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Before you get turned on 
by the front of a meter, make sure there's 

something behind it. 

Fluke meters are designed for professionals who value function over frills. 
There's nothing superficial about the Fluke family of versatile digital multimeters. Pick one up and you feel 

that it's a substantial tool. Designed to fit the application and the way you work. With features like our pat- 

ented Touch Hold`s function that freezes a reading on the display, and intelligently updates with each new 

reading. Automatically. Without requiring a third hand to push a button. Fluke meters attain stable, accurate 

readings in half the time of most imitations, making you more productive on the job. 

Other meters are merely "designed to meet" certain guidelines; Fluke 

designs and builds a full line of meters that actually achieve UL, VDE and TÜV 

safety certification. Fluke's guarantee goes beyond manufacturing defects to 

include meter specifications for an entire year, so you can trust the readings. 

And Fluke backs you with toll -free customer assistance numbers, and a world- 

wide service organization. Discover why more professionals around the world say, "Hand me the Fluke." See 

your local distributor, or call 1- 800 -87 -FLUKE for a catalog and the name of the distributor nearest you. 

© 1994 Fluke Corporation. P.O. Box 9090, M/S 250E, Everett, WA. 
USA 98206 -9090. U.S. (206) 356 -5400. Canada (905) 890 -7600. 
Europe (31 40) 644200. Other Countries (206) 356 -5500. 
All rights reserved. Ad No. 00567 
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Analog Module Tuning an RF front end. 

Electronics 
i Workbench 

Just $299* 
For DOS, Windows or Mac Version. 

Mark Weataer 

Produdion Engineer Technician 
Colorado Memory Systems/HP 

Electronics Workbench is a highly productive 
bench where you design and verify circuits 
in a fraction of the time. Connections are always 

perfect. Wires route themselves. And the 
simulated components and test instruments work 
just like the real thing. 
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Digital Module Analyzing a logic circuit. 

It's faster than building with actual components 
because you change connections and 
component values instantly. And since the 
simulated components are free, you don't need 
to replace burnt-out parts or keep an extensive 
inventory. The result: You save precious time and 
money. Guaranteed!* 

The standard for simplicity and power for over six 

years, Electronics Workbench is the most popular 
tool of its kind. It has gained worldwide acclaim 

as the ideal complement to any test bench. Fact: 
Over 90% of our customers recommend 
it to their friends and colleagues. 

Electronics Workb enchi 
The electronics lab in a computerr^^ 

Cath 800 263-5552 
5 

0 
INTERACTIVE IMAGE TECHNOLOGIES LTD. 
908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120 -2060 
Telephone: (416) 361 -0333 FAX: (416) 368 -5799 

*30-day money -back guarantee. 
Prices in U.S. dollars. shipping $15. Offer valid in U.S. and Canada only. 

All trademarks are the property of their respective owners. 
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CONTENTS 
ON THE COVER 

35 MICROPROCESSORS 

MARCH '1995 

Serving as the heart of today's computers, the micr 

processor is a vital part of our lives on and off the jo 

The development of better microprocessors leads d 

rectly to the advancement of other products and tec 

nologies. This 
month, we take an 

in -depth look at 

the evolution of 

microprocessors, 
examining two 
decades of micro- 

processor history. 

Required reading 

for computer 
users, hobbyists, 
technicians, and 

designers, this ar- 

ticle will help you 

understand what 
microprocessors 
are, how they 
work, and how they developed. It also includes a cap- 

sule history of the early days of computers, as well as a 

glossary of microprocessor -related terms. - Stephen J. Bigelow 
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this accurate 
handheld 
thermometer 
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from a kit. - Marc Spiwak 
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Institute of 
Standards and 
Technology using 

this simple heterodyne receiver. - Neil Heckt 
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testing your 
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Bergquist 
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As a service to readers, ELECTRONICS NOW 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, ELECTRONICS NOW 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 in ELECTRONICS NOW may relate to or be covered by U.S. patents, ELECTRONICS NOW 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. 

ELECTRONICS NOW, (ISSN 1067 -9294) March 1995. Published monthly by Gernsback Publications, Inc., 500 -B Bi- County Boulevard, Farmingdale, NY 11735. 
Second -Class Postage paid at Farmingdale, NY and additional mailing offices. Canada Post IPM Agreement No. 334103. authorized at Mississauga, Canada. 
One -year subscription rate U.S.A. and possessions $19.97, Canada $27.79 (includes G.S.T. Canadian Goods and Services Tax, Registration No. R125166280), all 
other countries $28.97. 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 
$3.50. © 1995 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A. 

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

A stamped self- address 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. 
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WHAT'S NEWS 
A review of the latest happenings in electronics. 

Legal cable equipment sales 
The Nebraska Supreme Court 

has upheld the right of independent 
vendors to sell cable converters and 
descramblers legally in Nebraska, 
and the National Consumer Cable 
Association (NCCA) has hailed the 
decision as "a major victory for the 
cable equipment manufacturing and 
distributing industry... 

The Nebraska Supreme Court 
decision followed an appeal on a 

lower court decision in the case of 
illegal seizure of cable receiving 
equipment by the Omaha police. In 

November of 1988, the Omaha po- 
lice confiscated and later destroyed 
200 converters and descramblers 
owned by Imperial Trading Compa- 
ny. The District Court determined 
that the Omaha Police had wrong- 
fully destroyed Imperial's property, 
but it only awarded the company a 
token $1 in damages. 

After reviewing the lower court 
decision, the Nebraska Supreme 
Court ruled that Imperial must be 
properly compensated for its prop- 
erty losses for an amount equal to 
the market value of the equipment 
when it was seized. The Supreme 
Court also decided that the District 
Court made a mistake in finding that 
no lawful market for the equipment 
existed outside of the cable indus- 
try. 

The NCCA sees the decision as 
an important step toward preserv- 
ing the freedom of independent 
companies to manufacture and sell 
cable equipment. Moreover, it says 
the decision gives consumers the 
right to purchase and own their own 
cable receiving equipment rather 
than requiring them to rent it from 
cable companies. 

Battery- powered cars tested 
Twenty battery- powered "station 

cars," are being tested in a year- 
long Massachusetts Electric Vehi- 
cle Demonstration Project that was 
launched in April of 1994. The com- 
muters selected to test drive the 

ONE OF THE 20 ELECTRIC CARS being 
tested in Massachusetts over short 
commuting distances.. 

Force vehicles, Geo Metros modi- 
fied by Solectria Corporation, 
Wilmington, Mass., offer high 
praise for their performance. 

The commuters have been driv- 
ing the electric cars, owned by the 
state -sponsored program, between 
their homes and nearby rapid transit 
stations. The drivers plug the bat- 
teries into electric outlets at the sta- 
tions during the day and into 
household outlets when they arrive 
home. The chargers are built into 
the vehicles. 

Karl Thidemann, Solecteria's mar- 
keting director, reports that all of the 
participating drivers have ex- 
pressed satisfaction with the vehi- 
cles."No drivers have called to say 
they were stranded because of bat- 
tery problems," he declared. Fif- 
teen of the cars are powered by 
lead -acid batteries and five are 
powered by nickel- cadmium bat- 
teries. 

The Force cars have direct -drive, 
brushless AC induction motors and 
an electronic motor controller with 
power- assisted regenerative 
brakes. The onboard chargers for 
the vehicles powered by lead -acid 
batteries are rated 1 kilowatt /120 
volts AC, and those for the nickel - 
cadmium batteries are rated 2 kilo- 
watts /208 -240 volts AC. System 

power is 42 kilowatts. The test cars 
are equipped with many of the same 
standard safety and convenience 
features found in gasoline -powered 
cars. 

The nickel- cadmium batteries in 
the five cars were produced by Saft 
America, Valdosta, GA. Jim Miller, 
Saft's project manager, said that 
these batteries function more effi- 
ciently in the bitter New England 
winter weather than lead -acid bat- 
teries. "At freezing temperatures, 
nickel- cadmium batteries lose only 
5% of their capacity," he explained. 

By contrast, lead -acid batteries 
can fall to 25 to 50% of their capaci- 
ty 

Miller said the nickel- cadmium 
batteries give the test cars a range 
of 100 miles at 45 mph, while the 
lead -acid battery- powered have a 
range of only 60 miles at 45 mph. 

Test Equipment sales to 
rebound 

The communication test- equip- 
ment market will grow from $776 
million in 1993 to $1.3 billion by the 
year 2000 according to a report en- 
titled "U.S. Communications Test 
Equipment Market 
Sales,-published by Frost & Sul- 
livan. 

The report says that the market 
will expand at an 8% compound an- 
nual rate, and this expansion will be 
driven by growth in both the com- 
puter and telecommunications mar- 
kets, as well as generally recovering 
capital goods sales following the 
economic recovery. 

The report predicts that by the 
year 2000, dedicated communica- 
tion and telecommunication test 
equipment will account for 53% of 
all communications test equipment 
sales. General purpose signal 
sources wil account for 15 %, spec- 
trum analyzers 11%, power meters 
8 %, and optical time -domain reflec- 
tometers 7 %. 

The largest growth will be in the 
Continued on page 96 
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Why Design Circuits The Hard Way? 
B2 SPICE and B2 LOGIC Make It Easy! 
Introducing B2 SPICE and B2 LOGIC for WindowsTM 
MacintoshTM , and NEW for Power MacintoshTM 
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B2 SPICE B2 LOGIC 

B2 SPICE v.1.1 and B2 LOGIC v.3.0 are the most powerful and affordable 
integrated analog and digital circuit design, simulation, and analysis packages 

available. B2 SPICE and B2 LOGIC neatly integrate the schematic editor, simulator, 

and graphics post processor. Each is fully integrated and interactive and are 

extremely easy to use for WindowsTM, MacintoshTM, and Power MacTM 

Both B2 SPICE and B2 LOGIC are currently in use at over 100 major universities 

and many leading Fortune 500 companies such as The University of Michigan, 

Stanford, AT &T, General Electric, and Hewlett Packard, to mention a few! 

B2 SPICE V 1.1 $149 
Simulation: Transient, DC Operating 
Point, DC sweep, and AC sweep 
Library: MOSFETs, BJTs, JFETs, 

op amps, & many more 
Circuit analysis based on 
Berkeley SPICE 

Device & Model Property Editing 
Flexible Visualization of Results: 

Customized Graphs and Tables 

ELECTRONIC DESIGN PACKAGE $270 
Includes B2 SPICE and B2 LOGIC 

s o I l w o r e 

B2 LOGIC V 3.0 $199 
State -of- the -art Circuit Editor 
Includes support for Buses, Virtual 
Net Connectors, and Subcircuits. 
Simulator provides realistic timing 
to 0.1 nanoseconds 
Define your own components 
using Subcircuits and PLD's 

Subcircuit Probing 
Multiple Libraries 
Customize Device Properties 
EDIF File Format Output 

Demo Disks Available 
University & Student Prices Available 
Site Licenses Available 
Dealer Inquiries Welcome 
Visa /Master Card Accepted 

Beige Bag Phone 
Software Fax 
2000 Hogback Rd, Ste. 2 E -Mail 
Ann Arbor, Michigan 48105 

313. 971. 4227 
313. 971. 3632 
info @beigebag.com or 

71620.3474 @compuserve.com 
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VIDEO NEWS 
What's new in the fast -changing video industry. 

DAVID LACHENBRUCH 

Digital Video Disc Clash. 
Smoldering dispute over standards 
for the next -generation video -disc 
system has broken into the open, 
threatening exactly the standards 
battle the movie industry had hoped 
to avoid. As reported here (Elec- 
tronics Now, January 1995), the ma- 
jor movie companies established a 

de facto group to select a digital 
video disc (DVD) standard offering 
135 minutes of playing time on a 

five -inch disc with higher quality 
than current laser discs. The stated 
aim was to avoid a repetition of the 
Beta VHS wars. 

Now, Sony and Philips have gone 
public with their system, forcing the 
competitive Toshiba Time Warner 
system into the spotlight as well. 
The Sony Philips system, as an- 
nounced, uses a single- sided, five - 
inch, high -density CD (HDCD) that 
is capable of storing 135 minutes of 
MPEG -2- quality video "together 
with multitracks of compressed dig- 
ital audio and subtitling." The use of 
"variable transfer rate" for video of 
up to 10 megabytes per second 
(mbps) "means that the picture 
quality will be superior to that of 
current consumer video," the an- 
nouncement said. The companies 
indicated that the system could be 
modified in order to achieve a "uni- 
form standard." They said that their 
HDCD platform will be capable of 
storing 3.2 gigabytes (GB) of 
data -more than five times the data 
capacity of existing music CDs. 
They emphasized that the discs 
could be produced at "conventional 
manufacturing facilities with only 
minor modifications. That means, 
they said, that "production costs of 
the proposed new discs will be sim- 
ilar to that of conventional CDs, a 

major advantage for consumers and 
media manufacturers as well for the 
hardware and software industries." 

Philips and Sony said that they 
are also discussing CD -ROM ap- 
plications of their HDCD with Ap- 
ple, Compaq, IBM, and Microsoft, 

PHILIPS' LATEST GENERATION CD -i 
PLAYER is capable of playing full -mo- 
tion -video movies and music videos re- 
corded on five -inch digital video discs. 

and are planning other multimedia 
uses, including interactive enter- 
tainment, video games, or "ultra- 
high sound quality audio." They also 
revealed specifications for a dual - 
layer version, developed in collab- 
oration with 3M, which doubles disc 
capacity to about 7.4 GB. It uses 
two reflective layers within the disc, 
making possible double playing 
time without turning the disc over. 
Both the single- and dual -layer ver- 
sions will be 1.2mm thick. The two 
companies said that standards will 
be finalized by mid -1995. 

The other system. The Phi- 
lips Sony announcement smoked 
out some details of the 
Toshiba Time Warner proposal, 
which had been kept secret. A 
statement from Toshiba said that a 

prototype had already been de- 
veloped and "mass production 
technology" was being completed 
for double -sided discs. The system 
has storage capacity of 4.8 GB per 
side, Toshiba said, adding that "we 
believe the number of sub -channels 
for dubbing soundtracks in different 
languages and the long recording 
time offered by our system ... satis- 
fy the needs and expectations" of 
the movie industry. Toshiba said that 
"a storage capacity of 4.5 gi- 
gabytes is the minimum required to 
realize quality pictures and sound." 

Toshiba's partner, Warner Home 

Video, said that the system should 
produce "radically improved pic- 
tures and audio quality at affordable 
prices on equipment that can sus- 
tain software upgrades," and added 
that, "We believe our manufacturing 
costs of discs should be compara- 
ble to those claimed by Sony and 
we have proven its manufacturability 
using existing CD equipment." 

Warner Home Video's president, 
Warren Lieberfarb, was quoted in 
Television Digest as saying that 
manufacturability of discs was 
proven at Warner's CD plant, which 
he called the world's largest. "We 
do not believe Sony has proven the 
manufacturability or costing of its 
discs," he added. "We believe that 
both the yield and cycle time of the 
double -sided disc for these high - 
density formats is vastly superior to 
the 1.2mm proposal of Sony. We 
also do not think there is a material 
cost factor associated with our play- 
er achieving backward compatibility 
with CD. 

Toshiba sources have suggested 
that the two -sided discs might ac- 
commodate two complete 
movies -one on each side, or pos- 
sibly a movie on one side and a 

derivative video game or CD -ROM 
on the other. The larger data capaci- 
ty presumably could accommodate 
five audio tracks and as many as 30 
subtitle tracks. 

Video CD, too. The fanfare 
over DVD has left Video CD in a 

sort of limbo. That format, widely 
used in Japan for karaoke, stores 
74 minutes of VHS -quality, full -mo- 
tion video on a single five -inch disc. 
In the U.S., Philips is emphasizing 
Video CD as a significant add -on to 
its CD -i interactive system, al- 
though Video CD is the least inter- 
active of its features, being 
designed to show linear movies. 
CD -i's main competitor, 3DO, is 
also featuring Video CD as an add - 
on, although currently only about 30 

Continued on page 96 

www.americanradiohistory.com

www.americanradiohistory.com


beyond 
our scope. 

Tektronix gives you an entire bench 
of affordable test instruments. 

You know us for our oscilloscopes. (Considering we are the widely 

accepted market leader, it's not surprising.) Now we've expanded 

our vision. And it's grown to include function generators, counters, 

timers, multimeters, power supplies, and accessories. All built with the 

same devotion to accuracy and reliability that you've experienced i 

our scopes. It's all compatible, fully integrated and best of all, simple 

to use. And all made 

available to you in a compre- 

hensive, affordable port- 

folio we call TekBench-. 

Come, try one out when 

TEKBENCH 

you next need something for your bench. We believe we'll be well 

within your scope. For more information or the name of the 

Authorized TekBench- Distributor nearest you, call 1- 800 -426 -2200. 

(When prompted, press 3 and request ext. 335.) 

ly Win 11211111, 
Pì Cnprripht 1vv4. Trktrnn{k. Im All right, renewed. Tektronix and Teklienchare trademark, ofTektrnn [1,1A ,on17 4 
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Q&A 
Write to Q & A, Electronics Now, 500 -B Bi- County Blvd., Farmingdale, NY 11735 

LOW -POWER CLOCK 
I'm building a circuit that 

needs a relatively slow clock to 
control it. The frequency of the 
clock has to have a range from 
about 0.1 to 2 Hz. I'm not looking 
for crystal accuracy. However, 
because the circuit must be bat- 
tery powered and mounted in a 
remote location where it will be 
difficult to service, I do want a 
circuit that uses very little 
power. Do you have a simple off- 
the -shelf circuit I can use ? -D. 
Katz, Great Neck, NY 

The development of low -power 
components over the last several 
years has made the working life of 
batteries approach their shelf life in 

some circuits. This made the whole 
digital wristwatch industry possible. 
While it's not easy to steal clock 
pulses from a digital watch, there 
are some alternatives you can use 
for your application. You should find 
the circuits shown in Fig. 1 to be 
what you need. 

The LM3909 is an LED flasher IC 
that is designed to oscillate at about 
the frequencies you're looking for. It 

can be set to one frequency or its 
frequency can be trimmer- adjusta- 
ble. The 3909 will work reliably with 
a wide supply voltage range, and if 
you power it with a single alkaline D 
cell, the cell should last more than 
two years. Even though you need 
only clock pulses, remember that 
the 3909 can supply current pulses 
of up to 45 milliamperes at greater 
than 2 volts. 

The clock output of the first cir- 
cuit can be changed by changing 
the value of the capacitor, as indicat- 
ed in the drawing. If you want to be 
able to adjust the clock frequency 
on the fly, use the second circuit and 
adjust the frequency with the trim- 
mer shown in the schematic. 

DECELERATION DETECTOR 
I'm looking for a way to detect 

deceleration in an automobile. 
Do you have any ideas about 

8 how this could be done? I'd like 

r 
30 OF 

3909 

8/ 
+I I 

8 

7 

6 

s 

(SEE TEXT " ) 

.0003 
C 

FIG. 1 -THE LM3909 is an LED flasher IC that is designed to oscillate at low frequen- 
cies. The clock output of the first circuit can be changed by changing the value of the 
capacitor, and the second circuit lets you adjust the frequency with the trimmer. 

the device to be completely 
electronic because I think that 
would make it more reliable. -P. 
Pezzino, Cedar Grove, NJ 

Detecting acceleration or de- 
celeration always requires some 
kind of mechanical sensor. Even the 
accelerometers used in the most 
modern missiles and airplanes con- 
tain mechanical components. 

This type of circuit can be broken 
into two basic parts. The first part 
detects changes in movement and 
converts those changes into an 
electronic signal. The second part 
measures the signal and displays it. 

One technique is to measure the 
rotational speed of either the 
wheels or the drive shaft. How you 
do this depends on the particular 
car; front wheel drive cars don't 
have drive shafts in the traditional 
sense. In that case, you'd have to 
measure the speed of the wheels. 

The basic procedure is to attach 
something to the moving part that 
can sense the rotational speed. This 
can be done optically or magnet- 
ically, but considering the harsh en- 
vironment under a car, a magnetic 
pickup is the better choice. Magnet- 
ically coupled switches -such as 
the kind used in alarms to detect 
when a door or window opens -are 
readily available. 

Another possibility is to use a de- 

vice made specifically for the job, 
such as Analog Devices' ADXL50 
solid -state accelerometer. The 
ADXL50 is essentially a capacitor 
with one stationary plate and one 
flexible plate. Acceleration can be 
determined by measuring the 
change in capacitance that occurs 
when the device is accelerated. 

