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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

FLUKE PHILIPS PHILIPS 

n1- ar m P1 -arc C11(1'1'17 

a l f thc& r; r1> > rP 

The new Fluke 45 has dual display versatility. 
With 2 multifunction 
displays and 16 dif- 
ferent measurement 
capabilities, the new 

Fluke 45 does virtu- 
ally everything you 
want a meter to do. 

And for a surprisingly 
affordable price. 

The 5 -digit, 100,000 count dual dis- 
plays give you more information in less 
time - and with less effort. For example, 
measure the VDC output of a power sup- 
ply while measuring the VAC ripple. Or 

check the amplitude and frequency of an 

AC signal. From a single test connection! 
And the Fluke 45 is designed to make 

complex measurements easier, with stan- 
dard features like a 1 MHz frequency 
counter, Min Max, limits testing (Hi/Lo/ 
Pass), Touch Hold 

A 

and Relative modes. 
There are 21 different reference imped- 
ances for dB measurements; in the 2 n 
to 16 n ranges, audio power can be auto- 
matically displayed in watts. 

Accuracy to get the job done right. 
The Fluke 45 is a true-rms meter, 

with 0.02% basic dc voltage accuracy 
and 100,000 count resolution on both 
displays. Basic dc current accuracy is 

0.05%, making the 45 ideal for servicing 
4-20 mA current loops. Closed -case 
calibration simplifies the calibration 
process and increases uptime. 

Even an RS -232 interface is standard. 
Connecting the Fluke 45 to PCs, 

RS -232 printers and modems is as easy 
as attaching the cable. An IEEE -488.2 
interface and rechargeable batteries are 

available as options. 

Get everything 
you've ever wanted. 

Dual displays. 
16 functions. Even the 

security of an optional 
two-year warranty 
extension for only $35. 
For all the information 
on the new Fluke 45, 
contact your local dis- 
tributor. Or call toll -free 
1 -800 -44 -FLUKE, ext. 33. 

FLUKE 45 DUAL DISPLAY MULTIMETER 

$595* 
Dual Display 

True-rms voltage and current, 
Including ac+dc 
0.02% basic dc voltage accuracy 

0.05% basic dc current accuracy 

1 MHz frequency counter 

RS -232 interface standard 

dB, with 21 reference 
impedances, and audio power 
calculations. 
*Suggested U.S. List Price 

Compare and Relative functions 

Min Max and Touch Hold" 
functions 

Optional PC software for RS -232 
applications 

Optional IEEE -488.2 interface, 
battery pack 

One year warranty 

Optional two year warranty 
extension $35* 

John Fluke Mfg. Co., Inc. P.O. Box C9090 M/S 250C Everett, WA 98206 
U.S.: 206-356-5400 Canada: 416-890-7600 Other Countries: 206-356-5500 

©Copyright 1989 John Fluke Mfg. Co., Inc. All rights reserved. IBM PC is a registered 
trademark of International Business Machines Corporation. Ad No. 1181-F45. 

FLUKE 
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L.K. Ross 
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ON THE COVER 
Maybe you feel like you've been 

bugged, but lack the skills to know 
for sure. Here's how to set your mind 
at ease! Build our bug detector to 
sweep your home or office for any 
covert RF -transmitters, no matter 
how small, or inconspicuous. 

Couched in a euphemism, bugs 
are tiny transmitters that (like a fly 
on the wall) will eavesdrop on your 
every word. A few examples of bug- 
ging devices from Deco Industries 
are shown on the cover. They can be 
planted in your telephone, behind a 
pillow, or in a kitchen cabinet solely 
to hear your most intimate con- 
versations. 

Fight back by turning to page 42 
for our top-secret de -bugger plans. 

Ì 
;tr NEXT M1(11 w; 

THE JULY ISSUE 
IS ON SALE 

JUNE 1. 
TALK ON A LIGHT BEAM 
Get up to Y2 -mile range using an LED and simple optics. 

BUILD A CAPACITOR TESTER 
Identify and check the values of all your capacitors with this inexpensive 
tester. 

AMATEUR TV TRANSMITTER 
Part 2 explains how to get on the air with our transmitter and a video 
camera. 

SELECTING THE RIGHT SHORTWAVE ANTENNA 
A little know-how can give your reception a big boost. 

SERVICING DIGITALLY TUNED RADIOS 
Professional tips for getting electronically tuned radios back in working 
order. 

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) June 1989. Published monthly by Gernsback Publications. Inc., 500-B Bi -County 
Boulevard, Farmingdale, NY 11735 Second -Class Postage paid at Farmingdale, NV 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 1989 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. 

RadioIecrronico 

Hugo Gernsback (1884-1967)founder 
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Larry Steckler, EHF, CET. 
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HITACHI SCOPES AT DISCOUNT PRICES 
V-212 

$419 

List $560 
Save $141 

20MHz Dual Trace Oscilloscope 
All Hitachi scopes include probes, schematics 
and Hitachi's 3 year guaranty on parts and 
labor. Many accessories available for all 
scopes. 

DC to 40MHz 
Dual Channel 
CRT Readout " Cursor Meas 
DC Offset 

imisidamie Alt Magnifier 
V-425 Compact Size 

List $995 $835 

DC to 100MHz 
Dual Channel 
Delayed Sweep 
CRT Readout 
Sweep Time 
Autoranging 
Trigger Lock 

List $1595 
2mV Sensitivity V-1060 $1,325 

LIST PRICE SAVE 
V-223 2JMHz D.T., 1mV sens, Delayed Sweep, DC Offset, Vert Mode Trigger $770 $695 $75 
V-422 4lMHz D.T., lmV sens, DC Offset Vert Mode Trigger, Alt Mag $875 $725 $150 
V-423 43MHz D.T., lmV sens, Delayed Sweep, DC Offset, Alt Mag $955 $825 $130 
V-660 63MHz D.T., 2mV sens, Delayed Sweep, CRT Readout $1,195 $1,025 $170 
V-1065 130MHz D.T., 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas $1,895 $1,670 $225 
V -1100P 1J0MHz Q.T., 1mV sens, Delayed Sweep, CRT Readout, DVM, Counter $2,295 $2,045 $250 
V-1150 150MHz Q.T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter $3,100 $2,565 $535 

ELENCO PRODUCTS AT DISCOUNT PRICES 
20MHz Dual Trace Oscilloscope 

$359 
M0-1251 

6"CRT a Built in 
L 1 component tester 

TV Sync 
>kt` X -Y Operation 

Top quality scopes at a very reasonable price. Contairs all desired features. Two lx, 10x probes, diagrams and manual. Two year guarantee. 

SCOPE PROBES 

P-1 65MHz, lx, 10x $19.95 

P-2100MHz, lx, 10x $23.95 

Fits all scopes with 

BNC connector 

35MHz Dual Trace Good to 50MHz 

-? $495 
MO -1252 

» ' 

High luminance 6"CRT 
1mV Sensitivity 
6KV Acceleration Voltage 
10ns Rise Time 
X -Y Operation Z Axis 
Delayed Triggering Sweep 

Autoranging DMM True RMS 41/2 

Digit Multimete 

\. $135 
M-7000 

.05% DC Accuracy 

.1 % Resistance 
with Freq. Counter 
and deluxe case 

Multimeter with Digital Capacitance Meter 

alln CM -1550 

$58.95 

.1pf-20,000ufd 
Ranges 

.5% basic accyCoils 
Zero control 
with case 

Digital LCR Meter 

i.,, 1... 

M-5000 

$45 

9 Functions 
Memory and 
Data hold 
1/z% basic acc 
31/2 digit LCD 

i®g,, 

-- A é s,, + 
Capacitance and 
Transistor Tester 

$55 CM -1500 

Reads Volts, Ohms, 
Current, Capacitors, p 
Transistors and 

LC -1801 

.y 
:r ®7 ...mi" 

$125 
Measures 

1 H 
Caps .tpf200uf 
Res .01-20M 

Diodes with case air 
AC Clamp -On 

Current Adapter 

ST -265 

$22 
0-1000A AC 
Works with 
most DMM 

Bench DMMS SOLDERING STATION 
TEMPS TURECONTROLLED 

SL-30alamemai 
$135 

Digital display III Temp range: 
#r` 300F -900F 

Grounded tip 
Overheat prot 

Solderless Breadboards 

9430 
1,100 pins $15 
9434 
2,170 pins $25 
9436 
2,860 pins $35 
All have color 

Low Cost Multimeter 
MO M-1600 

In àeicióá 

= " $25 
31/2digit LCD 
1 % DC Accy 
10A Scale 

J' 

M-3500 M-4500 
31/2 digit $125 41/2 digit $175 
.1% accy .05% accy 

d 14111:3441 Auto zero 
/polarity 9436 SHOWN 

coded posts 

Wide Band Signal Generators 3112 Digit Probe Type DMM 

M-1900 

$39 

Function Generator Decade Blox 

.. Blox 

#9600 

i ,$28 95 

Provides sine,tri,squ wave 
From 1Hz to 1MHz 
AM or FM capability 

9610 or 
9620 "z _ SG -9000 $129 :i RF Freq100K-450MHz 

pp AM Modulation of 1KHz 
u. , Variable RF output 
- 

SG -9500 with Digital Display 
and 150MHz built-in Freq Ctr $249 

--j$18.95 .»,,. ..,.,.... - ` 
Comeiient one hand operation with batteries 
Measures DCV, ACV, Ohms and case 
Audible continuity check, Data hold 

#9610 Resistor Blox 
47 ohm to 1M & 100K pot 
#9620 Capacitor Blox 
47pí to 10MFD 

Digital Triple Power Supply XP -765 

$249= 
i . & -':-'. ì,t ,g, ! 0.20V at 1A 
wrer ates. - , ice 0-20V at 1A 

5Vat5A 
Fully Regulated, Short circuit protected with 
2 Limit Cont., 3 Separate supplies 

XP -660 with Analog Meters $175 

Quad Power Supply XP -580 

_ $59.95 

2.20V at 2A ::: 
5Vat3A Fully cgulated and 

short 3icuit protected 5V at 5A 

XP -575 without meters $39.95 

10MHz XT 100% IBM® Compatible 

5 Year 
Waaty $,I5OL 

. -+W pip r Supply 
5/10MHz Motherboard 256K RAM 
8 Expansion Slots Expandable to 640K 
Math Compressor Slots Monochrome Monitor 
360K Floppy Drive Monographic Video Card 

Parellel Style Keyboard Parellel Printer Port 

FREE spreadsheet and word processor p 

3.XXMS DOS and GW Basic add $75 

Four -Function Frequency Counters 

`" F-1000 1.2GH algarenEL $259 
F-100 120MH 

1 $179 Frequency, Period, Totalize, 
Self Check with High Stabilized Crystal Oven 
Oscillator, 8 digit LED display 

GF -8016 Function Generator 
with Freq. Counter , $239 

' . 
't +tea Sine, Square, Triangle 

Pulse, Ramp, .2 t0 2MHZ 
Freq Counter .1 - 10MHz 

GF -8315 without Freq. Meter $179 

WE WILL NOT BE UNDERSOLD! C & S SALES INC. 15 Day Money Back Guarantee 
UPS Shipping: US 5% 1245 Rosewood, Deerfield, IL 60015 2 Year Warranty 
($10 Max) IL Res., 7% Tax (000) 292-7711 (312) 541-0710 WRITE FOR FREE CATALOG 
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Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Technical Career through 

Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 

Grantham College of Engineering 
awards accredited degrees in 

electronics and computers. 

An important part of being pre- 
pared to move up is holding the 
right college degree, and the abso- 
lutely necessary part is knowing 
your field. Grantham can help you 
both ways-to learn more and to 
earn your degree in the process. 

Grantham offers two degree pro- 
grams-one with major emphasis 
in electronics, the other with major 
emphasis in computers. Associate 
and bachelor degrees are awarded 
in each program, and both pro- 
grams are available completely 
by correspondence. 

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

Write for our free catalog (see ad- 
dress below) or telephone us at 
(213) 493-4421 (no collect calls) 
and ask for our "degree catalog." 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 
10570 Humbolt Street 

Los Alamitos, CA 90720 

EDITORIAL 

Radiation awareness 

Last June, we presented a construction story that showed how to 
build International Medcom's Radalert Radiation Monitor. The 
article generated significant response and even some controver- 
sy, as any article that discusses radiation and safety does. 

Some of you readers criticized us for irresponsibility for present- 
ing articles on radiation-a subject on which we are not au- 
thorities. Others thanked us for a useful, and educational 
construction article, in the tradition of Radio -Electronics. 

As an editor, I'm always pleased when an article generates 
passionate responses. But I'm even happier when an article 
generates something more tangible. Hundreds of readers built 
units and put them to use. 

Since the article appeared, the need for some type of radiation 
monitoring device has become very apparent. Government re- 
ports released late last year admitted that several nuclear -weap- 
ons plants exposed nearby communities to excessive radiation 
over a period of decades. The EPA has warned homeowners 
about the hazardous potential of radioactive radon gas buildup. 

Dozens of studies reach conflicting conclusions about the 
effects of the Three Mile Island accident. Of course, if members 
of the community had some way of monitoring radiation and 
keeping accurate records, we might have less conflict and more 
conclusions on the real effect of the accident. 

That brings us to this month's "Radiation Monitor Followup." 
The article, which begins on page 51 shows how the Radalert 
radiation monitor can be connected to a computer for auto- 
mated logging of radiation levels. By joining together and up- 
loading your readings to a central computer bulletin board, you 
readers have a opportunity to contribute to our knowledge of 
radiation. We hope you take the opportunity. 

Brian C. Fenton 
Editor 
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ENJOY CABLE TV MORE THAN EVER 

vi# 
SNOOPER STOPPER/DATA BLOCKER $3995 

Prevent cable 
companies from 
spying on you to 
see how many 
cable converters 
you have 

Removes beeping 
sound from your 
FM when radio 
is connected to 
cable TV 

Cable TV descramblers 
are being sold by the 
thousands, but few peo- 
ple know descramblers 
can be detected on most 
addressable systems 

Maintain your privacy 
with a Snooper Stopper. 
For more detailed infor- 
mation, send $2.00 for 
our "Cable TV Snooper 
Stopper" article. 

MACROVISION ...NOW YOU SEE IT, NOW YOU DON'T 
MS1-KIT $2995 
Includes all the parts, pc board, AC adaptor, and 

instructions from a published construction 
article in Radio Electronics magazine. 

Remove copy -protection from 
video cassettes 
Digital filter type; removes only 
Macrovision pulses 

JMAK-4 BLACK BOX $1495 
Original box as shown in ad with two feet and four 
holes to mount pc board. 

No adjustments; crystal controlled 
Compatible with all VCRs 
Uses automatic vertical blanking level 
Assembles in less than three hours 

SIGNAL ELIMINATOR $2995 
Works on cable or broadcast TV 
External adjustments allow 
precise tuning to any frequency 
#23H -Tuneable to ch. 2&3 (50-66 Mhz) 
also 6 meter HAM TVI interference filter 
#46 FM Tuneable to ch. 4-6 (66-108 Mhz 
& FM Band) 
#713 -Tuneable to ch. 7-13 (174-216 Mhz) 
#1417 Tuneable to ch. 14-171A-ol (120-144 Mhz) 
#1822 -Tuneable to ch.18-22 ]E-JJ (144-174 Mhz) 

ELIMINATE a Channel 
that you find unsuitable for 
family viewing, but is poorly 
scrambled by your cable 
company. OR 
CLEAR UP a Channel 
that presently contains severe 
interference by ELIMINATING 
whatever signal is causing this. 

Note: If picture and sound are equally affected, this IS interference and CAN be removed by our product. 
If only picture is affected, this usually IS NOT interference and CANNOT be removed by our product. 

ADUL 
MOVIE \ 
BEFORE AFTER 

FAVORITE 
CHANNEL 

AFTER 

72 Channel 

CABLE CONVERTER with Infra -Red Remote 

MC -702 Converter 

$7995 
Microprocessor Parental control Fine tune memory Includes battery 
controlled PLL for all channels UL listed/FCC and 3 foot coax 
operation Compatible with approved Channel output 2 
Skip channel all external Simple installa- or 3 switchable 
memory elimi- descramblers tion with any TV Add $3.50 shipping & 
nates unused Last channel handling 
channels recall $9.50 Canadian orders 

ORDER TOLL FREE ANYTIME 
1-800-227-8529 J b W 
Inside MA: 508-695-8699 Fax: 508-695-9694 
Ask for additional free information 
Add $3.00 shipping & handling on all orders 
unless otherwise noted. $6.00 Canadian orders. 
Visa, MasterCard, or C.O.D. 

-MEMBER 

LCTROflICS, ICIC 
P.O. BOX 800 MANSFIELD, MA 02048 

CIRCLE 65 ON FREE INFORMATION CARD 
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WHAT'S NEWS 
Predicting IC defects 

Metallurgic researchers at Sand- 
ia National Laboratories have 
developed a model that explains 
and predicts a type of defect that 
seriously affects the reliability of 
integrated circuits with 4 -micron 
aluminum metallization lines. 
(The problem is seemingly caused 
by miniaturization, as the defect is 
rarely found in circuits with 6 -mi- 
cron metallizations.) Metalliza- 
tions are the thin conductors, 
made of aluminum, aluminum - 
copper, or other alloys, that link 
circuits on an IC. The defects, 
which are manifested as cracks or 
wedge-shaped voids in the alumi- 
num, appear after months of stor- 
age for no apparent reason in 
previously acceptable IC's. Using 
Sandia's quantitative model, re- 
searchers can predict under what 
conditions and at what rates the 
voids will form. 

While high current can cause 
voiding (called electromigration), 
Sandia's research focused instead 
on a second cause of breakdown- 
the formation of cracks and wedge 
voids in the absence of a current 
flow. Researchers Frederick G. 
Yost, Alton D. Romig Jr., and Roy J. 

Bourcier investigated the stresses 
that develop after the metalliza- 
tions are made and then covered 
by and bonded to a deposit of 
glass (a "passivation layer") at tem- 
peratures of 400° to 450°C, and 
then cooled. They discovered that 
as a result of aluminum's much 
larger coefficient of expansion, 
the tightly bonded passivation 
layer resists the tendency of the 
aluminum grains to move differen- 
tially while cooling. That causes 
extremely high stresses-high 

DEFECTS IN AN IC'S 4 -MICRON -WIDE alu- 
minum conductor lines are visible in scanning 
electron micrographs. The top photo depicts 
a crack; the bottom shows a wedge -like void. 

enough to transport sufficient 
mass to create voids. 

With Sandia's model, which 
uses numerical stress analysis to 
calculate the stress gradients in 
conductor lines, researchers de- 
termined the time to failure for 
various widths of conductor lines 
when subjected to different tem- 
peratures. The results, as they ex- 
pected, showed that time to failure 
decreases as the lines get narrower 
and as the temperature increases. 
In 3 -micron conductor lines, the 
minimum time for the develop- 
ment of cracks is 1.5 years, and 2.3 
years for wedges to form. 

Those results, which are con- 
sistent with the experience of the 
microelectronics community, sug- 
gest that mass movement and the 
resulting void formation could be 
reduced by alloying the aluminum 
with copper. 

Engineers predictions for life in 
the 22nd century 

The results of a survey entitled 
"Engineers Preview Highlights of 
the 22nd Century City" were pre- 

sented by Robert E. Hogan, presi- 
dent of the American Consulting 
Engineers Council, during Nation- 
al Engineers Week (February 
19-25,1989). The survey, which was 

distributed to over 2,000 American 
engineers of all disciplines, asked 
the respondents to describe in de- 
tail the technological advances 
that would be achieved by the 
22nd century. 

While some of the results came 
as no surprise-we will live to an 
average age of 80 to 100, and crit- 
ical environmental problems will 
include lack of clean air and water 
and hazardous -waste disposal- 
others were more innovative. 
More than one-third of those sur- 
veyed believe that we will commu- 
nicate with extraterrestials; that 
we will inhabit the Moon and man- 
made planets, but not Mars or 
other planets; and that artificial 
body parts will be so common- 
place that they will be sold as "off - 
the -shelf" items to be purchased 
as needed. 

Although we will not control the 
earth's weather, and despite the 
lack of natural resources and lon- 
ger lifespans, the engineers think 
there will be enough organic food 
sources to feed the world. The 
likelihood of an adequate food 
supply is due, in part, to our be- 
coming less "earth -dependent" as 
we expand our frontiers to work in 
space. 

Respondents also predicted that 
nuclear power and solar power 
captured with proactive satellites 
would be our main energy 
sources; railroads will travel at 
200-400 MPH, air travel could in- 
crease to as much as 3 to 4 times 
the speed of sound, and comput- 
er -driven cars made of composite 
parts would navigate the high- 
ways, equipped with collision - 
avoidance systems; newspapers 
will be replaced by new communi- 
cations techniques; and buildings 
as high as 300 -stories tall will be 
constructed. 

National Engineers Week is ded- 
icated to honoring the achieve- 
ments and contributions of the 
nation's engineers. R -E 
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No other training in school, on the 'ob, 
anywhere-shows you how to trouble- 

shoot and service computers like NRI 

HARD DISK 
20 megabyte hard disk drive you install 
internally for greater data storage 
capacity and data access speed. 

DIGITAL MULTIMETER 
Professional test instrument for 
quick and easy measurements. 

LESSONS 
Clearcut illustrated 

texts build your 
understanding 
of computers 
step by step. 

SOFTWARE 
Including MS-DOS, GW 
BASIC, word processing, 
database and spreadsheet -- 
programs. 

Only NRI walks you through the 
step-by-step assembly of a powerful 
XT -compatible computer system you 
keep-giving you the hands-on 
experience you need to work with, 
troubleshoot, and service all of today's most 
widely used computer systems. You get all it 
takes to start a money -making career, even a 
business of your own in computer service. 

No doubt about it: The best way to learn to service computers is to actually 
build a state-of-the-art computer from the keyboard on up. As you put the 
machine together, performing key tests and demonstrations at each stage of 
assembly, you see for yourself how each part of it works, what can go wrong, 
and how you can fix it. 

Only NRI-the leader in career -building, at-home electronics trainite for 75 
years-gives you such practical, real -world computer servicing experience. Indeed, 
no other training-in school, on the job, anywhere shows you how to trouble- 
shoot and service computers like NRI. 

You get in -demand computer servicing skills as you 
train with your own XT -compatible system-now 

with 20 meg hard drive 

With NRI's exclusive hands-on training, you actually build and keep the powerful 
new Packard Bell VX88 PC/XT compatible computer, complete with 512K RAM and 
20 meg hard disk drive. 

You start by assembling and testing the "intelligent" keyboard, move on to test 
the circuitry on the main logic board, install the power supply and 5 Y4 " disk drive, 
then interface your high -resolution monitor. But that's not all. 

Only NRI gives you a top -rated micro with complete 
training built into the assembly process 

Your NRI hands-on training continues as you install the powerful 20 megabyte hard 
disk drive-today's most wanted computer peripheral-included in your course to 
dramatically increase your computer's storage capacity while giving you lightning - 
quick data access. 

Having fully assembled your Packard Bell VX88, you take it through a complete 
series of diagnostic tests, mastering professional computer servicing techniques as you 
take command of the full power of the VX88's high-speed V40 microprocessor. 

In no time at all, you have the confidence and the know-how to work with, 
troubleshoot, and service every computer on the market today. Indeed you have 
what it takes to step into a full-time, money -making career as an industry technician, 
even start a computer service business of your own. 

No experience needed, NRI builds it in 

You need no previous experience in computers or electronics to succeed with NRI. 
You start with the basics, following easy -to -read instructions and diagrams, quickly 

PACKARD BELL COMPUTER 
NEC ./LO dual speed (4.77 MHz/8 MHz) CPU, 
5121 RAM, 360K double -sided disk drive. MONITOR 

High -resolution, non -glare, 12 TTL 
monochrome monitor with tilt and 
swivel base. 

TECHNICAL MANUALS 
With professional programs and 

complete specs on Packard 
Bell computer. 

DISCOVERY LAB 
Complete breadboarding 

system to let you design and 
modify circuits, diagnose 

and repair faults. 

DIGITAL 
LOGIC 

PROBE 
Simplifies 

4.4, analyzing digital 
e circuit operation. 

moving from the fundamentals to 
sophisticated computer servicing 

techniques. Step by easy step, you 
get the kind of practical hands-on 
experience that makes you uniquely 

prepared to take advantage of every 
opportunity in today's top -growth 

field of computer service. 
What's more-you learn at your own 

pace in your own home. No classroom 
pressures, no night school, no need to 

quit your present job until you're ready 
to make your move. And all throughout 

your training, you have the full support of your personal NRI instructor and the NRI 
technical staff always ready to answer your questions and give you help whenever 
you need it. 

Your FREE NRI catalog tells more 

Send today for your free full -color catalog describing every aspect of NRI's innovative 
computer training, as well as hands-on training in robotics, video/ audio servicing, 
electronic music technology, security electronics, data communications, and other 
growing high-tech career fields. 

If the coupon is missing, write to NRI School of Electronics, McGraw-Hill 
Continuing Education Center, 4401 Connecticut Avenue, Washington, DC 20008. 

PC/XT and XT are registered trademarks of International Business Machines Corporation 

Ñí?/.SCi}1 of 
Electronics 

McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, Washington, DC 20008 

LJ Check one FREE catalog only 
Computers and Microprocessors 

E Robotics 
TVNideo/Audio Servicing 

Computer Progn.mming 

For career courses 
approved under GI bill 

check for details 

Security Electronics 
E Electronic Music Technology 

Basic Electronics 

Data Communications 

Name (pisse print) Age 

Address 

City/State/Zip 

L .-Accredited be the National Hume Stud, Council 
,0.069 
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VIDEO 
NEWS 

Digital HDTV. Is the United States being 
stampeded into high -definition TV by the 
Europeans and Japanese-and by congressmen 
looking for a glamorous issue? Recently, three 
different experts have at least hinted that they 
think it would be a mistake to adopt an analog 
HDTV -broadcasting system in this digital age. 
Former FCC Chairman Mark Fowler, in a New 
York speech, said that a broadband digital fiber- 
optic network could leapfrog Japan's "inferior" 
analog HDTV technology. He branded "analog 
technology in a world increasingly moving to 
digital" a "fallacy" and added, "We should consider 
television as part of the computer industry 
rather than the radio industry." 

Speaking at a Society of Motion Picture and 
Television Engineers seminar, Julius Barnathan, 
president of ABC Network Broadcasting and 
Engineering, said that any analog -based HDTV 
would have the same problems that plague NTSC. 
"We need better TV sets-smart digital sets that 
can minimize noise and interference" before 
HDTV should be considered. John Sie, senior vice 
president of Telecommunications Inc. (TCI), a 
major cable -TV operator, proposed the use of a 
digital signal for all video-including broadcast, 
cable, and satellite. He urged that a compatible, 
improved, analog HDTV system be adopted as an 
interim measure, with the industry switching to 
a process digital system when the technology is 
ready 

Introducing ßi8. The 8mm group has 
answered Super VHS with the "8mm Hi -Band" 
system, or "Hi8," as it will be known. The specs of 
Hi8 are very similar to those of S -VHS: white 
peak 7.7 MHz, sync peak 6.7 MHz, frequency 
deviation 2 MHz, white clip 220%. Like S -VHS, 
1118 is claimed to provide a picture with more 
than 400 lines of horizontal resolution, and has 
separate luminance and chrominance outputs for 
sets with Y/C inputs; 1118 VCR's will be capable of 
recording and playing back in the standard 8mm 
mode, but standard 8mm recorders won't be able 
to play back Hi8 tapes. Two improved types of 
videotape are being introduced for Hi8 a higher 

coercivity metal -particle tape and the first metal - 
evaporated tape to be mass-produced. 

As the first major manufacturer to introduce 
Hie, Sony was careful to explain that it views the 
new product somewhat differently from the VHS 
group's view of S -VHS. It's described as "a new 
option, not a replacement" for standard 8mm, 
with "premium performance for those willing to 
pay a premium price." JVC and other members of 
the VHS group have forecast that S -VHS 
eventually will replace standard VHS. The first 
Sony Hi8 products are indeed premium priced- 
$2,200 for an editing camcorder and $2,000 for a 
deck loaded with editing features. They should be 
on the market by the time you read this. 

"SmarTV." That's the name of a new 
television system, based on artificial intelligence, 
being tested in a few homes in southern 
California. SmarTV is connected to the home 
telephone. Once a week it dials an 800 number, 
linking it to a central computer that contains the 
week's TV schedule and a profile of the specific 
viewer's personal tastes in programming. Any 
time something that the set owner might want to 
see is on the air, it's recorded. An on -screen 
listing tells the viewer what the options are. 
Thus, SmarTV lets viewers watch what they want 
when they want without the bother of having to 
tune the TV or set the VCR. The first model, 
which can store 32 cassettes, costs about $6,000. 
The company promises that it also will have 
cheaper models with less memory. 

Stereo TV heats up. One out of four color -TV 
sets sold last year had built-in multichannel TV 
sound (MTS), according to EIA figures, which 
showed that the total of MTS sets sold exceeded 5 
million, or 25.2% of the 20 million color sets sold. 
It's estimated that some 14.8 million U.S. 
households now have MTS sets, representing 
16.4% of the nation's homes. In addition, more 
than 6 million MTS-stereo VCR's have been sold. 
If there was no duplication-stereo VCR's in 
homes with stereo TV's-as many as 23.5% of all 
U.S. homes could be equipped to receive MTS. R E 
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EXPAND YOUR CAREER HORIZONS... 

11111111111111IIIIIIIIMir 

Vit I Ut. 
Microprocessor Technology. Satellite Communications. 
Robotics. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leader in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 

electronics careers. 
We offer flexible training to meet your needs. 

You can start at the beginner level or, if you already 
know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call tol -free 
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in 

CIRCLE 60 ON FREE INFORMATION CARD 

.r.o.......... 
The CIE Microprocessor Trainer helps you to learn how circuits with 
microprocessors function in computers. 

the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
1776 East 17th Street, Cleveland, Ohio 44114. 

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

C Please send your independent study catalog. 
For your convenience, CIE will try to have a representative 
contact you - there is no obligation. 

Print Name 

ARE -128 

Address _. - Apt. -- - 
City State Zip 

Age Area Code/Phone No 

Check box for G.I. Bill bulletin on Educational Benefits 
C Veteran Active Duty MAIL TODAY! 

Just call toll -free 1-800-321-2155 (in Ohio, 1-800-362-2105) 
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AsK R -E 

PULSE SHORTENER 
I'm building a circuit that's trig- 

gered on by a high and triggered off 
by a low. I'm having a problem be- 
cause the pulses are lasting too long. 
I know about pulse stretchers but I 

need a pulse shortener. Any ideas?- 
G. Fischer, New York, NY. 

I have to agree with you. I've 
heard about pulse stretchers and 
I've never heard about pulse 
shorteners. The details in your let- 
ter are sketchy but I think your 
problem is that you're looking at 
the problem incorrectly. 

Rather than trying to shorten the 
trigger pulse that is being sent to 
your circuit, you should be using it 
to generate a pulse of the correct 
length. That's right, you're really 
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FIG. 1 

looking for an edge detector that 
will put out a pulse of the appro- 
priate width whenever the trigger 
line changes state. Admittedly you 
won't be triggering your final cir- 
cuit with your original trigger 
pulse but, as they say, a pulse is a 
pulse is a pulse. 

Now that we know what we're 
looking for, the problem is to de- 
sign an edge detector-and that's 
a piece of cake. You can add cir- 
cuitry to the board to get the job 
done, but if you've got some spare 
gates around you may be able to 
get by with just adding a few pas- 
sive components. Both types of 
circuits are shown in Fig. 1 and you 
can take your pick. Just plug the 
numbers you need into the for- 
mula and your problem is solved. 

The 555 in Fig. 1-a is set up as a 
monostable that wants a negative - 
going trigger. If the pulse you're 
feeding it with is positive -going, 
you can run it through an inverter 
made up of either an inverting gate 
or, if you're tight on space, a single 
transistor. Both ways are shown in 
the drawing. A monostable built 
around a 555 is a reliable circuit 
that isn't at all picky about the 
shape of an incoming trigger 
pulse. If you need two of those 
circuits, you get a 556 dual timer 
and build both of them with that. 

If you're lucky enough to have 
some spare gates around, you can 
use the circuits shown in Fig. 1-b. 
They are edge detectors as well, 
and are usually referred to as half 
monostables since they can't be 
used in every application. As you 
can see, the width of the output 
pulse is determined by the RC val- 
ue, but there are a few rules gov- 
erning their use. 

WRITE TO: 

ASK R -E 

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

The input pulse has to be wider 
than the output pulse. 

The input pulse can't be glitchy. 
The circuit can't be retriggered 

faster than the RC time. 
Since you're looking for a pulse 

shortener, the first rule's not much 
of a problem. The second one can 
be handled by debouncing the in- 
put. The third one, however, may 
cause some grief since you didn't 
indicate the rate at which you want 
the circuit triggered. 

VIDEOS IN GERMANY 
I have some friends living in West 

Germany, and I'd like to send them 
some of my family video tapes. Is 

that possible and, if not, what kind of 
an image will they see?-R. Doering, 
Camp Verde, AZ. 

1!en-Lob 

MULTIPLAY 

VIDEO casseecuoutro 

FIG. 2 

The easiest thing to do is to go 
out and buy a VCR that can play 
PAL and SECAM video formats, as 
well as NTSC. Figure 2 shows one 
such VCR. It is the Multiplay 
TL -1000, manufactured by Ten -Lab 
Multisystem Video Products, 11064 
Mississippi Ave., Los Angeles, CA 
90025 (213) 473-6551. The unit lists 
for $795. Other than buying one of 
those VCR's, there's not much you 
can do. A video signal is extremely 
complex and, consequently, the 
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timing parameters are really tight. 
The picture and control signals 
have to be in the right place at the 
right time, or all you'll be looking 
at on the screen is modern art. 

There are three basic video stan- 
dards-NTSC, SECAM, and PAL- 
and just about the only thing they 
have in common is that they live in 
the electromagnetic spectrum. 
The first is used both here and Ja- 

pan, the second is used in France, 
and the third is used pretty much 
everywhere else. 

You don't have to understand 
the difference between them to 
know that circuitry designed to 
make sense out of one is going to 
have a hard time making sense out 
of the others. That is particularly 
true with VCR's because they're 
dealing with signals recorded on 
tape rather than pulling them from 
the air. A VCR designed to handle 
NTSC is going to assume that there 
are certain control signals record- 
ed on a particular part of the tape 
and, if they're not there or not just 
right, it won't be able to properly 
process the video -image signals. 
The result won't exactly be some- 
thing you'd want to watch on a 

rainy afternoon. 
If you really want your friends to 

be able to see the tapes you have, 
you'll have to get them converted 
to the correct video format. A brief 
trip through the yellow pages 
should yield a service that does 
that. If you can't find anything 
there, check with your local video- 
tape rental store. They usually 
know where to get it done. 

GUITAR EQUALIZER 
I'm a guitarist and I like to use 

somewhat non-standard audio 
equipment rather than the ones 
made specifically for an electric 
guitar. That usually works well but 
the output of the graphic equalizer 
that I'm using is not enough to drive 
my power amp. Is there some small 
amplifier I could build that runs off a 

nine -volt battery that also has a vol- 
ume control?-K. LaDow, Mil- 
waukee, WI. 

There used to be no such thing 
as a small amplifier. You might 
have had small amplification, but 
there were no small amplifiers. 
Fortunately for you, there's a 

whole slew of circuits you can use 

and two basic ones are shown in 
Fig. 3. Both of those amps have all 
the good things you'd expect from 
IC's. They are easy to assemble, 
very tolerant of component val- 
ues, they require simple layouts, 
and while you can't feed them 
every frequency from DC to 
daylight, they're flat all across the 
audio spectrum. Each, however, 
has its own pluses and minuses. 

The 741 circuit (3-a) is nice be- 
cause it's truly a one -chip line amp. 
It uses very little current so your 

nine -volt batteries will last a long 
time. The disadvantage is that it 
needs a bipolar supply. That can 
easily be handled by using two 
nine -volt batteries but if you've got 
a space problem, that could be a 

pain in the neck. It's possible to 
run the circuit off a single supply 
but the op -amp won't perform as 

well. In general, when an IC wants 
a bipolar supply, you should give it 
one. 

You can use other op -amps that 
continued on page 77 

;,Triplett Corporation 
Instrument Sale! 

85th Anniversary of Manufacturing Test Equipment 

analog 
Model 3?0 Hand size VOM. Drop 
resistant, high impact case. 

List 72.00 

64.79 
Sale Price 

Model 630 25 range VOM. Thermoset 

plastic case, Diode overload protec- 

tion, fuse arrangement, Mirror scale. 

List 130.00 

117.00 
Sale Price 

Model 60 X'TRA rugged VOM. Guaran- 

teed to withstand drop up to five foot, 

Safety designed, Mirror scale. 

List 160.00 

144.00 
Sale Price 

NEW! 
Model 2200 
3/ digit high contrast LCD, 
18 ranges, protected to 450 
VAC/VDC 
on ohmmeter, 
DMM. 
List 45.00 

39.99 
Sale Price 

Model 3525-B Digi-probe. Auto - 
ranging, easy to use, pocket -sized 

DMM. 
List 55.00 49.50 

Sale Price 

Model 44 Hand size Clamp -on. 31 

Digit LCD Display Peak Hold and 

Data Hold. 
List 97.50 ó7.75 

Sale Price 

digital 

Model 2030 DMM. Multi -use, pocket 

size, auto -ranging, portable and 

economical 
List 33.00 29.70 

Sale Price 

Model 3360 21 range DMM. Data 
Hold, auto/manual ranging with range 

hold. 
List 89.50 79.99 

Sale Price 

Model 4750 4.5 digit OMM. Extended 
range accuracy, 14 functions, true 
RMS. 

List 399.00 359.10 
Sá le Price 

Model 4800 4.5 digit bench DMM. 17 

functions, auto or manual ranging, 

true RMS. 

List 600.00 540.00 
Sale Price 

ORDER TOLL FREE 

1-800-262-3600 
IN OHIO 

1-800-362-9127 
FAX: 216-663-1004 

EPlon¢¢r 

Pioneer Standard Electronics Inc. 
4800 East 131st Street 
Cleveland, Ohio 44105 

VISA MASTERCARD IJ CHECK 

Card No. 

Name 

Company 

Street Address 

City/State/Zip 

C: MONEY ORDER 

Exp. Date 

CIRCLE 184 ON FREE INFORMATION CARD 
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LETTERS 

CAUTION 
It has come to our attention that 

the advice given in "Ask R -E" (Ra- 
dio -Electronics, April 1989, page 89) 
concerning adding an earphone 
jack to a TV set is potentially dan- 
gerous. It is a fact that, in many 
modern TV sets, the chassis is ac- 
tually at 60- to 80 -volts AC with re- 
spect to ground. A 1:1 audio 
transformer, installed between the 
chassis and the speaker/earphone 
jack, as shown in Fig. 1, will pro- 
vide enough isolation to be safe. 
We apologize for the error.- 
Editor 
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DESK -TOP VIDEO PRODUCTION 
As the manufacturers of what we 

feel is the premier "genlock" for 
the Amiga 2000, we were pleased 
to see the attention given to the 
many video applications of the 
Amiga in the article "Computer 
Aided Video" (Radio -Electronics, 
March 1989, page 93). However, 
we'd like to comment on some 
common misconceptions-rein- 
forced, we fear, by that piece-on 
what a genlock is and does. 

The process of "genlocking"- 
interconnecting various pieces of 
video equipment so as to ensure 
that they are running in agreement 
with one another-does not, in 
and of itself, guarantee a video 
output that meets broadcast stan- 
dards. Signal components like cor- 
rect sync, blanking, and SC -H 
phasing are critical for an accurate 
NTSC signal to be produced. Most 
Amiga genlocks rely on that infor- 
mation to be provided by whatever 
equipment the computer is "gen - 
locked" to. If the adjustment of 
that equipment does not meet cor- 

rect broadcast standards, your 
Amiga -produced signals won't 
meet them either, genlock or not. 

That dependence of genlocks 
like Supergen on external sources 
also explains the "snow and other 
garbage" appearing on the screen, 
solved by the authors with a video 
feed demodulated from the 
source VCR. With the source VCR 
not operating, the information has 
to be provided for the Amiga from 
somewhere, or the external -re- 
liant genlock becomes useless. 

The 4004 Genlockable Video 
Graphics Encoder does not de- 
pend on external sources. Correct 
sync, burst, and blanking are pro- 
vided as on -board elements of the 
encoder card, which is installed in 
the Amiga, so the computer effec- 
tively becomes a free -running 
broadcast -video source. Com- 
plete features for keying and fad- 
ing are also included. EILEEN 
TUURI, Marketing 
Communications Manager 
MAGNI SYSTEMS, INC. 
Beaverton, OR 97005 
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LETTERS 
.C40/O- EL ECTRON/CS 
500-B B/-COuNTY BoULEVARD 
FARM/NGLb4LE, NY 1/735 

ACTIVE ANTENNA 
I have two minor comments on 

Rodney Kreuter's "Active Antenna" 
article (Radio -Electronics, February 
1989, page 51). It's a good article, 
and I'm sure the antenna works 
fine. However, if memory serves 
me right, the MPF102 is a junction f 
ield-effect device (JFET), rather 
than a metal -oxide -semiconduc- 
tor FED (MOSFET). I don't think 
JFET's require any more elec- 
trostatic protection than MOSFET's 
2N3904's, although JFET's do have 
another failure mode that requires 
a little caution. They will not toler- 
ate much current flow through a 
forward -biased gate. Fortunately, 
Mr. Kreuter's design puts a 1 

megohm "grid -leak" resistor (R1) 
in series with the gate, and the 
antenna is isolated with a capaci- 
tor. Similar designs that don't iso- 
late the antenna, or that provide a 
DC path to ground (through the 
inductor in a tuned circuit, for ex- 
ample), are likely to quit working if 
the battery is hooked up back- 
wards or if the antenna is inadver- 
tently shorted to a circuit compo- 
nent at a voltage around 2 volts. 

The second point-and I'm go- 
ing from memory again-is that 
the MPF102 and similar devices 
have rather broad specifications. 
Because a short antenna can deliv- 
er surprisingly high signal voltages 
(at minute currents), and because 
the untuned input allows strong 
local signals to get into the active 
circuitry even though the receiver 
isn't tuned to them, the critical pa- 
rameter in that application is the 
voltage range over which the de- 
vice will respond linearly. If that 
range is exceeded, the input am- 
plifier becomes a just -dandy mix- 
er. Note that here the MPF102 has 
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no voltage gain, but actually alter- 
nates, due to the low R2 = 22 f. If 
spurious signals are encountered 
in the output, it may be a good 
idea to substitute another MPF102 
(or whatever), for a wider linear 
range. Of course, the culprit could 
be Q3, which can also act as a mix- 
er if it's ovedriven into its non-lin- 
ear operating range. 
DONALD KENNEY 
San Diego, CA 

CABLE CAPER 
The subject of Monster Cable 

provides a lot of "yuks" here at the 
plant. Usually we just grin and 
move on, because the testimonials 
normally skip over the facts and 
concentrate on faith. 

However, in the "Letters" col- 
umn of the March 1989 issue of 
Radio -Electronics, Leland Faber de- 
scribes the testing of equal lengths 
(50 feet) of Monster Cable and a 

variety of other wires including zip 
cord and house wiring. He says 
that with a matched 8 -ohm source 
and load, and a frequency range of 
20 Hz to 20 kHz, Monster Cable 
was "within ±3dB," whereas all 
other wire was not "within 9 to 10 

dB's at the upper end." 
Any audio professional can tell 

you that under those conditions, 
Monster Cable, zip cord, house 
wire, or just about anything you 
might find lying around, will have 
a virtually flat response from 20 Hz 
to 20 kHz. If Mr. Faber really got 
the results he said he did, there 
was something wrong with his test 
setup. 
JOHN WILSON 
CAPITAL CITIES/ABC, INC. 
Hollywood, CA 

ENGINEERING REWARDS 
Anyone who agrees with Mr. 

Lancaster's hang-up ("Hardware 
Hacker,"Radio-Electronics, March 
1989) with the fact that "...[techni- 
cians] often do all the work and 
engineers get all the credit, all of 
the pay, and all of the promo- 
tions..." should realize that any- 
one who can survive 3 years of 
Engineering Calculus should be 
placed on a pedestal. 
JOHN SAWKA 
Engineering Student 
Milwaukee, WI R -E 
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NEW 

kepìacemen' crystals Catalog 

The Pulse of Dependable Communications... 
Crystek Crvstalsoffers their new 16 page FREE catalog of crystals and by the latest automated technology. Custom designed or "off the 

oscillators Offering state of the art crystal components manufactured shelf," Crystek meets the need, worldwide. Write or call today, 

CRYSTEK CORPORATION 
DIVISION Of WHITEHALL CORPORATION 

2351/2371 Crystal Drive Ft. Myers, FL 33907 

P.O. Box 06135 Ft. Myers, FL 33906-6135 
TOLL FREE 1-800-237-3061 

PH 813-936-210911WX 510-951-74481FAX 813-939-4226 
TOLL FREE IN THE U.S.A. EXCEPT FLORIDA, ALASKA. HAWAII 
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DIGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPY 
PROTECTIONS 

While we thing rental 
movies, will notice an- 
noying periodic color 
darkeninc, color shift, un- 
wanted lives, flashing or 
jagged edges. This is 
caused b. Fe copy protec- 
tion jamni tg signals em- 
bedded In the video tape, 
such as vl acrovision copy 
protectiol. Digital Video 
Stabilizer RXII completely 
eliminator all copy protec- 
tions and jamming signals 
and bring6 -/ou crystal clear 
pictures. 

FEATURES: 
Easy to Lse and a snap 
to install 
State-of-the-art in- 
tegrated circuit technol- 

1áb96 automatic - no 
need for any 
troublesome adjust- 
ments 

Compatible to all types 
of VCRs and TVs 

The best and most excit- 
ing Video Stabilizer in 
the market 
Light weight (8 ounces) 
and Compact (1x3.5x5 ) 

Beautiful deluxe gift box 
Uses a standard 9 Volt 
battery which will last 1- 

2 years. 

WARNING : 

SCO 
Electronics and 
RXII dealers do 
not encourage 
people to use 
the Digital 
Video Stabilizer 
to duplicate 
rental movies 
or copyrighted 
video tapes. 
RXII is in- 
tended to stabi- 
lize and restore 
crystal clear 
picture quality 
for private 
home use only. 

( Dealers Welcome ) 

ToOrder: $49 ea + 53 for FAST UPS SHIPPING 

1-800-445-9285 or 516-694-1240 
Visa, M/C, COD M -F: 9-6 (battery not ncluded) 

SCO ELECTRONICS INC. 

Dept. CAE 581 W. Merrick Rd. Valley Stream NY 11580 
Unconditional 30 days Money Back Guarantee 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

id 

Q III 
o 

Jj°ólOO 

Ea n up to 
$30 an hour 
and more! 

Learn at home in spare time. 

r! - No previous experience needed! 

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, Avionics and 
more!- You don't need a college degree to 
qualify, but you do need an FCC License. 
No Need to Quit Your Job or Go To School 
This proven course is easy. fast 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 

Please rush FREE details immediately! 
NAME 
ADDRESS 
CITY - STATE - ZIP 

C z 
m 

co 
co 
to 
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Jameco Electronics 
JE680 Universal 
IC Programmer 

Program virtually any 
programmable logic 
or memory device. 

CAN YOU IMAGINE THE WORLD OF 
electronics without EPROM's, 
PAL's and other programmable 
memory and logic? Of course not! 
But if you don't have access to a 
programmer, you are effectively 
isolated from using those versatile 
devices in your designs. 

We recently got a chance to ex- 
amine a sophisticated program- 
mer, the JE680 Universal IC 
Programmer from Jameco Elec- 
tronics (1355 Shoreway Road, Bel- 
mont, CA 94002). The 1E680 can 
handle PAL, GAL, RAL, PLD, EPLD, 
EEPLD, and FPLD logic devices. It 
can also process PROM, Bipolar 
PROM, MOS/CMOS EPROM and 
EEPROM memory devices from 16K 
to 512K. The programmer can act 
as a stand-alone device or it can be 
controlled from the serial port of a 
personal computer. 

The JE680 is packaged in a sturdy 
metal and plastic case that mea- 
sures about 15 x12 x 31/2 inches. 
The top panel features a 2 -line by 
20 -character LCD readout, a ZIF (Z 
ero Insertion Force) socket, 16 LED 
function indicators, and a 20 -key 
keypad. Rear -panel connectors in- 
clude a Centronics -type printer 
port and a DB -25 connector for se- 
rial communications. 

The programmer has three oper- 
ating modes. First is the Local 
mode, where all operations are 
controlled by keypad entries, and 
all outputs are displayed on the 
LCD. Second is the Computer 
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mode, where an IBM PC or com- 
patible computer takes control of 
all but the editing functions of the 
programmer. (The control soft- 
ware is provided with the pro- 
grammer.) Third is the Terminal 
mode, where any dumb terminal 
(or a computer running communi- 
cations software) can control the 
programmer. 

We preferred the Computer 
mode because of the online help 
provided by the software. How- 
ever, in production environments, 
we can see the Local mode being 
favored. An especially useful fea- 
ture in such environments is Auto - 
Sense, in which IC insertions and 
removals are automatically de- 
tected. 

Putting it to work 
The 1E680 offers numerous 

functions. A BLANK function per- 
forms a check to ensure that 
EPROM's are fully erased, or that 
logic devices are unprogram- 
med. Using Auto -Sense, it be- 
comes as easy as setting up the 
function, and inserting devices 
one after the other. The program- 
mer senses when the IC is in 
place and performs the test. If 
your IC is inserted backward, or 
is not recognized, the JE680 
immediately reports it-without 
damaging the chip-and even 
suggests a solution. 

All communication with the 
programmer takes place via the 

programmer's RAM buffer. If a 
device is to be programmed, the 
buffer must first be loaded with 
the proper programming data. 
Then the PROG function programs 
the data from the RAM buffer 
into the IC. If a programmable 
device is to be read, the data of 
an IC is first loaded into the RAM 
buffer, where it can be accessed 
via the READ function. 

A COPY function allows a master 
IC to be read into the program- 
mer's RAM buffer so that the 
contents can be rapidly pro- 
grammed into other devices. If 
changes need to be made, the 
EDIT function can be used. Along 
with normal editing functions, it 
is possible to split code into 
more than one device, or to rec- 
onstruct code from multiple 
chips. 

A CHECKSUM function calculates 
and displays the checksum of the 
RAM buffer. For logic devices, 
the programmer reports the 
number of blown fuses along 
with the hex JEDEC (Joint 
Electronic Device Engineering 
Council) checksum. 

Once a function has been ex- 
ecuted, it can be re -executed by 
using the REPEAT function. That 
can help speed some operations 
considerably. 

Other functions include IN and 
OUT for downloading and up- 
loading files to and from the pro- 
grammer's RAM buffer; VERIFY, 

which is used to double check 
that the data in a programmed 
device matches the RAM buffer; 
and PRINT, which outputs data to 
the Centronics port. 

Software option 
A $30 software option package, 

the JE680AP, is available for logic - 
design applications. It runs on an 
IBM PC or a close compatible and 
offers Boolean conversion, auto 
compilation, and fuse -map gener- 
ation. 
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The software includes four inde- 
pendent modules. A parser mod- 
ule analyzes the syntax of Boolean 
equations. A fusemap module cre- 
ates the JEDEC format file for 
downloading to the programmer. 
A Document module generates re- 
port records (such as IC pinouts, 
symbol tables, PLD fuse maps, and 
test vector tables), and a SGUP 
module downloads and burns in 
the JDEC file created by the 
fusemap module. SGUP can also 
read the IC pattern from the pro- 
grammer. 

While the JE680 is sophisticated 
enough to handle any program- 
ming task you're likely to come up 
with, it's also easy to use-despite 
a somewhat frustrating operating 
manual. 

The programmer's multiple op- 
erating modes mean that it will be 
at home in either an engineering 
laboratory or in a production en- 
vironment. Such features don't 
come cheap-the JE680 is priced at 
$1799.95. But if you're serious 
about programmable devices, it's 
certainly worth a serious look. R -E 

Global Specialties BOA 
Microcomputer 

Applications Workstation 

A 't3ox of applications" for 
your PC CIRCLE 29 ON FREE INFORMATION CARD 

COMPUTERS HAVE BECOME UBIQ- 
uitous. You'll find them in elec- 
tronics labs, in schools, even in 
many homes. Unfortunately com- 
puters have, for most people, be- 
come nothing more than ap- 
pliances. Even young hobbyists 
don't have much opportunity to 
"get their hands dirty" with com- 
puter hardware. We recently dis- 
covered a device that could 
change that by turning any PC into 
a microcomputer applications 
workstation. It's called the BOA 

(an acronym for Box Of 
Applications) and is sold by a divi- 
sion of Interplex Electronics, 
Global Specialties (70 Fulton Ter- 
race, P.O. Box 1942, New Haven, 
CT 06509). 

The BOA is housed in a metal 
slope -front cabinet that measures 
roughly 13x11x4 inches. It con- 
nects to the computer's bus 
through a buffer card and cables, 
and offers access to the comput- 
er's bus through a solderless con- 
nector block which, along with a 

With Just One Probe Connection, You Can Confidently Analyze Any 
Waveform To 100 MHz, 10 Times Faster, 10 Times More Accurately, 

Absolutely Error Free, Guaranteed -Or Your Money Back! 

SC61 Waveform Analyzer TM 

Patented 

$3295 

There are other digital readout oscilloscopes, but no 1e of 
them completely eliminate graticule counting and calculations 
like the SC61 Waveform Analyzer. The innovative, time -saving 
AUTO-TRACKINGTM digital readout automatically gives you every 
waveform parameter you need for fast troubleshooting. 

The SC61 Waveform Analyzer is a triple patented high 
performance scope that provides you with a digital LCD read-out of all 
key waveform parameters (DC volts, peak -to -peak volts, and 
frequency) at the push of a button, and all with one probe connection. 

Other time -saving features include exclusive ECL sync circuits 
that allow you to lock quickly onto waveforms up to 100 MHz. Plus, 
with 3000 volts of input protection, you never have to worry about an 

expensive front end repair job. 

Call 1-800-843-3338 to find out more about what the SC61 

can do for your service business. In Canada call 1-800-851-8866. SNCOF 
3200 Sencore Drive. Sioux Falls. SD 57107 100% American Made 
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solderless breadboard, dominates 
the unit's top panel. 

More than two dozen solderless 
connector blocks encircle the 
breadboard and bus -access block. 
They offer tie points to such things 
as output ports, input ports, DMA 
latches, A/D and D/A converters, a 
digitally programmable amplifier, 
a function generator, an audio am- 
plifier, and so on. A brief descrip- 
tion of each section follows 

Circuit sections 
Two output ports use two 74LS75 

4 -bit bistable latches to capture 
buffered data -bus signals. Each 
port has LED logic indicators and 
TTL-level interface outputs. As 
with all sections, all signals are ac- 
cessible via tie points on sol- 
derless connectors. 

Two 8 -bit input ports provide the 
means to input data to the PC's 
bus. Top -panel DIP switches can 
be used to input data. Alternately, 
TTL-level signals can be sent 
through tie points. Data latching is 
available on both input ports. 

A MEMORY section provides two 
28 -pin sockets to accept up to 16K 
of EPROM or RAM memory. 
(EPROM and static RAM can be 
mixed). A SEGMENT SELECT DIP 
switch is used to set the position of 
the memory in the computer's 
memory map. 

An i/o DECODE section provides 
I/O device -select signals, which 
are decoded from the address bus. 
An 8 -position DIP switch is used to 
set the address of the I/O decoder. 
It is used in combination with 
READ, WRITE, and SELECT tie points to 
provide I/O write, I/O read, and I/ 
O select signals for other sections. 

A DMA LATCH section allows 
breadboarded circuits and the 
other sections of the BOA to inter- 
face to the computer's bus under 
DMA (Direct Memory Access) 
control. Two DMA latches are pro- 
vided for you. 

A D/A CONVERTER section pro- 
vides two digital -to -analog con- 
verters, an op -amp circuit, and a 
precision voltage source. Two A/D 
CONVERTER sections are provided as 
well. 

An EXTERNAL INTERFACE section 
provides a convenient method of 
attaching peripheral modules to 
the side of the BOA. A DB -25 con- 
nector is connected in parallel 

with solderless tie points, which 
can then be connected to the vari- 
ous other sections of the BOA. 

A PULSER section provides D -type 
latches and push-button switches 
to provide pulses to other circuits. 
Pulses can either be provided un- 
der circuit control, or by physically 
pushing the pushbuttons. 

A FUNCTION GENERATOR section 
provides sine -wave and UI -level 
pulse outputs. The amplitude and 
frequency of the function gener- 
ator are controlled via AM and FM 
inputs. 

A DIGITAL GAIN section can con- 
trol the amplitude of an analog in- 
put signal under computer con- 
trol, while an AUDIO AMPLIFIER 
section with a speaker provides a 
convenient way to hear an analog 
output signal. A MICROPHONE AM- 
PLIFIER section is provided to ampli- 
fy low-level inputs for use by other 
sections. 

Hooking the BOA to the com- 
puter consists of inserting a card 
into a slot, and plugging a 50 -con- 
ductor cable into the card's output 
and into the BOA's top panel. The 
card "steals" power from the bus 
and outputs +5-, +12-, and -12 - 
volt power on a 9 -pin connector. If 
your computer doesn't have a 9 - 
pin knockout, your can use an 
adapter plate to mount the power 
connector in an unused slot. The 
only tricky thing about installing 
the card is that you must be sure to 
disable any interrupts that are 
used by any other cards that are 
presently installed in your ma- 
chine. Jumper pads make that op- 
eration a simple matter. 

While each section of the BOA is 
interesting in its own right, things 
don't really get exciting until the 
sections are connected together. 
The excellent manual supplied 
with the BOA provides numerous 
example experiments, and step- 
by-step instructions on setting 
things up. It also provides many 
suggestions for additional experi- 
ments you can do. 

Among the suggested projects 
is a DC volt meter, which can be 
assembled using the I/O DECODE, 
BUS INTERFACE, and A/D CONVERTER 
sections along with a top -panel 
potentiometer and some supplied 
BASIC software. Another experi- 
ment suggests how to build a fre- 
quency counter using interrupts. 

R 
R 

R 
R 

We often receive letters from 
readers who have searched, in 
vain, for schematic drawings and 
other documentation, or for dis- 
continued parts. Unfortunately, 
we don't usually have this infor- 
mation at our fingertips, and 
don't have the time to mount our 
own searches for it. However, 
there is one invaluable source 
that we can easily tap-Radio- 
Electronics' readers! Here's your 
chance to get some assistance, 
or to help out a fellow elec- 
tronics enthusiast. 

If you have service literature 
for a Garrard "Music Recovery 
Module" model MRM 101, MARK 
DESZCZ will gladly cover the 
shipping costs to send it to P O. 
Box 1168, Williamsville, NY 14221. 

MICHAEL CARTER is trying to 
find a transformer for a Zenith 
radio, model 75363, that dates 
back to the late 1930's or early 
1940's. The transformer number 
is C95 -526N. He can be reached 
at M.A. C. Electronics, RR4, Box 
110, Hutchinson, MN 55350. 

Can you help DONALD A. 
NEWELL JR. obtain an RCA Data 
Manual SSD -245? He's also seek- 
ing a source for RCA Bulletin 
Files and Application Notes. 
Write to him at P. O. Box 181, 
Bruce, WI 54819. 

Experiments in digital audio re- 
cording and playback-even an 
experimental echo machine-are 
also suggested. 

The BOA is a great tool, and 
would be at home in an engineer- 
ing lab or a microprocessor lab 
course. Because it encourages ex- 
perimentation, it also makes an 
excellent self -teaching tool for 
anyone who wants to learn about 
computer interfacing. We'd be 
hard pressed to think of a better 
way to breadboard prototypes for 
computer add-on cards. The BOA 
is priced at $1088. We recommend 
it to anyone who believes that 
computers are meant to do more 
than just run software. R -E 
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Get hands-on training for a high -paying 
career in today's booming electronic 
information industry as you build 
your own complete data 
communications system 

NRI's new Data 
Communications 
training gives you the 
high-tech, hands-on 
skills in demand in 
today's explosive new 
electronic information 
industry. Now with NRI, 
you actually build and 
go on-line with your 
own powerful data 
communications 
system, complete with 
IBM PC/XT-compatible 
computer, 2400 baud modem, 
communications software, breakout 
panel, test instruments, and more! 

