ec uretely. 

e A refined caw, meter end all cce.nry are enclosed for both kit end 
assembled form. It it most suitable for proleuional or ernateur um. 

._.-._-_ 
tl-tlesB[1H5,,-1 

é ct,rzein 

,A P,soo014l rri ,e.; ;, .i 2 oE le 
Sa / 

KR $ 73.701 
(^ P ' I r fT METAL CABEET/STORMER $ 26/$ 16.80 

employ professional color control system and keyboard program selction 
Therefor it ...Ruble of producing lighting eft.ets by using chasing program one ..bi. 0 

floc -tuning flouning mu signal. There are two kinds of lighting effects. The first type Is ^01'"C° 
! 

n5 0.n. canon co00l.,. 3eh ., ,. 1000 aloe 0.,. 
controlled by 'm signal. In order to adjust the brightness of four groups of FEATURES 

w 
lighting$, each music signal will be separated into high, medium low A. and low B 0,. í0p.010,0 -óosiw,ulomv 

sH, ]eweÄ 
frequency range. Furthermore, each group of lighting$ is incorporated with an 
independent signal adjustment. The eecod kind is composed of electrical circuits U 

and this the main part for creating a special lighting effect It has four chain e.e 
programme. Pow. Lcopc 1170 AC 10R 50 -600. 

ONLY Dimensions 145/18 X 815/16" a 33/16" 
Ass with feel. 0000 0000...... 0150.00 

LAO 9vA LIT Ì 

Ar BAEAKnlaotxA 

PR 
51920Ó - 
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Weller, Xcelite, and EV.. 
Three of the industry leaders, 
have joined an already comprehensive 
list of name brands at MCM. Whether 
you're looking for soldering equipment, 
tools, audio accessories or high quality 
semiconductors...you'll find them in our 
Free 172 page "power house" catalog. 
Get your free copy today! 

Miler has become the world's leading supplier of 
professional quality soldering equipment, including the famous 
Weller temperature controlled irons and soldering guns. 
Weller also makes advanced desoldering stations and SMT 
equipment for all your sophisticated industrial and service 
requirements. 

XCeI?te sets the standard for tools in the electronics, 
electrical and telecommunication industries around the world. 
With their extensive line of high quality screwdrivers, 
nutdrivers, cutters and service kits, they are sure to have the 
right tool for all your service needs. 

Electro -Voice loudspeakers represent the ultimate in 
maximum efficiency, low frequency speaker design. Years of 
experience, testing, and design refinement have resulted in a 
series of loudspeakers that are universally accepted by sound 
consultants, contractors, musicians, and touring sound 
companies. 

For your FREE copy, 
call TOLL -FREE! 

1-800-543-4330 
In Ohio, call 1-800-762-4315 

In Alaska or Hawaii, 

call 1-800-858-1849 

MCM ELECTRONICS 
858 E. CONGRESS PARK DR. 
CENTERVILLE, OH 45459-4072 

A PREMIER Company 
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What's New at 
AMERICAN DESIGN COMPONENTS? 

"The Source" of the 
electro -mechanical components 

for the hobbyist. 

We warehouse 60,000 items at 
American Design Components - 

expensive, often hard -to -find com- 
ponents for sale at a fraction of their 
original cost! 

You'll find every part you need - 
either brand new or removed from 
equipment (RFE) in excellent condition. 
But quantities are limited. Order from 
this ad, or visit our retail showroom 
and find exactly what you need from 
the thousands of items on display. 

OPEN MON. -SAT., 9-5 

THERE'S NO RISK! 
With our 90 -day warranty, 

any purchase can be returned for 
any reason for full credit or refund. 

* * * * * * * * 
COMMODORE yt 
COMPUTERS... * 
Customer Returns - 
Sold As Is... * 
No Guarantee... yt 

VIC 20 - 
Item #18770.. $29.95 

PLUS 4 - 
Item #18771_..$39.95 * 

* * * * * * * * 

53/4" FULL -HT. 
HARD 
DISK 
DRIVES... 

40Mb 
(AT/XT 
Compat.) 
High speed, 40 ms. access tin e. 

Quantum #0540 
Item #17765 New - $379 00 
10Mb (ST412 Compat 
Major manufacturers - 
Get them while they last' 

Item #17199 $99.00 ea. 

5'/4" FULL -HEIGHT 
DISK DRIVES 
48 TPI (IBM@ Compatible) 
DS/DD, 40 Track 
Tendon #TM100-2 or equiv. 

Item #7928 $79.00 New 
2 for $150.00 New 

48 TPI (TRS80/Zenith/Xerox 
800 Compat.) DS/DD, 40 Track 
Shugart #450. Item #1892. 

$79.00; 2 for $150.00 
48 TPI, SS/SD, 40 Track 
Shugart #SA400. Item #1895. 

$39.50; 2 for $75.00 
96 TPI, DS/Quad Density 
CDC #94097 

Item #1893 589.00 

3'/", MICROFLOPPY 
DISK 
DRIVE 

1 Mb (unformatted), 135 TPI, 3 ms. 
access time. Power require- 
ments: +12, +5 volts. Removed 
from operational computers - 

Tested - Like New! 
Mfr - NEC, model FD1035 

Item #17171 $79.00 ea. 

2 for $150.00 

EXTERNAL 
DISK DRIVE 
CHASSIS 

With 
60W 
power 
supply 
(fan cooled). 
Can accommodate: 
2 full -ht. drives our item #7928 
2 floppy drives #1904 
1 hard drive & 1 floppy #13250 
Input: 115/230V, 50/60 Hz 
Orig. for Burroughs computer. 
Dim.: 11"W x 8"H x 12" deep 

Item #14541 $59.50 
TIMEX-SINCLAIR... 

2040 
PRINTER 

32 -column - compatible with any 
of the Timex -Sinclair computers, 
as well as our PC8300 Computer. 
Uses standard 41/2" thermal paper. 

Item #15851 539.95 New 

COMMODORE/AMIGA 
POWER SUPPLY 

DC Output: +5V @ 8 amps. 
+12V @ 1 amp. 

-5V @ 250 ma. 
Input: 100VAC/60 Hz., ±20%. 
Dim.: 12"L x 3311'H x 53/4"D. 
Encl. in alum. housing. Fan cooled 
Shindenger Electric #130569SXD 

Item #14047 $24.95 New 

27 CFM MINI FANS 

50/60Hz., 
12W. Low 
noise level 
fans. Can 
be mounted 
for blowing or exhaust. 
1" Thin - 
Contains 9 plastic blades. 
Dimensions: 31/é'sq. x 1"deep. 
Mfr - Tobishi #U9201 B 

Item #10960 $7.95 RFE 

1" Standard - 
Contains 7 metal blades. 
Mfr- Rotron #SU2A1 

Item #5970 $7.95 New 

EGA COLOR MONITORS... 
25 KHz 

Operates 
ideally with 
the ATI Wonder 
Card (avail. from 
American Design 
for $199.00). Perfect 
for text, CAD & other 
graphics applications. 
Scanning freq. to 25KHz. Std. Hi -Res.: 
800 x 560, 752 x 410. INput: 110/220V, 
50/60Hz., 75W. Mtd. in metal chassis. 
(Hook-up diagram incl.) Mfr - Hitachi 
#CD1215DTL. (Tested - Like New!) 
12" - Item #18059 $179.00 
14" - Item #18599 $189.00 
HIGH -RESOLUTION TTL 
MONITORS... r 

(Open 
Frame) 

9"- 12VDC 
Green phosphor. 
Schematic incl. 
Motorola 
#MD2003-190 

Item #17198 New- $14.95 
12"- 12VDC, green phosphor. Sub- 
assemblies, CRT, board & transformer iincl. 
Comes w/hook-up diagram. 

Item #6811 New - $19.95 
15" Data Display/Monitor Kit 
Alphanumeric & graphics display. Green 
phosphor. Input power reg. 24VDC. Band- 
width: 22-72Khz. Consists of 2 subassem- 
blies (monitor & board). Hook-up diagram 
incl.. Wells Gardner #15V7025. 

Item#16171 Now -$24.95 

PC 8300 
HOME COMPUTER 

Ad- 
vanced 
version ._"._:._... of the 

11. -non 

42-key mech. 
keyboard; 2K RAM; 

Rev. video; Z80A, 6.5MHz. pro- 
cessor; ROM 8K BASIC. Graphics 
cap.-sound/music, TV or monitor. 
Joystick input. 115VAC AC adapt., 
TV & cass. cables. Runs tape; for 
Sinclair/Tmex 1000-ZX85. M'r- 

Power 3000. In orig. bettes. 

Item #10336 New- $29 95 
*16K RAMPACK Upgrade 

Item #10337 New- $9 95 
MAGNIFYING. 
LAMP 

Multi -position, 30", 
completely adjustable 
swing arm with 3 -way 
metal C -clamp. Has 4" diopter 
magnifying lens, w/ruler. Porce- 
lain lamp socket & on/off switch; 
uses up to a 60W bulb. Color: 
beige. UL listed. 

Item #13136 New - $24.95 

COMPUTER GRADE 
POWER SUPPLY 

Other uses -runs CB & car 
radios. Comes ready to plug in! 
DC Output: -5V @ .5 amp. 

+5V @ 3 amp. 
+12V @ 6 amp. 

Input: 115V/60Hz. Dimensions: 
91/4"W x 3,4"H. (Rubber ft. incl.) 

Item #9501 $24.95 New 

SMART WATCH 
DS1216 

DS1216 is a 28 -pin, 6" -wide dip 
socket w/built-in CMOS watch 
function. Non-volatile RAM con- 
troller & lithium energy source. 
Accepts either 24 -pin 2K x 8 or 28 - 
pin 8K x 8 CMOS static RAM. 
Communication w/Smart Watch 
function is established by pattern 
recognition on a serial bit stream 
of 64 bits on D.O. Mfr - Dallas 
Semiconductor 

Item #15939 New- $29.95 

ADAM COMPUTER 

(Less 
Printer) 
No wiring 
necessary 
(just plugs together). Hook-up dia- 
gram included. Includes: Key- 
board, 1 cassette digital data 
drive, 2 game controllers, power 
supply & one cassette. Capable of 
running CP/M, has built-in word 
processor. Item #7410 

Complete - $99.00 
ACCESSORIES... 
DATA DRIVE - 

Item #6641...519.95 
PRINTER POWER SUPPLY - 

Item #6642...514.95 
ASCII KEYBOARD - 

Item #6643...$19.95 
CONTROLLERS (Set of 4) 

Item #7013...59.95 RFE 

ADAM CASSETTES - 
Incl. Smart Basic, Buck Rogers 
& blank cassette. Item #7786 

Baker's Dozen - $19.95 
DISK DRIVE POWER SUPPLY 

Item #14603...$14.95 
ADAM DAISY PRINT WHEEL 

Item #13305...53.95 

WE CARRY A FULL LINE OF COMPUTER & GAME EQUIPMENT 
and ACCESSORIES; ELECTRONIC COMPONENTS; MODULES! 

GELL CELL/LEAD 
ACID BATTERIES... 
RECHARGEABLE 
Used for 
solar energy 
storage, alarm 
systems, model 
boats, planes, 
cars, trains, etc. 

6V @ 9.5AH 
Dim: 51/2"H x 4'18"W x 25/9"D. 
Mfr - Elpower 

Item #7039 $14.95 
6V @ 4.0AH 
Dim: 4"H x 25/0"W x 13/,"D. 
Major manufacturers. 

Item #15757 $7.95 

STEPPING MOTORS 
for ROBOTICS... , 
Precision steppers ee? - / 
with increments 
from 1 to 7.5". r d> 

Speeds up to 
5,000 steps. 

Shaft y:" L 

die 

Stall 
hem Step Volts Torque 
No. Angle DC loz./in.) Type Mfr. & Part No. Fig. Price 

5285 1.8 1.8 72 PM Superior Electric 2 $19.95 each. 
114061 -PP -6201B 2 for $37.50 

7630 1.8 3.0 200 2 0 Superior Electric 2 á34.50 each 

M092 -FT -402 2 for $59.50 
16410 1.8 12.0 PM Applied Motion 1 $12.95 each 

Prod. 4017-839 2 for $19.95 

s9 

Fig. 1 

Fig. 2 

Shaft 1'," L 

dia. 

PROTOTYPING DEVICE 
w/EPROM INTERFACE 

(Z8603) 

Complete microcomputer: 2Kb ROM, 128 
bytes RAM; 32 I/O lines, up to 62Kb addres- 
sable external space each, for program & 
data entry; 144 byte register file includes 
124 general purpose registers, 4 I/C port 
registers, & 16 status & control registers. 
Full duplex UART; 2 programmable 8 bit 
counter/timers. On -chip oscillator accepts 
crystal or external clock drive; 1.5V power 
supply. All pins TTL compatible. 

Item #18515 $24.95 

AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 

YES! Please send me the following items - 
Item How 
No. Many? Description Price Total 

TOTAL 
Shipping & handling: we ship UPS unless 

otherwise specified. Add $3 plus 10% of total. 
Canadian: $3 plus P.O. cost. Charge only. 

Sales Tax (N.J. residents only, 
please add 6% of total) State Zip 

ORDER TOTAL All inquiries and free catalog requests -call (201) 939-2710. 

My check or money order is enclosed. 
Charge my credit card. 

D Visa D Master Card D Amex 

Card No. 

MINIMUM 
ORDER 

$15. 
RE -988 

Exp. Date 

Signature 

Telephone: Area Code Number 

Name 

Address 

City 

For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201) 939-2710. 
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tilIM Complete customer satisfaction...superior service...friendly, knowledgeable personnel 
quality merchandise... providing the best values in leading edge technology. 

JDR Microdevices® 
STATIC RAMS 

2112 
2114 
2114L-2 
TMM20/6-100 
HM6116-4 
HM6116-3 
HM61161P-4 
HM6116LP-3 
HM6116LP-2 
HM6264LP-15 
HM6264LP-12 
HM43256LP-15 
HM43256LP-12 
HM43256LP-10 

256,4 
1024,4 
1024,4 
2048,8 
2048,8 
2048,8 
2048,8 
2048,8 
2048,8 
8192,8 
8192:8 

32768,8 
32768,8 
32768,8 

(450ns) 2.99 
(450ns) .99 
(200na)ILOW POWER) 1.49 
Il00ns1 1.95 
1200ns)1CMOS1 3.29 
(150ns)1CMO51 3.95 
1200ns I I C M O S)1 L P I 4.29 
(150ns)(CMOSIII.P) 4.95 
1120ns1(CMO511LP) 5.49 
1150ns11CM0511 LPI 6.49 
1120ns)1CMo511LP) 6.99 
(150ns)1CMOS1(LPI 12.95 
(120ns)1CMOS11 LP1 14.95 
(1 OOns)1CMO511LP1 19.95 

DYNAMIC RAMS 
4116-250 16384,1 
4116-200 16384,1 
4116-150 16384,1 
4116-120 16384,1 
MK4332 32768,1 
4164-150 65536,1 
4164-120 65536,1 
MCM6665 65536x1 
TMS4164 65536,1 
4164 -REFRESH 65536,1 
TMS4416 16384,4 
41128-150 131072,1 
TM54464-15 65536,4 
41256-150 262144,1 
41256-120 262144,1 
41256-100 262144,1 
HM51258-100 262144,1 
1 MB -120 1048576,1 
1 MB -100 1048576,1 

)250ns) 
)200ns) 
)150(n) 
(120ns) 
(200ns) 
(150ns1 
)120ns) 3.19 
)200ns) 1.95 
(15Ons) 1.95 
(15Ons)1PIN 1 REFRESH/ 2.85 
(150ns) 3.75 
(150ns( 5.95 
)150ns) 7.95 
)150ns) 12.45 
(120ns) 12.95 
(10Ons) 13.45 
(100ns11CMOS) 8.95 
)120ns) 34.95 
110Ons) 37.95 

EPROMS 

.49 

.89 

.99 
1.49 
6.95 
2.89 

2708 1024,8 )450n,)(25V) 4.95 
2716 2048,8 (450n61125V1 3.49 
2716-1 2048.8 )350na)(25V) 3.95 
TMS2532 4096,8 )450ns))25V) 5.95 
2732 4096.8 (450ns)(25V) 3.95 
2732A 4096,8 (250ns)(21V) 3.95 
2732A-2 4096,8 (200n8))21V) 4.25 
27C64 8192,8 (250n31112.5V CMOS) 4.95 
2764 8192:8 1450n,)(12.5V) 3.49 
2764-250 8192,8 )250n6)(12.5V) 3.69 
2764-200 8192,8 (200110(12.5V) 4.25 
MCM68766 819208 (350ns)121 V1(24 PIN) 15.95 
27128 16384,8 )250n,)(12.5V) 0.25 
27C256 3276808 (250ns)112.5V CMOS) 7.95 
27256 32768,8 )250(n)(12.5V( 5.95 
27512 6553608 (250ns)(12.5V) 11.95 
27C512 65536x8 1250n8)(12.5V CMOS) 12.95 