You could also try experimenting 
with your own accelerometer de- 
sign. The resistance of conductive 
foam (the kind that protects static - 
sensitive CMOS ICs) changes as 
the foam is compressed. If you sus- 
pend a relatively heavy object be- 
tween two pieces of this foam, 
changes in speed will cause the ob- 
ject to compress the foam in front 
when you decelerate, and corn - 
press the foam in back when you 
accelerate. By constantly measur- 
ing the minute changes in the resis- 
tance of the two pieces of foam, 
you'll have a signal that can tell you 
how much your car is accelerating 
or decelerating. 

The circuit you need to convert 
the signal to a number on a dial 
depends on which approach you 
take to produce the signal in the first 
place. For example, the magnetic - 
pickup approach would require a 

counter circuit to count the change 
in rate of the number of switch clo- 
sures per second. 
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Be a high -paid computer 
service technician 

Train With NRI - America's #1 Choice in Computer Training 

Only NRI gets you inside a powerful 
486DX2/66 MHz Intel -based computer 
system you keep - giving you the 
hands -on experience you need to 
work with, troubleshoot, and repair 
today's most widely used computer 
systems. There's no more affordable 
way to start a money - making career, 
even a business of your own, as a 
computer service technician. 

Rely on the 
original -- NRI 

Over a decade ago, NRI 

pioneered at -home training 
in computer 
servicing. Today, 
NRI offers the 
only computer 
servicing course 
with real -world 
experiments 
using state -of -the -art 
computer equipment 
and professional diagnostic tools. 

There's no doubt about it: Working 
"hands -on" with all the most sought -after 
technology gives you practical skills and 
lasting confidence. Performing key tests 
and demonstrations, you're able to see for 
yourself how things work, what can go 

wrong, and how you can fix it. 

Train with and keep 
the most advanced computer 

in home study today 
NR1's unique training has you explore a top- 
notch computer system and its peripherals, 
beginning with the 486DX2 Intel CPU and 
Pentium Overdrive -ready motherboard. 

Your computer features 8 meg RAM, 
420 meg hard drive, and fax /modem to 
store, receive, and send huge amounts 
of data. 

You'll also appreciate the brilliant 
display of your Super VGA color monitor, 
the drama of your CD -ROM drive and 
16 -bit sound card, as well as the 
cutting -edge technology of Windows 95. 

Plus learn to use Ultra -X professional 
diagnostic hardware and software to pinpoint 
problems on any IBM -compatible machine. 

No experience needed, 
NRI builds it in 

Studies show that jobs for computer service 
technicians will be up by 38% in the next 
10 years. Even if you've never worked with 

NEW! 
486DX2/66 MHz 

Multimedia PC and 
Windows 95 

YOU GET EVERYTHING YOU 

NEED FOR SUCCESS 

. 436DX2A6 Nib IN1EI -EASED 

compatibility, 8 meg 
m Overdrive -ready 

, and math coprocessor 

GA COLOR MONITOR 

With .28mm dot pitch for high -resolution 
, v /'Y graphics and tilt -swivel base 

1íi 420 MEG NAAR DRIVE 

For greater data storage capacity 
and data access speed 

W EXCmNG MULTIMEDIA 

PERIPHERALS 

Double -speed CD -ROM 
drive, I 6-bit sound 
card with speakers, 
and reference CD 

FAX/MODEM 

Gives you access to a 
world of on -line information 

ULTRA -X DIAGNOSTIC 

PACKAGE 

R.A.C.E.R. plug -in card and 
QuickTech -PRO software help you detect 
problems on virtually all IBM- compatible 
machines, even if computer is 5% operational. 

IV NRI DISCOVERY LAB 

Complete breadboarding system lets you design 
and modify circuits, diagnose and repair faults 

tai DIGITAL MULTIMETER 

Professional, hand -held test instrument for quick 
and easy measurements 

WINDOWS 96 
The time- saving operating system that everyone 
will be using tomorrow 

-"% . 
. 

computers before, NRI's interactive training 
builds such a solid foundation of know -how 
and practical experience that tomorrow's 
jobs can be yours. 

Right from the start, hands -on 
experiments reinforce concepts presented 
in NRI's bite -sized lessons. And because 
your work is reviewed by your personal 
instructor, you know for certain that you 
can apply theory to real -world demands. 

FREE NRI catalog tells more 
Send today for your free, full -color catalog 
describing every aspect of NRI's innovative 
computer training in the up -and- coming 
field of your choice. 

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

IBM is a registered trademark of the IBM Corporation. R.A.C.E.R. and QuickTech-PRO are registered trademarks of Ultra-X, Inc. 

SEND TODAY FOR FREE NRI CATALOG! 

AVM/. McGraw -Hill Continuing Education Center wit-114 

4401 Connecticut Avenue, NW, Washington, DC 20008 1.11 Ï 
EfCheck one FREE catalog only 

MICROCOMPUTER SERVICING 
Computer Programming 
TV/Video /Audio Servicing 
Desktop Publishing & Design 

Check for details 
on career courses 
approved under GI Bill 

LAN Specialist 
Bookkeeping and Accounting 
Programming in C ++ with Windows 

Name (please print) Age 

Address 

City State Zip 
Arrredited Member National Home Studo Council 1-0395 11 
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Measure It All! 
The DMM /LCR Meter/ 

Frequency Counter. All in One. 
Troubleshoot down to the 
component level - ariy 
component! Verify poorly 

marked parts, test for toler- 
ances and damage. Wavetek's 
new DM27XT is not only a full - 
function DMM, but also 
includes complete inductance, 
capacitance, and frequency 
measurement capabilities. 

Wide LCR range: 
10 Q to 2000 MQ 
10 pF to 2000 pF 
100 pH to 20 H 

Autoranging frequency 
meter 10 Hz to 20 MHz 

Ac and dc current to 20 A 

Logic test, diode test, max 
reading hold, continuity 
beeper, input warning 
beeper, fused input 
protection, battery saver 

Consolidate your test bench with 
one meter that does it all - 
Wavetek's high -performing, 
full -function XT Series DMM. 

Its all in one compact, rugged, 
field -ready package with a big 
0.7 -inch, 31/2 -digit display. 
Insulated probes and alligator 
clip leads are included, and 
there is a huge selection of 
accessories, including current, 
rf and HV probes, temperature 
converters, holsters, and cases. 
Ask for Wavetek DMMs. They're 
the meters to pick when you 
have things to fix. 

inH N 

mV V 

pA mA A 

kHz MHz 
!l kW MU 

nF pF 

r= 20m 
20A 

WrAVEr.`i'G C 

3119' 
Other XT Series DMMs from $89.95 

U.S.A.: (619)279 -2200 
Europe: (44/243) 531323 
Asia Pacific: (852)865 -1903 

CIRCLE 98 ON FREE INFORMATION CARD 

WAVeTa K 

MOTHERBOARD MISERY 
I recently upgraded my com- 

puter by replacing its 8088 - 
based motherboard with one 
based on an 80386. I reinstalled 
all my original expansion cards 
and peripherals, and while the 
computer turns on without any 
apparent problem, It won't rec- 
ognize my hard drive. If I boot 
the computer from a floppy and 
try to access the hard drive, I get 
an "invalid drive" error mes- 
sage. I've checked all my cable 
connections and everything 
seems correct. Do you know 
what I'm doing wrong ? -G. 
Fischer, New York, NY 

The cause of the problem is the 
difference in the way the two micro- 
processors are designed to ad- 
dress the hard drives. To control the 
hard drive, the computer needs a 

collection of primitive routines that 
can control the cylinder and head 
selection, sector read and write, 
and so on. 

In the design of an 8088 -based 
computer, these routines were in 
the firmware on the hard drive con- 
troller card. In machines based on 
80286 and later microprocessors, 
these routines were incorporated in 
the BIOS (basic input output sys- 
tem), usually contained in one or 
more EPROMs on the mother- 
board, and the computer's setup 
program stored the hard -drive spec- 
ifications in permanent (battery - 
backed) CMOS memory. 

If you use the hard drive and con- 
troller from an 8088 in a later com- 
puter, the hard drive must be 
accessed with the controlling firm- 
ware on the controller card. This 
means you have to tell the CMOS 
setup program that there are no 
hard drives installed in the comput- 
er If you set the drive types in the 
computer's CMOS setup memory, 
all software, including DOS, will try 
to access the hard drive using the 
primitive routines in the computer's 
BIOS. This will result in a failure, and 
an "invalid drive" message. 

The way to correct this problem is 
to run the setup program again and 
tell the computer that there are no 
hard drives installed. This will allow 
the controller card's firmware to ad- 
dress the drives and everything will 
work correctly. S2 
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Take this GIANT CIRCUIT 
LIBRARY for only $9.95 

when you join the Electronics Engineers' Book Club° 

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS 
-VoIs. 1, 2 & 3 by Rudolf F. Graf 

Hundreds of circuit ideas alphabetically arranged - from Alarm circuits to Zero 
crossing detector circuits! 

. includes schematics for the latest electronics circuits from industry leaders... " 
-Popular Electronics 

Turn to this 
comprehensive circuit 
library for hundreds of 
project ideas . 

valuable troubleshooting 
and repair tips ... and 
concise pinout diagrams 

In 

volume you'll find more 
than 700 electronic and 
integrated circuits and 
100+ circuit categories 
right at your fingertips 
to give you ideas you 
can use on the job or 
at your workbench. 

2,344 total pages 3,490 total illustrations 

üxrkryr,vtù,,q 

ELECTRONIC 
CIRCUITS 

A 
$180.00 
Value! 

As a member of the 
Electronics Engineers' 
Book Club ... 

.. you'll enjoy receiving Club bulletins every 3 -4 
weeks containing exciting offers on the latest 
books in the field at savings of up to 50% off of 
regular publishers' prices. If you want the Main 
Select on do nothing and it will be shipped 
automatically. If you want another book, or no 
book at all, simply return the reply form to us by 
the date specified. You'll have at least 10 days 
to decide. And you'll be eligible for FREE BOOKS 
through the Bonus Book Plan. Your only obliga- 
tion is to purchase 3 more books during the next 
2 years, after which you may cancel your 
membership at any time. 

Publisher's price shown. 1995 EEBC 

Book No. 5489C Hardcover 

If coupon is missing, write to Electronic Engineers' Book Club, P.O. Box 549, Blacklick, OH 430049918 

ELECTRONICS ENGINEERS' 
BOOK CLUB 

A Division of McGraw -Hill, Inc., P.O. Box 549, Blacklick, OH 43004 -9918 

YES! Please send me The Encyclopedia of Electronic Clrcufts- 
Vols. 1, 2 & 3 (5489C), billing me $9.95 plus shipping/handling & 

tax. Enroll me as a member of the Electronics Engineers' Book 
Club according to the terms outlined in this ad. If not satisfied, I 

may return the books within 10 days and have my membership 
cancelled. 

Name 

Address 

City 

State 

Zip Phone 
Valid for new members only, subbed 8 soceptance by EEBC. Canada must remit In U.B. funds drawn 

on U.B. banks. AppManb outside the U.S. and Canada will receive *pedal ordering Instructions. A 

shipping/handling dirge i seise tax will be added to all orders. RPIF395 13 
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LETTERS 
Write to Letters, Electronics Now, 500 -B Bi- County Blvd., Farmingdale, NY 11735 

REPRINTED PROGRAM 
In the article, "Programmable 

Sinewave Generator" (Electronics 
Now, January 1995), program List- 
ing 1 (pages 46 and 47) was printed 
on a background that was too dark 
and so the listing was hard to read. 
A clearer version is reprinted 
here.- Editor 

WRONG ADDRESS 
In the article ,-Power Control- 

ler "(Electronics Now, January 
1995), on page 60 the address of 
Richard L. Roan is incorrect. It is 
P.O. Box 752, Saluda, VA, 23149. - 
Editor 

SWEEP /FUNCTION CORRECTIONS 
The following corrections should 

be made to the article "Sweep/ 
Function Generator, "Electronics 
Now, December 1994, page 53: 
Fig. 1 -(1) Ground the negative side 
of capacitor Cl and the positive 
sides sides of capacitors C2 and 
C3. (2) Connect the collector of Q1 
to the junction of R13, D4, and C9. 
(3) Connect the wiper lead of trim- 
mer R22 to the " + "side of C10. (4) 
Ground the junction of resistors 
R37 and R40 and the collector of 
Q4, (5) Indicate that the - 15 -volt 
supply for IC1 is obtained from the 
anode of D8. 
Fig. 4---(1) Diameters of three pilot 
holes (lowest row) should be 0.062, 
not 0.62 inch, (2) Diameter of first 
0.375 -inch hole (lower left) should 
be 0.234, not 0.375 inch, Diame- 
ters of two holes, right end of row, 
should be 0.375, not 0.234 inch. 
Fig. 5 -(1) Switch S2 pinout: con- 
nect pin 6 to the R27 wiper. (2) 
Switch S5 pinout: jumper pin 2 to 
pin 5 (R31) and jumper pin 1 to pin 3 
(1, 3). 

Page 56 "Circuit description:" In 
column 3, lines 17 and 18, change 
R11 to R12 and R15 to R16; line 24, 
change R11 to R30. Refer to the 
corrected schematic, Fig. 1. 

Page 56 "Power supply:" The AC 
input is supplied by a 120 -volt AC to 

14 15- to 18 -volt AC wall -outlet trans- 

former, not a DC wall -outlet adapter. 
(Make this change in the parts list, 
page 60.) 

Page 59 "Test and checkout:" In 

column 3, line 3, change R6 to R7; 
line 7, change R5 to R6.- Editor 

RETHINKING THE RESISTOR CUBE 
As a retired electrical engineer, I 

enjoy the diversity of topics covered 
in Electronics Now. The article "Sol- 
ving the Resistor Cube" (De- 
cember 1994) triggered my memo- 
ries of the early 1930s when I first 

encountered the problem. 
I agree that it's a good teaching 

aid, but please let's not give the up- 
coming generation of young engi- 
neers and technicians the impres- 
sion that the solution is complex 
and difficult -four pages of di- 
agrams and calculations- shame! 

The author says that this is a 

beautiful example of "electronic 
symmetry" but he fails to take full 
advantage of that fact. 

I didn't have a pencil and paper 
handy at the time, but by just look- 

LISTING 7 

* 6*6* 66** ói+*# * * * *6i * * ** * +i * * * *i # *ii* * * * * *b,. *6666 * ** **6666**# * *ii#* *a *i* *6666* 

* PSG CONTROL PROGRAM 
* COPYRIGHT 5/94 by R.J. PORTUGAL, NORTH HAVEN, CT. 06473, U.S.A 
* * ** iii*** 6i*6 6*** i*#*6********** i*i*** i** 6** ii * ** *6* **6* #i *+ * * **ii * ** *i#i *+ ** 

DECLARE SUB FREQUENCY (L1, L2, FLAG) 

DECLARE SUB FREQCLR (L1, L2) 

DECLARE SUB LOAD O 
DECLARE SUB ERMSG (L1, L2) 

DECLARE SUB DSPLY (I 

.**** Frequency input routine 
' * * ** Clear frequency entries 
' * * ** Parallel- serial data convert 
' * * ** Error messages 
* * ** Display. screen 

COMMON SHARED FMT$, N16, N26, K, DP, PORT$, MSG$ O, Ll, L2 

DIM Z AS STRING * 1: DIM MSG$(20) 
FMT$ _ " # # #, # # #, # # #, # # #. # # # # ": Clk = 32000283: K = (2 32 / Clk) 

16*****6******i*6#*******+11*i+*********6************** 
To select NCO parallel printer remove the (') "comment symbol" 
in front of the appropriate program line. 
PRINTER PORT "LPT2" will be selected by the following: 

'port$ _ "LPT1 ": dp = &H3BC '* * LPT1 DATA PORT ADDRESS 
PORTS = "LPT2 ": DP = 6H378 '*** LPT2 DATA PORT ADDRESS 
'port$ _ "LPT3 ": dp = &H278 '*** LPT3 DATA PORT ADDRESS 

.******** i********#* * * * # * * # * * * *i* * * * **6 * * * *66 * * * * ** *i6ó6 * # ** *6666 *********6** 

. * * * * * * * *** (Message list) * * * * ** * *** 

MSG$(1) _ " Input range is from 0.00Hz to 10,000,000.00Hz 
MSG$(2) _ " Program accepts numerals and a single decimal point 
MSG$(3) = STRING$(64, " "): MSG$(4) = STRING$(21, " ") 

MSG$(5) _ "Last input not transferred to NCO ": MSG$16) = STRING$(50, " ") 

MSG$(7) _ "PSG output signal OFF" 
MSG$(8) = "PROGRAMMABLE SINEWAVE GENERATOR CONTROL SCREEN" 
MSG$(9) = "PSG printer port is " + PORT$ + ". " 

MSG$(10) = PORT$ + " uses I/O port " + HEX$(DP) +- "HEX" 
MSG$(ll) _ "COPYRIGHT 5/94 by R.J. PORTUGAL, NORTH HAVEN, CT. 06473, U.S.A." 

VI 

COLOR 15, 1: CLS : CALL DSPLY: N16= 0: N26 = 0: CALL LOAD 

DO: K$ = INKEYS ' * ** Main Program 
IF LEN(K$) = 2 THEN 'check keyboard entry for 2 character scan code 

IF ASC(RIGHT$(KS, 1)) = 59 THEN CALL FREQUENCY(5,6, 1) ' * * ** (Fi) 

IF ASC(RIGHTS(K$, 1)) = 60 THEN CALL FREQUENCY(8, 9, 2) + ** (F2) 

IF ASC(RIGHTS(KS, 1)) = 61 THEN - ' * * ** (F3) 

N16 = 0: N2& = 0: CALL LOAD 
CALL FREQCLR(5, 6): CALL FREQCLR(8, 9) 

END IF 
IF ASC(RIGHT$(KS, 1)) = 62 THEN CALL LOAD '*** (F4) 

IF ASC(RIGHT$(K$, 1)) = 63 THEN ' * ** (F5) 

COLOR 6 + 16, 7: OUT DP, 1 + B '*** nco clock off 
LOCATE 15, 40 - LEN(MSG$171) / 2: PRINT MSG$(7) ' Prints message 
DO: K$ = INKEY$: LOOP UNTIL K$ = CHR$10) + CHR$163) ' * ** Wait for "F5" key 
COLOR 15, 1: LOCATE 15, 40 - LEN(MSG$(4)) / 2: PRINT MSG$(4) 
OUT DP, 1 '*** Turns NCO clock ON 

END IF 
IF ASC(RIGHT$(K$, 1)) = 68 THEN GOTO endp '*** (F6) 

END IF 
LOOP 
endp: COLOR 7, 0: CLS 
END 'xxxx END PROGRAM xxxxx END PROGRAM xxxxx END PROGRAM 
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ing at the cube it was apparent to 
me that the battery current (I) enter- 
ing one corner, the "in" junction will 
divide equally three ways -the 
three resistors at that junction will 
carry (1/3) current each. The three 
resistors on the "out" junction also 
will carry (1/3) each, and all other 
resistors will carry half that amount 
because the (1/3) current divides 
equally between them (as a result of 
symmetry). 

The total voltage drop across the 
cube will equal the sum of voltage 
drop across the three resistors 
comprising a pathway -any path- 
way -from the "in" junction to the 
"out" junction. Thus, the voltage 
drops of the first "in" resistor as 
well as the last "out" resistor are R( 
1/3) each, and the resistor between 

is R(1 /6). 
Then I called on my grandson 

(who is in the fifth -grade and is is a 

whiz at adding fractions in his head) 
to do the calculations. He said that 
1/3 + 1/2 + '/6 = 5/6, so the cube 
voltage (E) is R(5 /61). The net cube 
"in" to "out" resistance is E/R = 
5 /6)R. 

Thus, I really didn't need my pen- 
cil and paper after all. A bit of advice 
here: Be sure to use a negative sign 
in summing if any pathway in a sim- 
ilar kind of problem includes a re- 
sistor in which current flows in the 
opposite direction. 