It's a fact: The hot jobs in electronics today 
are in the electronic information industry. 
An explosion in new technologies is turning 
desktop computers into high-powered, high- 
speed data communications systems-making 
it possible for computers to talk to computers 
the world over. 

Already, electronics technicians trained 
to install and service the new data com- 
munications equipment demand and get 
$25,000, $30,000, $35,000 a year and more. 

Now with MU, you get hands-on data 
communications know-how, so you too can 
cash in on today's multibillion -dollar elec- 
tronic information industry. NRI's ready to 
help you succeed now with new at-home 
training featuring a powerful data com- 
munications system you build, program, 
operate, and keep! 

NRI trains you from the basics on up- 
giving you everything you need to get a 

fast start in data communications 

Your NRI training starts with the electronics 
fundamentals you need to understand and 
service all data communications equipment. 
As you assemble your NRI Discovery Lab®, a 

complete breadboarding system included in 
your course, you perform experiments and 
demonstrations that show you electronics 
principles at work firsthand. 

Quickly moving on, you use NRI's pro- 
fessional digital multimeter to take voltage, 
current, and resistance measurements, testing 
a variety of circuits you build on your 

Ä 

Discovery Lab-circuits just like 
those in today's data communications 
equipment. 

And that's just the beginning. With a 
solid foundation in electronics behind you, 
you're ready to build your own powerful data 
communications system. 

Breakthrough training includes 
512K computer, 2400 baud modem, 
communications software, breakout 
panel, much more 

At this point in your training, you're sent the 
new IBM PC/XT compatible Packard Bell 
VX88 computer. Following NRI's clearcut in- 
structions, you easily master your computer's 
powerful operating functions, then move on 
to build your own complete data communica- 
tions system. 

You begin by programming the RS -232C 
communications interface built into your 
computer, giving the Packard Bell the power 
to transmit data over serial lines. Next you 
construct a high -quality 
breakout panel, an indis- 
pensable diagnostic tool 
you use to examine and 
test the internal workings 
of your interface. 

Then, completing your 
state-of-the-art system, you 
power up the 2400 baud 
modem included in your 
course and take it through 
a series of comprehensive 
tests and demonstrations. 
In no time, you have a firm 
understanding of the data 
conversion system built into 

E 

your modem, and 
you're ready to put 
your system on-line 
with a world of elec- 
tronic information. 

Go on-line with 
the exclusive NRI 

network 

Your NRI training 
continues by giving 
you exciting real - 
world experience in 
data communications. 

Having completed your data communications 
system, you actually take it on-line to "talk" 
to your instructor and other NRI students, 
complete a final project by computer link, and 
leave messages on the NRI Bulletin Board. 

Step by step, NRI gives you a complete 
hands-on understanding of the technology 
that's powering today's booming electronic 
information industry. Step by step, you get 
what it takes to start a high -paying career as 
today's in -demand data communications 
technician! 

FREE 100 -page catalog tells more 

Send today for NRI's big, 100 -page, full -color 
catalog describing every aspect of NRI's 
hands-on training in data communications, 
as well as at-home training in other fast- 
growing, high-tech career fields. 

If the coupon is missing, write to NRI 
School of Electronics, McGraw-Hill Continuing 
Education Center, 4401 Connecticut Avenue, 
NW, Washington, DC 20008. 

,E of 
Electronics 

For career courses 
approved under GI bill 

McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW 
Washington, DC 20008 fem. 
MI Check one catalog only 

D Data Communications 
D Computers and Microprocessors 
E Robotics 

TVNideo/Audio Servicing 

check for details 

c` 
z 
m 

cD 
0o 

Computer Programming 
Electronic Music Technology 
Cellular Telephone Servicing 
Security Electronics 
Digital Electronics Servicing 
Basic Electronics 

Name (please print) Age 

Address 

L City/State/Zip Accredited by the National Home Study Council 3-069 
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NEW PRODUCTS 

CIRCLE 10 ON FREE INFORMATION CARD 

POINTING DEVICE. Fulcrum's 
Trackball Plus, featuring trackball - 
pointing technology, is a versatile 
and easy -to -use alternative to- 
and requires less desk space and 
less frequent cleaning than-the 
mouse. Ball motion is detected 
optically and transformed to one 
of many formats by a local micro- 
processor before being sent to the 
host. The pointing device is easily 
interfaced to IBM compatibles 
with a standard RS -232 serial port, 
and offers an ALTERNATE CURSOR 

switch for CAD/CAM applications. 
Trackball Plus emulates Micro- 

soft Mouse and Mouse Systems 
Mouse, and comes with software 
drivers for both. It also emulates 8 

popular pointing devices, and sev- 
eral digitizers. It supports a dozen 
commonly used programs-in- 
cluding Lotus 1-2-3, dBASE Ill Plus, 
MS-DOS, and WordPerfect-and 
offers "Point -n -Shoot Pop -Up" 
menus, which make it unnecess- 
ary for users to memorize the ex- 
tensive codes that accompany 
software. The pointing device's 
MENUKEY provides arrow -key emula- 
tion for programs that don't nor- 
mally accept pointing devices. 

The Trackball Plus, complete 
with a comprehensive user's man- 
ual and an extended 6 -month war- 
ranty, has a retail price of $99.00.- 
Fulcrum Computer Products, 459 Al- 
lan Court, Healdsburg, CA 95448. 

MULTI -SPEED TURNTABLE. For 
collectors of "antique" pho- 
nograph records, Esoteric Sound's 

Vintage phonographic -disc player 
features a variety of speeds, 
providing convenient listening at 

the correct pitch. Because many 
so-called "78's" were actually re- 
corded at other speeds, the 6 - 
speed turntable plays at 71.29 rpm 
(the speed of the original Berliner 
Gramophone record), 76.59 rpm 
(many acoustic Victors), 78.26 rpm 
(modern 78's), and 80 rpm (Edison, 
vertical Pathe, and acoustic 
Columbia and Okeh, most ver- 
tical). The modern, high-fidelity 
turntable also offers 33 and 45 rpm 
for today's recordings. An optional 
accessory adapts the unit for ver- 
tical play, and Stanton pickup fea- 
tures 2 separate styli, one for LP's 
and one for 78's. 
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The Vintage 6 -speed turntable is 
now available at a special introduc- 
tory price is $225.00 (including the 
Stanton pickup and both styli) plus 
$4.00 shipping east of the Missis- 
sippi or $6.00 shipping west of the 
Mississippi. (C.O.D. orders add 
$2.25.) The optional vertical/lateral 
switch costs $22.50.-Esoteric 
Sound, 4813 Wallbank Ave., Down- 
ers Grove, IL 60515. 

TEST LEAD ADAPTER KIT. Pomona 
Electronics' Multimeter Test -Lead 
Adapter Kit is offered in four mod- 
els: 5592 to fits almost all Beckman 
and Amprobe; 5593, Simpson; 
5594, Triplett; and 5543, B&K and 
Fluke multimeters. The kit's modu- 
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lar construction allows the use of a 
conventional test probe, a spade 
lug, a Minigrabber test clip, or an 
alligator clip, through intercon- 
nects of sheathed banana plugs. 
The test -lead wire used in the kit is 
made with heat- and chemical -re- 
sistant silicone insulation. 

The user simply connects the 
test lead to the multimeter with 
the right-angled sheath plug, and 
then fits his choice of test -contact 
device to the sheathed banana 
plug on the other end. The ba- 
nana -plug interconnects can with- 
stand over 5 pounds of separation 
force. 

The Multimeter Test Lead Adapt- 
er Kits each have a suggested retail 
price of $27.50.-Pomona Elec- 
tronics Division, ITT Corporation, 
1500 East Ninth St., P.O. Box 2767, 
Pomona, CA 91769-2767. 

3 -PIN POWER RECEPTACLE. The 
NE208 from ITT Schadow com- 
bines an IEC 3 -pin receptacle, a 

power switch, and a remote actu- 
ator in one user-friendly package. 
It allows equipment manufac- 
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turers to put the ON/OFF switch on 
the front panel, where the status is 
clearly apparent, while leaving the 
power circuit at the back panel. A 
flexible cable connects the power 
module and the actuator, eliminat- 
ing the need for more costly wir- 
ing. Switching power at the back 
panel increases safety and de- 
creases EMI/RFI. The NE208is easi- 
ly mounted with a clip. Cable 
length is made to order. 

The NE208 3 -pin power recepta- 
cle costs between $5.00 and 

$10.00, depending on options and 
quantity ordered.-ITT Schadow, 
Inc., 8081 Wallace Road, Eden 
Prairie, MN 55344. 

BENCH MULTIMETER. The Fluke 45 
has a multi -function dual display 
that allows more measurements to 
be taken from a single connection 

-and a single instrument setup. The 
5 -digit, 100,000 -counts digital mul- 
timeter has additional selectable 
resolutions of 30,000 and 3,000 
counts, and includes a built-in 

Model 21125 Oscilloscope 
Same great features as 2120, 
except with delayed 
sweep 
Reg. $620 

OM ANNIVERSARY PRICE 

s519.40 

Model 1541A Oscilloscope DC to 
40 MHz., Dual Trace. 6" CRT tmv 
Sensitivity 
Reg. $845 

NTN ARNIVERSARY PRICE 

$739.40 

Model 2180 Oscilloscope DC- 
60MHz, dual trace, delay sweep, 
6° CRT, 1 mv. sensitivity 

Reg. $995 
8839.40 

WIN ANNIVERSARY PRICE 

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

Reg. sic 90 '1795.40 
4E111 ANNIVERSARY PRICE 

Model 2521 Digital Storage 
20MHz, Dual Trace CRT Readout, 
Cursors. RS232 Interface 

Reg. $3050 '2745.40 

ARTN ANNIVERSARY PRICE 

Model 1249 NTSC/RGB Color Bar 
Generator. Composite Video 

Regp$499 
RF Output $419.40 

ARTN ANNIVERSARY PRICE 

Model 2009 MTS TV Stereo 
Generator Ideal for Stereo TV, 

Receivers, VCR's and Stereo 
Adapter Service $ 

Reg. $499 419 ao 
MO ANNIVERSARY PRICE 

Model 2830 31%o DIGIT LED 
BENCH Mulllneter .5 DCV 
Accuracy, ALL 33 Ranges and 
Functions are Push Button 
Selectable 
Reg. $243 

NETN ANNIVERSARY PRICE 

Model 1045 Telephone Product 
Provides Basic Operation 

Tests for Corte(' and Cordless 
Telephones, Answering Machines 
and Automatic Dialers 

Reg. $495 $415.40 
OM ANNIVERSARY PRICE 

Model 1803 Frequency Counter 
100 MHz, 8 digit display, zero 
blanking AC or Battery 

Reg. $t99 $169.40 

$209.40 

MTN ANNIVERSARY MICE 

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

rend 'or FREE 528 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 
shipping costs.) 

ORDER TOLL FREE 

1-800-323-5925 
IN CHICAGOLAND 

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

I LEISt..r rruiviî.S L 

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 

165.40 Reg. $195 
MIN ANNIVERSARY PRICE 

Model 3011 Function Generator 
2 MHz, 4 digit display, TTL 8 
CMOS pulse outputs5199.40 
Reg. $239 

AOTN ANNIVERSARY PRICE 

Model 1830 DC Power Supply 
0-30V, 0-3A. high -low current 
range, Low ripple 

Reg. $251 5209.40 
AOTN ANNIVERSARY MICE 

Model 1801 DC Power Supply 
isolated 0-50V. 0-2A in ranges, 
fully automatic shutdown, Adj. 
current limit =389.40 
Reg. $463 

NM ANNIVERSARY MICE 

Model 1850 Triple Output Power 
Supply two 0-25 VDC p 5A and 
5VDC rg 5A, fully automatic 

Reg.shut down $489 549.40 
UM ANNIVERSARY MICE 

Model 1853 AC Power Supply 
variable isolated 0-150 VAC ' 
2A, built-in isolation transformer 

Reg. $200 3169.40 
40TH 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 
119,40 

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 cord. 
Include $5.00 per item for shipping and handling. 
D Viso Master Card D Discover 

Check O Money Order O Rush Catalog 
Card No. Exp Date 

Name 

Company 

Street Address 

City State Zip J 
23 
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RS -232 interface for PC instrument 
applications. An optional IEEE -488 
interface and QuickStart 45 soft- 
ware are available separately. 

Using the bright, vacuum -fluo- 
rescent primary and secondary 
displays, a wide variety of different 
measurement combinations can 
be viewed. Other features include 
true RMS AC and DC measure- 
ment for voltage or current, MIN 
MAX, relative reference, and auto - 
ranging. The unit also has a com- 
pare function for easy in -tolerance CIRCLE 14 ON FREE INFORMATION CARD 

Test 
Accessories 

Problem SohingManual 
1989 Edition As all engineers and technic_ans 

know, assembling a test setup can become qui_e a 
problem if the proper interconnecting test accessories 
are not readily at hand. 

That's why it's smart to review the product 
featured in our new 1989 `Problem Solv_ng' General 
Catalog, and have the solution handy befcre assembly. 

Our 1989 edition features 900 of the z_ghest qual- 
ity and most accurate test products you will find 
anywhere. Rest assured, Pomona delivers-on time- 
the broadest and most varied selection of precision test 
accessories in the industry. 

For your FREE 1989 
General Catalog, circle ITT Pomona 

Electronics service number 
printed below. An IT rE tronfrrn,,,dror c ,.pnnR. ;twirl: Mr p,* n. 

CIRCLE 101 ON FREE INFORMAT ON CARD 

testing, a frequency -counter func- 
tion to 1 MHz, a dB -function with 
25 reference impedances, audio 
power, diode test, and continuity. 

The Fluke 45 bench multimeter 
has a suggested list price of 
$595.00.-John Fluke Mfg. Co., Inc., 
P.O. Box C9090, Everett, WA 98206; 
800-443-5853, ext. 33. 

SECURITY LIGHT CONTROL. 
Heath Zenith's Model SL5420 wire- 
less motion -sensor light control is 
designed to deter burglars by 
combining illumination with an el- 
ement of surprise, as the light 
flashes on as soon as a person en- 
ters the detection field. 

The wireless control consists of 
a battery -operated motion sensor 
and a receiver, which replaces any 
existing wall switch to control the 
light. The fully -adjustable motion 
sensor can be placed up to 150 feet 
from the receiver; by adding extra 
receivers, multiple lights can be 
controlled. The SL5420 uses pulse - 
count technology, which reduces 
the chance of false alarms. 

CIRCLE 15 ON FREE INFORMATION CARD 

The control can be easily 
mounted indoors or outdoors on 
any surface, including lamp posts, 
walls,and fences. Packaged in a 
dark, weather -resistant case, it is 
difficult for an intruder to detect at 
night. The user can set the dura- 
tion that lights remain on, or an 
adjustable photo cell can change 
the times the lights turn on at 
night. 

The SL5420wireless motion -sen- 
sor light control, which is compati- 
ble with Heath Zenith wireless 
security systems, retails for under 
$100.00.-Heath Zenith, Consumer 
Products Group, Hilltop Road, St. 
Joseph, MI 49085. 

continued on page 26 
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THINK OF IT AS AN 
ELECTRONIC 
SWISS ARMY KNIFE. 

CAPACITANCE 
METER 

This 41 range 

digital voltmeter, 

ammeter, ohmmeter, frequency 

counter, capacitance meter, logic 

probe, transistor and diode tester features 

an extra -large LCD display, rugged 

drop -resistant case and high-energy fusing. 

While you won't flip -out forks or knives, 

you will flip for the versatility of this low- 

priced wonder. For immediate delivery, see 

your local B&K-PRECISION distributor. 

388 -HD 

V -0 -Hz COM 

1000V. SUUY 
750V..rsev 1+) .. I-I 1 C, UNFUSED 

L- -- LOGIC 
_ rOAcorvt MaxJ *ac 

TEST BENCH,. 

What an idea the Swiss had... 
a hand-held device combining 

many different tools in one 
unit. The same inspiration is 

behind B&K-PRECISION's 

new Model 388HD Test 

Bench. It offers the 

capabilities of five 

popular instruments 

in one hand-held 

package. 

LOGIC 
PROBE 

DIGITAL 
MULTIMETER 

p' TRANSISTOR 
TESTER 

MAXTEC INTERNATIONAL CORP. 
6470 W. Cortland St. Chicago, IL 312-889-1448 
International Sales, 6470 W. Cortland St., Chicago,IL 60635 

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

CIRCLE 77 ON FREE INFORMATION CARD 

B&K-PRECISION 
TEST BENCH 
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LEARN VCR 
CLEANING/MAINTENIANCE/REPAIR 
EARN UP TO $1000 A VYEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

a 

Secrets 
Revealed! 
NO Special 

Tools or 
Equipment 
Needed 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able 
to use voltmeter, understand DC electronics)... . 

IF you possess average mechanical ability, and have a 

VCR on which to practice and learn. ...then we can 
teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO -MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD -WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair-"real world" information that is 
NOT available elsewhere! 
Also includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service op- 
eration! 

FREE INFORMATION 
CALL TOLL -FREE 1-800-537-0589 

Or write to: Viejo Publications 
3540 Wilshire BL. STE 310 

Los Angeles, CA 90010 Dept RE 

CIRCLE 185 ON FREE INFORMATION CARD 

TELEPHONE DIALER/DIRECTORY. 
Texas Instrument's TI -3100 Pocket 
Dialer also acts as a telephone di- 
rectory, an appointment schedule, 
a calculator, and a clock with 
alarm. The compact unit weighs 
only 5 ounces, runs on one lithium 
battery (included), and comes with 
a protective slide case that doesn't 
interfere with the dial function. It 
offers the convenience of com- 
pletely portable, one -handed, 
one -button telephone dialing, 
with keyboard graphics that are 
color -coded by function. 

As a dialer, users hold the unit 
against a phone with one hand, 
leaving the other hand free for 
writing. It has one -button redial, 
pause, slow -dialing, and local -di- 
aling features. The TI -3100's direc- 
tory function provides storage of 
up to 125 two-line entries, which 
are stored alphabetically and can 
be retrieved by scrolling or, more 
quickly, by typing the first word or 
letter and then scrolling. A secret 
password can be used to protect 
sensitive entries. Information 
about appointments is stored by 

Choose from 31 
Career Opportunities 

Get Your Specialized Associate Degree 
or Career Diploma at Home in Spare Time 
Without attending college and with 
no previous experience, you can 
train for a money -making career. 
Send for free facts and color bro- 
chure on employment opportunities 
in the field that interests you most. 
See how easy it is to train at home 
for a great new career or advance- 
ment on your present job. 

CALL 
TOLL 
FREE 

r ACS 
SINCE 1990 

1-800-228-5300 DÉ 359 
CALL ANYTIME-operators to take your call 24 hours a day. 

7 days a week. No cost No obligation. No salesman will Visit you 

OR MAIL COUPON TODAY! 49sze 

International Correspondence Schools 
Dept. DES59, Scranton, PA 18515 

Please send me free facts, color brochure and full information 
on how I can study at home for the career I have chosen. 

CHECK ONE BOX ONLY! 
ASSOCIATE IN SPECIALIZED ASSOCIATE IN SPECIALIZED 
BUSINESS DEGREE TECHNOLOGY DEGREE 
PROGRAMS PROGRAMS 
E Business Management E civil Engineering Technology 
E Accounting Mechanical Engineering Tech. 

Business Management Electrical Engineering Tech. 
with option in Finance Electronics Technology 
Business Management 
with option in Marketing 

CAREER DIPLOMA PROGRAMS 
High School Microcomputer Repair 
Auto Mechanics E Bookkeeping 
Surveying 8 Mapping Art 

13Draf tin g Motorcycle Repair 
Catering/Gourmet Cooking 
Computer Programming 
Fitness 8 Nutrition 
TVNCR Repair 

D Photography 
Journalism/Short Story Writing 
Commercial Art 

Air Conditioning 8 Refrigeration 
E Wildlife/Forestry Conservation 

Police Sciences 
E Diesel Mechanics 
E Electrician 

Small Business Management 
Gun Repair 
Electronics 

Name 

Address 

City/State 

Lone ( I 1 

Age 

Apt # 
Zip 

p A Subsidiary of National Education Corporation 

CIRCLE 182 ON FREE INFORMATION CARD 
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date, in chronological order; the 
alarm can be used as a reminder. 

The TI -3100 Pocket Dialer has a 

suggested retail price of $65.00.- 
Texas Instruments, Consumer Rela- 
tions, P.O. Box 53, Lubbock, TX 
79408; 806-747-1882. 

TOOL CASE. Vaco's Tool Bux 
#70470 is a rugged Cordura nylon 
case that contains a Convenient as- 
sortment of 20 popular tools, in- 
cluding screwdrivers, nutdrivers, 
electrical tools, and specialty 
tools. Strong elastic holders keep 
each tool in place, for well -orga- 
nized ease of selection. The water- 
resistant case has sturdy webbed 
handles and three expandable 
pockets. It measures 15 X 11 x 21/4 

inches. 

CIRCLE 17 ON FREE INFORMATION CARD 

The Tool Bux #70470 tool case 
costs $222.04.-Vaco Products., 
7200 McCormick Blvd., Chicago, 
IL 60645. R -E 

CIRCLE 108 ON FREE INFORMATION CARD 
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Now Testing Is 
Seven Times Easier. 
1. End Blown Fuses. 
The new 200 Series multimeter is 

protected from excess voltage or surges 
with a self -resetting fuse. 

2. Keep Your Eyes On Your Work. 
Quickly probe a circuit board listening 
for audible tone changes that pinpoint 
the problem without glancing at 
the LCD. 

3. Detect Intermittents. 
Hear a distinctive crackling sound 
when an intermittent occurs. 

4. Find Dead Capacitors. 
Capacitor voltage build-up or 

;IoNi-ce 
1;itítl1ß. 

bleed -off is heard loud and clear with 
the 200 Series' Audible Readout. 

5. Find Logic Stuck-Ats. 
Using standard leads, a fast Logic 

Pulse Detector lets you easily detect 
pulses down to 5Ons. 

6. Adjust Voltage Levels. 

When adjusting audio or video 
response, an audible tone that changes 
pitch as measured signals increase or 
decrease permits faster and easier 
adjustments. 

7 Stop Third Hand Problem. 
Tilt stand and Skyhook; " auto -ranging, 

and Audible Readout allow you to 

spend less time fiddling with your 
meter. 

FEATURES 222 223 

Audible Readout 

Logic Pulse Detector 

Fast Auto -Ranging 

Self -Resetting Fuse 

Auto -off Battery Saver 

DC Voltage Accuracy 0.5% 0.25% 

Warranty 2 years 2 years 

Price $129.00 $149.00 

The 200 Series. Multimeters that 
take the work out of work. Call 

or write for complete information. 
1-800-227-9781 Inside California. 
1-800-854-2708 Outside California. 

Beckman Industrial" 
3883 Ruffin Road, San Diego, CA 92123-1898 

Beckman Industrial Corporation Instrumentation Products Division A Subsidiary of Emerson Electric Company 

©1989 Beckman Industrial Corporation Specifications Subject To Change Without Notice. 

CIRCLE 98 ON FREE INFORMATION CARD 
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An affordable portable i. 

Price/Bandwidth 

$4995 100 MHz 2230 DSO' 20 MS/s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS -232-C Option 

$3995 60 MHz 2221 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS -232-C Option 

$2995 60 MHz 2220 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, GPIB or RS -232-C Option 

$2995 100 MHz 2236 Two Channel, Counter/Timer/DMM, Dual Time Base 

$2795 100 MHz 2247A Four Channel, Counter/Timer, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors" 

$2495 100 MHz 2246A Four Channel, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors,'" Dual Time Base 

$2395 50 MHz 2210 DSO, 20 MS/s Sample Rate, 4K Record Length 

ee $1495 20 MHz 2201 DSO, 10 MS/s Sample Rate, 2K Record Length, Hard Copy (RS -232-C) Option 

$1895 100 MHz 2245A Four Channel, Auto Setup, Cursors, Dual Time Base 

$1695 100 MHz 2235 Two Channel, Dual Time Base 

$1095 50 MHz 2225 Two Channel, Horizontal Magnification (x5, x10, x50) 

$695 20 MHz 2205 Two Channel 

'Digital Storage Oscilloscope 

Check the prices 
and performance. You'll find 
the best measure of both in 
Tek 2200 Series Oscillo- 
scopes. Twelve scopes with 
bandwidths ranging from 20 
to 100 MHz. Two and four 
channels. Analog and digital. 
And prices starting at just 
$695. 

Select for such features 
as automatic setup, time 
and voltage cursors, 
built-in DMM functions, 
Counter/Timer and dual 
analog/digital capabilities 
at the push of a button. 

These are scopes you'll 
appreciate for their well - 
proven reliability, achieved 
through simplified, practical 
internal design. They come 

Copyright ©1988, Tektronix. Inc. All rights reserved. TAD -9038-2 
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right within your range. 

>ITS/ DIV 

. ;7. 
'e 

.. 

Mt : ; i z,e T 

1804 tilMelffle u r 

___ 
lekrroni. azos 

wf>tq19Mho 

Industrial -quality test 
instrumentation starting 
at $295. 

For easy ordering 
or mcre information, 
call Te< direct: 

complete with probes and 
comprehensive Tek warranty 
that includes the CRT 

Ask those who own, use 
and rely on one-on the 
bench or in the field. There's 
just no substitute for genuine 
Tek quality. At any price. And 
at these prices, all the better. 

Order one to go. Ask your 
Tek representative to set up a 
demo. Or call Tek direct. No 
need to settle for less when 
there's a top quality Tek 
portable with perform- 
ance and price right 
within your range. 

1-800-426-2200 -e 
Téktronix 

COMMITTED TO EXCELLENCE 

CIRCLE 92 ON FREE INFORMATION CARD 
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WITH CIE, 
THE WORLD 

OF ELECTRONICS 
CAN BE YOUR 
WORLD, TOO. 

Look at the world as it was 20 
years ago and as it is today. 

Now, try to name another field 
that's grown faster in those 20 years 
than electronics. Everywhere you 
look, you'll find electronics in 
action. In industry, aerospace, 
business, medicine, science, 
government, communications- 
you name it. And as high 
technology grows, electronics will 
grow. Which means few other 
fields, if any, offer more career 
opportunities, more job security, 
more room for advancement-if 
you have the right skills. 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 

It stands to reason that you 
learn anything best from a 
specialist, and CIE is the largest 
independent home study school 
specializing exclusively in 
electronics, with a record that 
speaks for itself. According to a 
recent survey, 92% of CIE 
graduates are employed in 
electronics or a closely related 
field. When you're investing your 
time and money, you deserve 
results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 

We believe in independent 
study because it puts you in a 
classroom of one. So you can study 
where and when you want. At your 
pace, no somebody else's. And 
with over 50 years of experience, 
we've developed proven 
programs to give you the support 

such study demands. Programs that 
give you the theory you need 
backed with practical experience 
using some of the most 
sophisticated electronics tools 
available anywhere, including our 
Microprocessor Training 
Laboratory with 4K of random 
access memory. Of course, if you 
ever have a question or problem, 
our instructors are only a phone 
call away. 

r 

START WHERE YOU WANT, 
GO AS FAR AS YOU WANT. 

CIE's broad range of entry, 
intermediate, and advanced level 
courses in a variety of career areas 
gives you many options. Start with 
the Career Course that best suits 
your talents and interests and go as 
far as you want-all the way, if you 
wish, to your Associate in Applied 
Science Degree in Electronics 
Engineering Technology. But 
wherever you start, the time to start 
is now. Simply use the coupon 
below to send for your FREE CIE 
catalog and complete package of 
career information. Or phone us, 
toll -free, at 1-800-321-2155 (in Ohio, 
1-800-523-9109). Don't wait, ask for 
your free catalog now. After all, 
there's a whole world of electronics 
out there waiting for you. 

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

Member NHSC 
Accredited Member National Home Study Council 

CIECleveland Institute of Electronics, Inc. 

c 
1776 East 17th Street, Cleveland, Ohio 44114 

YES... I want to learn from the specialists in electronics-CIE. 
Please send me my FREE CIE school catalog, including details about 
CIE's Associate Degree program, plus my FREE package of home 
study information. 

Name (print): 

Address: 

City: State: Zip: 

Age: Area Code/Phone No.: / 
Check box for G.I. Bill bulletin on educational benefits: MAIL 

E Veteran Active Duty TODAY! 

ARE -129 
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BEING WIRETAPPED 
IS NO JOKE. TODAY'S 

micro -miniaturized electronics 
1 the 

made it easy for anyone 

know-how and willful attitude o 

your phone and invade yourprivacy. 

Whether you call it eavesdropping, 

phone tapping, radio interception, or 

covert operations, we'll show you 

how to hunt down those tiny bugs. 

Although there are many adver- 

tised gadgets that claim to locate lan- 

destine transmitters, licensed private 

investigators, with few exceptions, 

have neither 
to 

technical expertise 
them 

nor backgroundproperly 
use 

Consequently, more and more inves- 

tigators are turning to radio techni- 

cians who are knowledgeable in 

counter -surveillance technology. t tech- 

1 

TBAC1NG 
DOWN 
BUGS 
USING A 
SPECTRUM 
AN AIAYZER 

Are you being bugged? 

Here's how to find RF 

bugging devivices that 

are invading your privacy. 

equipment, and his expertise 
to locate clan- 

destine 
who are trying 

That's why a compen designed to be hoo covered, 

nician with an inquisitive mind and are 
modification. Now admittedly, 

soundGPIB will interface the spec ac's out 

rental r equipment income 
(perhaps 

can sup- 
dollars for that option mightyou're put B the plotter. 

the p Pp era a s $100 + but when 
income (p himself, his like a lot of money; 

per hour) by availing 

RICHARD A. BOWEN 

talking about a $10,000 investment, if 

it's not really that much. After all, 

you're trying to discern what type of 

destine transmitters. intelligence is contained din 
receiver.a deter 

detected 

signal, you need a g 
Of 

Tools of the trade benefit would be some 

The first order of business is haveof 
kind 
tremendous 

mixer, down converter, or pre - 

tools 
or 

detecting 
But 

bugs 
that the right 
that are posi- scaler to extend the receiver's fre- 

tionedto 
at hiding quency range. ara 

Bary 

persons goodFor obvious reasons, it's 
ped anau- 

them? none, the most invaluable 
an). 

mount to tape-record the Bugg 

tool is a spectrum analyzer r 
the author is an IFR dio; also, a first-rate direction -finder 

The one used by is necessary so you can track 
down 

mo 
when 

which becomes porta- 

ble using its built-in Nickel and 
rissons 

clandestine, or spurious 

essen- option that is extremely 
Cadmium ( battery-anAnother Interface 

goodPurposeYou'll also need a interface with a plotter, 

scan the RF spectrum looking for the Bus (GPIB) 
ou to make hard - 

bug's frequency. Many spec -ans have which will allow yutoof the 
hard - 

radio -scanner 

printouts 
have us - 

radio -scanner options (receivers) 
up pect frequencies that y 

ked up or wish to document. The 
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There are a lot of gizmos that are 
advertised on the market as so-called 
"counter -intelligence devices." The 
author is compelled to warn you that 
most of the equipment will not per- 
form as advertised, and the equipment 
that will perform is often unethically 
sold for 3 to 5 times the list price- 
caveat emptor! 

If you think that you're being 
bugged, you may be desperate for 
anything that advertises to solve your 
problem quickly. The false promise of 
those gizmos seems like a good risk. 
But wait a minute: That's exactly what 
those unethical companies are de- 
pending on to motivate a sale! Don't 
fall into their trap. There's no short- 
cut gizmo that can replace the proper 
test equipment in the hands of a 
qualified radio technician. 

Sleuthing 
Technicians make some of the best 

detectives in the world-no kidding! 
They have to investigate why some- 
thing doesn't work and trace down the 
fault; that takes an inquisitive mind. 
And if one has a good sense of busi- 
ness, there's plenty of work in coun- 
ter -surveillance. That's because pri- 
vate citizens are being illegally 
bugged every day; not to mention all 
the industrial and foreign espionage 
that seems so prevalent in today's 
world. Yes, indeed, when word gets 
around that a technician knows how to 
ferret out phone -taps, that person's 
skills will be in demand. 

Most people just aren't aware of all 
the inexpensive devices that can be 
legally purchased to invade their pri- 
vacy. Figure 1 shows three tiny bugs 
that can hear everything you say. Al- 
though clandestine bugs can come in 
small packages, a willful intruder will 
use what's handy and what works. 
Bugs range from sugar -cube sized 
"wireless microphones" for $20, to 
candy -box sized "wireless inter- 
coms," and handhelds, that will al- 
low anyone within a half -mile radius 
to listen to every spoken word in your 
home. And you can bet that there are 
many more sophisticated and much 
more expensive devices, too! Let's 
face it; not just anyone can find one of 
those cleverly hidden bugs in your 
home or office. It takes someone like 
a technician with expert knowledge of 
radio transmissions, having the skills 
and equipment needed to track down 
tiny radio bugs. 

Did you know that a perfectly legal 

FIG. 1-THESE ARE CLANDESTINE radio 
bugs. In (a), a parasitic phone -tap is 
shown disassembled. In (b), a Radio 
Shack FM -transmitter (part No. 33-1076) 
can be conveniently dropped behind the 
cushion of a chair. In (e), this tiny FM 
transmitter can be hidden in a kitchen 
cabinet. 

(FCC registered) phone tap is avail- 
able from many companies for only 
$25? That's because there's a big mar- 
ket for bugging your own phone. Just 
think for a moment: At one time or 
another haven't you called some big- 
time attorney, or doctor, or insurance 
company, only to hear strange beep - 
tones or clicks. That's right, you're 
being recorded-and it's all legal! 

Most people are under the impres- 
sion that intercepting your own tele- 
phone conversation, or recording the 
conversion without beep tones, is il- 
legal. That simply isn't true! You 
don't have to notify anyone that 
you're tapping your own phone. How 
about that! And if you can buy a sim- 
ple phone -tap, so can a criminal out to 
victimize the average Joe. 

Bug frequency 
Let's suppose a client suspects a 

radio bug has been planted in his tele- 
phone. However, the client might lack 
the know-how to either disassemble 
the phone, or even tell the difference 
between a wiretap and the normal 
telephone's circuitry. It's possible that 
the client has found a wiretap, but 
dosen't know what to do. A common 
wiretap is shown in Fig 1-a. It's a 
"parasitic telephone transmitter" (not 
to be confused with parasitic or spu- 
rious emissions from a legal RF trans- 
mitter). 

The nomenclature "parasitic" was 
derived from the fact that the bug 
steals power (as a parasite feeds on 
others) from the telephone company 
and, consequently, needs no external 
battery or antenna. Those devices use 
the telephone's own headset coil -cord 
and associated wiring as the antenna, 
and the 48 -volt central -station battery 
for power (which drops to about 10 
volts when the handset is off hook). 

Depending upon how the tiny 
phone -bug is designed and where it's 
located, it can be received on an FM 
radio, or other receiver, up to one-half 
mile away. The beauty of that bug is 
that it can't be detected unless it's 
actually operating, which means the 
phone must be off -hook. And al- 
though able to operate on virtually 
any frequency, it's common to sand- 
wich the transmissions between high- 
powered FM -broadcast stations; that's 
so they won't create radio interference 
that would tip off the authorities. Be- 
sides, an FM transmission can be re- 
ceived by any inexpensive FM car 
radio-usually sitting in front of, or 
nearby, the victim's house or busi- 
ness. 

Here's a step-by-step procedure 
using a spec -an to make any bug stand 
out like a sore thumb: 
Step 1: Set scan -width for the 88 MHz 
to 108 MHz FM broadcast spectrum. 
Step 2: Set bandwidth resolution to 3 
kHz. You will now have a factual dis- 
play of all electromagnetic radiations 
occurring in the 88 MHz to 108 MHz 
frequency range. 
Step 3: Set the "peak hold" to cap- 
ture and store all legitimate signals 
that are on the air (see Fig. 2-a). 
Step 4: Digitally invert all stored in- 
formation (see Fig. 2-6). 
Step 5: Pick up the suspected tele- 
phone (off hook) and you'll notice 
that the signal previously not present 
is now displayed (see Fig. 2-c). 

What we have accomplished is a 
digital cancellation of everything that 
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should be on the air against a brand 
new signal that was not there prior to 
our picking up the phone, but which 
now sticks out like a sore thumb. 

Incidentally, for evidence in court 
(and customer records) the plots that 
are reproduced can be made at the 
actual scene of the crime with the 
GPIB option (also known as 
IEEE -488). One GPIB is available 
from IFR to connect their spec -an to a 
Hewlett Packard 7470A Plotter. 
Whatever spectrum analyzer and plot- 
ter you're using, contact the manufac- 
turer's representative for interfacing 
suggestions. 

Bug locating 
If you are sharp enough to find a 

bug, the last thing in the world that 
you want is the bug to hear itself! (If 
the bug is active, it is logical to as- 
sume that someone is listening.) 1f 

you have a receiver tuned to the bug 
with speaker audio, and you get too 
close, you'll get audio feedback, 
which will immediately tip off the spy 
that you're on to him! No good! 
Here's what to do. 

Once the bug's frequency is found, 
use headphones with a long, long, 
extension cord (maybe 50-100 feet or 
so) to listen to the audio. Now walk 
around the house tapping the walls, 
rattling objects, or talking in a normal 
voice, while listening for an increase 
in volume level. Make your rattling 
sounds appear as natural as possible, 
so that the "bad guys" don't become 
suspicious. If the bug is in the kitch- 
en, then as you move from the living 
room into the kitchen, the bug will 
pick up more audio thereby transmit- 
ting a higher -amplitude signal. You'll 
hear that over your headphones. 

The receiver option of your spec -an 
will undoubtedly have a speaker out- 
put. Figure 3 shows how to convert 
the speaker output to a headphone 
output only. Although by no means 
any engineering marvel, the modi- 
fication is extremely effective and re- 
tains the integrity of the receiver! The 
audio is re -directed (using shielded 
coaxial -cable) from the speaker to a 
set of headphones. Figure 4 shows the 
author's home -built adaptor box. Al- 
ternatively, a set of cordless infrared 
headphones, such as Maxon's model 
49 -SA can be used, which would not 
only eliminate the possibility of trip- 
ping over a long headphone cord; but 
they are also useful in detecting in- 
frared bugs-yes, those exist, too! 
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FIG. 2--A SPECTRUM ANALYZER WILL INTERCEPT THE BUGS FREQUENCY. In (a), the 
broadcast (88-108MHz) FM spectrum is scanned and stored. In (b), the stored spectrum is 
digitally inverted. In (c), the bugs frequency sticks out like a sore thumb when the phone - 
tap begins transmitting. 
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FIG. 3-USE HEADPHONES FOR LISTENING TO THE BUG'S TRANSMISSIONS. In (a), this 
circuit will modify your receiver's speaker output for headphone use only. As shown in (b) 
, when the phone plug is inserted, the closed-circuit spring opens, thereby cutting off the 
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FIG. 4-USE THE AUTHOR'S home -built 
adaptor box with either a pair of stereo 
headphones, or a cordless infrared trans- 
mitter and receiver. 

ANTENNA. 
SWITCH 

FIG. 5-HERE'S YOUR PERFECT 
sleuthing setup: a spectrum analyzer, au- 
tomatic direction -finder, antenna switch- 
ing box, and headphone audio -adaptor to 
listen privately to clandestine transmis- 
sions. 

The headphone adaptor box can be 
attached with Velcro tape to the side 
of the spec -an. In addition to provid- 
ing headphone -only audio, J2 can in- 
put to a Voice Operated Transmit 
(VOX) actuated tape -recorder, J3 can 
input to an oscilloscope, Automatic 
Direction Finder (ADF), or whatever 
else is required. Note: Use only a 1/4" 
stereo phone -plug for audio -jack JI; 
that's because if a monophonic 
phone -plug is inserted, it will short- 
circuit the audio amplifier. 

An actual bust 
As a case in point, the author's ser- 

vices were requested by an out-of- 
state detective agency. They had a cli- 
ent who quite honestly thought she 
was losing her mind. 

Separated from her husband and 
having their two children in her 
custody, the children stood to inherit 
close to three million dollars, which 
would be administered by their legal 
guardian as a trustee. (Not a bad situa- 
tion for the legal guardian.) To her, it 
seemed that every single word she 
said inside her home, or over the 
phone, was somehow being over- 
heard. No one could find any clan- 
destine listening device, and her 
suspicions seemed to be getting the 
best of her. She thought, "Is my ex- 
husband trying to collect evidence to 
prove that l'm an unfit mother, and 
then use that as a tactic in court to 

remove my guardianship?" The hus- 
band would then stand to become the 
trustee to three -million smackers. 

The author and out-of-state detec- 
tive set up a spectrum analyzer, and 
proceeded to search for a radio signal 
that shouldn't be there. After an hour 
or so, an intermittent signal kept pop- 
ping up in the middle of the FM - 
broadcast band that didn't correlate 
with any known or published local 
radio -stations in the area. Without go- 
ing into detail, it was established that 
a frequency -hopping transmitter was 
operating, and was remotely con- 
trolled by an AC line -current carrier 
transmitter. 

In other words, that was a bug that 
selectively transmitted information 
on numerous frequencies. The pur- 
pose was to make it much more diffi- 
cult for someone, to locate the bug 
because it would continually "hop" 
to a new frequency. If such a signal is 
monitored on a single frequency, all 
that is heard is gibberish. 

The control of that device was dis- 
covered to be an AC line -current car- 
rier transmitter that could activate or 
disable the bug from a convenient lo- 
cation in the neighborhood. Now that 
you have found something as insid- 
ious as that, what do you do? Psychol- 
ogy is always the best weapon. If we 
were to rip the bug out, the "bad 
guys" would instantly know that it 
was found. 

The author made a hand-written 
note, showed it to the parties in- 
volved, and instructed them to walk 
outside onto the patio where their 
conversation could not be overheard. 
There he informed the victim that she 
was neither paranoid nor insane, and 
she immediately fell into the author's 
arms, crying in relief. The author ad- 
vised that if they tore apart the kitchen 
cabinets, (where the bug was located) 
that the perpetrator would be aware 
that the bug had been discovered. 

So "what now?" The author sug- 
gested that she make a tape recording 
(at another residence) of the kids 
screaming and carrying on, as if 
something terrible was happening. 
The next step of the plan was to take 
the children and place them in some- 
one else's custody, whose testimony 
and verification could not be disputed 
in a court of law. 

Having done that, she should stay 
in her house alone, play back the tape 
as loud as possible, grab a few pots 
and pans and make as much noise as 
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possible (portraying a scene of total 
chaos and child abuse). The whole 
purpose of that action was to find out 
who would show up. 

Well, it worked! It was the in-laws 
(outlaws) that showed up, and not the 
husband, much to the surprise of ev- 
eryone. I can only presume that they 
cared more about the three -million 
dollar inheritance than they did about 
the welfare of their grandchildren. 

Spec -an modifications 
Unfortunately, the IFR A7550, 

along with other spectrum analyzers, 
has one fault in common: There is an 
unacceptable amount of leakage from 
the internal oscillators that cause 
alarming and inaccurate readings 
with an antenna placed as far as 20 to 
30 feet away. The problem is caused 
by RF case leakage that can easily be 
corrected. But if you don't correct it, 
that leakage will ruin your day! 

Spectrum analyzer RF leakage can 
be cured by making sure that the front 
and rear mounting bezels make good 
contact with the case. Dissimilar met- 
als should not be used, because ox- 
ides caused by the bi -metallic contact 
will form a resistive film that isolates 
the bezel from the chassis. That turns 
the bezel and aluminum case into an 
antenna which, in turn, radiates all of 
the internal RF of the spec-an's cir- 
cuitry. Also make sure that your plot- 
ter is line -filtered so that RF energy 
emitted by its microprocessor circuit- 
ry is not radiated into the power line. 

RF direction -finding 
Sometimes clandestine, spurious 

or overbearing emissions can be so 
powerful that they cause problems 
many miles from their source. Enter 
the automatic direction finding sys- 
tem manufactured by Doppler Sys- 
tems Inc., PO Box 31819, Phoenix, 
AZ. 85046, (602) 488-9755. Figure 5 

shows the Doppler direction -finder 
attached by Velcro to the right top of 
the spec -an. The circle of LEDs indi- 
cates the bearing to the RF source, 
while a 7 -segment LED -display indi- 
cates the bearing in large numerals. 
The Doppler system has a frequency 
range of 27 MHz to 500 MHz, and 
can be connected to any standard 
VHF or UHF FM -receiver. No re- 
ceiver modifications are required- 
simply plug the Doppler electronics 
into the receiver's antenna and exter- 
nal speaker jacks. 

As shown in Fig. 6, four 1/4 -wave 

a b 

FIG. 6-DIRECTION FINDING using Doppler System's four matched quarter -wave whips, 
shown in (a), are supported on magnetically mounted bases for mobile operation. In (b), 
four collapsible antennas are mounted on a sturdy platform, on top of the author's roof. 

whip antennas can be mounted on a 
car's roof for mobile operation, or on 
the roof of a house. The antennas can 
electronically simulate a rotating di- 
rectional -antenna. As the antenna 
moves toward the RF source, the ap- 
parent signal frequency increases; as 
the antenna moves away from the 
source, the apparent signal frequency 
decreases. That up -down (Doppler) 
frequency shift is detected by the FM 
receiver as a 300 -Hz audio tone. The 
phase of the tone is related to the 
bearing angle and is used by the direc- 
tion -finder electronics to compute and 
display the bearing. 

The purpose of the direction -find- 
ing platform is to get an initial bearing 
to the desired signal, and the relative 
signal strength. The 1/4 -wave whip an- 
tennas must be tuned to the exact fre- 
quency of the clandestine transmis- 
sions. You know the exact frequency 
by using the spectrum analyzer. The 
antennas are collapsible and will al- 
low tuning by extension -retraction, 
and spacing the bases by sliding them 
along the platform. To work properly, 
the antennas must be spaced approxi- 
mately 1/4 -wavelength apart. 

One of the capabilities of a spec- 
trum analyzer is the ability to identify 
the frequency of the offending radio - 
emission. That includes spurious 
emissions that are common in areas 
where multiple transmitters are 
placed in close proximity with each 
other. Besides the non-linear mixing 
that occurs in a transmitter's final - 
amplifier (called intermodulation) 
that create strong spurious signals, 
other far more exotic kinds of hetero- 
dyning also occur. 

One time the author found a "dif- 
ference" frequency coming from an 
oxidized dome of a town hall. There 

were two AM -broadcast stations less 
than a mile away; one was on 1590 
kHz and the other on 900 kHz. Within 
a half mile of the town hall, everyone 
in town could hear one of the stations 
at 690 kHz! That was caused by rec- 
tification from the dome's copper -ox- 
ide layer. 

When "DF ing" a spurious signal 
in a moving vehicle, it is absolutely 
imperative that you have an assistant, 
or navigator to read a road map and 
give directions, or more important- 
to prevent you from kissing a tele- 
phone pole. Using Doppler System's 
Automatic Direction Finder (ADF), 
the author has been able to track down 
signals to a specific section of a 
house-from the road out front! 

Proximity signals 
If you narrow down a suspected 

transmitter to within a given area, 
here's one method of determining its 
proximity. Place three identical anten- 
na's having identical lengths (and 
types) of coaxial cable connected to a 
coaxial -switch box. Use the best 
coax, like RG 223-U coaxial cable, 
which is double -shielded (98% each) 
silver-plated (both shields and center - 
conductor) cable to ensure total integ- 
rity of the received signal. That may 
sound like overkill, but if you're go- 
ing to do something, why not do it 
right? 

Separate the three antennas by 
about 30 feet. A low -powered bug will 
show a marked change in signal 
strength on the spec -an, when anten- 
nas are independently selected. The 
stronger signal will indicate the rela- 
tive bearing of the transmitter's loca- 
tion. Transmissions from far away 
will indicate almost identical signal 
strength. R -E 
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you savings up to 70% on a wide selection of books. 

EASY MEMBERSHIP TERMS ...IT'S WORTHWHILE TO BELONG! 
Your only obligation is to purchase one more book - at a handsome discount - 
during the next 12 months, after which you enjoy the benefits of membership with 
no further obligation. Either you or the Club may cancel membership anytime 
thereafter. 

Be sure to 
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INTRODUCTION TO RADAR SYSTEMS, 
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REFERENCE DATA FOR ENGINEERS: Ra- 
dio, Electronics, Computer, and Com- 
munications, Seventh Ed. Edited by E C. 

Jordan. 

583619-X Pub. Pr., $39.95 Club Pr., $49.95 

THE LASER GUIDEBOOK. By J. Hecht. 
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FOR FASTER SERVICE IN ENROLLING 
CALL TOLL -FREE 1-800-2-MCGRAW 
r- - MAIL THIS COUPON TODAY 

McGraw-Hill Book Clubs 
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Jf 
IF YOU'VE EVER HAD THE FEELING THAT 

someone was illegally bugging your 
conversations, you were probably at a 
loss at how to find out for sure. Sig- 
nal -detection equipment is expensive, 
and paying a professional to sniff out 
bugs is even more so. Here we show 
you how to build an RF detector that 
can locate low -power transmitters 
(bugs) that are hidden from sight. It 
can sense the presence of a 1-mW 
transmitter at 20 feet, which is sen- 
sitive enough to detect the tiniest bug. 

As you bring the RF detector closer 
to the bug, more and more segments 
of its LED bargraph display light, 
which aids in direction finding. Fur- 
thermore, our bug buster costs less 
than $60 to construct, and is more 
effective than most high-priced 
gadgets to be found in flashy mail- 
order catalogs. 

Little-known ability 
Enter the cloak and dagger world of 

counter -surveillance electronics. Fre- 
quency counters have been used for 
years by the federal government, and 
police agencies for security work. 
You see, counters have the little- 
known ability to pick up and display 
the frequency of a hidden transmitter. 

Our bug buster was developed to 
solve a problem that law -enforcement 
personnel were having when using 
frequency counters to locate bugs. A 
sensitive frequency -counter with an 
antenna input will continuously dis- 
play random numbers caused by the 
counter's own oscillating circuitry. 
Nontechnical users tend to stare into 
the meaningless display, attempting 
to interpret the constantly changing 
numbers. Of course, the counter 
locks in solid when a real signal is 
present. 

The bug buster is a frequency coun- 
ter that doesn't self -oscillate, and is 
useful when knowing the bug's trans- 
mitter frequency is unimportant. As a 
field -strength meter, it will respond as 
the distance to the RF transmitter 
changes, allowing any bug to be pre- 
cisely located. 

Circuit theory 
As shown in Hg. 1, the front end 

has a two -stage wideband RF ampli- 
fier, and a forward -biased hot -carrier 

BUG DETECTOR 
Our hand-held "bug" buster can 

sniff -the -airways like a trained bloodhound. 

L. K. ROSS 

diode for a detector. After detection, 
the signal is filtered and fed to ICI, a 
LM3915N bar -graph driver having a 
logarithmic (log) output; that means 
each successive LED segment repre- 
sents a 3 -dB step, which helps display 
the wide dynamic -range signals that 
the bug buster will encounter. 

The front-end RF amplifiers are 
wideband Monolithic Microwave In- 
tegrated Circuit (MMIC) devices 
from Mini -Circuits, PO Box 350166, 
Brooklyn, NY 11235-0003: (718) 
934-4500. They have 50 -ohm input 
and output impedances from DC to 
2000 MHz. The gain is 20 dB through 
500 MHz, dropping to 11 dB at 2000 
MHz. The amplifiers are surface 
mounted on a .1" wide microstrip 
lead. Surrounding the amplifiers are 
surface -mounted coupling capacitors, 
standard (current limiting) resistors, 
decoupling capacitors, and chokes. 
Chip components were selected based 
on information supplied in the Mini - 

Circuits Publication entitled, A handy 
"how -to -use" guide for MAR mono- 
lithic drop -in amplifiers. The ampli- 
fiers perform exactly as described by 
the manufacturer; the agreement with 
specifications is really quite good. 

The input -sensitivity plot is shown 
in Fig. 2. Up to five amplifiers were 
connected in series in an attempt to 
increase the front-end sensitivity 
down to the level of a few microvolts. 
Although using more amplifiers does, 
in fact, increase apparent sensitivity 
when tested by a signal generator, the 
effective transmitter detection range 
does not increase. That's because the 
amplifiers are wideband, and have no 
tuning; therefore, increased ampli- 
fication is applied across the entire RF 
spectrum. The signal being measured 
in the real world must appear larger 
than the RF noise background in order 
to be detected. In conclusion, a gain 
òf about 40 dB was found to work best 
for detecting hidden transmitters. 
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FIG. 1-THE RF FRONT-END USES MMIC wide -band amplifiers, and a hot -carrier diode 
detector. 
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FIG. 2-THE INPUT RF -SENSITIVITY is greatest between 10 and 700 MHz. It then rolls off 
between 700 MHz and 1300 MHz, and remains almost constant out to 2500 MHz. 

To ensure stable operation without scale or zero -adjust potentiometers, 
having to constantly re -adjust the full- voltage regulator IC4, an LM317T, is 

programmed for approximately 6 
volts by R6 and R7. A 9 -volt alkaline 
battery supplies the regulator. 

Figure 3 shows the block diagram 
of the LM3915, consisting of a re- 
sistor -divider network and a chain of 
op -amp comparators. The output of 
each comparator is open (no current 
in or out) when the noninverting input 
is higher than the inverting input; the 
output goes low (sinking current) 
when the inverting input is higher. 
Each comparator controls a single 
LED segment, which lights when the 
comparator's output is low. 

The noninverting inputs can be 
considered as reference inputs. The 
resistor string has log -weighted val- 
ues, so that the current flowing from 
pin 6 to pin 4 generates the appropri- 
ate reference voltages at each of the 
ten comparator inputs. Those ten volt- 
ages always maintain the same rela- 
tive relationship even when the 
reference voltage changes. The signal 
input is buffered (amplified with a 
voltage gain of 1) to prevent loading 
the source. As the signal input in- 
creases between the reference low and 
reference high voltages, each com- 
parator will change state as its nonin- 
verting voltage is exceeded. 

The LM3915 has an internal 1.25 - 
volt reference source. Trimmer RIO 
will adjust the reference voltage ac- 
cording to this formula: 

VREF HI -1.25 (1 +R9/R10) + R2 IADJ 

The IADJ current is internally set to 
be less than 120 µA, while the LED 
brightness is controlled by the refer- 
ence current out of pin 7. The current 
through each LED segment is equal to 
ten times the current through R9 and 
RIO; therefore, changing R9 and or 
R10 will change the LED brightness. 

Switch S2 programs the LM3915 
for either a bar or a spot display. The 
spot display conserves battery life be- 
cause only one segment is on at any 
given time; however, the bar display is 
more pleasing visually. 

The sic IN voltage is the sum of the 
bias voltage on detector diode D1, 
plus any rectified and filtered RF from 
the input amplifiers IC2 and IC3. To 
offset the bias voltage, a low -voltage 
reference is generated by R4, D2, and 
Rll; it should track the bias voltage 
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FIG. 3-INSIDE THE BARGRAPH DRIVER 
is a series of op -amp comparators driving 
a LED bargraph. 

despite temperature changes, while 
capacitor C3 bypasses any RF to 
ground. 

Construction 
Figure 4 shows the parts placement 

for the bug buster's double -sided PC 
board. A plated -through silk- 
screened G10 glass -epoxy board is 
available from the source listed in the 
parts list, or you can etch your own 
using the artwork provided in "PC 
Service." 

In Fig. 5, the MMIC surface - 
mounted amplifiers and chip capaci- 
tors require a little extra care during 
installation. They can be hand -sol- 
dered with a small -tipped iron, but 
must not be overheated-and watch 
out for solder bridges. The LM3915 
bargraph-driver IC (ICI), the two 
trimmer potentiometers (R10, Rl1), 
and the two slide switches (51, S2), 
all install on the solder side (also re- 
ferred to as the far side) of the PC 

ANTENNA INPUT 

SOLDER 

. ;;:.,>.:.:.;,;.::.:;:.:ï 

9 -VOLT BATTERY CLIP 

S2 

; FAR i 

C2; 

board. All remaining components in- 
stall on the silk-screen printed side of 
the PC board. Holes are not provided 
in the microstrip for component leads; 
just solder the leads directly on top. 
Be sure to check polarity on the elec- 
trolytic capacitor, and the two diodes. 

The LM317T bolts to the PC board 
without any insulator. Solder the bat- 
tery leads to the appropriate locations 
labeled red and black. The BNC con- 
nector was modified with a 0.06" 
grove to fit in the PC -board cut out. 
Solder the BNC connector to both 
sides of the PC board as well as sol- 
dering the BNC center -pin to the foil 
trace. Snap on a 9 -volt battery and 
you're ready. 

Calibration 
The BNC-mounted telescoping -an- 

tenna is convenient and works well in 
the 100 -MHz to 470 -MHz range 
where the majority of all bugs oper- 
ate. To increase sensitivity to other 
frequencies, you have to use an anten- 
na specifically for that service. 

continued on page 50 

FIG. 4-THIS IS THE PARTS -PLACEMENT 
DIAGRAM. Opposite the side that's silk 
screened is the solder side-called the far 
side. Install the components on the cor- 
rect side, with the polarity in the right di- 
rection. 
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AMATEUR 
TV TRANSMITTER 

RUDOLF E GRAF and 
WILLIAM SHEETS 

Add TV transmission to your radio shack. 

HOW WOULDf( )( LIKE TO TRANSMIT COMPLETE VIDEO« HIM R (-OLOR OR .ACK-A ND-WHITT. 

with accompanying audio, either through coaxial cable, to a remote receiver? 
Hold your breath, because it's all possible with our video -link transmitter, an 

inexpensive way to get involved in all the following applications: 

1. Amateur TV transmission. 
2. Video installations where cable hookups arc not riossible, like robotics. 

3. Security and industrial work. 
4. Simultaneous viewing of several remote'l'y receivers. 

5. Remote sensing application, like wildlife viewing. 
6. Cable transmission. 

7. Wireless camera/TV receiver, or VCR link 

Our video -link transmitter is available in two levels of RF 
power. For low -power wireless video like _n a house or office, 

where simultaneous moni'oring of program material is desir- 
able without cumbersome hookups, mW is available. For 

longer ranges up to several miles. as in amateur (ham) TV, 
security. and surveillance purposes, 2 watts into a 50 -ohm 

load is available. 
The video -link transmitter will accept color and B/W video, and 

audio inputs from VCR's. camcorders, small r). ammeras, and micro- 
phones. The unit runs on a nominal 12-voitS I)C and iira s 100 mA in the 

low -power version, or 500 mA in the 2 -watt version. 
The PC board is quite small (21/4 ,inches x 4 inches), knd contains 

everything needed except a power supply and connectors W. used both 
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subminiature and surface -mount 
components because they perform 
well at RF, requiring simple tuneup 
without complex test equipment. In 
fact, a good tuneup can be achieved 
with only a VOM and a TV receiver. 

Readers may be familiar with the 
author's previous article on an RF vid- 
eo -link (February, 1986, Radio -Elec- 
tronics). Since then, many improve- 
ments have been made. The new 
transmitter is easier to tune, uses three 
slug -tuned coils instead of air -wound, 
and has a double -sided PC board for 
better shielding and grounding. Addi- 
tionally, better transistors were sub- 
stituted in the new design, which also 
has an integral power amplifier, and 
audio/video gain controls for easier 
interfacing. Linearity control was 
added to optimize video quality. 

Liability 
Be warned: The 2 -watt version is 

intended for educational purposes, le- 
gitimate TV broadcasting, amateur 
TV, and industrial, and scientific pur- 
poses. It can transmit several miles, 
so those intending to use our design 
must have a Technician -class ama- 
teur -radio license. 