V=Program Voltage 
MEMORY PRICES SUBJECT TO CHANGE DUE TO ` MARKET CONDITIONS. PLEASE CALL TO CONFIRM PRICES. J 

6500 
1.0 MHz 

6502 2.25 
65CO2 (CMOS) 7.95 
6520 1.65 
6522 2.95 
6526 13.95 
6532 5.95 
6545 2.95 
6551 2.95 

2.0 MHz 
6502A 2.69 
6520A 2.95 
6522A 5.95 
6532A 11.95 
6545A 3.95 
6551A 6.95 

3.0 MHz 
65026 4.25 

5800 
1.0 MHz 

6800 
6802 
6803 
6809 
6809E 
6810 
6820 
6821 
6840 
6843 
6844 
6845 
6847 

1.95 
2.95 
3.95 
2.95 
2.95 
1.95 
2.95 
1.25 
3.95 
4.95 
6-95 
2.75 
4.75 

6850 1.95 
6883 22.95 

2.0 MHz 
68800 2.95 
68602 3.95 
68609E 5.49 
68609 
68621 
68645 
68B50 
68000 

5.99 
1.85 
4.95 
1.75 
9.95 

Z-80 
2.5MHz 

Z80 -CPU 1.25 

4.0 MHz 
280A -CPU 1.29 
280A-CTC 1.69 
280A -DART 5.95 
280A -DMA 5.95 
280A -PIO 1.89 
280A -SIO 0 5.95 
280A -SIO 1 5.95 
280A -S10 2 5.95 

6.0 MHz 
280B -CPU 2.75 
28013-CTC 4.25 
7808 -PIO 4.25 
Z808 -DART 6.95 
280B -SIO 0 12.95 
Z808 -S10 2 12.95 
Z8671 ZILOG 9.95 

CLOCK 
CIRCUITS 

MM58161 
MM581 74 

`M5M5832 

995 
9.95 
2.95 

BIT RATE 
GENERATORS 
MC14411 9.95 
BR1941 4.95 
4702 9.95 
COM8116 8.95 

INTERSIL 
ICL7106 
ICL7107 
1CL7660 
ICL8038 
1CM7207A 

`CM7208 

10.95 
1.99 
3.85 
5.95 

15.95 

HIGH-TECH 
, 

SPOTLIGHT 
1 MB EPROMS 

128K x 8 ORGANIZATION 200 NS 

<b`áúöócaó 
f9flfl I/:lflflflflfl flfll9 ral(ll^11q 

L-JIyL LJLJLJL^JtALI L'JL'1L1 L:11.1121 Lei 
G 

PIN ARRANGEMENT 

CMOS DESIGN 
FOR LOW POWER 

*34.95 
_A 

r- woo 
8031 3.95 
8035 1.49 
8039 1.95 
8052AH BASIC 34.95 
8080 2.49 
8085 1.95 
8086 6.49 
8088 5.99 
8088-2 7.95 
8155 2.49 
81552 3.95 
8741 9.95 
8748 7.95 
8749 9.95 `755 14.954 

8200 
8203 14.95 
8205 3.29 
8212 1.49 
8216 1.49 
8224 2.25 
8228 2.25 
8237 3.95 
8237.5 4.75 
8243 1.95 
8250 6.95 
8251 1.29 
8251A 1.69 
8253 1.59 
82535 1.95 `55 149 

8255.5 
8259 
8259-5 
8257 
8272 
8274 
8275 
8279 
8279-5 
8282 
8283 
8284 
8286 
8287 
8288 

1.59 
1.95 
2.29 
2.25 
4.39 
4.95 

16.95 
2.49 
2.95 
3.95 
3.95 
2.25 
3.95 
3.95 
4.95 

MATH COPROCESSORS 

DISK 
CONTROLLERS 

1771 
1791 
1793 
1795 
1797 
2791 
2793 
2797 
8272 
UPD765 
MB8876 
MB8877 
1691 
2143 
9216 

495 
9.95 
9.95 

12.95 
12.95 
19.95 
19.95 
29.95 

4.39 
4.39 

12.95 
12.95 

6.95 
6.95 
6.2J 

WIRTS 
AV5.1013 
AV3-1015 
TR 1602 
2651 
1M6402 
1M6403 
1NS8250 
N516450 

3.95 
4.95 
3.95 
4.95 
3.95 
9.95 
6.95 

10.95 

MISC. 
ADC0804 2.99 
ADC0809 3.85 
DAC0800 3.29 
DAC0808 1.95 
DAC1022 5.95 
MC1408L8 1.95 
8728 1.29 
8T97 .59 
DP8304 2.29 
9334 1.75 
9368 2.85 
9602 .69 
ULN2003 .79 
MAX232 7.95 
MC3470 1.95 
MC3487 2.95 
AV5-3600 PRO 11.95 

8087 
8087-2 
8087-1 
80287 
80287-8 
80287-10 
80387-16 
80387-20 

5 MHz 
8 MHz 

10 MHz 
6 MHz 
8 MHz 

10 MHz 
16 MHz 
20 MHz 

in 
V 20 SERIES 

599.95 
$159.95 
$229.95 
5179.95 
5249.95 
5309.95 
$499.95 
$799.95 

PALS 
V20. 5 MHz 8.95 
V20. 8 MHz 1095 
V20. 10 MHz 12.95 
V30 8 MHz 13.95 

'Replaces 8088 to ,speed up PC 10-40% 

1(ìL8 
1688 
16R6 
16R4 

52.95 
52.95 
52.95 
52.95 

CRYSTALS 74F/745 1 
74F00 .35 

32.768 KHz .95 74F02 .35 
1.0 MHz 2.95 74F04 .35 
1.8432 2.95 74F08 .35 
2.0 1.95 74E10 .35 
2.4576 1.95 74F32 .35 
3.579545 1.95 74F64 .55 
4.0 1.95 74F74 .39 
5.0 1.95 74F86 .55 
5.0688 1.95 74F138 .79 
6.0 1.95 74F139 .79 
6.144 1.95 74F253 .89 
8.0 1.95 74E157 .89 

10.0 1.95 74F240 1.29 
10.738635 1.95 74S00 .29 
12.0 1.95 74502 .29 
14.31818 1.95 74SO4 .29 
16.0 1.95 74508 .35 
18.0 1.95 74510 .29 
18.432 1.95 74532 .35 
20.0 1.95 74574 .49 
22.1184 1.95 74586 .35 
24.0 1.95 745112 .50 
32.0 1.95 745124 2.75 

SCILLATOR 745138 
745153 

.79 

.79 
1.0MHz 5.95 745157 .79 
1.8432 5.95 745158 .95 
2.0 5.95 745163 1.29 
2.4576 5.95 745175 .79 
2.5 5.95 745195 1.49 
4.0 4.95 745240 1.49 
5.0688 4.95 745241 1.49 
6.0 4.95 745244 1.49 
6.144 4.95 745280 1.95 
8.0 4.95 745287 1.69 
10.0 4.95 74S288 1.69 
12.0 4.95 74S299 2.95 
16.0 4.95 745373 1.69 
18.432 4.95 745374 1.69 
20.0 4.95 745471 4.95 
4.0 4.95 745571 2.95 

74L500 
741500 16 7415112 29 7415241 69 
741501 18 7415122 45 7415242 .69 
741502 17 7415123 49 7415243 69 
741503 18 7415124 2 75 7415244 69 
741504 .16 7415125 39 /4L5245 79 
741505 .18 7415126 39 7415251 49 
741508 18 7415132 39 7415253 49 
741S09 18 7415133 49 7415257 39 
741510 16 7415136 39 7415258 .49 
741511 22 7415138 39 7415259 1.29 
741512 22 7415139 39 7415260 49 
741513 26 741S145 99 7415266 .39 
741514 39 7415147 99 74LS273 .79 
741S15 26 7415148 99 7415279 39 
741520 17 7415151 39 7415280 1.98 
741.521 .22 7415153 39 7415283 59 
741522 22 7415154 1 49 7415290 89 
741527 23 7415155 .59 7415293 .89 
741528 26 7415156 49 7415299 1 49 
741530 17 741.5157 35 74LS322 3.95 
741532 .18 7415158 29 74LS323 2.49 
74LS33 .28 7415160 29 7413365 39 
741537 26 7415161 39 7415367 39 
741538 26 7415162 49 7415368 .39 
741542 39 7415963 39 7415373 79 
741547 75 7415164 49 741S374 79 
741548 .85 7415165 65 7415375 .95 
741.551 .17 7415166 95 74LS377 .79 
74LS73 .29 7415169 95 7415390 1 19 
741574 .24 7415173 49 7415393 .79 
741575 29 7415174 39 7415541 1.49 
741.576 29 7415175 .39 7415624 1.95 
741583 49 7415191 49 7415640 99 
741585 -49 7415192 .69 7415645 .99 
741586 .22 7415193 .69 7415670 .89 
741590 39 7415194 .69 7415682 3.20 
741592 49 7415195 .69 7415688 2.40 
741593 .39 7415196 59 7415783 22.95 
741595 49 7415197 .59 25152521 2.80 
7415107 .34 7415221 .59 261531 1.95 
7415109 36 7415240 .69 261532 1.95, 

7400 LINEAR 
r7400 .19 TL071 .69 LM567 .79 
7402 .19 TL072 1.09 NE570 2.95 
7404 19 71074 1.95 NE592 98 
7406 29 71082 .99 LM723 .49 
7407 .29 11.084 1.49 LM733 .98 
7408 .24 LM301 .34 LM741 .29 
7410 .19 LM309K 1.25 LM747 .69 
7411 .25 1M311 .59 MC1330 1.69 
7414 .49 LM311H 89 MC1350 1.19 
7416 25 LM317K 3.49 1M1458 .35 
7417 25 LM317T .69 1M1488 .49 
7420 .19 LM318 1.49 LM1489 49 
7430 19 LM319 1.25 1M1496 .85 
7432 29 LM320 see7900 ULN2003 ,79 
7438 29 LM323K 3.49 XR2206 3.95 
7442 49 LM324 .34 XR2211 2.95 
7445 .69 LM331 3.95 1992917 1.95 
7447 .89 LM334 1.19 CA3046 .89 
7473 .34 LM335 1.79 CA3146 1,29 
7474 .33 LM336 1.75 MC3373 1.29 
7475 .45 LM338K 4.49 MC3470 1.95 
7476 .35 LM339 .59 MC3480 8.95 
7483 50 LM340 see7800 MC3487 2.95 
7485 59 1E353 .59 LM3900 .49 
7486 35 1E356 .99 LM3911 2.25 
7489 2.15 1E357 .99 LM3909 .98 
7490 .39 LM358 .59 LM3914 1.89 
7493 .35 LM380 .89 MC4024 3.49 
74121 .29 LM383 1.95 MC4044 3.99 
74123 .49 LM386 .89 RC4136 1.25 
74125 45 LM393 .45 RC4558 .69 
74150 1.35 LM394H 5.95 LM13600 1.49 
74151 55 11494 4.20 75107 1.49 
74153 .55 11497 3.25 75110 1.95 
74154 1.49 NE555 .29 75150 1.95 
74157 .55 NE556 .49 75154 1.95 
74159 1.65 NE558 .79 75188 1.25 
74161 .69 NE564 1.95 75189 1.25 
74164 .85 LM565 .95 75451 .39 
74166 1.00 LM566 1.49 75452 39 
74175 89 NE590 2.50 75477 1.29 
74367 65 11= TO -5 CAN, K- TO -3, T=10-220 

4001 
4011 
4012 
4013 
4015 
4016 
4017 
4018 
4020 
4021 
4023 
4024 
4025 
4027 
4028 
4040 
4042 
4044 
4046 
4047 
4049 
4050 
4051 
4052 
4053 

6.:1060 

CMOS/HIGH SPEED CMOS 
.19 
.19 
.25 
.35 
.29 
.29 
.49 
.69 
.59 
.69 
.25 
.49 
.25 
.39 
.65 
.69 
.59 
.69 
.69 
.69 
.29 
.29 
.69 
.69 
.69 
.69 

4066 .29 
4069 .19 
4070 .29 
4081 .22 
4093 .49 
14411 9.95 
14433 14.95 
14497 6.95 
4503 .49 
4511 .69 
4518 .85 
4528 .79 
4538 .95 
4702 9.95 
74HCOO .21 
74HCO2 .21 
74HC04 .25 
74HC08 .25 
74HC1O .25 
74HC14 .35 
74HC32 .35 
74HC74 .35 
74HC86 .45 
74HC138 .45 
74HC139 .45 
74HC151 .59 

74HC 154 
74HC 157 
74HC244 
74HC245 
74HC273 
74HC373 
74HC374 
74HCT00 
74HCT02 
74HCT04 
74HCT08 
74HCT32 
74HCT74 
74HCT138 
74HCT139 
74HCT161 
74HCT240 
74HCT244 
74HCT245 
74HCT273 
74HCT373 
74HCT374 
74HCT393 
74HCT4017 
74HCT4040 
74HCT4060 

1.09 
55 
85 
85 
69 

.69 

.69 
25 
25 
27 

.25 
27 
45 

.55 

.55 
79 
89 

.89 

.99 
99 

.99 

.99 

.99 
1.19 

99 
1.49 

112 JDR Microdevices and the JDR Microdevices logo are registered trademarks of JDR Microdevices. IBM, AT, PS/2 are trademarks of International Business Machines. 
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CAPACITORS 
TANTALUM 

1 0.a 15V 12 1.N 35V .45 
68 15V 42 2.2 35V .19 
10 15V .45 47 35V .39 
22 15V .99 10 35V 69 

DISC 
1011 50V .05 .001,, 50V .05 
22 50V 05 .005 50V .05 
33 50V .05 01 50V .07 
47 50V .05 .05 50V .07 
100 50V .05 1 12V 10 
220 50V .05 .1 50V 17 

MONOLITHIC 
.012 50V 14 1,2 50V 18 
.047,2 50V 15 47u2 50V 25 

ELECTROLYTIC 
RADIAL 

112 25V 14 
4.7 50V 11 
10 50V 11 
47 35V .13 
100 16V 15 
220 35V .20 
470 25V .30 
2200 16V .70 

1_4700 25V 1.45 

AXIAL 
112 50V 14 
10 50V 16 
22 16V .14 
47 50V .19 
100 35V 19 
470 50V .29 
1000 16V .29 
2200 16V .70 
4700 16V 1.25 

BYPASS CAPACITORS 
.01 Nf CERAMIC DISC 100 55.00 
.01 IA MONOLITHIC 100 510.00 
.1 of CERAMIC DISC 100 $6.50 
.1 IA MONOLITHIC 100 512.50 

r "SNAPABLE" 
HEADERS 

CAN BE SNAPPED APART TO 
MAKE ANY SIZE HEADER, 

ALL WITH .1" CENTERS 

1 x40 STRAIGHT LEAD .99 
1x40 RIGHT ANGLE LEAD ..49 
2x40 2 STRAIGHT LEADS 2.49 
2x40 2 RIGHT ANGLE LEADS 2.99 

i; 

VOL TAGE 
REGULATORS 

7805T 
7808T 
7812T 
7815T 
79057 
7908T 
79121 
791ST 
7805K 

49 
.49 
.49 
.49 
.59 
.59 
59 

.59 
1.59 

7812K 
7905K 
7912K 
78L05 
78L12 
79L05 
79L12 
LM323K 
LM338K 

1.39 
1.69 
1.49 

.49 
49 

.69 
1.49 
4.79 
6.95 

J 

DISCRETE 
1N751 .15 4N28 .69 
1N414825 'lm 4N33 .89 
1N400410 'tm 4N37 1.19 
1N5402 .25 MCT-2 .59 
KBP02 .55 MCT-6 1.29 
2N2222 .25 TIL-111 .99 
PN2222 .10 2N3906 .10 
2N2907 .25 2N4401 .25 
2N3055 .79 2N4402 .25 
2N3904 .10 2N4403 .25 
4N26 .69 2N6045 1.75 
4N27 .69 TIP31 .49 

RESISTOR NETWORKS 
SIP 10 PIN 9 RESISTOR 69 
SIP 8 PIN 7 RESISTOR .59 
DIP 16 PIN 8 RESISTOR 1.09 
DIP 16 PIN 15 RESISTOR 1.09 
DIP 14 PIN 7 RESISTOR .91 
DIP 14 PIN 13 RESISTOR .99J 

r SOLDER STATION 1 
UL APPROVED 

ADJUSTABLE HEAT SETTING 
WITH TIP TEMPERATURE 
READOUT 
REPLACEMENT TIPS 

AVAILABLE 52.95 

49.95 

r i' 
SHORTING, i 

BLOCKS 
5/SI.00 

`.__ 

WHY THOIUSANDS 
CHOOSE JDR 

* QUALITY MERCHANDISE 
COMPETITIVE PRICES 

* MOST ORDERS SHIPPED IN 24 HOURS 
* FRIENDLY, KNOWLEDGEABLE STAFF 
* 30 -DAY MONEY BACK GUARANTEE 
* TOLL FREE TECHNICAL SUPPORT 
* EXCELLENT CUSTOMER SERVICE 