I appreciated the opportunity to 
dig this little gem out from my dusty 
old memory files. 
E.D. SISSON 
Columbus, OH i2 

SUB DSPLY 
COLOR 15, 10: LOCATE 2, 40 - LEN(MSG$(8)( / 2: PRINT MSG$(B) 
COLOR 15, 1: LOCATE 5, 1 

PRINT " (F1) Enter Frequency 1 

PRINT " (0.00 to 10,000,000.00Hz 
PRINT 
PRINT " (F2) Enter Frequency 2 
PRINT " (0.00 to 10,000,000.00Hz 
PRINT 
PRINT " (F3) Clear Frequency 1 and 2 to zero ": LOCATE 19, 1 

PRINT " (F41 Load 
PRINT 
PRINT " (F10) End program- return to DOS" 
COLOR 15, 10 

LOCATE 23, 40 - (LEN(MSG$(9)) + LEN(MSG$(10))) / 2: PRINT MSG$(9) + MSG$(10) 
COLOR 7, 9: LOCATE 25, 40 - LEN(MSG$(11)) / 2: PRINT MSG$(11); : COLOR 15, 1 

END SUB 

Hz" 
usec" 

Hz" 
usec" 

NCO (F5) Start /Stop PSG output" 

SUB ERMSG (L1, L2) ' * ** Displays 2 line error message 
CALL FREQCLR(L1, L2) 

COLOR 14, 4: FOR i = 14 TO 15: LOCATE i, 9: PRINT MSG$(i - 13); : NEXT i 

SLEEP 4: COLOR 15, 1: FOR i = 14 TO 16: LOCATE i, 9: PRINT MSG$(3): NEXT i 

END SUB 

SUS FREQCLR (L1, L2) 

COLOR 14, 4: LOCATE Ll, 45: PRINT MSG$(4): LOCATE L2, 45: PRINT MSG$(4) 
END SUB 

' * ** Clears control panel F1 & F2 display areas 

SUB FREQUENCY (L1, L2, flg) ' * ** F1 & F2 input routine 
COLOR 14, 4: CALL FREQCLR(L1, L2): LOCATE Ll, 45: LINE INPUT f$ 

IF VAL(f$) > 10000000 OR VAL(f$) < 0 THEN CALL ERMSG(L1, L2): GOTO esub 
dpf = 0 

FOR 1 = 1 TO LEN(f$) ' * ** F1 /2 numeral & multiple decimal point 
x$ = MID$(f$, i, 1) ' * ** check 
IF x$ = " AND dpf = 0 THEN : dpf = 1: GOTO x 
IF x$ = " AND dpf = 1 THEN CALL ERMSG(L1, L2): GOTO esub 
IF ASC(x$) < 48 OR ASC(x$) > 57 THEN CALL ERMSG(L1, L2): GOTO esub 

x: NEXT i 

f = VAL(t$(: LOCATE Ll, 45: PRINT USING FMT$; f; ' * ** prints freq 
LOCATE L2, 45 
IF f <> 0 THEN PRINT USING FMT$; 1000000 / f; ' * ** period of F1 or F2 

IF flg = 1 THEN Ni& = K * f * ** Converts F1 or F2 to a 32bit word 
IF flg = 2 THEN N26 = K * f ' * ** compatible with NCO input specs 
COLOR 22, 7: LOCATE 16, 40 - LENIMSG$(5)) / 2: PRINT MSG$(5(: COLOR 15, 1 

esub: 
END SUB 

SUB LOAD ' * ** Converts Fl&2 into serial format 6 shifts them into NCO 

FOR j = 3 TO 0 STEP -1: FOR x = 7 TO 0 STEP -1 ' * * * ** Xfer first 32 bits 

IF (PEEK(VARPTR(N2 &) + j) AND 2 x) > 0 THEN dt = 2 ELSE dt = 0 

OUT DP, dt + 4: OUT DP, 1 + dt + 4 ' * ** Serial data and shift 
NEXT x: NEXT j ' * ** pulse generator 
FOR j = 3 TO 0 STEP -1: FOR x = 7 TO 0 STEP -1 ' * * * ** Xfer second 32 bits 

IF (PEEK(VARPTR(Nl &) + j) AND 2 
,. 

x) > 0 THEN dt = 2 ELSE dt = 0 

OUT DP, dt + 4 + 16: OUT DP, 1 + dt + 4 + 16 ' * ** Serial data and shift 

NEXT NEXT j ' * ** pulse generator 
OUT DP, 1 + 16 ' * ** Xfers new F152 to NCO 

COLOR 15, 1 

LOCATE 16, 10: PRINT MSG$(6) 
END SUB 

E A R N Y O U R 

B.S. DEGREE 
IN 

COMPUTERS 
OR 

ELECTRONICS 

A 
By Studying at Home 

Grantham College of Engineering, 
now in our 45th year, is highly experi- 
enced in "distance education"- teaching 
by correspondence- through printed 
materials, computer materials, fax, 
modem, and phone. 

No commuting to class. Study at 
your own pace, while continuing on your 
present job. Learn from easy -to- 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Engineering Technology B.S. 
Degree Program is available in either of 
two options: 

(1) The B.S.E.T. with Major Em- 
phasis in Electronics, OR 

(2) The B.S.E.T. with Major Em- 
phasis in Computers. 

Our Computer Science B.S. Degree 
Program leads to the B.S.C.S. -the 
Bachelor of Science in Computer Science. 

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

Write or phone for our free catalog. 
Toll free, 1- 800 -955 -2527, or 
mailing address below. 

Accredited by 
the Accrediting Commission of the 

Distance Education and 
ZUaining Council 

see 

o- 

m 
(D 

GRAN THAM Ñ 

College of Engineering o 
Grantham College Road 

Slidell, LA 70460 
15 
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EQUIPMENT REPORTS 
Sencore CM125 Computer Monitor Signal Generator 

If you regularly test 
computer monitors, the 

Sencore CM125 computer 
monitor signal generator 

will make your work easier 
and you'll do it faster. 

CIRCLE 15 ON FREE INFORMATION CARD 

The need for specialized com- 
puter monitor test equipment 
has increased dramatically in 

the last decade, not only in repair 
shops but at the factories where 
they are made. Monitor video band- 
width has expanded as a result of 
the increases in horizontal scan fre- 
quency and the display resolution. 

Computer monitors with cathode 
ray tubes are among the most ex- 
pensive personal computer pe- 
ripherals, and they are those most 
likely to fail because of their high - 
voltage power requirements and the 
complexity of their scanning circuit- 
ry. With the price and performance 
of monitors increasing, they are no 
longer disposable components. 

The CM125 "Pix Pak" computer 
monitor signal generator from Sen- 
core is intended for testing, trou- 
bleshooting, evaluating, and com- 
paring all brands of computer 
monitors and projectors on the 
shop test bench, at the burn -in rack, 
or in the field. 

The CM125 offers a 125 -MHz vid- 
eo bandwidth and pixel resolution of 
2048 x 2048. The portable instru- 
ment is output protected to prevent 
it from being damaged by defective 
computer monitors under test. It 
weighs less than five pounds and 
has a price tag of $2,995. (Sencore, 
3200 Sencore Drive, Sioux Falls, 
SD 57107, 605 -339 -0100, 1-800 - 
SENCORE.) 

How is it organized? 
The CM125 is packaged in a 

book -sized rectangular case with an 

array of resilient pushbutton con- 
trols and a liquid -crystal digital dis- 
play on its front panel. Some of the 
pushbuttons contain LED function 
indicators. The pushbuttons on the 
left side are organized as TYPE, INTER- 

LACE, MONITOR PARAMETERS, BLANKING 

TIME and POWER. 

The middle pushbuttons are ENTRY 

AND MEMORY and those on the right 
side are VIDEO PATTERNS, POLARITY. VIDEO 

OUTPUT, SYNC OUTPUT, andsYNC ADDER. 

The two -line LCD readout shows 
the scan frequency, pixel resolution, 
and blanking timing of signals gener- 
ated by the CM125. 

The output terminal for phase - 
locking accessories, a 15 -pin D- 
type connector, and sync and video 
outputs for driving the monitor un- 
der test are on the right side. An 
RS -232 connector for connecting a 

personal computer to automate 
test functions and an AC power jack 
are on the left side. A fold -down 
handle on top makes the instrument 
easy to carry, and fold -out bails on 
the back permit it to be positioned 
at different angles. 

The first step in setting signal pa- 
rameters is to select one of the 
three pushbuttons designated for 
the three different kinds of 
monitors -digital, analog, or ECL 
(emitter -coupled logic). A digital 
monitor receives TTL logic signals 
and can display a limited number of 
colors while an analog monitor re- 
ceives a 0.714 -volt signal and can 
display an infinite number of colors. 

An ECL monitor, a form of digital 
monitor that receives a signal be- 

tween 1.6 and 0.9 volts, can 
display a limited number of shades 
of gray. A fourth pushbutton turns 
the interlace scan on and off. Most 
computer monitors in service today 
are noninterlaced analog units. 

The next step is to select the 
monitor parameters including hori- 
zontal sync frequency, horizontal 
pixel resolution, vertical synch fre- 
quency, and vertical pixel resolution. 
After a function is selected, numer- 
ical values are entered from a key- 
pad. Horizontal frequency can be in 
the range of 10 to 250 kHz, vertical 
frequency can be from 10 to 250 Hz, 
and both horizontal and vertical pix- 
els can range from 80 to 2048. The 
LCD normally displays the numer- 
ical value of those four settings. 

Next, four blanking parameters 
must be set: front porch time, sync 
time, back porch time, and active 
video time. The combination of front 
porch, back porch, and sync times 
makes up the blanking time. That 
value added to the active video time 
equals the total scan time. 

Four pushbuttons set the polarity 
of the video, horizontal sync, ver- 
tical sync, and blanking signals. 
Other pushbuttons activate red, 
green, blue (R, G, B), and (intensity 
(I) lines. Only digital monitors have 
an I output. Other controls turn the 
horizontal, vertical, and composite 
sync signals on and off, and add 
composite sync to the video. 

The process of entering all pa- 
rameters for certain monitors can 
be time -consuming, but the CM125 
can test most popular monitors 
conveniently with the 43 factory 
setups stored permanently in mem- 
ory. Moreover, the other 57 custom 
settings can also be stored. 

Available test patterns 
After the CM125 Is set for a spe- 

cific monitor, a video pattern must 
be selected from the seven available 
patterns: raster, circle /cross, color 
bars, staircase, windows, multi - 

Continued on page 33 
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Come Hell or high water, 
you can count on us for the components 

you need...when you need them. 

NTE distributors will move 
heaven and earth to make sure 

you get the critical 
part you need. 
And if for some 

reason 
they 
don't 
have 

the exact resistor, capacitor, 
semiconductor, relay, or flyback 
transformer you're looking for, 

you won't have to wait 40 days 
and 40 nights. We'll drop ship it 

to your door the next day! 
Best of all, NTE parts are 

easily cross -referenced to match 
over 250,000 U.S., Japanese and 
European components. 

For information, the name 
of your local NTE distributor, 

CIRCLE 71 ON FREE INFORMATION CARD 

and a copy of our 
FREE Short Form 
Catalog, call us at 
1- 800 -683 -6837. 

NTE. Action...not 
empty promises. 

NTE ELECTRONICS, INC. 
A WORLDWIDE REPUTATION FOR DUAIJTY, SERVIE AND VALUE 
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Use the Free Information Card for more details on these products. 

PC TRAINING KITS. The 
Tech -Knowledge system is 
intended for teaching per- 
sonal computer servicing, 
troubleshooting, and net- 
working. Offered by Heath - 
kit Educational Systems, it 
is now available in a single, 
comprehensive package, 
the EZS -400 for PC servic- 
ing, troubleshooting, and 
networking, or as three 
separate complementary 
units. They are the 
EZS -401 for PC Servicing, 
the EZS -402 for PC Trou- 
bleshooting, and the 
EZS -403 for PC local area 
networking. 

Each training unit is com- 
plete with hardware, soft- 
ware, and course materi- 
als. The system is based 
on an IBM -compatible per- 
sonal computer with an In- 
tel 486 microprocessor. 
The PC can be upgraded 
by replacing the 486 pro- 
cessor with an Intel P24T 
Pentium processor. 

The personal computer 
servicing course covers 
substantially all a student 
needs to know about ser- 
vicing, maintaining, up- 
grading, and optimizing a 

personal computer. Hands - 
on exercises reinforce 
each topic covered in the 
textbook. 

Students will be able to 
study the operation of vari- 
ous computer circuits with 
the guidance offered by 

CIRCLE 20 ON FREE 

manufacturer's technical 
manuals and schematics. 
That knowledge can be ap- 
plied to troubleshooting 
personal computers with 
the aid of diagnostic soft- 
ware and standard test 
equipment. 

Instruction is also given 
in specifying, installing, and 
troubleshooting local area 
networks. The course also 
explains how to install and 
configure modems and 
communications software. 
It includes Microsoft Win- 
dows for Workgroups Soft- 
ware and Novell Personal 
NetWare. 

The courses include 
seven of Heathkit's fault in- 
sertion and removal mod- 
ules (FIRMs), circuit 
boards with DIP switches 
that permit the simulation 
of circuit faults without al- 
tering the training comput- 
er or its peripherals. Each 
course includes a student 

INFORMATION CARD 

text book, student work 
book, instructor's guide 
and course experiment 
parts packages. 

The complete EZS -400 
package includes two 
Zenith Data Systems com- 
puter trainers with multi - 
frequency color monitors, 
210 Mbyte hard -disk drives 
and PS /2 compatible key- 
board and mice. If pur- 
chased as separate units, 
the EZS -401 and EZS -402 
packages each contain one 
computer and monitor. The 
EZS -403 package includes 
two computers and two 
monitors. 

The pricing of the in- 
struction packages is as 
follows: EZS- 400 -$7495, 
EZS -401 and EZS -402- 
$2495, and EZS -403 - 
$5995. 
Heathkit Educational 
Systems 
455 Riverview Drive 
Benton Harbor, MI 49022 

DSP DEVELOPMENT SYS- 
TEM. The digital signal pro- 
cessing development sys- 
tem from Domain Tech- 
nologies is an integrated 
software development plat- 
form for the Texas Instru- 

18 ment TMS230C31 float- 

ing- point, digital -signal pro- 
cessor (DSP). The system 
is intended for developing, 
testing, debugging, and 
running DSP software. It in- 
cludes an assembler, a 
symbolic debugger, and a 
target card. 

Applications for the sys- 
tem include algorithm de- 
velopment, data acquisi- 
tion, instrumentation, tele- 
communications, and sig- 
nal processing. The PC 
plug -in card contains a 
TMS320C31 IC, static 

memory, an analog input/ 
output port, and two inde- 
pendent personal comput- 
er interfaces. 

The analog I/O unit in- 
cludes an analog interface 
IC with 14 -bit resolution 
and two RCA jacks. The in- 
terface IC can sample up to 
19,200 samples per sec- 
ond, and it contains filters 
for anti -aliasing and 
smoothing. 

The debugger screen in- 
terface is symbolic and vi- 
sual. Each of the DSP's 
resources is displayed in its 
own window. A built -in as- 
sembler /disassembler can 
monitor and edit the ap- 
plication routine. Data can 
be displayed in one of 
seven modes, and up to 
128 breakpoints can be set 
simultaneously. Programs 
written in C can be debug- 
ged at the source level. 

CIRCLE 21 ON FREE 
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The floating -point macro 
assembler is fully compati- 
ble with the TMS320C3x 
instruction set. It supports 
macro capabilities, con- 
ditional assembly, symbol 
table generation, source - 
level information, and full 
error diagnostics. 

The DSP Development 
System is priced at $600. 
Domain Technologies, Inc. 
1700 Alma Drive #245 
Plano, TX 75075 
Phone: 214-895-7593 
Fax: 214- 985 -8579 
E -mail: domain @metro - 
net.com 
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The Four -Year Electronics Degree 
Program That Really Hits Home! 

Bring The Technology Home With A Bachelor Of Electronics 
Engineering Degree. No Hassles. No High Cost! 

Now's the time to prepare for a profitable career. 

We've lowered the cost of 
higher education. 

It's true! You can earn a four -year 

Bachelor of Electronics Engineering 

Technology degree today ... and 

prepare yourself for a high -paying 

electronics career ... without quitting 

your job or ever leaving your home. 

Because World College, an affiliate of 

the Cleveland Institute of Electronics, 

offers you the total flexibility of indepen- 

dent study programs proven effective for 

people like you who truly want to suc- 

ceed! World College independent study 

lessors help you build valuable skills 

Mail /Fax Today 
or Call 

1- 800 -696-7532 

step -by -step, and expert instructors are 

perscnally available tc you with a toll -free 

call. +,Vhat a way to earn an education! 

A world of opportunity. 
Where is your career headed? 

With a four -year bachelor's degree 

from World College, you call the shots, 

chocsing from incredible, high- paying 

opportunities in electronics, tele- 

communications, computer, electrical 

power, and many other growing fields. 

World College gives you the skills, 

the knowledge, the power to take 

advantage of your best opportunity in 

electronics. And you can do it all at 

your own pace! 

Without leaving home. 
World College continually works 

to provide its students with the most 

advanced education tools. From the 

latest equipment and reference books 

to breakthrough computer -simulated 

experiments, students are exposed to 

the latest technological advancements. 

All the equipment, parts, and soft- 

ware you need are included in your 

affordable tuition, including more than 

300 hands -on lab experiments you 

can complete in your home. 

Choose your own pace. 
Earn your bachelor's degree 

on your time - and at your pace - 
because you pay tuition to World 

College only as you complete the 

upper -level semesters close to 

graduation. The faster you make it 

through, the less you pay. So you 

have an incentive to make your future 

happen quickly - yet the freedom 

to choose your own pace! 

Send today for your FREE 

course catalog -- and give yourself that 

future you've always wanted - 
with an electronics degree education 

from World College. 

Take charge of your future in electronics. 

Four Powerful Reasons 
To Connect With 

World College Today: 

1 
Earn your four -year 
degree! 

02 Self -paced 
training! 

Independent study in 
la your hOme! 

4 Expert 
instruction! 

r 
Give Me The 
Power! 
Send me a FREE 

World College course 

catalog today! 

(Please Print Neatly) 

Name 

Address 

City 
_ 

State, Zip 

Phone ( ) 

Age 

For faster service, call 
1 -800 -696 -7532, 

or call 
1- 804 -464 -4600. 

Or fax this coupon to 
1 -804- 464 -3687. 

WORLD 
C O L L E G E 

Lake Shores Plaza 
5193 Drive, Suite 113 

Virginia Beach, VA 23455 -2500 

Affiliated with 
Cleveland Institute of Electronics 
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CONSTANT- CURRENT 
POWER SUPPLY. The Model 
930 constant -current 
power supply from Calex 
has a temperature coeffi- 
cient of 0.001%/°C and an 
output impedance of 10 
megohms. Its power re- 
quirements are + 12 to 
+ 32 volts. It is sold with a 

mounting kit that includes a 

potentiometer for setting 
constant current from 0 to 
+50 milliamperes. 

CIRCLE 22 ON FREE 
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The Model 930 can func- 
tion as a bridge excitation 
supply. By adding a 10,000 - 
ohm resistor, the supply 
becomes a stable 100 -mi- 
croampere current source 
for resistance -temperature 
sensors (RTD). 

The Model 930 is priced 
at $115. 
Calex Manufacturing 
Company, Inc. 
2401 Stanwell Drive 
Concord, CA 94520 
Phone: 800 -542 -3355 
Fax: 510 -687 -3333 

SMART EISA EXTENDER 
CARD. The EISA -EXT EISA 
extender card from ICS 
Electronics allows EISA 
and ISA bus add -on cards 
for IBM or compatible per- 
sonal computers to be 
tested and debugged in the 
PC card cage without 
powering the computer up 
and down to change cards. 

The EISA -EXT card pro- 
tects the computer against 
power -supply overloads 
caused by the card under 
test. Solid -state switches 
on all signal lines permit the 

22 card under test to be 
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changed while the comput- 
er is running. The card can 
be operated either by a 

switch on the card or by I/ 
O commands from the test 
program. 

The turn -on sequence 
applies power and signals 
to the card under test in a 

sequence that avoids any 
conflict with the computer 
bus signals. The card con- 
tinuously monitors the 
power lines to the card un- 
der test and shuts down all 
power and signals if an 
overcurrent condition is de- 
tected. Light- emitting di- 
odes on the card indicate 
power, signal connection, 
and overcurrent. 

The EISA -EXT card, in- 
cluding a disk with sample 
control programs and inte- 
grating software for Win- 
dows, is priced at $595. 
ICS Electronics Corporation 
473 Los Coches Street 
Milpitas, CA 95035 
Phone: 408 -263 -5896 

ULTRA -THIN TEST CLIPS. 
The Ultra -Thin Micrograb- 
ber series test clips from 
ITT Pomona are intended 
for microcircuit packages 
with finely spaced pins with 
up to 0.050 inch pitch. Nar- 
row bodies that measure 
0.12 inches permit close 
stacking of the clips. 