Carrier frequency 
As Fig. 1 shows, transistor Q1 and 

the surrounding circuitry is a crystal - 
controlled oscillator operating at Y8 

the video frequency, from 52.5 to 
62.5 MHz. After being multiplied by 

four through frequency -doublers Q2 
and Q3, the output covers 420-500 
MHz, overlapping the 430 -MHz ham 
TV band and the lower UHF (300 
MHz -3 GHz) TV channels. 

First, the frequency is doubled to 
105-125 MHz by Q2, and then to 
210-240 MHz by Q3. With some 
modifications, higher or lower fre- 
quencies are possible, but with lower 
power above 500 MHz, and higher 
power below 420 MHz. Double -tuned 
interstage networks suppress un- 
wanted harmonics. Then, Q4 doubles 
Q3's output to the final carrier fre- 
quency, which is injected into tran- 
sistor Q5. 

In the low -power version, Q5 mod- 
ulates the carrier by Vcc. The RF 
(1-30 mW, depending on coupling) is 
taken from Q5's collector and fed to 
either a cable or a 6-inch whip anten- 
na. In the high -power version, Q6 and 
Q7 form a high -gain RF power ampli- 
fier, and adjustable matching net- 
works are used in the circuit for 
optimum tuneup. 

Instead of matching networks, a 
tuned strip -line design was con- 
templated, but at 420-500 MHz, it 
would have occupied too much PC - 
board area. Broadband RF chokes, 
surface -mount (tantalum chip) capac- 
itors, and careful design strategy 
avoided possible low -frequency spu- 
rious oscillations. We ended up with a 
very stable, efficient, reproducible 
circuit having no UHF "horrors." 

Modulator 
The audio input at JI will accept a 

wide range of voltage levels; 10 mV 
(typical microphone output) to 1 V 
(line input) is fed to audio -amplifier 
Q8. The audio -gain control adjusts 
for optimum modulation of Q9, a 
Colpitts Variable Control Oscillator 
(VCO) producing 4.5 -MHz FM audio 
subcarrier, which is fed to video am- 
plifier Q10, where it is then combined 
with the video from J3. 

The video input at J3 may be 0.5- 
to 1.5 -volts peak -to -peak, negative 
sync, while the video -gain control 
prevents QIO and Q11 from video 
overload. Current -source Q10 and 
amplifier Q11 feed modulator Q12, 
which is capable of producing video 
having a 12 -volt swing, and can drive 
a load up to I amp. Its bandwidth at 
-3 dB is in excess of 10 MHz, assur- 
ing crisp picture detail. 

In the high -power version, Q12 is a 
power supply to Q6 and Q7, effec- 
tively amplitude modulating the RF 
carrier. In the low -power version, Q5 
is modulated in the same manner. A 
linearity control adjusts Q12's operat- 
ing point for optimum modulation lin- 
earity. The Q -point must be properly 
set; otherwise, video clipping will oc- 
cur, producing "burned -out" picture 
highlights (white areas) and loss of 
detail. Other Q -point problems could 
include sync "buzz" in the audio, and 
loss of picture stability in extreme 
cases. 
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FIG. 1-VIDEO-LINK TRANSMITTER CAN BE CONFIGURED for either low -power, or high - 
power operation. 
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FIG. 2-HIGH POWER, 2 -WATT Video -link Transmitter. 
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Frequency doublers 
Referring to Fig. 2, VHF transistor 

Ql is biased at 10 volts and 5 mA, with 
the Q -point set by resistors R1, R2, 
and R3. Crystal XTAL1 is series -res- 
onant, "bypassed" to ground. At the 
crystal's resonant frequency (between 
52.5 and 62.5 MHz), Ql is a com- 
mon -base amplifier. Tank (tuned cir- 
cuit) Ll/C2, in series with C5, 
together with about 1-2 pF of stray 
capacitance, form a load for the col- 
lector of Ql. 

Once Ql starts oscillating, its col- 
lector current is typically 5-10 mA, 
and depends on the tuning of Ll. 
Here, C3 and C4 bypass the "cold" 
end of Ll solidly to ground for AC. 
Internal collector -to -emitter (C -E) 
feedback occurs in Ql via the intrinsic 
2-pF C -E capacitance. Here, Cl 
forms a voltage divider to feed the 
collector back to the emitter. Note that 
Cl is not for emitter bypass, but is part 
of the feedback network of oscillator 
Ql. 

A portion of the voltage across tank 
Ll/C2, and C5, is fed to Q2 by the 
voltage division between C2 and C5. 
Next, Q2 and its associated circuitry 
is a frequency doubler, where a large 
drive signal from Ql causes rectifica- 
tion in Q2's emitter -to -base (E -B) 
junction, which produces considera- 
ble harmonic generation. 

At twice the oscillator frequency, 
C5 has low impedance; keeping the 
impedance low in Q2's E -B circuit by 
using a large value (82 pF) for C5 also 
helps produce efficient harmonic gen- 
eration. Biasing for Q2 is the same as 
Ql, via R5, R6, and R7. Bypass C6 
adds stabilization, as does C7 and C8. 

Tank L2/C9 is tuned to twice the 
crystal frequency. R9 supplies DC to 
Q2. A slug in L2 tunes the tank, while 
C10 couples RF energy at 2 times the 
crystal frequency to a second tank L3/ 
C11/C12, also tuned to twice the crys- 
tal frequency. Using dual tanks as- 
sures good selectivity, and improved 
rejection of unwanted frequencies; 
that's important for a clean transmitter 
signal. Next, R8 in Q2's collector 
suppresses any self -oscillation tend- 
encies at unwanted, parasitic UHF. 

Frequency doubler Q3 (MPS3866, 
400 -MHz, medium power, 1-W, plas- 
tic) is fed at 105-125 MHz from the 
junction of C11 and C12. Here, R10, 
R11, and R12 bias Q3. The RF level at 
Q3's base is quite high, and that af- 
fects Q3's biasing, while the collector 
current runs at 10-15 mA. 

Note that Q3 offers better perfor- 
mance at 250 MHz than the 2N3563's 
used for Ql and Q2; Q3 doubles the 
frequency to between 210 and 250 
MHz. Except for frequency, Q3 oper- 
ates similarly to Q2. Then, R13 sup- 
presses UHF parasitics, and L4/C15 
form a bandpass filter tuned to twice 
the input frequency. At 250 MHz, Cl 
(for Q1) and C3 (for Q2) are ineffec- 
tive, whereas C14 is sufficient. Fi- 
nally, R14 feeds DC to Q3. 

Note in tank L4/C15 that C15 is 
variable and L4 is fixed. Slug tuning 
is no longer practical because L4 has 
too few turns. Energy is coupled 
through C16 to tank L5/C17/C18, 
which forms a double -tuned bandpass 
filter at 210-250 MHz. Then, C17 is 
for RF tuning, while C18 will op- 
timize matching into Q4, the last 
(third) doubler. 

Figure 3 shows how a ferrite bead is 
slipped over one lead of R15, which 
causes a high series -impedance at RF, 
yet passes DC without attenuation, 
thereby completing the base circuit 
DC path for Q4. The bias is now sup- 
plied entirely by the drive signal; no 
extra DC bias is applied. The emitter 
of frequency -doubler Q4 is directly 
grounded, because bypassing emitter 
circuits at 420-500 MHz is difficult 
without some loss of RF gain; how- 
ever, a low value of R15 keeps DC 
stability adequate. 

GROUND BASE OF 

Q4, 5,6, OR i` 
FERRITE 

BEAD 

SIDE 
RESISTOR 

R15, R17, R19 OR R21 

PC BOARD 

SOLDER 

FIG. 3-SLIP RESISTOR LEAD through 
ferrite bead. The bead inductor causes a 
high series impedance at RF, yet passes 
DC without attenuation. 

Tank L6/C19 (a short length of 
wire) operates at 420-500 MHz. Both 
C19 and C20 provide low -frequency 
video and RF bypassing, while C29 
bypasses UHF; they also stop any 
stray low -frequency gain in Q4. Tan- 
talum -chip C20 is the only type effec- 
tive at 420 MHz, and provides a solid 
RF ground for the "cold" end of L6. 

The 420 -500 -MHz at Q4's collec- 
tor is fed to tank L7/C21, via C32, 

which matches Q4's collector circuit 
to Q5's low base impedance; together 
with L6/C19 they form a double -tuned 
UHF circuit. The ferrite bead and R17 
provide a low DC impedance, but a 
high RF impedance to the base of 
amplifier Q5. 

Low -power version 
The UHF signal is amplified to 

about 30 mW by Q5. Choke L8 keeps 
RF energy out of the DC power sup- 
ply. C22 and C23 bypass video and 
UHF, respectively. Note that if Q5 is 
video modulated (the low -power ver- 
sion) then C22 must be deleted, be- 
cause it would cause loss of high - 
frequency video components; more- 
over, R18, which limits the supply 
current to Q5, must be returned to 
Q12's emitter. Tantalum -chip C24 
couples RF output, yet blocks DC 
(and video, if applicable) from the 
tank circuit L9/C25. 

In the 1-30-mW version, L9 cou- 
ples the RF output to the secondary 
link of wire L9A, which then trans- 
fers the RF to output jack J2A (Alter- 
nate). Note that J2A and L9A are not 
used in the 2 -watt version. Output 
power is limited depending on the 
proximity of the link L9A to L9. 

High -power version 
In the 2 -watt version, L9 matches 

to the base of driver Q6, and Q5 is fed 
straight, unmodulated + 12-V DC. 
The full 30-mW drive from Q5 drives 
Q6. The ferrite bead and R19 provide 
a high RF impedance, and low DC 
resistance at Q6's base. Since a ferrite 
bead looks more like a high resistance 
rather than a reactance at high fre- 
quencies, the effective Q is very low. 
That prevents the possibility of para- 
sitic oscillations that could occur if a 
conventional -type solenoid -wound 
RF choke were used. 

Here, C27, L11, and tantalum - 
chips C28 and C29 match Q6's col- 
lector impedance to Q7. RF -choke 
L10 is made with three turns of wire 
wound through a ferrite bead, in a 
toroidal fashion. That results in a low 
Q, about 1000 ohms resistance, and 
again avoids possible parasitics. 

Tantalum -chip C26 is used to mini- 
mize stray inductance, and couples 
RF energy from Q6 to Q7. Now, C30 
and C31 bypass UHF to ground while 
looking like a high impedance at 20 
MHz or lower, so the video compo- 
nent of the modulating power supply 
voltage is relatively unaffected. Note 
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PARTS 
Resistors; all are 1/8 or'/Áo-W, 5% 
R1, R5-3900 ohms 
R2, R6, R11, R31-15,000 ohms 
R3, R7, R15-330 ohms 
R4, R9, R12, R14, R16 -R19, R35-- 

100 ohms 
R8, R13 10 ohms 
R10-680 ohms 
R20-10 ohms, 1-W 
R21-22 ohms 
R22 -100K -ohms potentiometer 
R23-22,000 ohms 
R24, R29 100K ohms 
R25-33,000 ohms 
R26-4700 ohms 
R28-470 ohms, 1/4-W 

R30-2200 ohms 
R32, R33 -1000 -ohm potentiometer 
R34-15 ohm 
R36-1000 ohms 
R37-3300 ohms 
Capacitors 
C1-56 pF, NPO, ceramic disc 
02, C12-33 pF, NPO, ceramic disc 
C3, C7, C19, C22, C38, 047- 

0.01µF, ceramic disc 
C4, C6, C8, C13, C14-470 pF, NPO, 

ceramic disc 
C5-82 pF, NPO, ceramic disc 
C9, C11-15 pF, NPO, ceramic disc 
010-2.2 pF, NPO, ceramic disc 
C15, C17, C19, C21, C25, C27, 

C33-2-10-pF, trimmer 
C16, 032-1 pF, NPO. ceramic disc 
018-2-18 pF, or 2 -20 -pµ -trimmer 
C20, C23, C24, C45-470 pF, ce- 

ramic chip 
C26, C30, C31-100 pF, ceramic chip 
C28, C29-22 pF, ceramic chip 
034-5 pF, silver mica 
C35 -C37-1 µF, 50 V, electrolytic 
039-10 µF, 16 V, electrolytic 
040-3-40 pF, trimmer 
C41-220 pF,NPO, ceramic disc 
C42-470 pF, NPO, ceramic disc 
C43-220 µF, 16 V, electrolytic 
044-10 µF, 16 V, tantalum chip 
045-0.01 µF, ceramic chip 
C46-100 pF, NPO, ceramic disk 
Semiconductors 
01, Q2 -2N3563, transistor 
03-05-MPS3866, transistor 
06-MRF559, or MRF627 transistor 
Q7 MRF630, transistor 

that Q6 draws about 130 mA at modu- 
lation peaks (sync tips). 

Also, Q6 supplies between 300 - 
and 500-mW drive to Q7, an 
MRF630 (Q6 and Q7 are similar in 
their operation). RF -choke L12 func- 
tions exactly the same as L10. Collec- 
tor matching -network L13/C33, to- 
gether with mica C34 match the 50 - 
ohm load impedance to the optimum 
collector load -impedance needed by 
Q7. Note that a 50 -ohm load must 
always be present at J2, otherwise Q7 

LIST 
08-2N3565, transistor 
Q9 MPF102, transistor 
Q10 -2N3906, transistor 
011-2N3904, transistor 
012-MJE180, transistor 
D1-1 N757A, diode 
D2-MV2112, varactor diode 
D3 -1N914, diode 
D4 1N4007, diode 
Inductors 
L1 -L14 -See table 1. 

Other components 
XTAL1-52,5-62.5 MHz 

Note: Kits for this project are avail- 
able from North Country Radio, 
PO Box 53, Wykagyl Station, 
New Rochelle, NY 10804. Two dif- 
ferent kits are available; one is a 
low -power, the other is a high - 
power version. Those kits in- 
clude the PC board and every- 
thing on it, except jacks, con- 
nectors, batteries, power -sup- 
ply components, and case. 
Those are not included, because 
individual hobbyists may have 
their own preferences and inter- 
face requirements. The author 
recommends that those compo- 
nents be obtained at another 
supplier. 
The Low -Power Kit w/ATV crys- 
tal for operation on 439.25 MHz 
costs $79.95, plus $2.50 for 
shipping and handling; the 2-W 
Kit w/ATV crystal for operation 
on 439.25 MHz costs $104.95, 
plus $2.50 for shipping and han- 
dling. Extra crystals for CH14/ 
CH15 operation are $6.50, plus 
$1.50 for shipping and handling. 
The PC board only, plus cores, 
chia capacitors, and D2 (a par- 
tial kit) cost $49.95, plus $2.50 
shipping and handling. The Vid- 
eo -Link transmitter, Radio -Elec- 
tronics, February, 1986, plus a 
reprint of the article, costs 
$69.95, plus $2.50 shipping and 
handling. Crystals can be pur- 
chased separately from Crystek 
Corporation, PO Box 06135, Fort 
Myers, FL 33906. 

may be damaged. A tolerance of 
±50% (25-100 ohms) is permissible 
here, however, optimum performance 
is obtained with a 50 -ohm load. 

Suitable 50 -ohm coax must be con- 
nected from C34 (on the PC board) 
and J2, with short connections (a 
1/4 -inch or so). Any length of coax can 
be used, but for the best results, keep 
it short. We used RG174/V PVC type, 
but teflon coax (RG188/U) would be 
better. From J2, a standard coax 
(RG8U, RG58/U, etc.) will do. Re- 

member, feedline loss must be avoid- 
ed as it can be very high at 420 MHz 
and up. 

Video feed 
Input video from J3 (standard 1-V 

p -p negative sync.) is fed through C43 
to clamp -diode D3. Note that C43 is 
apparently incorrectly polarized; that 
is to allow for video equipment that 
may have a DC component of up to 16 
volts at the video output. If you do not 
expect to encounter that, you can re- 
verse the polarity of C43 -if you 
wish. When turned around, the low 
reverse voltage (0.6 V) appearing 
across it doesn't seem to do any harm. 
Diode D3 clamps the maximum nega- 
tive input level to - 0.7 V, and avoids 
serious over -modulation at the sync 
tip levels. If you wish, you can DC 
couple from J3 directly into R32, the 
video -gain control, if your equipment 
interface permits. Also, note the op- 
tional 82 -ohm termination (R32A) is 
not on the PC board, but is soldered 
across J2. Use it unless you're in a 
situation where loop -through (several 
other video loads in parallel) is re- 
quired. It was not placed on the PC 
board so that possibility would not be 
compromised. 

Video -gain control R32 feeds the 
base of video -amplifier Q11. Video - 
amplifier Ql l's collector is fed by cur- 
rent -source Q10, which is biased by 
R34, R35, and R36 to about 50 -mA 
of collector current. That permits 
Q11's collector to supply plenty of 
drive to modulator Q12, and elimi- 
nates the need for a low -value decoup- 
ling resistor from Qll's collector to 
the power -supply rail (+ 12V); there- 
fore, Q12's base can approach Vcc, 
and allows a higher positive swing of 
Q12's emitter than a resistor from Q11 
to + 12V would permit, due to Q12's 
base -drive needs. 

Modulator Q12, an MJE180, is 
configured as an emitter follower. It 
must supply all the current to Q6, Q7 
(or Q5), have a low supply imped- 
ance, and high slew rate. The low 
impedance is necessary for both full 
RF power output, and to control the 
parasitic -oscillation tendencies in 
power amplifiers Q6 and Q7. The 
load tends to be capacitive due to the 
bypassing from C26 (somewhat), 
C30, and C31. 

In tests, Q12 can supply nearly 12 
volts of video into a 10 -ohm load, at 
1.2 amps; therefore, Q12 must be heat 
sinked. To establish both Q -point, 
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video gain, and bandwidth, R37 pro- 
vides feedback around the modulator; 
however, R33 sets the exact Q -point 
(voltage seen at point A, Q12's emit- 
ter), under zero -drive conditions at 
about 5- to 6 -volts DC, to Q6 and Q7. 
R33 is adjusted for maximum un- 
distorted symmetrical video at point 
A, while R32 controls video drive to 
Ql 1. Supply bypassing must be effec- 
tive at Q12's collector due to the high 
current and fast waveforms handled. 
The main supply bypass, C44, a 
10-µF, 15 -volt, tantalum chip was 
used because standard electrolytics 
are somewhat less effective. 

Power feed 
DC power is fed to the transmitter 

at J4. Diode D4, a 1N4007, is pro- 
vided to serve as reverse -polarity pro- 
tection. It's cheap insurance against 
inadvertent damage to Q6, Q7, Q10, 
Q11, and Q12, should the negative 
and positive leads of the power supply 
be reversed by accident. Diode D1 is 
connected directly across J4. The 12 - 
volt supply (11-14 V is OK) may come 
from Nickel -Cadmium batteries, an 
auto's electrical system, or any kind 
of AC -operated power supply. 

Audio feed 
Audio is fed to gain control R22 

from jack J3. Input level should be 
between 10 mV and 1 volt at high 
impedance, allowing direct interfac- 
ing with most microphones, or other 
audio sources. From R22 the audio is 
coupled through C35 to Q8, which is 
biased from R23, R24, and R25. By- 
pass C36 will prevent audio degener- 
ative feedback, and loss of gain. 
Collector -load R26 supplies DC to 
Q8, while C37 blocks DC and cou- 
ples audio through R27 to the fre- 
quency modulator. 

Note that no pre -emphasis (high - 
frequency boost) has been used. If 
you want to use it, for better high - 
frequency audio response, change 
C37 to 0.001 µF, and set the gain - 
control R22 up higher to compensate 
for loss. The author found that pre - 
emphasis was unnecessary for most 
applications. 

Audio is coupled to the varactor- 
diode D2, an MV2112, where R29 
biases D2 at 9 V. The varactor diode 
varies its capacitance at an audio rate 
from 56 pF at 4 V, to about 33 pF at 9 
V. The capacitance of D2 appears 
across 4.5 -MHz oscillator coil L14. 

Then, Q9, an MPF102 FET, together 
with C41, C42, C40, and L14 form a 
Colpitts RF oscillator operating at 4.5 
MHz. Trimmer C40 is used to set the 
frequency to exactly 4.5 MHz, while 
toroidal coil L14 is used to minimize 
stray magnetic field generation. 

The audio voltage on the DC bias 
causes D2 to change capacitance, 
which shifts the oscillator frequency 
causing frequency modulation (FM) 
of the 4.5 -MHz generated in Q9, the 
Colpitts oscillator. Bias for Q9 is pro- 
vided by R30, while R31 couples the 
audio subcarrier (4.5 -MHz FM) into 
the video amplifier, which modulates 
it and the video onto the RE 

Zener-diode Dl, R28, and C38 and 
C39 (which provide bypass) supply a 
regulated 9-V DC voltage to Q9, and 
varactor D2. The regulation prevents 
oscillator drift if the supply voltage 
were to vary. A frequency counter can 
be connected to point A to set C40 to 
exactly the value needed for 4.5 -MHz 
audio subcarrier. 

Looks like we've run out of space. 
Next month we'll focus on construction 
techniques, like how to wind coils, how 
to solder tantalum -chip capacitors, and 
circuit modifications. R -E 

BUG DETECTOR 

continued from page 44 

FIG. 5-THE Monolithic Microwave 
Integrated Circuit (MMIC) looks like a tiny 
dot with microstrip leads. 

Put the PC board into its cabinet, 
and install the antenna before making 
any adjustments. Start with the zero - 
adjust set counter -clockwise, and the 
full-scale adjust set clockwise. 

To properly calibrate our bug bust- 
er, a low -power transmitter is needed. 
A cordless -telephone handset is ide- 
al. (Cordless phones are in the 40 - 
MHz to 60 -MHz region, and radiate 
less than most bugs!) Set the zero 
adjust until the left -most segment is 
about to come on. Set the full-scale 
adjust until all segments are lit when 
placed next to the cordless phone. 

PARTS LIST 

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

R1, R2-220 ohms, Vs -watt 
R3, R4-2430 ohms, 1% 
R5-510 ohms 
R6-240 ohms 
R7-1000 ohms 
R8-10 ohms 
R9-47,500 ohms, 1% 
R10, R11 -5000 -ohm trimmer 
potentiometer 

Capacitors 
C1-C3, C5, C9, C10-0.1 ;IF, 50 volt, 

monolithic ceramic 
C6-C8-1000 pF, ceramic chip 
C4-220 µF, 16 volt, electrolytic 

Semiconductors 
IC1-LM3915N, log-bargraph 
display driver 
IC2,1C3-Mini-Circuits, Inc., MAR6, 

MMIC 
IC4-LM317T, voltage regulator 
D1, D2-FH1100, hot -carrier diode 

Some hints 
You are now ready to put your bug 

buster to work. To effectively sweep a 
room, you need to get familiar with 

Inductors 
L1, L2-82 µH RF choke 
Other components 
DSP1-RGB 1000, 10 -segment 
bargraph display 
J1-CP1094 modified, BNC 
connector 
Miscellaneous 
Cabiner assembly, cable, and battery 

clip. 
Notes: A complete set of all parts 

except cabinet for $59.95; cab- 
inet is $20; telescoping BNC an- 
tenna $12; lined zipper carrying - 
case $10; PC board only $25; all 
IC's and bargraph $30. Order 
from Optoelectronics, Inc. 5821 
N.W. 14th Avenue, Fort Lauder- 
dale, FL 33334; phone (800) 
327-5912, in FL (305) 771-2050. 
Add $3.50 for shipping; FL ad- 
dress include 6% state sales tax. 
Master card and Visa orders 
must be over $20. 

your bug buster's operating charac- 
teristics in as many situations as pos- 
sible. Be sure to leave the power 
switch off when not in use. R -E 
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The Radalert and your PC: a great combination! 

IT'S BEEN A YEAR SINCE WE PUBLISHED 

our article (with Steve Weiss) on 
building the Radalert radiation 
monitor. Since then we've heard from 
over a thousand Radio -Electronics 
readers who are interested in radiation 
detection. Hundreds have built the 
Radalert kit, and many breadboarded 
their own adaptations of the circuit. 
Hundreds more purchased an as- 
sembled version of the Radalert. 

Those of you with whom we have 
spoken are interested in radiation de- 
tection for a variety of reasons. A nu- 
clear -medicine class at a large 
midwestern university had each stu- 
dent build a Radalert as part of the 
course material. Many kits were also 
assembled by college, high-school, 
and vocational -school students. 
Some people built the Radalert be- 
cause they work around radioactive 

materials; others built it for fun. 
We heard from doctors and 

welders, students and scientists-it's 
surprising to see the wide variety of 
people who read Radio -Electronics. 
NASA is using Radalerts, as well as 
nuclear power -plant designers, oper- 
ators, and employees, and environ- 
mental groups are monitoring plant 
perimeters to make sure they are safe. 

The use of the Radalert to collect 
and disseminate radiation data over 
the past year has contributed to a bet- 
ter understanding of radiation, as 
events of the past year have indicated. 
One such event was the disclosure last 
September by the Department of En- 
ergy that thousands of residents near 
nuclear -weapons plants in Ohio, 
South Carolina, Colorado, and Wash- 
ington have been exposed for decades 
to excessive radiation as a result of 
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JOE JAFFE and DAN SYTHE 

emissions from those facilities. One 
Radalert user living near the Fernald, 
Ohio plant noted a doubling of back- 
ground radiation at certain times 
when the wind blew from the plant. 
Documenting such readings can be an 
important way to encourage plant op- 
erators to improve their safety mea- 
sures and precautions. 

A computer interface 
This is the first of a series of articles 

on radiation monitoring, in which we 
will present samples of interesting ex- 
periments that Radio -Electronics 
readers have performed, and the re- 
sults they have obtained. We will also 
describe a few simple interface cir- 
cuits that can be built to increase the 
usefulness of the Radalert. 

With the help of a computer, inter- 
ested individuals and groups can now 
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This story began last Spring when I 

built the radiation monitor described 
in the June 1988 Radio -Electronics 
article by Joe Jaffe, Dan Sythe, and 
Steve Weiss. I have always had a nat- 
ural curiosity about radiation. I'm in- 
terested in knowing the levels of 
radiation in the environment, and 
what the radon level is in my home. 

Some of my interest relates to my 
experiences when I lived in Southern 
Utah in the Sixties. Radioactive fall- 
out from the bomb tests in Nevada 
used to blow across the small desert 
communities there. People there are 
still very concerned about their ex- 
posure and the health effects from it. 

When I built the kit version of the 
Radalert, I had a small problem with 
it. Several telephone conversations 
with Dan Sythe isolated the problem, 
and everything worked fine. During 
our conversations, I became friends 
with Dan and Joe Jaffe. We had sev- 
eral discussions about the need for a 
low-cost way to record and store radi- 
ation -level data, and to process the 
data into a useful form. 

As an Electronics Engineer I do a 
lot of microprocessor programming, 
and I enjoy doing it-so I decided to 
create a program and interface that 
allows the Radalert to send informa- 
tion to an IBM-compatible personal 
computer through the RS -232 port. 
The program can collect, process, 
and plot data. With a modem, it en- 
ables a network of monitoring sta- 
tions to communicate and share 
data. A monitoring station can be 
configured to automatically notify a 
central computer if a preset radiation 
level is exceeded. 

I chose PC compatibles for this 
project because they are so inexpen- 
sive now. A recent browse through a 
computer publication shows a com- 
puter with all the necessary hardware 
selling for as little as $359 (without 
the printer, modem or monitor). An- 
other ad offers, for less than $700, a 
portable computer that can run on 
battery power and has two disk drives 
and an internal modem. 

The designers of the Radalert pro- 
vided an output jack which furnishes 
a positive -going 5 -volt signal, ap- 
proximately 120 microseconds long, 
for each ionizing radiation event in 
the Geiger tubb. The output signal 
can be coupled to a computer using 
the cable described here. 

The software performs the follow- 
ing functions: 
(1) It collects radiation data for a user - 
selectable number of samples. The 

RADIATION MONITORING-A CASE STUDY 

computer can calculate the standard 
deviation for that data. (This mode is 
called the "survey" mode.) 
(2) It collects and records radiation 
data, sounds an alert if a pre-set alert 
level is exceeded, and automatically 
dials another computer if a pre-set 
emergency -alert level is exceeded. 
(This mode is called the "monitor 
mode".) 
(3) It saves the data collected (in ei- 
ther the survey or monitor mode) to a 
disk file. 
(4) It prints or graphs the data stored 
in the alert mode on the disk. 
(5) It sets up an automatic data -col- 
lection station, which can be used to 
manually poll a number of monitoring 
computers each hour and collect 
their data. The data -collection station 
can receive emergency -alert mes- 
sages from the monitoring stations. It 
can also reset the monitoring com- 
puter's alert levels and other settings 
remotely from the collection station. 

The hardware requirements for this 
system are a Radalert, an interface 
cable, and an IBM or compatible PC, 
XT, or AT computer with an RS -232 
serial input, clock/calender, at least 
256K memory, and MS DOS 2.1 or 
later. A printer is needed to print or 
plot the radiation data, and a modem 
is needed to send data or alert mes- 
sages to a remote radiation -data col- 
lection station. (The hardware re- 
quirements for the data -collection 
station are the same as for the 
monitoring station.) 

The two programs I wrote demon- 
strate the capabilities of a computer 
for data collection, display, and auto- 

..:..:,,- 
STEREO 

PHONE PLUG 

matic transmission, using the 
Radalert as the source of data. The 
first is written in GW BASIC, and the 
code for it is shown in Listing 1. You 
can enter it from the keyboard, or 
download it from the Radio -Elec- 
tronics BBS Radalert conference. 
The program has the two modes 
mentioned, monitor and survey. In 
the survey mode, it collects, stores, 
and prints data for the statistical sur- 
vey, but does not do any data analy- 
sis. In the monitor mode, it collects, 
stores, and plots data, and sounds an 
alert if the pre-set alert level is ex- 
ceeded, but does not communicate 
with another computer. 

The second program, a compiled 
version of the first program, written in 
Microsoft Quick Basic 4.5, is avail- 
able from the author. In addition to 
what the first program does, it does 
standard -deviation analysis in the 
survey mode, and uses the modem 
for automatic data transmission in the 
monitor mode. It can participate in a 
data -collection network via modem 
and can automatically dial a data -col- 
lection station if the emergency -alert 
level is exceeded. 

CABLE INTERFACE 

To construct the cable interface, 
note whether your RS -232 serial -in- 
put connector has 25 or 9 pins, and 
obtain the corresponding female con- 
nector for one end of the cable. For 
the other end of the cable, use a mini- 
ature stereo plug to mate with the jack 
on the Radalert. Use a convenient 
length of coaxial cable or shielded 
microphone cable (it is important to 

PINS 6 AND 20 TIED TOGETHER 
PINS 4 AND 5 TIED TOGETHER 25 -PIN 

CONNECTOR 

PIN2 
01T 

- PINS 

PINS 4 AND 6 TIED TOGETHER 

PINS 7 AND 8 TIED TOGETHER 

FIG. 1 

PINS 

PIN7 

9 -PIN 
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10 REM RLGW.BAS by; Harold (Bud) Cole 

20 'RADALERT Interface: 25 pin: 

30 'Short pins 6 to 20 and 4 to 5 

40 'pin 3 through 0.01ufd cap. to 'l'ip of output jack on RADALERT 

50 'pin 7 (ground) to sleeve of output jack on RADALERT 

GO '9 pin: 
70 'Jumper 4 and 6 together and 7 to 8 

80 'Pin 2 through 0.01ufd cap to tip and pin 5 to sleeve 

90 'Start Program as follows: [BASIC RLOW.BAS/C:20000] 

100 'this allows up to 20000 counts during any sampling period 

110 CLEAR , 
45000! ' experiment with this value for best results with 

115 'the basic you are using. 
120 DIM READINGS(51) 
130 TIMER OFF 
140 CLS 
150 Most computers use port 1 (COME) 

160 IF TS = " THEN INPUT "Enter Serial Port Used:", TS 

170 IF PS = "" THEN INPUT 'Do you want to print/plot results? 0/5", PS 

180 IF PS "Y" OR PS = "y" THEN PS = "ON" 

190 IF PS = "ON" THEN LPRINT CHRS(27) + "K" 

200 IF PS = "ON" THEN INPUT "Enter dot row feed for plotting=", D 

210 'Construct serial port file Name 

220 CS = "COM" + T$ + ":9600,E,7,1" 
230 CLOSE 1: OPEN CS FOR OUTPUT AS 1 

240 CLS : LOCATE 10, 20: PRINT "Select Function: - 

250 LOCATE 11, 20: PRINT " (1) [Radiation Survey" 

260 LOCATE 12, 20: PRINT " (2) Monitor Radiation Level/Min with Alarm" 

270 KS = INKEYS 
280 IF KS = "1" THEN GOTO 330 

290 IF KS = "2" THEN CLS : GOTO 710 

300 IF KS CHRS(27) THEN CLOSE 1: CLS END 

310 GOTO 270 xxx««x+++x«+xxxe.xxx+xx+x+++++xxx 
320 +xxx+x000+*+xxx+ S U R V E Y ae 

330 CLS x 

340 'Input "No of samples to take for s ey 
5 

sampling period 

370 INPUT "Enter Samples to take(50 max.)=", 

380 IF S = 0 THEN S = 30 

390 IF S > 50 THEN S = 50 

400 CLS 
410 LOCATE 1, 60: PRINT "Running count=" 

420 LOCATE 4, 60: PRINT "Interval=" + STRS(I) sec/s" 

430 R = 0 

440 LOCATE 5, 60: PRINT "4 Rdgs to take"; S: 

450 LOCATE 23, 60: PRINT "Start:"; 

460 LOCATE 24, 60: PRINT TIMES e " " e DATES; 

470 IF PS = "ON" THEN LPRINT "Interval=" e STRS(I) sec/s" 

480 IF P5 = "ON" THEN LPRINT "k Rdgs to take"; I 

DATES 
490 IF PS = "ON" THEN LPRINT "Start:"; TIMES + 

500 'Set TIMER to I (Sampling period) 

510 TIMER ON: R = R + 1 

520 ON TIMER(60) GOSUB 620 
530 LOCATE 6, 60: PRINT "to go="; 

out u 550 'Empty serial buffer to PUTat t a nd reopen LOC(1 )=0 

550 Star 1: OPEN CS FOR OUTPUTAS 1 
560 'Start a Time loop = to Sampling pling Period 
570 KS = INKEYS 
580 LOCATE 25, 60: PRINT TIMES; 
590 LOCATE 1, 74: PRINT LOC(1); 
600 IF KS = CHRS(27) THEN LOCATE 2, 60: PRINT "Total Count="; LOC(1): TIMER OFF: 

GOTO 130 
610 GOTO 570 
620 TIMER OFF 
630 'Save readings in an array set to S 
640 00651005(8) = LOC(1) 
650 IF R > S THEN GOTO 1290 
660 IF R > 25 THEN W = R - 25: COL = 26 ELSE W = R: COL = 1 

670 LOCATE W, COL: PRINT "Rdg et "; TIMES; "_"; READINGS(R); 
680 IF PS = "ON" THEN LPRINT "Rdg at "; TIMES: " : REAOINGS(R) 
690 GOTO 510 
700 ++++++00x0+ M O N I T O R eaa*eeeonuaeeexxxeea,e**aee*exx=«« +++00+x0 
710 'See RADALERT instructions pages 7 $ 8. 

720 IF e = 0 THEN INPUT "Enter Alarm Level:", a 

730 LOCATE 24, 40: PRINT "Stark:" + TIMES + ' 
+ DATES; 

740 LOCATE 12, 25: PRINT "Minutes before Hourly CPM update= 6C": 

750 M = 0: H O 

760 IF PS = "ON" THEN GOSUB 1190 
770 'Set TIMER to 60 seconds for a minute count period 
780 TIMER ON: ON TIMER(60) GOSUB 960ne 

790 LOCATE 8, 25: PRINT "Monitoring Nuclear Radiation Level". 

800 LOCATE 9, 25: PRINT " Alarm Level/Min="; a 

810 M = M + 1 

820 'Empty co m Buffer 
830 CLOSE 1: OPEN CS FOR OUTPUT AS 1 

840 'Start a new or initial Interval = to 1 minute 
850 KS = INKEYS 
860 IF MIDS(TIMES, 4, 2) _ "01" THEN P = 0 

870 IF PS = "ON" AND MIDS(TIMES, 4, 2) _ "00" AND P = 0 THEN GOSUB 1140 
880 IF KS = CHRS(27) THEN TIMER OFF: CLOSE 1: COTO 1100 
890 LOCATE 25, 46: PRINT TIMES; 
900 LOCATE 10, 25: PRINT "Current Level this minute="; LOC(1); 
910 IF LOC(1) >= a THEN LOCATE 4, 25: PRINT "RADIATION ALERT ", 

920 IF LOC(1) >= a THEN SOUND 3000, 10: SOUND 2000, 5 

930 IF LOC(1) >= a THEN LOCATE 4, 25: PRINT SPACES(32): 
940 'Loop for one minute 
950 GOTO 850 
960 TIMER OFF 
970 LOCATE 25, 55: PRINT DATES; 
980 MINCOUNT = MINCOUNT + l'acumulete LOC(1) for 60 minutes 
990 C LOC(1) 
1000 GOSUB 1370 'Go check R minutes left to hourly CPM update 
1010 IF M = 60 THEN CPM = (INT((H / 60) + 100)) / 100 ELSE : GOTO 1050 
1220 M 0: H = 0 
1030 LOCATE 13, 25: PRINT "Last Hour a rage/minute="; CPM; 

1040 IF PS = "ON" THEN LPRINT CHRS(27)v "3" + CHRS(0); TA111(90); "CPM="; CPM: 

LPRINT CHRS(27) + "3" + CHRS(D): 
1050 LOCATE 10, 25: PRINT SPACES(45): 
1060 LOCATE 11, 25: PRINT SPACES(45); 
1070 1F PS "ON" THEN LPRINT STRINGS(C 
1075 IF C > a AND PO _ "ON" THEN LPRINT " 

1080 LOCATE 11, 25: PRINT "Previous ms nute count="; C; 

1090 GOTO 770 'start another 1 minute loop 
1100 a 0: BEEP 
1110 LOCATE 20, 30: PRINT "(Hit C to (C)ontinue)"; 
1120 KS = INKEYS 
1130 IF KS = "C" OR KS = "c" THEN GOTO 130 ELSE (JTO 1120 'wait for a C 

1140 LPRINT CHRS(27) + "3" + CHR$(0); 'Zero Linefeed 
1150 LPRINT " + e + ' 

" e TIMES + "/" + DATES 
1160 P = 1 

1170 LPRINT CHRS(27) a "3" + CHRS(D),' 'set line feed to nn/218 (varies 
w/printers) 
1180 RETURN 
1190 WIDTH LPRINT 150 
1200 LPRINT "Start:" + TIME$ + e DATES 
1210 LPRINT "Monitoring Nuclear Radiation Level" 
1220 LPRINT " Alarm Level/Min-"; e 

1230 LPRINT CHRS(15) 'sets for compressed print 
1240 LPRINT "0 10 20 30 40 50 
70 80" 
1250 LPRINT " + + + e 

+ 1260 LPRINT CHR0)27) a "3" + CHRS(0); 
1270 RECORDNO = 1: LPRINT CHRS(27) + "3" + CHRS(D) 'sets (*dot row feed 
1280 RETURN 
1290 IF PS = "ON" THEN LPRINT "Survey Done": LPRINT TIMES + + DATES 
1300 LOCATE 15, 60: PRINT "Survey Done" 
1310 LOCATE 16, 60: PRINT TIMES + ' + DATES 
1320 LOCATE 17, 60: PRINT "(Hit C to (C)ontinue)"; 
1330 BEEP 
1340 01 = INKEYS 
1350 IF K$ _ "C" OR KS = c" THEN GOTO 130 
1360 GOTO 1340 
1370 IF M« 61 THEN H- H e C 

1380 B = 60 - M 
1390 IF B - 0 THEN e = 60 
1400 LOCATE 12, 25: PRINT "Minutes left before dourly CPM update=": D: 

1410 RETURN 

to 

use shielded cable). 
CAUTION: DO NOT USE A 

MONO PLUG. If an alert signal is 
generated in the Radalert it will be 
shorted by a mono plug. 

If you have a 25 -pin connector, 
short pin 6 to pin 20 and pin 4 to pin 5. 

Connect pin 3 to the center wire of the 
cable through a 0.01-µF capacitor 
and connect pin 7 to the cable shield 
(ground). If you have a 9 -pin con- 
nector, connect pin 4 to pin 6 and pin 
7 to pin 8. Connect pin 2 to the center 
wire through a 0.01-µF capacitor and 
connect pin 5 to the shield. 

At the other end of the cable, con- 
nect the tip of the stereo plug to the 
center wire of the cable. Connect the 
cable shield to the plug sleeve (the 
conductor closest to the grip). 

SOFTWARE 

Type in the program or download 
as shown in Listing 1. Line 90 says to 
start the program by typing BASIC 
RLGW.BAS/C:20000. That is correct 
for many computers, but you may 
need to modify it for your version of 
BASIC (for example, GWBASIC 

RLG W. BAS/C:20000). 
Line 160 asks which serial port the 

Radalert is connected to. If you do not 
know, type "1." If you select the wrong 
port, no counts will be transferred 
from the Radalert to the computer 
when you run the program. In that 
case, start the program again and 
type "2" for the serial port used. 

Line 200 asks for the dot -row feed 
for plotting in the monitor mode. Most 
printers allow you to set a program- 
mable line spacing, for example 216 
dot rows/inch. Standard line feed is 6 
lines per inch. The radiation level is 
plotted once every minute, one line 
for each minute. Set a line spacing 
that will conserve paper, but still show 
the minute -by -minute variation. A 
dot -row feed of 2 will allow you to plot 
about 20 hours of data on one 11 -inch 
sheet of paper, depending on your 
printer's programmable single -line 
spacing parameter. You can experi- 
ment with the setting to adjust the 
appearance of the plot. 

If the alert level you set at the start 
of the program is exceeded, an as- 
terisk (x) is printed on the chart to 
show where it occurred. 

The program should be useful to 
anyone interested in experimenting 
with radiation detection. It is ideal for 
detecting and documenting low-level 
sources of radiation such as radiation 
from color TV's and monitors or radon 
gas. If you have a radon -gas problem 
in your home, plot your radiation lev- 
els for a long period of time, and keep 
track of barometric pressure over the 
same time period. You may find that 
radiation levels go up in your home 
when the pressure readings are low. 
Low barometric pressure tends to 
suck the radon gas out of the ground. 

Experiments with natural and man- 
made radioactivity make good dem- 
onstrations for elementary- and high- 
school science classes. Using the 
computer to graphically illustrate ra- 
diation emissions and fluctuations 
will introduce the students to tech- 
nological computer applications, and 
de -mystify radioactivity. 

A kit to build the interface cable, or 
a completed interface cable is avail- 
able from the source mentioned in 

the Sources Box. The compiled ver- 
sion of the software is available, as 
well. -BUD COLE, WB5ONF 
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store and chart their radiation read- 
ings. Bud Cole, an Electronic Engi- 
neer from Albuquerque, NM, wrote a 
very useful program that collects data 
from the Radalert output jack (J2) and 
processes it using an IBM-compatible 
personal computer (see sidebar). 

Figure 1 is an 8 -hour graph of radia- 
tion levels, taken in Bud Cole's home 
using his computer program. The 
average level for that period was over 
50 counts per minute, about four 
times normal. The previously un- 
known radiation source turned out to 
be an optical lens in Bud's desk draw- 
er, intended for a future telescope 
project. The radiation level at the sur- 
face of the lens was over 2000 counts 
per minute. Fortunately, that discov- 
ery prevented the use of the lens in a 
telescope, where it could have caused 
serious eye damage. According to an 
International Atomic Energy Agency 
publication in 1974, some optical 
lenses contain up to 30%, by weight, 
of uranium or thorium. Those mate- 
rials are selected for lens coatings in 
some applications because of their 
optical properties. 

One interesting experiment in- 
volved a computer that used the 
Radalert to monitor its own monitor's 

Buds bedroom desk. 
High levels due to radioactive lens, 
Source was unknown at time of plot. 

F-lottung:\turbotom\charhod2.msq 
(An ++ means the Emergency radiation 

( Counts per :minute 

0 10 20 30 40 50 60 

J 

r 

IInI; _ * 

iill 

radiation levels. The computer was 
used to plot about 10 hours of data 
collected while monitoring the radia- 
tion levels at the surface of the 
monitor's screen. The average counts - 
per -minute was 14.41, with a high 
reading of 18. When the same test was 
performed with the Radalert about 12 
inches away from the monitor, the 
average reading was 10.26 cpm, with 
a high of 13 cpm. At 18 inches away 
from the CRT, the average reading 
was 9.8 cpm, with a high reading of 
12 cpm. 

Radon 
Last September the EPA and Public 

Health Service announced that 
"Radon -induced lung cancer is one of 
today's most serious public health is- 
sues." We stated in the July, 1988 
article that the Radalert does not spe- 
cifically measure radon gas, but our 
experiments indicated that the aver- 
age counts per minute did rise and fall 
with radon concentration. 

Robert Vivian, a Radio -Elec- 
tronics reader and Radalert kitbuilder 
from Provo, Utah, did some experi- 
ments. Robert operates a small radon - 
testing company called Radon Test- 
ing Services. His radon -test results 
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FIG. 1-AN 8 -HOUR COMPUTER -GENERATED GRAPH of the radiation levels that were 
measured in Bud Cole's home. 

ORDERING INFORMATION 

A kit to build the Radalert is avail- 
able from International Medcom, 
7497 Kennedy Road, Sebastopol, 
CA 95472, for $185. An assembled 
Radalert, ready to use, is $275. To 
order a kit, or an assembled 
Radalert, and charge to your VISA or 
MasterCard, call toll free 
1-800-257-3825 Nationwide, 
1-800-255-3825 in California. To 
order from outside the U.S., call (707) 
823-0336, or you can FAX Interna- 
tional Medcom at (707) 823-7207. 
Add $4.00 for shipping/handling (in 
U.S.) for each unit. California resi- 
dents please add 6% sales tax. 

For EPA -approved Radon test kits 
contact: Robert Vivian at Radon Test- 
ing Services, 4096 Scenic Drive, 
Provo, Utah 84604, 1-800-777-2320. 

Back issues of the June and July 
1988 Radio -Electronics are avail- 
able from the RE Reprint Bookstore 
for $3.75 each plus shipping and 
handling ($1.25 for one issue or 
$2.00 for two). Send check or money 
order, payable to Gernsback Publica- 
tions, to: Radio -Electronics Reprint 
Bookstore, P.O. Box 4079, Farm- 
ingdale, NY 11735. Indicate the is- 
sue(s) you want, and allow 4-5 
weeks for delivery. 

The following items are available 
from Harold (Bud) Cole, 614 Cedar 
Hill Road North East, Albuquerque, 
NM 87122 (505) 296-2632. A kit for 
the interface cable containing the 
connectors and 10 feet of cable is 
$11, and an assembled 10 -foot inter- 
face cable is $20. Specify 9 -pin or 25 - 
pin for the RS -232 connector. The 
compiled version of the software, with 
documentation on disk, is available 
for $49. All prices include postage. 
New Mexico residents add 51/4% 
sales tax. 

were within 2% of the EPA's in the 
EPA Radon Measurement Proficiency 
program. That is unusually good, 
with 20% accuracy considered ac- 
ceptable. He put his Radalert in his 
basement, side by side with the stan- 
dard charcoal canister radon -detec- 
tion package, with the Radalert in the 
"total count" mode. 

To get accurate results with the car- 
bon canister he had to run the test for a 
48 -hour period. To prevent the 
Radalert counter from overflowing 
during that period he recorded his 
count every 12 hours, and then reset 
the Radalert to count for another 12 - 
hour period. He converted his counts 
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for the 48 hour period into average 
counts per minute and obtained 18.11 
for the average. (By using Bud Cole's 
computer program, he could have re- 
corded the counts per minute for as 
long as a week and let computer cal- 
culate the average cpm for the period). 

The average radon concentration as 
measured by the carbon canister was 8 

picoCuries per liter of air. He also did 
a 48 -hour count outdoors and deter- 
mined that his outdoor radiation level 
was 14.75 counts per minute. That 
count was subtracted from his indoor 
count, as outlined in the July article. 
(Outdoor air is considered to average 
about 0.2 picoCuries of radon per 
liter). 

The difference between his average 
indoor and outdoor counts, 3.36 
counts per minute for a radon con- 
centration of 8 pCi/l, shows a sen- 
sitivity of 0.42 cpm for 1 pCi/l, 
assuming there was no other source of 
radioactivity in the basement. The 
EPA considers the risk of radon con- 
centration of 4 pCi/1 to be equivalent 
to the risk of 200 chest X-rays per 
year. At that level or higher, they rec- 
ommend follow-up testing to deter- 
mine if remedial action is necessary. 

One Radalert kitbuilder, from Har- 
risburg, Pennsylvania, has a radon 
level of 55 picoCuries per liter (pCi/l) 
in his home. He also has an elec- 
trostatic air cleaner. Using the 
Radalert, he discovered that the dust 
collected by the filter is quite radioac- 
tive due to the radon daughter ele- 
ments; he has gotten readings of over 
400 counts per minute next to the 
filter. 

Those experiments and others indi- 
cate that the Radalert can be useful in 
screening for radon levels of about 4 
pCi/1 or higher. Levels below 4 pCi/1 
may be difficult to detect reliably. 

Use of the Radalert for radon test- 
ing should be considered experimen- 
tal, as the EPA has not approved 
Geiger counters for that purpose, and 
your results should be confirmed by 
EPA -approved test methods. For ex- 
ample, you can use the Radalert to 
locate the area in a basement or other 
part of the building with the highest 
radiation level. Then you can place a 
testing device that is specific for 
radon, such as a carbon canister, in 
that location to confirm whether or 
not the increased radiation is due to 
radon. In the case of Bud Cole's 
house, the carbon canister test 
showed the high radiation level was 
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FIG 2-THE CONTROL CIRCUIT stops the clock and starts the recorder. 

not due to radon, and continued in- 
vestigation located the radioactive op- 
tical lens. 

Radioactive sources 
Radalert users have added to our 

list of radioactive materials that peo- 
ple work and live with. In addition to 
the optical lens described earlier in 
this article, we have reports on the 
following items: an optical prism 
which measured over 11,000 counts 
per minute, a thoriated filament on a 
4-1000A power transmitting tube, 
some welding rods, and wood ash 
(where soil was contaminated with ra- 
dioactive isotopes). If you have found 
any interesting and/or previously un- 
known radioactive sources, contact 
Radio -Electronics and share your 
story. 

Networking/BBS 
Radalert users are starting to net- 

work regionally to compare their 
readings, share information, and ex- 
change application ideas. The RE 
BBS, (516) 293-2283, is available for 
readers who wish to contribute infor- 
mation on their experiences or learn 
more about radiation. Other national 
and international forums and on-line 
conferences seem to be developing, 
so check in on the bulletin board to 
stay up to date. 

Monitoring nuclear plants 
Dr. Donald Muirhead, a pediatri- 

cian, and David Quaid, an indepen- 
dent film maker, of Duxbury, Massa- 
chusetts, have put together a 

radiation -monitoring network of 23 
Radalerts, around the Pilgrim nuclear 
plant. Dr. Muirhead was concerned 
about safety problems at the plant, 
and about a Massachusetts Depart- 
ment of Public Health allegation of 
increased leukemia and other cancers 
downwind from the plant. By collect- 
ing radiation data and sharing the in- 
formation, their group hopes to 
increase the community's peace of 
mind, and encourage safe operation at 
the facility. Keep watching Radio - 
Electronics for an update on that 
monitoring network and the data they 
are collecting. 

Budget monitoring 
In 1978 a group of people living 

near the Maine Yankee nuclear power 
plant decided they would like to 
monitor emissions from the plant, so 
they would be aware of releases. An 
engineer in the group, Will Byers, de- 
veloped an inexpensive build -it -your- 
self Geiger counter with an alarm. 
The counter was connected to a clock, 
so that when a pre-set radiation level 
was reached the clock would be 
stopped. That let the user know when 
the radiation increase was recorded. 
Will also built the Radalert kit, and 
has added it to their Citizen's 
Monitoring Network. 

Bud Cole's program (with its real- 
time clock signature on radiation 
plots) is perfect for that type of ap- 
plication. Bud's program can also dial 
a telephone number to report high ra- 
diation levels to other computers in 
the network. But what if you want to 
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microcomputer system ... it's 
easy and inexpensive. 224 pp. 

9760 $17.95 
Instant access to pinpoint ail- 
ments and suggest possible 
cures. 324 pp. 

9759 $22.95 
80386 architecture, assembly 
language programming as well 
as multitasking and processing. 
150 illus., 515 pp. 

Distributed 

Control 

Systems 

Michael P. Lukas 

9778 $44.95 
Successfully select, design, and 
implement microprocessor - 
based systems. 287 pp. 

9762P $21.95 
The classic definitive work on 
the IBM PC-fully revised and 
enlarged. 387 pp. 

Sot.DEFING HANDBOOK 

SURFACE metro em 

tgtWiRDtl.M41M0 

9825 $49.95 
A comprehensive manual for 
soldering and cleaning printed 
circuit boards. 430 pp. 

ENGINEERING MATH 

electronics 
MATH 

-, 
- _, 

1 \ r I_I _I_I_I 

t-=1i =i`i 
1 -- 

1962 $22.95 
A practical reference to basic 
electronics math usage. 
247 illus., 256 pp. 

1938 $60.00 
Over 1,300 useful and versatile 
electronic circuit designs. 
768 pp. Counts as three. 

l'r.ir lil.il l7dn,lnrnnv 
11C.1'111 Ilallllllllnl. 

3212 $34.95 
A no-nonsense guide on design, 
building, and applications of 
small iron -core transformers. 
350 pp. Counts as 2. 

SOLUTIONS 

partial 
differential 
equations 

2612 $25.95 
Step-by-step methods for solving 
real -world partial and differen- 
tial equations. 102 illus., 560 pp. 

Ref 

COMPUTER 
INTEGRATED 

MANUFACTURING 
TECIIM tüES 
Ren 
k^VliCA71pk8 

2988 $39.50 
Keep up with current 
strategies-learn to use CIM sys- 
tems to tie your manufacturing 
operation together. 470 pp. 
Counts as 2. 
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STATE-OF-THE-ART 
re, 

9773 $44.95 
Examines the significant ad- 
vances in communications tech- 
nology. 406 pp. 

rnventurs Gable to 

Successful 
Patent 
Applicapons 

3035P $14.95 
How to write and file a success- 
ful patent application in four 
simple steps. 176 pp. 

ELECTRONIC COMPONENTS 

9788 $49.50 

3115 $21.95 
Background information on the- 
ory and history of lasers, as well 
as practical experiments. 176 pp. 

2672 $49.50 

immommow 
Tt# 

DIGITAL IC 

HANDBOOK 

3002 $49.50 

9788 Comprehensive, up-to-the-minute information and data not previously avail- 
able in a single source. 432 pp., 175 illus. 

2672 Linear integrated circuits-specifications, prices & data. 614 pp. Counts as two. 

3002 Fast, accurate information guaranteed to simplify your search for the right 
IC. 624 pp. Counts as two. 

2720 $32.50 
State-of-the-art design tech- 
niques and manufacturing 
methods. 250 illustrations. 
304 pp. 

REFERENCE 

GALLIUM ARSENIDE 
IC TECHNOLOGY 

3089 $26.95 
A nonmathematical introduction 
to the design, fabrications, and 
application. 272 pp. 

()Il"tli)\1ttl (11 I.1I:l;Ihll\Il,ti 

2900 $36.95 9785 $86.95 

The 

BENCHTOP 
ELECTRONICS 

REFERENCE 
MANUAL 

2785 $39.95 

2900 "An excellent dictionary for all levels of users, from the hobbyist to the 
researcher." -Libraries Unlimited, 584 illus., 656 pp. Counts as two. 

9785 This professional sourcebook delivers the essentials you need in hardware 
and software areas. 874 pp. 

2785 Easy -to -use reference to 160 electronic principles: ac/dc, solid-state, oscilla- 
tors, amplifiers and radio communications. 620 pp. Counts as two. 

How the Club Works 
YOUR BENEFITS: You get 3 books for $1.95 plus shipping & han- 
dling when you join. You keep on saving with discounts up to 50% as 
a member. 

YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4 weeks, 
you will receive the EE&D Book Club News describing the Main Selec- 
tion and Alternates, as well as bonus offers and special sales, with scores 
of titles to choose from. 

AUTOMATIC ORDER: If you want the Main selection, do nothing 
and it will be sent to you automatically. If you prefer another selection, 
or no selection at all, simply indicate your choice on the reply form provid- 
ed. As a member, you agree to purchase at least 3 books within the next 
2 years and may resign at any time thereafter. 

BONUS BOOKS: Starting immediately you will be eligible for our 
Bonus Book Plan with savings of up to 80% off publishers' prices. 

IRONCLAD NO -RISK GUARANTEE: If not satisfied with your 
books, return them within 10 days without obligation! 

EXCEPTIONAL QUALITY: All books are quality publishers' editions 
especially selected by our Editorial Board. 

Alt books are hardcover unless number is followed by a'P" for paperback. (Publishers' Prices shown) 
01989 EEDBC, Blue Ridge Summit, PA 17294-0860 

r 
ELECTRONICS ENGINEERS 
& DESIGNERS BOOK CLUB° 
Blue Ridge Summit, PA 17294-0860 

YES! Please accept my membership in the Electronics Engineers & 

Designers Book Club® and send me the volumes I have listed below, 
billing me only $1.95 plus shipping and handling charges. I understand 
that the books are sent on a 10 -Day Free Examination basis. If dissatis- 
fied in any way, I may return the books within 10 days and incur no 
further obligation. Otherwise, I agree to pay the enclosed invoice prompt- 
ly and to receive regular club bulletins as described in "How the Club 
Works." To complete my membership obligation I need only purchase 
3 additional books at regular members' prices during the next 2 years, 
and may resign at any time thereafter. 

NAME 

ADDRESS 

CITY 

STATE ZIP PHONE 

SIGNATURE 
Valid for new members only. Foreign applicants will receive special ordering instructions. Canada must 
remit in U.S. funds. This order is subject to acceptance by the Electronics Engineers 8 Designers Book 
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FIG. 3-CONTROL-CIRCUIT SCHEMATIC. The clock must run on 1.5 -volts. 
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1K 
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J L J1 
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FIG. 4-DEMODULATOR CIRCUIT extracts the recorded data from the tape. 

use your computer to do something 
else? Or what if every station in your 
monitoring network cannot afford to 
dedicate a computer for the task? 

A simple and inexpensive data log- 
ger can be built to use with the 
Radalert. It takes Will Byers' "clock 

stopper" one step further by record- 
ing radiation levels on magnetic me- 
dia, when an alert signal is generated. 
The technique is similar to those used 
in medicine, especially cardiology, to 
record information only when some- 
thing abnormal happens. The 

"event" recorder stores radiation data 
on a standard microcassette recorder 
for a 60 -minute period when "abnor- 
mal" radiation levels are detected. 
The data can be stored and processed 
on a computer by playing it back 
through the tape recorder's earphone 
jack into a demodulator which feeds 
the data into Bud Cole's interface ca- 
ble. Then Bud's software can recreate 
the event and plot the results. 

The block diagram for the device is 
shown in Fig. 2. When the radiation 
level exceeds the alert setting on the 
Radalert, the control circuit stops the 
clock, documenting the time that the 
incident occurred. At the same in- 
stant, the circuit turns on the tape 
recorder to record the level of radioac- 
tivity, and sounds a beeper. Each radi- 
ation event is detected as a "click" on 
the magnetic tape. While this method 
of storing data has limitations, par- 
ticularly at high radiation levels 
where accuracy is reduced, it does 
allow important information to be re- 
corded at low cost. 

Figure 3 is the schematic for the 
control circuit. All parts are readily 
available. The clock cost $7.50 at a 
discount hardware store just make 
sure that the clock you get can run on 
a 1.5 -volt battery. That way, it can be 
turned on and off via J1, the clock - 
power output. 