CALL FOR VOLUME QUOTES 

IDC CONNECTORS/RIBBON CABLE 

DESCRIPTION ORDER BV 
CONTACTS 

34 40 50 10 20 26 

SOLDER HEADER IDHxoS 
IDHxxSR 

.82 
..85 

1.29 
1.35 

1.68 
1.76 

2.20 
2.31 

2.58 
2.72 

3.24 
3.39 RIGHT ANGLE SOLDER HEADER 

WIREWRAP HEADER IDHxeW 1.86 2.98 3.84 3.50 5.28 6.63 

RIGHT ANGLE WIREWRAP HEADER IDHxxWR 2.05 3.28 4.22 9.45 4.80 7.30 
RIBBON HEADER SOCKET 10Sxx .63 .89 .95 1.29 1.49 1.69 

RIBBON HEADER IDMxx --- 5.50 6.25 7.00 7.50 8.50 

RIBBON EDGE CARD IDExx .85 1.25 1.35 1.75 2.05 2.45 
10' GREY RIBBON CABLE RCxx 1.60 3.20 4.10 5 40 6.40 7.50 
FOR ORDERING INSTRUCTIONS. SEE D -SUBMINIATURE CONNECTORS. BELOW 

D -SUBMINIATURE CONNECTORS 

DESCRIPTION ORDER BY 
CONTACTS 

9 15 19 25 37 50 

SOLDER CUP 
MALE DBxeP .45 .59 .69 .69 1.35 1.85 

FEMALE DBxxS .49 .69 .75 .75 1.39 2.29 

RIGHT ANGLE PC SOLDER 
MALE DBxxPR .49 .69 --- .79 2.27 --- 

FEMALE DBxxSR .55 .75 --- .85 2.49 --- 

MALE DBxxPWW 1.69 2.56 --- 3.89 5.60 --- 
WIREWRAP 

FEMALE DBCCSWW 2.76 4.27 --- 6.84 9.95 --- 

IDC RIBBON CABLE 
MALE IDBxeP 1.39 1.99 --- 

--- 

2.25 
2.35 

4.25 
4.49 

--- 

--- FEMALE 1DBxxS 1.45 2.05 

HOODS 
METAL MHOODxx 1.05 1.15 1.25 1.25 --- --- 

GREY HOODxx .39 .39 --. .39 .69 .75 

ORDERING INSTRUCTIONS: 
INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED vu OF THE 'ORDER BY PART 
NUMBER LISTED EXAMPLE A 15 PIN RIGHT ANGLE MALE PC SOLDER W3ULD BE DBI5PR 

MOUNTING HARDWARE 59C 

r 
IC SOCKETS/DIP CONNECTORS 

DESCRIPTION ORDER BY 
CONTACTS 

8 14 16 18 20 22 24 28 40 
SOLDERTAIL SOCKETS xxST .11 .11 .12 .15 .18 15 .20 .22 .30 
WIREWRAP SOCKETS xx1NW .59 .69 .69 .99 1.09 1.39 1.49 1.69 1.99 

ZIF SOCKETS ZIFxx --- 4.95 4.95 --- 5.95 --- 5.95 6.95 9.95 
TOOLED SOCKETS AUGATxxST .62 .79 .89 1.09 1.29 1.39 1.49 1.69 2.49 

TOOLED WW SOCKETS AUGATxxINW 1.30 1.80 2.10 2.40 2.50 2.90 3.15 3.70 5.40 
COMPONENT CARRIERS ICCxx .49 .59 .69 .99 .99 .99 .99 1.09 1.49 

DIP PLUGS (IDC) IDPxx 95 .49 .59 1.29 1.49 .-- 85 1.49 1.59 

FOR ORDERING INSTRUCTIONS SEE D.SUBMINIATURE CONNECTORS ABOVE 

MosrerCoro 

r WIREWRAP PROTOTYPE CARDS 
FR -4 EPDXY GLASS LAMINATE WITH GOLD PLATED EDGE -CARD FINGERS 

SILK SCREENED LEGENDS. MOUNTING BRACKETS INCLUDED 

JDR-PR32 
JDR-PR16 
JDR-PR16PK 
JDR-PR16V 

JDR-PR10 
JDR-PR10PK 

IBM-PR1 
IBM-PR2 

FOR PS/2 
32 BIT PROTOTYPE CARD 
16 BIT CARD WITH I/O DECODING LAYOUT 
PARTS KIT FOR JOR-PR16 ABOVE 
16 BIT CARD FOR VIDEO APPLICATIONS 

FOR AT 
16 BIT CARD WITH I/O DECODING LAYOUT 
PARTS KIT FOR JDR-PR10 ABOVE 

FOR XT 
WITH +5V AND GROUND PLANE 
AS ABOVE WITH I/O DECODING LAYOUT 

69.95 
49.95 
15.95 
39.95 

34.95 
12.95 

27.95 
29.95 

J 

EXTENDER CARDS 
FOR PROTOTYPE DEBUGGING AND TROUBLESHOOTING 

EXT-8088 FOR XT SYSTEM 29.95 

EXT-80286 FOR AT SYSTEM 39.95 

EXT-16 MICROCHANNEL 16 -BIT 69.95 

EXT-32 MICROCHANNEL 32 -BIT 99.95 

SOLDERLESS BREADBOARDS 
WBU-D 100 TIE PTS. 2.95 WBU-204 
WBU-T 630 TIE PTS. 6.95 WBU-206 
WBU-204-3 1360 TIE PTS. 17.95 WBU-208 

1660 11E PTS. 
2390 TIE PTS. 
3220 TIE PTS. 

24.95 
29.95 
39.95 

3 VOLT 
LITHIUM BATTERY 

*1.95 
HOLDER *1.49 

l 
RS -232 

BREAKOUT BOX 
FOR TROUBLESHOOTING 

SERIAL COMMUNICATIONS 

OPEN/CLOSE INDIVIDUAL CIRCUITS 

20 JUMPERS CROSS -CONNECT 
ANY TWO CIRCUITS 

10 LEDS SHOW CIRCUIT ACTIVITY 

GENDER -BO 
534.95 

GENDER CHANGERS 
FOR 25 PIN D -SUBMINIATURE 
CONNECTORS 
GENDER -FF FEMALE -MALE 7.95 
GENDER -MM MALE -MALE 7.95 
GENDER -MF MALE -FEMALE 7.95 
GENDER -NM NULL MODEM 8.95 
GENDER-JB JUMPER BOX 8.95 
GENDER -MT MINITESTER 14.95 

t(t 

J 
JDR MICRODEVICES. 110 KNOWLES DRIVE. LOS GAMS, CA 95030 
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 

RETAIL STORE: 1256 SOUTH BASCOM AVE., SAN JOSE, CA (408) 947-8881 

HOURS: M -F 10-7 SAT. 9-5 SUN. 12-4 

ri1M1g(, 

SPECTRONICS CORPORATION 
EPROM ERASERS 

Model Timer 

PE 140 NO 
PF 140T I YES 
PI 2405 T YES 

Chip 
Capacity 

Intensity 
IoW CnDI 

8,000 
8.000 

Unit 
Cost 
889 
5139 

9.600 5189 

r OATARASE 
ERASES 2 EPROMS IN 10 MINUTES 
VERY COMPACT, NO DRAWER 
THIN METAL SHUTTER PREVENTS 
UV LIGHT FROM ESCAPING 

*34.95 

Datára 

1 

J 

JOYSTICK 
SET X -Y AXIS FOR AUTO 
CENTER OR 
FREE MOVEMENT 
FIRE BUTTON FOR USE 
WITH GAME SOFTWARE 
ADAPTOR CABLE FOR 
IBM, APPLE II 

19.95 
Terms Minimum order 510 00 For shipping and handling Include 82 50 for UPS ground and 53 50 
UPS air Orders over 1 lb and foreign orders may require additional shipping charges -please 
contact the sales department for the amount CA residents must include applicable sales lax Prices 
are subject to change without notice We are not responsible for typographical errors We reserve the 
right to limit quantities and to substitute manufacturer. All merchandise subject to prior sale A lull 
copy of our terms is available upon request Items pictured may only be representative 

TOLL FREE 800-538-5000 
COPYRIGHT 1888 JDR MICRODEVICES CONTINENTAL U.S. AND CANADA 

1 
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ilh Complete customer satisfaction...superior service...friendly, knowledgeable personnel 
quality merchandise... providing the best values in leading edge technology. 

r 

JDR Microd evi ces 
tiiy 

, 

0 BAUD 24 p MOEMg5 

.1a9 PRICE! 
NEW 

W ... 

IT S TIME TO TRADE UP NOW THAT JOR BREAKS THE 
PRICE BARRIER ON 2400 BAUD MODEMS 

AUTO DIAL ANSWER 
SELF TEST ON POWER -UP 
TOUCHTONE OR PULSE DIALING 
HAYES 8 BELL SYSTEMS COMPATIBLE 
FULL OR HALF DUPLEX 
MIRROR II COMMUNICATIONS SOFTWARE INCLUDED 

MCT-241 

MCT-1211200 BAUD 12 CARD S 69.95 

EXTLRNAL MODEMS 
MCT-12E 1200 BAUD 
MCT-24E 2400 BAUD 

$ 99.95 
$169.95 

COMPUTER 
CASES 
ATTRACTIVE. STURDY STEEL CASES FIT THE POPULAR 
SIZED MOTHERBOARDS AND INCLUDE SPEAKERS, 
FACEPLATES, EXPANSION SLOTS, FRONT PANEL 
KEYLOCKS. LED INDICATORS AND ALL NECESSARY 
HARDWARE 

XT STYLE FLIP -TOP 
XT STYLE SLIDE -TOP 
AT STYLE SLIDE -TOP 

LJR. AT STYLE FLIP -TOP 
INCLUDES 150 WATT POWER SUPPLY 

1 

$34.95 
$39.95 
$89.95 

$149.95 

_A 

POWER 
SUPPLIES 
FOR IBM XT COMPATIBLE $59.95 

UL APP., 135 WATTS 
« 5V 15A. r 12V 4.2A 

5V 5A, 12V 5A 

PS -135 
PS -150 150W MODEL $69.95 

FOR IBM AT COMPATIBLE $89.95 
200 WATTS 

5V 22A, 12V 8A 
5V . 5A. - 12V . 5A 

,PS -200 

1 

DIABLO 
PRINTER ¶79Y5 

LETTER QUALITY AT 20 CPS, 132 COLS 
10. 12. 15 PITCH 8 PROPORTIONAL SPACING 
SERIAL 8 PARALLEL INTERFACE 
AUTO PAPER LOAD. FRICTION FEED 
FULL XEROX WARRANTY 

CENTRONICS 
LASER X195 
PRINTER 
NEAR TYPESET DUALITY 
AFFORDABLE AT LAST 

8 PAGES PER MINUTE 300 DPI RESOLUTION! 
1 YEAR WARRANTY CHOICE OF EMULATION BOARDS 

MULTI -PRINTER EMULATION BOARD: 
EPSON FX-BO EMULATION -NOTHING ELSE REQUIRED 
IBM PC GRAPHICS, PROPRINTER 8 DIABLO 630 
EMULATION REQUIRES ADDITIONAL FONT CARD 
HP LJ+ EMULATION BOARD: 
HP LASERJET EMULATION -3 RESIDENT FONTS & 
2 PITCHES ADDITIONAL FONT CARD AVAILABLE 

1.5MB RAM CARD 
EXTRA FONT CARDS 
TONER CARTRIDGES 

`PFS FIRST PUBLISHER 

$139.95 
$199.95 
$59.95 
$99.95A 

IBM 
COMPATIBLE 
KEYBOARDS 
FULL LINE YEAR WARRANTY 
IBM ENHANCED STYLE LAYOUT $79.95 

AUTOSENSE FOR XT OR AT COMPATIBLES 
LED INDICATORS AUTO REPEAT FEATURE 
SEPARATE CURSOR PAD 

MCT-5339 
IBM AT STYLE LAYOUT $59.95 

SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES 
LED INDICATORS a AUTO REPEAT FEATURE 

MCT-5060 

MAXI -SWITCH KEYBOARDS 
ENHANCED STYLE LAYOUT $84.95 

STANDARD ENHANCED KEYBOARD LAYOUT 
TACTILE FEEDBACK 
LIGHTED NUM, CAPS, AND SCROLL LOCK 
NUMERIC 8 CURSOR KEYPADS. 12 "F' KEYS 

MAX -5339 
LMAX-5060 MAXI -SWITCH, AT STYLE $64.95 

rVGA 
COMPATIBLE 
PACKAGE 

$649m 
MONITOR 
& CARD 
TOGETHER 
.800X560 

MAXIMUM 
RESOLUTION 
640 X 480 
IN 16 COLORS 
320 X 200 
IN 256 COLORS 
IBM STYLE, 
ANALOG MONITOR 
FULLY VGA. EGA, 
CGA, HERCULES& 
MONOCHROME 
COMPATIBLE 

lay 

NEC MULTISYNC 4599.95 
ORIGINAL CGA EGA PGA COMPATIBLE MONITOR 
AUTO FREQUENCY ADJUSTMENT 
RESOLUTION AS HIGH AS 800 X 560 

CASPER EGA 4399.95 
15 75 21 85 KHz SCANNING FREQUENCIES 
640 X 200350 RESOLUTION 31 MM DOT PITCH 
14' BLACK MATRIX SCREEN 16 COLORS 

CASPER RGB *279.95 
COLOR GREEN AMBER SWITCH 39MM DOT PITCH 
640 X 240 RESOLUTION 14" NON -GLARE SCREEN 
RGB IBM COMPATIBLE CABLE INCLUDED 

SAKATA 
MONOCHROME 

IBM COMPATIBLE TTL INPUT 
12 NON -GLARE SCREEN 
CABLE FOR IBM PC INCLUDED 

.59.95 

SAMSUNG MONOCHROME MONITOR $129.95 

MONITOR STANDS 
MODEL MS -100 

TILTS AND SWIVELS 
STURDY PLASTIC CONSTRUCTION 

MODEL MS -200 $39.95 
TILTS AND SWIVELS BUILT-IN SURGE SUPRESSOR 
INDEPENDENTLY CONTROLS UP TO 5 AC OUTLETS 

LOGITECH 
MOUSE 
*7995 
PC MAGAZINE'S EDITORS CHOICE 
ALL MODELS HAVE SERIAL SUPPORT (COM1 COM2). 200 
D.P I. RESOLUTION. LOTUS 1-2-3 SHELL, SELF -INSTALLING 
SOFTWARE AND "POINT EDITOR' 
SERIAL MOUSE WPC PAINTBRUSH $99.95 
BUS MOUSE WPC PAINTBRUSH $99.95 

`BUS MOUSE W PC PAINTBRUSH CAD $149.95 

$12.95 

3.5" FLOPPY 
DISK DRIVE 
14995 

1.44 MB 392" DRIVE 
ULTRA HIGH DENSITY 
ALSO WORKS WITH 120K DISKS 

FDD-1.44 x BLACK FACEPLATE 
FDD-1.44 x BEIGE FACEPLATE 

720K 3V2' FLOPPY DRIVE 
FDD-3.5 x (FORXTI 
FDD-3.5 x IFORATI 

$149.95 
$149.95 

*129.95 
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r ¿9Seagate 

NEWS oaE 
4oM9oo 

0%0 5 
THE NEW ST -251-1 DRIVE IS 30% FASTER WITH AN AVERAGE 
ACCESS TIME OF 28 MS. EASY TO INSTALL HALF -HEIGHT 
DRIVE. 
ST -251-1 

WITH MCT-HDC CONTROLLER 
WITH MCT-ATFH CONTROLLER 

L 

1/2 HEIGHT DRIVES 
20 MB, 65 MS, ST -225 $225.00 
WITH MCT-HDC CONTROLLER $269.00 
WITH MCT-ATFH CONTROLLER $339.00 

30 MD RLL, 55 MS, ST -238 $249.00 
WITH MCT-RLL CONTROLLER $299.00 
WITH MCT-ATFH-RLL CONTROLLER $389.00 

40 MB, 40 WS, ST -251 $429.00 
WITH MCT-HDC CONTROLLER $469.00 
WITH MCT-ATFH CONTROLLER $539.00 

50 MB RLL, 40 MS, ST -277 *499.00 
WITH MCT-RLL CONTROLLER $549.00 
WITH MCT-AT/=H CONTROLLER $639.00 

FULL HEIGHT DRIVES 
$569.00 30 MB, 40 MS, ST -4038 $559.00 
$639.00 80 MB, 28 MS, ST -4096 $895.00 

INTERFACE CARDS FROM 
MODULAR CIRCUIT TECHNOLOGY 
DISPLAY ADAPTORS 
MONOCHROME GRAPHICS CARO *59.95 
TRUE HERCULES COMPATIBILITY SUPPORTS LOTUS 123 

PARALLEL PRINTER PORT CONFIGURES AS CPT1 OR 

LPT2 USES VLSI CHIPS TO ENSURE RELIABILITY 

MCT-MGP 

ENHANCED GRAPHICS ADAPTOR $149.95 
100", IBM COMPATIBLE. PASSES IBM EGA DIAGNOSTICS 

256K OF VIDEO RAM ALLOWS 640 X 350 IN 16 OF 64 
COLORS COMPATIBLE WITH COLOR AND 
MONOCHROME ADAPTORS 
MCT-EGA 

COLOR GRAPHICS ADAPTOR *49.95 
COMPATIBLE WITH IBM GRAPHICS STANDARDS 

SUPPORTS RGB. COLOR & COMPOSITE MONOCHROME 
640 320 X 200 RESOLUTION. LIGHT PEN INTERFACE 

MCT-CG 

MULTIFUNCTION CARDS 
MONOSRAPHI C5 MULTI BO $119.75 
TOTAL SYSTEM CONTROL FROM A SINGLE SLOT' 