The clip wiring is flexible 
to permit easy access from 
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different angles. Serrated 
surfaces on the plunger 
and finger tabs improve the 
holding ability of the test 
clips. The contact pincers 
open to 0.024 inch to grip 
the leads. 

Two styles of test clips 
are available: single -ended 
and double ended. Single - 
ended clips with 40 -inch 
lead wires are available in 
10 colors. Double -ended 
clips (contacts on both 
ends) are available with 
black or red lead wires in 
10 -, 20 -, or30 -inch lengths. 

Ultra -Thin Micrograbber 
test clips are priced from 
$4.50 each. 
ITT Pomona Electronics 
1500 East Ninth Street 
Pomona, CA 91766 
Phone: 909 -469 -2928 
Fax: 909 -629 -3317 

TWO- CHANNEL DIGITAL 
STORAGE OSCILLOSCOPE. 
The new PM 3380A from 
Fluke is a two -channel dig- 
ital storage oscilloscope 
(DSO) with autoranging. 
The PM 3380 can automat- 
ically scale to signals. Au- 
toranging continuously ad- 
justs the timebase, and 
attenuators keep the signal 
on- screen during signal 
changes or while a circuit is 
being probed. 

CIRCLE 25 ON FREE 

INFORMATION CARD 

Special probes included 
with the PM 3380A have a 

user -programmable com- 
mand switch near the tip. 
The switch, in conjunction 
with autoranging, allows 
the user to probe a circuit 
without having to make fre- 
quent changes on the con- 
trol panel. 

The probe -tip switch 
speeds up measurement 

by allowing the user to 
switch between DSO and 
analog modes, recall 
stored setups, perform 
voltage and time measure- 
ments, and initiate an auto - 
set routine. 

The PM 3380A can dis- 
play the waveform on the 
external trigger input. It 
also has an over -sampling 
peak- detector, which re- 
veals spikes and high -fre- 
quency noise at all time - 
base speeds. Other fea- 
tures include closed -case 
calibration with built -in volt- 
age and time standards, 
TV line and field triggering, 
a built -in video line counter 
and standard computer. An 
RS -232 -C interface per- 
mits printing out results. 

The PM 3380A two - 
channel, autoranging dig- 
ital oscilloscope is priced 
at $3495. 
Fluke Corporation 
P. O. Box 9090 
Everett, WA 98206 
Phone: 800 -44 -FLUKE 
Fax: 206 -356 -5116 

DEOXIDIZER /CLEANER/ 
PRESERVATIVE TREAT- 
MENT. DeoxIT from Caig 
Laboratories is a fast -act- 
ing, one -step deoxidizing 
solution for cleaning, pre- 
serving, lubricating, and 
enhancing conductivity of 
metal connectors and con- 
tacts on products such as 
switches, potentiometers, 
and relays. 

The solution contains 
deoxidizers, preservatives, 
conductivity enhancers, 
anti -tarnishing corn - 

pounds, and arcing and RFI 
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TekMeter can show you the answer 
before you even know the question. 

TekMeter'" is the new handheld instrument from 

Tektronix that combines the functions of a DMM and 

an oscilloscope. It's practically "auto everything.' 
Which in the service business means you'll get the 
answers you need faster than ever before. 

It's easy. Just connect the probes. TekMeter finds 

the signal then makes the correct scope or DMM set- 

tings to display voltage, current or waveforms in the 
most meaningful way. What's more, your hands 

CHECK OUT THE ENTIRETEKrOOLS° LINE FOR ALL YOUR MEASUREMENT NEEDS. 

remain free to probe more accurately and safely. 

Especially in small places. 
Weighing barely 2 pounds, TekMeter includes a host 

of features like cursors and spike detect that improve 

your ability to maintain and troubleshoot a wide range 

of equipment.TekMeter can even capture 
incoming line voltage spikes and sags, 
measure voltage and current simulta- 
neously, compute true power, and more. 

All automatically. For as little as $875* 
TekMeter is the answer you've been looking for. 

Contact your local authorized Tektronix distributor 
today, or call 800- 426 -2200, ext 299. 

'Suggested retail price, model TUS 550 ® Copyright 1994, Tektronix, Inc All rights reserved. TekMeter, TekTools, and Tektronix are trademarks of Tektronix. Inc. DPW -284597 
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World's first wireless home theater 
system makes professional -quality 
surround sound affordable... 
Now you can add surround sound to your home entertainment lineup 
with the amazing new Chase Technologies decoder that works with 
your existing stereo and an assortment of wired and wireless speakers. 

by John Lindner 

Let's face it. As much fun as renting a 
video can be, it's just not the same as 
seeing a movie in a theater. I remember 

the first time I saw Jurassic Park -I nearly 
jumped out of my seat when the dinosaurs 
roared. One of the reasons movies seem so 
real is because surround sound makes it seem 

The secret of surround sound 
Surround sound has become the rage of the 
90s because it adds depth and realism to 

stereo sound. giving you the home theater 
experience. In short. it makes you feel like 
you are actually at a concert a theater. 

To get surround sound. some people 
have tried simply adding additional speak- 
ers to their home entertainment lineup. But 
it takes more than additional speakers to get 
surround sound: there needs to be a way of 
separating the original signal into distinct 
channels so that you re not just duplicating 
the same sounds and broadcasting them 
from different areas of the room. 

The new Chase Technologies HTS -i sur- 
round sound decoder does just that. and in 

a revolutionary way that rivals the best Dolby 
Pro -Logic and THX systems available.The 
HTS -t provides five channels of sound from 
any two- channel stereo source. 

The HTS -i works with a variety of speak- 
ers. In the front, you can use your existing 
stereo speakers. For the rear, choose from 
inexpensive wired speakers. high -quality 
wireless speakers, or even an audiophile - 
quality wireless satellite subwoofer system. 
The HTS -t also gives you the ability to add 
a powered center channel speaker (instead 
of using your Tv's built - 
in speaker). 

like you're actually there when events are hap- 
pening. Now there's an incredible new device 
that lets you use your stereo receiver to get 
that same surround sound in your home. 
The secret's in the signal, To get sur- 
round sound, you need to do more than sim- 
ply add extra speakers. There needs to be a 
way of separating the signal from the musi- 
cal score or movie soundtrack into distinct 
channel for each speaker. The new Chase 
Technologies HTS-1 surround sound decoder 
does just that, and in a revolutionary way that 
rivals the best Dolby Pro-Logic and THX sys- 
tems available today. 

Wins over critics. In the September 1994 

issue of "High Performance Review," noted 
audio critic Daniel Kumin said "the HTS-i can 
do quite a job of recreating a 3D theatrical ex- 
perience...surround effects emanated with sat- 
isfying fullness...sound was clean at any 

level...with quite involving 
and natural sound ambience." 

Plus, John Sunier, a leading 
authority on surround sound 
and producer of Audiophile 
Audition, a nationally syndi- 
cated radio program for au- 
dio enthusiasts, says, "...the 
new Chase HTSi, when used 
to decode the hidden ambi- 
ence in all musical recordings, 
definitely outperforms all the 
Dolby and THX processors 
(which could cost you up to 
$3,000)...I am impressed!" 

Decoding breakthrough. 
Last year, audio industry vet- 
eran Bob Rapoport invented a 
new five -channel "passive" 
circuit for decoding the Dolby 

Surround' signals in every stereo, videotape 
or laserdisc. This passive method is superior 
to active decoders such as Dolby and THX be- 
cause it requires no AC current to decode. As 
a result, you experience more clarity, more de- 
tail, and a greater sense of space. Plus, you 
won't experience the noise or distortion which 
can occur with active decoding methods. You 
don't need any extra amps! Just connect the 
HIS-I to your stereo, add your speakers, and 
you'll experience the magic of home theater 
at a fraction of the cost of other systems. 

The new HTS -1 

decoder won 
the Design and 
Engineering 
Award at the 
Consumer 
Electronics 
Show for being 
one of the 
best and most 
innovative 
new products. 

Five channel options. The 1-ITS-1 decoder 
can be used with two, three, four or five chan- 
nels of amplification, making it the most cost 
effective method for upgrading your stereo 
system to full home theater performance on 
the market. Best of all, the HTS-1 works with 
a variety of hard wired and wireless speakers. 

In the front, most people use wired stereo 
speakers. Use your existing stereo's speakers 
or use one of a variety of wired speakers. 
Comtrad also offers the Chase Dialog center 
channel speaker. If your front speakers are 
more than eight feet apart, 
adding a center channel 
speaker will help keep 
voices and sound effects 
centered on the screen for 
stunning localization and 
clarity. The Dialog is self 
powered and video shield- 
ed to prevent interference 
with your television set. 

The Chase HTS -1 

decoder is 
the most cost - 
effective method 
for upgrading 
an existing 
stereo system to 
full home theater 
performance 
on the market. 
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The new Chase Technologies HTS -1 

surround sound decoder gives you 
the option of using either tradition- 
al wired speakers like the Chase 
ELF -1s, or using wireless speakers 
or a wireless satellite subwoofer 
system for additional convenience 
and enhanced sound quality. 

Wireless freedom. When it comes to rear 
speakers, you can again choose standard 
wired speakers like the Chase ELF -]s. But if 
you want to avoid the hassle of running speak- 
er wire up and down walls, behind furniture, 
and under carpet, you can add the freedom 
and convenience of wireless speakers. 

Recoton wireless speakers utilize a trans- 
mitter which broadcasts sound signals up to 
150 feet through walls, floors and ceilings. The 
speakers can be placed anywhere; they plug 
into a standard electric outlet. This eliminates 
the need to have wires running from the stereo 
to the speakers, which can be a nuisance with 
surround sound since the rear speakers are 
often elevated or wall mounted. 

Affordable option. Recoton 's W440 speak- 
ers allow you to add wireless rear channel 
speakers without compromising the sound 
quality that wired speakers deliver. Each self - 
amplified speaker contains a two-inch tweet- 
er and four -inch woofer. They deliver 10 watts 
per channel for strong, clear fill sound. Their 
compact design (9" high x 6" wide x 5.5" long), 
make them the perfect bookshelf -sized com- 
panion to your home entertainment set up. 

Speaker Options 
Wired Speaker Options 
Front Speakers: The Chase HTS -1 surround sound decoder can utilize 
your existing stereo speakers, or any of a variety of wired speakers avail- 
able through Comtrad or your local electronics dealer. 

Center channel speaker. If the front speakers 
are more than eight feet apart, adding a cen- 
ter channel speaker will keep voice cues 
centered on the screen. We offer the Dialog. 
It is self -powered and video shielded to pre- 
vent interference with TVs. Dialog $75 $8 S&H ell 
Rear channel speakers. We recommend the 
quality Chase ELF -1 in either white or black 
for inexpensive rear channel speakers. 
Mount them with the enclosed color -matched 
mounting brackets or flush mount them on 
the wall. ELF -1 $99/pair $10 S &H 

Wireless Speaker Options 
Rear channel speakers. Recoton W440 wire- 
less speakers are the perfect option for 
people who want quality stereo rear chan- 
nel speakers without having to run speaker 
wire. Their two -inch tweeters and four -inch 
woofers deliver 10 watts per channel -clear, 
strong stereo fill sound. The speakers work 
up to 150 feet from the transmitter without 
loss of sound quality. Tx/o00 transmitter 
(works unlimited speakers) $69 $7 S&H 

w44o wireless speaker (each) 589 $9 S&H 

Get the Chase HTS -1 half off ($49) when you buy the W440 speaker system! 

Rear channel speakers. For true audio- 
phile-quality rear channel speakers, 
we offer the Recoton wireless satellite 
subwoofer system. This first- of -its- 
kind system combines a 10 -inch rear - 
firing subwoofer with a pair of 25 -watt 
satellite speakers. The subwoofer pro- 
vides that distinctive "low -end punch" 
that you feel in movie theaters, while 
the satellites are designed to coincide 

with surround sound processor specifications balance per- 
fectly with the front speakers. wHr47o transmitter... $69 $7 S&H 

wirren wireless 50-watt subwoofer S299 $24 S &H 

wrrr462 pair of wireless 25-watt satellite speakers $329 $24 S&H 

Get the Chase HTS -1 FREE when you buy the satellite subwoofer system! 

Audiophile quality. For the true stereo en- 
thusiast, we offer the Recoton self- amplified 
wireless satellite subwoofer system. The satel- 
lite speakers in the system each bolster 25 
watts of clean, distortion -free sound. The sub - 
woofer adds a whole new dimension to your 
home theater with its 50 -watt amplifier that's 
capable of creating enough rumble to make 

you feel like you're in the 
middle of an earthquake. The Recoton 

wireless sub- 
woofer's 50 -watt 
10 -inch speaker 
delivers thunder- 
ous bass that 
adds depth and 
realism to the 
surround sound 
experience. 

Even the most discrim- 
inating surround sound 
enthusiast will be en- 
gulfed by the abundant 
power and delighted with 
the full- range, first -rate 
sound from these black 
oak vinyl veneer speakers. 

Easy to install. Every 
speaker option offered by 
Comtrad can be easily in- 
stalled with the HTS-1 in a 
matter of minutes. Just 
connect the speaker out- 
puts of your receiver or 
amp to the HTS -1, then 

connect speaker wire to the front and rear 
speakers. When using wireless speakers, con- 
nect the transmitter to the output. One trans- 
mitter will broadcast to each wireless speaker. 

Risk -free home trial. The best way to eval- 
uate surround sound is in your home -not a 
showroom. That's why we're offering the 30- 
day risk -free home trial. Try these products in 
your home and if you're not delighted with 
the the surround sound experience, return 
them for a full "No Questions Asked" refund. 

HTS-1 surround sound decoder $99 $10 S&H 

Please mention promotional code 711-ET-1107. 

For fastest service call toll-free 24 hours a day 

800-704-1211 
IMO ® ® OP 

To order by mail, send check or money order for the total 
amount including S &H (VA residents add 4.5% sales tax.) 
Or charge it to your credit card, enclosing your account 
number and expiration date. 

INDUSTRIES 
2820 Waterford Lake Drive, Suite 106 

Midlothian, Virginia 23113 
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inhibitors. It is effective in 

the temperature range of 
-34°C to 200 °C. 

DeoxIT is sold in spray 
and liquid containers and in 

wipes and pen applicators. 
Prices start at $3.95 for a 

2.3- milliliter vial. 
Caig Laboratories, Inc. 
16744 West Bernardo 
Drive, San Diego, CA 
92127 -1904 
Phone: 619- 451 -179 
Fax: 619 -451 -2799 

"GREEN" MICROCON- 
TROLLER. The MTE1122 
energy management con- 
troller from Microchip Tech- 
nology reduces total ener- 
gy consumption up to 30% 
in products powered by AC 
motors. It is suitable for in- 
stallation in residential, 
commercial, and industrial 
equipment and appliances 
such as refrigerators, 
washing machines, dryers, 
and heating, ventilation, 
and air -conditioning 
(HVAC) equipment. 

rotate at the same speed 
and maintain that speed 
while consuming less 
power. 

MTE1122 energy man- 
agement controllers are 
packaged in 18 -pin plastic 
DIP and SOIC packages 
and work from 5 -volt 
sources. The list price for 
the plastic DIP version is 
$7.49 each in thousand - 
piece quantities. 
Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, AZ 85224 -6199 
Phone: 602 -786 -7200 
Fax: 602 -899 -9210 

TWO -METER REPEATER 
MONITOR /RECEIVER KIT. 
The MFJ -8400K repeater 
monitor receiver kit from 
MFJ Associates is intend- 
ed for the circuit builder 
who wants to build a two - 
meter receiver that will rival 
factory-made units costing 
hundreds of dollars more. 
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The MTE1122 controller 
includes Microchip's eight - 
bit, RISC -based PIC16/17 
microcontroller with pro- 
prietary power- manage- 
ment firmware. The con- 
troller monitors the motor 
load and then digitally con- 
trols power consumption 
by sampling at high rates. 

When an AC motor is op- 
erating under light or no- 
load conditions, the con- 
troller monitors the AC sig- 
nal and senses when the 
motor is consuming more 
power than is required. It 

then modifies the AC sig- 
26 nal to allow the motor to 
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The completed monitor 
receiver offers a low- noise, 
high -gain, radio- frequency 
preamplifier for hearing 
weak signals. An air- varia- 
ble tuning capacitor with a 
smooth 6:1 reduction drive 
simplifies receiver tuning. 
A dual- conversion super- 
heterodyne receiver with 
ceramic filters and a crys- 
tal- controlled second os- 
cillator is said to provide 
excellent selectivity and 
stability. 

A 19 -inch, '/a -wave whip 
antenna is included in the 
kit. A 50 -ohm antenna in- 

put accepts an external 
groundplane or Yagi anten- 
na array. 

The MFJ -8400K kit with 
a circuit board, metal cab- 
inet, and an instruction 
manual is priced at $69.95. 
A wired and tested receiver 
(MFJ- 8400W) is priced at 
$89.95. 
MFJ Enterprises, Inc. 
P. O. Box 494 
Mississippi State, MS 
39762 
Phone: 601 -323 -5869 
Fax: 601 -323 -6551 

PHOTODIODE /AMPLIFIER 
IC. The OPT202 photo- 
diode /amplifier from Burr - 
Brown is packaged in a 

five -pin, single -in -line pack- 
age. It includes a 0.09 -inch 
square photodiode, a preci- 
sion FET -input transimpe- 
dance amplifier, and a 1- 

megohm feedback resistor 
on a single substrate. Its 
package allows light to en- 
ter the side of the package 
rather than from perpen- 
dicular sources. 

The OPT202 is intended 
for industrial, medical, and 
laboratory instrumenta- 
tion, position and proximity 

sensors, photographic 
analyzers, machine tool 
controllers, and smoke de- 
tectors. The integrated de- 
vice offers advantages 
over hybrid or discrete 
equivalent circuits by re- 
ducing or eliminating leak- 
age- current errors, noise 
pick -up, and gain peaking 
from stray capacitance. 
The photodiode respon- 
sivity is 0.45 amperes per 

New, Yens & Package 
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watt at 650 nanometers. 
OPT202 photodiode/ 

amplifier ICs are priced at 
$4.95 each in quantities of 
thousands. 
Burr -Brown Corporation 
Mary Douglas, Inquiry 
Handling Manager 
P. O. Box 11400 
Tucson, AZ 85734 
Tel: 602 -746 -1111 

Fax: 602-889-1510 S2 

BE LESS PRODUCTIVE 
AT THE OFFICE. 

/he office has always lx-en a place to get 

ahead. Unfortunately, its also a place where 

natural resources can fall behind. So here arc , 

some easy ways to reduce waste at the office. Turn 

off your lights when you leave. Help set up a recy- 

cling program. Try drinking out of a mug instead of 

throwaway cups. And always use both sides of a memo. 

It'll cut down on trash. Doing these things today will 

thelp save resources for tomorrow. Which is 

truly a job well done. I- SOD -Mf -SHARE 

l 'S A CONNECTED WORLD. DO YOUR SHARE. 

M A REYc Sen+ce W 

p.Earth Share 
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Countersurveillance 
Never before has so much 
professional information on the art 
of detecting and eliminating 
electronic snooping devices -and 
how to defend against experienced 
information thieves -been placed 
in one VHS video. If you are a 
Fortune 500 CEO, an executive in 
any hi -tech industry, or a novice 
seeking entry into an honorable, 
rewarding field of work in 
countersurveillance, you must 
view this video presentation again 
and again. 

Wake up! You may be the victim of 
stolen words -precious ideas that would 
have made you very wealthy! Yes, profes- 
sionals, even rank amateurs, may be lis- 
tening to your most private con- 
versations. 

Wake up! If you are not the victim, 
then you are surrounded by countless vic- 
tims who need your help if you know how 
to discover telephone taps, locate bugs, or 
"sweep" a room clean. 

There is a thriving professional service 
steeped in high -tech techniques that you 
can become a part of! But first, you must 
know and understand Countersurveilance 
Technology. Your very first insight into 
this highly rewarding field is made possi- 
ble by a video VHS presentation that you 
cannot view on broadcast television, sat- 
ellite, or cable. It presents an informative 
program prepared by professionals in the 
field who know their industry, its tech- 
niques, kinks and loopholes. Men who 
can tell you more in 45 minutes in a 
straightforward, exclusive talk than was 
ever attempted before. 