Here's how the circuit in Fig. 3 
works: A 3.5 -mm stereo phone plug 
is inserted into the Radalert's COUNT 

output jack. The tip of the plug picks 
up the Radalert's count pulses when- 
ever a radioactive particle or photon is 
detected by the Geiger tube (see Ra- 
dio -Electronics, June 1988, for a 
more detailed explanation). The ring 
of the plug (the middle conductor of 
the plug) is connected to the 
Radalert's ALERT output, which goes 
high when the alert level has been 
exceeded. Use a shielded two -con- 
ductor cable to connect the plug to the 
control -circuit board (one that has 
two conductors in addition to the 
shield). Remember never to put a 
mono plug into the Radalert's COUNT 

output jack, or else its alert output 
buffer could be damaged. 

When the Radalert's ALERT output 
goes high, the flip-flop IC1 (1/2 of a 
4013) is toggled, turning on the 
beeper switch, Q1, and the cassette - 
power switch, Q2. (Just make sure 
that the cassette recorder you use can 
run on the voltage provided by J2. 

continued on page 66 
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DD L 

ISDN 
PROTOTYPING 
TELEPHONE 

DOUG TOUSIGNANT and KEN SLIGER 

WHEN WE LEFT OFF LAST TIME, WE 

had just finished preliminary testing 
of the tip -and -ring section. As we 
continue, you'll want to refer to Fig. 1 

in last month's issue, and Fig. 7, the 
parts -placement diagram. 
Install the socket for IC6, C9, C16, 

C17, R1, Rll, JD, JE, J5, D3, and 
D5; then press IC6 into its socket. 
Connect a conventional handset to J5 
and listen for a dial tone while power- 
ing the prototyping telephone from a 
9 -volt DC source, and having it 
plugged into the phone -line "T" 
adapter; you should not hear one. 
Take the regular phone off hook, lis- 
ten for a dial tone, and then dial your 
local time number. While listening to 
the local -time recording, activate RY1 
by connecting a test lead between pins 
32 and 34 of IC1. If there are no 
problems, install RES1, C6, and J10. 

Solder in the sockets for IC8 and 
IC4, XTAL2, R12, and C7, and then 
press IC8 and IC4 into the sockets. 
Next, install the socket for IC3, 
C1-C4, and the right-angle header for 
J2. Do not put IC3 in its socket just 
yet. 

The next step is to wire up a serial 
cable for connection between J2 and 
your terminal or a PC running termi- 
nal -emulation software. Basically, 
we'll be using a three -wire cable be- 
tween the TXD, RXD, and GND on J2 and 
your terminal. (Don't forget that your 
terminal's TXD must be connected to 
J2's RXD.) 

Some terminals or 
computers will require 
that the DATA TERMINAL 

READY, DATA SET READY 

and CARRIER DETECT 

be wired together. (If 
your computer uses a 
DB -9 connector, 
those are pins 
1,4,and 6; for a 
DB -25 connector, 
those are pins 20, 
6, and 4.) Some 

Ì 
terminals will also 
require that the REQUEST TO SEND and 
CLEAR TO SEND be jumpered together. 
(Pins 7 and 8 on a DB -9 connector; 
pins 4 and 5 on a DB -25.) 

The transmission parameters of 
your terminal or PC are unimportant 
at this time, but, if you wish, you can 
set them as follows: 
9600 baud 
no parity 
8 data bits 
1 stop bit 
echo disabled 
XON/XOFF enabled 

Hook the serial cable to your PC 
but don't hook the other end to J2. 
Strip both ends of a 1 -inch piece of 
bell wire, and use it to jump TXD AND 

RXD on your serial cable. Type some 
characters on the terminal keyboard; 
they should appear on the screen be- 
cause the jumper creates a loopback 
between the transmit and receive pins 
of the connector. Remove the jumper; 

there should be no characters on the 
screen. If you still have characters 
echoing, or a double set of them, 
make sure that echo is set to off 
(ATEO for Hayes -type modems). 
Now connect the adapter cable to J2, 
and jump pins 13 and 14 of the IC3 
socket, and repeat the echo test. 
Using a logic probe (or an LED/10K 
resistor combination), make sure that 
pin 13 is receiving data from your 
terminal. Remove the jumper and dis- 
connect the cable from the terminal or 
PC. 

Now, insert IC3 in its socket, mak- 
ing sure that the power to the pro- 
totyping telephone is off before doing 
so. Apply power, and check for the 
following voltages on IC3; pin 1, 

+ 7.17; pin 2, + 9.00; pin 3, + 2.36; 
pin 4, 4.80; pin 5, -4.27; pins 6 and 
7, - 8.93; pins 8 and 15, ground; pins 
9-13 and 16, + 5.00; pin 14, 
12.00. 

C z 
rTh 

CO- 
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FIG. 7-PARTS-PLACEMENT DIAGRAM. The 
are provided in PC Service. 

Jump pins 19 and 23 of IC1, and 
repeat the character echo test. Then 
go on and install any remaining parts 
on the PC board. 

The ISDN alphabet soup 
The ISDN is a service that is sup- 

plied by the telephone company that 
you subscribe to, in the same way that 
supplying a dial tone and completing 
telephone calls for you is a service. It 
is a digital data network. Voice data is 
digitized and sent as so many data 
bits, just like text, images, or video. 

Figure 8 shows a typical ISDN con- 
figuration. The terms used are defined 
as follows: 
NT 1 (Network Terminator 1)-Box 
containing 2 -wire "U" loop to 4 -wire 
"S"/"T" loop. 
NT 2 (Network Terminator 2)-Intel- 
ligent box for data concentration, 
maintenance, or switching. Can be 
PBX. 

foil patterns for the double -sided PC board 

"R"-Reference point between ter- 
minal equipment which is not com- 
patible with ISDN (TE2) and a 
Terminal Adapter (TA). 
"S"-Reference point between 
ISDN terminal equipment (TE1) and 
ISDN line. 
TE1-ISDN-compatible terminal 
equipment. 
TE2-Non-ISDN-compatible termi- 
nal equipment. Requires a terminal 
adapter. 
"U"-Reference point between 
PSTN exchange and NT 1 on the cus- 
tomer's side. 

From our perspective, we're inter- 
ested in the "S" interface, which will 
be a modular RJ11-C wall socket; the 
class of device used on the "S" refer- 
ence is a TE1. Non -ISDN equipment 
(TE2) such as PC's are used on the 
"R" reference point with a terminal 
adapter. The NT (Network Termina- 
tion) may be an existing PBX or on - 

T2 

premise switch, or it may reside at the 
central office. The telephone compa- 
ny takes care of the rest. 

ISDN provides two types of ser- 
vice. 2B + D, or Basic Access Rate, 
which supplies two simultaneous, in- 
dependent 64-kbit/s B -channels for 
transmitting and receiving data, and a 
16-kbit/s D -channel for limited pack- 
et -data transfer and control functions. 

The second service is 23B + D, 
the Primary Access Rate. 23B + D 
provides 23 B -channels multiplexed 
on a T1 (1.54 mbits/s) PCM (Pulse 
Crode Modulation) transmission 
highway and a D -channel for control. 

Basic Access Rate is for individual 
devices, and the Primary Access Rate 
collects the Basic Rate B -channels 
and sends them outside. 

Basically, here's how it works. 
Somebody picks up the handset of an 
ISDN TE1 that happens to be a tele- 
phone. On the D -channel, a packet is 
prepared and sent from the TE1 to the 
switching equipment, which might be 
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ISDN 

Take the completed prototyping 
telephone configured for ISDN, plug 
it into an ISDN "S" reference and pick 
up the handset. There is no dial tone 
and you can't make a simple phone 
call. Why is it that a high-tech ISDN - 
technology telephone won't even do 
what a $15 telephone can do? 

The fundamental difference be- 
tween the analog, tip -and -ring tele- 
phone and an ISDN TE1 is that tip - 
and -ring telephones work on a spe- 
cific analog network designed and 
engineered to transmit and receive 
voice via a simple base -band trans- 
port. ISDN is a complete digital net- 
work designed and engineered as a 
data network, whether the data is 
text, FAX, music, CATV, or voice. 
ISDN has protocols, or rules, for 
using the network. Before a TE1 can 
use ISDN, those rules must be imple- 
mented with software. 

Figure 1 shows the relationship be- 
tween the CCITT (International 
Telegraph and Telephone 
Consultative Committee-a United 
Nations organization headquartered 
in Geneva, Switzerland) recommen- 
dations for ISDN and how they fit with 
the ISO (International Standards 
Organization) seven -layer model for 
OSI (Open Systems Interconnect) ar- 
chitecture. It is a hierarchical design, 
with the layer above providing control 
functions for the one below. That 
sounds like a mouthful, but it is an 
international agreement about how 
networks should be engineered. 

Though it looks complex, The ISO 
seven -layer model is designed to 
make data communications between 
disparate equipment and different 
countries easier. By following those 
recommendations, you should be 
able to communicate with any de- 
vice, in any country. 

The good stuff comes in at the bot- 
tom (layer 1), rises through the other 
layers as far as the application re- 
quires, and then goes back down and 
out. ISDN is an international stan- 
dard for a digital network, and it is 
defined for the first three layers of the 
seven -layer model. 

In layer 1, the physical layer, ana- 
log -to-digital conversion takes place, 
and some time -division multiplexing 
to break out B -channel and D -chan- 
nel information is done. In addition, 
CSMAR (Carrier -Sense Multiple 
Access with Collision Rejection) is 
used if the D -channel is accessed by 
multiple terminals-almost like a 
LAN (Local Area Network) so far. The 
control functions are handled by the 
line -interface and the data -link con- 
troller sections of the AM79C30A dig - 

OSI SEVEN ISDN CCITT 
LAYER MODEL RECOMMENDATIONS 

PRESENTATION 

SESSION 

TRANSPORT 

NETWORK 

DATA LINK 

PHYSICAL 

LAYER 3 

LAYER 2 

LAYER 1 

FIG. 1 

NOT 

DEFINED 
BY 

CCITT 

0.931 

0.921 

1.430 1.431 

ital subscriber controller. Those are 
the 1.430 and 1.431 CCITT ISDN rec- 
ommendations. 

Layer 2 of the ISO model, the data - 
link layer, connects the D -channel 
and B -channels to actual devices in 
layer 3. Layer 2 uses statistical multi- 
plexing to send D -channel informa- 
tion up to layer 3, and also imposes 
further error controls on the data 
coming from the layer 1. Some of 
those functions are implemented for 
D -channel information in the data - 
link control section of the 
AM79C30A. The rest of layer 2 is 
done with software called LAPD (Link 
Access Protocol for the D -channel) 
and LAPB (Link -Access Protocol for 
the B -channels). This is the CCITT 
0.921 ISDN recommendation. 

Layer 1 can be considered the elec- 
tron level, because it processes volt- 
ages, timing, and pin configurations. 
Any A/D conversion is done and the 
D -channel information and B-chan- 
neil information has been identified, 
multiplexed, and checked. Layer 2 
might be defined as the bit level, be- 
cause bit patterns are recognized. In 
layer 2, D -channel data is processed 
(what is to be done, who is it for) and 
the data from layer 1 is checked again 
for errors. With the LAPD and LAPB 
software in place, the TE1 is doing 
everything the ISDN network re- 
quires for layer 1 and layer 2. But 
there's still one more layer between 
you and the simple phone call. 

Layer 3 of the ISO model, the net- 
work layer, is where the devices re- 
side. It might be called the byte level. 
Now we process characters and 
numbers. From layer 2, the devices 
are informed of what action to take by 
D -channel data which has been 
formed into packets, and those de- 
vices are allowed to use the network 

to transmit and receive packet data 
on one or more B -channels. Those 
devices are the ISDN telephones 
(TE1's) and other terminal equip- 
ment, as well as the digital switching 
equipment at the telephone compa- 
ny's central office. 

In layer 3, meaningful packets of D - 
channel information are sent and re- 
ceived to and from the digital switch. 
A TE1 that happens to be a telephone 
is identified to the ISDN switching 
equipment by the SAPI (Service 
Access Point Identifier) and TEI (Ter- 
minal Endpoint Identifier), sent via 
the D -channel. Once the TEl tells the 
switching equipment its SAPI and 
TEI, the equipment can allocate a B - 

channel and connects you to the out- 
side world. It is the use of the CCITT 
0.931 recommendation that makes 
the D -channel packets mean some- 
thing to another layer -3 device. 0.931 
is generally software implemented. 

A TE1 that works on an AT&T 5ESS 
ISDN digital switch probably won't 
work when connected to a Northern 
Telecom DMS -100 ISDN digital 
switch. Each company implements 
Q.931 differently, so a TE1 must have 
different 0.931 software for each ven- 
dor's switch. 

Before you throw your hands up in 
disgust and roundly curse the man- 
ufacturers for their duplicity, and be- 
fore you lose hope of ever making a 
phone call with your ISDN -compati- 
ble, prototyping telephone, re- 
member that a station set designed 
to work on a Northern Telecom DL -1 

digital switch won't work on an AT&T 
S-75 digital switch. Vendor -specific 
equipment isn't new with ISDN. 

To see what a Q.931 interface 
looks like, you may want to examine 
the DMS -100 Family ISDN Basic 
Rate Access User -Network Interface 
Specifications, published by North- 
ern Telecom for their DMS -100 digital 
switching equipment. 

A copy can be ordered by calling 1 

800 422-6373, and ordering publica- 
tion number BRA-NIS-S208-3. It ex- 
plains in detail how the Q.931 
recommendation is implemented on 
the Northern Telecom DMS -100. 

The Q.931 interface that you use 
depends on which big digital Switch 
your local telephone company is 
using for ISDN. The Northern Tele- 
com DMS -100 and the AT&T 5ESS 
seem to be widely used. 

If you are a programmer who likes 
to really grovel in the bits, writing a 

Q.931 interface is a very elegant proj- 
ect. If not, you should contact the 
switch manufacturer or the IC man- 
ufacturer and see if they offer the 
LAPB, LAPD, and 0.931 software for 
your particular configuration. R -E 

www.americanradiohistory.com



TE 1 \ 

TE 2 0000000 

NT 2 IIIIVilllll NT 1 

T,. 

CUSTOMER PREMISES 

FIG. 8-SHOWN HERE IS A TYPICAL ISDN configuration. 

an NT2. The switch will supply the 
dial tone, identify the device, and sig- 
nal back. The user types in Touch 
Tone digits to make a phone call. 
Those are decoded and put into an- 
other D -channel data packet and sent 
to the switch. The switch then allo- 
cates Basic Access B -channel and 
switches the call. 

Now the TE1 has been allocated a 
B -channel back to the switch. The 
switch takes the B -channel informa- 
tion and puts it on the 23B + D PCM 
data highway to wherever the data is 
going. You might think of the 23B 
channels as 23 trunks or central -office 
lines. As always, the D -channel lurks 
in the background. 

Your call has been switched (you're 
talking to someone), but let's assume 
the ISDN TEl is both a telephone and 

FIG. 9-THE MILLCOM BOARD is installed 
in the case along with a multi -purpose 
single -board computer. 

1111 
LINE 

TERMINA- 
TION 

LOCAL EXCHANG 

a video monitor/camera. Your voice 
uses one B -channel, and the video 
uses the other. The D -channel can be 
used to tell you that you have another 
incoming call or, if you have an ISDN 
security system in your house, the D - 
channel can inform you of a break-in. 

And you thought a telephone was a 
bunch of wire and a big bell. In the 
contemporary office, a handwritten 
letter has become an E-mail packet or 
a fax. A photograph is a digitized 
image stored on a laser disk. Type- 
writers are hard to find. Telephone 
communication is part of the informa- 
tion age, and the prototyping tele- 
phone, like the personal computer, is 
a development tool. With high-speed 
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digital networks like ISDN handling 
text, video, imaging, and voice, the 
telephone has become a computer. 

Scratching the surface 
While the concepts of ISDN are 

exciting, things don't really start 
cooking until you actually start apply- 
ing ISDN capability to the Millcom 
ISDN prototyping telephone. 

By 1992 enough ISDN technology 
will be in use that it should be easy to 
market applications programs and 
products that are TE1-compatible. 
Such software might provide a TE1 
with capabilities such as accepting, 
rejecting, rerouting, recording, call- 
ing back, or ignoring any incoming 
call based on its D -channel packet. 

What can you do before 1992? 
Lots. You have ISDN users to share 
your applications ideas with. Your 
government will be one of ISDN's 
biggest users and is helping them 
voice their application ideas and 
needs. Congress appropriated funds 
to the National Institute of Standards 
and Technology (formerly the Na- 
tional Bureau of Standards) to estab- 
lish the North American ISDN Users 
Forum (NIU). NIU is a users group 
with quarterly meetings and an elec- 
tronic bulletin board (301 869-7281) 
to support and promote ISDN -related 
application profiles and ideas. The 
bulletin board is for NIU members 
only, but it's easy to join. They want 
and need application ideas. This new 
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FIG. 10-THE MODIFICATION requires a single trace to be cut, and one or two jumpers to 
be installed. 

64 

www.americanradiohistory.com



industry needs ISDN -knowledgeable 
programmers and hardware design- 
ers. Therefore, the knowledge you 
gain from building the Millcom kit 
may benefit your career. 

You may not be able to order ISDN 
BRI service yet, but you can get on a 
waiting list for future subscribers. 
You can build the Millcom ISDN Kit 
and experiment with ISDN's D -chan- 
nel applications, and begin to study 
ISDN protocols with simulators and 
protocol analyzers. Teleos, Pro- 
gressive Computing, Hard Engineer- 
ing, Intel, AMD, Mitel, Hayes, and 
others have developed ISDN PC 
boards and development software. 

Sometimes unwanted calls can re- 
sult in missing an important call. And 
with an analog telephone system, 
there is no effective way to filter out 
unwanted calls, or to have the system 
interrupt an unimportant one for one 
that is important. 

The prototyping telephone lets you 
simulate Calling Party /Dentification 
(CPID). Of course, since there's no 
D -channel to detect, the caller has to 
be prompted by an answering ma- 
chine to enter his phone number, 
while the prototyping telephone, 
which is connected to the same phone 
line, listens to the caller's number (the 
DTMF data) and determines whether 
or not the call should be put through. 
If the caller's number matches one 
that has been programmed into mem- 
ory as one that should be put through, 
the prototyping telephone will then 
ring to alert you. 

Incoming callers will hear: "You 
have reached the offices of so and so. 
I'm sorry but no human is available to 
take your call right now. If your are 
calling from a touch tone phone 
please enter your area code now 
(pause 3 seconds)... Please enter the 
remaining seven digits of your phone 

SOURCES 

Note: The following are available 
from Millcom, 3014 Pershall, Saint 
Louis, MO 63136 (314-524-0804): 
Prototyping Telephone Kit board and 
all parts, $239. Refurbished Tele - 
nova station set with Millcom PROM 
BIOS monitor, $260. PC board, $39. 
Flat -rate repair, $100. The monitor 
ROM and the source code are $35 
apiece. 

(1) 2000h - 3FFFh 
(2) 4000h - 4OFFh 
(3) 4100h - 41FFh 

(4) 4200h - 43FFh 

(.5; 4400h - 46FFh 

(5j 4700h - 5FFFh 

TABLE 

8K unused and unre emnced for user expansion 
256 bytes -or monitor variables 
Intern.:pt and utility vectors. User access and 
interception cf ROM -based functions can be achieved 
via tl-e defnod vectors in This block of ram. 
Command functfcn Foi-lters. This block contains the 
jump table for all serai commands. User additions lo, 
and intercept on of the basic monitor commands can be 
accessed here. 
700 -byte free area. Can be used by applications code 
for variables or as an image of 4100h - 43FFh. 
6K Pee area. Apolictìons code should be originated 
here. The `g/G" corml3nd calls address 4730 for 
execution. The stack pointer is initialized tc 5FFFh. 

CONNECTED TO MILLCOM PHONE 
h 

Millcom ISDN Experimenters 1(ìt BIOS Monitor verl:8 
Help Menu 
t = test amd clear all memory 
d = dump memory 
7 = dump 79c38 registers 

8 = dump 8256 registers 

i = read io address 
o = write io address 

= intel hex dounloader 

g = jump to 2388h 

a = send addresses 

h = display this help menu 
m = modify memory 

j = call address 

command: 

Millcom ISDN Experimenter's Toolkit v1.8 
Ctrl Z to exit 

FIG. 11-THE MONITOR'S HELP SCREEN displays the monitor's basic commands. 

number now (pause 7 seconds)... You 
may now leave a voice or fax message 
after the beep. 

The prototyping telephone can col- 
lect the area code and, if it is dif- 
ferent, closes the contact on the 
beeper which immediately informs 
you that you have a long-distance call. 
If you pick up an extension phone you 
can intercept the call. 

On local calls the prototyping tele- 
phone collects and compares the 
seven -digit phone number to the al- 
lowed -calls list downloaded from the 
PC. If it finds a match it beeps twice. 
That lets you know that you are receiv- 
ing an expected call; you can intercept 
it or let the machine get it. 

Another experiment would be to 

design an Intelligent Proximity De- 
tector, or IPD. Such a device would be 
able to detect whether or not you are 
within a certain distance from your 
telephone. And, depending upon 
where you are, it could put the caller 
on hold, transfer the call to another 
extension, take a message, or what- 
ever. The action would be up to you. 

Phoneless ISDN 
We have mentioned that the Mill- 

com experimenter's kit can be used 
without the Telenova station set. All 
that you need is a PC, or some other 
kind of computer that can communi- 
cate with the kit board through its 
parallel port. Figure 9 shows the 
board installed in a case, along with a 
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multi -purpose single -board computer 
that can be used to control the Mill - 
corn board. 

In order to communicate with the 
Millcom board, you do need a bi- 
directional parallel port. Unfor- 
tunately the parallel printer port on 
IBM PC's is capable of outputting 
data only. (Most-but not all-clones 
and compatibles have a bi-directional 
port, though.) 

As discussed by Steve Ciarcia in 
the September 1988 Byte magazine, 
the following printer -port modifica- 
tion will provide bi-directional com- 
munication to PC's that don't already 
have it. It seems that all of the hard- 
ware that was needed to read or write 
8 bits of data is already on board. The 
modification, as shown in Fig. 10, 
requires a single trace to be cut, and 
one or two jumpers to be installed. Be 
warned, though, that not all boards 
have the same traces, IC numbers, or 
bit assignments. So be sure that you 
have the correct documentation for 
your card, and that you know what 
you are doing before you begin to cut 
traces. (You can always buy a bi-di- 
rectional clone printer -port card for 
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FIG. 12-THE MENU SCREEN from 
MILLCOM.EXE. 

around $50.) 
Now that you have the board com- 

municating through a parallel port, 
the board has to know how to commu- 
nicate through the port. And that's 
where the Millcom Monitor ROM 
comes in. Basically, the monitor 
ROM is the "bios" of the kit board. 
Without it, the board knows nothing. 
The ROM contains the basic set of 
commands that are used to control the 
phone's operations. Figure 11 shows a 
menu of basic commands that are 
available to a user when connected to 
the phone thru the serial port. The 
Monitor allows the user to access and 

program the Millcom board from a 
variety of terminals and computers. 

The monitor occupies about 4K of 
code space. That allows the user to 
access the upper 4K for special ap- 
plications. Also, the first 8K is not 
used by the Monitor to provide an 
additional 8K of user ROM. 16K of 
RAM is divided into 2 contiguous 
blocks which are allocated as shown 
in Table 1. 

On the free side, a "tool kit" con- 
taining an executable program called 
MILLCOM.EXE, hex files, and commu- 
nications software, is available on the 
R E BBS (516) 293-2283; the tool kit 
is called MILLCOM.ARC. The hex files 
can be downloaded into the Millcom 
board, using the executable file. The 
main menu screen from MILLCOM.EXE 
is shown in Fig. 12. 

We've only scratched the surface of 
ISDN and how it will change the way 
we use telephones. The prototyping 
telephone we've described is not the 
end-it's the beginning. We hope that 
the readers of Radio -Electronics be- 
come the developers of the best ISDN 
applications. Let us know about your 
successes. R -E 

RADALERT 

continued from page 60 

Otherwise you may have to slightly 
alter the circuit so that it can turn the 
cassette recorder on and off via its 
"remote" jack, if it has one.) At the 
same time, Q3 is turned off, stopping 
the clock by cutting the power to the 
clock -power jack, J1. The beeper 
sounds a pulsating beep until 51 is 
depressed, resetting the system. The 
count pulses from the Radalert are fed 
to the microphone input of the cas- 
sette player, through Cl, which pro- 
vides DC isolation. 

To begin operation, set the clock to 
the correct time, and put the cassette 
recorder in its record mode with a tape 
installed. You'll have to make sure 
that nobody disturbs any of the equip- 
ment, so it is advisable to choose an 
out-of-the-way location for the setup. 
Also remember that if your setup is 
outdoors, the equipment must be 
shielded from nature's elements.Test 
the system and check the batteries 
periodically. Use good -quality tapes 

and record at the normal speed for 
best results. 

Figure 4 shows the demodulator 
circuit for extracting the data from the 
tape. Use a 3.5 -mm mono phono plug 
and shielded cable to connect to the 
earphone jack of the tape recorder. 
The pulses that were recorded before 
are easily detected by ICI, an op -amp 
('/ of an LM324) configured as a 
comparator. R6 must be adjusted so 
that the output of IC1 does not trigger 
on noise. Remember not to change 
the volume level on the cassette player 
once R6 has been set. The output 
pulse, which may have some ringing, 
should not be longer than 1.5 ms. That 
pulse is fed into IC2, a 555 timer 
configured as a one-shot with a 2 -ms 
output pulse. The 2 -ms pulse width 
decreases the resolution at high radia- 
tion levels, but it is necessary so that 
the ringing is not detected as more 
than one pulse. 

The output is coupled to the tip 
connector of J1, a 3.5 -mm stereo 
jack, which can be connected to the 
mini -plug end of the RS232 cable de- 
scribed in the sidebar. If you connect 
the other end of that cable to the 

RS232 port on a computer running the 
Radalert program, you can process 
and plot the data on the data logger. 
Using Bud Cole's software, you can 
recreate and plot the "event" pre- 
viously recorded. 

The control circuit we have de- 
scribed can also be used for doing 
long -time -period counting (described 
in detail in the July 1988 article). Set 
the alert level on the Radalert to 9990 
counts, reset the control circuit, and 
log the time on the clock. Put the 
Radalert in the total -count mode and 
begin counting. When the count 
reaches 9990 the clock will stop and 
the beeper will let you know. Then 
you can calculate the counts per min- 
ute for that time period. 

The Radalert, and other similar de- 
vices, are making radiation informa- 
tion more available to more people. 
Now, people living near nuclear 
plants can independently monitor ra- 
diation levels and gain peace of 
mind-or alert themselves to danger. 
We cannot eliminate radiation from 
our lives, but if we can detect and 
measure its level, we can take appro- 
priate action. R -E 
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H ARDWARE 

H ACKER 
Soup cans full of chips 

THERE SURE WAS A LOT OF READER RE- 

sponse to our big. HDTV contest 
we ran a few issues back. As ex- 
pected, most of you strongly sup- 
ported the flushing of NTSC com- 
patibility at the earliest possible 
opportunity. 

Fortunately, there is a new HDTV 
consortium starting up that in- 
cludes such outfits as IBM, Apple, 
Hewlett Packard, Compac, Tek- 
tronix, and a few others. Together 
that crew should have enough 
clout to spank both the FCC and 
the networks and send them all off 
to bed without any supper, if they 
continue to insist on all of their 
pathetically limiting and mind- 
lessly short-sighted substitutes for 
genuine digital HDTV. 

Here, more or less at random, 
are several of the more interesting 
HDTV points that many of you 
made: 

"The concept that HDTV will 
only be good for the 40 -inch and 
higher screens is not only totally 
absurd but completely misses the 
point. The key to the future of 
HDTV lies in closing the gap be- 
tween computing and home -video 
displays. Any time that HDTV text 
is involved, all of the differences 
will be obvious on a two-inch 
screen, let alone a larger one..." 

"Twelve years ago, a video -dis- 
play device in the home was used 
only to watch network TV. Today it 
can do a dozen major functions, 
the most important of which in- 
clude personal computing, video 
games, those cable services, and 
for watching videotape rentals. 
And, twelve years from now, there 
will likely be hundreds of possible 

uses, the most significant of which 
will probably be a fax -mail delivery 
service..." 

"The phone company should be 
a big player here. They recently got 
approval for a total fiber-optic 
phone network, which ultimately 
just might make them the primary 
broker for home -HDTV material. 
The obvious advantage here is that 
you have a full -bandwidth, two- 
way comm setup in which each 
customer's needs can be individu- 
ally provided for..." 

"There already are several mil- 
lion HDTV display devices in con- 
sumer's homes today. They are 
called NEC Multi -Sync Monitors, 
and there will probably be ten or 
fifteen million of them around by 
the time the first of the real HDTV 
receivers roll off the production 
line. To simply ignore them is 
sheer lunacy..." 

Once again, many thanks for 
your input. One interesting way of 
getting a good handle on any ma- 
jor technological change is to look 
into another from long ago and far 
away. To that end, you might find 
The Electric Interurban Railways In 
America, by George Hilton and 
John Due, to have an awful lot 

NEED HELP? 

Phone or write your Hardware 
Hacker questions directly to: 

Don Lancaster 
Synergetics 
Box 809 
Thatcher, AZ 85552 
(602) 428-4073 

Soup cans full of chips 

Digital audio front ends 

Sensors and transducers 

Starting your tech venture 

Delta -Sigma A/D conversion 

DON LANCASTER 

more to say about HDTV than 
you'd first expect. Stanford Uni- 
versity Press, 1964. 

Once again, this is your column 
and you can get technical help and 
off-the-wall networking per the 
Need Help? sidebar. 

Our real biggies this month in- 
clude some ready -to -use, sanely 
priced, and rather hacker -friendly 
digital audio front ends. But first... 

Starting a tech business 
Step number one of any serious 

hardware hacking is to create your 
own tech venture having all its 
own letterheads, business cards, 
mailing address, answering ma- 
chine, and a bank account. There 
are simply too many doors that get 
slammed in your face if you omit 
that essential step. 

Among zillions of other bene- 
fits, it is far easier and ridiculously 
cheaper to get the free trade -jour- 
nal subscriptions, samples, data 
books, and application notes if 
you appear to be professionally 
competent. 

These days, it can be very fast 
and cheap to form your own tech 
venture. What you do is to set up a 

new business entity called a 
simple proprietorship. 

To start, pick a name and regis- 
ter it with your state's Secretary of 
State as a trade name. The name 
must not be in use, must not be 
deceptive, and must not be 
obscene. Beyond that, anything 
usually goes. Stay a tad on the 
"vague -but -unusual" side, so that 
you can use the same name for 
different purposes and are un- 
likely to become confused with 
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anyone else. The cost of trade - 
name registration out here in Ari- 
zona is around $15 for five years. 
The price varies with the state, but 
usually it is no big deal. 

Next, rent yourself a post -office 
box and on the "Who uses this 
box?" form, put in your name and 
the name or names of your ven- 
ture. Open up a new bank account 
and fill out the bank's alias card the 
same way. Get a for deposit only 
rubber stamp with both your own 
name and the company name. 

For stationary, simply use a Post- 
Script speaking laser printer to 
work up all your own letterheads, 
business cards, logos, invoices, 
and shipping labels. It's fast and 
cheap. You'll find more details on 
all this in my other column that's 
over in Computer Shopper maga- 
zine, as well as in my Ask the Guru 
reprints. 

With a proprietorship, many of 
your hardware -hacking expenses 
can easily become fully tax de- 
ductible, provided that a few com- 
mon-sense rules are followed. 

NEW FROM 
DON LANCASTER 

HANDS-ON BOOKS 
Hardware Hacker Reprints II 

Ask The Guru Reprints I or II 

CMOS Cookbook 
TTL Cookbook 
Active Filter Cookbook 
Micro Cookbook vol I or II 

Enhancing your Apple I or II 

Apple Writer Cookbook 
Apple Assembly Cookbook 
Incredible Secret Money Machine 
LaserWriter Reference (Apple) 
PostScript Cookbook (Adobe) 
PostScript Ref. Man. (Adobe) 
PostScript Prog. Design (Adobe) 
Real World PostScript (Roth) 

UNLOCKED SOFTWARE 
PostScript Show & Tell (Ile/Mac/PC) 
PostScript Beginner Stuff 
PostScript Perspective Draw 
PostScript Printed Circuits 
PostScript Technical Illustrations 
PostScript Work in Progress 
PostScript BBS stuff 
Absolute Reset Ile & Ilc 
AppleWriter/Laserwriter Utilities 
Enhance I or II Companion Disk 
Apple Writer CB or Assy CB Disk 
Intro to PostScript VHS Video 

24.50 
24.50 
18.50 
16.50 
15.50 
16.50 
17.50 
19.50 
21.50 
10.50 
19.50 
16.50 
22.50 
22.50 
22.50 

39.50 
39.50 
39.50 
39.50 
39.50 
39.50 
19.50 
19.50 
49.50 
19.50 
24.50 
39.50 

FREE VOICE HELPLINE VISA'MC 

SYNERGETICS 
Box 809 -RE 

Thatcher, AZ 85552 
(602) 428-4073 

CIRCLE 83 ON FREE INFORMATION CARD 

SENSOR AND TRANSDUCER 
RESOURCES 

Amperex 
230 Duffy Avenue 
Hicksville, NY 11802 
(516) 931-6200 
General Eastern 
50 Hunt Street 
Watertown, MA 02172 
(617) 923-2386 
Hewlett-Packard 
PO Box 10301 
Palo Alto, CA 94304 
(415) 857-1501 
IC Sensors 
1701 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1800 
Intech 
57 Alexander Drive 
Research Triangle, NC 27709 
(919) 549-8411 
Measurement & Control 
2994 West Liberty Avenue 
Pittsburgh, PA 15216 
(412) 343-9666 
Micro Switch 
11 West Spring Street 
Freeport, IL 61032 
(815) 235-6600 
Motion Magazine 
2 Box 6430 
Orange, CA 92613 
(714) 974-0200 
Motorola 
5005 E Mcdowell Road 
Phoenix, AZ 85008 
(602) 244-6900 
Nova Sensor 
1055 Mission Court 
Fremont, CA 94539 
(415) 490-9100 
Omega Engineering 
Box 4047 
Stamford, CT 06907 
(203) 359-1660 
Pollution Equipment News 
8650 Babcock Blvd 
Pittsburgh, PA 15237 
(412) 364-5366 
Sensors 
174 Concord Street 
Peterborough, NH 03458 
(603) 924-9631 
SenSym 
1255 Reamwood Avenue 
Sunnyvale, CA 94089 
(408) 744-1500 
Weathertronix 
1165 National Drive 
Sacramento, CA 95834 
(800) 824-5873 
Yellow Springs Instrument 
Box 279 
Yellow Springs, OH 45387 
(513) 767-7241 

Your business is expected to show 
a profit two years out of five. It is 
expected to be conducted as a 
business as opposed to a hobby. 
Any home office or lab space must 
be clearly and exclusively dedi- 
cated totally and absolutely to the 
goals of your intended venture. 

All of the deduction rules on 
home office space have been tight- 
ened up considerably, owing to 
previous abuses. But if your home 
space is the exclusive and primary 
place where all business activities 
take place, and is in no way for the 
convenience of you or your em- 
ployer, you should rightfully claim 
a tax deduction. 

The primary goals of your ven- 
ture also have to be legal and must 
not be centered on the manage- 
ment of your investments. Above 
all, accurate and professional rec- 
ords must be kept, consistent in 
detail with what others would do 
in a similar enterprise. 

With careful records, you can 
also tap other major tax benefits 
such as depreciation, investment 
tax credit, minority and female 
business credits, and even re- 
search and development tax cred- 
its. The obvious way to start is with 
one each of every free tax booklet 
from the IRS. 

Lots more info on that sort of 
thing appears in my Incredible Se- 
cret Money Machine book. 

Digital audio A/D front ends 
There is a spunky little inte- 

grated -circuit house way down in 
Texas by the name of Crystal Semi- 
conductor, and they are totally up- 
setting the entire A/D-converter 
industry. What they produce are 
some totally revolutionary and yet 
moderately priced single -chip A/D 
conversion systems and "plug and 
go" evaluation boards. What that 
means is that at long last there are 
some instant and professional - 
quality digital stereo audio front 
ends that are hacker -friendly and 
sanely priced. 

As we've seen in previous is- 
sues, it is real hard for your typical 
hacker lashup to yield even 9 bits 
of A/D resolution, let alone 16. The 
new evaluation boards eliminate 
all of that black magic involved in 
proper shielding, grounding, and 
guarding. While by no means a be- 
ginner project, those boards will 
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All Electronics 
PO Box 5167 
Van Nuys, CA 91408 (800) 826-5432 
BCD Electro 
PO Box 830119 
Richardson, TX 75083 
(800) 456-2233 
Computer Shopper 
Box F 
Titusville, FL 32781 
(407) 269-3211 
Crystal Semiconductor 
4210 S. Industrial Drive 
Austin, TX 78744 
(512) 445-7222 
Fiberoptic Product News 
301 Gibraltar Drive 
Morris Plains, NJ 07950 
(201) 292-5100 
Linear Technology 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
National Semiconductor 

let an advanced hacker quickly 
digitize first -quality stereo audio 
to 16 bits and beyond. For just 
about any use at all. 

Figure 1 summarizes three of 

NAMES AND NUMBERS 

2900 Semiconductor Drive 
Santa Clara, CA 95051 
(408) 721-5000 
NEC Electronics 
401 Elis Street 
Mountain View, CA 94039 
(800) 632-3531 
Newark Electronics 
228 East Lake Street 
Addison, IL 60101 
(312) 941-7200 
Precision Decisions/PMI 
1500 Space Park Drive 
Santa Clara, CA 95052 
(408) 727-9222 
SGS-Thompson 
1000 East Bell Road 
Phoenix, AZ 85022 
(602) 867-6259 
Solid State Music/PMI 
2076-B Walsh Avenue 
Santa Clara, CA 95050 
(408) 727-0917 
Stanford University Press 

their more interesting chips and 
their supporting evaluation 
boards. The chips are typically 
priced in the $16 to $50 range, 
while their ready -to -use evalua- 

The CSZ5126 is an older 16 -bit and 50 kHz two -channel successive 
approximation A/D conversion chip. It is sel= -calibrating and needs no 
sample -and -hold, but still requires an input anti-aliasing filter. 

The companion evaluation board is model CDB5126/5101, and can 
be used as a nearly complete stereo audio Iront end. Both serial and 
parallel digital outputs are available, with a choice of internal or 
external clocking easily selected. 

The CS5501 is a 16 -bit and 10 Hertz single channel Delta -Sigma A/D 
conversion chip intended for precision DC measurements. It is a total 
conversion subsystem that includes a powerful internal anti-aliasing 
filter, sample and hold, and auto calibration. 

The companion evaluation board is model CDB5501, and can be 
used as a complete precision instrumentation front end. The output 
serial data is easy to interface to most any modem or computer. 

The CSZ5326 is a new 16 -bit and 50 kHz two -channel Delta -Sigma 
A/D conversion chip. It is a total conversion subsystem that includes a 
powerful internal anti-aliasing filter, sample and hold, and features 
auto calibration. The impressive specs include a dynamic range of 95 
decibels, signal-to-noise of 106 decibels, 0.001 decibels of passband 
ripple, and 0.0015 percent of total harmonic distortion. 

The companion evaluation board is model CDB5326, and can be 
used as a complete high performance stere) audio front end. Both 
serial and parallel digital outputs are available, with a choice of 
internal or external clocking. 

FIG. 1-CRYSTAL SEMICONDUCTOR has all of these very impressive new A/D converter 
chips and evaluation boards out. They can be used as stereo digital -audio or precision 
instrumentation and measurement front ends. 

Stanford University 
Stanford, CA 94305 
(415) 723-9434 
Stick Il Products 
Box 670 
Easthampton, MA 01027 
(800) 356-3572 
Texas Instruments 
PO Box 809066 
Dallas, TX 75380 
(800) 232-3200 
Time Line 
1490 W Artesia Blvd 
Gardena, CA 90248 
(800) 872-8878 
Ultimate Technology 
5955 Jimmy Carter Blvd #20 
Norcross, GA 30071 
(404) 242-0125 
Unette 
26 Eastmans Road 
Parsippany, NJ 07054 
(201) 884-0010 

tion boards run around $150 or so, 
including the needed A/D chip. 

The oldest of the three chips is 
called the CSZ5126, and is in- 
cluded in the CDB5126 evaluation 
board. A simplified block diagram 
of the board is shown in Fig. 2, and 
a simplified pictorial appears in 
Fig. 3. 

What you have is basically a 16 - 
bit and 100 -kHz Analog -to-Digital 
converter. It uses the traditional 
successive -approximation meth- 
od, but uses capacitors, rather 
than resistors, in a charge re- 
balancing scheme. The circuit pro- 
vides for its own internal sample - 
and -hold. On any reset, it auto- 
matically self-recalibrates itself. 
You can also force a recalibration 
at any time you care to. 

For stereo -audio operation, a 
left -channel sample and a right - 
channel sample are alternated, 
using an input multiplexer. Each 
channel is sampled at 44 kilohertz 
for CD digital audio, or any sample 
rate from DC up to 50 kHz for spe- 
cial uses. The channel separation 
and signal-to-noise ratio are both a 
respectable 92 decibels. Distor- 
tion is around 0.001 percent. 

Your usual output is a serial data 
stream consisting of alternating16- 
bit words of left- and right -channel 
data. While that is ideal for record- 
ing, it is rather fast and awkward 
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FIG. 2-A SIMPLIFIED BLOCK DIAGRAM of the CDB5126 stereo -audio A/D front-end 
board. Because of a factory -tested layout, nearly all of the usual black magic involving 
ground noise, shielding. and guarding has been done for you. 

digital power analog power 

GND +5V -15V GND +15V 

CDB5126 
0 0 0 0 

.. 

.. .. 

.. .. .. 

.. 

RESET 

clock 

J 

serial to-parallel 

A/D 

options 

o RIGHT AUDIO IN 

o LEFT AUDIO IN 

= breadboarding areas 

FIG. 3 --THE LAYOUT OF THE CDB5126 stereo -audio front end. You literally squirt your 
stereo audio into the right side connectors, and 16 -bit digital bits and bytes pour out the 
left. Note that the digital + 5 -volt supply power must be applied AFTER the analog power 
or serious damage can result. 

for personal -computer use. 
What's also nice is a serial -to-paral- 
lel converter that is included; it 
directly gives you the separate left - 
and right -channel parallel 16 -bit 
digital words at speeds that most 
personal computers can accept 
and use. 

What you do is simply squirt in 
the left- and right -channel hi-fi au- 
dio, and the 16 -bit digital words 
will fall off the other end of the 
board. It is that fast and simple. 

Since it's more or less a tradi- 
tional converter circuit, you still 
need analog anti -alias filtering on 
your input. Figure 4 shows you a 
simple input driver and filter that 
should be good for test purposes. 
For your final circuit, though, a 
rather high -quality anti-aliasing fil- 
ter must be provided at each input. 
Linear Technology is the unique 
source for single -chip stereo CD 
audio anti-aliasing filters. 

As a review, any AID conversion 

scheme must limit its input fre- 
quencies to less than one-half of 
the clock frequency or quite se- 
rious aliasing will result. For a 44 - 
kHz CD audio, a very high -quality 
22 -kHz low-pass filter is needed. 

There are all sorts of jumper and 
dip -switch options on the 
CDB5126 board for clocking 
sources, selecting the output 
codes, and such. Do be sure to 
read all the ap-notes and data 
sheets carefully before you use 
any of the evaluation boards. Al- 
though they're essentially plug - 
and -go systems, a 25 -MHz os- 
cilloscope is absolutely essential 
for most of your initial testing and 
debugging. Do not even think of 
hacking those boards without hav- 
ing such a scope on hand. 

One major gotcha on the 
CDB5126 evaluation board: Always 
apply your analog power before 
you apply your +5 -volt digital 
power. Should digital power be ap- 
plied without analog power, the 
chip can be destroyed. The sim- 
plest way to handle everything is 
to derive your digital +5 volts off 
the analog +5 -volt source. By the 
way, the A/D chip draws only a 
quarter of a watt, so it is usable for 
portable applications. There's also 
a standby mode. 

Naturally, there is no reason why 
you have to run the 5126 at full tilt. 
Drop down to a 7 -kHz sample rate, 
and you can handle voice -grade 
audio, with far less memory -stor- 
age needed inside your personal 
computer. 

Exciting as the chip -and -board 
combo sounds, the other two are 
even more impressive. Before we 
can understand them, though, we 
have to take a look at... 

Oversampling 
It sure would be nice to do ev- 

erything on a single chip. The 
CSZ5126 comes close, but it still 
needs a high-performance anti-al- 
iasing filter at its input for serious 
applications. And its specs are 
useful but not outstanding. Can 
we either eliminate the need for 
the filter or substitute a simpler 
one? 

Crystal reasoned that an entirely 
new approach to A/D conversion 
was needed. So, they went back to 
the drawing board. 

Well, the simplest AID converter 
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TO A/D 

FIG. 4-A RECOMMENDED INPUT DRIVER CIRCUIT. Additional anti -alias filtering is likely 
to be needed for your final CSZ5126 application. 

signal clock 

Note that the total noise energy is the same in 

both cases. With oversampling, though, there 
is far less noise inside of the signal passband. 

0 1F 2F 

(a) Normal sampling 

signal 

quantizing noise 

0 1F 

(b) 4X Oversampling 

clock 

8F 

FIG. 5-THE QUANTIZATION NOISE of an A,D converter is often distributed from DC on 
up to the sampling frequency. By oversampling and then digital low-pass filtering, a 1 -bit 
A/D converter can actually end up with far less noise ti -an a 16 -bit one! That is one of the 
key secrets to Crystal's Delta -Sigma conversion and post decimation digital filtering 
scheme. 

is a one -bit converter. You can 
build one of those by using 
nothing but a comparator or even 
an op -amp. And it turns out that 
there is only one tiny thing wrong 
with a one -bit AID converter: The 
signal -to -quantizing -noise ratio is 
a miserable seven decibels. Most 
people would instantly flush a 

one -bit converter as being 
uselessly noisy, especially for 
high -quality services. 

But wait. Crystal decided to ask 
just where all the quantization 
noise came from and just how all 
the noise was distributed. Well, it 
turns out that the quantization 

noise is pretty near uniformly dis- 
tributed from DC clear on up to 
your actual sampling frequency. 

So what happens if we dramat- 
ically raise that sampling frequen- 
cy? As Fig. 5 shows us, most of the 
noise ends up outside the pass - 
band of your intended input fre- 
quencies. If you now digitally filter 
your output, you can literally 
throw away most of your quantiza- 
tion noise, and might ultimately 
get as much as 16 or even 20 bits of 
signal-to-noise ratio out of a one - 
bit converter! 

That newer process is known as 
oversampling, and one way of 
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Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes, over 2000 pages, 
including all necessary math and 
physics. 29 examinations to help 
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experience. 

Prepare now to take advan- 
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people able to work at the engin- 
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complete details of content. Use 
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Banner 
Technical 
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FIG. 6-A SIMPLIFIED BLOCK DIAGRAM of the CSZ5326 AíD converter. The mind-blow- 
ing specs include a 95 -decibel dynamic range, 106 decibels of signal noise ratio, 0.001 
decibels of passband ripple, and 0.0015 percent harmonic distortion for both 44 -kHz 
stereo channels. The input anti -alias filtering is also trivial. 

doing the one -bit A/D conversion 
is called Delta -Sigma conversion. 
One hairy but easily done process 
that greatly simplifies digital filter- 
ing is a digital signal -processing 
scam called decimation, where 
high clock frequencies are pro- 
gressively folded over back into 
lower and lower ones. 

That is the route that Crystal 
chose to take on their newer 
chips. Besides being elegant, 
powerful, and cheap, the new 
method has another big plus-the 
sampling frequency is now so re- 
mote that your input anti-aliasing 
filter becomes utterly trivial. Even 
a single resistor and a capacitor 
can often do the job and, for exam- 
ple, the input driver of Fig. 4 is 
more than adequate. 

Crystal chose two different 
routes for their first delta -sigma A/ 
D products. The first is the CS5501 
and its companion CDB5501 eval- 
uation board. That chip is op- 
timized for precision instrumenta- 
tion -measurement at sampling 
rates of 10 Hz or less. Totally 
useless for audio, of course, but 
it's just what you need for preci- 
sion electronic measurements. 
There's no point in updating digital 
displays faster than you can read 
them. And locking to a submulti- 
ple of the power -line frequency 
might dramatically reduce hum, 
noise, and digit bobbles. 

A high-performance anti-alias- 
ing filter is included internally; 
that filter lets you preselect your 
system bandwidth. The output is 
optimized for serial communica- 
tions to a personal computer or 
over a modem. The linearity error 
is an absurdly low 0.0015 percent 

of full scale, or a little over one part 
in ten thousand. 

And if that's not good enough 
for you, there's a 20 -bit version in 
the works that should be able to 
handle such ultra -precise needs as 
an auto -counting weighing scale. 

Their final chip boggles the 
mind. It is the CS5326 and its 
CDB5326 companion board. A full 
16 -bit delta -sigma oversampling 
stereo audio A/D processor with a 
96 -decibel signal-to-noise ratio, a 
passband ripple of 0.001 decibels, 
and a total harmonic distortion of 
0.0015 percent. Another plus: 
Only a trivial anti-aliasing filter is 
needed at the input. 

There's actually two separate 
chips inside the package, one ana- 
log and one digital, since there's 
no way to get enough noise isola- 
tion on a single chip. The analog 
half still uses loose design rules 
and is continually being improved. 
Figure 6 shows you a simplified 
block diagram. 

For our first contest this month, 
just tell me what you would do 
with a stereo audio front end or a 
precision analog instrumentation 
input circuit. There will be all the 
usual Incredible Secret Money 
Machine book prizes for the best 
dozen or so entries, with an all - 
expense -paid (FOB Thatcher, AZ) 
tinaja quest for two going to the 
very best of all. 

As usual, send your entries di- 
rectly to me per the Need Help 
box, and not to the Radio -Elec- 
tronics editorial offices. 

Sensors and transducers 
I sure do get a lot of helpline 

calls from Radio -Electronics read - 
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ers after humidity sensors, strain 
gauges, pressure transducers, 
shaft encoders, and such. As with 
any other field, you start off with 
the trade journals and major -sup- 
plier catalogs, and build up your 
personal data base from there. The 
Sensor and Transducer Resources 
sidebar shows you a few of my fa- 
vorite information sources. 

I guess I do like the free 
Measurements and Control trade 
journal best, with Carl Helmer's 
Sensors coming in a close second. 

While it sounds a tad off-the- 
wall, Pollution Equipment News 
does have plenty of useful trans- 
ducer and sensor info in it. I hap- 
pened into that trade journal after 
I got rather tired of paying $2 per 
ounce for the hot -tub clarifier that 
the sewage -plant people were pay- 
ing $2 a gallon for. 

Omega Engineering probably 
has the widest selection of the sen- 
sors for pressure, temperature, 
humidity, pH, conductivity, strain, 
and whatever else is available, 
along with lots of fine technical 
books, excellent application 
notes, and ready -to -use instru- 
ments. Unfortunately, those folks 
are often very expensive. 

Some very low-cost temperature 
and pyroelectric people -detector 
sensors are now available from 
Amperex, while the traditional 
source of very linear thermistor 
temperature sensors has been 
Yellow Springs Instrument. 

While there still is no stable and 
wide-ranging $5 humidity sensor 
yet available, two useful supply 
sources include Omega and 
General Eastern. 

For pressure transducers, 
Motorola and MicroSwitch were 
the traditional biggies, but they 
have now gotten totally eclipsed 
by the "gang of three," that in- 
cludes SenSym, IC Sensors, and 
NovaSensor. Start with SenSyms 
outstanding data book, slide rule, 
and ap-note package. 

Shaft encoders and their low- 
cost encoder -conditioning inte- 
grated circuits are now readily 
available from Hewlett-Packard, 
while some other competing 
sources will often run ads in 
Motion magazine. Be sure and let 
me know if you have any other fa- 
vorites that belong in our list. 

Radio- 
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Discrete soup cans 
All of the good folks at SGS have 

recently run a free "soup can" pro- 
motion. On your letterhead re- 
quest, they will send you a can full 
of a dozen mainstream discrete 
semiconductors. And nearly every 
one of them is an outstanding 
hacker component. 

There's a Zener diode, an AC 
power -line controlling triac, a fast - 
recovery diode, and a transient 
zapper. Fancier chips here include 
a medium -power bipolar power 

transistor and a high -power MOS 
transistor, a 5 -volt regulator, and 
the obligatory 555 timer. From vari- 
ous logic families, you will find an 
actual latch, a hex inverter, a quad 
AND gate, and a dual AND -OR -INVERT 

gate. That is an all around "must 
have" good deal. Let's start with 
the soup can and go a step further. 

What are the real top forty 
hacker components? As a second 
contest this month, send me a list 
of a dozen or so of all of your favor- 
ite electronics parts, tell me why 

OPTOELECTRONICS 

Cawrr w,..dw.0 

4bQ 1000 

COUNTER THEORY 
Affordable, compact, and ultra -sensitive. More and more people are discovering new 
applications for our counters than ever before. Now used by technicians, engineers, law 
enforcement officers, private investigators, two-way radio operators, scanner hobbyists, 
and amateur radio operators, just to name a few. 

Over 15 years of service, quality, experience and dedication has proven you can count on us. 

Hand Held Series Frequency Counters and Instruments 

MODEL 2210 NW 1300H/A 2400H CCA CCB N°"u 

RANGE: FROM 10 Hz 1 MHz 10 MHz 10 MHz 10 MHz 
TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz 

APPLICATIONS GENERAL PURPOSE RF MICROWAVE SECURITY SECURITY 
AUDIO -MICROWAVE 

PRICE $199 $169 $249 $299 $99 
SENSITIVITY 
1 KHz < 5 mv NA NA NA NA 
100 MHz < 3 mv <1mv <3mv <.5mv <5mv 
450 MHz < 3 mv <5mv <3mv <imv <5mv 
850 MHz < 3 mv <20mv <5mv NA <5mv 
1.3 GHz < 7 mv <100mv <7mv NA <10mv 
2.2 GHz <30mv NA < 30 mv NA < 30 mv 

ACCURACY ALL HAVE +/- 1 PPM TCXO TIME BASE. 

All counters have 8 digit red .28" LED displays. 
Aluminum cabinet is 3.9" H x 3.5" W x 1" 
Internal Ni -Cad batteries provide 2-5 hour 
portable operation with continuous operation 
from AC line charger/power supply supplied. 
Model CCB uses a 9 volt alkaline battery. One 
year parts and labor guarantee. A full line of 
probes, antennas, and accessories is available. 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue 
Fort Lauderdale. FL 33334 
(800) 327-5912 

IN FL (305) 771-2050 
VISA 

you like them, and why they be- 
long in the top forty. Later on, we'll 
work up a master list of all the 
good stuff. 

New tech literature 
Newark Electronics has just 

come out with their free, monster 
1106 page Catalog #110. Although 
Newark was among the oldest of 
those "old line" distributors, they 
do stock everything in depth, have 
a tolerable minimum order, and 
are not nearly as hacker vicious as 
most of their competitors. 

Some of the more interesting 
new surplus flyers this month in- 
clude BCD Electro, All Electronics, 
and Time Line. The latter has 256 - 
element CCD line -image video 
scanners for an unbelievable $5 
each. 

The old Solid State Music analog 
integrated circuits has been taken 
over by PMI. Ask for their SSM Au- 
dio Products Catalog. 

You'll find a brand-new free 
trade journal known as Fiberoptic 
Product News. It's chock full of in- 
frared lasers and similar goodies. 
The free demo disks this month 
include Precision Decisions from 
PMI, and UltiBoard PCB Design 
from all of the people at Ultimate 
Technology. 

Switching to the mechanical 
stuff, Stick 11 Products has a free 
sample flyer on many of their pres- 
sure -sensitive foam tapes, while 
Unette has a free sample packet of 
their miniature liquid -dispensing 
packages. 

There's a rash of free samples on 
all of those new fifth -generation 
op -amps floating around. Check 
out Texas Instruments for a freebie 
on their Enhanced JFET tech- 
nology, or National Semiconduc- 
tor for their VIP Process high- 
speed op -amps and video buffer 
circuits. 

Turning to my own products, 
yes, we are now shipping the 
Hardware Hacker 11 reprints of ev- 
erything you have seen here in Ra- 
dio -Electronics, along with my Ask 
the Guru, volumes I and Il from 
the sister column to this one over 
in Computer Shopper magazine. 
And, yes, I do stock autographed 
copies of five of my classics-TTL 
Cookbook, CMOS Cookbook, Ac- 
tive Filter Cookbook, and Micro 
Cookbook, volumes I and II. R -E 
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SHORTWAVE 

RADIO 
Jamming: the end of an era? 

ONE OF THE MOST MOMENTOUS 
events in the history of shortwave 
broadcasting took place at 2100 
UTC on November 29, 1988, when 
the Soviet Union abruptly stopped 
jamming the broadcasts of Radio 
Liberty after thirty six years of un- 
interrupted, intentional, harmful 
interference. 

In all, twelve Radio -Liberty lan- 
guages to the USSR, including 
Russian, are no longer jammed. In 
addition, the Soviets also stopped 
jamming Radio Free Europe (RFE) 
broadcasts in Latvian, Lithuanian 
and Estonian, Deutsche Welle 
broadcasts in Russian, and Israeli 
broadcasts in Yiddish, Hebrew, 
Russian, Georgian, and Bukharic. 
In addition, the Dari and Pashto 
broadcasts of Radio Free 
Afghanistan were also cleared of 
jamming on November 29. 

On December 16, jamming of 
RFE Czechoslovak broadcasts, 
which had continued uninter- 
rupted since 1951, was terminated, 
and on December 23, RFE Bul- 
garian jamming ceased. 

It is estimated that during this 
truly historic period the Soviet 
Union took about 2,500 jamming 
transmitters off the air. 

Because of the importance of 
that event to shortwave broadcast- 
ing, we will devote our next sev- 
eral columns to jamming, in order 
to properly assess the event's im- 
pact on the high -frequency spec- 
trum. The assessment will include 
a brief history of jamming, as well 
as a detailed look at the Soviet jam- 
ming system. Some of the tech- 
nical consequences of the cessa- 
tion of most jamming will be 

FIG.1 

discussed. We will also try to ana- 
lyze the motives behind such an 
important event, and conclude 
with a look at the future. Some of 
the material has not been pub- 
lished before in the West. 

Never before has an event of 
such broad impact occurred in 
shortwave broadcasting. Although 
the Soviets had periodically 
stopped jamming some broad- 
casters, only to resume at a later 
date, it has never involved virtually 
the entire USSR jamming system. 

Jamming is well known to all 
shortwave listeners. It is the trans- 
mission of deliberate interference, 
in the form of white noise or other 
disruptive material, in order to 
make reception of a broadcast im- 
possible. Jamming is intended not 
only to prevent reception, but to 
make listening so annoying that 
even repeated attempts to listen 
will be discouraged. 

One of the more serious side 

STANLEY LEINWOLL 

effects of jamming is that, because 
of its broadband nature, it not only 
affects the program being jam- 
med, it also affects reception on 
adjacent channels, as well. Thus, 
innocent bystanders have also suf- 
fered from the deleterious effects 
of jamming. 

A history of jamming 
Radio historians generally credit 

the Germans with the first use of 
jamming techniques. During 
World War I they transmitted ran- 
dom characters to disrupt radio - 
teletype communication between 
Paris and St. Petersburg (now 
Leningrad) in Russia. 

In the 1920's, before broadcast- 
ing in the United States was regu- 
lated, radio programs were often 
deliberately disrupted by compet- 
ing broadcasters in attempts to 
drown out the competition. 

Jamming became a political 
weapon in the 1930's. The first re - 
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corded instances of such jamming 
occurred in 1934, when Austria 
jammed Nazi German broadcasts, 
and in 1935, when the Nazis began 
jamming Radio Moscow. 

World War Il saw the continued 
development of jamming. Both 
sides used it extensively. The Ger- 
mans used it as a means of cen- 
sorship, jamming the broadcasts 
of the BBC regularly. It was also 
used as a military weapon. Perhaps 
the most notable example was the 
German naval coup which enabled 
the warships Prinz Eugen, 
Scharnhorst, and Gneisenau to 
race through the English Channel 
under the noses of British artillery 
because the Germans were able to 
successfully jam British radar in- 
stallations overlooking the English 
channel. 