CTRL 2 FLOPPY'S. SERIAL. PARALLEL. GAME PORT 
CLOCK CAL RUN COLOR GRAPHICS SOFTWARE ON A 

MONOCHROME MONITOR 
MCT-MGMIO 

MULTI 1/0 FLOPPY CONTROLLER $79.95 
A PERFECT COMPANION FOR OUR MOTHERBOARDS 

SUPPORTS UP TO 2 360K FLOPPIES. 720K WITH DOS 3 2 

SERIAL. PARALLEL. GAME PORT CLOCK CALENDAR 
MCT-MIO 
MIO -SERIAL -2ND SERIAL PORT $15.95 

MULTI I/O CARD $59.95 
USE WITH MCT'FH FOR A MINIMUM OF SLOTS USED 

SERIAL PORT. CLOCK CALENDAR WITH BATTERY BACK- 
UP PARALLEL PRINTER PORT ADDRESSABLE AS LPTI 
OR LPT2 
MCT-I0 

AT MULTIFUNCTION CARD *139.95 
ADDS UP TO 3 MB OF RAM TO YOUR AT 

USER EXPANDABLE TO 1.5 MB. OR 3 MB WITH OPTIONAL 
PIGGYBACK BOARD (0 K INSTALLED) INCLUDES 
SERIAL AND PARALLEL PORT 

MCT-ATMF-MC PIGGYBACK BOARD 
ATMF SERIAL -2ND SERIAL PORT 

$29.95 

AT MULTI 1/O CARO $59.95 
USE WITH MCT ATFH FOR MINIMUM OF SLOTS USED 

SERIAL. PARALLEL AND GAME PORTS USES 16450 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS 
MCT-ATIO 
ATIO-SERIAL-2ND SERIAL PORT $24.95 

MEMORY CARDS 
5751( RAM CARO $59.95 
A CONTIGUOUS MEMORY SOLUTION IN A SHORT SLOT 

USER SELECTABLE CONFIGURATION UP TO 576K 
USES 64K & 256K RAM CHIPS (ZERO K INSTALLED) 

MCT-RAM 

EXPANDED MEMORY CARO *129.95 
2 MB OF LOTUS INTEL MICROSOF T COMPATIBLE MEMOR! 
FOR AN XT CONFORMS TO LOTUS INTEL EMS USER 
EXPANDABLE TO 2 MB CAN BE USED AS EXPANDED OR 
CONVENTIONA _ MEMORY, RAMDISK AND SPOOLER 

MCT-EMS 
MCT-ATEMS AT COMPATIBLE VERSION $139.95 

DRIVE CONTROLLERS 
FLOPPY DISK CONTROLLER *29.95 
DUALITY DESIGN FOR SINGLE SLOT CONTROL OF 4 

FLOPPYS INTERFACES UP TO 4 FDD'S TO AN IBM PC 
OR COMPATIBL = SUPPORTS BOTH DS DD AND DS OD 
WITH DOS 3 2 

MCT-FDC 

1.2 MB FLOPPY CONTROLLER *69.95 
ADD VERSATILITY AND CAPACITY TO YOUR XT 

SUPPORTS 2 DRIVES, BOTH MAY BE 360K OR 1 2 MB 
ALLOWS DATA TO FLOW FREELY FROM XT 'S TO AT'S 

MCT-FDC-1.2 

FLOPPY/HARD CONTROLLER *139.95 
XT SYSTEM STFRVED FOR SLOTS, THIS CARD FREES ONE 
UP INTERFACES UP TO 2 FDD'S & 2 HOD'S. CABLING 
FOR 2 FDD 1 HE'D SUPPORTS BOTH DS DO & DS OD 
WITH DOS 3 2 

MCT-FH 

AT/FH CONTROLLER *149.95 
FLOPPY HARD DISK CONTROL IN A TRUE AT DESIGN 

SUPPORTS U' TO 2 360K 720K 1 2MB FDD'S AS WELL 
AS 2 HOD'S USING STANDARD CONTROL TABLES 
MCT-ATFH 

RLL DISK CONTROLLER *199.95 
$24.95 IMPROVE SPEE 3 AND STORAGE OF YOUR AT 

COMPATIBLE SUPPORTS UP TO 2 RLL HARD DISCS AND 
2 FLOPPY DRIVES SUPPORTS 360 720 1 2 MB 
FLOPPIES IN 5 25" & 3 5" 
MCT-ATFH-RLL 

J 

i, 

'..... 

INBOARD 3815/PC 
$895.00 
..JPGRADE TOUR XT TO A 386 FOR LESS THAN $1000 

16 MHZ PROCESSOR REPLACES 8088 1 MB 
- INSTALLED EXPAND TO 3MB WITH PIGGYBACK CARD 

5 YR WARRANTY 

INBOARD 386 AT 
ABOVE BOARD PS 286 
ABOVE BOARD 286 

JDR MICRODEVICES, 110 KNOWLES DRIVE, LOS GATOS, CA 95030 

LOCAL (408)886-6200 FAX (408) 378-8927 TELEX 171-110 

$1199.95 
$399.95 
$369.95 

r TEAC DISK 
DRIVE 
350K 5'14' DRIVE 

RELIABLE DIRECT DRIVE 
MOTOR 
DOUBLE -DINED/ 
DOUBLE -DENSITY 

FD -55B 

1/2 HEIGHT FLOPPY DISK DRIVES 
51/4 TEAC FD55G DS HD 1.2M 
51/4 FUJITSU M2551A DS DD 360K 
51/4 FUJITSU M2553K DS HD 1.2M 
51/4 DS DD 360K 
51/4 DS HD'1.2M 

,31h MITSUBISHI DS DD (AT OR XT) 

$129.95 
$89.95 

$119.95 
$69.95 

$109.95 
$129.95J 

ARCHIVE XL 
TAPE BACK- P 
36995 

BACK UP 40 MB IN 40 MINUTES' 
EASY TO -USE MENU DRIVEN 
SOFTWARE 
USES STANDARD 
OIC DATA FORMAT 
FULL & INCREMENTAL 
BACKUP 
PARTIAL & FULL RESTORE 

AR 5240 XT -FOR XT 'S & AT'S 
AR 5540 AT - AT'S ONLY. 2X FASTER 
TAPE NOT INCLUDED 
TAPE CARTRIDGE -40 MB $24.95 

r 2041 HARD WSW 
ON A CARD 
$349 

SAVES SPACE AND REDUCES POWER CONSUMPTION 
IDEAL FOR PC S WITH FULL HEIGHT FLOPPIES 
LEAVES ROOM FOR A HALF LENGTH CARD IN 

ADJACENT SLOT 

i 

if 
JUST A NOTE TO LET YOU KNOW THAT MY 
SALESPERSON, HELEN MORSE, AT YOUR 
COMPANY HAS BEEN VERY HELPFUL AND 
COURTEOUS. THIS IS A PLEASANT CHANGE 
FROM MOST TELEPHONE SALESPEOPLE I DEAL 
WITH. PLEASE PASS MY THANKS TO HELEN. 
I PLAN ON DOING FREQUENT BUSINESS 
WITH JDR AS MY NEW COMPANY, ODEM INC. 
GETS GOING, AND HELEN'S ATTITUDE AND 
HELPFULNESS ARE A MAJOR REASON WHY I 

LIKE DOING BUSINESS WITH YOU. pp 
R.C.K. 
BENSALEM, PA NER 

S 
COR 

BARGAIN 7215K 
WOVE 

.D5B15H 
FLOPPY MI 

_HE1GNt 

5/ MpA118CE0E¡.15tY 

se, 
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9,ß$ 6 
NSPEC\A ENDS 

MasterCard 

ORDER TOLL FREE 800-538-5000 
COPYRIGHT 1988 JDR MICRODEVICES CONTINENTAL U.S. AND CANADA 
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BUILD YOUR OWN SYSTEM 

7 

114 4ep 

Lrl 
!1 

Ii 

1111111111 

III 

OVER 20,000 JIM SYSTEMS 
HAVE ALREADY BEEN BUILT. 
EASY TO ASSEMBLE IN JUST 2 
HOURS WITH A SCREWDRIVER. 
SAVE MONEY AND LEARN 
ABOUT YOUR COMPUTER AT 
THE SAME TIME. 

12 MHZ AT 
COMPATIBLE 

*110170 
12 MHZ BABY AT MOTHERBOARD 
256K RAM MEMORY 
MINI -AT CASE W.POWER SUPPLY 
AT STYLE KEYBOARD 
1.2 MB FLOPPY DRIVE 
FLOPPY HARD DRIVE CONTROLLER 
MONOCHROME MONITOR 
GRAPHICS ADAPTOR 

10 MHZ XT 
COMPATIBLE 

$65550 
INCLUDES SERIAL PORT, 2 PARALLEL 
PORTS. CLOCK CALENDAR AND GAME 
ADAPTOR. RUNS COLOR GRAPHICS ON 
A MONOCHROME MONITOR 

MOTHERBOARD 
256K RAM MEMORY 
135 WATT POWER SUPPLY 
FLIP -TOP CASE 
AT STYLE KEYBOARD 
360K FLOPPY DRIVE 
MONOGRAPHICS IO CARD 
MONOCHROME MONITOR 

15 MHZ 
1 MB 385 
229865 
MYLEX 386 MOTHERBOARD 
1 MB RAM ON BOARD 
200 WATT POWER SUPPLY 
AT STYLE CASE 
ENHANCED AT STYLE KEYBOARD 
1.2 MB FLOPPY DRIVE 
AT FLOPPY HARD CONTROLLER 
MONOCHROME MONITOR 
MONOGRAPHICS CARD 

TURBO 4.77/8 MHZ $99.95 12 MHZ MINI 80285 $399.95 
4 77 OR 8 MHZ OPERATION WITH 8088-2 8 OPTIONAL 
8087-2 CO -PROCESSOR 
FRONT PANEL LED SPEED INDICATOR AND RESET 
SWITCH SET SUPPORTED 
CHOICE OF NORMAL TURBO MODE OR SOFTWARE 
SELECT PROCESSOR SPEED 

MCT-TURBO 
MCT-XTMB STANDARD MOTHERBOARD $87.95 

80286 6/8 MHZ $379.95 
8 SLOT 12 EIGHT BIT. 6 SIXTEEN BIT) AT MOTHERBOARD 
HARDWARE SELECTION OF 6 OR 8 MHZ 

1 WAIT STATE 
KEYLOCK SUPPORTED. RESET SWITCH. FRONT PANEL 
LED INDICATOR 
SOCKETS FOR 1 MB OF RAM AND 80287 
BATTERY BACKED CLOCK 

MCT-ATMB 

6 MHz, 10 MHz (0 1 WAIT STATE). 12 MHz (I WAIT STATE 
USES ZYMOS ASIC'S FOR LESS CHIPS. GREATER 
RELIABILITY 
SUPPORTS 256K -1024K MEMORY 
RE -CHARGEABLE HIGH CAPACITY NI -CAD BATTERY 
6 16 -BIT SLOTS, 2 8 -BIT SLOTS 
MOUNTS IN STANDARD XT CASE 

MCT-BATMB-12 
MCT-BATMB 6 10 MHZ MINI 80286 BOARD $389.95 

16 MHz MYLEX 385 $1649.00 
1 MB RAM ON BOARD 

8 SLOTS, 2 8 -BIT. 6 16 -BIT 
SUPPORTS 80287 MATH COPROCESSOR 
SUPPORTS 80387 W ADAPTOR 
64 KB CACHE FOR NEAR 0 WAIT STATE 
USES AMI RIOS 

MCT-386 MB 
MCT-386 MB -4 4 MB MEMORY INSTALLED $2649.00 
MCT-386 MB-MCB MATH CO -PROCESSOR 
ADAPTOR BOARD $149.00 

/// woe, 

49S 
wITHIIfIT p 
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É 
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ro 
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KIT$19.95 

VV1 

10 MHz SINGLE CHIP X 
12995 

SINGLE CHIP USES LESS SOWER IMPROVES RELIABILITY 
KEY SELECTABLE SPEED 4 77 MHz OR 10 MI -z 
2 3 TIMES FASTER THAN A STANDARD 
RESET SWITCH. KEYLOCK AND SPEED POWER 
INDICATORS SUPPORTED 

MCT-TURBO-10 

DEVELOPMENT TOOLS 
rEPROM 
PROGRAMMER 

12995 
PU LU6AMS 2, XX EPROMS UP TO 27512 

SUPPORTS VARIOUS PROGRAMMING FORMATS AND 
VOLTAGES 
SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS 
OF DIFFERENT SIZES 
READ WRITE. COPY. ERASE CHECK AND VERIFY 
SOFTWARE FOR HEX AND INTEL HEX FORMATS 

MCT-EPROM 
MCT-EPROM-4 4 GANG PROGRAMMER $189.00 
MCT-EPROM-10 10 GANG PROGRAMMER $299.95 
MCT-PAL PAL PROGRAMMER $269.95 
MCT-MP PROCESSOR PROG. $199.95 

14112 JDR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 95030 

LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171.110 

JDR Microdevices 

1 YEAR 
WARRANTY ON 
MET PRODUCTS 
30 DAY 
MONEY BACK 
GUARANTEE 
TOLL -FREE 
TECHNICAL 
SUPPORT 
NEXT DAY AIR 
SHIP AVAILABLE 

ORDER TOLL FREE 800-538-5000 
COPYRIGHT 1988 JDR MICRODEVICES CONTINENTAL U.S. AND CANADA 116 
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ftadue ¡haek Part: PIaee" 
EXCLUSIVE VALUES AT THE SHACK® NEAR YOU 

"Hotline" Service for Rare Parts 
If the part you need is not in 
our regular stock, we'll check 
our substitution guide and 
special order it for you. Over 
200,000 substitutions availa- 
ble, including ICs, micropro- 
cessors and support chips, 
tubes, crystals, phono car- 
tridges, transistors, hybrid 
modules, and Sams Photo - 
facts. The order will be sent 
to your local Radio Shack in 
about a week. No minimum 
and no shipping charges! 

Enhanced -Novice Exam "Prep" Kit 

Everything You Need to Quickly 
And Painlessly Prepare for 
The New FCC Exam 

Take advantage of the new enhanced 
Novice privileges on Amateur radio! 
This package quickly prepares you for 
the voice -class license. You get two 
audio cassettes for self -paced Morse 
code learning plus practice exam ques- 
tions and answers to help you get ready 
for the test. #62-2402 19.95 

Voice Synthesis Pair -23%-30% Off 

0.0,11# 
995 2.95 1188 6e95 

SP0256-AL2 Speech Synthesizer IC. Cut 23%. Built-in program makes it 

easy to interface with most computers. Requires 3.12 MHz crystal. With data 
and circuit examples. 28 -pin DIR. #276-1784 Sale 9.95 
CTS256-AL2 Text -to -Speech IC. 30% Off. Preprogrammed to translate 
ASCII characters into control data for synthesizer chip (above) for RS -232 
hookup. Requires 10 MHz crystal. 40 -pin DIP. #276-1786 Sale 11.88 

Advanced ICs -Slashed 21% to 43% 

399 

6.95 788 9.9 
TLC548 8 -Bit A/D Converter IC. 43% Off. Complete data acquisition 
system in one IC. High-speed data transfer with few external components. 
Single 5VDC supply, internal clock. #276-1796 Sale 3.99 
AY -3-8910A Sound Generator IC. Cut 21%. Use with a computer to provide 
a spectacular variety and range of sounds! Three independent analog out- 
puts. Single 5 VDC supply. 40 -pin DIP. With data. #276-1787 Sale 7.88 

Computer Helpers 
(1) _ 

1 .,.. ....:K{- (1 e;'. 