Foiling Information Thieves 
Discover the targets professional 

snoopers seek out! The prey are stock 
brokers, arbitrage firms, manufacturers, 
high -tech companies, any competitive 
industry, or even small businnesses in the 
same community. The valuable informa- 
tion they filch may be marketing strat- 
egies, customer lists, product formulas, 
manufacturing techniques, even adver- 
tising plans. Information thieves eaves- 
drop on court decisions, bidding 
information, financial data. The list is 

unlimited in the mind of man-es - 
pecially if he is a thief! 

You know that the Russians secretly 
installed countless microphones in the 
concrete work of the American Embassy 
building in Moscow. They converted 

1- 516 -293 -3751 
HAVE YOUR 

VISA or MC CARD 
AVAILABLE 

what was to be an embassy and private 
residence into the most sophisticated re- 
cording studio the world had ever 
known. The building had to be torn 
down in order to remove all the bugs. 

Stolen Information 
The open taps from where the informa- 

tion pours out may be from FAX's, com- 
puter communications, telephone calls, 
and everyday business meetings and 
lunchtime encounters. Businessmen need 
counselling on how to eliminate this in- 
formation drain. Basic telephone use cou- 
pled with the user's understanding that 
someone may be listening or recording 
vital data and information greatly reduces 
the opportunity for others to purloin 
meaningful information. 
r 

L 

CLAGGK INC. EN 

P.O. Box 4099 Farmingdale, NY 11735 

Please rush my copy of the Countersurveillance Techniques 

Video VHS Cassette for a total cost of $53.95 each (which 
includes 54.10 postage and handling). 

No. of Cassette, ordered 

Amotmt of payment 5 

Sales tax (N.Y.S. only) 
Total enclosed 
Bill my VISA MasterCard 

Cad No. 

Expire Date / 

Signature 

Name 

Address 

(aty State 71P 

All payments in U.S.A. funds. Canadians add 54.(5) per VHS 

cassette. No foreign orders. 

J 

The professional discussions seen on 
the TV screen in your home reveals how 
to detect and disable wiretaps, midget 
radio -frequency transmitters, and other 
bugs, plus when to use disinformation to 
confuse the unwanted listener, and the 
technique of voice scrambling telephone 
communications. In fact, do you know 
how to look for a bug, where to look for a 
bug, and what to do when you find it? 

Bugs of a very small size are easy to 
build and they can be placed quickly in a 
matter of seconds, in any object or room. 
Today you may have used a telephone 
handset that was bugged. It probably 
contained three bugs. One was a phony 
bug to fool you into believing you found a 

bug and secured the telephone. The sec- 
ond bug placates the investigator when 
he finds the real thing! And the third bug 
is found only by the professional, who 
continued to search just in case there were 
more bugs. 

The professional is not without his 
tools. Special equipment has been de- 
signed so that the professional can sweep 
a room so that he can detect voice -acti- 
vated (VOX) and remote -activated bugs. 
Some of this equipment can be operated 
by novices, others require a trained coun- 
tersurveillance professional. 

The professionals viewed on your tele- 
vision screen reveal information on the 
latest technological advances like laser - 
beam snoopers that are installed hun- 
dreds of feet away from the room they 
snoop on. The professionals disclose that 
computers yield information too easily. 

This advertisement was not written by 
a countersurveillance professional, but by 
a beginner whose only experience came 
from viewing the video tape in the pri- 
vacy of his home. After you review the 
video carefully and understand its con- 
tents, you have taken the first important 
step in either acquiring professional help 
with your surveillance problems, or you 
may very well consider a career as a coun- 
tersurveillance professional. 

The Dollars You Save 
To obtain the information contained in 

the video VHS cassette, you would attend 
a professional seminar costing $350 -750 
and possibly pay hundreds of dollars more 
if you had to travel to a distant city to 
attend. Now, for only $49.95 (plus 
$4.00 P &H) you can view Countersur- 
veillance Techniques at home and take 
refresher views often. To obtain your 
copy, complete the coupon or call . 27 
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NEW LITERATURE 
Use The Free Information Card for fast response. 

Create Your Own Multimedia 
System; by John McCor- 
mick. Windcrest /McGraw- 
Hill, Blue Ridge Summit, PA 

17294 -0850; Phone: 
1- 800 -233 -1128; Fax: 
717 -794 -2103; $32.95, in- 
cluding disk. 

This book explains how 
to assemble a complete 
multimedia production sys- 
tem including monitors, in- 

put devices, CD -ROM driv- 
es, MIDI sound controllers 
and software. It explains 
multimedia issues, includ- 
ing computer system re- 
quirements, performance 
specifications, hardware 
and software sources, in- 
stallation procedures, and 
operation tips. The dis- 
kette included with McCor- 
mick's book contains sam- 
ple commercial multimedia 
demonstration and share- 
ware programs. 
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The topics covered in 

this book include Macin- 
tosh and IBM PC and com- 
patible operating environ- 
ments; graphics, sound, 
and animation hardware 
and software; JPEG, 
MPEG, QuickTime and 
other compression stan- 
dards; and storage devices 
and CD -ROM drives. 

Semiconductor Cross Refer- 
ence Book; from the Engi- 
neers of Howard W. Sams & 

28 Company. Prompt Publica- 

SEMICONDUCTOR -.. 
CROSS REFERENCE BOOK ..: 

40, 
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Lions, 2647 Waterfront Park- 
way, East Drive, Indi- 
anapolis, IN 46214 -2012; 
Phone: 800 -428 -7267 or 
317 -298 -5710; Fax: 
317 -298 -5604; $24.95. 

This book from the pub- 
lishers of "Photofact doc- 
umentation is a cross - 
reference guide for semi- 
conductor device replace- 
ments and substitutions. It 
includes more than 
490,000 part numbers, 
type numbers, and other 
identification for devices 
made in the United States, 
Europe, and the Far East. 

By including replace- 
ments for NTE, ECG, Ra- 
dio Shack, and TCE de- 
vices, the book functions 
as a four -way cross refer- 
ence. All major classes of 
semiconductors are in- 
cluded: bipolar transistors, 
MOSFETs, diodes, rec- 
tifiers, ICs, and SCRs. 
Light- emitting diodes and 
thermal sensors are also 
included. An appendix has 
an updated listing of device 
original equipment man- 
ufacturers. 

1995 Full -Line Catalog. Hub 
Material Company (HMC), 
33 Springdale Avenue, Can- 
ton, MA 02021; Phone: 
617 -821 -1870; Fax: 
821 -4133; free. 

This pictorial 1995 cata- 
log from Hub Material Co. 

includes descriptions of 
tools, test equipment, and 
technical materials for the 
assembly, testing, and re- 
pair of electronic products 
offered by Hub. 

Among the items listed 
and pictured in this catalog 
are precision hand tools in- 
cluding screwdrivers, 
pliers, wire strippers, and 
tweezers. Soldering sup- 
plies include solder, fluxes, 

4 
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soldering irons, tips, 
sponges and wicks. ESD 
prevention products in- 
clude wrist straps, protec- 
tive bags, conductive mats, 
and special tools. Test 
equipment includes power 
supplies and os- 
cilloscopes. Also offered 
are tool kits and cases. The 
catalog contains tables for 
comparing the product fea- 
tures. 

Pager Power; by Ted 
Strauss. Ten Speed Press, P. 

O. Box 7123; Berkeley, CA 

94707; Phone: 
800 -841 -2665 or 
510 -559 -1600; Fax: 
510 -524 -4588; $4.95. 

This pocket -sized book 
explains how to turn your 
inexpensive numeric pager 
into a powerful communi- 
cations device and save 
the expense of a cellular 
phone. The techniques de- 
scribed also save money 

Pager 
Po er 

Save the apnBular 

phond pmyf sh<m,I.nd 
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over the use of alpha- 
numeric pagers. 

A handy code dictionary 
in the book provides more 
than 11,000 easy -to -use 
codes for frequently used 
words and phrases. It also 
gives users an easy way to 
add many personally se- 
lected words and phrases. 
A form at the back of the 
book, when filled in, be- 
comes a directory for ac- 
tive names and phone 
numbers. You look up the 
words and phrases to be 
sent, key in the recipient's 
pager number, and press 
the code numbers. The re- 
cipient looks up the code 
or codes in his copy of your 
code book to interpret the 
message. 

Entries include single 
words that are listed alpha- 
betically and phrases that 
are listed both by situation 
(e.g., change in plans, 
emergency, reminders) 
and alphabetic order. The 
book provides XPress 
codes (those most often 
used) and shortcuts (100 of 
the most frequently used 
words, prefixes, and suffix- 
es). 

Data Acquisition Catalog & 
Reference Guide. Keithley 
MetraByte, 440 Myles 
Standish Blvd., Taunton, MA 
02780; Phone: 
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Just like these 
Fully Trained 
Electronics 
Professionals 

'Thanks to CIE I have tripled my previous 
salary, and I am now in a challenging and 
rewarding new field where only the sky is 
the limit." 
Daniel Wade Reynolds 
Industrial Electrician 
Ore -Ida Foods 

CIE was recommended to me by my boss. 
t was appealing since I could study at my 
own pace at home and during business 
avel." 

Dan Parks 
Marketing Manager /Consumer Products 
Analog Devices, Inc. 

'I loved the tiexib lily CIE offered. It was the 
only way I could continue both school and 
my demanding job." 
Britt A. Hanks 
Director of Engineering 
Petroleum Helicopters, Inc. 

"1 liked the way the school was set up with 
laboratory assignments to enforce 
conceptual learning. The thing which 
impressed me the most about CIE's 
curriculum is the way they show application 
for all the theory that is presented." 
Daniel N. Parkman 
Missile Electro-Mechanical Technician 
U.S. Air Force 

"Completing the course gave me the ability 
to efficiently troubleshoot modern 
microprocessor based audio and video 
systems and enjoy a sense of job security." 
Tony Reynolds 
Service Manager/Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

CIE is the best educational 
value you can receive if you 
want to learn about 
electronics, and earn a good 
income with that knowledge. 
CIE's reputation as the world 
leader in home study 
electronics is based solely 
on the success of our 
graduates. And we've 
earned our reputation with 
an unconditional commit- 
ment to provide our students 
with the very best electronics 
training. 

Just ask any of the 
150,000 -plus graduates of 
the Cleveland Institute of 
Electronics who are working 
in high -paying positions with 
aerospace, computer, 
medical, automotive and 
communications firms 
throughout the world. 
They'll tell you success 
didn't come easy...but it 

did come...thanks to their 
CIE training. And today, a 
career in electronics offers 
more rewards than ever 
before. 

career skills. Each lesson is 
designed to take you step - 
by -step and principle -by- 
principle. And while all of 
CIE's lessons are designed 
for independent study, CIE's 
instructors are personally 
available to assist you with 
just a toll free call. The result 
is practical training... the kind 
of experience you can put to 
work in today's marketplace. 

LEARN BY DOING...WITH 
STATE -OF- THE -ART 
EQUIPMENT AND 
TRAINING. 
CIE pioneered the 
first Electronics 
Laboratory 

electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
study, which can save you 
money. 
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CIE'S COMMITTED TO 
BEING THE BEST...IN ONE 
AREA...ELECTRONICS. 
CIE isn't another be- 
everything-to-everyone 
school. CIE teaches only 
one subject and we believe 
we're the best at what we 
do. Also, CIE is accredited 
by the National Home Study 
Council. And with more than 
1,000 graduates each year, 
we're the largest home study 
school specializing exclu- 
sively in electronics. CIE has 
been training career -minded 
students for nearly sixty 
years and we're the best at 
our subject... 
ELECTRONICS... 
IT'S THE ONLY SUBJECT 
WE TEACH! 

CIE PROVIDES A 
LEARNING METHOD SO 
GOOD IT'S PATENTED. 
CIE's AUTO -PRO- 
GRAMMED® lessons are a 
proven learning method for 
building valuable electronics 

Course 
and the first 
Microprocessor 
Course. Today, no 
other home study 
school can match CIE's 
state -of- the -art equipment 
and training. And all your 
laboratory equipment, books 
and lessons are included in 

your tuition. It's all yours to 
use while you study and for 
on- the -job after you 
graduate. 

PERSONALIZED 
TRAINING....TO MATCH 
YOUR BACKGROUND. 
While some of our students 
have a working knowledge of 
electronics others are just 
starting out. That's why CIE 
has developed twelve career 
courses and an A.A.S. 
Degree program to choose 
from. So, even if you're not 
sure which electronics career 
is best for you, CIE can get 
you started with core lessons 
applicable to all areas in 

YES! I want to get started. 
Send me my CIE course catalog 
including details about the 
Associate Degree Program. (For 
your convenience, CIE will have a 

representative contact you - there 
is no obligation.) 
Please Print Clearly 

Name 

Address 

City 

State Zip Aye 

Phone No. 

Check box for G.I. Bill Benefits. 
Veteran 
Active Duty AE72 

Cleveland Institute of Electronics. Inc. 
1776 East 17th Street 
Cleveland. OH 44114 

Send for CIE's FREE Course Catalog and A School of Thousands. 

See How We Can Help Your Career Too! L A Class of One. Since 7934. J 31 
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1- 800 -348 -0033; Fax: 
508 -880 -0179; free. 

This 288 -page catalog 
from Keithley MetraByte 
describes more than 40 
hardware, software, and 
accessory products that it 
is offering. Many have been 
optimized for Windows - 
based data -acquisition ap- 
plications. The products 
pictured and described in- 
clude the DAS -1800 and 
DAS -800 families of plug - 
in data -acquisition boards, 
the DAS -TC thermocouple 
input board, the VisuaIDAS 
custom control software 
package, and the TestPoint 
multitasking, object -ori- 
ented software package. 

The full color catalog 
also describes the compa- 
ny's plug -in boards and 
software packages, signal - 
conditioning products and 
accessories, IEEE -488.2 
personal computerinter- 
faces, serial interfaces, 
Personal Computer Instru- 
ment Product (PCIP) 
boards, Series 500 data 
acquisition instruments, 
and industrial data acquisi- 
tion systems. 

DATA ACQUISITION 
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Expanded technical ref- 
erence sections include 
product -selection indexes, 
application notes, technical 
tips, and a glossary. An en- 
closed project block -di- 
agram worksheet is intend- 
ed to help readers docu- 
ment their application re- 
quirements. Worksheets 
can be faxed to Keithely 
MetraByte for free advice 
on the most cost -effective 
way to implement those re- 

32 quirements. 

Networking: Products for In- 
stalling, Maintaining & Re- 
pairing Networks. Contact 
East, 335 Willow Street, 
North Andover, MA 01845; 
Phone: 508 -688 -2000; Fax: 
508 -688 -7829; free. 

This 48 -page catalog 
from Contact East contains 
information on its products 
for installing, maintaining, 
and repairing networks. 
The products highlighted in 

this catalog include new 
insulated hand tools, digital 
multimeters and accesso- 
ries, cordless power tools, 
clamp meters, infrared 
temperature probes, and 
handheld and remote dig- 
ital storage oscilloscopes. 
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The catalog also de- 
scribes Contact East's 
lines of tools for wire crimp- 
ing, stripping, and cutting 
as well as its soldering sup- 
plies, wire sorters, circuit 
testers, network testers, 
communication test equip- 
ment, and measuring tools. 

Mosaic Quick Tour for Win- 
dows: Accessing & Navigat- 
ing the Internet's World 
Wide Web; by Gareth Bran - 
wyn. Ventana Press, P. O. 
Box 2468, Chapel Hill, NC 

27515; Phone: 
919 -942 -0220; Fax: 
919 -942 -1140; $12. 

This book describes the 
World Wide Web, a system 
for interlinking information 
on the Internet. Mosaic, 
with its graphically rich in- 
terface and point- and -click 
access, is said to be ideal 
for navigating the Web. 
Branwyn's book will help 

M,0 SAIL 
OWL 
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the reader to obtain max- 
imum benefit from Mosaic. 

The book defines hyper - 
linked World Wide Web, 
Mosaic, hypertext, and 
HTML, and it discusses its 
underlying language. Also 
covered are system re- 
quirements and software 
downloading and config- 
uration. You will learn how 
to use Mosaic for FTP, 
telnet, and newsgroup 
reading. The book also 
contains a listing of art gal- 
leries, magazines, music 
archives, software librar- 
ies, and other resources. It 

also describes special 
ways to explore the World 
Wide Web. 

1994/1995 Embedded Con- 
trol Handbook. Microchip 
Technology Inc., 2355 West 
Chandler Blvd., Chandler, 
AZ 85224 -6199; Phone: 
602- 786 -7200; Fax: 
602 -899 -9210; free 

This 1376 -page tech- 
nical reference book from 
Microchip Technology on 
embedded control is avail- 
able through any autho- 
rized Microchip distributor 
or sales representative. It 
discusses Microchip's 
PIC16/17 field- program- 
mable eight -bit micro - 
controllers and nonvolatile 
memory products. In- 

CIRCLE 344 ON FREE 
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cluded are more than 78 
application notes as well as 
software code written for 
specific embedded -control 
applications. 

Sections include those 
on multiplexing LED drives 
and a 4 x 4 keypad for sam- 
pling; implementation of an 
asynchronous serial I /O; 
serial port utilities; imple- 
menting ohmmeter /tem- 
perature sensors and serial 
port utilities. The book in- 
cludes schematic and tim- 
ing diagrams, math rou- 
tines, and illustrations to 
explain applications. 

Practical Digital Video with 
Programming Examples in 
C; by Phillip Mattison. John 
Wiley & Sons, Inc. 605 Third 
Avenue, New York, NY 
10158 -0012; Phone: 1-800 - 
CALL- WILEY; $39.95 includ- 
ing disk. 

Mattison's book will help 
software developers gain a 
comprehensive working 
knowledge of digital video 
and multimedia program- 
ming in C language. This 
practical guide explains the 
vital elements of personal 
computer motion video in a 
comprehensible, non - 
mathematical style. The 
companion diskette in- 
cludes 20 sample pro- 
grams with source code, 
plus clips of sample motion 
videos. 

PRACTICAL DIGITAL 

VIDEO WITH 

PROGRAMMING 

EXAMPLES IN C 

CIRCLE 345 ON FREE 

INFORMATION CARD 

The book points out the 
differences between 
graphical and natural im- 
ages, and the reasons for 
compressing image data. It 
describes and compares 
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various computer displays 
and comments on their 
suitability for natural video. 
Different methods of color 
representation are ex- 
plained, and their applica- 
tions to multimedia are 
described. Also covered 
are available video -storage 
techniques and major data - 
compression techniques. It 

presents several PC video 
hardware systems, and 
discusses two popular PC 
video environments-Mi - 
crosoft Video for Windows 
and Apple Quicktime. 

Mega -Brite Lites Selection 
Guide No. 84 -3. Lumex 
Opto /Components Inc., 292 
East Hellen Road, Palatine, 
IL 60067; Phone: 
708 -359 -2790; Fax: 
1- 800 -944 -2790; free. 

This product selection 
guide describes a family of 
35 high- intensity red, 

mega -brite lites 

CIRCLE 346 ON FREE 
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green, and yellow light - 
emitting diodes sold under 
the Mega -brite Lites label. 
Available in six sizes of radi- 
al- leaded plastic packages, 
the LEDs can serve as il- 

lumination sources, indica- 
tors that can be seen as far 
away as 100 feet, and in- 

door signs. They can also 
serve as outdoor lights au- 
tomobiles. The guide in- 
cludes full specifications, 
including detailed outline 
drawings and emission pat- 
terns for each of the six 
package sizes. it 

Co n Design and 
Construction 
Manual 

YOU CAN WIND 
YOUR OWN COILS? 
There's no trick to it except knowing what 
you are doing. In a unique, 106 -page book 
you can become expert in winding RF, IF, 

audio and power coils, chokes and trans- 
formers. Practically every type of coil is dis- 
cussed and necessary calculations are given 

with the mathematical data simplified for use by anyone. Get your 
copy today! 

I-Mail coupon to: 

Electronics Technology Today, Inc. 

P.O. Box 240 Massapequa Park, NY 11762 -0240 

Please send me my copy of Coil Design and Construction Manual 
(BP160). I enclose a check or money order for $8.45 to cover the 

book's cost and shipping- and -handling expenses. NY state resi- 

dents must add local sales tax. 

Name 

Address 

City State ZIP 

All orders must be paid in U.S. funds only. Sorry, no orders ac- 

cepted outside of USA and Canada. Please allow 6 -8 weeks for de- 

Livery. J 

EQUIPMENT REPORTS 

continued from page 16 

burst, and text. The patterns can be 
cycled automatically to prevent the 
electron beam from damaging the 
CRT screen of the monitor under 
test. 