The end of World War Il saw the 
continuation of jamming on a 

much more massive scale than had 
been dreamed of during the war. A 
new type of war, a Cold War, was 
being waged, and jamming really 
flourished. 

In February 1948, Stalin made a 

major decision. In order to keep 
censorship as total as possible, it 
was decided to launch a massive 
jamming campaign against West- 
ern broadcasts. The purpose of 
that effort was two -fold. The ob- 
vious one was to keep control of 
the information monopoly that the 
Soviets enjoyed; the second, 
more subtle, but equally impor- 
tant, involved the military. It had 
been demonstrated in World War 
II that an effective jamming net- 
work, operating against military 
circuits, was a potent wartime 
weapon. Establishing an active 
network to jam radio broadcasts 
would also serve to keep the mili- 
tary jamming machine well-oiled. 

The commitment was made with 
a dozen or so jammers commenc- 
ing operations against the Rus- 
sian -language broadcasts of the 
Voice of America. Within two 
years, over 450 jamming transmit- 
ters were in operation, during 
which time BBC Russian -language 
broadcasts joined the list of jam- 
med services. 

By the end of 1951, all languages 
beamed to East Europe from the 
West were jammed, and a total of 
over 1,000 jammers were in opera- 
tion. In 1951, Radio Free Europe 

CONDITIONS, MAY AND JUNE 
1989 

A combination of lengthening 
hours of daylight and continued in- 
creases in sunspot activity will result 
in a trend toward higher usable fre- 
quencies during this period. Around - 
the -clock DX in the 19 -meter band 
will be possible, and during the 
daylight hours 13, 16, and 19 meters 
will be open for DX. During the eve- 
ning and nighttime periods all bands 
between 49 and 19 meters will be 
open, with some 16 -meter openings 
probable as well. 

During the period from about noon- 
time to early evening, local time, 
openings in the Citizens' band and 
the Amateur 10 -meter band will occur 
fairly regularly. R -E 

commenced operations from Ger- 
many with programs beamed to 
the East European block; they 
were immediately jammed. In 
1953, Radio Liberty began broad- 
casts in the languages of the USSR. 
It, too, was severely jammed from 
the outset. 

By 1956 between 2,500 and 3,000 
Soviet bloc jammers were in oper- 
ation against Western shortwave 
broadcasts. Then, the first break in 
the Electronic Curtain that had 
sprung up around the Communist 
bloc occurred. 

Coincident with a series of riots 
in the city of Poznan, and the com- 
ing into power of a new Polish 
Communist Government, jam- 
ming of RFE Polish language pro- 
grams was ended. The official date 
was November 24, 1956. There had 
been mounting outcries from the 
press about the jamming of for- 
eign broadcasts, and at the onset 
of the Poznan rioting the local jam- 
ming station was destroyed. 

RFE Polish -language programs 
continued unjammed for fourteen 
years, when food riots in Polish 
coastal cities broke out. In an ap- 
parent panic, Polish authorities 
deployed transmitters that had 
been used by Radio Warsaw's ex- 
ternal service to jam the Polish 
transmissions of Radio Free Eu- 
rope. The hierarchy had been 
caught off guard, with no spare 
jamming transmitters. Until they 
were available, Radio Warsaw in- 
ternational broadcasts were se- 
verely cut back. As jamming 

transmitters became available, 
Polish broadcast transmitters were 
put back into service. 

The use of broadcast transmit- 
ters for jamming purposes was an 
indication of the high priority 
placed by bloc countries on oblit- 
erating news from the outside 
world. One of the counter-mea- 
sures that have been attempted by 
Western nations over the years in- 
volves scheduling frequencies that 
are used by Soviet -bloc countries 
for their own international broad- 
casting efforts. Without excep- 
tion, the frequencies have been 
jammed relentlessly within min- 
utes, a sure sign that even if they 
had to jam themselves, they would 
do so to keep unwanted programs 
out. 

Another major break in the jam- 
ming pattern occurred in June of 
1963. Following an atomic -test ban 
treaty, BBC and Voice of America 
programs in the languages of the 
USSR were unjammed for the first 
time in almost15 years. The follow- 
ing month, Rumania stopped jam- 
ming the broadcasts of Radio Free 
Europe, the Voice of America, and 
the BBC. In February 1964, Hung- 
ary followed suit. In April of 1964, 
Czechoslovakia stopped jamming 
VOA and BBC but continued its 
efforts against RFE. 

But if anyone thought the situa- 
tion was permanent, such persons 
were mistaken. Jamming can be 
turned on and off like a faucet, at 
the discretion of those doing the 
jamming. That became clear in 
1968, with the invasion of Czecho- 
slovakia on August 21, 1968 by 
200,000 Warsaw -Pact troops. With 
the invasion, massive jamming of 
VOA, BBC. -tp rú Deutsche Welle re- 
sumed. Languages of the USSR 
were affected, as were Czechoslo- 
vak transmissions. The wheel of 
jamming had come full circle. 

The situation did not change un- 
til 1973, when once again, Soviet 
jamming of the VOA, BBC, and 
Deutsche Welle Russian and mi- 
nority languages of the USSR end- 
ed during a thaw in the cold war. 

Those of us who are a little more 
cynical are of the opinion that the 
Russian jamming of some of the 
western broadcasts ceased be- 
cause many of the jammers were 
needed for use against Peking 
transmissions to the USSR. Fur - 
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R -E Engineering Admart 

Surface Mount Chip Component 
Prototyping Kits- 

Only 
S4995 

CC -1 Capacitor Kit contains 365 pieces. 5 ea. of every 
10% value from 1pf to .330. CR -1 Resistor Kit contains 
1540 pieces: 10 ea. of every 5% value from 100 to 10 meet. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by toll -free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre -paid orders. Company 
P.O.'s accepted with approved credit. Call for tree 
detailed brochure. 

CAIWMUNICATIONS SPECIALISTS, INC. 0 426 West Taft Ave. Orange, CA 92666296 
Local (71a) 99&3021 FAX (714) 9743420 

Entire USA 1-800-854-0547 
CIRCLE 176 ON FREE INFORMATION CARD 

Rates: Ads are 214" x 27/s". One insertion $900. Six insertions $875. eac?. Twelve 
insertions $845.each. Closing date same as regular rate card. Send order with 
remittance to Engineering Admart, Radio Electronics Magazine, 500-B 

Bi -County 
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area 
code -516-293-3000. Only 100% Engineering ads are accepted for this Adman. 

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 vital information. VIDEO 
SEMINAR KITS ARE NOW AVAILABLE. 

WPT PUBLICATION 
979 Young Street, Suite A 
Woodburn, Oregon 97071 

Phone (503) 981-5159 

CIRCLE 177 ON FREE INFORMATION CARD 

MIDI 

PROJECTS 

BP182-MIDI interfacing enables any so 
equipped instruments, regardless of the 
manufacturer, to be easily connected to- 
gether and used as a system with easy com- 
puter control of these music systems. 
Combine a computer and some MIDI instru- 
ments and you can have what is virtually a 

programmable orchestra. To get your copy 

send $6.95 plus $1.25 for shipping in the 
U S to Electronic Technology Today 
Inc., P.O. Box 240. Massapequa Park, 
NY 11762-0240. 

thermore, the Soviets were 
launching a massive jamming 
effort against the Voice of Israel, 
whose pleas for a more liberal em- 
igre policy were not enthusi- 
astically received in the Soviet 
Union. 

The on -again, off -again nature of 
the Soviet jamming turned on - 
again in 1980, with the emergence 
of the Solidarity trade-union 
movement in Poland, as well as the 
growing world disenchantment 
with the Soviet invasion of 
Afghanistan. On August 20, '1980, 

ASK Fe -E 

continued from page 13 

are designed to work off a single 
supply but the IC might not be as 
easy to find locally. 

If you can use other amps-for 
stereo, or as the basis of a small 
distribution system-check out 
the LM324. It's a quad op -amp 
(four separate op -amps in one 
package) and you can use the 
same circuit that is shown for the 
741 by tying -V and ground to- 
gether. The LM324 was designed to 
work on a single -ended supply so 
you won't be making any compro- 
mises if you use it like that. 

The circuit using the LM386 (3-b) 
runs off a single supply and has the 

the USSR resumed jamming VOA, 
BBC, and Deutsche Welle broad- 
casts to the Soviet Union. In- 
asmuch as that effort had no effect 
on the continuing jamming 
against RFE, RL and Radio Israel, it 
is clear that the 1970 cessation did 
not result in the dismantling of the 
Soviet jamming system. Evidently, 
great numbers of transmitters had 
been mothballed in 1970, in the 
event of future need. That need 
arose in 1980. 

The situation remained essen- 
tially unchanged until 1987, when, 

c,yd - 
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as part of the Gorbachev thaw, 
jamming of the BBC broadcasts to 
the USSR ended in January, with 
VOA jamming ending in May of 
the same year. 

Next time we will discuss the So- 
viet jamming system, how it 
works, how much it costs, and the 
countermeasures that have been 
taken against jamming and the 
success of those countermea- 
sures. We'll also assess the impact 
of the cessation of jamming, who 
is still jammed, and what the out- 
look is for the future. R -E 

FIG. 3 

advantage of being able to directly 
drive an 8 -ohm speaker. Since you 

never get something for nothing 
(unless that's what it's worth), you 
have to pay a price to drive a 
speaker and the currency is milli - 
amps. Your battery won't last very 
long. Power consumption, how- 
ever, is directly related to output 
load, so if you're feeding the amp 
into a 50K line input, you won't 
have a battery problem. 

The frequency response of the 
386 is pretty flat but the specs just 
aren't as good as the 741 circuit. 
That is particularly true with har- 
monic distortion, since the 386 has 
over 1% THD when you get above 
12 kHz or so. However, the 386 
amp is easy to assemble and will 
give you a maximum gain of 200, so 
it's a handy circuit to keep in the 
back of your brain. R -E 
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COMPUI Eí?íÌIGESi 
PUTA 3865X 
TIGER IN YOUR TANK! 
BERNARD A. McILHANY 

You think that you don't need 
a 386. And maybe you're 

right-today. You'll be dead 
wrong tomorrow; but even today 
you can use 386MAx and 0M- 
NIVIEW (which we'll examine in 
detail next month) to make your 
computing under DOS much 
more efficient and much more 
fun. If a graphic environment is 
your bag, Windows/386 is light- 
years ahead of Windows/286. lb - 
morrow, of course, OS/2 (or OS/3 
or OS/386 or whatever it will be 
called) will offer applications as 
far beyond what we use now as 
present applications are beyond 
CP/M. 

But you feel like the kid with 
empty pockets staring into a can- 
dy shop? Not to worry-we've got 
the solution. For less than $ 700 
(without memory) you can build 
a 386SX motherboard to up- 
grade your present AT clone or 
serve as the basis of a new sys- 

WE INSTALLED THE 386SX mother- 
board to a roomy tower case. 

tern. Our board features up to five 
megabytes of memory, one paral- 
lel and two serial ports, and an 
on -board floppy -disk controller. 

Actually, the 16 -MHz mother- 
board is built around an 80286 
CPU and a special VLSI chip set. 
What we've done is design an 
80386SX daughtercard that 
plugs cleanly and neatly into the 
80286 socket to make 386 power 
affordable to everyone. There are 
no traces to cut or jumpers to 
run; just plug in the card and go! 
If you're budget is extremely lim- 
ited, you can build the mother- 
board with an 80286 (for $465); 
later, when you're ready, you can 
add the 386SX daughterboard. 

The prices quoted don't in- 
clude RAM. For absolute top per- 
formance (zero wait states), you 
can populate the board with fast 
(70-ns) RAM's; if your budget is 
restricted, 100-, 120-, and 150-ns 
IC's also work, at varying perfor- 
mance penalties. A good balance 
between price and performance 
is provided by 100-ns IC's, which 
run at about 0.7 wait states. 

The secret is a special chip set 
designed by Chips & Tech- 
nologies. The NEAT (New En- 
hanced AT) set consists of four 
VLSI components that reduce the 
number of parts required in a 
standard AT design by about one 
third (from 100 to 29). The NEAT 
chip set uses CMOS technology, 
so it consumes about 60 percent 
less power than conventional -de- 
sign components. In addition, it 
comes in 12-, 16-, and 20 -MHz 
versions. Our motherboard uses 
components rated for 20 -MHz op- 
eration, so to upgrade from 16 to 
20 MHz, you'd only have to 
change a few components (CPU, 
clock oscillator, and NEAT IC's). 

continued on page 82 
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JEFF HOLTZMAN 

Teletek X -Bandit EMS 4.0 
Memory Board 

One of the biggest advantages 
of the 80386 is, with the 

proper software, its ability to em- 
ulate EMS 4.0 memory. Con- 
versely, EMS 4.0 memory can 
bring a bit of 80386 power to 
users of 8088 and 80286 ma- 
chines. Because of the high cost 
of RAM IC's, memory boards are 
not the most popular upgrade 
items these days. However, mem- 
ory prices are dropping, and a 
memory -board upgrade may be a 
better solution for many users 
than scrapping a perfectly good 
system for a new 80386. Further, 
a memory -board upgrade may be 
more affordable (in the short 
run, anyway) than a mother- 
board upgrade, which requires 
memory of its own. 

Several vendors offer boards 
claiming compatibility with the 
EMS 4.0 standard, but many are 
limited in that they emulate the 
hardware page -mapping regis- 
ters in software, and that soft- 
ware emulation can cripple the 
effectiveness of multi -tasking 
software. 

Other vendors offer extremely 
flexible memory -allocation 
schemes that let you perform 
386 -like tricks, such as back -fill- 
ing system memory to the 640K 
limit, and "overfilling" system 
memory to B000:0000 (Hercules) 
or even B800:0000 (CGA), thus 
providing 64K or 96K more con- 
tiguous memory for DOS. 

Zbletek, a company that got its 
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start selling S-100 bus pe- 
ripherals for CP/M machines, 
sells several memory boards for 
8- and 16 -bit PC systems; I looked 
at the 8 -bit X -Bandit. The board 
can hold as much as two mega- 
bytes of RAM (in 41256 IC's); you 
can install as many as four 
boards in a single system, for a 
total of eight megabytes of RAM. 
The 8 -bit board has one set of 
hardware memory -mapping regi- 
sters, and an extremely versatile 
ability to re -map memory. It's also 
cheaper ($229) than any other 
true EMS 4.0 board on the mar- 
ket. The 16 -bit version has 7 sets 
of hardware registers, which 
makes for even more efficient 
task swapping; it lists for $259. 

I installed the board in a gener- 
ic XT clone with a Hercules 
monochrome Graphics Card Plus 
video adapter. Originally, the ma- 
chine had 640K on the mother- 
board, along with a Microsoft 
Mach 20 accelerator card with 
1.5MB of EMS 4.0 memory. I was 
unsuccessful in getting the X - 
Bandit to run with the Mach 20; I 
suspect the Mach 20's memory - 
caching driver to be the culprit. 

After determining that the X - 
Bandit wouldn't get along with 
the Mach 20, I removed the latter 
and stripped system -board mem- 
ory to 256K. Then I let the X -Ban- 
dit fill in the gap all the way to 
B000:0000, which gave me a 
704K POS partition, of which a 
memory utility told me that 
637,952 bytes were available 
after booting and loading the X - 
Bandit EMS driver. An XT with 
an EGA or VGA video system 
would have about 570K of memo- 
ry a,fter booting. 

Why did I remove the system - 
board memory? Because the 
larger the chunk of memory that 
a multitasking environment 
(OMNIVIEW, for example) can 
control, the more efficiently it can 
operate. 'lime, I lost 384K of mem- 
ory, but I found the compromise 
worth it. In fact, I found it more 
efficient to use the XT with back 
filling and overfilling than with 
the Mach 20 and 640K installed 
on the motherboard. CPU -inten- 
sive tasks (like decompressing 
ARC files) ran slower, but task 
swapping under OMNIVIEW was 
faster and smoother. 

Over the course of several 
months, I received several ver- 
sions of the EMS software driver; 
all versions had trouble dealing 
with my 101 -key enhanced key- 
board under DESQview; how- 
ever, I experienced no problems 
under OMNIVIEW. 

The X -Bandit doesn't come 
with fancy packaging or docu- 
mentation, but it does come with 
a RAM disk and a print spooler. If 
you're looking for a way to up- 
grade an XT, and have some 
spare 41256's, the X -Bandit's ver- 
satility and low price make it an 
extremely good buy..CD« 

Get Organized With ViewLink 

and disks fill up and files get 'Ward 
it's a fact of life with 

PC's. Of course, numerous util- 
ities exist for locating files by 
name and by contents; but those 
types of utilities do nothing to 
solve the real problem: the fact 
that even DOS's two-dimensional 
directory structure does not al- 
low proper organization. 

You might, for example, orga- 
nize your hard disk with separate 
subdirectories for each main pro- 
gram you use (Q&A Write, VP 
Planner, and PC-File, for exam- 
ple), one for all the little utility 
programs, and several data direc- 
tories, say, for letters, spread- 
sheets, and databases. 

But suppose you're working on 
a big project (possibly with sev- 
eral other people over a network), 
with several related files. It's a 
pain to keep track of all those files 
in the scheme previously out- 
lined, so you create a special proj- 
ect subdirectory where all the 
letters, spreadsheets, graphics 
files, and whatever else has to do 
with that project are stored. 

Six months down the road 
someone comes asking for a copy 
of the letter to Mr. Trimble. With 

Wiens Iles 
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FIG.1 

pride in your well -maintained di- 
rectory structure, you imme- 
diately change to 'LETTERS- 
but can't find anything to Trim- 
ble. It takes a few minutes, but 
eventually you remember that 
that's one of the files you stored in 
the special project directory. 

ViewLink is Traveling Soft- 
ware's attempt to provide a tool 
that solves what is really a three - 
or four-dimensional organiza- 
tional problem. The current ver- 
sion runs under DOS 2.0 or 
higher, and requires 384K of 
RAM, the company states that a 
version for the OS/2 Presentation 
Manager will be released by the 
end of the year. I examined ver- 
sion 1.0; version 1.1, which 
should be out by the time you 
read this, has support promised 
for EMS memory, a mouse, and 
more (see Fig. 1). Purchasers of 
1.0 get a free upgrade to 1.1. 

With ViewLink you create 
views, each of which is a list of 
items or other views; each item is 
a pointer to a file (either a data file 
or an application program). More 
than one view can refer to the 
same items. Thus, in the exam- 
ple above, one view might con- 
tain all letters; another might 
contain all files related to a par- 
ticular project. Thus, letters to 
'Thimble that are really part of the 
special project may be stored ei- 
ther in \LETTERS or the special 
directory; to ViewLink, the actual 
locations of the files in question 
are basically irrelevant. 

ViewLink works by letting you 
get into an application program 
from an item. For example, you 
can bring up a spreadsheet view, 
scroll through the list of 
spreadsheet items (i.e., work- 
sheets, each of which may have a 
descriptive annotation), and 
then run the spreadsheet pro - 
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HOW TO 

INSTALL 
A TAPE 
BACKUP UNIT 

Your hard disk is inevitably 
going to crash. A good back- 

up system makes it an 
inconvenience instead 

of a disaster. 

BRIAN FENTON 

ust as most home -security 
V systems aren't installed until 
after a house has been bur- 
glarized, most hard -disk backup 
systems aren't installed until 
after a disk crash has caused a 
disaster. In either case, the 
lesson is a painful one. 

If you have important data on 
your hard disk, you're inviting 
catastrophe if you don't back it 
up regularly. If the inconvenience 
of floppy disks stops you from 
backing up your data as often as 
you should, it's time to install a 
tape -backup unit. We recently 
chose Heathkit's HBT-40 stream- 
ing tape -drive kit to back up a 40 - 
megabyte hard -disk drive in a AT 
clone to show how easy it can be. 
We got everything up and run- 
ning in less time than we nor- 
mally spend backing up to floppy. 

Why tape backup? 
Streaming tape drives aren't 

the only way to back up your hard 
disk. We all know that backups 
can be done with a floppy disk 
drive and DOS's BACKUP and 
RESTORE commands-if you're 
willing to spend an entire after- 
noon doing it. If you have about 
30 megabytes worth of files on 
your hard disk, you're going to 
need about 90 360K floppy disks 
to complete a backup! While that 
inconvenience is bad enough, 

the result is even worse. Human 
nature being what it is, the pros- 
pect of swapping and labeling 90 
floppies usually means that the 
task is put off-until it's too late. 

Many software manufacturers 
have produced new programs 
that are miles ahead of DOS's 
BACKUP and RESTORE. Menu -driven 
programs make it easy to choose 
which files to backup, and they 
can be configured to operate al- 
most automatically. But they are 
still no match for a streaming 
tape drive and tape cartridge. 

The most popular tape -backup 
systems today use DC -2000 tape 
cartridges. The most popular 
tape format for PC's follows the 
QIC-40 standard (developed by 
the Quarter Inch Compatibility 
committee), which arranges 20 
tracks across the width of the 
tape, each track holding about 2 
MB. The result is that those 
smaller-than-shirtpocket-sized 
cartridges can hold up to 40 
megabytes of data. 

Heathkit's drive closely follows 
the standard. We should point 
out, however, that even with the 
QIC-40 standard, you may not be 
able to transfer tapes between 
QIC-40 drives from different 
manufacturers. The tape file 
structure is not specified by the 
standard, resulting in unpredic- 
table transfers. 

Heath offers two streaming 
tape drives: the HBT-40-XT and 
the HBT-40-AT for XT and AT 
computers, respectively. The dif- 
ference between the two models 
is speed, and is brought about 
because QIC drives use the PC's 
standard floppy -disk controller 
for data transfer. AT -type control- 

lers can transfer data at 500 kilo- 
bits per second (as opposed to the 
XT's rate of 250 kb/s), thus mak- 
ing the two versions necessary. 
Of course, it is possible to use the 
XT version in an AT, but it will 
run at half the speed. The con- 
verse is not true. Tapes produced 
by either of Heath's drive- re- 
gardless of which machine 
they're made in-are compatible 
with the other. 

The heart of the Heathkit back- 
up system is an XL5540 tape 
drive manufactured by Archive 
Corp. That rugged drive can 
mount in both 31/2 or 51/4 -inch 
drive bays, or, as we chose, an 
external case-a decided advan- 
tage if your drive slots are already 
full! Speaking of full drive bays, 
you may be wondering how a 
standard AT drive controller can 
support two floppies along with a 
third device. The answer is an 
adapter card that intercepts sig- 
nals from the disk controller. For 
external systems, the card pro- 
vides a rear connector for signals 
and power. 

Although Heathkit's system is 
technically a kit, it's simple 
enough for anyone to build. Most 
of the work involves simply in- 
stalling the drive in an external 
shielded case. Mounting the 
drive internally-if your comput- 
er can support it-is about as 
complicated as installing a new 
floppy -disk drive. As we'd expect 
from Heath, the manuals detail 
everything step-by-step, leaving 
no questions unanswered. The 
only problems we ran into were 
caused by an incompatible disk 
controller card in our AT clone. 

continued on page 86 
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386SX MOTHERBOARD 

continued from page 79 

Neato! 
The NEAT set has a plethora of 

features that are worth describ- 
ing; one of the best is its ex- 
tremely versatile ability to handle 
memory, including types of IC's 
and speed, how memory is allo- 
cated (conventional, extended, 
and EMS 4.0 are all supported), 
and whether RAM is used to 
"shadow" the ROM BIOS. (Shad- 
owing involves copying the con- 
tents of a slow ROM or EPROM 
into RAM and then physically 
mapping the ROM out of its nor- 
mal address space, and mapping 
the RAM in). All of that is under 
software control, as are all NEAT 
features, so system setup and 
maintenance is simple. 

To get started, you can popu- 
late the PT -386 -PLUS mother- 
board with 512K, 640K, or 1M of 
DRAM in standard DIP packages. 
In addition, the motherboard 
has four SIMM (Single Inline 
Memory Module) sockets on the 
motherboard, into which you 
can install either two or four 
SIMM's. That means that you can 
install 512K, 640K, 1M, 3M, or 
5M of memory directly on the 
motherboard; through the stan- 
dard bus, you can expand the 
system to a full 16 megabytes of 
memory. 

Paged/interleaved memory 
For best performance, the 

PT -386 -PLUS uses two of today's 
leading memory -design tech- 
niques; most systems use one or 
the other. First is page -mode 
memory access. In a computer 
without page -mode architecture, 
both a RAs strobe and a CAS strobe 
must be generated for each mem- 
ory location that is accessed. In a 
page -mode system, however, first 
a row address is presented; then 

Acknowledgements 
Peripheral Thchnology would 

like to acknowledge the excep- 
tional assistance and coopera- 
tion of Chuck Link of Chips and 
Technologies and Eric Koch of 
The Novus Group. 

the RAs line is held low. Subse- 
quently, any memory location in 
the current page maybe accessed 
simply by generating a column 
address and a CAS strobe. (The 
page size for 256K DRAMS is 9 
bits or 512 bytes; for 1024K 
DRAMS the page size is 10 bits or 
1024 bytes.) Since a RAs strobe is 
not generated unless the memory 
request falls outside the current 
page, data can be accessed in 
about half the usual time. 

However, if the required memo- 
ry location is not within the cur- 
rent page, a new RAs address 
must be generated before data 
can be retrieved. The penalty 
when a RAs page boundary is 
crossed is that wait states will be 
generated. But programs typ- 
ically access several addresses se- 
quentially, so sustained opera- 
tion on a single page is fairly 
common. 

The second memory architec- 
ture used by the PT -386 -PLUS is 
called interleaved memory, in 
which memory is divided into 
two (or sometimes four) banks, 
each of which is alternately ac- 
cessed under most circum- 
stances. Most interleaved memo- 
ry designs require sequential 
memory accesses for no -wait - 
state operation, so that the RAs 
precharge time of one memory 
bank overlaps the access time of 
the other bank. That means that 
an access that is not sequential 
can cause a wait state. 

The combination of page -mode 
and interleaved memory in the 
PT -386 -PLUS results in RAs page 
boundaries occurring at 1K -byte 
intervals. That means that any 
access within the 1K -byte bound- 
ary can occur without a RAs cycle, 
which effectively cuts the memo- 
ry access time in half. When a 
memory access crosses a 1K 
boundary there is a page miss, 
requiring that a new page be se- 
lected; in addition, a wait state 
will be generated for the first ac- 
cess to the new page. 

The typical "hit rate" for stan- 
dard interleaved memory designs 
is around 50 percent. Essentially, 
the higher the hit rate, the lower 
the average number of wait 
states. In page/interleaved-mode, 
a 100% hit rate can, in theory, 
never be achieved. However, 

Harness that 386 
The 80386 and 80386SX mi- 

croprocessors are more than 
just fast 80286's. With the right 
software, you can maximize 
your DOS memory space, per- 
form multitasking, or both. 

386mAx is a utility program 
that taps the microprocessor's 
ability to physically map memo- 
ry. With it, you can fill out a 
512K motherboard with ex- 
tended memory; you can load 
TSR's (SideKick, disk caches, 
keyboard enhancers, etc.) into 
memory above the first 640K, 
leaving 600K or more of con- 
tiguous DOS memory; and 
other tricks. 

OMNIVIEW is a multitasking 
environment that runs on all In- 
tel 80xxx family processors. 
(Watch for a detailed feature ar- 
ticle next month.) With 0M- 
NIVIEW you can download 
information from your favorite 
BBS while simultaneously typ- 
ing in your word processor; you 
can also switch instantly 
among several tasks. 

SunnyHill Software has ar- 
ranged special 30% discounts 
off the list prices of OMNIVIEW 
and 386mAx for readers of Ra- 
dio -Electronics. OMNIVIEW 
normally lists for $89.95; the 
discount price is $62.95. 
386mAx normally lists for 
$74.95; the discount price is 
$52.45. Order both from Sun- 
nyHill Software, P.O. Box 33711, 
Seattle, WA 98133-3711. (800) 
367-0651; (206) 367-0650. Be 
sure to mention this article. 

when page/interleaving-mode 
memory access is used, as in the 
PT -386 -PLUS, typical hit rates 
may exceed 80 percent. 

What does page/interleaved 
memory operation mean in terms 
of performance and cost? When 
operating at a 16 -MHz clock rate 
with zero -wait -state memory, 60 - 
or 70-ns DRAM's are required. 
When page mode is combined 
with interleaving, near -zero - 
wait -state operation can be 
achieved with 100-ns DRAM's. 

Bus synchronization 
In the PT -386 -PLUS the clock 

speed of the CPU and the speed of 
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Fig. 1. PT -386 -PLUS BLACK DIAGRAM. The system is built around Chips & Tech- 
nologies' NEAT CHIPset, a single-chipfloppy-disk controller, and a peripheral control- 
ler with two serial and one parallel ports. The complete 80386SX-based motherboard 
can be built for less than $700 (not counting RAM). 

the AT bus needn't be the same. If 
they were the same, and a CPU 
ran any faster than 8 MHz, then 

Editor's Note 
I tested the 80386SX version 

of this board extensively and 
found no incompatibilities 
whatsoever. Test software in- 
cluded: Windows/386, 386M 
OMNIVIEW 4.12, Lotus 1-2-3, 
several word processors and 
database managers, and nu- 
merous small utility programs. 

The board's performance is 
approximately equal to that of 
the Compaq 386s, an 80386SX 
design that costs about $5000 
with a fast 40 -megabyte hard 
disk and VGA video system. 
With judicious purchasing, you 
should be able to put together a 
comparable system based on 
the PT -386 -PLUS for about 60% 
of that amount, or even less if 
you go for a monochrome sys- 
tem and a slower hard disk.- 
Jeff Holtzman 

there could be problems with 
slow peripheral devices. (For that 
reason, it's advantageous to fill 
out the on -board SIMM memory 
before adding memory via the 
bus.) Further, the NEAT set sup- 
ports fast switching between real 
and protected modes, which re- 
sults in as much as 20% better 
performance under OS/2 than 
conventional designs. It also in- 
creases the performance of RAM 
disks and other DOS applica- 
tions that use extended memory. 

Not part of the NEAT set, but 
equally important, are the on- 
board peripheral controllers, in- 
cluding: a floppy -disk controller 
(for 5.25 -inch drives in both 
360K and 1.2M formats, and for 
3.5 -inch drives in both 720K and 
1.44M formats), a standard paral- 
lel printer port, two standard 
RS -232 serial ports, and a real- 
time clock, all of which are under 
software control. 

As for the basics, the PT -386 - 
PLUS board has the full-size AT 
format, two 8 -bit (XT) slots, six 

16 -bit (AT) slots, and it accepts a 
101 -key or AT -style keyboard. It 
comes with a BIOS ROM with a 
built-in setup program and ex- 
tensive diagnostics. 

To put things in perspective, 
those features give you the ability 
to build a five -megabyte system, 
with a hard disk and video adapt- 
er, and still have six free expan- 
sion slots! On the other hand, to 
get a minimal system up and 
running, you have to add only a 
single floppy drive and cable, a 
video adapter and monitor, a key- 
board, and a power supply. 

System overview 
The NEAT set consists of a 

CPU/bus controller (82C211), a 
memory controller (82C212), an 
address/data buffer (82C215), 
and system control logic 
(82C206). Figure 1 shows a block 
diagram of the system; the basic 
system -control devices are 
shown .on the left and the pe- 
ripheral devices on the right. 

Let's discuss the NEAT devices 
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Price Information 
Peripheral Technology (1710 

Cumberland Point Drive, Suite 
8, Marietta, GA 30067 (404) 
984-0472) is selling parts kits, 
complete systems, and a variety 
of peripherals, as follows. 
PT386-Starter-system 
Includes the PT386-PLUS KIT, 
an AT -style cabinet, 200W 
power supply, 84 -key (AT -style) 
keyboard, 1.2 -MB 5.25 -inch 
floppy -disk drive, Samsung am- 
ber monitor, Hercules -compati- 
ble monochrome text/graphics 
card with printer port, and MS- 
DOS 4.01: $1195 
Starter system options 
For EGA monitor and display 
adapter, add $400.00; for 20 - 
MB hard -disk drive and control- 
ler, add $349; for 40 -MB drive 
and controller, add $485.00; for 
assembled and tested unit, add 
$100. 
Component prices 

PT386-PLUS-KIT (includes 
system board, daughterboard, 
BIOS, 16 -MHz 80386SX, and 
support IC's. DRAM and the op- 
tional 8037SX math 
coprocessor not included), 
$695 

PT386-PLUS-ASM (as- 
sembled version of the PT386- 
PLUS), $795 

PT286-KIT (same as PT386- 
PLUS KIT but does not include 
80386SX daughterboard. In- 
cludes 16 -MHz 80286), $465 

PT286-ASM (assembled ver- 
sion of the PT286-KIT), $495 

CABINET (standard AT style 
with 3 drive openings), $65 

PS -200 (200W power supply 
for AT case), $70 

KEY (84 -key AT -style key- 
board), $60 

DOS (MS-DOS version 4.01), 
$80 

AT1003 (Hard/floppy disk 
controller), $139 

DISK 1.2 (1.2 -MB 5.25 -inch 
floppy -disk drive), $109 

20MEG (20 -MB hard disk 
drive), $230 

EGA (EGA display card), 
$189 

EGA MON (Samsung EGA 
monitor), $360 

DRAM, call for current prices 
Notes: Complete catalog of 

options is available upon re- 
quest; PT386-PLUS kits add $ 7 
for UPS ground shipping, sys- 
tems add $22, other items addi- 
tional. VISA/MC orders accept- 
ed without surcharge. Tech- 
nical assistance and repair 
service available. Georgia resi- 
dents add appropriate sales tax. 

first. The PT -386 -PLUS contains 
a local CPU bus, a 16 -bit system 
memory bus, and the AT expan- 
sion bus. The 82C211 syn- 
chronizes and controls all buses; 
it also provides an independent 
AT bus clock speed that may be 
set by the user under software 
control. In addition, wait states 
and command delays to the AT 
bus may be programmed to allow 
for either fast or slow pe- 
ripherals. The 82C211 also pro- 
vides DMA control, refresh logic, 
numeric coprocessor interface 
logic, and configuration regis- 
ters. 

The 82C211 has two reset in - 
U) puts and two reset outputs. 

óRESET1 is the power -good indica- 
ix for from the power supply. RESET2 

w 
is generated from the keyboard 

w 
controller. The two outputs 

O RESET3 and RESET4) are activated in 

3 various combinations depending 
cc on the type of reset desired. For 

example, when a cold (power -on) 
reset is required, RESET3 and 
RESET4 are both activated. When a 
warm boot is required (Ctrl -Alt - 
Del) RESET3 is activated. RESET3 
and RESET4 may be activated in 
other combinations when a shut- 
down sequence is detected by the 
processor. 

The 82C211 is what sets pro- 
cessor and bus speeds. The IC 
has two clock inputs, CLK2IN and 
ATCLK, either of which may be di- 
rected to the processor bus and 
the expansion bus. The pro- 
cessor may be driven by CLK2IN 

directly, by (cLK2uv - 2), or by ATCLK 

; the bus can also be driven by 
any of those signals. The source 
is determined by a setup pro- 
gram. (Setup and operation will 
be discussed next time.) 

There are three bytes of in- 
dexed configuration registers in 
the 82C211. I/O port 22h is used 
as an indexing register. lb access 

a given register, first you write the 
register number to port 22h. You 
may then read or write to the de- 
sired register at I/O port 23h. The 
82C211's three bytes are accessed 
by indexes 60h, 61h, and 62h. 
Chips and Thchnologies' docu- 
mentation details the meaning of 
each bit in each configuration 
register; a full set of C&T docu- 
ments is supplied with each kit. 

Memory controller 
The 82C212 performs the 

memory -control functions: 
EPROM and DRAM decoding, 
memory mapping, refresh logic, 
and clock generation for DRAM 
refresh. Like the 82C211, the 
82C212's configuration registers 
are accessed at UO ports 22h and 
23h, but the 212's registers are 
indexed from 64h-6Fh. These 
registers determine where the 
boot ROM is located, where and 
how shadow RAM is enabled, 
types of memory IC's, whether in- 
terleaving is used, etc. 

The EPROM and DRAM control 
logic in the 82C212 generates RAs, 

cAs and MWE signals for control of 
DRAM. The 212 also generates a 
ROMCS signal for enabling the 
BIOS EPROM. In addition, the 
control logic generates READY for 
indicating to the CPU when the 
current memory operation is 
complete; the appropriate 
number of wait states are inser- 
ted, according to how the 212's 
wait -state register has been pro- 
grammed. 

The 82C211 and 82C212 chips 
jointly handle the refresh chores. 
The timing for the refresh task is 
generated by an oscillator circuit 
in the 82C212. (A 14.31818 -MHz 
crystal is connected to the 
82C212; its output is divided by 
12 to generate a 1.19381 -MHz 
clock.) A separate counter is 
maintained for each RAM bank; 
when each counter times out (in 
about 9 clock cycles or 10 µs), a 
refresh request is generated. 

Why is a separate counter 
maintained for each bank, rather 
than simply refreshing all banks 
simultaneously? When a DRAM 
chip is refreshed it draws hun- 
dreds of milliamps, albeit for only 
a very brief time. However, when 
refreshing a large number of 
DRAM's, several amps of current 

84 

www.americanradiohistory.com



R -E Computer Admart 

SECRETS OF THE 

COMMODORE 64 
Secrets o1 the 
COMMODORE 69 

BP135-A beginners guide 
to the Commodore 64 pre- 
sents masses of useful data 

and programming tips, as own 
well as describing how to 
get the best from the 
powerful sound and graph- 
ics facilities. We look at how the memory is 

organized, random numbers and ways of 

generating them, graphics -color -and sim- 
ple animation, and even a chapter on ma- 

chine code. Get your copy today. Send 

$5.00 plus $1.25 for shipping in the U.S. 
to Electronic Techology Today Inc., P.O. 

Box 240, Massapequa Park, NY 
11762-0240. 

Rates: Ads are 21/4" 21/2". One insertion $900. Six insertions $875.each.Twelve 

insertions $845. each. Closing date same as regular rate card. Send order wlilh 

remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi -County 

Blvd., Farmingdale. NY 11735. Direct telephone inquiries to Arline Fishman, area 

code -516-293-3000. Only 100% Computer ads are accepted for this Admart.' 

A PRACTICAL 
INTRODUCTION TO 

MICROPROCESSORS 
BP123-Introduces mi- 
croprocessors by having 
the reader construct a 

very simple micro- 
processor circuit that he 

can experiment with and 
thus hopefully gain a 

clear insight into this 
complex subject. The 
completed unit is only 
intended as an education aid, but can be 

built inexpensively and many of the parts 
can be reused for other applications later. 

Get your copy for $5.00 plus $1.25 for 
shipping in the U.S. from Electronic Tech- 
nology Today Inc., P.O. Box 240, Massape- 
qua Park, NY 11762-0240. 

A Practical 
Introduction to 
Microprocessors 

ICSPROMPT 
DELIVERY!!! l SAME DAY SHIPPING (USUALLY) 

QUANTITY ONE PRICES SHOWN Ior MARCH 26, 1999 

oP,P 
ºr+ 

OUTSIDE OKLAHOMA NO SALES TAX 

DYNAMIC RAM 
SIMM tl1256Kx36 80 res $460.00 
SIMM 1Mx9 80 res 295.00 
SIMM p2) 1Mx9 85 ns 225.00 
SIMM 256Kx1 60 ns 125.00 
1Mbit 1Mxl 100 ns 20.95 
41256 256Kx1 60 ns 11.25 
41256 2561(x1 80 ns 10.85 
41256 256Kx1 100 res 8.95 
51258 121 256Kx1 100 ns 10.50 
41256 2561<x1 120 res 8.25 
41264 ICI 641(x4 120 res 14.50 

EPROM 
27C1000 128Kx8 200 ns 528.50 
27C512 641(x8 200 ns 13.95 
27256 32Kx8 150 ns 8.15 
27128 16Kx8 250 res 4.75 

STATIC RAM 
62256p -to 32Kx8 100 res $23.50 
6264P-12 8Kx8 120 res 9.50 
6116AP-12 2Kx8 120 res 5.50 

OPEN 61/2 DAYS, 7 x AM -10 PM. SHIP VIA FED -EX ON SAT. 

SAT DELIVERY MasterCard VISA or UPS CASH COO 
INCLUDED ON MICROPROCESSORS UNLIMITED. INC 

FED -EX ORDERS 24.000 S Peons Ave (918) 267-4961 RECEIVED BY: BEGGS. OK 74421 
AIM AY 2e No minimum order. ,GH.o. o PCP, S.D.,. ir,nd,P 

CIRCLE 61 ON FREE INFORMATION CARD 

may be required from the power 
supply for a few nanoseconds. 
Most power supplies simply are 
not able to respond that quickly, 
and the result is spikes or noise 
on the power line. Staggering 
DRAM refresh reduces the noise 
generated by the power supply 
during refresh. 

Data/address buffer 
The 82C215 provides data and 

address buffers, bus conversion 
logic for 16 -bit to 8 -bit transfers, 
and parity generation and detec- 
tion logic. Unlike the NEAT fam- 
ily members discussed so far, the 
82C215 has no configuration reg- 
isters. The IC's buffers isolate the 
CPU from the local and expan- 
sion buses. 

Glue 
The 82C206 contains the real- 

time clock and CMOS RAM that 
are standard parts of any AT sys- 
tem board. The 206 also handles 
interrupts and DMA requests, 
and it provides "glue" logic to tie 
the system together. The 82C206 
requires a battery to power the 
CMOS RAM and real-time clock 
when the computer is turned off. 

In addition to the four major 
IC's of the NEAT set, the PT -386 - 
PLUS has two other major VLSI 
IC's: the WD37C65 and the 

82C605, which provide onboard 
control of key peripheral devices. 

Floppy -disk controller 
The WD37C65 is a single -IC 

floppy -disk controller that con- 
tains all circuitry necessary to 
control two floppy -disk drives. In 
older systems, a floppy -disk con- 
troller might require as many as 
20 IC's; with the WD37C65, only 
three are required, including a 
data -bus buffer, an I/O port de- 
coding PAL, and the WD37C65 
itself. 

Peripheral controller 
The 82C605 contains one par- 

allel printer port and two UART's 
(Universal Asynchronous Re- 
ceiver/Transmitters) that are 
compatible with standard 6450 
devices. A big advantage of the 

THE 386SX MOTHERBOARD is shown 
here We'll talk about building it next 
time. 

82C605 over traditional devices 
are the configuration registers 
that allow peripherals to be dis- 
abled or re -assigned to other ad- 
dresses in the event of conflict 
with some other device. Since 
these registers are configurable 
by a software program, the user 
doesn't have the hassle of open- 
ing up the case, hunting for the 
dip switches, fumbling for the 
correct page in the hardware 
manual, and so forth. 

We'll present complete con- 
struction details next time..CD« 

"Of course / haven't made a payment on the 
computer...your salesman said it'd pay for 
itself in no time!" 
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EDITOR'S WORKBENCH 

continued from page 80 

gram just by pressing the Enter 
key; up will pop 1-2-3 with the 
desired file loaded and ready. 

Or you could bring up the Spe- 
cial Project view and run either 
your word processor or your 
spreadsheet, etc., depending on 
the type of the file you choose. 
ViewLink can learn what pro- 
gram to run for a given data file 
automatically by enabling the 
"autolink" feature. You can also 
set up links manually. 

One real strong point is the 
ability to hot -link from one ap- 
plication to another, almost like a 
multitasking environment. For 
example, if you're in the middle of 
WordStar and need some infor- 
mation from a linked spread- 
sheet file, you can hot -key di- 
rectly to 1-2-3, which will bring 
up the desired file automatically. 
You can then capture data from 
the screen, hot -link back to 
WordStar, and transfer the infor- 

mation into your document. Un- 
like a multitasker, however, 
ViewLink does not keep the 
switched -from program loaded in 
RAM (much less running); 
rather, it must close one and then 
open another application. 

From the factory, the program 
supports many common applica- 
tions (AskSam, dBASE, Grand - 
View, Lotus 1-2-3, Microsoft Word 
and Works, most of the PFS se- 
ries, Quattro, Sprint, SuperCalc 
4, WordStar, XyWrite, among 
others); provision is made for 
adding your own. 

One problem, as you might 
suspect, is that to use ViewLink 
effectively, you must use it re- 
ligiously. Actually, 11-aveling Soft- 
ware provides a means of 
updating View lists after creating 
files outside the ViewLink do- 
main, so you really needn't be ob- 
sessive about it. Even so, greatest 
efficiency will be gained by using 
ViewLink as a kind of "control 
center" for launching all your 
software applications. 

ViewLink is a clever program; if 

you pride yourself on organiza- 
tion but have trouble maintain- 
ing a suitable structure, it could 
be a big help. A prime target is a 
manager responsible for main- 
taining multiple multi -file proj- 
ects simultaneously. Just be 
aware that, like most personal in- 
formation organizers, proper use 
of ViewLink will require some se- 
rious mental effort, and an on- 
going commitment. ViewLink is 
a great hammer, but it won't 
drive the nails for you. eCD« 

PRODUCTS REVIEWED 
X -Bandit -8 ($229), X -Ban- 

dit -16 ($259), Teletek Enter- 
prises, Inc., 4600 Pell Drive, 
Sacramento, CA 95838, (916) 
920-4600. 

CIRCLE 50 ON FREE INFORMATION CARD 

ViewLink ($149.95), Tì-avel- 
ing Software, Inc., 18702 North 
Creek Parkway, Bothell, WA 
98011. (206) 483-8088. 
CIRCLE 49 ON FREE INFORMATION CARD 

TAPE BACKUP 

continued from page 81 

Putting it to work 
The HBT-40 is supplied with 

menu -driven HeathStream soft- 
ware (which is evidently a re- 
named version of Archive's 
QlCstream program. The main 
menu lets you back up to tape, 
restore from tape, display a tape's 
directory, change to a tape utility 
menu, and, perhaps most impor- 
tant, to create and schedule mac - 

WHICH WOULD YOU RATHER USE to 
back up 30 megabytes of data? The 
stack of ninety disks on the left can do 
it, but the DC -2000 cartridge makes it 
more likely that you'll actually get it 
done. 

IF YOUR DRIVE BAYS are already full, 
you'll want to use an external case. 

ros. The macros let you automat- 
ically perform backups, restores, 
and the like, unattended, at dates 
and times you schedule in ad- 
vance. The HBT-40 supports only 
file backups-support for image 
backups is not provided. 

Backing up 40 megabytes on 
the HBT-40 isn't fast, but the 
same is true for any DC -2000 
drive. HeathStream software 
keeps you informed of its pro- 
gress as the tape winds seeming- 
ly endlessly back and forth. It 
even displays a time -line that re- 
ports the approximate length of 
time remaining for the selected 

THE EXTERNAL DRIVE CONNECTS TO 
an adapter card which provides 
power, data, and control. 
operation. Since formatting a 
tape to hold 40 megabytes takes 
about 45 minutes-and actual 
backups seem only slightly fast- 
er-the time line and progress in- 
formation, if nothing else, is 
comforting. 

The HBT-40 is available for 
$379 and $389 for the XT and AT 
versions respectively. For exter- 
nal mounting, the HBT-40-SD 
and HBT-40-HZ are $139 and 
$199 for XT's and AT's respec- 
tively. Are they worth it? When 
your hard disk suffers that inev- 
itable crash, they're worth their 
weight in goldeCD« 
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AUDIO 
UPDATE 
How Important is Slew Factor? 

IN THE LAST DECADE OR SO, MOST JAPA- 

nese and some U.S. audio -equip- 
ment manufacturers have devoted 
enormous amounts of effort to the 
discovery of previously unrecog- 
nized forms and sources of audi- 
ble distortion. Their purpose, 
aside from a desire to advance the 
state of the audio art, was to pro- 
mote their latest products that em- 
bodied their proprietary cures for 
the newly discovered diseases. 
The true seriousness of their con- 
cerns can best be judged by the 
rapidity with which each year's dis- 
tortion and its cure is abandoned 
in favor of a new problem and its 
so-called solution. 

One of the most durable of the 
"nouveau" distortions is Transient 
/ntermodulation Distortion (TIM), 
which-despite my efforts during 
my service on the 1975 IHF Stan- 
dards Committee-made its way 
into the current amplifier Standard 
(RS -490). Hailed by some manufac- 
turers as a major source of audible 
distortion not revealed by con- 
ventional testing, the cause and 
cure of TIM was actually discussed 
in the early Fifties-although not 
by that name. Several articles deal- 
ing with feedback -induced slew- 
ing distortion in tube amplifiers 
are cited in the Fourth Edition 
(1952) of the classic Radiotron De- 
signer's Handbook under the 
heading "Overloading of Feed- 
back Amplifiers on Transients." 

We seldom see figures for tran- 
sient intermodulation distortion 
listed in amplifier spec sheets be- 
cause there's no general agree- 
ment as to the best way of 

LARRY KLEIN, 

AUDIO EDITOR 

measuring it. However, Slew Fac- 
tor, which relates to TIM, appears 
frequently. Exactly what is "slew- 
ing?" My dictionary of electronics 
describes slew rate as the rate at 
which the output of an electronic 
circuit or device can be driven to 
the limit of its dynamic range. 
When it appears in spec sheets, 
slew rate is given in volts per mi- 
crosecond. In other words, the 
"speed" of the circuit's response 
enables it to go from zero to X volts 
in one millionth of a second. That 
sort of response is easily viewed 
on an oscilloscope. When an am- 
plifier is unable to slew (change) 
its output rapidly over its full 

FIG.1 

range, it is reflected by a high -fre- 
quency response that falls as the 
signal output level increases. That 
is the reason that amplifier spec 
sheets usually give a very wide fre- 
quency response at low power lev- 
els, and a somewhat reduced high - 
frequency response at full output 
power. 

When a transient reaches a high 
level very quickly-in other words, 
a fast rise-time-it (theoretically) 
can exceed the ability of an ampli- 
fier using overall negative feed- 
back to "track" it. In such a case, 
the negative -feedback signal from 
the output of the amplifier returns 
to the input too slowly to prevent 

87 

www.americanradiohistory.com



the input stages from being driven 
by the input transient into mo- 
mentary overload. The overload is 
the cause of TIM. 

On a theoretical level, there are 
several ways to minimize or elimi- 
nate TIM: (1) The response speed 
of the entire amplifier can be made 
fast enough (which is to say, its 
bandwidth wide enough) to pre- 
vent the time delay in negative 
feedback; (2) the amplifier can be 
designed without the negative 
feedback that produces the prob- 
lem; or, (3) the bandwidth at the 
amplifier input can be limited so 
that the high -frequency compo- 
nents in the program are never 
faster than the frequency ca- 
pabilities of the following stages. 
All of those techniques are effec- 
tive, but in my view, option (3) rep- 
resents the best engineering 
practice. Not only is it the least 
expensive way to go, but it also 
keeps ultrasonic and radio -fre- 
quency signals out of the amplifier 
circuitry where they could only 
cause trouble. 

Testing TIM 
Many manufacturers have de- 

vised complex and non -compara- 
ble tests to measure TIM and are 
pleased to tell you about them in 
their literature. The simplest and 
easiest one to interpret is the Slew 
Factor (SF) measurement found in 
the EIA amplifier standard men- 
tioned earlier. The amplifier under 
test is driven to its full rated output 
with a 1,000 -Hz test signal. Then, 
without changing the test signal's 
amplitude, its frequency is raised 
until the total harmonic distortion 
of the output signal hits 1 percent. 
The Slew Factor number is derived 
by dividing the highest frequency 
achieved before distortion by 
20,000 (Hz). An amplifier that is 
able to deliver say, 40 kHz, before 
hitting 1 percent distortion, there- 
fore has an SF of 2. 

In practice, it's rarely necessary 
to actually measure THD during 
the SF test because: (1) the ampli- 
fier's output may decrease-not 
distort-as the frequency is 
raised; (2) the output waveform 
viewed on an oscilloscope may 
distort abruptly as slew limiting 
occurs; or, (3) the amplifier blows 
its fuses or output transistors. 
With an amplifier whose band- 

width is properly limited (as in the 
first case), the signal generator's 
highest available test frequency 
usually establishes the amplifier's 
Slew Factor. For example, if its 
highest frequency is 500 kHz, the 
SF is at least 25. 

What is the minimum accept- 
able Slew Factor? Slew Factors 
commonly seem to range from a 

low of about 5 to a figure deter- 
mined, as I said, by the upper fre- 
quency limit of the signal gener- 
ator used. But, more important, it 
seems evident that no recorded or 

broadcast signal will have a fast 
enough rise -time (a wide enough 
bandwidth) to cause trouble with 
any competently designed amp. 

To my mind, those designers 
and audiophiles hyperconcerned 
about slew rate, Slew Factor, or 
TIM as an insidious source of dis- 
tortion are essentially chasing a 

wild goose up a blind alley. In 
short, if you hear some unpleasant 
sonic quality in the sound of any of 
today's amplifiers, you can be al- 
most positive that TIM is not likely 
to be its source. R -E 
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Shown here: 
Model SP100 
Switchable 1X -10X 43. ' ,4-.. 

TPI Probes 
Last Longer, Cost Less 
Unique flexible cable and superior 
strain relief give longer life and 
easier, more comfortable handling 
Order from these distributors: 

ACTIVE 
ALLAN CRAWFORD ASSOC. 
ALLIED ELECTRONICS 
CALCOTRON 
CONTACT EAST 
EIL INSTRUMENTS 
ELECTRA TEST 
ELECTRONIC PARTS CO. 
ELECTROTEX 
JENSEN TOOLS 

JOSEPH ELECTRONICS 
MARSHALL INDUSTRIES 
MC MASTER-CARR 
METERMASTER 
RADAR ELECTRIC CO. 
SOUTHEASTERN ELECIRONICS BONICS 
SPECIALIZED PRODUCTS CO. 
TECHNI-TOOL 
WESTCON INC. 
WM. B. ALLEN 

T 'E STI! 
I 

9178 Brown Deer Road, San Diego, CA 92121 

INC.Call 
Toll Free for information and free catalog: 

PROBES, C 1-800-643-0382 in CA 
1-800-368-5719 
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MARKET CENTER 
FOR SALE 

PHOTOFACT folders, under #1400 $4.00. Others 
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East 
Meadow, NY 11554. 

GREAT buys! Surplus prices, ICs, linears, transfor- 
mers, PS, stepping motors, vacuum pump, pho- 
totransistor, meters, LSASE, FERTIK'S, 5400 Ella, 
Phila., PA 19120. 

COMMUNICATIONS radio, electronic equipment, 
sales service, FCC licensed, catalog. RAYS, 2025 
Moline, Ft. Worth, TX 76117. (817) 831-7717. 

DESCRAMBLERS. All brands. Special: Jerrold 
combo 400 and SB3 $165. Complete cable de - 
scrambler kit $39. Complete satellite descrambler 
kit $45.00. Free catalog. MJM INDUSTRY, Box 531, 
Bronx, NY 10461-0531. 

BANDSTOP Filters - Clear up channels affected 
by interfering signals. Channels 2, 3, 4, 8,14,15,16, 
17,18,19, 20, 21 and 22 available. $20 each -10 for 
$130. dB ELECTRONICS, PO Box 8644, Pembroke 
Pines, FL 33084. 

T.V. Tunable notch filters. Free Brochure. D.K. VID- 
EO, Box 63/6025, Margate, FL 33063. (305) 
752-9202. 

CABLE descrambler liquidation. Major makes 
and models available. Industry pricing! (Example: 
Hamlin Combo's, $44 each...minimum 10 orders). 
DEALERS ONLY! Call WEST COAST ELEC- 
TRONICS, (818) 709-1758. 

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 
P.O. Box 8533 e Scottsdale, AZ 85252 

LIFETIME" (602) 947-7700 (53.00 Credit all phone orders!! 

WARRANTY MasterCard Visa COD'S Quantity Pricin¢. 

The DECODER. VideoCipher II newsletter. News - 
schematics - modifications - reviews. $24.00/ 
year. Complementary sample. TELECODE, Box 
6426, Yuma, AZ 85366-6426. 

SENIOR Prom - For all your EPROM needs! Du- 
plication, programming, supplies. Great Prices! 
Write for details. SENIOR PROM, 11 Manor Ridge 
Drive, Princeton Junction, NJ 08550. 

DESCRAMBLERS, wholesale prices - Oak, Jer- 
rold, SA, SB3, Tri -Bi, Zenith, Pioneer: example -10 
Hamlin at $45.00 each, full warranty. G.D. ELEC- 
TRONICS, (602) 829-9441. 

REDUCED 75% Diehl Mark V -Scanner $249. Diehl 
Mark Ill $99. NEW. WEEC 2805 University Ave., 
Madison, WI 53705. (608) 233-9741, (608) 
238-4629. 

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 

SURPLUS ELECTRONICS. New giant wholesale 
catalog. Hundreds of amazing bargains. $2. Box 
840, Champlain, NY 12919. 

SOLAR electric systems. Discount prices. SUN 
POWER -TEXAS, PO Box 2788A -R, Freeport, TX 
77541. (409) 233-8350. 

DESCRAMBLERS wholesale, Tocom, Zenith, Jer- 
rold, Hamlin, Oak, SA, SB, Tri -Bi, Pioneer. COD ok. 
GD ELECTRONICS, (602) 829-9441. 

RADIO amateur (HAM) education. Learn at home 
or in your car. VHS Video or Audio Cassettes. Easy 

' to obtain license. Free information. AMATEUR RA- 
DIO SCHOOL 2350 Rosalia Drive, Fullerton, CA 
92635. 

ALUMINUM image transfer process, your artwork to 
aluminum. Write: J & E ENTERPRISES, 2457 N. 
Marmora, Chicago, IL 60639. 

FAIR prices SB -3, Z -TAC, SA3, TRI -BI, 
MLD-1200-3. Pioneer, any notch filters. Small deal- 
er only. No Michigan sales (313) 979-8356. 

TEST Equipment pre -owned now at affordable 
prices Signal generators from $50. Oscilloscopes 
from $50, other equipment, including manuals avail- 
able. Send for catalog J.B. ELECTRONICS, 9518 
Grand Ave., Franklin Park, IL 60131. (312) 451-1750. 

FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

ANO ACCESSORIES. QUALITY PRODUCTS 
FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 

RENTAL movie stabilizer. Connect between 
VCRs or to monitor. Satisfaction guaranteed. 
$59.95, $4 handling. 1 (800) 367-7909. 

SPECIALS - cable, satellite, computer. Stand 
alone EPROM programmer no computer needed. 
Prices and data sent on request. HI -TECH ELEC- 
TRONICS, PO Box 42423. Detroit, MI 48242. Inves- 
tor wanted. 25 thousand SSAVI boxes. Most are 
new, never been in service. Encoders, chips, 
burners, computers, etc. 220 volt transformers can 
be modified. (313) 722-9381. 

GATED Pulse descrambler as described in De- 
cember '88 Radio -Electronics article. Partial kit 
$25.00. Works on in -band, out -band, AM or FM 
reference and pilotless systems. Canadian orders 
add $2.00 shipping. Cannot accept Ariz. orders. 
Allow 4 to 6 weeks for delivery. CYBERNET 
WORKS., Box 41850, Phoenix, AZ 85080. 

ELECTRONIC fish detector. It brings the ageless 
pleasure of fishing right into the electronic age. And 
it's low cost is within the reach of everyone. Send 
$5.00 and SASE for info to JAMES TYLER 107-51 
139 St., Jamaica, NY 11435. 

MICROWAVE TV RECEIVERS 1.9 to 27 GHz 
2 CH Compact Dish System - $77.95 
5 CH Dish System - $93.95 

12 CH Yagi (Rod) System - $123.95 
30 CH Dish System -$163.90 Yagi-$183.90 

SUN MICROWAVE INTL. INC. Send SI0O for 
P.O. BOX 34522 catalog on these 
PHOENIX. AZ 85067 and other line 
16021 230-0640 video products. 

VISA'MC/COD QUANTITY DISCOUNTS UFETIME WARRANTY 

CABLE descramblers, Tocom, Zenith Z -Tac, Oak 
RTC 56, Jerrold 400-450, SA 8580, all remote con- 
trolled, add ons, MLD 1200, SB 3, SA -3, Pioneer, Tri 
Bi. Special 5 pak price, 5 -Oak M35B $300.00, 5- 
TC35 $300.00, 5 MLD 1200 $245.00. Full Warranty. 
S.A.C. (702) 647-3799. 