(1) RS -232 Tester. LEDs indicate 
status of TD, RTS, DSR, CD, RD, 
CTS, DTR lines. #276-1401 .. 14.95 
(2) RS -232 Spike Protector. Stops 
transients dead in their tracks. 
#276-1402 16.95 

Builder Bargains 
(1) (2) 

' . -11 

t;,ir 
(3) 

(1) Magnet Wire. Three -spool set - 
22, 26, 30 gauge. #278-1345... 4.79 

(2) 1:1 Audio Transformer. 
#273-1374 3 49 

(3) 1.5-3 VDC Motor. 
#273-223 89C 

(1) Parts -Pourri 

(1) Fuse Holder Clips. #270-739 . 2199C 

(2) 8 -"AA" Bat. Holder. #270-387 .. 1.29 

4 -"AA" Battery Holder. #270-383 99C 

2 -"AA" Battery Holder. #270-382 994 

(3) 9 -Volt Battery Clips. #270-325 . 5/99e 

(4) Thermal Fuse. 139° C. #270-1320 1.19 

Thermal Fuse. 226° C. #270-1321 1.19 

Sight 'n Sound 

lyf 

(1) (2) IT (3) 

(1) Super -Bright Panel LED. Brilliant 500 
mcd ruby light. #276-088 1 79 
(2) LEDs in Chrome Holders. 
Red LED. #276-068 1 89 
Green LED. #276-069 1 89 
(3) Melodic IC Chime. #273-071 .. 8.69 

4000 -Series CMOS 

990 119Mile 
Low As 

With Specs 

Description Type Cat. No. Each 

Quad NOR GATE 
Quad NAND Gate 
Dual Type -D 
Flip Flop 
Hex Inverter 
Decade Counter/ 
Divider 

4001 
4011 

4013 

4049 

4017 

276-2401 
276-2411 

276-2413 

276-2449 

276-2417 

.99 

.99 

1.19 

1.19 

1.49 

Hard -to -Find Parts 

(1) (2) (3), 

(1) 335 pF Variable Cap. Two -section, 
PC -mount. #272-1337 4 95 

(2) 6-50 pF Trimmer Caps. 
#272-1340 2/1.59 
(3) TV Colorburst Crystal. 3 579545 
MHz. #272-1310 1 69 

(1) - 

Irresistibles 
(2) / (3) 

(1) 25 -Ohm, 5W Rheostat. #271-265, 2.99 
(2) 8 -Ohm, 20W Resistor. 
#271-120 1 39 
(3) Metal -Oxide Resistors. 
10 Ohms. #271-151 Pkg. 2/296 
100 Ohms. #271-152 Pkg. 2/29G 
1000 Ohms. #271-153 Pkg. 2/29G 

Relays & Switches 
(4)i 

I- I 
(1) (2) (3) 

(1) SPST Reed Relays. 
Contacts: 1A, 125VAC. 

Coil Cat. No. Each 

5VDC, 20 mA, 250 f) 
12VDC, 11 mA, 1050 CI 

275-232 
275-233 

1.89 
1.89 

(2) Mini SPDT Relay. #275-248 ... 2.99 
3) Mercury Switch. #275-027 .... 1.29 

4) Momentary Switch. #275-1571.. 2/2.39 

Builders Bargain Corner 

Alkor, 
(1) (2) 

(1) Box With PCB. 2Vex3e/,ex13/e" #270-283 .. 
As Above. 23/4 x 43/,e x 11/a' #270-284 
(2) Electret Mike Element. PC mount. #270-090 
(3) Mini SPST Toggle Switch. #275-645 
(4) 8 -Position DIP Switch. #275-1301 

(4) 

3.99 
4 99 

1.49 
1 99 
1 79 

Solderless Breadboard 

Popular Choice 
Of "Pros" and 

Students 

The 21/4 x 61/2" universal board is mounted on a 
4 x 7" "stay -put" steel base. Accepts DIPs, dis- 
crete components and up to 22 -gauge wire. Has 
640 plug-in tie points and three binding posts for 
external power. #276-169 19.95 

Pocket Autoranging DVM 

2495 
Autopolarity 
Diode -Checker 

A lot of meter in a little package! "Beep" continu- 
ity, low -battery indicator. Measures to 400 volts 
AC/DC, resistance to 2 megohms 41/2 x 
21/e x 5/1e" With batteries, miniprobes and folding 
case. #22-171 24.95 

Over 1000 items in stock: Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, 
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, 
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Wire, Zeners, More! 

Prices apply at participating Radio Shack stores and dealers 

Rade Illhaek 
The Technology Store1M 

A DIVISION OF TANDY CORPORATION 
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lameco® Mail -Order Electronics 
24 HOUR ORDER HOTLINE ALL OTHER INQUIRIES (7AM-5PM PST) 

415-592-8097 415-592-8121 

Mail Order Electronics Worldwide 

ELECTRONICS 

NEC V20 & V30 CHIPS 
Replace the 8086 or 8088 in Your IBM-PC and 

Part No. Increase Its Speed by up to 40%! pric, 

UPD7O108-5 (5MHz) 520 Chip $ 7.49 
UPD7O108-8 (8MHz) V20 Chip $ 8.95 
UPD7O108-10 (10MHz) 
UPD7O116-8 (8MHz) 930 
UPD7O116-10 (10MHz) 

V20 Chip $21.9; $14.95 
Chip $11.95 

V30 Chip $24.95 $19.95 

7400 
Part N, 1-9 10-' Part No. 1-9 10* 
740! 29 .19 7485 65 .55 
7407 29 .19 7486 .45 25 
7404. . 29 .19 7489 2 05 1.95 
7405 35 .25 7490 49 39 
7406 39 .29 7493 45 25 
7407 39 29 74121 45 .35 
7408 35 .25 74123 55 .45 
7410 29 .19 74125 55 .45 
7414 49 39 74126 69 .59 
7416 39 .29 74143 395 3.85 
7417 39 29 74150 135 125 
7420..... .. 35 .25 74154 1 35 125 
7430 35 .25 74158 +59 .99 
7432 39 .29 74173 85 .75 
7438 39 .29 74174 59 .49 
7442 55 45 74175 59 .49 
7445 79 .69 74176 99 .69 
7446 89 .79 74181 1 95 1.85 
7447 89 .79 74189 1 95 1.85 
7448 205 1.95 74193 79 .69 
7472 89 .79 74198 185 1.75 
7473 39 29 74221 99 .89 
7474 39 29 74273 1 95 1.85 
7475 49 39 74365 65 55 
7476.. ..... 45 35 74367 65 55 

74LS 
74LS00. 29 19 74LS165 75 65 
74LS02 29 19 74LS166 99 .89 
74LS04 35 25 74LS 173.. .59 .49 
74LS05 35 25 74LS174 49 39 
74LSO6 109 .99 74LS175 49 39 
74LS07 109 .99 74LS189 459 449 
74LS08 29 .19 74LS191 59 .49 
74LS10 29 .19 74LS193 79 .69 
74LS14 49 .39 74LS221 69 .59 
74LS27 35 25 74LS240 69 .59 
74LS30 29 .19 74LS243 69 .59 
74LS32 35 25 74LS244 69 .59 
74LS42 49 .39 74LS245 89 .79 
74LS47... 99 .89 74LS259 99 .89 
74LS73 39 29 74LS273 89 .79 
74LS74 35 25 74LS279 49 .39 
74LS75 39 .29 74LS322 405 3.95 
74LS76 55 .45 74LS365 .49 39 
74LS85 59 .49 74LS366 49 .39 
74LS86 35 25 74LS367 49 .39 
74LS90 49 39 74LS368 49 39 
74LS93 49 39 74LS373 79 .69 
74LS123 59 .49 74LS374 79 .69 
74LS125 49 .39 74LS393 89 .79 
74LS138 49 39 74LS590 605 5.95 
74LS139 49 39 74LS624 265 149 
74LS154 109 99 74LS629 295 2.85 
74LS157 45 25 74LS640 109 .99 
74LS158 45 35 74LS645 109 99 
74LS163... .59 49 74LS670 109 99 
74LS164 59 .49 74LS688 239 2.29 

74S/PROMS* 
74500 29 745188' 149 
74504 29 74S189 169 
74508 ........ .... .35 745196 249 1.49 
74S10.... .,... .29 745240 149 
74S32 35 745244 . 149 
74S74. 45 .25 74S253 -79 .49 
74S85 1391.19 748287'. 149 
74586 49 745288' 149 
74S124 275 1.95 745373. . . . 1 49 
74S174 79 745374 149 
74S175 79 74S472'. . . . 2.95 

74F 
74F00 29 74F139. 69 59 
74F04. 29 74F157 fi9 49 
74F08. 29 74F193 295 
74F10. -.9 25 74F240. 99 69 
74F32 29 74F244 99 
74F74. 39 74F253 G9 49 
74F86 99 .29 74F373 99 
74F138. 69 74F3-.1 '39 

CD-CMOS 
CD4001 19 CD407(i 59 
CD4008 G9 .49 CD4081 25 
CD4011 19 C04082 25 
C04013 29 CD4093 35 
004016 . . . . . . . . . .29 CD4094 89 
C04017 49 C040103 249 
CD4018 59 CD40107 -49 29 
004020. .... . 59 C040109 79 
CD4024. 49 CD4510 69 
CD4027 35 CD4511 69 
CD4030 29 C04520 75 
C04040 65 C04522 79 
CD4049 29 C04538 79 
CD4050. . . . . . 29 004541 89 
CD4051 .59 CD4543 79 
CD4052 .59 CD4553 4 95 
CD4053 59 CD4555 79 
CD4063 1 49 CD4559 2954.95 
CD4066 29 CD4566 2-49175 
CD4067 195 1.49 CD4583 99 .59 
C04069 25 CD4584 39 
C04070 .25 C04585 .89 
CD4071 25 MC14411P 895 
CD4072 25 MC14490P 449 

4164-120 65,536 x 1 (120ns) 
'4164-150 65.536x1 (150ns) 
'4164-200 65,536 x 1 (200ns) 
'TMS4416-12 16.384 x 4 (120ns) 
'41256-80 262,144 x 1 (80ns) 
'41256-100 262,144 x 1 (100ns) 
'41256-120 262,144 x 1 (12Ons) 
'41256-150 262,144 x 1 (150ns) 1295 
'50464-15 65,536x4 (150ns)(4464) 10.95 
'511000P-10 1,048,576 x 1 (10Ons) 1 Meg .49.9r 39.95 
'514256P-10 262.144 x 4 (100ns) 1 Meg 8095 

STATIC RAMS 
'2016-12 2048x8 (120ns) 495 
2018-45 2048 x 8 (45ns) 695 
2102 1024 x 1 (350ns) 89 
2114N 1024x 4 (450ns) 99 
2114N -2L 1024 x 4 (200ns) Low Power. . . 1 49 
21C14 1024 x 4 (20Ons) (CMOS). . . . 49 
5101 256 x 4 (450ns) CMOS 1 95 

'6116P-3 2048 x 8 (15Ons) CMOS 649 
'6116LP-3 2048 x 8 (150ns) LP CMOS 695 
'6264LP-12 8192 x 8 (120ns) LP CMOS 1395 
'6264P-15 8192 x 8 (15Ons) CMOS 10.49 
'6264LP-15 8192 x 8 (15Ons) LP CMOS 1295 
6514 1024 x 4 (350ns) CMOS 349 

'43256-15L 32,768 x 8 (150ns) Low Fbwer. . . . 12.95 
EPROMS 

TMS2516 2048 x 8 (450ns) 25V 695 5.95 
TMS2532 4096 x 8 (450ns) 25V 695 6.49 
TMS2532A 4096 x 8 (450ns) 21V 595 4.49 
TMS2564 8192 x 8 (450ns) 25V 995 7.95 
TMS2716 2048 x 8 (450ns) 3 Voltage ... 995 6.95 
1702A 256 x 8 (1 ps) 695 4.95 
2708 1024 x 8 (450ns) 495 
2716 2048 x 8 (450ns) 25V 3 75 
2716-1 2048 x 8 (350ns) 25V 4 25 
27C16 2048 x 8 (450ns) 25V (CMOS) ... 5.49 
2732 4096 x 8 (450ns) 25V 395 
2732A-20 4096 x 8 (200ns) 21V 4 25 
2732A-25 409608 (250ns) 21V 395 
27032 4096 x 8 (450ns) 25V (CMOS) . . . 5.95 
2764-20 8192 x 8 (200ns) 21V 4 25 
2764-25 8192 x 8 (250ns) 21V 3 75 
2764A-25 8192 x 8 (250ns) 125V 3 95 
2764-45 8192 x 8 (450ns) 21V 2 95 
27064-15 8192 x 8 (150ns) 21V (CMOS) . . 6.49 
27128-20 16,384 x 8 (200ns) 21V 6.95 
27128-25 16,384 x 8 (250ns) 21V 5.95 
27128A-25 16384 x 8 (250ns) 12.5V 525 
27C128-25 16384 x 8 (250ns) 21V (CMOS) 695 
27256-20 32,768 x 8 (200ns) 12.5V 6.95 
27256-25 32,768 x 8 (250ns) 12.5V 595 
270256-25 32,768 x 8 (250ns) 12.5V (CMOS) 795 
27512-20 65,536 x 8 (200ns) 12.5V 1349 
27512-25 65,536 x 8 (250ns) 12.5V.. . . 4+95 11.25 
68764 8192 x 8 (450ns) 25V 13.95 

EEPROMS 
2816A-25 2048 x 8 (250ns) 5V Read/Wrrte. . .. 5.95 
2817A 2048 x 8 (350ns) 5V Read/WrOe.... 7.95 
2865A 8192 x 8 (250ns) 5V Read/Write.... 9.95 
521313 (21V) 2048 x 8 (350ns) 5V Read Only. . . . 1.49 

MICROPROCESSOR COMPONENTS 
MISCELLANEOUS CHIPS 6500/6800/68000 Cont. 8000 SERIES Cont. 

Part No. Price Part No. Price Pert No. Price 
D765AC 4-95 3.95 6845 305 295 8228 295 
W09216 695 4.95 6850 195 8237-5 +95 4.49 
95H90 995 495 6852 1-49 .75 8243.,. 265 1.75 
Z80, Z80A, 2800 SERIES 6854 -1-491.19 8250A 649 

Z80 +25 99 MC68000L8 11.30 9.95 8250B (For IBM) ....6.95 
Z80-CTC 1-79 .99 MC68000L10 133,, 11.95 8251A 189 
Z80 -DART 495 MC68010L10 4995 29.95 8253-5 1 95 
Z80-PI0 1-79 .99 MC8802040128 109.35 99.95 8254 495 
Z80Á 169 8000 SERIES 8255A-5 295 
Z80A-CTC 179 8031 395 8259-5 225 
Z80A-DART 495 80031 995 8272 495 3.95 
Ze0A-F10 169 8035 195 8279-5 295 
Z80A-S(0/0 575 8073 995 8741.... ........9.95 
2806 349 8080A 295 2.49 8742......29.95 1995 
Z80B-CTC 395 8085A 249 8748 (25V) 795 
Z80B-PIT 4-29 3.95 

8086 595495 8748H(HM051(21%0... 9.95 
8086-2 695 8749 995 

6500/6800/68000 SER. 8087(5MHz) ..... 99.95 8751 (35.8MHz).... 39.95 
6502 265 8087-1 (10MHz) ..229.95 8751H (35.106Hz)... 44.95 
65002 (CMOS) 5957.75 8087-2 (8MHz) ... 159.95 8755 14.95 
6520 1 95 8088 649 575 DATA ACQUISITION 6522.. ..3.95 8088-2 9-95 775 ADC0804LCN. 9-49 2.79 
6532 649 549 8116 495 ADC0808CCN.. 5.95 
6551 4-49 2.95 8155 249 ADC0809CCN 395 3.69 
650802 (CMOS. 13.35 15.95 8155-2 3.49 ADC0816CCN 11 95 8.95 
6800 195 8156 395 ADC1205CCJ-1 19.95 
6802 395 8202 5954.95 DAC0808LCN 1 95 
6810 1 25 8203......... 9966.95 DAC 1008LCN..... 4.95 
6821 175 8212 229 AY -3-1015D... 4.95 
6840 3053.49 8224 225 AY -5-1013A.. 295 

MICROPROCESSOR SAL 
Part No. PriceE! 

8052AHBASIC CPU w/BASIC Interpreter $29.95 
MC68008L8 32 -Bit MPU (8 -Bit Data Bus) .. $16:95 $9.95 
MC68701 8 -Bit EPROM Microcomputer $14.95 
MC68705P3S 8 -Bit EPROM Microcomputer ..$44.95 $9.95 
MC68705U3S 8 -Bit EPROM Microcomputer $10.95 
80286-10 16 -Bit Hi Performance MPU $99.95 
80287-8 Math Co -processor (8MHz) $245.95 
80287-10 Math Co -processor (10MHz) $309.95 
80387-16 Math Co-proc. (16MHz) 0910 ARRAY $494.95 
80387-20 Math Co-proc. (20MHz) GRID ARRAY $795.95 

Part No. 
DYNAMIC RAMS 

COMMODORE CHIPS 

Price 

'4116-15 16,384 x 1 (150ns) 1.09 
4128-20 131,072 x 1 (200ns) (Piggyback) 9:25 275 

'4164-100 65,536x1 (100ns) 425 
3 75 
325 
275 
9 95 

14.95 
14.49 
13.95 

Part No. Price 

LAG570 10.09.95 
W01770 +695 9.95 
5I3052P 249125 
6504A +951.19 
6507 4992.95 
6510 9.95 
6525 -4-95 2.49 
6526 - 149512.95 
6529 2.95 
6545-1 4-35325 
6560 10.95 
6567.... 19.95 
6569 246515.95 
6572 8.95 6.95 
6581 (12V) 14.95 
6582 (9V) ... +4-95 695 
8360 1495 
8501 16.95 8.95 
8502 395 4.95 
8563 15.95 
8564 995 4.95 
8566 249515.95 
8701 9.95 
8721 +4-9511.95 
8722 995 6.95 
'251104-04 10 35 095 
310654-05 9.95 
318018-03 ... 40,95 8.95 
318019-03 . 10.35 8.95 
318020-04 ... 10.35 8.95 
325302-01 10.95 
325572-01 14.95 
'82S100PLA" 15.95 
901225-01....1-1695 9.95 
901226-01 11.95 
901227-03 11.95 
901229-05 11,95 

'No specs. availably 
**Note- 823100PLA 

017 (C-64) 

74C CMOS 
71 

74004 29 

74008. 35 

74070 -35 .19 

74C14 . 59 

74032... 35 

74074.. .59 

74C85 149 

74C86 . . ..35 
74089549335 
74090. 99 

740154.. 2.95 

740773+95.59 

740221 

74C240 

740244 

740373 

740374 
740912 

740915 

740920. 