The raster pattern produces a 

solid box on the monitor's screen 
surrounded by a one -pixel wide 
border. This border indicates color 
purity and high -voltage power sup- 
ply regulation. The box should be 
pure white when all video outputs 
are on, and it should switch to solid 
black when the video polarity is re- 
versed. The edges of the box must 
be straight and ripple -free. 

The circle /cross pattern of light 
colored circles and grid on a black 
background provides a test of the 
monitor's linearity and con- 
vergence. Each line should be 
straight and each box should be 
square. The circles must be round 
and without distortion. The dots per- 
mit checking static convergence 
and the dots and lines permit check- 

ing dynamic convergence. 
The color bar pattern tests a 

monitor's ability to produce proper 
color. All color bars should be pres- 
ent and the colors should be uni- 
form in intensity from top to bottom 
and left to right to detect possible 
video amplifier defects. 

The staircase pattern tests 
brightness and contrast linearity of 
analog and monochrome digital 
monitors. If those monitors are 
working correctly, they will display 
of 16 evenly spaced bars ranging 
from black to 100 % white. 

The windows pattern tests the 
monitor's power supply regulation. 
It shows up as a checkerboard pat- 
tern of four black and five white 
squares on a field of nine squares. 
Transitions between the black and 
white squares should be clear and 
distinct. All the white boxes should 
have the same brightness level and 
the entire screen should be ripple 
free. 

The window pattern, a white box 
on a black field, is widely used by 
monitor manufacturers for making 
internal contrast and brightness ad- 
justments. 

The multiburst pattern, similar in 

appearance to the windows pattern 
except that the vertical and horizon- 
tal resolution lines replace the white 
boxes, test monitor resolution and 
bandwidth. The vertical lines test 
the horizontal pixel resolution and 
the horizontal lines test the vertical 
resolution. The one -pixel wide lines 
should be discernible on a properly 
operating monitor. 

The text pattern fills the screen 
with upper- and lower -case text 
characters that duplicate user con- 
ditions. All characters on the screen 
should be should be focused and 
easy to read. This pattern is used to 
make the final performance test on 
the monitor. 

The CM125 computer monitor 
signal generator is an expensive in- 

strument, but its performance is not 
easily matched by features in other 
computer monitor testers at any 
price, especially portable instru- 
ments suitable for field use. It can 
make short work of high -volume 
symptom, field, burn -in testing, and 
quality assurance testing. It is also 
suitable for giving monitor demon- 
strations. o 33 
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MICROFROCES ORS 
Two decades of microprocessor history 

INCE THE DAYS OF THE FIRST VAC - 
uum -tube computer, designers 
lI; ve sought better, faster, and 
heaper computer perfor- 
ance. Improvements in these 
eas directly mirror the evolu- 

t ion of device technology from 
_R. vacuum tubes to transistors, 
.-- integrated circuits, Large Scale 

i"--"Thtegration (LSI), and Very 
arge Scale Integration (VLSI). 
portant milestones along the 

ay include the introduction of 
--integrated circuits in 1964, and 

the introduction of the micro - 
processor -often called the 
MPU (microprocessing unit) or, 
more commonly, CPU (central 
processing unit) -in 1971. 

This article provides an over - 
vicw of how both micro- 
processors and the computer 
industry have evolved. Whether 
you are a computer user, hob - 
byist, technician, or designer, 
this article will help you under- 

" " stand what microprocessors 
are, how they work, and how 
they developed. The article also 
includes a capsule history of mi- 
croprocessor development (see 
"Early Times in the PC Biz "), 
and a glossary of micro- 
processor- related terms (see 
"Microprocessor Glossary and 

;Nomenclature "). 

What is a microprocessor? 
The internal workings of to- 

day's microprocessors are cer- 
tainly more sophisticated than 
those of such pioneers as the y502 (MOS Technology), the 

C6800 (Motorola) or the 8080 
ntel). Even so, today's com- 

plexity only builds on underly- 
ing architectures that have 

mained almost unchanged for 
0 years. 

-q At heart, the microprocessor 
s an "engine" that performs 

ithmetic and logic functions 
a generalized way. Ordinary 

gic ICs are designed to pro- 

STEPHEN J. BIGELOW 

duce specific outputs based on 
specific inputs and internal log- 
ic. By contrast, the micro- 
processor's outputs are deter- 
mined by stored logic -soft- 
ware -that can vary. 

For example, Fig. 1 shows a 
block diagram of the 8 -bit 
8080A CPU. Although it might 
appear imposing at first glance, 
each block falls into one of three 
categories: registers, instruc- 
tion/control elements, and the 
arithmetic logic unit or ALU. 

Registers are individual RAM 
locations that are contained 
within the microprocessor it- 
self. Nearly every micro- 
processor has a register called 
the accumulator, which stores 
values and the results of arith- 
metic and logical operations. 

Another important register 
shared by nearly all micro- 
processors is called the program 
counter, which tracks the ad- 
dress in the computer's main 
RAM memory .where the next 
program instruction will come 
from. While the microprocessor 
is executing a current instruc- 
tion, it also updates the pro- 
gram counter to point to the 
address of the next instruction. 
The actual program instruction 
that is to be executed is passed 
to the instruction decoder via 
the instruction register. 

The CPU can also jump to an- 
other location in RAM to ex- 
ecute an instruction, in several 
ways. One is to Jump or Branch 
directly to that location and 
continue program execution 
there. Another is to execute a 
subroutine, usually via a Call, 
Jump to Subroutine, or Branch 
to Subroutine instruction. 
After the subroutine completes 
its duties, the CPU resumes pro- 

gram execution at the instruc 
tion that immediately follow 
subroutine -Call, -Jump, or 
Branch instruction. 

When the CPU performs 
Call, it pushes the contents 
the program counter onto asp 
cial section of main compute 
memory called the stack. Con 
versely, when returning from 
subroutine, the address is the 
popped off the stack and loade 
back into the program counte 
Another CPU register called th 
stack pointer keeps track of th 
next free location on the stac 
As the CPU calls subroutine 
(pushes) and returns from the 
(pops), the stack pointer slide 
up and down the stack. Th . 
stack can also store the con 
tents of various CPU registers. 

Other registers are used for- 
temporary data storage and t 
index memory. For example, 
the 8080, the H, L, D, E, B, C, 
Z, as well as the Accumulato 
are all 8 -bit registers that se 
as general- purpose (or scratc 
pad) registers. Newer micro 
processors contain more and 
larger registers, but the concep 
is the same. 

Instruction /Control To e 
ecute a program instructio 
the CPU must usually perform 
series of steps such as readin 
data from a memory or inpu 
output (I /O) location, writin 
data to a memory or I/O loca 
tion, manipulating the co 
tents of one or more CP 
registers, and handling the 
sults of ALU operations. The a 
tual series of steps depends o 
the particular instruction 
Thus, each instruction must b 
translated by an instruction d 
coder from the single machine 
language instruction into a s 
ries of simple functions that th 
CPU can execute. 

Keeping all of the component 
of a CPU running smoothly re 
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MOTOROLA's 68030 second -generation 32 -bit microprocessor. 

quires precise timing and syn- 
chronization, which is usually 
managed by a crystal -based 
clock /oscillator. Early CPUs 
such as the 8080A required an 
external oscillator. Today's CPUs 
contain internal oscillators that 
require only an external crystal 
and perhaps a small capacitor 
or two. 

Each clock pulse allows the 
CPU to perform one operation. 
However, one instruction can 
requires several operations. As 
a result, it may take 20 to 30 
clock pulses for a CPU to per- 
form a complete instruction, 
such as adding two numbers. 

There are two basic ways to 
enhance CPU speed: 1) increase 
clock speed, and 2) decrease the 
number of operations that are 
required to execute each in- 
struction. For example, sup- 
pose that 25 clock pulses are 
needed to perform a simple ad- 
dition. If the CPU clock ran at 10 
MHz, each clock pulse would 
take 0.1 microsecond (µs), so 
the addition would be com- 
pleted in (25 x 0.1 µs) = 2.5 µs. 
If the CPU ran at 60 MHz, each 
clock pulse would be only 16.7 
nanoseconds (0.0167 µs), so 
the same addition would be 
complete in (25 x 0.01671.1.$) = 
0.4175 µs. That value repre- 
sents a six times improvement 
in raw speed. The other way to 

36 improve performance is to re- 

duce the number of operations 
required per instruction. To- 
day's microprocessors use both 
techniques. 

Several control signals influ- 
ence a microprocessor's opera- 
tion. One important function, 
for example, is reading and 
writing memory and I/O ports. 
How does the system dis- 
tinguish between reads and 
writes? Some microprocessor 
families have a single read/write 
line; the Intel family has sepa- 
rate read and write lines. When- 
ever the CPU wants to write 
some data to memory or to an 
input /output (I /O) port, it as- 
serts (brings low) its WRITE line. 
Likewise, when it wants to read 
data, it asserts its READ line. 

Another important function 
involves interrupts. Whenever a 
situation requiring the CPU's 
attention occurs, the CPU's cur- 
rent task can be interrupted, 
and its focus shifted to the in- 
terrupting task. Devices such 
as keyboards, disk drives, and 
memory- refresh circuits de- 
mand the CPU's attention with 
interrupt requests (IRQs). Early 
CPUs such as the 6800, the 
6502, and the 8080 had a single 
interrupt input. Many current 
devices offer as many as 16. 

Another potential problem 
that a microprocessor must 
contend with is the varying 
speeds of devices in a computer 

system. The CPU is usually the 
fastest device in a system; mem- 
ory and I/O ports are typically 
slower, and mechanical devices 
such as disk drives are slower 
yet. Because of these speed dif- 
ferences, an external device may 
not be ready when the CPU tries 
to read it. To ensure coordina- 
tion, microprocessors have WAIT 
and READY signal lines, which 
allow the CPU to idle for a clock 
pulse. That idle period is called 
a wait state. Although wait 
states are still common in com- 
puter systems today, good sys- 
tem design minimizes their 
use. 

The last control function to be 
discussed here is micro- 
processor reset. When asserted, 
the RESET line of a micro- 
processor sets all the registers 
to known states and begins pro- 
gram execution at a specific lo- 
cation in memory. 

ALU The real power in a CPU 
is not in its registers or control 
section, but in its Arithmetic/ 
Logic Unit (ALU). The ALU is the 
"brain" within the CPU; it is 
what carries out most logical 
operations, comparisons, and 
arithmetic functions. Some 
CPUs delegate high -order math 
functions to a separate math 
coprocessor, but most ALUs 
add, subtract, increment, dec- 
rement, compare, and perform 
logical operations (AND. OR. NOT. 
xoR). After each ALU operation, 
a set of resultflags indicates the 
status of the result (carry, bor- 
row, or zero). 

The Intel family 
Intel CPUs have been at the 

forefront of desktop personal 
computing since IBM selected 
the 8088 for use in its first IBM 
PC. Since it was introduced, the 
so- called x86 architecture has 
undergone five major evolution- 
ary stages. The first generation 
includes the 8088, the 8086, 
and the 80186. The next three 
generations include the 80286, 
the 80386, and the 80486. The 
fifth and most recent includes 
the Pentium. Intel is already 
working on both the sixth and 
seventh generations, as yet un- 
named. fable 1 summarizes dif- 
ferences between the various 
CPU family members, ranging 
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from the early 8088 (as used in 
the original IBM PC) to what 
many consider today's perfor- 
mance leader, the Pentium. 

The head of the family is the 
8086. In the era ruled by 8 -bit 
microprocessors, the 8086 
quickly became the first widely - 
used 16 -bit microprocessor. 
(When speaking of the number 
of bits a microprocessor has, 
data -bus width is usually the 
value referred to.) In addition to 
doubling the data bus width 
from 8 to 16, the 8086 also in- 
creased the number of address 
lines from 16 to 20, thereby 
providing what seemed at the 
time an abundant one mega- 
byte of addressable memory. 

The 8088 is essentially the 
same chip as the 8086, except 
that its 16 -bit data bus is multi- 
plexed down to 8 bits. That 
trades off system costs at the 
expense of performance. Note in 
Table 1 how data -bus band- 

width decreases by more than a 
factor of two from the 8086 to 
the 8088. Multiplexing the data 
bus down to half its internal 
width is a "trick" Intel played 
over and over in the evolution of 
the 8086 line. 

The 80186 is an 8086 with 
several common support func- 
tions built right in: clock gener- 
ator, system controller, inter- 
rupt controller, DMA (Direct 
Memory Access) controller, and 
timer /counter. No Intel CPU be- 
fore or since has offered as 
much integration in a single 
package. The 80186 was also 
the first to abandon 5 -MHz 
clock speeds in favor of 8 -, 10 -, 
and 12.5 -MHz rates. The 186 
was not used as a mainstream 
CPU for desktop computers; 
rather, it was limited to "embed- 
ded" applications. 

The 80286 offered the first 
real architectural advance over 
the 8086. The 286 pushed 

memory to 24 address lines, re- 
sulting in a 16- megabyte ad- 
dress space. In order the access 
all that memory, the 286 also in- 
troduced a new mode of opera- 
tion, called protected mode. 

The 80286 booted in an 
8088 /86- compatible mode 
called real mode, but through a 
special instruction, it could 
switch into the more advanced 
protected mode to gain access to 
the additional memory, as well 
as to advanced programming 
features. However the only way 
to get back into real mode from 
protected mode is to force a 
complete reset of the micro - 
processor-a time -consuming 
process that eliminated the 
80286 as a viable engine for 
running multitasking operat- 
ing systems such as Windows 
and OS /2. 

The next major advance came 
in 1985: the 80386. It was Intel's 
first 32 -bit microprocessor, and 
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TABLE 1 -INTEL CPU FAMILY CHARACTERISTICS 

CPU Date 
Introduced 

Number of 
Transistors 

Data Bits Address Bits Physical 
Address 
Space 

(Virtual) 

Clock Speeds 
(MHz) 

Data Bus 
Bandwidth 
(MB /sec) 

MIPS (at Max 
Clock Speed) 

Math 
Coprocessor 

8086 1978 29.00 16 20 1 MB 5, 8,10 5 0.75 8087 
8088 1978 16 (8 

external) 

20 1 MB 5, 8 2 0.75 8087 

80186 1980 16 20 1 MB 8.10,12.5 
80286 1982 134,000 24 16 MB (1 GB) 8,10,12.5 12.5 2.66 80287 
80386 1985 275,000 32 32 4 GB (64 TB) 16, 20, 25, 33 50 11.4 80387 
80386SX 1988 32 (16 

external) 

24 16 MB 16. 20, 33 3.6 80387SX 

80386SL 1990 855,000 
external) 

32 (16 24 16 MB 16, 20, 33 80387SL 

80486 1989 1.200.00 32 32 4 GB (64 TB) 25.33 26.9 Internal 

80486SX 1991 32 32 4 GB (64 TB) 16. 20, 25, 33 20.2 80487 
80486 DX /50 1991 32 32 4 GB (64 TB) 50 41.1 Internal 

804860X2/50 1992 32 32 4 GB (64 TB) 25 (50 
internal) 

40.5 Internal 

804860X2/66 1992 4 GB (64 TB) 33 (66 
internal) 

54.4 Internal 

80486SL 1992 1,400.000 32 32 4 GB (64 TB) 25, 33 26.9 Internal 

80486dx2/40 1993 4 GB (64 TB) 20 (40 
internal) 

21.1 Internal 

80486SX/SL 1993 4 GB (64 TB) 33 26.9 Internal 

804860X /SL 1993 4 GB (64 TB) 33 26.9 Internal 

804860X4 1994 4 GB (64 TB) 33 (100 
internal) 

Internal 

Pentium 1993 3,210.000 64 (32 

internal) 

32 16 MB (64 TB) 60, 66, 90,100 111.6 (at 66 
MHz) 

Internal 

provided 32 bits on both the 
data and address buses. Like 
the 286, the 386 boots in real 
mode. It also offers a protected 
mode, multiple simultaneous 
"virtual" real -mode sessions, 
and efficient mode switching. 
The 386 was the first Intel CPU 
to enhance processing speed 
through the use of instruction 
pipelining (also known as scal- 
ar architecture), which allows 
the CPU to start working on a 
new instruction before complet- 
ing the current one. 

In 1988, Intel took a step 
"backward" with the 80386SX. 
It was built around the core 32- 
bit CPU of the 386, but provided 
only a 16 -bit external data bus, 
and a 24 -bit address bus. Al- 
though the performance of the 
386SX was significantly lower 
than the 386, so was it's price, 
so system costs could be re- 
duced. Another version of the 
386 came in 1990: the 
80386SL. With its 24 address 
lines and 16 -bit external data 
bus, the 386SL closely re- 
sembled the 386SX. But it also 
incorporated system functions 
for running a standard PC, and 
power- management circuitry 

38 that optimized the device for 

use in portable computers. 
All members of the 386 family 

can operate with stand -alone 
math coprocessors (80387DX, 
80387SX, and 80387SL). 

The 486 family 
Like the 80386, the 80486 in- 

corporates pipelining to im- 
prove instruction execution 
performance. The 486 also adds 
a new wrinkle: on -chip cache 
memory. Cache reduces memo- 
ry- access time by storing copies 
of recently used instructions 
and data in fast static RAM, 
rather than relatively slow 
DRAM. Another improvement 
was the inclusion of a floating - 
point unit in the CPU itself. 

Of course, Intel found ways to 
"SX" the 486 line to provide a 
less expensive option for system 
designers. Unlike previous SXs, 
the data -bus width was not 
halved on the 486SX. However, 
the 486SX does not include the 
on -chip floating -point unit or 
math coprocessor. One impor- 
tant innovation in the 486 line 
was the introduction of 3 -volt 
devices for laptop computers 
and other low -power applica- 
tions. 

Another interesting feature of 

the 486 is its upgradeability. 
Computer systems based on 
prior generations were pretty 
much locked in to the perfor- 
mance level attainable by what- 
ever the built -in CPU offered. 
But the 486 was designed from 
the beginning for upgrade - 
ability via what Intel calls "Over - 
Drive" technology. OverDrive 
technology generally replaces 
your current CPU with one that 
runs twice as fast -internally. 
But you don't get twice the over- 
all performance. Nonetheless, 
an OverDrive CPU is cheaper 
than buying a whole new PC. It 
is vital to note that not all 486 
systems are upgradeable via 
OverDrive technology; check 
with your computer's manufac- 
turer to be sure. 

The 486 has spawned numer- 
ous variations, including a full 
50 -MHz model (the 
80486DX/50), and the afore- 
mentioned 486SX, which is up- 
gradeable if the computer's 
motherboard was designed to 
accept an OverDrive CPU. 

The first wave of OverDrive 
CPUs arrived in 1992 with the 
introduction of the 
80486DX2/50 and the 
80486DX2/66. The DX2 /50 
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INTEL's Pentium. 

runs on a 25 -MHz bus, but at 
50 -MHz internally; the DX2/66 
runs at 66 MHz on a 33 -MHz 
bus. The slower bus speeds al- 
lowed the OverDrive CPUs to 
work directly with existing PC 
motherboard designs. Both 
OverDrive CPUs offer internal 
math coprocessors, and are 
themselves upgradeable to even 
faster OverDrive versions. The 
DX2 /50 is available in 3- and 5- 
volt versions, while the DX2/66 
is available only in the 5 -volt ver- 
sion. 

In 1992, Intel produced a 
highly- integrated, low -power 
version of the 80486 called the 
80486SL. Its 32 -bit data bus, 
32 -bit address bus, 8 kilobytes 
of on -board cache, and inte- 
grated math coprocessor make 
it similar to other 486 CPUs. 
However, the SL includes power - 
management circuitry that op- 
timizes the device for use in 
mobile computers. The 486SL 
is available in 25- and 33 -MHz 
versions, and in both 3- and 5- 
volt designs. 

In 1993 Intel rounded out the 
486 family by introducing the 
486DX2/40, the 80486SX/SL, 
and the 80486DX /SL. The 
DX2 /40 is another OverDrive 
CPU, this one intended to run in 
20 -MHz PCs. The SX/SL and 
DX/SL devices are similar to the 
original versions, but with SL- 
type power- management ca- 
pabilities. These devices in es- 
sence made the special 486SL 
mentioned previously obsolete, 

42 angering several manufac- 

turers in the process. 
The latest addition to the 486 

line is the DX4 series, which are 
clock- tripled devices that run 
on 25- and 33 -MHz buses. With 
the X4 nomenclature Intel ap- 
pears to imply that the DX4's 
larger cache (16 kilobytes vs. 8 
kilobytes in prior models) 
achieves greater than a three 

times performance improve- 
ment. All versions of the 486 
run the same software, and are 
backward compatible with all 
x86 CPUs going all the way back 
to the 8086/8088. 