AUTO alarm module. Exit/Entry delay, on -board 
siren driver, unlimited inputs. Complete with wiring, 
hook-up diagram. $14.95. Remote -controlled alarm 
kit. Info $.25. CHALKER 8 Manor House Lane, 
Uxbridge, MA 01569. 

IS it true... Jeeps for $44 through the government? 
Call for facts! 1 (312) 742-1142 Ext. 4673. 

ELECTRONIC components. Free 192 page cata- 
log including capacitors, resistors, relays, con- 
nectors, soldering equipment and supplies. BOX 
699, Mansfield, TX 76063.1 (800) 992-9943. 
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CA BL E -TV 
AT ITS BEST 

SCIENTIFIC ATLANTA: 
Models 8500-8550-8580 . . $275.00 
SA -3 !Add -On Descrambler! .. $ 99.00 
JERROLD: 
S8-3 Ilnband Gated Sync] ... $ 74.00 
TRI -81 (Trlmode/Bistate $ 95.00 
OAK: 
M-358 [Combo W/Vari-sync! $ 99.00 
N-12 IAdd-On W/Vari-syncl $ 89.00 
HAMLIN: 
MLD-1200 IAdd-On I $ 89.00 
ZENITH: (Z -TAC Descramblerl . $169.00 
CONVERTERS:180-Channels). $ 95.00 

N.A.S. INTERNATIONAL 
12131 631-3552 
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CABLE converters and descramblers. Call or 
write for free catalog. Includes Jerrold, Oak, Zenith, 
Hamlin, Scientific Atlanta, many more. NU -TEK 
ELECTRONICS, 305 South Bell Blvd., Suite #583, 
Cedar Park, TX 78613. (512) 250-5031. 

RARE, dual element, magnetodiodes with flux con- 
centrator; 3 for $10 with datasheets. Allow 3-4 
weeks for postpaid delivery. PROCTOR, 1507 
Brooks, Rosenberg, TX 77471. 

WANTED: Old, Western Electric, McIntosh, Mar- 
antz, Dynaco, Altec, JBL, Jensen, RCA; tubes, 
speakers, amps. (713) 728-4343. MAURY, 12325 
Ashcroft, Houston, TX 77035. 

THE ELECTRONIC GOLDMINE 

Send for your copy of our 1989 catalog 

featuring hundreds of electroniccomponents 

and unique electronic project kits,. Each of 

our project kits include all necessary parts 

and a glass epoxy etched and 

drilled PC board - you only need to 

solder in the parts and provide a 

battery (on battery operated kits) 

Here ore two examples of our Unique Kits! 

SIMULATED LASER KIT 
kit emits bright pulsating red light 

from o SOOmed Staley LED. Simulate 

losers or Bght your science projects) Ka 

can project o smolt l I h. I cirde about 
IT feet m o dark room. Operates from 

9v battery (not included). 

06394 58.00 

INSANITY ALARM KIT 
Nhon light is shining on the kit the - 
dorm is silent. But tumolf the light 

and this kit will emit a high patina 4I 
:rand) Turn the lights back amslle toi 
Greot fun at puniest Operates from 9v q 

batter Included) 

40 $6.98 

Fabulous Component Valoes! 

MOTOROLA GRAVITY SWITCH ASST. 

59 4 
~IEdcrr 

% // 
eau, colas 

KG.iiotoZ.Z5 

MBE 
MICROPHONE 

.50 

MINIMUM ORDER 510.00 plus 3.00 shipping o d handling. We a,repl M/C, 
Viso and money orders, COD fee, 1.50 in addition to 3.00 dripping ,herge. 

SEND ORDERS r0: The Ele,tronio Goldmine 
P.O. Box 5408 Scottsdale, AZ. 85261 

PHONE ORDERS:16021 451-7454 

CIRCLE 181 ON FREE INFORMATION CARD 
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VCR PARTS 
SANYO RF Modulator #4-1164-031600 $17.95 Ea. 

FISHER RF Modulator 191002-143-9-4300 17.95 Ea. 

MITSUBISHI RF Modulator #PU57855-01 19.95 Ea. 

TOSHIBA RF Modulator #MSU-911 19.95 Ea. 

RCA Loading Belt 157061 or 157062 10/For 8.50 
FISHER Loading Belt 143-2-7504-01000 10/For 8.50 
GOLDSTAR Samsung Photo Interupter 1.99 Ea. 

RCA Idler 164113 3.25 Ea.. 

FISHER Idler 143-0-4204-00400 3.99 Ea. 

SHARP Idler NIDL0005 2.99 Ea. 

SHARP Idler NIDL0006 2.99 Ea. 

POPULAR 
SEMICONDUCTORS 

2SD1341P Original Sanyo 
2SD869 Original Toshiba 

BU208A Original Toshiba 

2SD1398 Original Sanyo 
STR3115 Original Sanken 
STR3125 Original Sanken 
STR30120 Original Sanken 
STK4273 Original Sanken 
STK0080 Original Sanken 

375 Replacement 

10 For $19.90 
10 For 19.90 
10 For 19.90 

10 For 19.90 

3.95 Ea. 

3.95 Ea. 

3.95 Ea. 

(10 min.) 9.95 Ea. 

15.95 Ea. 

(10 min.) 99E Ea. 

POPULAR 
CAPACITORS 

100MFD/50 Volts Radial 20 For $10.00 
4.7MFD/250 Volta Radial 10 For 5.50 
10MFD/350 Volta Radial 10 For 7.50 
1000MFD/200 Volta Snap -In 5 For 12.50 
680MFD/200 Volts Snap -In 5 For 12.50 
100MFD/200 Volta Radial 10 For 12.50 
47MFD/50 Volts Radial 10 For 4.50 
10MFD/25 Volts Non Polarized 10 For 5.00 
825MFD/250 Volta Snap -In 3.95 Ea. 

80MFD/450 Volta Axial 10 For 19.90 

POPULAR ITEMS 
Sharp Flyback F0009G 
Sharp Flyback F0003G 
Sanyo Flyback F0260 
Sanyo Flyback F0192 
Tripler 523A/528A 
Sanyo Focus Divider Z0064 

Minus -62 Freeze Spray 
Freon TF Clnr./Precision Clnr. Degreaser 

Chemtronics Solder -1 Lb. Spool .031 Dia. 

Chem -Wick Lite 1/8 Dia. 25' Spool 

$27.95 Ea. 

27.95 Ea. 

14.95 Ea. 

14.95 Ea. 

9.95 Ea. 

11.95 Ea. 

4.95 Ea. 

4.95 Ea. 

7.95 Lb. 

5.50 

ASK FOR OUR FREE CATALOG! 

-.r 

ELECTRONICS 
975 Jaymor Rd. 

Southampton, PA 18966 
CALL TOLL FREE: 

1-800-628-1118 

CIRCLE 89 ON FREE INFORMATION CARD 

LASER LISTENER II, other projects. Surveillance, 
descrambling, false identification, information. 
Plans, kits, other strange stuff. Informational pack- 
age $3.00 refundable. DIRIJO/BOND ELEC- 
TRONICS, Box 212, Lowell, NC 28098. 

RESISTOR cabinet - 5000 quality 1/4w 5% car- 
bon film resistors. 100 per value in 50 labeled draw- 
ers. $79.95 plus $5.00 shipping (check, MO). 
KENTEX INDUSTRIES, PO Box 1314, St Charles, 
MO 63302. 

TESTMATE with circuit memory finds intermittent 
wiring problems fast. Unique product catalog $1.00 
refundable. B & M ENGINEERING, Box 823, Simi 
Valley, CA 93062. 

CABLE TV descramblers, Oak, Tocom, Zenith, Jer- 
rold, Hamlin, Pioneer, Scientific Atlanta. Full tech- 
nical support, COD ok. Fuli warranty. S.A.C., (702) 
647-3799. 

REMOTE CONTROL KEYCHAIN 
Complete'w/m i ni -transmitter 

re 
r, and +5 vdc RF receiver 

Fully assembled including plans 
to build your own auto alarm 

Quantity discounts available 
Check, Visa or M/C $19.95 Add $ 2 shipping 

VISITECT INC. (415) 872-0128 
PO BOX 5442, SO. SAN FRAN. , CA 94080 

Cable TV converters, Jerrold, Oak, Scientific At- 
lantic, Zenith & many others. "New" MTS stereo 
add-on: mute & volume. Ideal for 400 and 450 
owners! 1 (800) 826-7623, Amex, Visa, M/C accept- 
ed. B & B INC., 4030 Beau -D -Rue Drive, Eagan, 
MN 55122. 

TUBES: "oldest," "latest." Parts and schematics. 
SASE for lists. STEINMETZ, 7519 Maplewood Ave., 
RE, Hammond, IN 46324. 
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PLANS AND KITS 
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. 

FM transmitter 88 to 108 MHZ kit $12.95 SIERRA 
ELECTRONICS, Box 709, Elfers, FL 34680-0709. 

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 1-800-648-3030. 
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 

ELECTRONIC kits! Transmitters! Recorders! 
Phone devices! Bug detectors! Surveillance items! 
More! Catalog $1.00: XANDI ELECTRONICS, Box 
25647, 60P, Tempe, AZ 85285-5647. 

INVESTIGATORS, experimenters. Quality new 
plans. Hard to find micro and restricted devices. 
Free catalog. SASE. KELLEY SECURITY, INC., 
Suite 90, 2531 Sawtelle Blvd., Los Angeles, CA 
90064. 

CIRCUIT boards from this and past issues PC- 
Service about half price. KLAY CORP, 106 Mark 
Drive, Syracuse, NY 13209-1808. 

OPENING special. Super duper kits. Send $2.00 
U.S.$ for booklet to 3C TECHNOLOGY, Box 306, S. 
Lafleche, St. Hubert, Quebec, J4T-3J2. 

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. 

FM stereo transmitter. Transmit your VCR/CD/ 
Walkman to any FM stereo radio. One chip does it 
all! Free schematic and info. Send a self addressed/ 
stamped envelope to: DJ INC., 847A Second Ave., 
Suite 113, New York, NY 10017. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for Cable and Subscription TV. 
Instructions, schematics, for SSAVI, gated sync, 
sinewave. Jerrold, Hamlin, Oak, Zenith, Sylvania 
(HBO, Cinemax, Showtime, UHF, Adult) $8.95, $2 
postage. CABLETRONICS, Box 30502R, Beth- 
esda, MD 20814. 

CB tricks booklet. Modifications, tune-ups, chan- 
nel expansion, clarifier tricks. Send $19.95 to MEDI- 
CINE MAN CB, P.O. Box 37, Clarksville, AR 72830. 

DETECTION - surveillance, debugging. Plans, 
kits, assembled devices. Latest high-tech catalog 
$5. DETECTION SYSTEMS, 2515 E. Thomas, 
#16-864F, Phoenix, AZ 85016. 

PROJECTION TV... Convert your TV to project 7 
foot picture... Easy!... Results comparable to $2,500 
projectors... Plans and 8" lens $24.95... Profes- 
sional systems available... Illustrated catalog 
free. MACROCOMA, 15GJ Main Street, Wash- 
ington Crossing, PA 18977... Credit card orders 
24HRS. (215) 736-3979. 

PRINTED circuit boards etched & drilled. Free deliv- 
ery. K & F ELECTRONICS, INC., 33041 Groesbeck, 
Fraser, MI 48026. (313) 294-8720. 
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RADIO astronomy! Monthly magazine, books, 
components. $3.00 brings sample package. BOB'S 
ELECTRONIC SERVICE, 7605 Deland, Ft. Pierce, 
FL 34951. 

CATALOG: hobby/broadcasting/HAM/CB: Cable 
TV, transmitters, amplifiers, surveillance devices, 
computers, more! PANAXIS, Box 130-F3, Para- 
dise, CA 95967. 

ELECTRONIC kits. Transmitters, surveillance 
items, phone devices, descramblers, more. Catalog 
$1.00. TECHTRONICS, 1715 Leaf Ave., 
Murfreesboro, TN 37130. 

CB super modulation, make your CB sound super 
loud. Plans only $12.95 or kit and plans $24.95. 
MEDICINE MAN CB, PO Box 37, Clarksville, AR 
72830. 

CABLE T.V. 
"BOXES" 

Converters-- Desc ramblers 
Remote Controls-Accessories 

* Guaranteed Best Prices * 
* 1 Year Warranty-C.O.D.'s * 

* Immediate Shipping * 
* FREE CATALOG * 

Call or Write 
TRANS -WORLD CABLE CO. 
12062 Southwest 117th Court. Suite 126 

Miami, Florida 33186 
800-442-9333 

SATELLITE TV 
CABLE TV secrets - the outlaw publication the 
cable 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. 

SATELLITE TV receiver kits! Instruction manuals! 
Boards! Semiconductor parts! 59 deg LNA's! LNB's! 
Ku -Band LNB's! Catalog $1.00. XANDI ELEC- 
TRONICS, Box 25647, Dept. 21WW, Tempe, AZ 
85285-5647. 

VIDEOCYPHER II descrambling manual, sche- 
matics, video and audio. Explains DES, EPROM, 
Wizardplus, KeysRus, CloneMaster, 3Musketeer. 
Pay -per -view (HBO, Cinemax, Showtime, adult, 
etc.) $13.95, $2 postage. CABLETRONICS, Box 
30502R, Bethesda, MD 20814. 

PAY TV AND SATELLITE DESCRAMBLING 
NEW... 1989 EDITION... NEW 

1989 EDITION All new circuits, tum-ons, etc. Our best yet. 

$15.95. PAY TV AND SATELLITE DESCRAMBLING VOL. 1 

$14.95. Vol. 2 $12.95. EXPERIENCES WITH VIDEOCYPHER. 

$14.95. MDS/MMDS HANDBOOK. Microwave. $12.95 BUILD 

SATELLITE SYSTEMS UNDER $600. $12.95. BUILD PORTA- 

BLE POWER GENERATOR UNDER $100. $14.95. Any 3/$28 or 

7/$45. SCRAMBLING NEWS. Monthly Technical $24.95/yr. 
Sample $3. New Catalog $1. 

crambling News, 1 5 ' erte ve., u a o, 

N.Y. 14216 COD's 716-874-2088 

VIDEOCIPHER II manuals. Volume 1 - hardware, 
Volume 2 - software. Either $32.45. Both $54.95. 
Volume 3 - Projects/software - $42.45. NEW!!! 
Volume 4 - Repair - $97.45. COD's 1 (602) 
782-2316. Catalog - $3.00. TELECODE, Box 
6426-R, Yuma, AZ 85366-6426. 

DESCRAMBLERS for movies, networks, $175, vid- 
eo only $450 complete. Visa, MC accepted. Catalog 
$4. SKYWATCH, 238 Davenport Road, Toronto, 
Canada, M5R-1J6. 

DESCRAMBLER: Build our low cost video only, 
satellite TV descrambler for most satellite channels. 
Uses easy to get, everyday parts. Boards & plans 
$35.00 US funds. Board, plans & parts $99.00 US 
funds. Wired & tested unit $189.00 US funds. Send 
check, money order or Visa to: VALLEY MICRO- 
WAVE ELECTRONICS, Bear River, Nova Scotia, 
Canada BOS 1130 or phone (902) 467-3577.8 am to 
4pm eastern time. Note: educational project only. 
Not to be used illegally. 

CABLE -TV 

BONANZA! 
ITEM UNIT 

10 OR 
MORE 

HAMLIN MCC .100036 CORDED REMOTE CONVERIE R C7, ,.,t11 2900 1800 

PANASONIC WIRELESS CONVERTER lour Orsl huyl 9800 7900 

STAR GATE 2000 88 00 69 00 

'JERROLD 400 COMBO 16900 11900 

JERROLD 400 HAND REMOTE CONTROL 29 00 18 00 

'JERROLD 450 COMBO 199 00 139 00 

'JERROLD 450 HAND REMOTE CONTROL 2900 1800 

JERROLD SB -ADD-ON 9900 6300 

'JERROLD SB -ADD-ON WITH TRIMODE 10900 7500 

'M-35 B COMBO UNIT ,Ch 3 output only, 9900 70 00 

'M-35 B COMBO UNIT WITH VARISYNC 10900 7500 

'MINICODE IN -121 9900 6200 

'MINICODE IN -121 WITH VARISYNC 10900 6500 

"MINICODE VARISYNC WITH AUTO ON"OFF 14500 10500 

ECONOCODE 1 rn,n,cooe suhsttlule, 6900 4200 

ECONOCODE WITH VARISYNC 7900 4600 

'MLD-1200-31 Ch 3 pulpOII 9900 6200 
'MLD-1200.21Ch 2outp,,t 9900 6200 
'ZENITH SSAVI CABLE READY 1;500 12500 

INTERFERENCE FILTERS 1 Ch 3 only, 2400 1400 

'EAGLE PD -3 DESCRAMBLER ICY :1,016, 01 rn,ly, 119 00 6500 

'SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBL ER 11900 8500 
'CALL FOR AVAILABILITY 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code 8593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

n, GA CC oflIKI 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 
o 

Address City v 
al 

State Zip Phone Number ( ) - «I 
4 

E Cashier's Check Money Order COD Visa D Mastercard V 

Acct k Exp. Date i 
v 
6 
p. 
40 0 

E 

g 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty of penury 
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. 
73251/2 RESEDA BLVD., DEPT. # R-6 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 
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3 FOR 1 

SPECIAL 
ON SUB -MINIATURE VOICE 

FM TRANSMITTERS. 

KITS CONTAIN PC BOARDS 

'FMX-1 LONG RANGE (3 MI) ULTRA SENSITIVE 
FM VOICE XMTR with fine tune, range control 
plus $24.50 

V 

"TELX-1 TELEPHONE FM XMTR (3 MI) auto- 
matically operates when phone is used. Crystal 
clear clarity with fine tune and range control. 
Non detectable $24.50 

"ATR-1 AUTOMATIC TELEPHONE RECORDING 
DEVICE tapes telephone conversation all 
automatically $19.50 

ALL THREE OF ABOVE FOR $49.50 

CALL OR SEND VISA, MASTER CHARGE, 
MONEY ORDER, ETC. TO AMAZING CONCEPTS, 
BOX 716, AMHERST, NH 03031. (603) 673-4730. 

#####PRESENTING ##### 
CABLE TV 

DESCRAMBLERS 
##### STARRING ####1t 

JERROLD, HAMLJN, OAK 
AND OTHER FAMOUS MANUFACTURERS 

FINEST WARRANTY PROGRAM AVAILABLE 
LOWEST RETAIL/WHOLESALE PRICES IN U.S. 

ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 

FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 

ni PACIFIC CABLE CO. INC. 11 
7325'., RESEDA BLVD., DEPT REt 89 

RESEDA, CA 91335 

FREE catalog Systems, Upgrades, Houston, Uni - 
den, Chaparral, etc. SAVE $$$$$ SKYVISION 
2009 Collegeway, Fergus Falls, MN 56537. 1 (800) 
334-6455. 

SATELLITE TV systems - parts and components - all major brands. Absolutely the lowest prices 
possible. We buy direct from manufacturers. Vid- 
eocipher repair service. SAT-TRONICS, PO Box 
18195, 131 E. Norwich, Columbus, OH 43218. Visa - 
MC 1 (800) 232-2445 - orders only 24 hrs. (614) 
353-3474 for tech info. 

VIDEO DIGITIZER 
INEXPENSIVE IBM PC or C64 video digitizer. 
Digitize RS170 TV video (VCR or camera). Capture 
images to disk. IBM PC or XT 4.77mhz (requires 
CGA) - $59.95. Commodore 64/128 --0 $39.95. 
Disk software, documentation, pretinned and drilled 
PCB. Easily assembled. Uses common, low cost 
parts. Specify computer. SASE for information: KIN- 
NEY SOFTWARE, Dept. RE, 974 Hodsdon Road, 
Pownal, ME 04069. 

BUSINESS OPPORTUNITIES 
EASY work! Excellent pay! Assemble products at 
home. Call for information. (504) 641-8003 Ext. 
5192. 

MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness -without investment. Write: BUSINESS -R, 
C.S. 9008, Baldwin, NY 11510-9008. 

IBM monitors repair. Make 75k - 250k, very low 
initial investment required. Information $1.00. RAN- 
DALL, Box 2168 R, Van Nuys, CA 91404. 

PROJECTION TV... Make $$$$ 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 15GJX Main 
Street, Washington Crossing, PA 18977. Creditcard 
orders 24HRS. (215) 736-2880. 

EARN thousands with your own part time elec- 
tronics business. I do. Free proof, information. IN- 
DUSTRY, Box 531, NY 10461-0531. 

ELECTRONIC 
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 

DIGITAL CAR DASHBOARDS 
BUILD yourself complete electronic 
dashboards. Send $1 (refundable) for de- 
tails. MODERN LABS, 2900N Ruisseau, 
Saint -Elizabeth, QC, JOK 2J0, Canada. 

", CPU's& CHIPS RAM's 
8t,öOA l'' 0086 8.00 UÁ4/.1/00412 3000 
1804 CPu 1 75 8088 7.50 211023 70 

81552 215 2016 0.50 2808 CP. 3.75200 
ZBOA CTC 1.95 8202 9.00 21014-4 1.50 
280. DART 5.25 8203 16.00 V114 1.75 
280A DM. 5.50 8212 2.25 21121 1.95 
Z804 P10 1.95 8214 3.76 21142 1.00 
2804510 550 8216 150 V18-4 1.)5 
0708 SIO 9.75 8220 1.60 2147.3 6.00 
8047 2.00 8237 1.60 3242TNIS .75 
5542 420 8237566.50 704027 1.75 
6502 3.26 8238 3.96 54/9402)3 .90 
6522 3.50 82508 6.76 TM54050NL 175 
6800 1.75 8251-A 200 54/94096-11 1.25 
6802 0.50 8253 1,75 4106-3 1.60 
68031 8.00 82564.5 1.86 01162 .70 
6809 5.50 8257 2.40 4118.4 1.76 
6810 176 8259 2.40 416415 300 
6821 115 8272A 4.75 M04802 5.00 
6845 1.50 8276 9.00 26104.4 250 
6850 1.75 82795 2.75 6116 3 450 
803140 3.75 8254 2.60 62641,15 8.83 
8035 115 8288 41 5 8118.12 295 
8048 5.00 8355 12.95 4125812 
8049 2.60 4125615 754$992)519.95 
80854 2.76 680001.8 8.50 
5516450 12.95 
68®112 19.95 ROM's 
68881 95.00 155205-1 4.50 DISC4 

TP882S112I112 

1.60 50 0765.Cí011450 
REGISTERS 825128 1.95 1)71 1.15741)6 

54541402 115179 
54541403 115 825130 195 1)9] 9.50 N.M. 1.75 825131 t. 50 
MMfi01] 2.50 756285166 8.50 

1795 1200 

54M5055 2.50 825181 4.50 
1197 1290 

MMfi055 2.50 825191 4.50 WVAtM 10.95 

)154)4 3.95 2797 ).95 
54545058 2.50 

21(18 3.75 
54546060 280 2716r 5V 315 CRYSTALS 

2)323 3.75 2000 6.114 INTERFACE 076425 000 8.000 
A 6101]4 315 2712830 415 33.M12 10.000 

1088AV 

10150 4.76 
.00 3347 2.00 

4.000 17.32 

1489 40 362863 3.00 
4000' 18.000 

7516028 3.95 82565 125 5.800 ..680 
6.000 34.550 

TRANSISTOR SPECIAL SCR', TRIAC's 340000 35 74HC SERIES 7400246 80 
74.002 .35 7400125 .50 74HC257 55 
)45004 35 )400133 .50 ){00259 .50 

)40003) .75 ){00273 .BO )00108 .]6LINEAR 
741-1C10me,, .36 7400138 70 74HC360 
14,,11 74,0139 05 ){00373 60 
74HC.. 35 74110053 .55 )4003)4 .80 
)4.030 35 7400154 115 74HC533 1.35 ,..002 .35 74110151 .50)100531 135 
74HL50 .45 j0HC163 .55 

411C162 55 7480593 2.50 
100058 .60 )0X0596 250 
7{HC74 40 )4HC164 .60 7440440 2.00 
740075 40 740001{ HO 70HG020 50 
]00085 .JO 74001]6 .60 74.4020 1.10 
7400.86 .40 740.194 00 748C4086 .50 
7441C107 35 74HC221 % 74004514 3.20 
7490109 .40 7400210 75 7404538 100 
74X.112 .40 740.242 1g 74HC4643 1,40 

.4000241 80 

RCA. HC 2500 
60 WATTS $34.95 SOLID16968 TAIE HYBg1 0 

AND AUDIOAW 
BAND WIDTH.. 

OUTPUT e0 WATTS, J AMP OUTPUT 

1612 
PAL's so, 

16R4 1.95 
. 2.75 

18R8.. .,735 
1618A 3,50 
2088A.., 3.50 
..RBA .... 3.95 

TIP 31B NPN S, 10.220. S 40 
TIP 328 PUPS, 10 220....540 
TIP 34 PNP 5... S 95 
TIP 111 .. 5.50 
TIP 122 NPN S. U84 S 50 

1.5A 6A 35A 754 
lOO 35 00 1.40 
200 40 50 1.80 
000 .60 00 240 9.00 
600.80 1.00 3.00 1200 

PRV IA 104 
100 35 1.00 

1.00 
400 70 '-.. 
808 188 .50 

- . 

TIP 141 NPN 0. 097. . 51.00 
TIP 145-.-. - 51.35 

LINEAR CIRCUITS 7Á5741UMCAPACITORS 
22ÚF 36V 5/51.00 1SUF 16V 3/91.00 
07ÚF 36V 5/53.00 32UF 10V 9 .30 
-68ÚF362 5/51.00 AUF gV 5/91.00 
1ÚF20V 5/01.00 33ÚF 1ÁV 8.50 
23ÚF 20V 6/5100 {TUF 20V 8.85 
3.3ÚF 20V 4/5100. 680F2)V 51,00 
470F 20V 4/0100 1000F 162 51.10 
65ÚF 20V 451.00 00 330ÚF 10V 51.)5 
10ÚF 20V S 00 

DPS20) PNP GE TP 5 5 40 
POWER °MIL 
POWER f3.% 

252222 NPN 510.92. ...]/SI 00 
252%7 PUP g, 10.92 .7/51.00 
TIP 2955 PNP S. 5 .70 
253065 NPN 5, 10.3 5.60 
MJE30557 6 60 

253772 NPN Si 10.3 .. 81.25 
253900 NFIN 5 7092....7/41.00 
253906 PUP 51092.. .75100 
254901 PUP A 10.3 51.00 

% 255255510.220 5.50 
256109 PUPS, 10.221 5 .55 

0IM MRF.8 CM RF NPR ...-8.75 
MP5447300V NPN 5/Sí.00 

TL062C .95 LM393 00. 5401391 100 
TI -06405 100 LF411 3.00 1456 50 

1.60 LP411 2.50 1458 .50 
15478807.60 Á0506.4X 250 WB 175 
1L%2 .% 537 1-50 U1520034 75 
11084 100 LM555 29 402'Á01D4.95 
OGAIBP 100 LSOÁ56 45 102901 95 
154201 .75 558 I 10 0A3018 1.95 

LM301 35 A 058 3.00 0,03045 1.20 
LM307 45 560 1.75 0A3378411.50 
110308 .65 565 .90 08301896 175 
L51311 .45 566 1.25 CÁ63090 1.30 L513113.% 1.00 567 .75 CÁ3130 
154319 110 NE570 2.50 CA3140 .75 
L54324 .35 5E592 95 583543 A 
LM339 .W 709C5 .80 SG3504 1.00 
154348 85 7110. 60 1N13Á12 I 75 
1E351 .46 733 95 LM3800 50 

74LS SERIES 
741 , r 17 7419112 .29 741S291 8fi 
]OLS01 17 7419113 33 )11Á21I .65 
701502 17 1415110 .33 1416243 .65 
711503 17 1415122 10 7415740 .65 
)01504 17 )415123 .45 )115205 15 
741505 1] ]015125 .35 7415248 tÁ0 
741Áp8 .17 ]415132 .35 7415207 .]5 
741509 1] )015132 3g 741553 65 
741.510 17 7015136 .35 7415251 .45 

711511 20 741513) 90 7415253 .45 
741512 27 )41.5138 .39 7415257 38 
741013 36 7415105 .70 7415258 OS 
741014 .36 7115145 70 7415259 1.20 
]41515 25 ]41511) 1.00 2415260 05 
)01520 .17 7415148 .% 7415286 55 )0,20 

741522 22 7415153 .39 7015279 
74L521 22 7415151 .39 7.5273 

39 
741526 33 7415154 1.50 7415280 1 70 
)4152] .23 ]0].5155 .55 7415283 .55 
]41528 26 ]015156 )413290 80 .15 
7{1530 17 141515] 35 ]415293 80 
741530 .17 )415158 20 1415298 .65 

4L538 26 )015161 09 )11530 1.00 
1.25 

]41540 17 )415162 49 )415322 300 
741507 35 )415163 09 7415323 240 
141${8 

65 701_5164 05 741.5365 .38 
701_551 17 7415165 65 7415366 .39 
741550 .22 ]d 15166 .95 )115.467 39 
7415)3 .25 741$169 .% 7415168 39 
7415)4 .N 7015170 80 .4015.4)3 15 
'a1Á15 29 711Á1n .49 ]d LS370 15 

1578 29 70 LS174 39 7415377 .75 
701S83 .05 70L9175 39 74L5386 .45 
741585 45 7415181 1 40 7415390 1110 
741986 .22 7415190 .49 7415393 75 
74159E .39 741)191 09 7415398 2.60 
741592 05 701_5192 65 741-5446 2.00 
741591 O6 7015193 65 )415541 140 
701S95 48 7415194 65 7415625 115 
7415% .49 7415195 65 7415646 95 
811598 100 741.51% 55 7015666 tÁ5 
7015107 36 7415197 55 7415670 As5K 
7415109 .35 7415221 55 25152521 1.96 

7415240 .65 

DISC CAPACITORS 
.1 OF. 10/51.00. 100058.00 

.010F 3516V. V.. 1651.00. 100/55.00 

1100148 099141 

15'100 

REGULATORS 
1Á579U.. ...55.96 323/901Át4051 ..$295 
)8106 or 12... S .30 LM33].. ..ÁI.75 
L785405, 17 or 15'. 5 .40 1 .$3.]5 
3090fi 5 .75 3401.5. ,8,12, 
309K.. 51.25 16,18 r240. ... 5 45 
LM317T S .90 723 5 45 
3201.51215 0,24 9 55 

TTL IC SERIES 741)0 1'70 
7411) .J6 

7400 19 7480 05 74174 .85 
7401 19 7485 55 74175 .86 
)002 19 7485 .55 .]5 
7403 19 7486 35 74177 65 
7401 t9 )489 1.90 14180 76. 
7405 35 )4% .J9 )4181 2.00 

10353 75 739 150 4136 85 
10355 35 7410V 29 505000 1 75 

Lf]fig 86 
358 A5 

.SO 55531 15 

1L54370 1,60 *000809285 
55,54 1 50 

54 506000 IW 
154389 86 CNN 8.95 BOJB 3.95 
0384 00 95 

1543% 1.85 5401350 
.60 MC1310 

0.90 8540IIB,108004 6os 

L141106 Detector ]51.00 
FP 100 Photo Trent 0.50 

Yelllo,. 
LED's 2- 

or Amber 19 LEO', 2" 1851.00 
Red -Green Bipolar LED f 90 

LEO S 90 
LED. 541208215 LED ............. f 00 

5480118 Photo Derl. %TOR ...... f 60 
ILS Om I4ola,ors o, MCT3. S 6c 
41045 Omo Couple, S 60 

7406 .27 7491 00 74182 .75 
740/ 7 92 

C/MOS "C' 355125 
164)] 295 

.21 .50 74184 1.50 
7408 24 7193 35 )41% 80 
7409 .18 7490 60 74191 80, 
)010 18 7095 .55 74192 .75 
)411 25 74% .80 7919.4 .75 
7413 2s 74107 30 )4190 .% 
7413 .35 741161.21 74195 .80 
7414 45 )4121 30 )4t% .75 
)41625 74112 45 74197 .80 
741) 25 )4123 O6 14199 725 
7420 20 10125 05 )42211.25 
7425 27 74126 05 70273 1.00 
7426 30 74145 .60 )42781.95 
7427 3] M108 1.20 712)9 .]0 
7130 .A )41501.35 747% .60 
7432 .Z] 74151 55 ]0366 .65 
743] 37 )4153 55 71]6) .65 
7438 -.. 74154 135 74390 80 
7440 20. 74155 55 751.14 90 
7442 45 70156 )5 75115 90 
)445 .65 74157 55 75150 60 )4158 .60 75325150 
7450 A 74160 85 

74161 85 
7472 29 70,02 .65 9602 .% 
7473 .35 71,60 8g 8726 1.10 

7474 .32 74164 .85 8728 1.10 

74000 .25 740915 1.10 4027 35 4072 20 

74004 .26 4001 .19 4028 66 4076 55 

74008 .26 0002 ,20 4029 65 10)] 28 

11010 35 41%76 65 0030 35 0081 , 
74014 .55 4007 A 10341..0 4080 10 

]OCA .Z6 4008 .85 4035 65 4093 05 
74032 35 4009 JS 4001 65 4089 100 

7442 1.10 4010 .35 9041 15 4501 98 

74071 .55 4011 ,19 4042 55 4603 5 

74076 SO 4012 .25 4043 85 05% 78 

74085 1.25 4013 35 4044 .65 0510 65 

74C86 .35 4010 65 4046 .8g 1511 fisFÚ11 
.41193 1.00 4015 28 446 BS 4Á1I ]5 

)4016) 95 4016 28 4047 .66 4514 95 

)40161 .95 401) 15 4049 .26 4515 160 

)40174 .96 4018 65 4088 .28 
4518 
4616 ,5 

74C175 .95 4019 -35 4051 .65 4520 775 

740193 1.25 4020 55 4052 65 4528 75 
74.245 1.75 4021 65 405.4.65 4629 140 
740901 35 4022 e5 4%0 .85 0538 95 
)40902 40 4023 Z5 4888 .28 1539 150 
710903 80 4024 8 4068 .35 45419120 
)OC%7 .75 4025 25 

0 38 4553 1 l5 
4026 1.25 4583 00 4071 20 4585 ]5 

TTL SIZE 
RELAYS 

SV DPST 95$100.00 
122 OPST OS 

8087-2 $155.00 
8087-3 
80287.0 $300.00 
$03$7-1e $300.00 

88019411 5.50 
53800PP°9.95 

CRT5037 18.95 
54545.40.4 )95 
8838 2'50 
81134 208 

L L1765 F7 WATT 
A INFRARED 
5 

E LASER diode 

R $24.95 

1,75 86, 

100.311 
WIRE WRAP 
WIRE SINGLE 

WAVE 
BRIDGE 

qV 2A 6A 254 
000 100 
200 80 15 30 2.20 

400 1.88 1 65 J 30 
600 1 30 190 4 40 

DIP SWITCHES 
CTS 206- 4 4Posmon 75 
CTS]% ) 7Posit.. e 
010206 8 BPRtion 95 
CTS 20010 10 Potion 115 STRAND BBN 200 WIRE 

100..5140 8818 2'00 WRAP 
0053696 25.00 SOCKETS 

54Á3F1944 1.95 14 PIN OS Da 

DIP SOCKETS 16 PIN 50 CONNECTOR 
111 PIN 65 8 PIN .10 22 PIN .15 
20 PIN .90 0895 .g .44 

14 PIN 11 24 PIN 20 
e PIN .12 28 PIN 20 20 PIN 1 TO p 

ZSVB 51.25 18 PIN 15 00 PIN .26 28 PIN 1.25 

..PIN 18 40Pwtso -0112Áss1so 

SILICON POWER R CTIFIERS 
PRV to 3A 124 504 125A 2004 
100 OS .t4 .]5 .90 600. ?00 8 '08 .t] .50 1.30 H 00 10.00 
100 .09 .76 .65 1.50 111.00 1200 
600 1l .]0 15.00 
800 III .35 ,-0.2,2....e.13..,0 

.5 1.00 1800 
1000 20 05 125 360 20.00 26.00 

MULTI TURN 
TRIM POTS 

5000M 
100 

1000 OHM 

10K 
AK 50K 1000 

3/52.00 
]475 45 54165 .85 8797 1.10 
7478 50 )4166160 6798 1.101 PLEASE CALL FOR QUANTITY PRICING 

POSTAGE ADD 10% FOR ORDERS UNDER 525.00 TERMS: FOB CAMBHI DCF MASS SEND CHECK OR MONEY ORDER 5E5D52, OR CUR Crr.\LO,, KÁ11;,,14', 
ADD 5% FOR ORDERS B TWEEN 525.00 AND 310000 MINIMUM TELEPHONE, 00.0 PURCHASE ORDER OR CHARGE 52000. 1 AASISTSHS n RECTIFIERS 

RATES 
ADD 3% FOR ORDERS ABOVE 5100.00 MINIMUM MAIL ORDER 55.00 145 HAMPSHIRE SO ,CAMBRIDGE, MOSS, 02139 

SOLID STATE SALES TEL (617) 547-7053 WE SHIP OVER 95% 
OF O '. FAx 617.354-1417617.354-1417UR ORDERS WITHIN 

P.O. BOX 74D - SOMERVILLE, MASS. 02143 TOLL FREE 1.800-343-5230 24 HOURS OF RECEIPT 
FOR ORDERS ONLY 
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EDUCATION & INSTRUCTION 
MAGIC! Four illustrated lessons plus inside infor- 
mation shows you how. We provide almost 50 tricks 
including equipment for four professional effects. 
You get a binder to keep the materials in, and a one- 
year membership in the International Performing 
Magicians with a plastic membership card that has 
your name gold -embossed. You get a one-year sub- 
scription to our quarterly newsletter "IT's MAGIC!" 
Order now! $29.95 for each course + $3.50 postage 
and handling. (New York residents add applicable 
state and local sales tax). THE MAGIC COURSE, 
500-B BiCounty Boulevard, Farmingdale, NY 
11735. 

COMPUTER/satellite video tapes: Make $50,000 
or more per year! Step by step instructions. How to 
build IBM PC -XT compatible computers $69.95. 
How to repair Videocipher II descramblers $69.95. 
COMPUTER BOARDS UNLIMITED, 1317 West 
North Ave., Baltimore, MD 21217. (301) 728-3690. 

IBM PC. Learn assembly language. Spaceship 
game. Find princess game. $5 each. Book $18. 
ZIPFAST, Box 12238, Lexington, KY 40581-2238. 

DESCRAMBLER MODULE 
LATEST technology alternative to Jerrold SB -3 or 
Radio -Electronics Feb. 1984 project. Featuring 
electronic tuning, AGC, auto-on/off, AC/DC power, 
mini -size, A&T, and more. For literature - SOUTH - 
TECH DISTRIBUTING, (813) 527-2190. 

SCRAMBLE FACTS 
718-343-0130 

PHONE TODAY for 3 minutes of 

satellite TV industry news, technical 
tips, and new product information. 

P.O. Box 111-E 
Placentia, CA 92870 

714.632.7721 

GIVE YOURSELF A BREAK -- A PRICE BREAK! 
NUTS 6 VOLTS WILL Save YOU MONEY 
ON ELECTRONIC PARTS & EOUIPMENT 

PIPS SHOW YOU WHERE TO FIND UNIQUE, 
UNUSUAL AND HARD -TO -FINO ITEMS. 

imotI SUBSCRIBE TODAY! Fr 

{uEecnpnun Rees 

a Claw Marl -USA 
$1200 

P 52100 Ns.bes 

MOOL'r1ac 

Mews Mea.. 
orn rise u$1, $2000 
Car., rue $2200 

uAfrrMail 
rsrycs , YA $5500 

A Netinel Pgbliatlien Forge BuyNy And Selling Oi9echenic Equipment 

WANTED 
WANTED - Pen R.F. Jammer and electronic 
stethoscope. EUGENE DELL, 1416 E. Market 
Street, York, PA 17403. (717) 845-9945. 

SEISMOMETER wanted to measure earthquakes. 
Pay cash. D. HUTCHISON, 4000 Little Timber, Ed- 
mond, OK 73034. (405) 341-9615. 

TUBES - 2000 TYPES 
DISCOUNT PRICES! 

Early, hard -to -find, and modern tubes. 
Also transformers, capacitors and 
parts for tube equipment. Send $2.00 
for 24page wholesale catalog. 

ANTIQUE ELECTRONIC SUPPLY 
688 W. First St. Tempe, AZ 85281.602/894-9503 

CABLE TV 
CAT)/ converters & descramblers. Quality prod- 
ucts. Professional service. Call 1 (800) 541-5487 
Visa -M/C accepted. MOUNTAINTECH, INC., Box 
5074, Mt. Crested Butte, CO 81225. 

CABLE TV 
DESCRAMBLERS 

10 Lot w 
JERROLDTMTn-Bi Mode. $105.00 $85.00 Ui 
JERROLDTM SB -3 OR 2 $89.00 $65.00 O )- 

o 
Hamlin MI-D-1200$99.95 $6200 Z z 

9- 
__c - 

Oak N-12 WN.S..--..-.. $99.95 $6200 O Q N 
Oak -M -35-B W/V.S $99.00 $78.00 CC = c2 Q 
OAK E-13 $99.95 $58.00 F- O 1 O Zenith SSAVI 3185.00 $145.00 O F - 
Eagle 113-3 $120.00 585.00 w < f" 2 
Scientific Atlanta- S129.95 $105.00 t -1 2 CC V% 

SA -Combo's. CALL $Call J I-...12 
Towns. $350.00 $295.00 I -I J Ó I - 
Oak N-12 W/ Auto $140.00 $105.00 Q Z 
Jerrold Slarcom CSV $139.95 Call 

*NEW STARGA'l'L 2000 
CABLE CONVERTER 

- 57 

1-$89.00 10-$69.00 100 -Call 
Last channel recall -Favorite channel select - 
75 channel -Channel scan -Manual fine tune - 
One year warranty -surge protection-HRC & Stand- 
ard switchable- and much more. Call Today! 

INFORMATION(402)554-0417 
Orders Call Toll Free 

1-800-624-1150 
M.D. ELECTRONICS 
115 NEW YORK MALL 
SUITE 133E 
OMAHA, NE. 68114 

KC. 
SA 

C 
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300W HQ H! -FI POWER 
AMPLIFIER (MONO) 
TA -3600 FWi 11 

GuASICOMPLEMENTARY SYMMETRY WITH 
PARALLEL HIGH OUTPUT TRANSISTORS. 
SPECIFICATIONS 
POWER OUTPUT 300w IRMSI INTO 8 OHMS - 

245QY IP M P 01 INTO 8 OHMS 
540W IMUSIC POWER, INTO 8 OHMS 

'LOAD -IMPEDANCE 4 OHMS OR 8 OHMS 
FREOUENCT RESPONSE : 10He-200,000Hr 
TOT AL HARMONIC DISTORTION LESS THAN 005% 

INPUT SENSITIVITY AND IMPEDANCE AT 1 e Hz 

IV -1 4V 47K OHMS 
'SUPPLY VOLTAGE DC! 75V OR AC 53V . 28A 
KITIASSM AND TESTED 9861110 
K' FORMER/10.000$JF SEW L CAE 25110 

PROFESSIONAL 
COLOR LIGHT $- 
CONTROLLER 

SM -328 

OP 

A T UHES 
1 FOUR GROUPS OF INDEPENDENT OUTPUT SYSTEM1000'W/CH MA/ 
.1680W 1100,117V1 2 PROFESSIONAL COLOR CONTROL SYSTEM IKE, 
60ARD TYPEI 3 INDEPENDENT INPUT SIGNAL ADJUSTMENT 4 FOUF 
GROUPS OF INDEPENDENT DIMMER CONTROL 5. SPEED CONTROL 

HASER 6 AUTOMATIC CHASING CONTROL SYSTEM 7. FOUR KINDS 
OF SPECIAL CHASING PROGRAM 8 COMBINATION OF PROGRAM AND 
MUSIC CHASING EFFECT 9 FORWARD, BACKWARD CHASING CONTROL 
SM -328 color 1,9ní controller 4 sPenhzed for ballroom, net club b,Kg end 
...semen, I,nl ong It consorts .nth ayes! color control ch.,.CIC THs. wench 

mY ProftU,on color CO system d keyboard program selacbon 
ere 

& 
fore. II 11.9.ble of prodac., 

and 
by ups& then, program and 

act oi in9 mute .at Then ere two kends of li9hlm9 .Heels The first type n 
led by 'mutegn s19nel In order to adjust Ilse breghtness of four groups of 

<-gnht,s. each onus[ toner well be movered onto he, med,um low A, end low B 
,bersuency rank Furthermore. each group of I,StIngs ns mcorporeS w,ln 

ndependeOI 1190.1 adÍustment. The second Mond n Composed of electr,011 <ne wts 

and tun Is tar moon Pen for ereet,ng e SOtTIll I,ghbn9 effect II has four then, 

Y Oims la 5'16",0815,16".]l/18" 
An AND tailed .f150W 

150MC 
Digital 

5M,100 

Frequency 
Counter 

s,,,,r. 10112 150MHz -o .one,,,, O IV 99999999 counts 18 DIg,n 
uu1 Jens I,vty KHz range 10H, 10MHz 50,TVrnts 

MHz range 1MHz 150MHz 4000Vrms 
II'SPOTSe brae 0 2 second 
Hold FHncl,on Hold the last Input signal 
t'oWer Supply DC6V Battery or DC9V Adaptor 

1978'. 6 11 16 . 234' 
,5, tr,d AND D 1 899 00 

MARK V ELECTRONICS, INC. 
8019, E. SLAUSON AVE. 
MONTEBELLO, CA 90640 

CATALOG OR INFORMATION:(213)888-8988 

TOLL FREE 1-800-423-3483 OR 

1 -800-521 -MARK(IN CAL) FOR ORDERS 

PAID BY KEW 
AMER'N 

ONLY - Ms 
ORDER BY FAX (213) , i.1, 4868 

DC FET SUPER CLASS "A" PRE -AMP 

errellfre us.. FET .11 cre.cal stews fo. 

wch as tone control, fireers. etc ..n enter Hose, 

The ; e ." :ö 
e.. , p,p . . 

,n Impedancepower FF 

V 

SPECIFICATIONS: 

Ounuo Hen,* 

KIT $4732 
TES 

TED 

,$58+ 
i 06W+ 100W NEW CLASS 'A' OC STEREO PRE -MANN AMP 

á 5500 Ip . P 

/r41 

II 
K :i;x.s1 i wi!a ri 

a KR 8 370 
M(TALCAT/4TORMER 

TA -2200 

$3325 

FREE CATALOG 
TERMS. $10 min ,der 920 min Merge see ender :nose - 
wrier or 

- 

e h 
e wear accepted ever rd 11 . chip UPS Orou &So 10 of tote 

ceder Im na2.5) for FlnPPCng. routed. U5A4d2 20% imin 55.0ÒI' Tnoneii 
Insurance O 5% of toter lout..USA only) CA residents Worl set. 
tea . lresidents memha,,Ai- whims so ono, sale Pr8le .re newel to seen.. 
wlltoat nonce Any goods ,,oval to be 2.f.etw. MUST BE RETURN. 
ED IN ORIGINAL FORM WITH A COPY OF YOUR INVOICE WITHIN 
30 DAYS FOR REPLACEMENT. 

SHOWROOM HOURS: (PACIFIC TIME) 
MON.- FR I. 9:30 to 5:00 SAT.10:00-5:00 

DIGITAL VOICE MEMO TA 
-28 

MKII 

le. 44 
FEATURES 

N 

SOLID STATE RECORD/PLAY BACK, 
POWER/RECORD LEO INDICATOR, 

S 4 BIT ADPCM ALGORITHM. 
8 BIT AD/DA CONVERTER. 
25BK MEMORY CAPACITOR, 

S 8 SEC OR 18 SEC RECORD TIME. 
SAMPLING FREQUENCY 8KH2 OR 4 KHt 

INCLUDED CONDENSOR MIC & SPEAKER 
BUILT IN LOW PASS FILTER, 
AMORE REALISTIC & CLEARLY, 
LOW POWER CONSUMPTION. 
SUPPLY VOLTAGE 5-6V DC 
DIMENSIONS 3/h a2'S"a T' ' FREE 256K TOY GRADE DRAM 

r, 1 45S'wn & TFSTFD 

8 Digit 1GHz 
Multifunctionaal 
Counter 
FC -1000A 

EATURES. 

SJO 40 

W 

------- ,addeeeeé,-1 

é 

. . I_pB. QUA 

AT 
A 8REAKTHROUr1M 

YR10E! 
S192 

0-15V 2A REGULATED DC POWER SUPPLY 
TR -100 a TR -100A 

WAS 

PT $ 

SALE 

i NOW ASSN Wqs WOW 

-2 09 and "Y "3 
e Ilage ,s r,dlustable born 0 15V DC two [amen, I,nl,I ,any/e Output 

for se1Kton 20010A or 24 f a 

elabon,Ied proleCT,on SYslem s speCnlly deigned. a'B if 10000 an 
e a 585151 hghl w,n appear when Ina 0111901 ,s overloaded. 
10.91, -SIeb'I'IC and rel,abll,Iy II ,0101112 by emploC,ng h,9n 4ual I, 

voltage regulated IC 

0,0401 makes the reamng o voltage and current more cl0a1 v 

and accuratelyr 
e} A retemed c meter and a 

g 
n fed /0 ,011. n, 

assembred farm Its most tunable fogy o,.uo ,al 1 ammen, ,.w 

C z 
m 

co 

cD 
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#260-210 

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 525.00 
1061- ION RAY GUN $10.00 
GRAZ- GRAVITY GENERATOR $10.00 
EML1- ELECTRO MAGNET COIL GUN/LAUNCHER $8.00 

KITS 
With All Necessary Plans 

MFT3K- FM VOICE TRANSMITTER 3 MI RANGE $49.50 
VWPM711- TELEPHONE TRANSMITTER 3 MI RANGE $39.50 
BTC3K- 250,000 VOLT 10-14" SPARK TESLA COIL $249.50 
LHC2K- SIMULATED MULTICOLOR LASER $44.50 
BLSIK-100,000 WATT BLASTER DEFENSE DEVICE $69.50 
(MK- 100,000 VOLT 20' AFFECTIVE 

RANGE INTIMIDATOR $69.50 
PSP4K- TIME VARIANT SHOCK WAVE PISTOL $59.50 
STAIN -ALL NEW SPACE AGE ACTIVE PLASMA SABER $59.50 
MVP1K- SEE IN DARK KIT $199.50 
PTG1K- SPECTACULAR PLASMA 

TORNADO GENERATOR $149.50 

ASSEMBLED 
With All Necessary Instructions 
BTCIO- 50,000 VOLT -WORLD'S SMALLEST TESLA COIL $54.50 
10U40-1MW HeNe VISIBLE RED LASER GUN $249.50 
TAT3B- AUTO TELEPHONE RECORDING DEVICE $24.50 
ONO- SEE IN TOTAL DARKNESS IR VIEWER $349.50 
LISTIB- SNOOPER PHONE INFINITY TRANSMITTER $169.50 
IPG70- INVISIBLE PAIN FIELD 

GENERATOR MUTLI 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.D. BOX 716 DEPT. R E, AMHERST, NH 03031 

SINGERS! 
911k. REMOVE VOCALS 

FROM RECORDS AND CDs! 

er 

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 backgrounds. Used in Professional Performance 
yet connects 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)482-4724 
Manufactured and Sold Exclusively by LT Sound 
24 HOUR PHONE DEMO LINE: /4041482.2485 

GLOBAL CABLE NETWORK 
YOUR converters and descramblers bargain head- 
quarters. All makes, Zenith 140, Hamlin CRX5000 
with remote $140, SB3 $70. Call today (415) 
584-1627. 

BUY BONDS 

ATTENTION CABLE BROKERS 
SURPLUS CATV equipment at wholesale prices. 
Unmodified units only. Oak M35B $30. Tocom 5504 
with remote $55, Jerrold JSX3NIC $30. (415) 
337-8301. 

ENGINEERING SOFTWARE 
MACINTOSH electronic schematic symbols. Mac - 
print format. Hundreds. $44.95. OASIS DESIGNS, 
61159 El Coyote, Joshua Tree, CA 92252. (619) 
366-8570. 

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. 

NEW HE NE 
LASER TUBES $35 

Dealer Inquiries Invited. 
Free Catalog! 

MEREDITH INSTRUMENTS: 6403 N. 59th Ave. 
Glendale, AZ 85301 (602) 934-9387 

"The Source for Laser Surplus" 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 

Parts 
Ex riss 

International Inc. 

EMINENCE o.rM,.r.tr 
R MOTOROLA Pelydax 

1-800-338-0531 PIONEER 

3 -WAY 100W CROSSOVER 

12 dB/octave rollots. 
800Hz, 5000Hz 
crossover points. 8 

ohm. 100 watts RMS. 

$12.50 $9.95 
(1-9) (10 -up) 

SPEAKER CONTROL 
PANEL 
Panel with 50 watt L -pads 

1101 for tweeter and midrange 
and built-in LED power 
meter. 5"x 2 1/2" 100 
watt version available 

09 $12. $14.50 9 
#260-235 (1-5) (6 -up) 

WALNUT SPEAKER 
CABINET KIT 

Super quality, 
genuine walnut 
veneer cabinet. Kit 
includes: routed and 
mitred top, sides, 
and bottom in 
unfinished 3/4" 
walnut veneer. Cut 
your own custom 
holes in the front 
and rear to match 
your drivers. 15" x 
24" x 11". Volume: 
1.9 cubic feet. 

#260-350 $22.50 $19.95 
(1-3) (4 -up) 

12" SUB WOOFER 
Dual voice coil sub woofer. 
30 oz. magnet, 2" voice 
coils. 100 watts RMS, 145 

watts max. fs = 25 Hz. 6 ohm 
(4 and 8 ohm compatible). 
SPL - 89 dB I W/1M. 
Response: 25-700 Hz. 
QTS - .31, VAS = 10.3 cu. ft. 
Pioneer #A3OGU30-55D. 
Net weight' 6 lbs 

#290-145 
$39.)80 $36.80 

(4-u 

18" EMINENCE WOOFER 
MADE IN USA 

100 oz. magnet, 3" voice 
coil. 250 watts RMS, 350 
watts max. 8 ohm, 30 Hz 
resonant frequency. 22- 
2700 Hz response. 
Efficiency: 95 dB 1W/1M. 
Paper cone, treated 
accordion surround. Net 
weight: 29 lbs. 

#290-200 
$98.90 $89.50 

(1-3) (4 -up) 

12" POLY WOOFER 
Super duty, 40 oz. magnet. 
100 watts RMS, 145 watts 
max. 4 and 8 ohm compat- 
ible (6 ohm). 2" voice coil. 
is=25 Hz. QTS=.166, 
VAS= 10.8 cu ft. 

Response: 25-1500 Hz. Net 
weight: 9 lbs. Pioneer 
#A3OGU40-SID 

#290-125 $36.80 $34.50 
(1-3) (4 -up) 

PIONEER HORN 
TWEETER 
Mylar dome. 2.93 oz. 
barium ferrite magnet. 8 4. 
ohm. Response: 1800- 

20000 Hz. 35W RMS, 
50W max. is =2000 Hz, 
SPL - 106 dB. Pioneer 
#AHE60-51F 

#270-050 $6.50 $5.90 
(1-9) (10 -up) 

r Parts Express 
340 E Fust St, Dayton Ohio 45402 
Local. 1-513-222-0173 
FAX 513-222-4644 

15 day money back guarantee '51500 mmmnun order' We scouts 
Masarard, Ksa Du... sad COD. orders '24 time stuppúg 
'Slopping charge UPS chart rate e$1.00 (53.00 muumum charge) 
'Hours e.30 am- 6.00 pm EST. Monday - Friday 'Mail order 
customers, please call for sh:ppmg estimate on orders exceeding 
5 lbs 

15" THRUSTER WOOFER 
Thruster by Eminence 
Made in USA. Poly foam 
surround, 56 oz. magnet. 
2-1/2", 2 layer voice coil. 
150 watts RMS, 210 watts 
max. 4 ohm. fs = 23.5 
Hz, QTS= .33, VAS= 17.9 

cu ft. SPL = 94.8 dB 1W/ 
1M. Net weight: 1S lbs. 

#290-180 
$43.50 
(1-3) 

GRILL FRAME KIT 
With this kit you 
can make speaker 
grill frames up to 
30" x 40". Kit 
includes 4 corner 
pieces, 2 'T' 
brackets, and 7 

frame bars. Grill 
mounting kit 
included. 

#260-333 
$8.50 $7.80 
(1-9) (10 -up) 

TITANIUM COMPOSITE 
TWEETER 

Tiurnxn a depesned on a polymer 
dome to combne the advruges of 
bath lord end soft dome 
tedmdogies 8 ohm. Ferro Chad 

cooled voice cod. fs - 1200 Hz, 

SPL - 90 dB 1 W, IM. 50 watts RMS. 

70 watts max. 4- round Porydao 
part 4t1DT W 100T 125. 

#270-047 
$27.50 
(1-9) 

$24.80 
(10 -up) 

94 CIRCLE 56 ON FREE INFORMATION CARD 

www.americanradiohistory.com



Spring Specials from Heath 
Kit projects... 
Heathkit Flood Alarm 
detects unwanted 
water Avert 
damage from 
leaking water 
pipes or basement ' 
wall seepage. Three hours to build. 
Needs 9V battery. 13/4" H x 35/s" W x 

41/2" L. Kit GD -1701 (2 lbs.) .. $12.95 

Program your 
doorbell with a 

favorite tune 
Arrange wire 
leads on one -octave 
keyboard inside doorbell to 
program any tune. Includes songbook 
with 50+ college, seasonal, Christmas 
and special occasion songs. Back door 
button activates a part -tune. Volume, 
tone, speed and delay adjustable. Two - 
evening kit. Takes standard 16 VAC, 

50/60 Hz bell transformer. 
Kit TD -1089 (3 lbs.) $32.95 

Build your own Heathkit 
draft detector 
Easily detect heat loss areas. 
Turn it on, adjust for silence, 
then move sensor in areas 
where heating or cooling 
losses occur. Temperature 
changes set off beeping 
alarm and flashing LED. 

Used in temperatures from 
59-95F. Takes a 9 -volt 
battery (not included). 
Kit NE -2112 (2 lbs.) $14.95 

Heathkit Furnace Air 
Cleaner. 
Works with heating or 
A/C system to reduce 
the effects of pollen, 
dust and cigarette 
smoke. Power supply 
mounts onto a cold air duct, 
and turns on collecting cell when 
blower is running. 1" collecting cells 
below directly replace original furnace 
filter. 120VAC also works with GD -2196 
2" filters. Kit GD -3196 (9 lbs.) $79.95 
Accessory filters 4 sizes available. 
each $74.95 

Heathkit Portable Air 
Cleaner. 
Helps solve tough air - 
cleaning problems, 
removes dust, smoke, 
other pollutants from 
6,000 cubic feet (25'x30' 
x 8' room). One -evening kit 
includes power supply, 3 -speed fan 
control and assembled filter. 120 VAC, 

60 Hz. Dimensions 261/2" H x 173/4" W 

x13' "D. 
Kit GDS -1297 (59 lbs.) $199.00 
Accessory: Replacement Charcoal 
Filter Assd. GDA-1297-2 (2 lbs.).$9.95 

Charging 
system tester 
Diagnose faulty 
components in 

your car's 
charging 
system with 
accuracy and ease. A two -wire setup 
and three quick tests show you if the 

battery has sufficient charge to reliably 
start the engine, if the battery is being 
charged by the alternator, if the voltage 
regulator is faulty (causing the battery 
to become overcharged), or if the 
alternator stator windings and rectifier 
diodes are functioning properly. No 

external power or battery required. 
Dimensions are 51/2" H x 23/4' W x 3/4"D. 