740921 

746'922 

74C923. 

740925. 

179 

.69 

1.79 

195 
195 
8.95 

99 

4.95 

4.95 

395 
3.95 

5.95 

MISC. COMPONENTS 
TANTALUM CAPACITORS 

181)31' hV 45 
1611135 1i ., ,. 49 
TM2.2135 221, - - 69 

POTENTIOMETERS 
Values available (Insert ohms Into space marked "XXI )' 5000. 1K, 2K. 
5K, 1OK 20K. 50K. 100K. 200K 1MEG 

43PXX ' wan. 15 Turn .99 163PXX wan. 1 Turn .89 

TRANSISTORS AND DIODES 
PN2222 13 (N751 15 

282222A. 35 184140 ... 07 
283904. 12 184004 12 
6:2907 13 C10601 49 

SWITCHES 
JMT123 SPOT On -On 1.19 1206-8 SPOT, 16 -pm DIP 1.29 
MPC121 SPOT. On -Off -0n 1.19 MS102 SPST, Momentary .39 

D -SUB CONNECTORS 
DB25P Male, 25-p,n .75 I DB25S Female. 25 -pm .79 

80.556R Red 

80556G Green- 

LEDS 
12 X05567 Helloes. 

15 8C556C ClearrRed. 

IC SOCKETS 
Low Profile 

8LP 11 
14LP... 12 
16LP 13 
24LP 25 
28LP 27 
40LP 29 

Wire Wrap (Gold) Level 113 

8WW 59 

16WW .69 
241.W8 1 19 
28WW 139 
40YVW 189 

Soldertail Standard (Gold A 0e) 8 Header Plag Sockets Ale. Available 

74HC HI-SPEED CMOS 
Part No. Price Part N Price 
74H000.. ß5 .19 74H(:' 99 .49 
748002. -25 19 74HC,. -6+9 89 
74HC04 -P9 19 74HC24o 99 69 
74HC08 -P9 19 74HC244. . 99 .69 
748010.. .. 2-9 19 7480245 99 79 
748014 49 29 7480253 59 39 
748030 . :29 19 7480259 99 .39 
74HC32. . -P9 .25 7480273 99 .69 
748074 . 99 -29 74HC373 99 .65 
74HC75 99 35 74110374 .99 .65 
748076 .45 35 7480595. 1-291.09 
748085... -79 55 7480688 99 .79 
748086.. 39 35 74HC943 _ 8.95 
74HC123. 99 69 74804040. . . . 99 79 
7414C125. _ ..' 49 .39 74804049 59 39 
7480132 +9 39 74HC4050. .. 39 39 
7480 138 -49 .39 74(104060 99 .89 
7480139. 49 39 74804511 1-29 99 
74HC154 +-491.19 74804514. 1-25 .99 
74HC163 -65 .39 74HC4538. .89 
7490174 -69 .49 74804543... +-19 89 

74HCT - CMOS TTL 
490T00 . -29 .17 

74HCT02..... .. -29 .17 
7480704 ß9 17 
741-10708 .. -29 .17 
7480710 . -29 .17 
74HCT32 49 21 
74HCT74 49 25 
7480186 -49 .19 
74HCT138 59 35 

74HC7139 59 35 
74807157 
74807174 
74801175 
74801240 
74HC1244 
74HCT245. 
74801373 
74807374 

69 19 
-69 35 
,69 39 
99 89 
99 39 

1-19 79 
++9 55 
++9 49 

LINEAR! 
DS0026CN 
TL074CN 
TL084CN 
AF100-1CN 
LM307N 
LM309K. 
LM311N 
LM317T 
LM318N 
LM319N. 
LM323K 
LM324N 
LM338K 
LM339N 
LF347N 
LM348N 
LM350T. 
LF351N 
LF353N 

LF356N.. .89 
LF357N 1.09 
LM358N. 49 
LM360N. . . . 2.19 
LM361 N. . 1.79 
LM380N-8 -99 .85 
LM386N-3. 
LM387N. 
LM393N 39 
LM399H .2 .95 
LF411CN 79 
7L497ACN 1-49 99 
NE540H IC540H) . 295 1 49 
NE555V.. 29 

89 
99 

.59 
LM556N. . .49 
NES58N_ . 89 
LM565N.. 99 
LM567V. 79 
NE592N 99 69 
LM741 CN. . . 29 
LM747CN 59 
MC 1350P. . . . . +-69 89 
MC 1372P. . .1-95 99 
MC1377P 229 
MC1398P .. ..8.95 4 95 
LM1414N .+29 49 

195 LM1458N ... 39 
1.19 LM1488N - 49 

99 0314088N (CMOS) ... 1.19 
895 LM1489N 49 
45 DS14C89N (CMOS) . 1.19 

1.25 LM1496N -89 69 
45 MC1648P 9-49 1.95 
79 LM1871N. 1.95 
99 LM1872N.. 195 

1.29 LM1896N-1. 1-49 79 
3.95 ULN2003A. ... 79 

39 XR2206 . . 3.95 
4.95 XR221 1. 2.95 

39 X92243 ... 1.95 
1.79 26LS29 9-95 2.95 

69 26LS31.. ..1.19 
2.95 26LS32 .1.19 

39 26LS33. 1.49 
49 LM2901N 99 .15 

LM2907N. . 1.29 
LM2917N (8 pin) 1.95 
MC3419CL. ..695 395 
MC3446N. . . +69 .99 
MC3450P 1-95 .49 
MC3470P 1.95 
MC3471P. +95 75 
MC3479P. . 4.79 
MC3486P... 169 
MC3487P. +69 99 
LM3900N. . .49 
LM3905N. . . 1.19 
LM3909N.. 99 
LM3914N. 1.95 
LM3916N. . . . 1.95 
NE5532. . . .69 
NE5534 69 
7805K LM340K-5) 1.29 
7812K LM340K-12) ..1.29 
7815K (LM340K-15) 1.29 
7805T (LM3401-5) 49 
7812T (LM340T-12) .49 
78151 (LM3401=15) .49 
7905K (LM320K-5) 1-95 .99 
7905T (LM320T-5) . .59 
75472 -59 .39 
75477 -89 49 
MC145106P 249 1.95 
MC 145406P. . 2.95 

PARTIAL LISTING OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! CALL FOR QUANTITY DISCOUNTS 
*RAM'S SUBJECT TO FREQUENT PRICE CHANGES 
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Now Available...Jameco's NEW 
Summer Flyer #137 with 48 pages of 
Computer Peripherals, Components & More! 

MEMBER 

MMC 
MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing Assoclatton Inc 

PROTOTYPING PRODUCTS IBM AT COMPATIBLE KlIT 
Mini -286 6/8/10/12MHz Kit 

COMPUTER PERIPHERALS 
Jameco Solderless 

Breadboard Sockets 
....... 

,..t, Seagate 20,30 gile, -114-4 ...,...,...:,., 40 and 60MB 
Half 
Hard D 

Heightk 
- is 

Drives 
ST225XT (Pictured) 

ST225 20MB Drive only (PC/XT/AT) $224.95 
ST225XT 20MB w/Controller (PC/XT) $269.95 

238 30MB Done only (PC/XT/AT) $249.95 $1238360K/720K/1.2M 

ST238XT 30MB w/Controller (PC/CT) $299.95 
ST238AT 30MB w/Controller (Al') $389.95 
ST251 40MB Drive only (PC/XT/AT) $429.95 
ST251XT 40MB w/Cont. Card (PC/XT) $469.95 
ST251AT 40MB w/Controller Card (AT). . . $539.95 
ST277 60MB Drive only (PC/XT/AT) $499.95 
ST277AT 60MB w/Controller Card (AT). .. . $639.95 

Baby by AT Mothe 
(Zero -K RAM - Includes 
Award BIOS Ms) $349.95 JE1007 RO flirro7;17t7 

JE1015 XT/AT Sty1e Keyboard $ 59.95 FREE QAPLUS 
JE1017 Baby AT Fhp-Top Case. . $ 69.95 Diagnostic 
JE1022 51/4' Hi -Density Disk Dove $100.95 Software! 
JE1032 200 Watt Power Supply $ 89.95 

Floppy 
JE1043 Controller Card $ 49.95 . ....,., 

Val 

, 

r 
' 

' 

le : 

i- z._ ,. 

.. 

JE1065 Input/Output Card $59.95 II II ' 

Regular List $789.65 

SAVE $99.70! (EGA Monitor ondJE1059 

$519.95 

,..,,,, ig MIN 
gezge, "7".."."- 

14,,,. . ' 
JE23 JE24 JE27 

Part DM. Contact Binding 
No L s W Rzunts Posts 1.1" 

i l 

s 71 Jameco 5.25" PC/)(T 
& AT Compatible 

Disk Drives 
-,,,,1n51. JE1022 (Pictured) 

JE1 020 360K Black [hi. (pcncram ... $ 89.95 
JE1021 360K Bege13.1.(PC/XT/AT) ... $ 89.95 
JE1022 1 2MB Beige Bz1 (PC/XT/AT) . $109.95 

Card not included) ef' 

JE2009* IBM AT Compatible Kit $689.95 
JE286M JE2009 Technical Manual $29.95 

'RAM not included - Minimum RAM configuration 512K (18 Chips 41256-120, see left) 

JE20 6)2 x 3/4 200 0 $ 2.29 
JE21 3't x 2,8 400 0 $ 4.49 
JE22 6,2 x I s 630 0 $ 5.95 
JE23 61/2 x2's 830 0 $ 7.49 
JE24 6'2 x 3's 1,360 2 $14.95 
JE25 6).2 x 414 1,660 3 $22.95 
JE26 6,k x 5,4 2,390 4 $27.95 
JE27 7)) x 7,t 3,220 4 $37.95 

IBM COMPATIBLE DISPLAY MONITORS 
12" Amber Monochrome - e%,4,>7\.,,.,..,. , '. . 
TTL Input, High Resolution (PC/XT/AT) ),t 

AMBER $99.95 . 

Toshiba 3.5" PC/XT/AT 
Compatible Disk Drive 

3.5 720KB (Bezels and Instal- ,.... 
352KU lation Kit incl.) (PC/XT/AT) . . . Z I CV.V3 

Jameco's ' ' 
IBM PC/XT/AT i: .. 

Compatible 
Motherboards .: 

. 

included JE1001 

JE1001 4.77/8MHz (PC/XT) .... $ 99.95 
JE1002 4.77/10MHz (PC/XT) ... $119.95 
JE1007 6/8/10/12MHz (AT) .... $349.95 

14" RGB Color - CGA Compatible 
Amber/Green/Color Switchable, 640 x . 

200 Resolution (PC/XT/AT) . 

TTX1410 $279.95 mumio 
2400/1200/300 Modems 

Datatronics 
Hayes command compat- 

ible Bell 103/212A com- 
patible Auto-dial/auto 

. 

answer FCC approved 
' , 1 -year warranty Includes 

...',..:,, ' MaxiMite Communication 
Software 

1200H 1200/300 Baud internal Red... ... $ 69.95 
2400S 2400/1200/300 Internal Modem.... $139.95 
1200C 1200/300 Baud External Modern.... $119.95 
2400E 2400/1200/300 External Modern .... $179.95 

14" EGA Color - EGA/CGA Compat., 720 x 350 Max. Resolution (PC/XT/AT) 
TE5154 $399.95 
14" Multiscan Color - VGA/PGC/EGA compatible, 800 x 600 Max Reso- 
lutlon (PC/XT/AT) 

35 .5 CTX14 $549 9 

EGA/VGA MONITOR AND CARD SPECIALS 
14" EGA Monitor and EGA Card - EGA compatible, 720 x 350 Max 
Resolution - displays up to 16 colors (PC/XT/AT) 

JE1059 "19.95 
2 & 3MB 
Memory 
Expansion 
Cards for -- -- ..,' ....... -- 
IBM AT and Compatibles JE1082 

2MB of expanded or extended 
JE1081 me morY Izero-K on-bOardl (AT) $119,95 

3MB of expanded or extended memory 
paralla printer port. serial cod and 

JE1082 ozone pod (zero -K on-boarditAT).. $169.95 

13" VGA Monitor and VGA Card - VGA compatible, soo u 560 Max 
Resolution - displays up to 256 colors (PC/XT/AT) 

JEVGA $649.95 
Jameco Extended 80 -Column 

Card for Apple Ile 
80 Col /64K RAM Doubles 

amount of data your Apple Ile 
Can display as well as its mem- 
ory capacity Ideal for word 
processIng Complete with 
Instruct.), 

.)1341 JE864 $39.95 

IBM PC/XT/AT COMPATIBLE CARDS 

.. . . . . Graphic MGA, , Display.... i:: 4 X 

EGA! Cards 
JE1050 ''''' ' ,.. 

JE1050 Mono Graphics Card w/Printer Port (PC/XT/AT $59.95 

Jameco 
Computer 

ADD12 (D.sk Dove 11 11. de) $99.95 Power .........._lituramayiedird 
Protection JE1190 .fm 

JE1190 Power Base $29.95 
JE1191 6 -Outlet Power Strip $11.95 

TEST EQUIPMENT 

Digital Multimeters 
,, 

..",,I4',; .-7 sas --,- .7,, 4, 
.... ..:, 

, "1,/ 

. MED ' 
zu fl -ei ,... 

fil fli: i 
., ...... -,.. i ,,) 

-,,,,, , ---" ' k " , 

Kingdom KD302: 
Pocket Size in handY 
carry case 
31/2 Digit LCD 

. Auto or manual ran Ing 
g Audtble continuity tester 

Tests, AC/DC Voltage, 
Resistance and 
Continuity 
One Year VVarranty 
Size 41.01_ x ZW x 12"H 

KD302 

JE1052 Color Graphics Card w/Printer Port (PC/XT/AT) $49.95 
IBM PC/XT/AT Compatible Keyboards 

W 1 ì i ILLts#41 e I r Se4.4.1 .-81a2=, 

/ I) f fir 1.,1ff,fI, 
M,1,rtm ) 

un, Su.V 'Me JE1016 
' 

Teethe touch keyswItches Switch selectable between 
PC/XT or AT Plummeted Caps Lock, N um Lock and Scroll 
Lock 

JE1015 $59.95 

JE1055 EGA Card with 256K Video RAM (PC/XT/AT) $169.95 
Multi I/O with Drive Controller 

JE1071 and Mono Graphics (PC/XT) $119.95 

Multifunction, I/0 and Expansion Cards 
I/O Card with Serial, Game, Parallel Printer 

JE1060 Port and Real Time Clock (PC/XT) $59.95 
..-......e. JC IUD 1 RS232 Sena Half Card (PC/XT/AT) $29.95 

JC I u._. 

I/O Card with Serial, Game and 
Parallel Printer Port (AT) 59.95 $ 

..$27.95 
Metex M4650: 

0 Ball - Handheld,he accuracy 
41e Digit LCD 

. 4, - Manual ranging with 
---..,;. Overload Protection 

Audible continuity tester 

- 

Tests, AC/DC Voltage. 
.,) , Resistance, Confintaty 

: ,, -%..i,-. Capacitance Frequency 
e .), e . One Year Warranty 

' : SI,c. 7 L x 3'2 XX x 

Enhanced keyboard layout Illuminated Nu m Lock. Caps 
Lock and Scroll Lock Automatically switches between 
PC/XT or AT 

JE1016 $79.95 

.._, Expand to 384K (zero -K on -board) Multifunc w/Serial. jt 1078 Game, Parallel Printer Port & Real Time Clock (PC/XT) .. $69.95 
Floppy and Hard Disk Controller Cards 

JE1040 360KB Floppy Disk Drive Controller Card (PC/XT). - . - $29.95 DATA BOOKS 
JE1041 20/40MB Hard Disk Controller Card (PC/XT) $79.95 400041 NSC Linear Data Book -Vol (87) $14.95 

400042 NSC Linear Data Book-Vol.11 (87). . $ 9.95 
400043 NSC Linear Data Book-Vol.III (87) $ 9.95 
210830 Intel Memory Handbook (87) $17.95 
230843 Intel Microsystem Hndbk. Set (871 $24.95 

JE1043 360K/720K/1.2MB Floppy Disk Cont. Card (PC/XT/AT) $49.95 
360K/720K/1 2MB Floppy/Hard Disk 

JE1045 Controller Card (AT) $149.95 M4650 ..$8995 

U.S. Funds Only $20 Minimum Order Data Sheets - 50C each 
Shipping: Add 50/o plus $1.50 Insurance IBM rs a registered trademark of International Business Machines Prices Subject to Change 
(May vary according to weight) 

Californiaornens: R d t Mad Order Electronics -Worldwide e Send $1.00 Postage for a 

Add 61/20/0esi A61/2'o 7% 
Sales Tax MasterCard er ameco VIS4° 

FREE 1988 CATALOG 

Telex: 176043 
FAX 415-592-2503 ' . -- ELECTRONICS :::::::::::........... 