The Pentium 
By 1992, the 486 had become 

well- entrenched in everyday 
desktop computing, but Intel 
was already laying the ground- 
work for the next generation. 
Nearly everyone expected Intel 
to continue its traditional num- 
bering scheme and dub the next 
CPU the 80586. However, Intel 
wanted more control over who 
used similar names for compet- 
ing processors, so it changed to 
a name that is more easily trade- 
marked: Pentium. It was intro- 
duced in 1993. 

The Pentium retains the 32- 
bit address bus of the 486, but 
doubles the data bus to 64 bits. 
All versions of the Pentium in- 
clude an on -board math 
coprocessor, and are intended 

Early Times in the PC Biz 
The CPU powering the PC on your 

desk probably contains more than a mil- 
lion transistors. However, its lineage 
traces all the back to Intel's 4004, which 
was developed in 1971. The 4004 was a 
four -bit processor. It contained 2,300 
transistors. and ran at 108 kHz. The 
4004 sold well and found service in early 
desktop calculators. 

Following the 4004, Intel developed 
the 8008 (in 1972) and the 8080 (in 
1974). It was the 8080 that really helped 
launch the personal- computer revolu- 
tion. The 8080 could address only 64 
kilobytes of memory, but it was the first 
well- accepted 8 -bit microprocessor. 
Later (in 1976) Intel introduced the 8085, 
which was basically an 8080 with some 
built -in system logic. Then a company 
called Zilog produced what was proba- 
bly the first clone microprocessor, the 
Z80. The Z80 was 8080 compatible, but 
included enhancements such as faster 
clock rates and a richer instruction set. 
Motorola entered the CPU market in 
1975 with its 8 -bit 6800, and the 6502 
was developed around the same time by 
MOS Technology. 

By the late 1970's, the first wave of 
personal computers had hit the market. 
Tandy introduced the 8080 -based 
TRS -80 Model I in 1977. The 6502 - 
based Apple II also appeared in 1977. In 
1979 came the 6502 -based Com- 
modore PET. Dozens of companies pro- 
duced 8080- and Z80 -based machines 
that ran the first "business' operating 
system, CP /M. CP /M originally stood for 

Control Program /Monitor, but eventually 
took on the meaning Control Program 
for Microcomputers. 

But even as the 8 -bit market was de- 
veloping, the era of the 16 -bit computing 
loomed ahead. By 1978, Intel developed 
its first 16 -bit CPU: the 8086. Then, in 
1979, Intel found a way to multiplex the 
16 -bit data bus down to 8 bits, thereby 
allowing systems to be built less expen- 
sively. The 8088 contained 29,000 tran- 
sistors, and was available in 5- and 8- 
MHz versions. Both the 8088 and the 
8086 offered 20 address lines, which 
gave them a memory capacity of 1 

megabyte -16 times more than the 64 
kilobytes offered by the 8080, 6800, and 
6502. 

Motorola parried Intel by introducing 
the 68000, a true 16 -bit CPU. Apple 
shortly abandoned the aging 6502 and 
used the 68000 in the Macintosh. Zilog 
attempted to stay in the 16 -bit competi- 
tion with the Z8000, but was unable at- 
tract interest from major computer 
manufacturers. 

What helped Intel gain the promi- 
nence that it has today was IBM's selec- 
tion of the 8088 for the original IBM PC, 
introduced in 1981. The PC made many 
compromises in the name of cost -effec- 
tiveness. Major functions including vid- 
eo and disk storage were stripped out 
and incorporated on separate plug -in 
boards. That in turn helped to create a 
huge market for peripherals. No one, 
including IBM, accurately forecast the 
impact the PC would have. 
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to be compatible with future 
OverDrive designs. 

The Pentium has two 8 -kilo- 
byte caches -one for instruc- 
tions and another for data. A 
dual -pipeline technique 
(known as superscalar archi- 
tecture) allows the Pentium to 
process more than one instruc- 
tion per clock cycle. Other sub- 
stantial improvements include 
on -board power management 
(similar to the 486SL line). Cur- 
rently the fastest released model 
runs at 100 MHz, and Intel has 
publicly demonstrated 150 -MHz 
versions. 

The Motorola family 
Intel CPUs (and the comput- 

ers built on them) capture the 
majority of customers and mar- 
ket share in the PC industry. 
Nonetheless, Motorola has also 
enjoyed an excellent reputation 
in the microprocessor arena. 
Motorola CPUs have long been - 
and continue to be -the micro- 
processor of choice for Apple's 
line of personal computers. 
Many embedded and high -per- 
formance computer designs 
have also carried Motorola 
CPUs. 'Fable 2 summarizes fea- 
tures of the Motorola line of 
CPUs. 

Motorola's initial micro- 
processor introduction was the 
6800 in 1975. It was strictly an 
8 -bit processor capable of ad- 
dressing 64 kilobytes of memo- 
ry. Probably the most striking 
difference between the Motorola 
and Intel architectures is that 
early members of the 6800 fam- 
ily tended to minimize register 

INTEL'S 8088. 

usage in favor of general -pur- 
pose RAM. 

Motorola introduced numer- 
ous variations of the 6800. The 
6802 incorporated 128 bytes of 
RAM on the CPU itself. The 
6803/6808 ran faster (3.58 
MHz), incorporated 128 bytes of 
RAM, and included both a UART 
(universal asynchronous re- 
ceiver /transmitter) for serial 
communications, and a coun- 
ter /timer. The last variation of 
the 8 -bit Motorola family was 
the 6809. It was similar to the 
6802, but offered an enhanced 
instruction set, including what 
was probably the first multiply 
instruction on an 8 -bit CPU. 

Some of the earliest personal- 
computer kits were based on 
the 6800 family, and Tandy built 
a version of the Color Computer 

that was rather advanced (for 
its day) around a 6809. How- 
ever, by 1978, the age of the 16- 
bit CPU had begun, and the sec- 
ond generation of personal com- 
puters that included the Apple 
Macintosh and the IBM PC 
would be 16 -bit machines. 

The 68000 family 
In 1978 Motorola introduced 

its first 16 -bit CPU: the 68000. 
Unlike Intel's 8086/8088, which 
could address only one mega- 
byte of physical RAM, the 68000 
had 24 address lines that could 
access 16 megabytes of RAM di- 
rectly-it was an almost incon- 
ceivable amount of memory at 
the time. In addition, the 68000 
ran faster than mainstream In- 
tel processors of the day: 16 
MHz. Also, Motorola abandoned 

TABLE 2- MOTOROLA CPU FAMILY CHARACTERISTICS 

CPU Data Bits Address Bits Physical 
Address 
Space 

(Virtual) 

Clock Speeds 
(MHz) 

Notes MIPS Math 
Coprocessor 

6800 8 16 64 K 2 

6802 8 16 64 K 3.58 128 bytes 
RAM 

6803/6808 8 16 64 K 128 bytes 
RAM + UART 

6809 16 64 K 

68000 16 24 16 MB 16 1.6 MIPS 6881 

68020 32 32 4 GB 16. 33 5.5 MIPS 68882 

68030 32 32 4 GB 16 + -50 256 byte 
cache 

12 MIPS 6882 

68040 32 32 4 GB 25, 40 8 K cache 35 MIPS Internal 

68060 32 32 4 GB 50, 66 16 K cache 100 MIPS Internal 43 
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the idea of RAM -based registers 
and incorporated 16 general - 
purpose registers in the 68000. 
It would be four years until Intel 
could approach the technology 
of the 68000. 

Motorola entered the 32 -bit 
CPU arena with the 68020. Like 
the 68000. the 68020 has 16 
general -purpose registers, and 
can address four gigabytes of 
RAM directly. A first for the 
68020 was the inclusion of an 
internal 256 -byte instruction 
cache -negligible by today's 
standards, but a true architec- 
tural advance at the time. 

The 68030 is Motorola's sec- 
ond- generation 32 -bit CPU. It is 
very similar to the `020, but is 
available in faster speeds, and 
with one 256 -byte cache each 
for data and instructions. 

The 68040 is the third gener- 
ation. It increases the data and 
instruction caches to 4 kilo- 
bytes each, and, for the first 
time, includes an on -board 
math coprocessor and memory- 
management unit. 

One of the latest members of 
the 680x0 family is the 68060. 
The 68060 is a superscalar de- 
sign that has multiple instruc- 
tion pipelines, and on -board 
memory and power manage- 
ment. 

PowerPC 
After more than a decade of 

development, the 680x0 archi- 
tecture simply ran out of steam, 
so Motorola teamed up with IBM 
and Apple to produce a new mi- 
croprocessor with improved 
performance. The MPC601, or 
PowerPC, is a 64 -bit super - 
scalar CPU that can effectively 
execute up to three instructions 
per clock cycle. The PowerPC is 
the first implementation of re- 
duced instruction set comput- 
ing (RISC) for personal comput- 
ers. (The 680x0 and 80x86 
families use complex instruc- 
tion set computing (CISC) tech- 
nology.) With RISC, most in- 
structions execute in only one 
clock cycle. Instructions can 
even be completed out of order, 
but the CPU will make them ap- 
pear sequential. The MPC601 
has a 32 -bit address bus, 32 
kilobytes of cache memory, and 

44 an internal math coprocessor. 

MICROPROCESSOR GLOSSARY AND NOMENCLATURE 
Cache -A small amount of high -speed 
memory that stores information for im- 
mediate use by the CPU. Primary cache 
may be built into the CPU itself, and 
additional (secondary) cache may be 
available as fast static RAM. 

CISC -Complex instruction set com- 
puting: Typified by complex instruction 
sets and address modes, and relatively 
expensive silicon. Compare RISC. 

DLC- Suffix used by Cyrix for its 
486SX- compatible CPUs. Cyrix's 
486DLC is pin -compatible with the Intel 
386DX and has only 1 kilobyte of on -chip 
cache, versus 8 kilobytes on an Intel 
486. 

DX -Intel suffix indicating several dif- 
ferent features. The 80386DX supports 
a full 32 -bit data bus, and the 80486DX 
contains an 8- kilobyte cache and a math 
coprocessor. Advanced Micro Devices 
also uses the DX suffix. Compare SX, 
DX2. 

DX2 -Intel suffix indicating that the 
CPU runs internally at twice the bus 
speed. For example, a DX2 /50 runs at 
50 MHz internally, but the memory inter- 
face runs at 25 MHz. Compare SX, DX. 

DXLV- Advanced Micro Devices suffix 
for a low -voltage 386DX. 

FPU- Floating point unit, also called a 
math coprocessor. A specialized IC de- 
signed to perform floating -point math 
more efficiently than an ordinary CPU. 

MIPS- Millions of instructions per sec- 

ond, a relative measure of CPU perfor- 
mance. A higher value indicates a faster 
CPU. 

OverDrive- Intel's trade name for its 
line of DX2 microprocessors. 

Pentium -Intel's trade name for its fifth - 
generation microprocessor. 

Pipelining- Design technique used to 
improve performance by allowing the 
processor to begin work on a subse- 
quent instruction before completing the 
current instruction. 

Power management- Circuitry that 
regulates the power consumption of a 
computer by effectively "turning off" 
power- hungry devices that are not being 
used. 

RISC- Reduced instruction set com- 
puting: Typified by simple instruction 
sets and address modes, and relatively 
inexpensive silicon. Compare CISC. 

SL -Intel suffix representing a low - 
power CPU (usually for mobile comput- 
ers). The SL line has been canceled, 
and its features folded into more recent 
486 and Pentium CPUs. 

SX -Intel suffix with various meanings. 
Internally, the 80386SX supports a full 
32 -bit data bus, but externally, only 16 
bits. The 80486DX allows the full bus 
width, but disables the internal math 
coprocessor. Compare DX, DX2. 

SXL- Advanced Micro Devices suffix 
for a low -power SX CPU. 

Apple appears to have bet its fu- 
ture hardware designs on the 
PowerPC architecture. 

MICROPROCESSOR VENDORS 
Cyrix 
P.O. Box 853018 
Richardson, TX 75085 
(214) 994 -8388 

IBM Microelectronics 
Route 100 
Somer, NY 10589 

Intel Corporation 
2200 Mission College Blvd. 
P.O. Box 58119 
Santa Clara, CA 95052 -8119 
(408) 987 -8080 

Advanced Micro Devices 
P.O. Box 3453 
Sunnyvale, CA 94088 -3453 
(408) 732 -2400 

NEC Electronics, Inc. 
475 Ellis Street 
Mountain View, CA 94039 
(415) 960 -6000 

Motorola 
3102 No. 56th Street 
Phoenix, AZ 85018 
(602) 244 -6900 

The clones 
The huge microprocessor 

market has attracted other 
manufacturers who want to 
cash in. In the mid- 1980's, NEC 
"cloned" the 8088 and 8086. 
More recently, American Micro 
Devices cloned Intel's 386 and 
486 CPUs. AMD strategy was 
not to cut prices, but to improve 
performance. For example, 
when 33 -MHz 386's dominated 
the market, AMD introduced its 
model running at 40 MHz. The 
company has continued that 
strategy. 

More recently, several man- 
ufacturers, including AMD, 
Cyrix, and NexGen have jumped 
in to the fray, attempting to pro- 
duce Pentium -class CPUs. None 
of these has been released yet, 
but several introductions are 
planned for this year. IBM has 
signed deals to manufacture 
CPUs for both Cyrix and Nex- 
Gen, so it looks like choices are 
going to multiply rapidly. n 
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THE LIQUID- CRYSTAL DIS- 
play (LCD) and the sin- 
gle -chip analog- to -dig- 
ital converter (ADC) 
have made possible an 
almost endless list of 
battery- powered, hand- 
held test instruments. 
The most prominent of 
these are the digital 
multimeter (DMM) and 
the digital panel meter 
(DPM), but others in- 
clude digital capaci- 
tance meters, ther- 
mometers, timers, 
sound -level meters, and 
light meters. 

The single chip ADC 
eliminated a slew of dis- 
crete components and 
increased circuit re- 
liability, while the LCD 
presents large charac- 
ters that are easily seen 
in daylight. But of more 
importance in battery- 
powered instruments, 
both of these compo- 
nents are miserly in 
power consumption. 
This is especially impor- 
tant for battery con- 
servation. 

Within recent years 
the prices of single -chip 
ADC ICs and large - 
character LCDs have fallen, and 
they are now readily available as 
low -cost, off -the -shelf items 
from electronics stores and dis- 
tributors. 

The digital thermometer de- 
scribed here can be made from 
an available kit or the parts can 
be obtained from most elec- 
tronics distributors. By build- 
ing the thermometer, the build- 
er will gain experience in 
working with advanced ICs and 
display modules, and at the 
same time gain insight into cir- 
cuitry common to many dif- 
ferent instruments. 

The digital thermometer can 
make accurate, reliable, and re- 
peatable temperature measure- 
ments in the laboratory or in the 
field over a wide range of tem- 
peratures. It will save money 
over the price of a factory-built 
instrument and, as a bonus, it 
provides circuit board space for 

-SOLID STATE' 

THERMOMETER 

Build an accurate, 31/2- digit, 
handheld thermometer from 

a kit or from scratch. 
MARC SPIWAK 

adding extra components for 
experiments. 

The basic digital ther- 
mometer circuit displays tem- 
perature in degrees Celsius to a 
an accuracy of a tenth of a de- 
gree on its 31/2-digit LCD in half - 
inch high characters. The PC 
board can be purchased as part 
of the kit or made with the foil 
pattern included here. The elec- 
tronic components are visible 
on the top surface of the instru- 
ment case, as shown in the il- 
lustration of the meter. 

How does it work? 
Figure 1 is a schematic for the 

digital thermometer. The key 
semiconductor device in the cir- 
cuit is IC1, an ICL7106CPL sin- 
gle -chip analog -to- digital con- 
verter from Harris Semiconduc- 
tor. It is a 31/2-digit ADC with a 
built -in LCD display driver, 
BCD to seven -segment de- 

coders, clock and volt- 
age reference. The ADC 
is packaged in a 40 -pin 
plastic DIP In the digital 
thermometer described 
in this article, IC1 will 
be set to display 200 
millivolts full scale 
(199.9), plus or minus. 

The temperature sen- 
sor for this digital ther- 
mometer is an NPN 
transistor modified to 
act like a silicon diode. 
The base of transistor 
QI is short -circuited to 
the collector, so it func- 
tions as a diode. How- 
ever, it has a response 
curve that is more linear 
over a wider tempera- 
ture range than a diode. 

Transistor Q1 pro- 
vides a variable input 
voltage to IC1. The volt- 
age drop across the 
effective diode, typically 
about 0.7 volt, depends 
on the temperature of 
the diode's junction and 
the current flowing 
through it. The voltage 
drop is nearly linear, 
and will typically vary by 
2.2 millivolts per degree 
Celsius. 

A silicon diode has a 
negative temperature coeffi- 
cient. Thus, in this application, 
as the temperature rises, volt- 
age falls, and as the tempera- 
ture falls the voltage rises. For 
example, if the ambient temper- 
ature rises by 2° Celsius, the 
voltage drop across the diode 
will decrease by about 4.4 milli- 
volts. This linear voltage drop is 
measured to determine temper- 
ature. 

The kit for the digital ther- 
mometer includes two tran- 
sistors (Q1 and Q2) identified as 
BC -547s (but marked C547B). 
Pin identification is shown in 
Fig. 1. However, more readily 
available, industry- standard 
2N2222 transistors can be sub- 
stituted, although they have dif- 
ferent pinout arrangements. 
Refer to the instructions given 
later if you want to make this 
substitution. 

Trimmer potentiometers R9 45 
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FIG. 1-SOLID-STATE THERMOMETER SCHEMATIC. The ICI_7106 contains an analog - 
to- digital converter, BCD to 7- segment decoders, display drivers, a clock, and a 

reference voltage source. 
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and the display temperature 
must increment in degrees Cel- 
sius. The multiturn potentiom- 
eters permit precise settings. 

Because ICI can also indicate 
the polarity of the input voltage, 
the digital thermometer is the- 
oretically capable of displaying 
temperature measurements 
from - 200 to + 200 degrees 
Celsius. However, the transistor 
used as a temperature sensor 
and its leads could be damaged 
by those temperature extremes. 

The digital thermometer is 
effectively a solid -state volt- 
meter that could be adapted for 
making other measurements 
such as voltage, current, power, 
light level, and sound intensity, 
and more. If the output of the 
sensor for the variable you want 
to measure can be scaled be- 
tween 0 and 200 millivolts, the 
circuit presented here can dis- 
play that variable in appropriate 
standard units with little or no 
circuit modification. 

6002-KT 
¡¡ 

21 

c ̀  l l I l l I Oil 
a 

1 

i 
3 

l fAi 
35 

/-1° I 94 . ,.- -., 
\° 2 
01. 

21/8 INCHES 

THERMOMETER FOIL PATTERN. 
FIG. 2- PARTS -PLACEMENT DIAGRAM. IC1 is located beneath 
the liquid -crystal display module. 

(ZERO control) and R10 (SCALE ments in the input voltage to The PC board for this project 
control) can be set to zero the ICI. A display of 00.0 must cor- contains a small space where 
meter and make scale adjust- respond to zero degrees Celsius additional components can be 
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INNER 
SHRINKABLE 
TUBING (2) 

OUTER 
PROTECTIVE 
SHRINKABLE 

TUBING 
(SEE TEXT) 

TO PROBE 
INPUT 

TRANSISTOR 
Q1 

TWO- CONDUCTOR 
CABLE 

SOLDER 
CONNECTIONS 

(3) 

FIG. 3- THERMAL PROBE. The base and collector leads of transistor 01 are bent 
together and soldered near the transistor's base and a two -conductor cable is at- 
tached. 