Kit CI -2065 (2 lbs.) $19.95 

Noise generator 
kit To properly 
check out any 
stereo or sound 
system with a 

spectrum analyzer, you need a noise 
source with a nearly constant energy 
output. This one -evening Pink/White 
Noise Generator will do just that...and 
at a fraction of the cost of comparable 
noise generators. 
Kit AD -1309 (2 lbs.) .. ..... $24.95 

For the electronic 
hobbyist... 
Pocket-size digital 
meter for home and 
shop Compact digital 
meter includes 31/2 

digit, LCD display for 
readings up to 1999, 
audible continuity 
checker and diode 
test. Overload protected on all ranges, 
new transistor hFE test. 
Assd. SM -2310 (1 lb.) Now only $24.95 

Connector adapter 
kit Make 108 
different 
coaxial 
connector adapters 
with gold-plated pins and Teflon 
insulation. Kit contains male and 
female, N, BNC, UHF, SMA TNC and 
mini UHF connectors. Special in- 
between fittings allow you to assemble 
your own adapters in seconds. 
Assd. HCA-3000 (2 lbs.) .... $69.95 

Coax adapter 
cables Solve %.*e. 
frustrating \ ' 
coax connection 
problems with this 
convenient adapter cable assortment. 
Twenty cables in all help you make 
almost any connection. Two handy 

storage racks keep your cables neatly 
organized. 50 ohm impedance. 
Assd. TPI-5000 (5 lbs.) . Now $49.95 

Unbeatable Scanner 
Prices... 
Uniden 111-Channel/10-Band 
Handheld Scanner. Save $31. 
Superportable, programmable, direct 
channel access, channel lockout, 
keyboard lock switch prevents 
accidental reprogramming. 55 dB @ 
+ 25kHz selectivity; audio output 300 
milliwatts maximum. Receive 29 to 

512 MHz with a 15 -channel -per -second 
scan speed. Requires 5, AA (not 
included) or rechargeable NiCd 

batteries. 
Assd. BC -55X -LT (1 Ib.) .... $108.88 

100-Channel/11-Band Uniden 
Handheld scanner. Reduced $41. 

100 programmable channels, 10 

scanning banks, 11 bands of coverage. 
Automatic and manual search, weather 
search, 10 priority channels, squelch, 
lockout and delay. Selectivity is - 55 
dB @ + 25kHz; audio output is 

450mW maximum. Snap -on battery 
pack gives full -powered portable 
scanning. 
Assd. BC -100X -LT (3 lbs.) .. $188.88 

Uniden Tabletop Scanner. 11 bands of 
coverage, 5 or 15 channels -per -second 
scanning speed. Features automatic 
memory search, backup, priority, 
programmable lockout, scan speed 
control and automatic squelch setting. 
Selectivity -45 dB @ +25 kHz, audio 
output one watt at 10°/u THD. Takes 
117 VAC, 60 Hz from an external wall 
outlet. Originally priced at $169.95. 
Assd. BC -175X -L (3 lbs.) ... $148.88 

100 Channel/11-Band Uniden Mobile 
scanner. Auto search aircraft, police, 
marine and emergency bands. Fully 
programmable. Fits neatly under dash, 
flip -down stand and telescopic 
antenna included. Audio output is 1.5 
watts at 10% THD; require 13.8 VDC 

(vehicle battery or AC adapter). 
Save $61 + . 

Assd. BC -580X -LT (5 lbs.) .. $198.88 

Make life easier... 
Full -featured remote 
control center for 
your TV, VCR and 
CAN 
Assd. GDZ-143 
(1 lb.) ... $29.95 
**Zenith cannot 
guarantee that the 
PCC will operate 
every model TV or VCR. 

Recharge your NiCd batteries 
Assd. BP -1234 (4 lbs.) $17.95 

Amber screen fish 
finder 
Assd. MI -2020 
(6 lbs.) . $244.95 
Accessories: Transom 
Mount Transducer 
Assd. MIA -2020-1 (4 lbs.) . 

Through -Hull Transducer 
Assd. MIA -2020-2 (6 lbs.) 

Full color fish finder 
Assd. MI -2040 
(10 lbs.) .. $399.00 

$44.95 

$99.95 

Portable weather computer travels in 
your shirt pocket Save over $15 on 
this compact weather instrument that 
goes with you hiking, biking, boating 
and camping. Gives time, date and 
current temperature, plus keeps a 

record of highest and lowest 
temperatures. Also acts as a stopwatch. 
Automatic power -down feature 
extends battery life. Requires three 
AAA batteries (not included). 
Assd. BW -100 (1 lb.).Now only $24.95 

Heathkit® 
Deluxe Uniden Mobile Scanner. Save to order CALL TOLL FREE 
$81+cscanner. 

Covers 
s 800 nd mobile 

800 253 0570 scanner. Covers 800 MHz band for full 
12 -channel coverage. Weather search, Use order code 216-020 
priority, squelch, lockout, delay, auto 
and manual band search. Mount under chgreekt 
dash, or AC adapter (included), flip - 
down stand and telescopic antenna. for credit card orders, 24 hours a day. 
Takes 13.8 VDC. 

Assd. BC -760X -LT (5 lbs.) .. $248.88 

AM[RIWI 
DTP f55 140 

Some items are closeouts. All items are 
available in limited quantities. Prices for 
some items were previously reduced. 

For your free Heathkit catalog 
call 1 -800 -44 -HEATH. 
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NEC V20 & V30 CHIPS 
Replace the 8086 or 8088 in Your IBM PC and 

Part No. Increase 1ü Speed by up to 30%1 Price 

U1,070108-5 (5MHz) V20 Chip S 7.49 
UPD70108-8 (81111z)1120 Chip.... $41):0'5 $ 9.49 
UPD70108-10 (10MNz)V20 Chip --34495 $12.25 
UPD70116-8 (8MHz) V30 Chip 39:95 $ 7.95 
UPD70116-10 (10MHz) V30 Chip .... 346.95 $15.49 

7400 
Part No. 1-9 10+ Part No. 1-9 104- 

7400. SALE .15 7485 SALE .45 
7402 29 .19 7486 SALE .29 
7404 SALE .15 7489 195 1.85 
7405 35 25 7490 49 39 
7406 39 29 7493 45 35 
7407 SALE 25 74121 SALE 25 
7408 35 25 74123 SALE 35 
7410 SALE .15 74125. SALE 35 
7414 SALE 25 74126. SALE 35 
7416. SALE .19 74143 SALE 3.95 
7417 SALE .19 74150 SALE 1.10 
7420 29" .19 74154 135 125 
7430 SALE .15 74158. SALE 125 
7432 39 29 74173 SALE .59 
7438 SALE .25 74174 SALE .35 
7442 SALE 29 74175. SALE 35 
7445 SALE .59 74176. SALE .49 
7446 89 .79 74181 SALE 1.49 
7447 89 79 74189 SALE 1.49 
7448. 1 95 1.85 74193 79 .69 
7472 SALE 25 74198 SALE 125 
7473 39 29 74221 SALE .69 
7474 SALE 25 74273 SALE 1.49 
7475 49 29 74365 SALE 35 
7476.... 45 35 74367.... SALE 35 

74LS 

741305 
741006 
741507 
741306. 
741310 
741314 
741027 
741530 
74LS32 
741542 
74LS47 
741573 
741374 
74LS75 
741576 
741585 
741586 
741590 
741393 
7415123 
7415125..... .49 
74LS138.... .49 
7415139 SALE 
7410154 118 
7413157 45 
7410158 SALE 
7413163 SALE 
74LS164. SALE 

741500 SALE 
741302. SALE 
741.504 SALE 

SALE 
59 
59 
28 

SALE 
SALE 
SALE 
SALE 
SALE 

49 
89 

SALE 
SALE 
SALE 

39 
59 
29 

SALE 
SALE 
SALE 

15 
15 
.16 
.16 
.49 
.49 
.18 
.15 
29 
.19 
.15 
.19 
.39 
.79 
25 
.19 
25 
29 
.49 
.19 
29 
29 
.35 
39 
.39 
29 

109 
.35 
25 
.35 
35 

7415165 75 .65 
7415166 SALE .69 
74LS1 73 SALE 25 
741.3174 SALE 25 
7415175 SALE 25 
7413189 SALE 295 
741-5191 SALE .39 
7415193 .69 .59 
7415221 SALE .49 
7413240 SALE .45 
7415243 SALE .45 
741_5244 SALE .49 
741525 SALE .59 
7415259 99 .89 
741S273 .89 .79 
74LS279 49 39 
7415322.. 3 49 3.39 
741 5365.. . SALE 35 
7415366... . SALE 35 
741_5367 SALE .29 
7418368 SALE .35 
741_5373 SALE .59 
7413374 SALE .49 
741_5393 SALE .69 
7413590 595 585 
741 8834 1 95 1.85 
741,S629 SALE 1.95 
7415640 SALE .89 
7415645 SALE .89 
7415670 SALE .79 
74LS688. 2.39 2.29 

4 = /PROM 
74800 SALE .19 748188' 149 
74504 SALE 19 745189 149 
74508. SALE .19 748196. SALE .99 
7510 SALE .19 745240 139 
74532 SALE .19 75244 SALE .75 
7574 SALE .19 745253. SALE 29 
74585 SALE .49 745287' 149 
74586 SALE .19 75288' 149 
745124 SALE 1.25 75373 SALE .99 
745174 SALE .25 745374... SALE .99 
745175. SALE 25 74S472'... SALE 2.49 

CO--CMOS 

s 

CD4001 19 
CD4008 59 
CD4011 19 
CD4013 .29 
CD4016 29 
CD4017 49 
004018 59 
CD4020 .59 
CD4024 45 
CD4027 35 
CD4030 35 
CD4040 .65 
CD4049 29 
CD4050 29 
CD4051 .59 
CD4052 .59 
CD4053 .59 
CD4063 1 49 
CD4066 29 
004067 1.49 
CD4069 .19 
CD4070 29 
CD4071 22 
CD4072 . .22 

CD4076 59 
CD4081 22 
CD4082 22 
CD4093 35 
CD4094 89 
CD40103 1 49 
CD40107 49 
004510 69 
CD4511 .69 
004520 .75 
CD4522 .79 
004538 79 
CD4541 .89 
004543 79 
CD4553 395 
CD4555 .79 
CD4559 795 
004568 1.95 
CD4583 59 
004584 .49 
CD4585 69 
MC14411P 795 
MC14490P... 449 

EEPROMS 
28164 204848 350ns 19915V1 5V Read/Write . 5.25 

28165.25 204848 250ns (9915V) 5V Read/Write 549 
28174 2048x8 350ns 5V ReedMMi4. . 6.95 

28644 8192x8 25005 59 ReedMMh IPin 1. No R/91. . . 13.95 

28648.30 819248 300ns 5V Reed/Write An 1. No 6/9) . 12 95 
2865430 8192x8 300159Reed/Write 995 
52813 204848 350ns (21V) 59 ReaO Only. 1 19 

MICROPROCESSOR COMPONENTS 
MISCELLANEOUS CHIPS 8000 SERIES Continued 

Part No. Price 

D765AC.... 995 2.95 
WD92 6 395 
80. 1808.. 2808 SERIES 
Z80 1.19 
Z80-CTC. ... +49 .99 
Z80 -P(0 149 .99 
Z8OA 129 
Z80A-CTC 165 
Z804 -DART . 495 3.95 
Z80A-P10 1-99 1.49 
Z80A-310/0 .... 696 2.95 
28013 2 75 
Z80B-CTC 996 3.25 
2806-P10 3 95 
Z8530 4 95 
Z8671 7 5 
Z868181 895 

8000 SERES 
8031 996 3.49 
80031 996 8.95 
8035 1-49 1.25 
8039 195 1.59 
8052AHBASIC 24.95 
80808. 4451.49 
80850. 2 49 
8086 395 
8086-2 695 549 

Pert No. PAce 

8087(5MHz) 99.95 
8087-1(10MHz) . 194.95 
8087-2 (8MHz) 

. . . 
139.95 

8088(5MHz) . . . 4:96 3.49 
8088-2(8MHz) 695 5.95 
8116 495 3.95 
8155 249 
8155-2 3 49 
8156 295 
8212 2 29 
8224 4451.95 
8228 i-961.49 
8237-5 +45 3.95 
8243 1 75 
8250A 4-95 395 
82508(Wr 811) . . 696 4.95 
8251A 1 69 
8253-5 1 95 
8254 395 
8255A-5 2 95 
8259-5 445 1.75 
8272 896 2.95 
8279-5 496 2.75 
8741 9 95 
8742.. ..19.9517.95 
8748 (25V) 7.95 

STATIC RAMS 
Part No. Function Price 

2016-12 2048x8 120n5 495 3./5 
201845 204848 5ns 300MIL 6.95 
2102 102441 50ns .89 
21149 1024x4 50ns 99 .79 
21149-21 1024x4 200rs Lay ewer 1.49 
21C14 102444 OOns (CMOSI .49 
5101 25644 SOnS (CMOS) 696 2.49 
6116P-1 2048x8 09ns (16K) CMOS 995 3.19 
6116P-3 2048x8 50es (1619 13105 549 2.79 
6116LP-1 204848 00ns (16K) LP CMOS 499 3.59 
611611.3 2048x8 50ná (166) LP CMOS 695 3.09 
6264P10 8192x8 OOns (640) CMOS 995 9.49 
6264615 819248 50ns (646) CMOS 945 7.49 
626419-10 8192x8 Dors (64K) LP CMOS 4895 10.25 
6264LP-12 8192x8 20ns (64K) LP CMOS. . . 4849 8.95 
62641,P-15 819248 501 (6411 LP CMOS 4)95 7.95 
6514 102444 50ns (CMOS) 975 3.49 
43256-101 32,76848 00ns (256K) Low been 23.95 
43256.151 32,76848 50ns (256K) Low Rorer 2295 
62256112-85 32,76848 5ns (256K) LP CMOS 26.95 
62256LP-10 32,76848 00ns (256K) LP CMOS. 24.95 
62256LP-12 32.768x8 20ns (256K) LP CMOS. . . . . 24.25 

DYNAMIC RAMS 
THM91000L. IO 

THM910005-10 
THM910001-80 
711M910005-80 
1A64416-12 
1554416-15 
4116.15 
4128-15 
416/-100 
4164-120 
4164-150 
41256.60 
41256-80 
41256100 
41256-120 
41256.150 
4126412 
41464-10 
41464-12 
4146415 
51258-10 
85227-10PL 
85227-10PS 
511000P-10 
511000P-80 
511000P-85 
5142561,10 

1,048.576x9 IDOns IMeg xS SIP 599.95 329.95 
1,04857649 100x5 114egx9 SIM 999.95 299.95 
1.048,57649 80es 1Megx9 SIP 449.95 349.95 
1,048.57649 80ns 11.e949 SIM 44995 339.95 
16,384x4 120es. 775 6.75 
16,384x4 1501 7.45 6.25 
16,384x1 
131,072,1 
65,53641 
65,53641 
5553641 
26214441 
262,14441 
262,14441 
262,144x1 
262,144x1 
646x4 
65.53644 
65,53644 
65,536x4 
26214441 
262.144x9 
262,14449 
1,048,57641 
1,04857641 
1,048,576x1 
262,144x4 

1501 (MI45290142)... ... +99 1.25 
1501 IPiogybad0 529 
100,15 349 
1201 295 
1501 2.59 

60,15 1+49 11.99 
80ns 49:4910.19 
tars 1949 975 
20ns 4+95 8.95 
50ná 4979 8.49 
20ns Men RAM 19.95 
Wrs 144911.95 
20ns 695 9.95 
50ns 4995 8.95 
0Ons SlaSc Column 49.95 11.95 
00ns 256649 SIP 44995119.95 
00es 2566x9 SIM. 14995119.95 
001 (1 Meg) 4995 2595 
0ns (1 Meg) 44.95 35.95 
Ses (1 Meg).. - 97.95 33.95 
00ns 11 Meg) 9495 2995 

EPROMS 
79752516 2048x8 4501 (25V) 995 5.95 
16102532 409648 4501 (259) 595 4.95 
11.625326 4096x8 450ns (12.5V) 449 3.25 
1502564 819248 4501 (25) 695 4.95 
19752716 204848 4501(-51( +5, +129) 695 6.49 
1702A 256x8 (1µ5) 4.95 
2708 102448 4501 695 
2716 2048x8 4501 (2581 3 75 
2716-1 204848 3501 (25V) 495 3.95 
27016 204848 4501 (25() CMOS 445 3.75 
2732 409648 4501 (25(9 395 
27328.20 409648 2001 (211) 425 
27328.25 4096x8 2501 (21V) 3.95 
27032 4096x8 4501 (259) CAOS 495 4.25 
2764-20 8192x8 2001 )218) 4.25 
2764-25 819248 2501 (219) 359 
2764-45 819248 4501 (219) 3.39 
27648.25 8192x8 250ns (12.59) 3.69 
27064-15 819248 1501e (12.516 C6DS. 5.95 
27128-20 16,38448 2001 (21V) 995 6.49 
27128-25 16,384x8 2501 (219) 5.95 
271284-15 1638448 15Ons (12.516 775 
271288-20 16,384x8 20Ons (12.59) 515 5.25 
271288.25 16,38448 25001 (12.5(9 585 4.95 
270128.25 16,384x8 2501 (2189 CAOS 5.95 
27256-15 32,768x8 1501 (12.5(9 895 
27256-20 32,768x8 200s (1259) 995 625 
27256-25 32,768x8 2501 (125V) 5.49 
270256.15 32,768x8 15Ons (12.59) CMOS 7.95 
270256-25 32,76848 250ns (12.5(9 CAOS 545 5.49 
27512-20 65,63648 2001 (12.59) 10.95 
27512-25 65,53648 250rts (12.59) 995 
270512.25 65,53648 2501 (12.5V) CMOS 4845 9.49 
2701024 131,07248 2001 (12.5(9 CAOS (1 Mea) 2795 

8000 SERIES Continued 
Part No. Price 

8748H (HMOS) (219) ... 995 
8749 9 95 
8751 (3.5-8MHz) .. 37.95 
8751 H (3.5-12MHz) . 39.95 
8755 1895 12.95 
80286-10 LCC 59.95 
8028716Á1z) 159.95 
80287-8 (8MHz) 229.95 
80287-10 (1060*) 279.95 
80386-16 PGA 309.95 
80387-16 (16MHz) 439.95 
80387-20 (20MHz) 499.95 
80387-25 (25141z) 599.95 
80387-SX (16MHz) 399.95 
82284 (OMIS) 949 
82288 (8MH4 9 95 

DATA ACBUISI110N - 
ADC0804LCN 2 79 
ADC0808CCN .. 5:95 5.49 
ADC0809CCN .. 669 3.29 
ADC 1205CCJ-1 .... 19.95 
DAC0808LCN .. 466 1.49 
DAC1008LCN 595 
AV -3-10150 4-95 3.95 
AV -5-1013A 1.95 

8500/6600 68000 Sertes 
Part No. Price 

6502 2 65 
65CO2(CMOS) 775 
6520 1 95 
6522 2 95 
6532 649 4.95 
6551 2 95 
650802 (0900) 4995 11.75 
6800 496 1.49 
6802 2 95 
6810 165 .99 
6821 1 75 
6840 849 2.95 
6845 4-76 2.49 
6850 4-96 1.49 
6852 76 .59 
6854 1-19 .99 
MC6800018 9.95 
MC68000110 4465 10.95 
MC68010110 . 49:96 39.95 
MC68020RC1213 . . . . 99.95 
MC68701 14.95 
MC68705P3S . . . 996 8.95 
MC68705U3L 10.95 
MC68705U3S 10.95 
MC68450L10 49.95 
MC68881 RC12A . . . 129.95 Mina 
WD1770 996 7.49 
513052P 1-P5 .99 

6507 2.95 
6510 12.95 
6522 2.95 
6525 +96 3.95 
6526 4+9513.95 
65268. 15.95 
6532 5.49 4.95 
6545-1 3.95 
6560 1996 8.95 
6567 24.95 
6569 1695 13.95 
8572 4696 7.95 
6581 (12V) 44.95 10.49 
6582 (991 149512.95 
8502 7.95 
8564 495 2.95 
8566 995 7.95 
8701 9.95 
8721 4+95 9.95 
8722 469510.95 
310654-05 9.95 
318018.-03.. 44.95 10.95 
318019-03 .. +9.9510.95 
'82S100PLA" 15.95 
901225-01 .. +69513.95 
901226-01 ..+69513.95 
901227-03 15.95 
901229-05. 15.95 

'No spata. sealable 
"Note: 82S100PLA = 

U17 (C-64) 

74000 Sale .19 

74002 Sale .19 

74004 Sale .19 

74008 Sais .19 

74010 Sale 15 

74014 49 

74032 Sale 19 

74074 49 
74C85 149 
74086 Sale 19 

74090 99 
74C151 Sale 1 49 
740154 Sale 2 75 
740157 Sale 1 25 
740160 Sale 49 

740161 Sale 49 
740162 Sale 49 

740173.... 59 

740174 Sale .39 

740175 Sale .59 
740192 Sale .99 

74C194 Sale .49 
740221 .1.79 

740240 Sale .75 

740244 ...1.79 
740373 Sale 1.49 

740374 Sale 1.49 
740911 .6.95 
740912 Sais 7.95 

740915 Sale 1.19 
740917 Sale 3.95 
740920 Sale 3.95 

740921 Sale 2.95 

740922 .3.95 
740923 ...3.95 
740925 ...5.49 
740926...5.95 

MISC. COMPONENTS 
TANTALUM CAPACITORS 

79.1/35 .1p12 35V 19 1974.7)35 4.77,1 5 359.... .45 
1941/35 1415 35V 19 1946.8/35 6.8µ1 6 359.... .49 
7972.2/35 2.2819 359.... 25 19710735 10µ191 3517 59 

POTENTIOMETERS 
Values available (insert ohms into space marled 10("1: 500(1, 1K 2K 
5K 10K 2011 50K 100K, 2006 1AÆ6 

43PXX S wan, 15 Turn .99 163PXX 11 watt 1 Turn .89 

TRANSISTORS AND DIODES 
P62222, 13 P62907 13 164004 12 
21422228. 29 294401 12 164148 07 
293055 65 16270 .25 1N4735 29 
293904 12 19751 .15 010681 .49 

SWITCHES 
JMT123 SPOT, 0e -On 1.19 206-8 SPST 16 -mn DIP 1.25 
MPC121 SPt000n-011-On 1.191 MS102 SPST, Momentary .39 

D -SUB CONNECTORS 
DB25P Male, 25 -pin .699 D6258 Female, 25 -pin 75 

LEDS 
131 X05569 T13, 0e90 17 

X05560 114i, Green 17 X05560 T114. Clear/Red.... .17 

IC SOCKETS 
Low Profile Win Wrep (Gold) Lewa #2 

8LP 11 8WW 59 
(4LP 12 14WW 65 
16LP 13 161AIW 69 
24LP 25 24WW ..1.19 
28LP 27 28WW 1.39 
40LP 29 40WW... 1.89 
LlMbll Itta4rd MM M lal M Nader Pls Soctots Aisn Ar lie», 

X05568 713/4, Red 

74HC HI-SPEED CMOS 
Part No. Price 
74HC00 SALE .17 
74HCO2 SALE .17 
74HC04 SALE .17 
74H0O8 SALE .17 
74HC10 SALE .19 
74HC14 29 
74HC30 SALE .19 
74HC32 SALE 25 
74HC74 SALE 29 
74HC75 SALE .29 
74HC76 SALE .29 
74HC85 55 
74HC/36 SALE .25 
74HC123 SALE .49 
74HC125 49 
74HC132 SALE .39 
74110138 45 
74HC139 SALE .35 
74110154 1 49 
74HC163 SALE .39 
74110174 59 

Pert No. Price 

74HC175 59 
74HC221 SALE .69 
74HC240 SALE .59 
74HC244 79 
74HC245 SALE .69 
74HC253 SALE .39 
74HC259 49 
74110273 SALE .49 
74HC373 69 
74110374 SALE .59 
74HC595 1 29 
74HC688 SALE 1.25 
74HC943 SALE 7.95 
74HC4040 SALE .79 
74HC4049. SALE .25 
74HC4050 SALE .25 
74HC4060.. SALE .69 
74HC4511.. SALE .99 
74HC4514 1.79 
741104538.. . . SALE 99 
74104543.... SALE .99 

74HCT - CMOS TT/.. 
74HCTOO .. SALE 15 74HCT139. SALE .29 
74HCT02 SALE .15 74HCT157... SALE .19 
74HCT04 SALE .17 74HCT174. SALE .25 
74HCTO8 SALE .15 74HCT175.... SALE .25 
74HCT10 SALE .15 74HCT240.. .. SALE .59 
74HC732 SALE .17 74HCT244.. .. SALE .49 
74HC174 SALE 25 74HCT245.. SALE .49 
74HCT86 SALE 15 74HCT373.... SALE 45 
74HCT138 39 74HCT374 SALE 45 

LINEAR 
DS0026CN .. 1.95 
TL074CN 99 
TL084CN 89 
ÁF100-iCN 895 
LM307N 39 
LM309K 125 
1M31 15 39 
LM317T 65 
1M318N 99 
LM319N 129 
LA13231( 3 49 
LM324N 35 
LM338K 449. 
LM339N 39 
153475 149 
LM348N 69 
LM350T 295 

LF353N 49 
LF355N 79 
LF356N 79 
LF357N 89 
LM358N. 49 
LM360N 1.95 
114361 149 
LM380N-8 99 
LM386N-3 89 
LM387N 109 
LM393N 39 
LM3LF411CN H 

379 

NÉ54ÓH (C54011) 1 99 
NE555V 29 
XRL555 59 
1.1155611 45 
NE558N 79 
LM565N 89 
LM567V 75 
NE592N 75 
LM741CN 29 
LM747CN 49 
MC1350P 89 
MC1377P 229 
MC1398P ...4.95 
1M14146 .. .99 

LM1458N... .35 
1641488N .45 
DS14C88N (CMOS) - 1.19 
LA41489N 45 
DS14C89N (CMOS) 1 19 
LM1496N 69 
MC1648P 295 
LM1871N 195 
LM1872N 195 
LM1896N-1 1 49 
ULN20038. 75 
XR2206 395 
XR22II 295 
5142243 195 
261529 295 
261031 99 
261532 99 

LM2901N 125 
LM2907N 129 
LM2917N (8 pin) 1 79 
MC3446N 99 
MC3450P 49 
MC3470P 119 
MC3471P 99 
MC3479P 395 
MC3486P 119 

ÚÁ39ÓÓÑ 49 
11139055 119 
LM39N 89 
LM39014N 179 
UA3916N 149 
NE5532 69 
NE5534 69 
7805K (194340115) 1 29 
7812K (1143401112) 1 29 
78156 6143400-15) 1 29 
78051 (L14340L5) 45 
7812T (LM340112) 45 
7815T (LM340T151 45 
7905K (1.61320115) 1 35 
79051 (1M3201-5) 49 
75472 49 
75477 8 
MC145106P 195 
MC145406P 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 
Winter/Spring Flyer #138 with 48 pages of 

Computer Peripherals, Components & More! 

ANNIVERSARY 

1974-1989 

TEST EQUIPMENT 

Metex Digital Multimeters 
Metex General Specs: 

Handheld. high accuracy 
AC/DC Voltage, AC/DC 

Current, Resistance. 
Diodes, Continuity, Tran- 
sistor hFE Manual rang- 
ing w/overload protection 
M3650/B & M4650 only: 

Also measures frequency 
and capacitance 
M4650 only: 

Data Hold Switch 
4.5 Digit M4650 Pictured 

M3610 3.5 Digit Multimeter $49.95 
M3650 3.5 Digit w/Freq. & Capacitance $69.95 
M36508 Same as M3650 w/Bargraph $79.95 
M4650 4.5 Dig. w/Freq.. Capacitance 

and Data Hold Switch $99.95 
Metex Autoranging Jumbo 

Readout DMM 
AC/DC Voltage, AC/DC 

Current, Resistance, Diodes, 
Continuity and Frequency 

3.75 Digit (.8" High) 
Ruggedized. Water- 

resistant case 
Easy -to -use pushbutton 

switches 

M80 $59.95 

Logic Pulser and Logic Monitor 
Ideal for inspecting and repair of Logic Circuits 
Logic Pulser (LP540): 
Generates "one-shot" pulse 

or continuous 5Hz pulse train 
Pulse repetition rate: 0.5pps/ 

400pps Audible tone - Com- 
patible with: TTL, DTL. RTL, 
-ITL, HINIL, MOS and CMOS 
ICs 
Logic Monitor (LM20): 

Tests 14 through 20 pin ICs Detachable. heavy- 
duty spring Gip LED on or off indicates high or 
low level 

LP540 Logic Pulser $19.95 
LM20 Logic Monitor $49.95 

Oscilloscope Probes 
Attenuation: x1 x10 
Capacitance 

(LF180): 180ppF / 
22pF: (LF210): 40pF / 
17pF 

LM20 Pictured 

LF180 Pictured 
LF180 40MHz Oscilloscope Probe $19.95 
LF210 100MHz Oscilloscope Probe $29.95 

Digital Logic Probes 

High, low and pulse indication PR820 Pictured 

20MHz and 50MHz versions available 
Circuit powered w/ over/urtdervoltage indicators 

PRB20 20MHz Logic Probe $26.95 
PRB20A 20MHz Audible Logic Probe $33.95 
PRB50 50MHz Logic Probe $47.95 

RS232 Tester and Breakout Box 
Make Your Own Custom Cables! 

Complete cable breakout 
and reconfiguration exists 
with 24 in -line switches 
and 54 in -line machine tool 
sockets Bi -color LEDs tell 
you if a line is hi, low or off 

Male to female DB25 pin 
connectors Includes de- 
vice wiring chart 
MLA1 $29.95 

Jameco IBM PC/XT 8MHz Turbo 
Compatible Kit With 256K RAM 

Free! OAPLUS Diagnostic 
Software Included! 
Free! PC Write Word Pro- 
cessing Software Included! 
256K RAM Included, Expand- 
able to 640K 
AMI BIOS ROMs Included 
4.77 or 8MHz Operation 
Regular $628.01 value for 
only $499.95! 
Flip -Top Case w/150 Watt 
Power Supply 
360K Disk Drive 
Parallel Printer Port 
84 -Key Keyboard 
Monochrome Amber Monitor 

ww4/1 

If; 11111111111111 

JE3002 IBM Compatible PC/XT 8MHz Turbo Kit $499.95 
EZDOS Digital Research MS/PC-DOS Comp. Operating System...$49.95 
EZDOSP Same as above with TrueBASIC $69.95 

IBM COMPATIBLE DISPLAY MONITORS 
AMBER 
CTX2410 
TM5154 
JE1059 
TM5155 
OC1478 
JE2055 

12' Amber Mono $99.95 
14- RGB 6411x200 $279.95 
EGA 14" 720x350 $399.95 
EGA Monitor & Card $519.95 
14" Multiscan 800x560 $499.95 
14" VGA 700x480 $449.95 
VGA Mondcr 8 Card $649.95 0C1478 Pictured 

JAMECO IBM PC'XT-AT COMPATIBLE CARDS 
JE1050 Monochrome Graphes Card w:Paratiel Printer Pon (PC.XT.AT) $59.95 
JE1052 Color Graphics Card w/Parallel Printer Port (PC/XT/AT) $49.95 
JE1055 EGA Card w/256K Video RAM (PC/XT/AT) $159.95 
JE1071 Multi I/O Card w/Controller 8 Monochrome Graphics (PC/XT) $119.95 
JE1060 I/O Card wrerial, Game, Printer Port 8 Real Time Clock (PCiXTI $59.95 
JE1061 RS232 Serial Half Card (PC/XT) $29.95 
JE1062 RS232 Sedal Half Card (AT) $34.95 
JE1065 I/O Card w/Senal, Game and Parallel Printer Port (AT) $59.95 
JE1081 2MB Expanded or Extended Memory Card (zero -K on -board) (AT) $119.95 
JE1041 20/40MB Hard Disk Controller Card (PC/XT) $79.95 
JE1043 360K1720KJ12MB/1.44Me Floppy Disk Controller Card (PC/XT/AT) $49.95 
JE1044 360K Floppy/Hard Disk Controller Card (PC/XT) $129.95 
JE1045 360K/720K11 2M8!1.44MB Floppy/Hard Disk Controller Cord IATI $149.95 

SEAGATE HALF -HEIGHT HARD DISK DRIVES 

ST225 20MB Drve only (PCIXTAT) $224.95 
ST225XT 20MB w/Controller (PC/XT) $269.95 
ST225AT 20MB w/Comvoller (AT) $339.95 
ST238 30MB Drive only (PC/XT/AT) $249.95 
ST238XT 30MB w Controller (PC/XT) $299.95 
ST238AT 30MB v. Controller (AT) $389.95 ST225XT Pictured 

Seagate 40MB and 60MB Hard Disk Drives Also Available! 

IBM PC/XTtAT COMPATIBLE MOTHERBOARDS 
JE1001 
JE1002 
JE3005 
JE3010 
JE3020 
JE3025 
JE3026 

'r!.AFI. IPC XT) 

4 77 10MHz i PC XT) 

Baby 8/12MHz (AT) 

Baby 8/16MHz NEAT (AT) 

Baby 16MHz 80386 (AT) 
Baby 20MHz 80386 (AT) 
Full Size 25MHz 80386 (AT, 

$89.95 
$109.95 
$329.95 
$469.95 

$1199.95 
$1499.95 
$2299.95 JE3025 Pictured 

IBM PC/XT/AT COMPATIBLE 3.5"/5.25" DISK DRIVES 
352KU 3 5" 720KB IOC XT AT) $109.95 
356KU 3.5" 1.44MB(PC.XT/AT) $129.95 
JE1020 5.25" 36005 (PC/XT/AT) Black $89.95 
JE1021 5.25" 360KB (PC/XT/AT) Bege $89.95 
JE1022 5 25. 1 2MB (PC XT AT. Beige $99.95 AR,;;:., # 

JE1022 
Pictured 

IBM PC/XT/AT COMPATIBLE INTERNAL MODEMS 
1200H 1200 300 Baue .niernal Modem w Max.Mde Comm Software (PC st AT) $69.95 
2400H 2400'1200 30a Baud Internal Modem w MaxrMlte Comm Slwr (PCB XT: ATM $129.95 

External Modems and Pocket -Size Modem Also Available! 

PROTOTYPING PRODUCTS 
Jameco Solderless Breadboards 

Part 
No. 

JE23 

Dim. 
L" x W' 

JE24 

Contact 
Points 

JE27 

Binding 
Posts Price 

JE20 6.5x.75 200 0 $1.95 
JE21 3.25x2.125 400 0 $4.95 
JE22 6.5x1.325 
JE23 6.5x2.125 830 0 $7.95 
JE24 6.5x3.125 1,360 2 $12.95 
JE25 6.5x4.25 1,660 3 $19.95 
JE26 6.875x5.75 2,390 4 $24.95 
JE27 7 25x7.5 3,220 4 $34.95 

DATAK Photo Etch PCB Kit 
Make your own circuit boards! 

The ER4 
photo etch 
kit contains ., 
all the them 
icals neces- 
sary for any 
hobbyist, en 
gineer or 
student to 
create pro- 
fessional circuit boards. Contains: Print frame. 
photo copy film, resist developer, etch resist, 2 
copper circuit boards, concentrated etchant, film 
developer and fixer, resist patterns and complete 
instructions. 
ER4 Photo Etch PCB Kit $34.95 

Jameco Prototype PC Boards 
Specs: Laminated 
glass epoxy .062" thick 
2 oz. copper clad with 
solder tin finish. All 
holes are .042" dia. on 
10" x .10" grid pattern. JE401 Pictured 

JE401 4.5»x631 -sided 3 -hole pad pattern $9.95 
JE403 4.5"x6.5" 1 -sided pwr & gnd busses $9.95 
JE405 4.5"x6.5" 1 -sided general purpose $9.95 
JE407 5"x13.25" 2 -sided general purpose $19.95 
JE417 4.2"x6 5' PGXT 1.2 card proto board $19.95 
JE421 4 75'r3 J' IBM PC XT Card t vender $19.95 

ENGINEERING/DATA BOOKS 
21035 Sams TTL Ccox000r 188 $14.95 
21398 Sams CMOS Cookbook (88) $19.95 
22453 Sams Op -Amp Cookbook (88) $21 .95 
270645 Intel 8 -bit Controller Hndbk. (89) $19.95 
270646 Intel 16-50 Controller Hndbk. (89) $19.95 
270647 Intel 32 -bit Controller Hndbk(89) $19.95 
400041 NSC Linear Data Book Vol l (88) $14.95 
400042 NSC Linear Data Book Vol 2 (88) $9.95 
400043 NSC Linear Data Book Vol 3 (88) $9.95 
ICM89 1989 IC Master r3 Volume Sell $129.95 

EDUCATIONAL KITS 
JE310/315: Fiber op- 
tics kits demonstrate 
the principles of fiber 
optic system design. 
Complete step-by- 
step instructions, the- 
ory of operation and 
tutorial info. incl. 
JE2206: Function 
generator kit provides 
three basic waveforms: sine, triangle and square 
wave. Frequency range: 1Hz to 100kHz 

JE310 Fiber Optics Experimenter Kit. $19.95 
JE315 Advanced Fiber Optics Kit.... $29.95 
JE2206 Function Generator Kit $19.95 

JE2206 Pictured 

1355 Shoreway Road 
Belmont, CA 94002 
24 Hour Order Hotline (415) 592-8097 
FAX's (415) 592-2503 or (415) 595-2664 
Telex 176043 - Ans. Back: Jameco 81mí 
Data Sheets - 505 each 
Send $2.00 Postage fora FREE 1989 CATALOG 

1989 Jameco Electronics 6/89 
IBM is a registered trademark of 
International Business Machines 

Mail Order Electronics Worldwide arreco 
ELECTRONICS 

mum $20.00 Minimum Order - U.S. Funds Only 
CA Residents Add 6%, 6.5% or 7% Sales Tax 

Shipping - Add 5% plus $1.50 Insurance 
(May vary according to weight) 

Terms: Prices subject to change without notice 
We are not responsible for typographical errors 

We reserve the right to substitute manufacturers 
Items subject to availability and prior sale 

Products pictured may only be representative 
Complete list of terms/warranties is available upon request 

24 -Hour Order Hotline (415) 592-8097 The Following Phone Lines Are Available From 7AM - 5PM P.S.T.: 
Customer Service (415) 592-8121 Technical Assistance (415) 592-9990 Credit Department (415) 592-9983 All Other Inquiries (415) 592-7108 
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68802 
6803 
6809 
68B09 
6809E 
68809E 
6808 
6810 
6821 
68821 
6840 
6845 
6847 
6850 
68850 
6852 
6883 
68000 

`68020 

412 30 DAY MONEY BACK GUARANTEE 1 YEAR WARRANTY ON ALL PRODUCTS TOLL -FREE TECHNICAL SUPPORT 

COMPLETE CUSTOMER SATISFACTION SUPERIOR SERVICE FRIENDLY, KNOWLEDGEABLE SALES STAFF 

MIMC 
MICROCOMPUTER . 

MARKETING COUNCIL 

JDR 
U M Ve Oxe¢ MMx5x9 Asxp.,,xc cro evuces 

EPROMS 
PART SIZE SPEED Vpp PRICE 
2708 1024x8 450ns 25V 4.95 
2716 2048x8 450ns 25V 3.49 
2716-1 2048x8 350ns 25V 3.95 
2732 4096x8 450ns 25V 3.95 
2732A 4096x8 250ns 21V 3.95 
27C64 8192x8 250n5 12.5V 4.95 
2764 8192x8 450ns 12.5V 3.49 
2764-250 8192x8 250ns 12.5V 3.69 
2764-200 8192x8 200x5 12.5V 4.25 
27128 16384x8 250ns 12.5V 4.95 
27128A-200 16384x8 200x5 12.5V 5.95 
27C256 32768x8 250xs 125V 7.95 
27256 32768x8 250ns 12.5V 5.95 
27256-200 32768x8 200x5 12.5V 7.95 
27512 65536x8 250ns 12.5V 11.95 
27C512 65536x8 250ns 125V 12.95 
27C101.20 131072x8 200ns 12.5V 34.95 

L CALL TO CONFIRM CURRENT PRICES J 

STATIC RAMS 
PART SIZE SPEED PRICE 
2114 1024x4 450ns .99 
2114L-2 1024x4 200ns 1.49 
TC5516 2048x8 250ns 3.95 
TMM2016-200 2048x8 200x5 3.25 
TMM2016-150 2048x8 156ns 3.29 
TMM2016-100 2048x8 100x5 4.29 
HM6116-4 2048x8 200ns 4.95 
HM6116.3 2048x8 15Ons 5.95 
HM6116-2 2048x8 120x5 6.45 
HM6116LP-4 2048x8 200ns 5.95 
HM6116LP-3 2048x8 15Ons 6.45 
HM6116LP-2 2048x8 12Ons 6.95 
HM6264LP-15 8192x8 150x5 9.95 
HM6264LP-12 8192x8 12Ons 10.95 
HM43256LP-15 32768x8 150ns 17.95 
HM43256LP-12 32768x8 120ns 19.95 
HM43256LP-10 32768x8 100ns 24.95 

L CALL TO CONFIRM CURRENT PRICES I 

EPROM ERASERS 
DATARASE II *39.95 

SHIRT POCKET SIZEI 
ERASES MOST EPROMS/ 

EPLD'S IN 3 MINUTES W ALL 
SIZES UP TO 4 AT A TIME 
DATARASE II 

Model 

PE -140 
PE -140T 
PE -240T 
PL -265 

Timar rof 
Chiot 

NO 9 
YES 9 
YES 12 
YES 30 

Intensity 
81W/Cm.) 

Unit - 
CON 

MICROPROCESSORS 
5500 8000 8200 

6502 2.25 8031 3.95 8254 2.79 
6502A 2.69 8035 1.49 8255 1.99 
6502B 4.25 8039 1.95 8255-5 2.49 
65CO2' 7.95 8052AH 8256 15.95 
6522 2.95 BASIC 34.95 8259 1.95 
6526 13.95 8080 2.49 8259-5 2.29 
6532 5.95 8085 1.95 8272 4.39 
6551 2.95 8085A-2 3.75 8274 4.95 
6581 14.95 8088 5.99 8275 16.95 
' CMOS 8088-2 7.95 8279 2.49 

8155 2.49 8279-5 2.95 5800 8155-2 3.95 8282 3.95 
6800 1.95 8156 2.95 8283 3.95 
6802 2.95 8741 9.95 8284 2.25 

8748 7.95 8286 3.95 
8749 9.95 8287 3.95 
8755 14.95 8288 4.95 

3.95 
3.95 
2.95 
5.99 
2.95 
5.49 
2.49 
1.95 
1.25 
1.85 
3.95 
2.75 
4.75 
1.95 
1.75 
4.95 

22.95 
9.95 

189.95 

8200 Z-80 
205 3.29 Z80 -CPU 1.25 
212 1.49 280A -CPU 1.29 
216 1.49 Z80B-CPU 2.75 
224 2.25 280A-CTC 1.69 
228 2.25 280B-CTC 4.25 
237 3.95 280A -DART 5.95 
237-5 4.75 280B -DART 6.95 
238 4.49 280A -DMA 5.95 
243 1.95 280A -PIO 1.89 
250 6.95 2808 -PIO 4.25 
251 1.29 Z80A-SIO/0 5.95 
251A 1.69 Z80A-SIO/1 5.95 
253 1.59 Z80A-SIO/2 5.95 
253-5 1.95 28671 BASIC 9.95I 

LINEAR COMPONENTS 
TL071 .69 TL497 3.25 MC3487 2.95 
TL072 1.09 NE555 .29 LM3900 .49 
TL084 1.49 NE556 .49 LM3909 .98 
LM301 .34 NE558 .79 LM3914 1.89 
LM309K 1.25 11.4565 .95 IC7760 1.99 
LM311 .59 LM567 .79 78057 .49 
11.4311K 3.49 NE570 2.95 7808T .49 
LM3171' .69 NE590 2.50 78127 .49 
LM318 1.49 LM723 .49 7815T .49 
LM319 1.25 LM741 .29 79057 .59 
1.14323K 3.49 MC1330 1.69 7912T .59 
LM324 .34 MC1350 1.19 79157 .59 
LM334 1.19 LM1458 .35 MAX232 7.95 
LM336 1.75 LM1488 .49 ICL8038 3.85 
LM338K 4.49 LM1489 .49 ICM7207A 5.95 
LM339 .59 LM1496 .85 ICM7208 15.95 
LF353 .59 ULN2003 .79 75150 1.95 
1F356 .99 XR2206 3.95 75154 1.95 
LM358 .59 XR2211 2.95 75188 1.25 
LM380 .89 CA3046 .89 75189 1.25 
LM386 .89 CA3146 1.29 75451 .39 

L1.1.1393 .45 MC3470 1.95 75452 .384 

DYNAMIC RAMS 
PART SIZE SPEED PRICE 
4116-200 16384x1 200ná .89 
4116-150 16384x1 150ns .99 
4164-150 65536x1 150ns 2.89 
4164-120 65536x1 120x5 3.19 
4164-100 65536x1 100ns 3.95 
TMS4416 16384x4 150n5 8.95 
41128-150 131072x1 150ns 5.95 
TM54464-15 65536x4 150ns 14.95 
TH54464-12 65536x4 120ns 15.95 
41256-150 262144x1 150ns 7.99 
41256-120 262144x1 120ns 8.49 
41256.100 262144x1 10Ons 8.79 
41256-80 262144x1 80ns 9.49 
MK4332 32788x1 200ns 6.95 
HM51258-100 262144x1 10Ons 13.95 
1 MB -120 1048576x1 12Ons 24.95 
1 MB -100 1048576x1 100ns 27.95 

L CALL TO CONFIRM CURRENT PRICES 

HIGH-TECH 
SPOTLIGHT 

MAXTOR DISK DRIVES 
THESE DRIVES ARE BIG, FAST AND BUILT TO LAST! 
AN EXCELLENT VALUE! GIVE YOUR SYSTEM EXTRA SPEED 
AND STORAGE SPACE. THESE HIGH-DUALTTV MAXTOR 
DRIVES ARE BUILT FOR YEARS OF DEPENDABLE SERVICE - 
THEY HAVE A FIELD -PROVEN MTBF (MEAN TIME BETWEEN 
FAILURES) OF NEARLY 8 YEARS. 

MB MODEL 
AVG. 

SPEED INTERFACE PRICE 

120MB XT -1140 27MS ST -506 $1595 
160MS XT -2190 29MS ST -506 $1695 
340MB XT -4380S 16MS SCSI $2395 

1 CO -PROCESSORS 
8087 5 MHz 97.95 
8087-2 8 MHz 139.95 
8087-1 10 MHz 189.95 
80287 6 MHz 157.96 
80287-8 8 MHz 219.95 
80287-10 10 MHz 264.95 
80387-16 16 MHz 397.95 
80387-SX 16 MHz 389.95 
80387-20 20 MHz 469.95 
80387-25 25 MHz 589.95 

¡ntel 
t 

S YEAR 
WARRANTY 

L INCLUDES MANUAL 6 SOFTWARE GUIDE J 

r SIMM MODULES 
41256A8B-15 256K x 8 -BIT FOR MAC 150ns $89.00 
41256A8B-12 256K x 8 -BIT FOR MAC 120ns $95.00 
41256A8B-10 256K x 8 -BIT FOR MAC 100ns $99.00 

41256A9B-15 256K x 9 -BIT FOR PC 15Ons $94.00 
41256A9B-12 2560 x 9 -BIT FOR PC 12Ons $99.00 
41256A9B-10 256K x 9 -BIT FOR PC 100ns $109.00 
41256A9B-80 258K x 9 -BIT FOR PC 80ns $119.00 
42100A9B-10 1M8 x 9 -BIT FOR PC 100ns $329.00 

142100A9B-80 1MB x 9 -BIT FOR PC 80x5 $399.00, 

V-20 SERIES 
SPEED UP YOUR PC BY 10% TO 40%i 

HIGH SPEED ADDRESS CALCULATION IN 
HARDWARE D PIN COMPATIBLE WITH 8088 

LOW POWER CMOS 
SUPERSET OF 8088 INSTRUCTION SET 

V20 5 MHz 6.95 V20 8 MHz 8.95 
V20 10 MHz 11.95 V30 8 MHz 13.95 

LL2 161.8 $2.95 20R4 $4.95 EASY TO USE PAL 

1 

2.95 20R6 4.95 PROGRAMMING KIT 
16R6 2.95 20R8 4.95 FOR ALL THE PAL 
í6R4 2.95 20X8 4.95 DEVICES AT LEFT. 

0L8 4.95 MCT-PAL-SOFT $99.95 

PALS STARTER KIT 

r misc. 1 
ADC0804 2.99 
ADC0809 3.85 
DAC0800 3.29 
DAC0808 1.95 
1793 9.95 
8272 4.39 
COM8116 8.95 
UPD765 4.39 
1691 6.95 
2143 6.95 
AY5-3600 

PRO 11.95 
AY3-1015 4.95 
AY5.1013 3.95 
MC146818 5.95 
MM58167 9.95 
MM58174 9.95 
MSM5832 2.95 
IM6402 3.95 
IM6403 9.95 
INS8250 6.95 

62116450 10.955 

CRYSTALS, 
32.768 KHz .95 
1.0 MHz 2.95 
1.8432 2.95 
2.0 1.95 
2.4576 1.95 
3.579545 1.95 
4.0 1.95 
5.0688 1.95 
6.0 1.95 
8.0 1.95 
10.0 1.95 
12.0 1.95 
14.31818 1.95 
16.0 1.95 
18.0 1.95 
20.0 1.95 
22.1184 1.95 
24.0 -- _- 1.95 

r CRYSTAL - 

OSC/LL. 
1.OMHz 
1.8432 
2.0 
2.4576 
4.0 
5.0688 
8.0 
10.0 
14.31818 
16.0 
18.432 
20.0 
24.0 

5.95 
5.95 
5.95 
5.95 
4.95 
4.95 
4.95 
4.95 
1.95 
4.95 
4.95 
4.95 
4.95 

PARTIAL LISTINGS ONLY! 
CALL FOR COMPLETE CATALOG 

74 SERIES LOGIC 
7400 

741.576 745 
7400 .19 74LS83 74500 .29 
7402 19 74LS85 

.49 
74502 .29 

7404 .19 74LS86 
.49 

74504 .29 
7405 .25 741.590 

.22 
74574 .49 

7406 .29 74LS92 
.39 

74586 .35 
7407 .29 74LS93 

,49 
749112 .50 

7408 .24 741.5109 
-39 

745287 1.69 
7410 .19 74LS112 

.36 
745288 1.69 

7411 .25 741.5123 
.29 
A9 748374 1.69 

7414 .49 
, 

741.5125 S32 .35 
7416 .25 741$132 

.39 
S138 .79 

7417 .25 74LS138 
.39 

5240 1.49 
7420 .19 741.5139 

.39 
S244 1.49 

7432 .29 741.5151 
.39 

S373 1.69 
7447 .89 741.5153 

.39 

.39 
7473 .34 741.5154 1.49 74F 
7474 .33 741.5155 .59 74F00 .35 
7475 .45 741.5156 .49 74F04 .35 
7476 .35 74LS157 .35 74F08 .35 
7586 .35 741.5158 .29 74F32 .35 
7489 2.15 74LS161 .39 74F74 .39 
7490 39 74LS163 .39 74F138 .79 
7493 35 74LS164 .49 74F244 1.29 
74121 .29 74LS165 .65 
74123 .49 74LS166 .95 74HC 
74151 
7417415457 

.55 
1.49 

74LS175 
74L5192 

.39 

.69 
74HCO0 
74HC04 

21 
.25 

74166 1.00 
74LS193 
74LS197 

.69 7454C08 .25 

.59 74HC14 .35 

741_50074Lá221 7415240 
.59 
.69 

74HC32 
74HC74 

.35 

.35 
74LS00 .16 741.9241 .69 74HC138 .45 
74L602 .17 74LS244 .69 74HC139 .45 74L503 .18 7415245 .79 74HC154 1.09 74LSO4 .16 74LS251 .49 74HC157 .55 
74LS05 .18 74LS257 .39 74HC244 .85 
74LS08 .18 74LS258 .49 7421C245 .85 
74LS10 .16 74LS259 1.29 74HC373 .69 
74LS11 
74LS14 

.22 

.39 
74LS260 
74LS273 

.49 

.79 
74440374 .69 

74LS20 .17 741.5279 .39 
74LS21 .22 74LS322 3.95 744407 
74L527 .23 74LS323 2.49 74HCTOO .25 
74LS30 .17 74L5367 .39 74HCT04 .27 
74LS32 .18 74LS373 .79 74HCT08 .25 
74LS38 .26 74LS374 .79 74HCT32 .27 
74LS42 39 74LS377 .79 74HCT138 .35 
74LS47 .75 741.9393 .79 74HCT240 89 
74LS51 .17 74LS541 1.49 74HCT244 89 
741.073 .29 741.5670 .89 74HCT245 .99 
741574 .24 74L5682 3.20 74HCT373 .99 

L741_575 .29 74L5688 2.40 74HCT374 .99 J 
r STD. CMOS LO6IC 

4001 
4011 
4013 
4015 
4016 
4017 
4024 
4040 
4046 
4049 

.19 4050 .29 

.19 4051 .69 

.35 4060 .69 

.29 4066 .29 

.29 4069 .19 

.49 4093 .49 

.49 14411 9.95 

.69 4511 .69 

.69 4538 .95 

.29 4702 9.95A 

DISCRETE 
1N751 .49 2N3904 .10 
1N4004 10/1.00 2N3906 .10 
IN4148 25/1.00 2N4401 .25 
KBP02 .55 4N26 .69 
2N2222 .10 4N35 .89 
2N2907 .25 JMBO RED .10 
2N3055 .79 JMBO GRN .14 

JOR MICRODEVICES AND THE JDR MICROOEVICES LOGO ARE REGISTERED 1RADEMARKS 0F Jon MICR00EVICES. IBM AT. PSI2 ARE TRADEMARKS 0F INTERNATIONAL BUSINESS MACHINES. 

SHORTING 
BLOCKS 
5/*LOO 

BYPASS CAPS 
CERAMIC DISC: 
.01UF 10015.00 
.1UF 100/6.50 

MONOLITHIC: 
.01 OF 100/10.00 
.1UF 100/12.50 
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POWER SUPPLIES 
135 WATT POWER SUPPLY 

UL APPROVED 
+5V@15A,+12V@4.2A, 
-5V @ .5A, -12V @ .5A 

PS -135 $59.95 
PS -150 150W SUPPLY $69.95 
200 WATT POWER SUPPLY 

ULLAP@PROVED 

+12V@7A, 

-5V @ .5A, 

20A2V 
@ .5A$89.95 

PS - 

APPLE TYPE SUPPLY 
it WITH APPLE CONNECTOR 

.5V@6A, 12V@3A, 
$V@ 1A, -12V @ to 

PS -A $49.95 
36 WATT POWER SUPPLY 

+5V @2.5A, 4.12V @l.5A 
3 PIN INPUT, 6 PIN OUTPUT 

D SELECTABLE 110V -220V 
PS -3045 $12.95 

SOLDER STATIONS 
SOLDER/DESOLDER STATION 

OIL -FREE VACUUM PUMP 
D TEMP ADJUSTS (212 ° F-900° F) 

& VACUUM (0-60 CM/HG) 
WITH GUN -REST, COOLING TRAY. 
WIRE BRUSH & TIP CLEANER ROD 

XY999SD $399.95 
XY999D DESOLDER ONLY $349.99 

DELUXE SOLDER STATION 
RO -ARV SWITCH TEMP 
CONTROL (200 ° F-878 °F RANGE) 
LEO TEMPERATURE READOUTS 
INCLUDES COOLING TRAY 

XY9-60L $79.95 

SOLDER STATION 
D UL APPROVED 
D HEAT SETTING ADJUSTS 
D TIP TEMPERATURE READOUT 

REFLACEMENT TIPS W $2.95 
168-3C $59.95) 

r JDR INSTRUMENTS -2 YEAR WARRANTY! 
35 MHZ DUAL TRACE OSCILLOSCOPE 

WIDE BAND WIDTH B VARIABLE HOLDOFF 
MODEL -3500 (SHOWN) $499.95 

20 MHZ DUAL TRACE OSCILLOSCOPE 
TV SYNC FILTER COMPONENTS TESTER 

MODEL 2000 $389.95 
3.5 DIGIT PROBE TYPE DMM 
D AUTORANGING AC/DC 2V . 500V, RESIS. 2K -2M 
DPM-1000 (SHOWN) $54.95 
3.5 DIGIT POCKET SIZE DMM 

BASIC DC ACCURACY t0.5 % 14 RANGES 
DMM-100 $29.95 

3.5 DIGIT FULL FUNCTION DMM 
BASIC DC ACCURACY 10.25% 22 RANGES 

DMM-200 $49.95 
THE ULTIMATE 3.5 DIGIT DMM 

BASIC DC ACCURACY ±0.25% 34 RANGES 
TEMP, TRANSISTOR & RESISTANCE FEATURES 

'DMM-300 (SHOWN) $79.95 

RELIABLE, 
HIGH QUALITY 
TEST EQUIPMENT, 
REASONABLY 
PRICED 

IOC CONNECTORS/RIBBON CABLE 
DESCRIPTION ORDER BY CONTACTS 

10 20 26 34 40 50 
SOLDER HEADER IDHxxS .82 1.29 1.68 2.20 2.58 3.24 

RIGHT ANGLE SOLDER HEADER IDHxxSR .85 1.35 1.76 2.31 2.72 3.39 
WIREWRAP HEADER IDHxzW 1.86 2.98 3.84 4.50 5.28 6.63 

RIGHT ANGLE WIREWRAP HEADER IDHxXWR 2.05 3.28 4.22 4.05 4.80 7.30 
RIBBON HEADER SOCKET IDSxx .63 .89 .95 1.29 1.49 1.69 

RIBBON HEADER IDSxx - 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' RIBBON CABLE RCxx 1.60 3.20 4.10 5.40 6.40 7.50 

FOR ORDERING INSTRUCTIONS, SEE D -SUBMINIATURE CONNECTORS BELOW 

1 

r D -SUBMINIATURE CONNECTORS 
DESCRIPTION ORDER BY 

CONTACTS 

9 15 19 25 37 50 

SOLDER CUP MALE DBxxP .45 .59 .69 .69 1.35 1.85 
FEMALE DBxxS 49 .69 .75 .75 1.39 2.29 

RIGHT ANGLE MALE DBxxPR .49 .69 - .79 2.27 - 
PC SOLDER FEMALE DBxxSR .55 .75 - .95 2.49 - 
WIREWRAP MALE DBxxPWW 1.69 2.56 - 3.89 5.50 - 

FEMALE DBxxSWW 2.76 4.27 - 6.84 9.95 - 
IDC RIBBON CABLE MALE IDBxXP 1.39 1.99 - 225 4.25 - 

FEMALE IDBxxS 1.45 2.05 - 2.35 4.49 - 
HOODS METAL MHOODxx 1.05 1.16 1.25 1.25 - - 

PLASTIC HOODxx .39 .39 - .39 .69 .75 

ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED 
"xx" OF THE "ORDER BY" PART NUMBER LISTED. EXAMPLE: A 15 PIN RICH' ANGLE MALE 
PC SOLDER WOULD BE 0015PR MOUNTING HARDWARE .59 

IC SOCKETS/DIP CONNECTORS 
DESCRIPTION ORDER BY 

CONTACTS 

8 14 16 18 20 22 24 29 40 
SOLDERTAIL SOCKETS xxST .11 .11 .12 .15 .18 .15 .20 22 .30 
WIREWRAP SOCKETS xxW W .59 .89 .69 .99 1.09 1.39 1.49 

5.95 
1 89 
6.95 

1 99 
9.95 ZIF SOCKETS ZIFxx - 4.95 4.95 - 5.95 - 

TOOLED SOCKETS AUGATxxST .62 .79 .89 1.09 1.29 1.29 1.49 1.69 2.49 
TOOLED WW SOCKETS AUGATxxWW 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 (IOC) IDPxx .95 .49 .59 129 1.49 - .85 1.49 1.59 
FOR ORDERING INSTRUCTIONS SEE 0 -SUBMINIATURE CONNECTORS ABOVS 

MEMBER 

RAMCCOPYRIGHT 1989 JOR MICROOE VICES CONTINENTAL U S 

FOR XT 
WITH .5V AND GROUND PLANE 27.95 
ABOVE WITH I/O DECODING LAYOUT 29.95 

AT 
JDR-PR10 16 BIT WITH I/ORDECODING LAYOUT $34.95 
JDR-PR1OPK PARTS KIT FOR JDR-PR10 ABOVE $12.95 

FOR PS/2 
JDR-PR32 32 BIT PROTOTYPE CARD 
JDR-PR16 16 BIT WITH I/O DECODING LAYOUT 49.95 
JDR-PR16PK PARTS KIT FOR JDR-PRI6 ABOVE 
J DR-PR16V 16 BIT FOR VIDEO APPLICATIONS 

15.95 
9.95-. 