,:i,:i:: c 1988 Jameco Electronics 
9/88 

1355 Shoreway Rd., Belmont, CA 94002 24 HR. ORDER HOTLINE 415-592-8097 All Other Inquiries (7am-5pm PST) 415-592-8121 
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ALL ELECTROIIICS CORR 

FAST SHIPPING 

* QUALITY F ARTS 
DISCOUNT 

PRICES 

£LECÍR0rnCSOR 
10 AMP 

TRANSISTORS 
WE STOCK OVER 

4,000 ITEMS... 
CALL OR WRITE FOR OUR 

FREE 
CATALOG OF PARTS! 

RESISTORS CAPACITORS DIODES CABLES 
BRIDGE RECTIFIERS CHOKE COILS CRYSTALS 
CRIMP CONNECTORS LAMPS HEAT SINKS MO- 

TORS SUB MINIATURE D CONNECTORS TRANSIS- 
TORS I.C.'S PROTO BOARDS POTENTIOMETERS 

POWER SUPPLIES JACKS PLUGS SWITCHES 
PERF BOARDS FANS FUSES SHRINK TUBING TIE 
WRAPS TOOLS KEYPADS VIDEO ACCESSORIES 

RELAYS S.C.R'S TRANSFORMERS TELEPHONE 
ACCESSORIES RIBBON CABLE CIRCUIT 

BREAKERS VOLTAGE REGULATORS 
AND MANY OTHER ITEMS... 

CAT/ TYPE CASE PRICE 

PN2222 NPN TO -92 5for .75 
2N2904 PNP TO -5 3 for $1.00 
2N2906 PNP TO -18 3 for $1.00 
PN2907 PNP TO -92 5 for .75 
2N3055 NPN TO -3 $1.00 each 
PN3569 NPN TO -92 5 for .50 

2N3904 NPN TO -92 5 for .75 
2N3906 PNP TO -92 5 for .75 

2N4400 NPN TO -92 5 for .75 
2N4402 PNP TO -92 5 for .75 
2N5400 PNP TO -92 4 for $1.00 
2N5880 PNP TO -3 $2.00 each 
2N5882 NPN TO -3 $2.00 each 
MJ2955 PNP TO -3 1.50 each 
MJE2955T PNP TO -220 .75 each 
MJE3055T NPN TO -220 .75 each 
TIP30 NPN TO -220 .75 each 
TIP31 NPN TO -220 .75 each 
TIP32 PNP TO -220 .75 each 
TIP41 NPN TO -220 .75 each 
TIP42 PNP TO -220 .75 each 
TIP121 NPN TO -220 .75each 
TIPI26 PNP TO -220 .75each 

SWITCHES 
SOLID STATE MINIATURE TOGGLE 

SWITCHES WITCHES 
all rated 5 Amps 

ELECTROL# S2181 
CONTROL: 

Rated 5.5 to 10 Vdc 
{will operate on 3-32 Vdc) 

LOAD: 
10 Amp @240 Vac 

2 1/4" X 1 3/4" X 7/8" 
CAT# SSRLY-10B 

$9.50 each 
QUANTITY DISCOUNT! 

10 for $85.00 
25 for $175.00 
50 for $300.00 

100 for $500.00 

PIEZO WARNING 
DEVICE 

Murata Erie # 
PKB8-4A0 

High pitched 
audible alarm. ' W" 
Operates on 
3-20 Vdc @20 ma. 1"high 

X 7/8" dia. P.C. board mount. 
CAT# PBZ-84 $1.75 each 

SOUND ACTIVATED BOARD 
Designed to react to high pitched sounds. Each 

board contains many useful parts 
including a condenser mike. 

Operates on 6 Vdc. 
Instructions included. 

CAT# SAB $2 50 each 

24 VOLT D.C. SOLENOID 
Intermittent duty cycle. 240 ohm coil. 

Mounting flange is 1 1/8" wide. 
Solenoid body 11/2" X 1/2" X 1/2". 

CAT# SOL -34 $1.00 each 10 for $8.50 
100 for $75.00 Larne Quantity Available 

XENON TUBE 

1" long flashtube prepped 
with 3 1/2" red and black 
leads. Ideal for electronic 
flash or strobe projects. 
CAT# FLT -3 2 for $1.00 

NEW! STROBE KIT 
Variable rate strobe kit, flash- 
es between 60 to 120 times 
per minute. Will operate on 

either 6 or 12 Vdc depending 
upon how you wire the circuit. 

Comes complete with P.C. 
board and instructions for 

easy assembly. 
CAT# STROBE -1 $7.50 each 

NICKEL-CAD 
(RECHARGEABLE) 

BATTERIES 

SPECIAL 
AAA SIZE 

Panasonic # P-18AAA 
1.2 volt @ 180 mAh 
CAT# NCB-AAAX 

$1.50 each 
10 for $13.50 

100 for $125.00 
LARGE QUANTITIES 

j 
AA SIZE $2.00 each 

1.25 Volts 500 mAh 
CAT# NCB -AA 

AA SIZE $2.20 each 
WITH SOLDER TABS 

CAT# NCB -SAA 
C SIZE $4.25 each 

1.2 Volts 1200 mAh 
CAT# NCB -C 

D SIZE $4.50 each 
1.2 Volts 1200 mAh 
CAT# NCB -D 

WALL 
TRANSFORMERS 

ALL PLUG 
DIRECTLY 
INTO 
120 VAC 
OUTLET 

6 Vdc @ 200 ma. $2.25 
CAT# DCTX-620 

6 Vdc @ 750 ma. $3.50 
CAT# DCTX-675 

9 Vdc @ 250 ma. $2.50 
CAT# DCTX-925 

12 Vac @ 930 ma. $3.50 
CAT# ACTX-1293 

18 Vac @ 1 Amp. $3.50 
CAT#ACTX-1885 

PROTO 
BOARD 

Large enough to 
design most 

experimental circuits. 
This proto board 

measures 
6 3/4" X 2 1/2". 

Contains main board 
and two power buss 

strips. 
CAT# PB -101 

$9.00 each 

SOUND & VIDEO 
MODULATOR 

TI# UM1381-1. 
Designed for use 
with T.I. comput- 
ers. Can be used 
with video came- 
ras, games, or 
other audio/ 
video source:'. 
Built in NB 
switch enables 
user to switch 
from T.V. antes a without dis- 
connection. Operates on chan- 
nel 3 or 4. Requires 12 Vdc. 
Hook up diagram included. 

CAT# AVMOD $5 00 each 

WATER TIGHT ENCLOSURE 

ROSE# 02081905 
Molded fiberglass enclosure 
with neoprene gasket. 
2" X 3" X 7 1/2". Light blue. 

CAT# WP -905 $7.50 each 

FULL WAVE 
BRIDGE 

RECTIFIERS 
0 AMP 

200 200 P.I.V. 
IIrjII 

5/8" SQUARE 

CAT# FWB-1020 
$1.00 each 10 for $9.00 

25 AMP 
RATING C, F 
1 1/8" SQUARE 
metal epoxy filled case ' 

200 P.I.V. $2.50 each 
CAT# FWB-252 

400 P.I.V. $3.00 each 
CAT# FWB-254 

600 P.I.V. $3.50 each 
CAT# FWB-256 

GRAB BAGS 
$1.00 EACH 

50 ASSORTED 
DISC CAPS. 

Cut leads. Many 
common values, 

some are 500 volts. 
CAT# GRABDC 

ASSORTED 
1/4 WATT 
RESISTORS 

Approximately 200 
pieces of assorted 

values, some 
cut leads. 

CAT# GRES 

ASSORTED 
PARTS 

Strips of 100 assorted 
parts. Each strip 

contains an assortemt 
of resistors, capacitors, 

diodes, coils, 
etc. 100 pieces. 

CAT# GRABTR 

15 VALUES OF 
ELEOTROLYTICS 
Assortment contains 

15 values of 1 mtd and 
up. Some cut leads. 

CAT# GRABCP 

S. P.D.T.(on-o n) 
Solder lug terminals. 
CAT# MTS-4 
$1.00 each 
10 for $9.00 

S. P.D.T.(on-o n) 
Non threaded bushing 
P C. mount. 
CAT# MTS-40PC 
750 each 
10 for $7.00 

D. P.D.T.(on-on) 
Solder lug terminals. 
CAT# MTS-8 
$2.00 each 
10 for $19.00 

MINI PUSH BUTTON 
S. P. S. T. momentary. 
Push to make. 1/4" 
threaded bushing. 

Red button. 
CAT# MPB-1 

350 each 10 for $3.25 

ITT PUSH BUTTON 
ITT MDPL series. 3/4" X 1/2" 
gray rectangular key cap. 
S.P.S.T. N.O. Push to close. 
RATED: 
0.1amp ' 
switching, 
0.25 amp 
carry current. P.C. mount 
CAT# PB -8 650 each 
10 for $6.00 100 for $50.00 

HALL EFFECT 
SWITCH 

MICROSWITCH #4BE3 
Slanted keyboard 
switch with hall e effect sensor. 
Snaps into 5/8" ¡j 
square chassis í 
hole. Hall effect 
sensor slides easily from 
switch and can be used in 

other applications. 
CAT# HESW 4 for $1.00 

10 for $2.00 
100 for $15.00 

(iúlllll 

N -CHANNEL 
MOSFET 

IRF-511 
TO -220 case 

CAT# IRF 511 
$1.00 each a 
10 for $9.00 

LARGE QUANTITY 
AVAILABLE... 

FLASHING 
L.E.D. KIT 

Two L.E.D.'S 
flash in 

unison when 
a 9 volt 

battery is 
attached. 

Requires easy assembly, 
you solder the parts to 

the circuit board. 
CAT# LEDKIT 

$1.50 each 

LIGHT EMITTING DIODES (L.E.D") 
STANDARD JUMBO LED 
DIFFUSED 
T 1-3/4 size 
RED 10 for $1.50 
CATS LED -1 100 for $13.00 

1000 for $110.00 

GREEN 10 for $2.00 
CATS LED -2 100 for $17.00 

1000 for $150.00 

YELLOW 10 for $2.00 
CATS LED -3 100 for $17.00 

1000 for $150.00 

LED HOLDER 
Two piece holder. 8 
CATS HLED 

10 for 650 

FLASHING LED 
with built in -- 
flashing circuit . 

operates on 5 volts... 
RED $1.00 each 
CATS LED -4 10 for $9.50 CLIPLITE LED 
GREEN $1.00 each HOLDER 
CAT# LED -4G 10 for $9.50 Makes a L.E.D. look 

like a fancy indicator. 

BI -POLAR LED Fits T 1-3/4 size LED. 

Lights RED one_re CLEAR CATS HLDCL-C 

direction, GREEN the RED CATS HLDCL-R 

other. Two leads. GREEN CATS HLDCL-G 

CAT# LED -6 2 for $1.70 YELLOW CATS HLDCL-Y 

MAIL ORDERS TO: 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 

TWX-5101010163 
(ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $1.50 POSTAGE 

FOR A CATALOG!! 

TOLL FREE 
800-826-5432 
INFO: (818)904-0524 
FAX: (818)781-2653 

MINIMUM ORDER $10.00 
QUANTITIES LIMITED 

CALIF. ADD SALES TAX 
USA: $3.00 SHIPPING 

INCLUDE SUFFICIENT e FOREIGN ORDERS 

Ï SHIPPING. 
NO C.O.D. 

STORES: 
LOS ANGELES 

905 S. VERMONT AVE. 
LOS ANGELES, CA 90006 

(2131380-8000 

VAN NUYS 
6228 SEPULVEDA BLVD. 
VAN NUYS, CA 91411 

(818)997-1806 
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ACCESSORIES R THE NEW MO ION CONTRO SYST 
SCANNER CONNECTS TO THE VIDEO LOGIC 3 R 00 
BOARD AND ALLOWS THE SYSTEM TO MONITOR J 
92 SWITCH/RELAY CONTACTS ASSEMBLED & TESTED 
ORDER NUMBER 50/04 ADD $4 FOR SHIPPING & HANDLING 
SPIN CONNECTS TO THE SERIAL PORTS AND 00 
ALLOWS PULSE WIDTH MODULATION OF TWO 59 
DC SERVO MOTORS TRANSPARENT TO NORMAL USE OF 
SERIAL PORTS. OPTICAL ENCODER FEED BACK KEEPS 
THE MOTORS UNDER CONTROL I INCLUDES REFLECTIVE 
LEDS, ENCODER DISKS, DRIVER KIT, AND SOFTWARE. H 
PATTERN DRIVERS ALLOW FORWARD& REVERSE FROM 
ONE 12 VOLT POWER SUPPLY. FOR USE WITH MOTORS 
UP 70.6 AMPS AT 12VDC. 
ORDER NUMBER 50/05 ADD $4 FOR SHIPPING a HANDLING 
POWER 8 AMPS OF POWER FOR LARGER I 99 
MOTORS OUTPUT MAY BE SPLIT TO DRIVE 2 9 
4 AMP MOTORS. OR USE 2 TO DRIVE ONE 16 AMP MOTOR 

ORDER NUMBER 50/06 ADD $3 FOR SHIPPING & HANDLING 
,,MONITOR 

RS232 
e-411MIIIK,MOTORS 

DRIVER ' ' 
CPU 0® '«l\\\\\\\7171_,,,11lOrel 

O °- i 
DOS 
BASIC 

GENERAL 
AMBER 
QUALITY 
4 "EASY 
PDSDOS 

MOTOR 
POWER 
FULLY 
ALL BOARDS 
DISK 
ORDER 

MOTION 

KEYBOARD 

PURPOSE 
MONITOR 
KEYBOARD 
STEPPER 
MICROSOFT 

CONTROL 
SUPPLIES 
DOCUMENTED 

STORAGE(not 
NUMBER 

CONTROL 

''=cd: r.'._., 

64K SINGLE BOARD COMPUTER 
WITH 80 BY 24 LINES DISPLAY 

WITH KEYPAD & FUNCTION KEYS 
MOTORS AND DRIVER KIT 
BASIC AND PILOT LANGUAGE 

PROGRAM WITH SOURCE LISTING 
INCLUDED OR USE YOUR BATTERIES 

INCLUDING SCHEMATICS 
EXCEPT THE DRIVER ARE PREASSEMBLED 

included) EXPANDABLE TO 3.2 MEG 
50/03 PLEASE ADD 514 FOR S&H. 

SYSTEM $14900 
Call for a copy of 15 des trial ment. Tax á freislit extra. COD to coot USA ok add$ 3 to SáH Price may chanºe.Store Price mas differ.While supplies last. No POs, terms, or credit cards 

SiliconnalleyS urplus 
415-261-4506 

4401 OAKPORT OAKLAND CA. 94601 

loom-Apm 
CLOSED 
SUN &MON 

CIRCLE 51 ON FREE INFORMATION CARD 

PIONEERING RESEARCH 
IN NEW FIELDS AS: 

MAGNETIC WEAPONS 
VEHICLE LAUNCHING 
LEVIATION-MEISSNER EFFECT 
FORCE SHIELDS 
MAGNETIC SUSPENSION 
ENERGY STORAGE 
PARTICLE BEAMS 
HI POWERED COMPUTERS 
ULTRA SENSITIVE DETECTION 

SCON1-STARTER KIT - $2750 
SCON2-INTERMEDIATE KIT -$6950 
SCON3-LABORATORY KIT -$16500 
FREE CATALOG WITH ALL ORDERS 
ORDER BY NAME AND INCLUDE $3.00 FOR 
P&H. SEND CHECK, MO VISA MC TO: 

AMAZING CONCEPTS 
PO BOX 716 AMHERST 

N.H. USA 03031 

ADVERTISING INDEX 
RADIO -ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 

Free Information Number Page 

8I A.I.S. Satellite 27 

108 AMC Sales 78 

- AMCOM 106 

107 All Electronics 121 

- Amazing Devices 106, 122 

106 American Design Components 1 1 l 

84 Appliance Service 27 

76 Associated Electronics/3M 34 

76 Atlantic Cable Distribution 76 

77 B&K Precision 5 

188 Banner Technical Books 83 

85 Blue Star Industries 26 

109 C & S Sales 72 

60 CIE 8 

50 Caig laboratories 76 

183 Chapman Tools 27 

54 Chemtronics 22 

199, 200 Chenesko Products 26, 27 

Command Productions 78 

186 Communications Specialists 85 

58 Cook's Institute 80 

184 Crystek 77 

192 Daetron 18 

191 Dakota Digital 27 

Damark International 15 

127 Deco Industries 26, 27 

82 Digi-Key 
I 20 

194 Dynamic Electronics 103 

Electronic Technology Today CV3 - Electronics Book Club 62 - Firestik II 105 

121 Fluke Manufacturing "3 

- Fordham Radio CV4 - Grantham College of Engineering 

Heath 

36 

13 

ISCET 81 

65 J & W 48 

59 JDR Instruments CV2 

113, 176 JDR Microdevices 112, 113 

177, 178 .1DR Microdevices 114, 115 

179 JDR Microdevices 116 

114 Jameco 118, 119 

115 Jensen Tools 26 - Joseph Electronics 33 

185 Kelvin 25 

180 Kikusui 35 

87 MCM Electronics 110 

53 MD Electronics 87 

93 Mark V. Electronics 109 

195 Mastersoft 103 

- McGraw Hill Book Club 28 - McGraw Hill ICED) 75 

61 Microprocessors (Initd. 103 

- NRI 21 

71 New -Tone Electronics 69 

80 OCTE Electronics 27 

198 Optoelectronics 17 - Pacific Cable 107 

182 Paladin 18 

56 Parts Express 108 

68 Philips ECG 14 

78 Radio Shack 117 

- React 83 

189, 190 Sencore 7 67 

51 Silicon Valley Surplus 122 

187 Simpson 3 

83 Synergetics 70 

196 Tentel 80 

181 WPT Publications 85 

Gernsback Publications, Inc. 
500-B Bi -County Blvd. 
Farmingdale, NY 11735 
(516) 293-3000 
President: Larry Steckler 
Vice President: Cathy Steckler 

For Advertising ONLY 
516-293.3000 
Larry Steckler 

publisher 
Arline Fishman 

advertising director 
Shelli Weinman 

advertising associate 
Lisa Strassman 

credit manager 
Christina Estrada 

advertising assistant 

SALES OFFICES 

EAST/SOUTHEAST 
Stanley Levitan 
Eastern Sales Manager 
Radio -Electronics 
259-23 57th Avenue 
Little Neck, NY 11362 
718-428-6037, 516-293-3000 

MIDWEST/Texas/Arkansas/ 
Okla. 
Ralph Bergen 
Midwest Sales Manager 
Radio -Electronics 
540 Frontage Road-Suite 339 
Northfield, IL 60093 
312-446-1444 

PACIFIC COAST/ Mountain 
States 
Marvin Green 
Pacific Sales Manager 
Radio -Electronics 
5430 Van Nuys Blvd. Suite 316 
Van Nuys, CA 91401 
1-818-986.2001 
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Electronics Paperback Books 

%j et.. 
Moot 

BP173-COMPUTER 
MUSIC PROJECTS 
56.95. Shows how to use 
your home computer to 
produce electronic music. 
Many circuits. Mostly jar- 
gon free. 

GREAT PAPERBACKS AT SPECIAL PRICES 

I7 BP176-TV DXING rl PCP103-PRACTICAL 
FOR THE ENTHUSI- MIDI HANDBOOK .... AST $8.95. Practical, 59.95. Explains what 
authoritative intro to this MIDI (the Musical 
unusual aspect of slat- Digital Intedace) can do tropics. 8x2 x t1 in. and how you can put it 
144 Pp to work. Covers 

Keyboards, drum 
machines. sequencers. 
mixers. guitars and 
computer music 

RADIOS FSRST 

i'tür) DECADES 

RFTD-RADIO'S 
FIRST TWO DECADES 

-. $3.50. This story of 
radios earlydays 
makes for ascinating 
reading. Spark -gap 
transmitters, KDKA's 
beginnings, end much 
more. 

Li PCP102- 
INTRODUCING 
DIGITAL AUDIO.... 
$9.95. CD, DAT, and 
sampling. What is 
involved in the digital 
part of audio signals. 
Principles and practices 
of digital audio 
techniques. 

Reue er Me An MAL/duetIon nr Cepute 
COMMODORE N W Praeeei.unì 9 Terminolepy 

Me A1APr Explained 
e0O 90O XL 

41103" MIN 
BP135-SECRETS 

OF THE COMMODORE 
64 $5.00. Masses of 
useful info and program- 
ming tips not found in 
any user's manual. 

BP130-MICRO IN- 
TERFACING 
CIRCUITS-BOOK 1 

$5.75. Practical add-ons 
transform your computer 
Into controlor measure- 
ment equipment. 

BP143-INTRO TO 
PROGRAMMING THE 
ATARI 600/800 XL 
85.00. Perfect comple- 
ment to the Atan user's 
manual. Even shows how 
to use animated graphics. 

BPI31-MICRO IN- 
TERFACING 
CIRCUITS-BOOK 2 
55.75. Interfacing sound 
and speech generators. 
temperature and optical 
sensors. motor control- 
lers, and more. 

Mow to Doren Meeto viva. 
EleCtrOnc 

UBP183-AN INTRO- I BPr27-HOW TO DE- 
DUCTION TO CP SIGN ELECTRONIC 
M $5.75. To run and PROJECTS ..... $5.75. 
use p ams operations How to use standard ox 
under CP/M you need cud elements to make 
this book. custom electronic proj- 

ects. 

BP104-ELEC- I I BP92-CRYSTAL 
TRONIC SCIENCE SET CONSTRUCTION 
PROJECTS $5.75. ... $5.00. A variety of 
Simple to complex, a crystal radio receivers for 

oup stronglyscientific 
projects with the experimenter and 

ho lobbyist. 

40 M DIN 

BP128-20 PRO- 
GRAMS FOR THE ZX 
SPECTRUM 818K ZX81 

$5.75. All programs 
run on both machines. 
Include flow charts and 
info on how to modify to 
run on other computers. 

BP51-ELECTRONIC 
MUSIC AND CREATIVE 
TAPE RECORDING ..... 
$5.50. Shows how you 
can make electronic mu- 
sic at home with simple 
end inexpensive equip 

Second Book of 
CMOs 

Promo, 

L' BP106-MODERN 
OP -AMP PROJECTS 
$5.00. Includes a Slide 
Timer. AF Signal Gen. 
Mike Pre -amp Scratch 
Filter, and much more. 

BP185-ELEC- 
TRONIC SYNTHESISER 
CONSTRUCTION 
55.95. Shows how to 
build a monophonic syn- 
thesizer, section by 
section. Replaces BP81. 

rl BP148-COMPUTER 
TECHNOLOGY EX- 
PLAINED $5.00. 
Explanations ter comput- 
er terns often 
encountered. A dictionary 
for computer lingo. 

MRw m 
EmakYour 

PCM! 

1-1 BP152-INTRO TO 
Z-80 MACHINE CODE 
.....55.95. Speed up your 
programs. They may be 
harder to write, but its 
worth teaming how. 
Some demo programs 
are included. 

I BP105-ANTENNA 
PROJECTS S5.00. 
Practical radio antenna 
designs that deliver good 
performance and ere rel- 
atively simple and 
inexpensive to build. 

I 1 BP195- 
INTRODUCTION TO 
SATELLITE TV $8.00. 
A definitive introduction to 
the subject written for the 
processional engineer. 
electronics enthusiast, or 
others who want to know 

re before they buy 8 x 

10 in 

ua ity 'aper ac 

n BP146-THE PRE - 
BASIC BOOK ..... $6.95. 
A book on the BASIC 
programming for those 
who have not yet bought 
a computer as well as 
those who have trouble 
learning how to program. 

BP239-GETTING 
THE MOST FROM YOUR 
MUTLIMETER..... $5.00. 
Covers basics of analog 
and digital meters. 
Methods of component 
testing (includes 
transistors, thyristors, 
resistors, capacitors and 
other active and passive 
devices. 

Electronic 
okapi. ka the cam 
oant.al el 
Rebels 

95 Bkoele 
Amebae Band 
Aeriets 

Ewa. moon 

Cemmetlere 89. 
Vine. tee Mom 

Amen eleenan 

BP198-AN INTRO- i PB144-FURTHER 
TRONIC 

BPI 
CIRCUITSC- DUCTION TO ANTENNA PRACTICAL ELECTRONICS FOR 

THEORY $6.95 CALCULATIONS AND THE COMPUTER CON - 
Basic concepts relevant to FORMULAE 59.00. TIROL OF ROBOTS 

Basic and Iransmrlin Companion volume to 
$5 

interfacing 
Data and corns 

antennas 
g 

BP53. Book carrrers on 
for the tom 

with new data not found otter ton the robot'snor 

in earlier edition. 450 P9es. motors and -EASY 
BP134-EASY SF ADD - 

1 . BP125-25 SIMPLE 
CO PROJECTS FOR 
COMMODORE 64, AMATEUR BAND AN- 

TENNAS $5.80. All 
VIC-20,CORBBCI MICRO & 

kinds of antennas for all ACORN ELECTRON 
kinds of amateur radio 

lightt pen. 
56. Picture digitizer, 

reception. en. model control- 
ler and more. 

s 
BeWrenic Se* 
Projecb 

BPII0-HOW TO 
GET YOUR ELEC- 
TRONIC PROJECTS 
WORKING 55.00. 
How to find the faults in 
your protects, repair them 
and gel them working. 

Bkeceronice 
Simplified - 
Crossed 
Conet ,..ken 

g 
BP121-DESIGN 8 

MAKE YOUR OWN PC 
BOARDS ..... $5.75. Ev' 
erytbing you need to 
know before you make 
printed -circuit boards for 
your projects. 

461(:) ..Ar 

i 

rl BP56-ELEC- 

Tritir is4> 
EOpivelerrte 
(Stele 

TRONIC SECURITY 
DEVICES $5.00. 
Three basic sections. 
Switch activated alarms, 
infrared 8 ultrasonic sys- 
tems. smoke. gas, water 
detection. 

1 0 f 

11 BP85-INTERNA- 
TIONAL TRANSISTOR 
EQUIVALENTS 
$7.50. Locates possible 
substitutes fora popular 
user -oriented selection of 
modern Transistors Japa- 
nese, European and 
American types. 

or a e Prices 

] BP59-SECOND 
BOOK FOR CMOS IC 
PROJECTS 55.00. 
Mukivibrators, amplifiers; 
triggers 8 gates; special 
devices including reac- 
tion timer, simple 
electronic organ. and 
more 

Li *182-MIDI PROJ- 
ECTS $6.95. Details 
of hou to interface many 

p 
pLlar home computers 

th v1IDI music systems. 

tn 
r"Th 

r7 BP65-SINGLE IC 
PROJECTS $4 95. 
All projects in this book 
are based on one IC and 
are simple to construct. 
Great way to get started 

with IC's. 

toriinere 

BP49-POPULAR 
ELECTRONIC PROJ- 
ECTS ..... $5.50. A 
collection of a wide range 
of electronic projects and 
circuits for the expenl. 
menter. 

CHECK OFF 
THE BOOKS YOU WANT 

nd .0 

rl BP117-PRACTICAL 
ELECTRONIC BUILD- 
ING BLOCKS. Book 1 

$5.75. Build the 
blocks and then combine 
them to form almost any 
custom project of your 
custo 

BP77-MICRO- 
PROCESSING 
SYSTEMS AND CIR- 
CUITS 55.95. Guide 
to the elements of micro - 
processing systems. 
Teaches all the funda- 
mentalsPopular 

Illootratide 
Cinele 
Beak t OL Archiv. 

BP97-IC PROJ- 
ECTS FOR BEGINNERS 

... $5.00. Written es- 
pecially for the less 
experienced experi- 
menter Complete parts 
layouts and wiring di- 
agrams. 

BP161-INTO THE 
OL ARCHIVE 55.95. 
Presents the powerful 
database for the Sinclair 
OL Step-by-step ap- 
proach includes practical 

amples. 

Sew M Lem 
heoews 

r BP118-PRACTICAL 
ELECTRONIC BUILD- 
ING BLOCKS. Book 2 

$5.75. Amplifiers for 
all kinds to add to the 
circuits from Book 1 of 
this series. 

BP189-HOW TO 
GET YOUR COMPUTER 
PROGRAMS RUNNING 
... $5.95. Have you ever 

written your own pro- 
grams only to find that 
they do not work? This 
book shows you how to 
Bed errors. 

l_J BP8O-POPULAR 
ELECTRONIC CIR- 
CUITS. Book 1 55.00. 
More circuits for hob- 
byists. Audio. radio. test, 
music, household and 
MOM. 

D BP98-POPULAR 
ELECTRONIC CIR- 
CUITS. Book 2 
55.75. More useful can 
cuits. None of these 
projects duplicate those 
in Book 1 of this series. 

ELECTRONIC TECHNOLOGY TODAY INC. 
PO, Box 240, Massapequa Park, NY 11762-0240 

Name 

Address 

City _ Slate Zip 

R 9-88 

SHIPPING CHARGES IN 

USA AND CANADA 

$0.01 to $5.00 ... $1.25 
$5.01 to 10.00 ..,$2.00 
$10.01 to $20.00 .$3.00 
520.01 to $30.00 .$4.00 
$30.01 to $40.00 .$5.00 
$40.01 to $50.00 .$6.00 
$50.01 and above . $7.50 

SORRY, No orders accepted Number of books ordered n 
outside of USA and Canada 

Total price of merchandise $ 

Sales Tax (New York State Residents only) $ 
Shipping (see chart) $ 

All payments must 
be in U.S. funds 

Total Enclosed $ 

www.americanradiohistory.com



Fordham 
measures up 

Quality Price Delivery 

Mini -Meters with Maxi -Specs 

SCOPE 31/2 Digit 
LCD Meter 

0.5% Accuracy DC Volt- 

age AC Voltage DC Cur- 

rent s Resistance Diode 
Test Battery Life 300 Hm. 

Overload Protection: DC 

500V, AC 350V, ohms 250V 

DC/AC. 

Model 
DVM-630 $29 95 
Our Price 

Zippered carrying case 
CC -30 $4.50 

'JEW! 

SCOPE 31/2 Digit, LCD 

8 Function with 
Transistor Tester 

0.5% Accuracy Audible 

continuity and diode test 

10 Amp measurement 
Resistance DC /AC 

Voltage. 

Model 
DVM-632 $4495 
Reg. $60.00 
Our Price 

Zippered carrying case 
CC -30 $4.50 

SCOPE 31/2 Digit LCD 

with Autoranging 
0.5% Accuracy Autol 

Manual range selection 
DC Voltage AC Voltage 

AC Current DC Current 

Resistance. 

Model 
DVM-631 $4995 
Our Price 

Special 

Deluxe carrying case 
CA -92 $9.95 

SCOPE Hand -Held Digital Multimeters 
Overload protection Auto -decimal LCD readout Polarity indication 

300 hr. 9V battery life Low battery indicator. 

8 Function, 37 

ranges including 

Transistor and 

Capacitance 
measurements 

Model DVM-636 

$6750 
Our Pnce 

rr 
r 

r 

' c . .ii 
4 .V I 

11 Function, 38 

ranges including Logic 

Level Detector, Audible 

and Visual Continuity, 
i 

Capacitance and 

Conductance 
measurements 

Model DVM-638 

$8750 
our Price 

CA -92 Deluxe Padded Case for DVM meters $9.95 
TL -216 Transistor and Capacitance Test Leads$9.90 

LILA 

Telephone Orders Now 

rcapn4rrlUjZ: r -71-43323123-.<b,. 

r .. w..,: 
,.. 

o111.ffia ., 
J 

t56 
Aremaimefr 

NEW! 
SCOPE Frequency Counters 

8 -digit LED Compact lightweight 

High performance Automatic 
range and Hold function High 
stability in reference oscillator. 

Special 
Model FC -7011 S14995 
100 MHz Our Price 

Model FC -7051 
199 

95 
550 MHz Our Price 

FORDHAM Frequency 
Counter 

10 Hz - 150 MHz Range 7 -digit 

LED display VHF I HF selection 

Gate time 1 sec., 5 sec -1 count 

accuracy. 

Model FC -150 
13990 Our Price 

NEW 
FORDHAM Function 
Generator 

05 Hz -500 KHz in 6 ranges Sine, 

square & triangle wave forms VCA 

and VCF inputs Accuracy ±5%%a of 

full scale. 

Model FG -202 $14990 
Our Price 

FORDHAM Signal Tracer/ 
Injector 

Easy to operate VU meter Two 

LED mode indicators 1 KHz test 

tone 8 ohm speaker Test leads. 

Model SE -610 
11990 Our Price 

FORDHAM LCR Bridge Meter 

Fully transistorized 1 KHz signal 

generator Measures resistance 
Inductance High mechanical and 

electrical stability Battery operated. 

Model LC -340 
14995 Our Price 

SCOPE Digital 
Capacitance Meter 

Digital LCD display LSI-circuit High 

accuracy: 100 rpm 0.5%Po Broad test 

range Fast sampling time Capacitor 

discharge protection Compact, light- 

weight design One -hand operation. 

Model DCM-602 $5995 
Our Price \/ 

I EVERYDAY INCLUDING SATURDAY 
Mon.- Fri. 8 a.m. - 6:30 p.m. EST. Sat. & Sun. 9 a.m. -3p.m. EST 

ASK FOR FREE CATALOG. Money orders, checks accepted. C.O.D: s require 25% deposit 

Fordham 
260 Motor Parkway, Hauppauge, NY 11788 

BMW 
VISA 

Fre 800-645-9518 Free 
In NY State 800-832-1446 

Service & Shipping Charge Schedule 
Continental U.S.A. 

FOR ORDERS 
$25-50 

ADD 
$450 

$51-100 
$101-200 

$5.50 
$700 

$201-300. 
$301-400 

sa00 
$9.00 

$401-500 
$501.750. 

$1000 
$1250 

5751.1000 $1500 
$1.251-1.250 $1750 
$1,251-1,500 
$1,501-2000 

$20.00 
$25.00 

52,001 and Up $3000 
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