DATA SWITCH BOXES 
TYPE # OF POS. PARALL. SERIAL PRICE 
PUSHBTTN. 2 -WAY AB -P ABS 39.95 
ROTARY 2 -WAY RSP-2 RSS2 24.95 
ROTARY 3 -WAY RSP-3 RSS3 27.95 
ROTARY 4 -WAY RSP-4 ßS54 29.95 

I COMPUTER CABLES 
GOLD-PLATED CONTACTS; 100% SHIELDED 

CBL-PRINTER PC PRINTER CABLE 9.95 
CBL-PRINTER-25 AS ABOVE -25 FT. 15.95 
CBL-PRINTER-RA RT. ANGL. PRINTER 15.95 
CBL-DB25-MM DB25 MALE -MALE 9.95 
CBL-DB25-MF DB25 MALE -FEMALE 9.95' 
CBL-9-SERIAL 9 PIN -25 PIN SERIAL 6.95 
CBL-KBD-EXT KEYBOARD EXTEN. 7.95 - 

CBL-CNT-MM 36 PIN CENTRON.-M/M 14.95 
CBL-HD-20 20 PIN HARD DISK 3.95 
CBL-HD-34D 34 PIN DUAL HARD DISK 6.95 
CBL-FOC-EXT 37 PIN EXT. FLOPPY 9.95 
CBL-MNT-9 9 PIN MONITOR EXTEN. 6.95 

`CBL-MODEM DB25-DB25 FEMALE 7.95 

RS -232 
BREAKOUT BOX 
FOR TROUBLESHOOTING 
SERIAL COMMUNICATIONS 

OPEN/CLOSE INDIVIDUAL 
CIRCUITS 20 JUMPERS 
CROSS -CONNECT ANY TWO 
CIRCUITS 210 CIRCUIT 
ACTIVITY LEDS 
GENDER -BO $34.95 

SURGE SUPPRESSOR 
PROTECTS YOUR EQUIPMENT! 
SIX 3 -PRONG AC OUTLETS 
15 AMP CIRCUIT BREAKER 

if 6' HEAVY DUTY CORD 
15 AMP MAX LOAD. 1875 WATTS 
UL APPROVED 

POWER -SURGE $12.95 
POWER -STRIP W/OSURGE $9.95 

LITHIUM BATTERY 
6V FOR 286 AND 386 PCS 
MOTHERBOARD CONNECTOR 
ADHESIVE VELCRO MOUNTING 
STRIP 

LITHIUM6.8V $11.95 
COIN TYPE BATTERY 
LONG-LASTING 3V LITHIUM 
3V-MHW $1.95 
HOLDER $1.49 

APPLE -COMPATIBLE PRODUCTS 
FLOPPY DRIVE FOR APPLE II SERIES 
AP -150 (W/CABLE, CONNECTOR) $99.95 
REPLACEMENT KEYBOARD FOR APPLE II & IF 
KEYBOARD -AP $59.95 
EPROM PROGRAMMER. NOT REC. FOR CMOS. 
RP -525 (NO POWER SUPPLY REO.) $89.95 
16K RAM CARD BOOSTS 48K APPLE TO 64K 
RAM -CARD (2 YEAR WARRANTY) $39.95 

JDR MICRODEVICES, 2233 BRANHAM LANE. SAW JOSE, CA 95124 
LOCAL (408) 866-6200 FAX (408) 559-0250 TELEX 171-110 
RETAIL STORE: 1256 S. BASCOM AVE., SAN JOSE CA 
(408) 947-8881 HOURS: M -F. 9-7 SAT. 9-5 SUN. 12-4 

-41 

WIREWRAP 
PROTOTYPE CARDS 

FR -4 EPDXY GLASS LAMINATE WITH GOLD PLATED 
EDGECARD FINGERS AND SILK SCREENED LEGENDS 

JDR-PR1 
JDR-PR2 

$12.95 
$19.95 
$24.95 

EXTENDER CARDS 
FOR PROTOTYPE DEBUGGING, 

TESTING AND TROUBLESHOOTING 

EXT-8088 XT COMPATIBLE $29 95 
EXT-80286 AT COMPATIBLE 
EXT-16MICROCHANNEL 16 -BIT 69.95 
EXT-32 MICROCHANNEL 32 -BIT 99.95 

NEW LOW 
PRICES! 

PDS -100 
PDS -200 
PDS -300 
PDS -400 

OLDERLESS 
READBOARDS 
1360 TIE PTS 
1660 TIE PTS 
2390 TIE PTS 

3220 TJE.PSS 

PC BREADBOARD 

ä 

62 CLEARLY LABELLED BUS LINES 
ACCEPTS UP TO 24 14 -PIN ICS 
1940 TIE POINTS 
EXT FEMALE DB25 D -SUB CONNECT 

PDS -604 $49.95 

GENDER CHANGERS 
GENDER -FF FEMALE -FEMALE 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 
GENDER -VGA DB9-DB15 $19.95 
GENDER -9-25 089-0825 $4.95 

"SNAPABLE HEADERS" 
SNAP APART TO MAKE ANY SIZE 

HEADER, WITH.!" CENTERS 

1 x 40 STRAIGHT LEAD .99 
1 X40 RIGHT ANGLE LEAD 1.49 
2 X 40 STRAIGHT LEAD 2.49 
2 X 40 RIGHT ANGLE LEAD 2.99 

Terms: Minimum order $10.00. For slipping & handling include 93.50 tor ground 
and $4.50 for air. Orders over 1 lb and foreign orders may require additional 
shipping charges -contact the sales department tor the amount. CA residents 
must include applicable sales tax. Prices subject to change without notice. We are 
not responsible for typographical errors. We reserve the nght to limit quantities 
and to substitute manufacturer. All merchandise subject to prior sales. A full copy 
o1 our terms is available upon request. Items pictured may only be representaliye. 

ORDER TOLL FREE 800-538-5000 
CIRCLE 170 ON FREE INFORMATION CARD 99 
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2400 BAUD 
MODEM 

9995 
PROM -NHL IS 

HAYES COMPATIBILITY ,1/2 -CARD I AUTO DIAL/ANSWER I SELF -TEST ON POWER UP I FULL AND HALF DUPLEX 
TOUCHTONE OR PULSE DIALING 12ND PHONE JACK 
CALL PROGRESS MONITORING I ADJUSTABLE VOLUME 

PRO -241 

INTERNAL MODEMS (MIRROR II SOFTWARE INCLUDED) 
PRO -121 1200 BAUD 1/2 CARD $69.95 
PRO -24M 2400 BAUD FOR PS/2 $249.95 
EXTERNAL MODEMS (REO. SERIAL PT, CABLE, SOFTWARE) 
PRO -24E 2400 BAUD $169.95 

LPRO-12E 1200 BAUD $99.95 

DFI HANDY SCANNER 
9995 

I INSTANTLY SCANS UP 
TO 4.1" WIDE IMAGES 100, 200, 300, 
400 DPI BOTH DIRECTIONS I B&W & 

3 HALF -TONE MODES 132 LEVELS OF 
GRAY SCALE HERCULES, CGA, EGA AND VGA COMPATIBLE I INCLUDES HALO DPE AND IMAGE EDITOR SOFTWARE 
HS -3000 
OCR -SOFT SOFTWARE $99.95 

UPRIGHT 95 CASE 299 .' 
SPACESAVING DESIGN HOLDS ALL SIZES 
OF MOTHERBOARDS. INCLUDES: 

250W POWER SUPPLY MOUNTS 
FOR 3 FLOPPY & 4 HARD DRIVES I TURBO & RESET SWITCH I LED SPEED 
DISPLAY I POWER & DISK LED'S I ALL HARDWARE, FACEPLATES & SPEAKER 
CASE -100 
CASE-FLIP FOR 8088 BOARDS 9.95 
CASE -SLIDE FOR 8088 BOARDS 39.95 
CASE -70 FOR 286 BOARDS 89.95 
CASE -50 FOR 8088/286 BOARDS 59.95 
CASE -JR MINI -286 W/150W PS $149.95 

LOGITECH HIREZ MOLISE 
*Sg9s 

HIGH RESOLUTION BUS MOUSE, IDEAL 
FOR CAD WORK 1320 DPI I WITH 
DRIVER, TEXT EDITOR & POP-UP MENUS I NO PAD, POWER SUPPLY OR PORT REO 
LMOUSE-BH 
LOGITECH 3 BUTTON MOUSE 
PC MAGAZINE 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' 
LMOUSE $74.95 
LMOUSE-P SERIAL MOUSE W/LOGIPAINT $89.95 
LMOUSE-BP BUS MOUSE W/LOGIPAINT $89.95 
LMOUSE-BPBL BUS MOUSE W/PUBLISHER PKG $129.95 
LMOUSE-BPC BUS MOUSE W/LOGIPAINT/CAD 139.95) 

VGA 
COMPATIBLE 
PACKAGE 

54995 
1800 X 560 MAX RESOLUTION 640 X 480 IN 16 COLORS 

320 X 200 IN 256 COLORS I IBM STYLE MONITOR 
VGA, EGA, CGA, HERCULES, MONOCHROME COMPATIBLE 

VGA-PKG (INCLUDES ATI CARD AND MONITOR) 

NEC MULTISYNC II MONITOR $599.95 
AUTO FRED ADJUSTMENT I RESOLUTION TO 800 X560 
IDEAL FOR CAD, CAM, WINDOWS 9-15 PIN ADAPTER 

NEC-MULTI 

JDR MULTI $499.95 I FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED 
COLORS HIGH RESOLUTION, 14" NON -GLARE DISPLAY 

AUTO SWITCHING I TTUANALOG VIDEO INPUT 
JDR-MULTI 
JDR-MONO (12" MONOCHROME MONITOR) $69.95 

EGA MONITOR $399.95 I 640 X 200/350 RESOLUTION D.31 MM DOT PITCH 14" 
BLACK MATRIX SCREEN 116 COLOR DISPLAY 19 -PIN CABLE 
EGA -MONITOR 

SAVE $50! EGA CARD & MONITOR --JUST $499 

r KEYBOARDS 
101 KEY ENHANCED , W/SEPARATE CURSOR PAD: 
BTC-5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT 79.95 
K103 -A AUDIBLE -CLICK" STYLE .95 
MAX -5339 MAXI -SWITCH W/TACTILE FEEDBACK .95 
84 KEY STYLES: 
BTC-5060 AUTOSENSE FOR XT/AT $59.95 

,MAX -5060 MAXI -SWITCH W/TACTILE FEEDBACK 4 95 J 

r MODULAR CIRCUIT TECHNOLOG 

MOTHERBOARDS: 
MCT XMB STANDARD 8088 MOTHERBOARD 7.95 
MCT-TURBO 4.77/8 MHZ 8088 MOTHERBOARD 5.95 
MCT-TURBO-10 4.77/10 MHZ SINGLE CHIP 8088 .95 
MCT-M286 6/10 MHZ MINI -286 $269.95 
MCT-M286-12 6/12 MHZ MINI -286 $299.95 

DRIVE CONTROLLERS: 
MCT-FDC FLOPPY DISK CONTROLLER 
MCT-FDC-1.2 1.2 MB FLOPPY CONTROLLER 
MCT-HDC HARD DISK CONTROLLER 
MCT-RLL RLL CONTROLLER 
MCT-FH FLOPPY/HARD CONTROLLER 
MCT-AFH 286/386 FLOPPY/HARD 
MCT-AFH-RLL 286/386 ALL CONTROLLER 

DISPLAY ADAPTOR CARDS: 
MCT-MGP MONOCHROME GRAPHICS $59.95 
MCT-CG COLOR GRAPHICS ADAPTOR $49.95 
MCT-EGA ENHANCED GRAPHICS ADAPTOR $149.95 
MCT-MGMIO MONOGRAPHICS MULTI I/O $119.75 
MCT-MGAIO 286/386 MONOGRAPHICS I/O $99.95 

MULTIFUNCTION CARDS: 
MCT-MIO MULTI I/O FLOPPY CONTROLLER 79.95 
MCT-I0 MULTI I/O CARD $59.95 
MCT-AMF 286/386 MULTIFUNCTION $139.95 
MCT-AIO 286/386 MULTI I/O CARD $59.95 

MEMORY CARDS: 
MCT-RAM 576K RAM CARD 
MCT-EMS EXPANDED MEMORY CARD 
MCT-AEMS 286/386 EMS CARD 

NEW LOW 
PRICES! 

$29.95 
$49.95 

79.95 
$89.95 

1139.95 
149.95 
199.95 

$59.95 
$129.95 
5139.95 

r 
MODULAR PROGRAMMING SYSTEM 

L 

INTEGRATED MODULAR SYSTEM EASILY EXPANDS! ALL 
MODULES USE A COMMON HOST ADAPTOR CARD-- USE JUST 
ONE SLOT TO PROGRAM EPROMS, PROMS, PALS & MORE 

HOST ADAPTOR CARD 129.95 
UNIVERSAL INTERFACE FOR ALL 

THE PROGRAMMING MODULES, 
SELECTABLE ADDRESSES 

PREVENTS CONFLICTS I MOLDED CABLE 

MOD -MAC 

UNIVERSAL MODULE 1499.95 
PROGRAMS EPROMS, EEPROMS, 

PALS, BI -POLAR PROMS. 8748 8 8751 
SERIES DEVICES; 16V8 AND 20V8 GALS 

(GENERIC ARRAY LOGIC) FROM LATTICE, 
NS, SGS I TESTS TTL, CMOS, DYNAMIC 
& STATIC RAMS D LOAD DISK, SAVE DISK 
EDIT, BLANK CHECK, PROGRAM, AUTO, 
READ MASTER, VERIFY AND COMPARE 

TEXTOOL SOCKET FOR .3" TO .6"W. IC'S (8-40 PINS) 

MOD-MUP 

1 
EPROM MODULE 1119.95 
z PROGRAMS 24-32 PIN EPROMS, CMOS EPROMS 
& EEPROMS FROM 16K TO 1024K I HEX TO OBJ 
CONVERTER AUTO, BLANK CHECK/PROGRAM/ 
VERIFY, VPP 5, 12.5, 12.75, 13, 21 8 25 VOLTS 

NORMAL, INTELLIGENT, INTERACTIVE, & QUICK 
PULSE PROGRAMMING ALGORITHMS 
MOD -MEP 
MOD -MEP -4 4 -EPROM PROGRAMMER $169.95 
MOD -MEP -8 8 -EPROM PROGRAMMER $$2259.95 

M MOD-MEP-1616-EPRO PROGRAMMER 99.95 

DIGITAL IC MODULE 1129.95 
TESTS TTL, CMOS, DYNAMIC & STATIC RAM 
AUTO SEARCH FOR UNKNOWN PART NUMBERS 
USER PROGRAMMABLETEST PROCEDURES 

MOD-MIC 

PAL MODULE 1249.95 
PROGRAMS MMI, NS, TI 20 8 TI 24 PIN DEVICES 
BLANK CHECK, PROGRAM, AUTO, READMASTER, 

VERIFY & SECURITY FUSE BLOW 

MOD -MPL 
PAL PROGRAMMING DEVELOPMENT SOFTWARE 
MOD -MPL -SOFT $99.95, 

JOR MICRODEVICES, 2233 BRANHAM LANE, SAN JOSE, CA 95124 
1.1.11 LOCAL (408) 866-6200 FAX (408) 559-0250 TELEX 171-110 

RETAIL STORE: 1256 S. BASCOM AVE., SAN JOSE, CA 

(408) 947-8881 HOURS: M -F, 9-7 SAT. 9-5 SUN. 12-4 

ORDER TOLL FREE 800-538-5000 

20 MB *269 
30 MB *299 

KITS INCLUDE A SEAGATE 
HARD DISK DRIVE, DRIVE 
CONTROLLER, CABLES 
AND INSTRUCTIONS. 
HDKIT2O 20 MB SYSTEM KIT 

HOKIT30 30 MB SYSTEM KIT 

e Seagate 

FAST, RELIABLE SEAGATE HARD DISKS: 
DISK SIZE MODEL AVG. SPD. SIZE PRICE 

20MB ST -125 65 MS 3-1/2" 59 
20MB ST -225 65 MS 5-1/4" 225 
30MB RLL ST -238 65 MS 5-1/4" 249 
40MB ST -251 40 MS 5-1/4" 379 
40MB ST -251-1 28 MS 5-1/4" 69 
60MB RLL ST -277 40 MS 5-1/4" 9 
80MB ST -4096 28 MS 5-1/4" 629 

1 Mb 3'/2" DRIVE 
sagas 

I ULTRA HIGH DENSITY 
READ/WRITE 720K DISKS, TOO""" 

FDD-1.44X BLACK FACEPLATE 
FDD-1.44A BEIGE FACEPLATE 
FDD-1.44 SOFT SOFTWARE DRIVER $19.95 
1/2 HEIGHT FLOPPY DISK DRIVES: 
FD -55B 5-1/4" TEAC DS/DD 360K 
FD -55G 5-1/4" TEAC DS/HD 12M 
FDD-360 5-1/4" DS/DD 360K 
FDD-1.2 5-1/4" DS/HD 1.2M 
FDD-3.5X 3-1/2" 720K (BLACK) 
FDD-3.5A 3-1/2" 720K (BEIGE) 

NASHUA DISKETTES (BOXES OF 10): 
N-MD2D 360K DS/DD $6.95 
N-MD2D BULK (MULTIPLES OF 50 DISKS) EACH .49 
N-MD2H 1.2 MB DS/HD $13.95 
N-3.5HD 1.44 MB 3-1/2 DS/HD $49.95 
N-3.5DS 720K 3-1/2" DD/DS $16.95 

BUILD 
YOUR OWN 
SYSTEM! 
OVER 25,000 JDR 
SYSTEMS HAVE 
BEEN BUILT. 
OUR DETAILED 
INSTRUCTIONS 
MAKE IT VERY 
EASY -ALL YOU 
NEED IS ABOUT 
2 HOURS AND A 
SCREWDRIVER! 

VIDEO INSTRUCTIONS 14.95 WITH SYSTEM 
OUR 20 MINUTE VIDEO SHOWS YOU STEP-BY-STEP HOW 
TO BUILT AN XT -COMPATIBLE SYSTEM. SPECIFY VHS OR 
BETA. VIDEO WITH SYSTEM KIT, $4.95 VIDEO ALONE, 19.95 

10 MHz TURBO BOOS SYSTEM 1595.85 I SERIAL /PARALLEL PORTS, CLOCK/CALENDAR & GAME 
ADAPTOR I RUNS COLOR GRAPHICS SOFTWARE ON ITS 
MONOCHROME MONITOR I MOTHERBOARD 1256K 
RAM MEMORY 135W POWER SUPPLY D FLIPTOP CASE 

84 KEY KEYBOARD 1360K FLOPPY DRIVE 
MONOGRAPHICS I/O CARD 

12 MHz MINI -285 SYSTEM 11038.47 
D 12 MHZ MINI -286 MOTHERBOARD 512K RAM MEMORY 

MINI -AT CASE W/POWER SUPPLY 184 KEY KEYBOARD 
MONOCHROME MONITOR I1.2 MB FLOPPY DRIVE I FLOPPY/HARD CONTROL I MONOGRAPHICS CARD 

EPROM PROGRAMMER '12995 
PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 
SUPPORTS VARIOUS PROGRAMMING FORMATS & 

VOLTAGES I SPLIT OR 
COMBINE CONTENTS OF 
SEVERAL EPROMS OF 
DIFFERENT SIZES 

READ, WRITE, COPY, 
ERASE, CHECK & VERIFY 

SOFTWARE FOR HEX 
AND INTEL HEX FORMATS 
MOD -EPROM 

$99.95 
$129.95 
$69.95 
$95.95 
$97.95 
$97.95 

: COPYRIGHT 1989 JDR MICRODEVICES s .-`.. 

NEW 

ADDRESS! 

Terms: Minimum order $10.00. For shipping & handling include $3.50 for ground 
and $4.50 for an.. Orders over 1 lb and foreign orders may require additional ship- 
ping charges-S/ease contact the sales department for the amount. CA residents 
must include applicable sales tax. Prices 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 sales. A full copy 
of our terms is available upon request. Items pictured may only be representative. 
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*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

3 to 6 Vdc MOTOR 
with GEARBOX 

Probably designed for Childs toy. 
Lever selects 2 forward and one 
reverse speed. 1st gear aprox. 11P120 rpm/6vdc, 

2nd gear aprox. 
300 rpm/6vdc, 

4f/1i Reverse aprox. 
120 rpm/6vdc. 

3.35" X 1.75" X 3.25" 
CATI DCM-10 $6.00 

WALL 
TRANSFORMERS 

ALL PLUG 

D6TECTLY 
INTO 120 VAC 

OUTLET 
B Vdc@200. . CAT/ DCTX-420 $2.25 
BVdc ®75010. CAT/ DCTX-673 33.50 
9Vdc ®250ma. CAT/ DCTX-925 $2.50 
125.093010.. CAT/ AC TX -1293 $3.50 
18 Vac® 1 amp. CAT/ AC TX -18115 $3.50 

SWITCHES 
ITT PUSH BUTTON 
ITT MDPL secs. 34' X \oc/ 
112 pray redangol- 
key ow. S.P.S.T. N.O. 
Puh 10 does. RATED:0.1 amp breaching. 0.25 
amp mount. a carry current. P.C. CAT/ PB -I 

856 each 1010 86.00 10010r 850.00 

i 
10 POSITION MINI -ROTARY 

Mnyhita Smech. 
Mini rotary .witch. Non-.horinp. 
1 deck, 10 p0.6on.. .125' d. 
.haft x .375' long. .37T behind 
tif panel depth. P.C. pois. 
CATI MRS -I0 WAS $2.50 NOW $1.50 each 

SPDT PUSHBUTTON 
MbquaRelied 0, 1843 

Baled 6 arrpe ®125250 Vac. 

Block plastic pu.hbunon. 
Switch body, .92' X .94' X 65'. 
CATI PB -11 $1.65 .och 1010, $1.50 each 

S.P.S.T. (ON-OFF) 
AI pla0ic body Standard 4,ze 10991.. 
7/18' threaded mounting 
bohng. Capper contad.. 
Rabel: 10 arre 0 125 Vac. 

CATI STS -I $1.00 .00h 
101.98 50 10010, 875.00 

sr./ 

LOOK WHAT $1.00 WILL BUY 

200 ASSORTED /101 i 1/4 WATT RESISTORS 
Bent Mode. carbon caw. and carbon Mm. 

CATI GRES $1.00 per e*aonmonl \..1 200 ASSORTED 
1/2 WATT RESISTORS 

Boo Nelda. «/bon oonp and carbon 11105 

CATI GRABRE 11.00 per asaorlmenl 

SO ASSORTED 
R DISC CAPACITORS 

Most are .11 (p.c. bole). Son. to 500 volts 
CATI GRABDC $1.00 per assortment 

15 VALUES OF - g 
ELECTROLYTICS 

Contains both .Mel and r.dial styla from 1 Md. 
CATI GRABCP 11.00 per aesorlrr.m 

CASSETTE MECHANISM 
Alpine cassette 
transport ! 
mechanism. 
Includes 
stereo tape head, " 
Mitsubishi I MET-3RF2B 13.2 Vdc 
motor, belt, pulleys, capstan, fast - 
forward, rewind and eject actuator. 
Does not include amplifier section. 
6 12" X 5 1/4" X 1 3/4'. 

CATI CMEC-5 $7.50 each 
10 for $65.00 

rt 

LED'S 
STANDARD JUMBO 
DIFFUSED T 1.3/4.1. 

RED CAT/ LED -1 

1010, 81.50 10010, 513.00 
GREEN CATI LED -2 

1010,52.00 1001. 917.00 
YELLOW CATI LED -3 

1010, 32.00 10010, 317.00 

FLASHING LED 2. 
withestes Hashing5011. circuit 
operates m 5 volis... 
RED 31.00..dí 
CATI LED4 1010, 99.50 
GREEN $1.00 .00h 
CATI LED -40 10 for 99.50 

BI -POLAR LED 
Lights RED ana dkedbn. 
GREEN the 9h.,. Two lead.. 
CATI LED- 2 t0, 91.70 

LED HOLDER 
Two piece holder. 
CATI HLED 101.85. 

RELAYS 
12 VOLT D.C. COIL S.P.D.T. 
Omrona G2E-184P 4 Amp contacts 
335 ohm coil. 
Sugar cube see. 

' .61' X 47 X .44' high. `t 
P.C. mount with pine on DIP spacing. 

CATI RLY-7B7 81.50 each 

I l 
5 VOLT DC SIP RELAY 

Gould. Aloud Control/ 
SR-1A-5VDC 
SPST-normally it 
open SIP reed r.ley. 95 ohm mil. 
2 amp cored.. .9' x .29'X.39' 
high. Housing .0.1. 00.1e Noon - 
carbon and Mlonn.l.d compere. 
...N. CATI RLY-SIPI 

$1.00 each 10 for 19.10 

10 AMP SOLID 
STATE RELAY 

ELECTROLI 52181 
CONTROL: 
RN. 5.515 10 Vdc 
(will operate on 3-32 Vdc). 
LOAD: 10 errs, ® 240 Vac 
2 1/4' X 1 3/4' X 7/8' 

CATI SSRLY-1013 39.50 sad, 
OU4NTITY DISCOUNT 

1010, $85.00 »for 8175.00 
50 for 1300.00 100 f. $500.00 

XENON TUBE r 
1' IOn9 Il.shtube prepped with 

3 1i7 red end black bode Ideal for 

eledronlc flssh a stol. prof... 
CATI FLT -3 2 for 0100 

CALL OR 
WRITE 

FOR OUR 

FREE 
CATALOG 

OVER 
4000 

PARTS! 56 pages! 

6 VOLT D.C. 
9.5 AMP/HOUR 

GEL -CELL 

Elpower# 695 
6 volt, 9.5 amp/hour 
rechargeable 
gel -cell battery. 
4.25" X 2.75- X 5.5". 

Quick connect terminals 
CAT/ GC -695 

$15.00 each 

MINIATURE BCD 
THUMBWHEEL SWITCHES 

SMIK# J -D0001 #01 
Each switch has 
digits 0-9. Snap 
together to make 
up any necessary configuration. 
Designed to mount directly to P.C. 
board. Pins on .1" centers. Each 
swatch is .64" high X .59" wide X 
.235" thick. 

CAT/ SWTH-5 2 for $1.00 
10 for $4.50 100 for $40.00 

SOUND AND VIDEO 
MODULATOR 
7l UM 1381.1. Designed la use 
with T.I. oonpulen. Can be used 
09h video camerae. 9amw or 
dhe'audio/video .Dura. Boil 
in A/9 erred, ...Nee user to 
.rnd, Imo T.V. antenna without 
d.otnnedion. Operale. on channel 
3 or 4. Require* 12 Vdc. Hook up 
diagram included. 
CATI AVMOD 15.00 .Ich 

LIGHT ACTIVATED MOTION 
SENSOR 
The device contain. a 

photocell which sens« 
sudden change in 

ambient light. Could 

be used as a door 
enunciator or modified 
lo tripper cher dedo.. 
5 117 0 4' x r. Operate. 
on 6 Vdc. Req.. 4 AA bane be (not included) 
CAT/ LSMD 8575 per und 

pI811a0 

1S 

000 

1/4 WATT RESISTOR KIT 
Ideal ta tif ...hop p, Ilia 

1/4 waft reel.. Ide oonl.M 10 

pleas each of 42 of tif mat 
papa. v.krea (420 Meow Io- 
I.II. Inuhad.a . divided box and 

. pane be.la. 

VALUES In 1601. SK are. 
1 ohm 10 ohm, 3o dolt 

47 ohm. 51 Ohm. 18 ohm, 100 ohm. 130 ohm. 
150 ohm. 180 ohm. 220 ohm. 330 ohm, 470 ohm, 
500 ohm. M0 ohm, 1K. 1.22. 1.5K 2K, 2.2K. 2.7K. 

311_, 4.7K. 5.1K., 5.8K. 10K. 15K, 22K. 3G(. 331(. 39K. 
47K. 581E MK. 110X. 120K. 150K. 220K. 470K, 

1 MEG. 5.1 MEG. 10 MEG 

The 0e*11ae alone waif ..II la $21.00. 

Comp.. lilt CAT# REKIT-14 $17.00 

' .0Q4,'"4 ' 

0 - 8 AMP DC METER 

No shunt 
required. 

2 2/8" square. 
Black plastic 
and white face 
clearly marked "DC Ampers". 
Ideal for power supplies, battery 

chargers, etc. 
CAT/ MET -12 $3.75 each 

AD 
WARNING 
DEVICE 

Mur. Ene a PK88-4A0 
High pitched eudble alarm. Op 

le* on3- 20 Vdc 020,r.. 1' 
high o 7/8' dia. P.C. board moum. 

CATI PB2-14 $1.75 each 

NICKEL-CAD 
BATTERIES 

(RECHARGEABLE) 

SPECIAL!! MA SIZE 
P.wonic P.18AM 

1.2 volt ®190MAh 
CATI NCB-AAAX 81.50 *etch 
101. 913.50 10010. 8125.00 

Whic. el 
AA SUE $200 each 
1.25 volt. 500 r0h 

CATI NCB -AA 
AA SUE 3220 each 
WITH SOLDER TABS 

CATI NCB -SAA 
C SIZE $4.25 EACH 

1.2 von. 1200 ,0.11 

CATI NCB -C 

()SIZE $4.50 each 
1.2 von. 1200 rnAh 

CATI NCB -D 

TRANSISTORS 
ORDER 8V PART a 

PN2222 NPN 
TO -92 5 for 751 

PN2907 PNP 
TO -92 5 for 752 

2N 3055 NPN 
TO -3 $1.00 each 
MJ2955 PNP 
TO -3 $1.50 each 

MJE2955T PNP 
TO -220 756 each 

MJE3055T NPN 
TO -220 756 each 

TIP31 NPN 
TO -220 750 each 

TIP32 PNP 
TO -220 75E each 
TIP121 NPN 
TO -220 756 each 
TIP126 PNP 

TO -220 75E each 

MAIL ORDERS TO: 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 

TWX-51 01 0101 63 (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 

FOR A CATALOG!! 

WIDE BAND AMPLIFIER 
NEC/ UPC1651G. 1200 Mhz ®3 db. 

Gain: 19db 01-500 ht. 5 volt ap/r.lion. 
Small package 4nn dia. X 2.5 mm thick. 

CAT/ UPC -1611 21or 31.00 
10 10, $4.50 10010, 535.00 

N -CHANNEL MOSFET 
IRF.511 TO -220 ore 

CATI IRF S11 

11.00 loch to ton 8.00 
LARGE QUANTITY AVAILABLE 

STROBE KIT 

á5 

Variable redo Hrob. k1. IWhe. b.Iween 60 to 120 
times per minute Will operate 0n e4M1 B or 12 Vdc 
dep.nd,ng upon how you woe IM o/cut. Cons 
oonp1M. with P.C. board end .11111ion. la Noy 

eesembly. CATI STROBE -1 97.50 each 

TELEPHONE COUPLING 
TRANSFORMER 

Muni Product. Inl..nahon.l A19N'HOIa1 
Primary 600 ohm 
Secondary: 6031600 ohm 
77- X. 61' X. 63' high. 

6 p.c. pins on 18T ante. 
Primary indrd.nce: 
300 mH non., at MHz. t von. 

CATI TCTX-1 91.25 noch 
101. 311.00 10010,995.00 

OPTO SENSOR 
U .hayed package with mounting 
ewe. 1g' opening. 304' mounting 
hole*. CATI 00U. 500 each 

1010 $4.50 1001. 340.00 

MOTORS 
1 1/2 Vdc TOY MOTOR 
Beet Motor Co./ R.20 
Designed to run on 1.5 volt - 
ban.n... 0.87 diameter, 1.14' 
long. 0.09' d..11.11 is 0.32' ling. 
Prepped with red and due w,re 
bad.. Ideal 1or by.. scence 
promote and low power application.. 

CAT/ DCM-1S 3l. 31.00 
to I0, 33.00 10010. 125.00 

3-6 Vde MOTOR 
M.buchi Motor. 
1.08' chants. 01.42. brig. 
.09' lande, knurled .han X 

.3' long. Solder termina.. 
TMesded mounting hole* on .65' conter.. 
CATI DCM-16 656 .0th 
101,66.00 125 1. $82.50 

ORDER 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 
FOREIGN ORDERS 

INCLUDE SUFFICIENT 
SHIPPING. NO C.O.D. 

DISCOVER 
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17-800.-344-4539 CORPORATION AK, Puerto Rico - 218.681-0874 Telex - 1=7814 FAX - 218491-3300 TAM - 9103500M2 DIOS KEY CORP 
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What's New at 
AMERICAN DESIGN COMPONENTS? 

"The First Source" for the 
Tinkerer, Teacher, Hobbyist, 

Technician, Manufacturer, Engineer 

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! 

Call Toll Free: (800) 524-0809 

THERE'S NO RISK! 
With our 90 -day warranty, 

any purchase can be returned for 
any reason for full credit or refund. 

ADAM ACCESSORIES... 
ADAM 51/4" DISK DRIVE... 
Gives your Adam fast, reliable data storage & re- 
trieval. Can hold up to 160Kb of information Uses 
industry -standard SS/DD disks. Connects directly 
to your Adam memory console. Comes w/disk 
drive power supply, Disk Manager disk & owner's 
manual. Coleco, model 7817. 

Item #12830 New - $175.00 
ADAM PRINTER... Friction feed. Takes 
standard paper 81/2 x 11". 

Item #8839 New - $69.50 
COLECOVISIONto ADAM 
EXPANSION KIT... 

Item #9918 $59.50 
DATA DRIVE... Item #6641 $19.95 
PRINTER POWER SUPPLY... 

Item #6642 $14.95 
ASCII KEYBOARD... 

Item #6643 $19.95 
CONTROLLERS Set of 4)... 

Item #7013 $9.95 RFE 

ADAM CASSETTES... 
Incl. Smart Basic, Buck Rogers & blank 
cassette. Item #7786 

Baker's Dozen - $19.95 
ADAM DAISY PRINT WHEEL... 

Item #13305 $3.95 
ADAM RIBBON CARTRIDGE... 

Item #13306 $3,95 
NEW BLANK TAPES... 

Item #20868 4 for $10.00 
SMART BASIC PROG. MANUAL... 

Item #20875 New - $14.95 
ADAM SOFTWARE SET... 
Incl. Expertype, Recipe Filer, Smart Letters & 
Forms, and Zaxxon. $29.95 Item #21746 New - 

31/2", 20Mb., 
HALF -HEIGHT 
HARD DISK DRIVE 

(ST225 Compatible) 
Universal 51/4' mounting. For 
PC/XT/AT compatible computers. 
Average access time: 62 cosec. 
Mfr - Lapine #LT2000. 

Item #15853 New - $179.00 

31/2" FLOPPY 
DISK 
DRIVES 

Half Haight 
Capadtance: 1.0 Mb 
(unformatted); 3 ms ac- 

cess time. 135 TPI, 160 track. Power: 

3.5W @ 12V±5%. Mfr. - Panasonic 
#JU -363.10 Item #22075 NEW 

Full Height - Capacitance:1.0 
Mb (unformatted); 3 ms access time. 135 

TPI. Power req.: +12 & +15V. Removed 
from operational computers. Tested - 
L#re New!NEC #FD1035 Item #17171 

$79.00; 2 for $150.00 

51/4" FULL -HEIGHT 
DISK DRIVE 
(IBM" 
Compat.) 

48 TPI, 40 Track, 
Double Side/Double Density 
Mfr.- CDC 9409T 

Item #7928 $79.00 New 
2 for $150.00 New 

EXTERNAL DISK 
DRIVE CHASSIS 

With 
60W 
power 
supply 
(fan cooled). 
Can accommodate: 
2 full -ht drives ADC item #7928 
2 floppy drives #10005/17171 
1 hard drive #19704 

& 1 floppy #10005 
Input: 115/230V, 50/60 Hz. 
Orig. for Burroughs computer. 
Dim.: 11"W x 8"H x 12" deep 

Item #14541 $59.50 
MAGNIFYING 
LAMP 

Multi -position, 30", 
completely adjustable 
swing arm, with 3 -way metal 
C -clamp. Has 4" diopter magni- 
fying lens, w/ruler. Porcelain 
lamp socket and on/off switch; 
uses up to a 60W bulb. Color: 
beige. UL listed. 
Item #13136 New - $29.95 

VOICE -ACTIVATED 
SWITCH 

'Activate 
'on' or 'off' 
with the 
sound el 
your voice, 
a whistle 
or clap... - 
Ideal for robotics, lights, C' 
etc. Turns on w/the first sound & 
off w/the second. Solid-state units 
w/adjust. sens. control & pick-up 
microphone attached to PC board. 
Dim.: 23/4" x 31/18 x 74". VOX in- 
put 6-9VDC; can be used w/any 
standard battery. Item #16440. 

3 switches / $9.95 

Brighteye's 
HEADLIGHTS' 
'The Hands -Free Flashlight" 

'Headlights' are 
worn, not held, 
allowing you to use 

both hands for 

work while brightly 
lighting your work ' 
area. Perfect for 
mechanics, electri- 
cians and plumb- 
ers, technical repairs, computers, etc. 

Powered by 4'AAA' batteries (incl.). 

Warranty included. 

Item #22073 New - $12.95 

PC/XT/AT Compatible 
ENHANCED LAYOUT 
101 -KEY KEYBOARD 

* Membrane 
* 12 Function Keys 
* Separate Numerical Cursor 
* LED indicators for Scroll, 

Caps & Number locks 
* 1" inclination Foot Stand 
Mfr. #29079 
Item #19680 New - $49.95 

DIGITAL MULTIMETERS... 
9 Function Basic Accuracy .5% 
3-1/2 digit LCD (.5" high) 

Model #5325 Model #7905C 

DCV: 100µV -1000V 
ACF:100µV-750V 
DCA: 100nA-10A 
ACA:100nA-10A 
Resist:100mO-20m0 
Diode test:1mA., 3.2V 
hFE test: 0-1000 
Instant continuity:100ms 
Capactance:lpF-200F 
Compl. w/probes, 9V 
battery, spare fuse & op- 
erating manual. 
Item #20058 

New - $49.00 

DCV: 1001V -1000V 
ACF:100µV-750V 
DCA: 100nA-1 oA 
ACA: 100nA-10A 
Resist: 100m0 -20m0 
Diode lest:) mA., 2.8V 
hFE test: 0-1000 
Instant continuity 
Capacitance:1pF-20uF 
Comp). wideluue test leads, 

9V battery, spare fuse, op- 

erating manual & carrying 

case. Item #20059 

New - $69.00 

STEPPING MOTORS 
for ROBOTICS,.. 
Precision steppers with 
increments from 1 to 7.5'. 
Speeds up to 5,000 steps. 

2' L x 214'dia. x 21/¡H 

Item Step DC Torque 
No. Angle Voltage ox/in. Type 

7630 1.8° 3.0 200 PM 

16410 

16406 

7014 

1.8° 12.0 

3.6° 12.0 

7.5° 12.0 

*Grams per Cm. 

11/f sq. x 114 -deep 

Fig. 2 

Mfr. & Part No. 

r 
M092-FT-Superio402 

700 PM Applied 
-839Motion 4017 

700 PM Applied Motion 
4017-838 

900' PM Mitsubishi 
5551-25DAYA 

Call or write with any 
other requirements... 
SWITCHING 
POWER 
SUPPLY... 

Input Voltage: 115/230VAC, 50/60 Hz. 

DC Output: + 5V @ 18A. 
+12v @ 2.5A. 
-12V @ 2.5A. 

Dim.: 13" L x 41/2 "W x 11/2" H 
Mfr - Solar #39-139 

Item #17210 New - $29.95 

Fig. 3 

21/8W 
o 1" deep 

Fig. Price 

1 $34.50 ea. 
2 for $59.50 

2 $9.95 ea. 
2 for 014.95 

2 $9.95 ea. 
2 for 014.95 

3 $10.95 ea. 
2 for $19.95 

High Resolution 
TTL MONITORS... 
(Open Frame) 

9"- 12voc 
Green phosphor. Schematic incl. 
Motorola #MD2003-190 
Item #17198 New - $19.95 

12"- 12VDC, Green phosphor. 
Subassemblies, CRT, board & 
transformer iincl. Comes w/hook- 
up diagram. 

Item #6811 New - $19.95 

115 CFM MUFFIN® 
FANS 

115VAC, 
60Hz., 
21W., 
28A., 
3100 RPM, 5 -blade model, alumin- 
um housing. Can be mounted for 
blowing or exhaust. Dimensions: 
411/18" sq. x 11/2" deep. Mfr: IMC 

Item #1864 New - $9.95 
W/Adjustable Speed Control 

Item #20611 $12.95 

ram kits 
are available now! 
ANTI -GLARE 
SCREENS... 
Glare & reflection filters that 
improve speed, accuracy & 
operator 
comfort... 

IBM PC 
Monochrome Item #19215 
IBM PC Color Item #19216 
AT&TMonochrome Item #19223 
Apple Macintosh Item #19225 
Compaq Portable Item #19226 

New - $8.95 ea.; 2/ $15.00 

Electronic Instant Ignition 
MICRO TORCH 

Hand Held 
Adjust. Flame 
Refillable 1.58 fl. oz. 
Butane Gas Tank 

Can be used in a wide 
range of applications: 

elect. installations, well- 
ing, shrink tubing, jewelry 
& toy repairs, de -freezing 
pipes, etc. Precise & cont- 
rolled hi -temp. flame, max: 
1300'C/2370e.. Flame adj.: 1/2 to 1-1/2'. 

Working time: about 2 hrs. Metal stand 

incl. Dim. 6.1/4H x 1-3/16' dia. 

Mfr - Vulcan #20. 

Item #22072 New - $39.95 
DYNAMIC MEMORY 
BOARD 

'Upgrade your computer's memory." 
Holds up to 256Kb of memory, can 
add in increm. as your needs grow. 
* 0-256kb in 64Kb increments 
* Fully socketed for easy uprade 

11BM parity checking) 
* Memdisk - simulates high-speed 

disk in RAM memory 
* Allows you to prim while still 

using your computer 
All software included. 
Techmar #MU -203010 (w/o Ram) 

Item #19977 New - $29.95 
64Kb RAM Upgrade (Set of 9 chips) 

Item #19983 1 set/ $17.50 

NICAD BATTERIES... 
Rechargeable, perfect for toys, radios, calcula- 
tors, flashlights, etc. Connected in series. 

"1/2 AA" Cells 
3.6V 

@250ma 
3 -pack. Dun.: 13/¡x 11/0 x 5/8'. 

Sanyo/GE or equiv Item #18433 New - $2.95 
"AA" Cells - 3.6V @ 450ine. 

3 -pack .(Shur* wrapped). Dim.: 13/¡e 114 x7/16". 

Major Mfrs. Item #9307 RFE - $1.50 
"C" Cells 

6V @ 125Áh. 
5 cells connected in series, wrapped in black plastic cas- 

ing. Dim.: 73/41 x 11/4 da. Major Mfrs. $7.95 
hem #19675 New - 

AMERICAN DESIGN COMPONENTS, 815 FAIRVIEW AVE., P.O. BOX 220, FAIRVIEW, N.J. 07022 

YES! Please send me the following items- O My check or money order is enclosed. 

Q Charge my credit card. 
No. Many? Description Price Total Q Visa Master Card Amex 

Item How 

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 

Card No. 

MINIMUM 
ORDER 

$15. 
RE -689 

Exp. Date 

Signature 

Telephone: Area Code 

Name 

Number 

Address 

City 

ORDER TOTAL All inquiries and free catalog requests -call (201) 941-5000. 

For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201) 941-5000. 
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Buy with 

Confidence 

In an effort to make your 
telephone purchasing a more 
successful and pleasurable 
activity, The Microcomputer 
Marketing Council of the 
Direct Marketing Association, 
Inc. offers this advice, "A 
knowledgeable buyer will be a 
successful buyer." These are 
specific facts you should know 
about the prospective seller 
before placing an order: 

Ask These Important 
Questions 

How long has the company 
been in business? 

Does the company offer 
technical assistance? 

Is there a service facility? 

Are manufacturer's warran- 
ties handled through the 
company? 
Does the seller have formal 
return and refund policies? 

Is there an additional charge 
for use of credit cards? 

Are credit card charges held 
until time of shipment? 
What are shipping costs for 
items ordered? 

(c) Direct Marketing Association, Inc. 1988 

This message is brought to you 
by: 

the MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing 
Association, Inc. 
6 E. 43rd St., 
New York, NY 10017 

MC 
MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing Association, Inc. 

Reputable computer dealers 
will answer all these questions 
to your satisfaction. Don't 
settle for less when buying your 
computer hardware, software, 
peripherals and supplies. 

Purchasing Guidelines 
State as completely and ac- 
curately as you can what 
merchandise you want in- 
cluding brand name, model 
number, catalog number. 

Establish that the item is in 
stock and confirm shipping 
date. 

Confirm that the price is as 
advertised . 

Obtain an order number 
and identification of the 
sales representative. 

Make a record of your 
order, noting exact price in- 
cluding shipping, date of 
order, promised shipping 
date and order number. 

If you ever have a problem, 
remember to deal first with the 
seller. If you cannot resolve the 
problem, write to MAIL 
ORDER ACTION LINE, c/o 
DMA, 6 E. 43rd St., New York, 
NY 10017. 
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ftadue Ihaek Parts Plaeë 
SUPER SELECTION, SUPER VALUES COME IN TODAY! 

"Hotline" Special -Order Service 
Save Postage". We Deliver to 
Your Local Radio Shack 
Save Time! Delivery on 
Most Items in One Week 

Your Radio Shack store manager 
can special -order a wide variety 
of parts and accessories not 
shown in our catalog-tubes, 
ICs, phono cartridges and styli, 
crystals, SAMS Photofacts® No 
minimum or handling charge! 

Get Your Novice Ham License 

1995 
Complete 
Self -Study 

Course 

Prepared by Gordon West, 
WB5NOA 

Take advantage of the new voice and radio -computing privileges! Includes two 
self -paced code cassettes, study guide with exam questions and answers, 
FCC Form 610 and a sturdy molded binder. #62-2402 

Computer Hookups 
(3) 

Fig. Description Cat. No. Price 
1 6 -Ft. Grounded AC Power Cord 278-1257 3.99 
2 "Snap" Toroid Choke Cores (2) 273-104 6.95 
3 IDC Installation Tool 276-1596 12.95 
4 Male D -Sub 25 Connector 276-1559 3.99 - Female D -Sub 25 276-1565 3.99 - 36 -Position IDC Male 276-1533 4.99 - 36 Position IDC Female 276-1523 4.99 

ICs for Experimenters 

995 595 
VCP200 Voice Recognizer. Easy -to -use LSI de- 
vice understands seven preset motion and start/ 
stop commands. With data. #276-1308 .... 9.95 

TDA7000 FM Receiver. RF, mixer, 70 kHz IF and 
demod stages in one IC. With data. See project in 
July '88 Hands On Electronics. 
#276-1304 5 95 

Solar Project Kit 

995 

Harness 
The Sun! 

Great for scouts or school science class! Includes 
mini solar panel, motor, color wheel, propeller, pro- 
ject booklet. #277-1201 

Capacitor Bargains 
(1) (2) 

(1) 0.1 µF Monolithics. 50 WVDC. High capacity 
in a tiny size-ideal for on -board noise cleanup. 
#272-109 Pkg. of 5/1.79 
(2) Low-pF Assortment. 50 ceramic discs, hard - 
to -find values from 1 to 33 pF. 50 WVDC. 
#272-806 Pkg. of 50/2.99 
(3) 95-420 pF Trimmer. #272-1336 1 69 

Antenna Components 
(2) / 1 (1) 

(1) 50 Feet of RG -58 52 -Ohm Cable. Top quality 
and prewired! PL -259 plug at each end. 
#278-971 11.95 
(2) Shortwave Antenna Kit. 75 feet of copper 
antenna wire, 50 feet o lead-in, window feed - 
through and insulators. #278-758 8 49 

Project Accessories 

(1) 9V Battery Holders. #270-326 2/698 
(2) Case. For a controller, beeper, small portable 
device. 33/4 x 25/16 x11 Removable end panel. 
#270-293 3 99 
(3) SPDT Lever Switch. #275-016 1 69 

Resistor Values 
(1) (3) -1.311111- 

(2) IMMIlf 
(1) Precision Thermistor. Range: 
-50 to +110° C. #271-110 .. 1.99 
(2) 15 -Turn Trimmer Pots. Select 
from 1k, #271-342. 10k, #271-343. 
20k, #271-340 Each 1.49 
(3) 8 -Ohm Non -Inductive Resis- 
tor. 20W. #271-120 1 39 

Bench Helpers 

(t) 
(2) 

(1) Head Light. Really handy-puts 
light where you look! Comfortable 
band. #61-2510 3 99 
(2) Anti -Static TV/RF Alignment 
Tool Set. #64-2230 3 99 

Chime and Buzzers 
(i) (2) (3) o 

(1) Electronic Chime. Delivers pleasant 
in dong" output. #273-071 8 69 

(2) Two -Tone Piezo Alerter. For 6 to 
8VDC. Extra -loud. #273-070 .... 9.95 

(3) Miniature DC Buzzers 
DC Voltage Cat. No. Each 

1.5 to 3 273-053 1.99 
6 273-054 1.99 
12 273-055 1.99 

Optoelectronics 
(1) 

(1) Infrared Detector Module. Built-in 
amp. 5VDC. #276-137 3 49 
(2) SEP8703-1 infrared LED. Low power 
and high output. #276-143 1 69 
(3) Blinking Red LED. Super indicator! 
#276-036 129 
(4) Blinking Green LED. 1 Hz flash rate. 
#276-030 129 

(1) Adjustable Project Holder. For easier solder- 
ing, gluing and assembly. #64-2093 7 99 
(2) Dual -Wattage Soldering Iron. Go from 15 to 
30 watts with the flick of a switch. Replaceable tip. 
81/4" long. #64-2055 8 95 

Logic Probe and Pulser 

1695 

1795 

Probe. LEDs and tones reveal logic states in digital 
circuits. #22-303 16.95 
Pulser. Teammate for the probe. Produces a single 
5 is pulse or a continuous pulse train at the push of 
a button. #22-304 17.95 

Clamp -On AC Meter 

Measures AC current without direct connection to 
circuit and AC voltage with included test leads. 
Plug-in inductive pickup/multiplier for testing de- 
vices with an AC cord. #22-161 

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, Transistors, Wire, Zeners, More! 

Prices apply at participating Radio Shack stores and dealers 

ftadue lhaek 
The Technology Store" 

A DIVISION OF TANDY CORPORATION 
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ADVERTISING INDEX 

Active 
keeps you 

active! 

Whether you are in an "after - 
hour emergency" or are a 
dedicated "do-it-yourselfer", 
Active can help you! Visit 
one of our conveniently 
located stores, or refer to our 
catalogue. Call toll -free to 
access North America's 
largest and best selection of 
electronic components and 
accessories! Active, an 
affiliate of Future 
Electronics has over 12,000 
first grade, industrial items in 
stock ready for immediate 
delivery. 

You can count on us! 
Locations Nearest You 

Westborough, MA 
508-366-8899 
Woburn, MA 
617-932-4616 

Long Island, NY 
516-471-5400 

Mt. Laurel, N.J. 
609-273-2700 

Detroit, MI 
313-689-8000 

Chicago, IL 
312-593-6655 
Seattle, WA 

206-881-8191 
Santa Clara, CA 

408-727-4550 
Baltimore, MD 
301-536-5400 
BY PHONE 

1 -800 -ACTIVE -4 

i t i,1 ;e 
TOLL -FREE 

1 -800 -ACTIVE -4 
CIRCLE 52 ON FREE INFORMATION CARD 

RADIO -ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 

Free Information Number Page 

108 AMC Sales 26 

75 Ace Products 73 

52 Active Electronics 106 

107 All Electronics 101 

- Amazing Concepts 92, 94 

106 American Design Components .. 103 

77 B&K Precision 

67 Banner Technical Books 72 

98 Beckman Industrial 27 

109 C & S Sales 3 

70 CEI 

60 CIE 11, 32 

Chemtronics 72 

Command Productions 15 

54 

176 

187 

58 

69 

178 

127 

82 

181 

121 

86 

182 

65 

113 

Communications Specialists 

Concord 78 

Cook's Institute 71 

Crystek IS 

Daeshin 73 

Deco Industries 73 

Digi-Key 102 

Electronic Goldmine 89 

Electronics Book Club 56 

Fluke Manufacturing CV2 

Grantham College of Eng. 4 

Heathkit 95 

ICS Computer Training 26 

J&W 5 

JDR Microdevices 98 

170,171 JDR Microdevices 99, 100 

114 Jameco 96 

104 Jan Crystals 71 

Joseph Electronics 23 

89 MAT Electronics 90 

53 MD Electronics 93 

93 Mark V. Electronics 93, 73 

- McGraw Hill Book Club 38 

61 Microprocessors Unitd 85 

- Microcomputer Marketing 104 

NRI 7, 21 

- Nuts & Volts 

183 Opto Electronics 74 

- Pacific Cable 94, 91 

56 Parts Express 94 

101 Pomona Electronics 24 

78 Radio Shack 105 

186 SCO Electronics 15 

- Scope Electronics CV4 

25 179,180 Sencore CV3, 17 

74 Solid State Sales 92 

- Star Circuits 78 

- Synergetics 68 

90 92 Tektronix 28 

123 Test Probes 88 

184 Triplett 13 

185 Viejo Publications 26 

77 177 WPT Publications 77 

Gernsback Publications, Inc. 
500-B Bi -County Blvd. 
Farmingdale, NY 1 1735 
1-516-293-3000 
Fax 1-516-293-3115 
President: Larry Steckler 
Vice President: Cathy Steckler 

For Advertising ONLY 
1-516-293-3000 
Fax 1-516-293-3115 
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 
1-718-428-6037,1-516-293-3000 

MIDWEST/Texas/Ark 
Okla. 
Ralph Bergen 
Midwest Sales Manager 
Radio -Electronics 
540 Frontage Road-Suite 339 
Northfield, IL 60093 
1-312-446-1444 
Fax 1-312-446-8451 

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 
Fax 1-818-986-2009 
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 Dyr_ainieally tests SCRs, Triacs, High 
Value Resistors, and locates the distance 
to within feet of an open or short in a 
transn_ission line fin an added bonus. 

Automatically makes all of the tests, 
compares them to EIA (Electronic 
Industries Association) standards and 
reads the results as Good or Bad. Enter 
all information rig -it from the 
composent without look -up charts, 
calcu_atiens, or errors. 

SNCORí= LC1C: AUTO Z 

Extends your testing capability to 
places where an AC cord won't reach, 
with rechargeable 9 hour battery or AC 
operations. 

An added feature alerts you that the 
fuse has opened, and that there may be 
residual high voltage on the component 
under test. 

CAPACITOR -INDUCTOR ANALYZER 

GOOD 

COMPONENT TYPE 

e 
AIUMINUM 

ly ICS 

CERAMIC 
CAPS 

cats 

POWER 

0., 

eooya 

tAVEn 

e 
LOTH R 

CAPS 

TO 14.1.1_51 

CA r 5 

e 
awITCH1IG 
60RMEr6 

TEST LEAL 

COMPONENT PARAMETERS 
MENIC INPUT 

ELI 
123ß 

S 

LEAD ZERO 

OPEN 

SHORT 

Find The Defective Capacitors, Coils, Resistors, 
SCRs And Triacs That All Other Testers Miss ... 

Presenting a new, improved, dyramic 
and mistake proof LC Analyzer skat 
finds defective components all osier 
testers miss. 

Dynamically tests capacitors for value 
from 1 pF to 20F, leakage with up to 1000 
volts applied, dielectric absorption and 
equivalent series resistance (ESL. 

Dynamically tests inductors, iaorout 
of circuit, from 1 uH to 210 Henrys for 
opens, shorts, value, and detectseven 
one shorted turn. 

e\ THE ARD 

It's like having your own Standards Engineer 
with you at all times. 

With The All New, 
LC102 AUTO ZTM Automatic 
Capacitor -Inductor Analyzer. 

Four Patents 

LEAKAGE 

e 
CURRENI 

OHMS 

HANG:S IRP Id.% o NM to 20H 

$1895 

4 PF 

ENIr11 

I 

[MF 

I. S '_I VOLTS 

OOU 
ii/li' e 

0 WARNING: Flashing light indicates 251000V applied to test leads 

W 
STOP TESTING: Protection circuit orf useei open. Capacitor being tested may be charged. 

al Nos. 3990002. 4258315. 4267503. Others Pendlny 

Call 1-800-843-3338 
In Canada Call 1-800-851-8866 
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Super values on the tools and instruments you need to 

identify problems, get to them quickly and make repairs easily! 

PRECISION HAND-HELD INSTRUMENTS 
Lightweight convenience. Easy to read 

Fast, precise results 

B & K Precision Test Bench7M 

41 range voltmeter Ammeter 
Ohmmeter Frequency counter 

Capacitance meter 
Logic probe 
Transistor & 
diode tester 
Extra -large 
LCD display 

SCOPE Digital Multimeter 
11 function, 38 ranges 

including: Logic Level Detector, 
Audible and 
Visual 

1, 

Continuity, 
Capacitance & 
Conductance 
measurements. 

-®iw 
Model Model 

388 -HD DVM-638 
Reg. Reg. 

$129.95 $87.50 

Our Price Our Price 

$ 1 1 9 00 
$ 79s5 

:1211:=1 MIMICS 

¡MUM.; 
-,..r 
í7 e 7 s :zdes 

CA -92 Deluxe Padded Case for DVM meters $9.95 
TL -216 Transistor and Capacitance Test Leads $9.90 

ALL-PURPOSE 
92 -PC. 

TOOL CASE 
Conplete kit for home, 

wo-ks#1op and auto 
Ind ides 52 -pc. socket set 

with eÁtenders 2 tool pallets 

with roomy rear storage 
compartments Attractive, 
rugged carry case. 

Model 
FTK4 8 
Reg 

816995 

Our Pre 

$12995 

DUAL TRACE OSCILLOSCOPES 

A.W. SPERRY 20 MHz 

OSCILLOSCOPE 
Built-in component 

checker Z-axis input 
Low power consump- 

tion TV Video sync 
filter High -sensitivity 
X -Y mode Front panel 
trace rotator Includes 
2 test probes 

Model 620C 

Our Price $34995 
Special Price 

SCOPE 
ELECTRONICS 
260 Motor Parkway 
Hauppauge, New York 11788 

HITACHI 35 MHz 
OSC LLOSCOPE 

'9 ìalibrated sweeps 
6" ZRT with internal 

graficule, scale 
illunination & photo- 
grapt is bezel Auto 
-ocus X -Y operation 

-V sync separation 
Inc udes 2 probes 

;10:1 and 1:1) 

Model V-355 
3eç.99à 

$59800 $8 
Jur Prte 

ASK FOR YOUR FREE CATALOG 

Tom" 800-6482626 FREE 
TELEPHONE 

(In NY 
State 

800-832-1446 Ext. 242) 

ORDERS 
VISA R 

NOW! 

Service & Shipping Charge Schedule 

ORDERS ADO 
U.S.A. 

Aoo 
$25-50 $450 
$51-100 $550 
$101-200 $700 
$201-300 $500 
6351-400 $9.00 
6407-500. _ $10.00 
1501-750. $1250 
1751-1000 $1500 
61001.1,250 - $1750 
11.251-1500 $20.00 
$1501-2000 $25.00 
12001 and Up - $30.00 
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