PARTS LIST 

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

R1, R2 -1 megohm 
R3- 22,000 ohms 
R4- 47,000 ohms 
R5 R7- 100,000 ohms 
R8- 220,000 ohms 
, R9, R10- 100,000 ohms, potentiome- 

ter 10 -turn PCB 
Capacitors 
C1 -100 pF, polyester 
C2 -0.22 µF, polyester 
C3 -0.01 µF, polyester 
C4-0.1 µF, polyester 
C5 -0.47 µF, polyester 
Semiconductors 
IC1- ICL7106CPL ADC, Harris or 

equiv. 
Q1, Q2 -BC547 NPN transistor (or 

2N2222, see text and Fig. 5) 
Other components 
S1 -slide switch, SPST. PCB -mount 
DISP1 -VI- 302 -DP -RC LCD module, 

31/2- digit, 40 -pin package, Varitronix 
or equivalent) 

Miscellaneous: PC board; three 40 -pin 
IC sockets (see text); five machined 
pin sockets (optional); insulated 
hookup wire, 9 -volt battery, battery 
clip with wires, project case with 
cover: miscellaneous hardware; sol- 
der 

Note: A kit for the digital ther- 
mometer (No. 6002 -KT) can be pur- 
chased for $29.95 plus $4.00 for 
shipping and handling from Marlin 
P. Jones & Associates, Inc., P.O. 
Box 12685, Lake Park, FL 
33403 -0685, Phone: 407 -848 -8236, 
Fax: 407-844-8764.Florida resi- 
dents please add local sales tax. 

located and powered to perform 
experiments and make other 
kinds of measurements. 

Figure 2 is the parts place- 
ment diagram for this meter. 
The circuit could be wired 
point -to- point, but that would 
call for a lot of wiring, especially 
in the display section. Con- 
sequently, the use of a PC board 
is recommended. 

Insert all leaded components 
and sockets, and solder them in 
place on the solder side of the 
board. Insert resistor R1 and 
trimmer potentiometer R10 in 
individual machined pin sock- 
ets (two for R1 and three for 
R10) if you might want to re- 
place those components with 
others having different values 
for different applications. 

However, if you have no inten- 
tion of experimenting with the 
finished meter, solder all re- 
sistors directly to the board. If 
you intend to substitute 
2N2222 transistors, insert Q2 
with its flat side opposite that 
shown in Fig. 2. More instruc- 
tions on the substitution of 
2N2222s will be given later. 

Notice that analog -to- digital 
converter, IC1, is located under 
the LCD display, DISP1. When 
ICI is installed, mount the LCD 
directly above it while orienting 
it to the opposite polarity (the 
notches are on opposite sides of 
the board). First install a socket 
for ICI. Then cut two 40 -pin 
sockets apart along their long 
axes to provide four single in- 
line (SIP) sockets. Insert one SIP 
socket within another to form 
two double -height SIP sockets. 

These will leave enough "head- 
room" for positioning IC1. 

Solder the two double -deck 
SIP sockets to the board for 
DISP1, as shown in Fig. 2, and 
then install IC1. Then insert 
DISP1 in the double- height SIP 
sockets. This arrangement 
makes it easy to remove DISP1 
by leaving the upper socket 
strips attached to the LCD and 
prying them away from the two 
lower socket strips that are sol- 
dered to the board. CAUTION: 
Do not attempt to remove the 
LCD from the upper sockets be- 
cause the display pins can 
bend, and the glass body can 
break. 

Cut a scrap of tinned lead wire 
to form jumper "J," insert and 
solder it. If you buy the digital 
thermometer kit, a case is in- 
cluded. The PC board fits se- 
curely in the top of the case to 
form a cover. Therefore, the in- 
side the case provides enough 
space for the 9 -volt battery. Sol- 
der the battery clip leads to the 
solder side of the board at the 
points shown in Fig. 2. 

Refer to Fig. 3 and short -cir- 
cuit QI's base lead to its collector 
lead near the body of the tran- 
sistor by bending them together 
and soldering them. Slip short 
lengths of heat shrinkable tub- 
ing over each input end of a two - 
conductor cable. Solder the two 
shorted transistor leads to the 
positive sensor input wire and 

DIY PANEL METER (,,, 
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FIG. 4 -THE TEMPERATURE -SENSING 
transistor can be located on the PC 
board, but leads must be attached for 
calibration. 47 
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R10 
C SCALE 

R9 

C ZERO 

R10 -A 
F SCALE 

4PDT 
R9 SWITCH 

C ZERO 

FIG. 5 -THE CIRCUIT CAN BE MODIFIED as shown here to display part of the Fahren- 
heit scale in addition to the Celsius scale. Alternative 2N2222 transistors are installed 
as shown. 

the emitter lead to the negative 
input wire. 

Slip a short length of heat - 
shrinkable tubing on both leads 
and pull it over the end of the 
transistor to form an outer pro- 
tective jacket, as shown in Fig. 
3. Heat the tubing so that it 
forms a tight shrink fit around 
both the end of the transistor 
and the cable. 

Standard insulated hookup 
wire leads are suitable for the 
temperature probe up to about 
6 inches long. However, if the 
probe is to be mounted on leads 
longer than 6 inches, use thin 
shielded cable. 

The temperature probe can 
also be mounted on the PC 
board directly with leads sol- 
dered to the " + " and " " probe 
inputs. This arrangement will, 
however, make thermometer 
calibration more difficult. If you 
elect this option, temporarily at- 
tach the probe to the board with 
leads for calibration and mount 
it permanently to the board af- 
terward. Figure 4 shows the 

48 completed digital thermometer. 

hnDIY PANEL METERrw 

1.444 4.4 

7.3 

FIG. 6- MODIFIED THERMOMETER can 
display the full Celsius range and Fahr- 
enheit from about 60° to about 80 °. 

Modifying the meter 
As mentioned earlier, a small 

area on the PC board is set aside 
to accommodate components 
for experiments. We added two 
more potentiometers and a 
4PDT switch to the circuit so 
the digital thermometer could 
be calibrated in Fahrenheit as 

well as Celsius degrees. Those 
modifications are shown in Fig. 
5. The same figure also gives de- 
tails for installing the alter- 
native 2N2222 transistors, 
should you decide to substitute 
them. 

Our tests showed that the 
meter's response is not perfectly 
linear for the Fahrenheit scale, 
and it is impossible to calibrate 
it at the boiling point of water 
because 212° cannot be dis- 
played on the 31/2-digit display. 
However, the response was lin- 
ear enough for the display to 
give an accurate Fahrenheit 
reading from about 60 to 80 °, 
the range in which most tem- 
perature readings are likely to 
be taken. 

Calibrating the meter 
Carefully inspect the circuit 

board for soldering errors and 
correct them before proceeding. 
If the board passes visual in- 
spection, connect a 9 -volt bat- 
tery to it and switch on power. 
The display will either indicate a 
"1" or some other reading. If the 
display shows a "1," adjust po- 
tentiometers R9 and R10 to ob- 
tain a reading other than a "1." 

Fill a container with ice cubes 
and add a small amount of 
water. Turn on the digital ther- 
mometer and submerge its tem- 
perature probe in the ice water, 
holding it in close contact with 
an ice cube. Wait until the dis- 
play stabilizes and then adjust 
ZERO control potentiometer R9 
until the display reads 00.0. 

Boil water in a kettle and care- 
fully hold the probe over the ket- 
tle spout in the steam with 
tongs to prevent accidentally 
scalding yourself. When the dis- 
play reading stabilizes, adjust 
SCALE control potentiometer 
R10 until the display reads 100. 
If you have access to a digital 
multimeter with a temperature 
probe that is known to be cali- 
brated, compare readings and 
adjust trimmers R9 and R10 
more precisely. 

If you added the Fahrenheit 
potentiometers, as shown in 
Fig. 5, calibrate the Fahrenheit 
scale next, bearing in mind the 
limitations discussed earlier. It 
is recommended that the tern- 

Continued on page 53 
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BROADCASTING THE EXACT TIME OF 
day is just one of the many ser- 
vices provided by radio stations 
WWV and WWVH operated by 
the National Institute of Stan- 
dards and Technology (NIST). 
Their ultra- accurate 10 -mega- 
hertz carrier frequencies can be 
used to calibrate signal gener- 
ators in a process called "zero 
beating" against the carrier fre- 
quency. The stations also trans- 
mit many other accurate fre- 
quencies, storm warnings for 
mariners at sea, and GPS 
(Global Positioning Satellite) 
position data. 

This article explains how to 
build a simple, inexpensive su- 
perheterodyne radio receiver for 
WWV and WWVH signals. The 
objective in the design of this 
receiver was to obtain reliable 
reception with an antenna only 
3- to 6 -feet long. The sensitivity 
obtained with this receiver 
equals that obtainable from a 
$1000 communications re- 
ceiver operating from a 60 -foot 
antenna. 

Can the performance of a re- 
ceiver made from $30 worth of 
parts equal the performance of 
a $1000 factory-built receiver? 
The answer is no because sen- 
sitivity is only one measure of 
receiver performance. The most 
significant difference between 
receivers is in their overall sig- 
nal -to -noise ratios. However, 
the WWV/WWVH receiver de- 
scribed here has sufficient sen- 
sitivity to achieve its dedicated 
function. 

This receiver economizes in 
the quality of its filters. Most 
factory-made communications 
receivers contain expensive pre- 
cision crystal intermediate fre- 
quency (IF) filters which greatly 
improve the signal -to -noise 
ratio by screening out most of 
the noise in the radio -frequency 
spectrum. Moreover, those com- 
munications receivers also have 
superior intermodulation dis- 
tortion (IMD) and dynamic 
range not required for WWV/ 
WWVH reception. 

WWV /WWVH transmissions 
The WWV transmitter is lo- 

cated in Fort Collins, Colorado, 
and its signal can be identified 
by male voice announcements. 

Build this simple 
superheterodyne receiver 
to receive time and other 
useful signals from NIST's 
WWV and 
WWVH. WWV 

RECEIVER 

TABLE 1 -UTC TIME ZONE CONVERSION 

NEIL HECKT 

UTC Eastern Central Mountain Pacific 
Alaska 

Alaska 
Hawaii 

0000 7:00PM 6:00PM 5:00PM 4:00PM 2:00PM 

0100 8:00PM 7:00PM 6:00PM 5:00PM 3:00PM 

0200 9:00PM 8:00PM 7:00PM 6:00PM 4:00PM 

0300 10:00PM 9:00PM 8:00PM 7:00PM 5:00PM 

0400 11:00PM 10:00PM 9:00PM 8:00PM 6:00PM 

0500 Midnight 11:00PM 10:00PM 9:00PM 7:00PM 

0600 1:00AM Midnight 11:00PM 10:00PM 8:00PM 

0700 2:00AM 1:00AM Midnight 11:00PM 9:00PM 

0800 3:00AM 2:00AM 1 00A Midnight 10:00PM 

0900 4:00AM 3:00AM 2:00AM 1:00AM 11:00PM 

1000 5:00AM 4:00AM 3:00AM 2:00AM Midnight 

1100 6:00AM 5:00AM 4:00AM 3:00AM 1:00AM 

1200 7:00AM 6:00AM 5:00AM 4:00AM 2:00AM 

1300 8:00AM 7:00AM 6:00AM 5:00AM 3:00AM 

1400 9:00AM 8:00AM 7:00AM 6:00AM 4:00AM 

1500 10:00AM 9:00AM 8:00AM 7:00AM 5:00AM 

1600 11:00AM 10:00AM 9:00AM 8:00AM 6:00AM 

1700 Noon 11:00AM 10:00AM 9:00AM 7:00AM 

1800 1:00PM Noon 11:00AM 10:00AM 8:00AM 

1900 2:00PM 1:00PM Noon 11:00AM 9:00AM 

2000 3:00PM 2:00PM 1:00PM Noon 10:00AM 

2100 4:00PM 3:00PM 2:00PM 1:00PM 11:00AM 

2200 5:00PM 4:00PM 3:00PM 2:00PM Noon 

2300 6:00PM 5:00PM 4:00PM 3:00PM 1:00PM 

(add one hour during daylight savings time) 49 
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FIG. 1- SCHEMATIC OF THE WWV RECEIVER. A short antenna from three to six feet 
long is sufficient. 

WWVH's transmitter is located 
in Kauai, Hawaii, and its signal 
can be identified by female voice 
announcements. Both stations 
broadcast on exactly the same 
frequencies, but they do not in- 
terfere with each other because 
their bands are so narrow they 
sound like a single station when 
both are received with equal sig- 
nal strength. 

Stations WWV and WWVH op- 
erate on a carrier frequency of 
2.5 MHz. Station WWV broad- 
casts with 2.5 kilowatts (kW) of 
power, while WWVH broadcasts 
with 5 kW of power. Other fre- 
quency -power relationships are 
5, 10, and 15 MHz at 10 kW and 
20 and 25 MHz at 2.5 kW. The 
receiver described in this article 
was designed to receive 10 -MHz 
signals because the author has 
found that they provide the 
most reliable reception. 

Carrier frequency and all 
other time - related data is de- 
rived from cesium -controlled 
oscillators that are accurate to 
within ± 1 part in 10 ". Daily 
deviations are less than one 
part in 1012 from day -to -day. 
Phenomena such as Doppler 
and diurnal shifts can degrade 
the accuracy at the receiver, but 
long -term accuracy of one part 
in 109 can easily be obtained. 

There are many different time 
zones around the world, so it 
would be impractical to broad- 
cast time for each time zone. To 
simplify matters, WWV/WWVH 
transmit time data in Coordi- 
nated Universal Time (UTC), 

50 also known as Greenwich Mean 

Time (GMT), World Time and 
Zulu Time. 

What is UTC? It is the time in 
England, uncorrected for 
daylight savings time, and it is 
always stated in a 24 -hour for- 
mat. It is called GMT because 
the zero or Greenwich meridian 
passes through England, west 
of London. Table 1 provides in- 
formation that will permit you 
to determine the local time -of- 
day from the UTC announced by 
WWV and WWVH. 

Refer to the sidebar for more 

technical details on the WWV 
and WWVH transmission for- 
mats. More information on the 
services of WWV and WWVH can 
be obtained by writing Frequen- 
cy -Time Broadcast Services 
Section, Time and Frequency 
Division, National Institute of 
Standards and Technology, 
Boulder, CO 80302. 

Circuit description 
A schematic of the WWV re- 

ceiver is shown in Fig. 5. A short 
antenna (three to six feet) repre- 
sents a high- impedance source. 
Transistor Q1, a Motorola 

WWV and WWVH minute signals 
UTC VOICE 

ANNOUNCEMENT 

45 60 

52.5 

SPECIAL 
ANNOUNCEMENT 
OR 500Hz TONE 

45 60 

52.5 

UTC VOICE 
ANNOUANNOUNCEMENT 

600Hz 
TONE 

TICK 

45 60 45 60 

52.5 52.5 

SPECIAL 
ANNOUNCEMENT 
OR 500Hz TONE 

WWV and WWVH each have dif- 
ferent one minute increments of time, as 
shown. Minute zero, and all even num- 
bered minutes of WWV begin with a 45- 
second interval containing either a spe- 
cial announcement or a 500 -Hz tone. 
This is followed by 7.5 seconds of si- 
lence except for the one -second tick. 

The last 7.5 seconds contains the 
voice UTC time announcement. Minute 
1, and all odd numbered minutes, have 
45 seconds of a 600 -Hz tone followed by 

the 7.5 seconds of silence except for tick 
and the 7.5- second UTC time an- 
nouncement. 

WWVH broadcasts with a similar for- 
mat except even and odd minutes are 
reversed, and the silent and UTC time 
announcement intervals are reversed. 
This prevents interference if both sta- 
tions are received simultaneously (this 
occurs on the West Coast of the U.S.). 
The 45- second interval of each minute 
might contain variations. 
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MPF102 JFET, provides input 
impedance matching and some 
gain. A double -tuned input fil- 
ter, consisting of T1, T2, and 
C4, provides adequate selec- 
tivity to attenuate the image fre- 
quency of 9.09 MHz. 

A Philips NE602N mixer (IC1) 
contains a double -balanced 
mixer and oscillator which sup- 
plies approximately 14 dB of 
conversion gain. The oscillator 
section is crystal controlled to 
provide stability and eliminate 
the need for tuning. The output 
of the NE602N is coupled to a 
455 -kHz ceramic IF filter (FIL1) 
with about a 6 -kHHz band- 
width. The filter's 3000 -ohm in- 
put and output impedance is 
matched by resistors R5 and 
R7. The output impedance of 
IC1 is 1500 ohms which, with 
R5, equals about 3000 ohms. 

A Motorola MC1350P IF am- 
plifier (IC2) provides about 60 
dB of gain with about 80 dB of 

automatic gain control (AGC) 
control range. The output is 
coupled through 455 -kHz IF 
transformer T3. The output im- 
pedance of IC2 at 455 kHz is 
about 200 kilohms. Trans- 
former T3 has a turns ratio of 
6:1, and it provides an imped- 
ance transformation of 36:1. 

Resistor R13 terminates the 
secondary of T3 with 5600 
ohms, to provide the proper pri- 
mary matching impedance. 
Other turns ratios can be used 
for T3 provided that R13 is also 
changed to maintain the proper 
impedance match. The input 
impedance of IC4 is high and it 
does not significantly affect the 
impedance match. 

The GEC Plessey ZN414Z, an 
amplifier detector, is packaged 
in a typical plastic transistor 
case, but it is actually a ten - 
transistor IC which provides 
about 70 dB of gain, detection 
and some AGC response. It is 

PARTS LIST 

All resistors are '/ -watt, 5 %, unless 
otherwise noted. 

R1, R12 -1 megohm 
R2 -220 ohms 
R3-100 ohms 
R4 -1200 ohms 
R5 -1500 ohms 
R6, R17 -3300 ohms 
R7, R9 -4700 ohms 
R8-150 ohms 
R10 -8200 ohms 
R11 -1100 ohms 
R13 -5600 ohms 
R14, R19- 10,000 ohms 
R15 -560 ohms 
R16- 100,000 ohms 
R13- 25,000 ohms, potentiometer 

PCB -mount 
R20-470,000 ohms 
Capacitors 
Cl, C8-100 pF, ceramic 
C2. C3, C5, C10, C11, C13, C17, C18- 

C.1 µF, ceramic 
C4-3.3 pF, ceramic 
C6. C12, C21 -10 µF, 10 volts, alumi- 

rum electrolytic 
C7 -33 pF, ceramic 
C9 C15 -0.01 µF, ceramic 
C14, C16 -0.47 µF, ceramic 
C19 -4.7 µF, 10 volts, aluminum 

electrolytic 
C20-470 pF, ceramic 
Semiconductors 
IC1- NE602AN mixer, Philips or equiv. 
IC2- MC1350P IF amplifier, Motorola or 

equiv. 
IC3 -TL071 operational amplifier, Texas 

Instruments or equiv. 
IC4- ZN414Z amplifier /detector (GEC 

Plessey) 

IC5- MC34119P power amplifier, 
Motorola or equiv. 

Q1- MPF102 JFET, Motorola or equiv. 
Other components 
FIL1 -455 -kHz ceramic filter,SFU455A 

or equiv. 
T1, T2- 10.7 -MHz IF transformer (Toko 

or equivalent) 
T3- 455 -kHz IF transformer, 6:1 ratio 

(Toko or equivalent) 
XTAL1- 9.545 -MHz crystal 
SPKR1- speaker, square, 2.5 -inch, 8- 

ohms 
S1 -SPDT switch, PCB mount 
Miscellaneous: 5.3 x 4 x 2 -inch plas- 

tic project case, PC board, 9 -volt bat- 
tery, battery clip, hookup wire, solder. 

Note: The following items are avail- 
able from Almost All Digital Elec- 
tronics, 1412 Elm Street S.E., 
Auburn, WA 98092: 

Complete kit -$36.95 + $4.00 
S &H 

Partial kit (includes all electronic 
components, PC board, and crys- 
tal -does not include project case, 
speaker, or antenna) -$24.95 + 
$4.00 S &H 

PC board and crystal, only- 
$10.00 + $2.90 S &H 

Case and speaker, only -$10.00 
+ $2.90 S &H 

Antenna -$3.00 + $2.90 S &H 
Fully assembled unit -$45.95 + 

$4.00 S &H 
Send check or money order. Wash- 

ington State residents add local 
sales tax. 

WWV hour signals 

The figure shows how the WWV hour 
is divided. The beginning of each hour is 

identified by a 0.8- second,1500 -Hz 
tone. The beginning of each minute is 

identified by a 0.8 second,1200 -Hz tone. 
The 29th and 59th second pulse of each 
minute is omitted. 

WWVH hour signals 

The figure illustrates how the WWVH 
hour is divided. The beginning of each 
hour is identified by a 0.8-second, 1500- 
Hz tone. The beginning of each minute 
is identified by a 0.8- second, 1200 -Hz 
tone. The 29th and 59th second pulse of 
each minute is omitted. 

WWV and WWVH broadcasts are ap- 
proximate mirror images of each other. 
This prevents the two stations from 
creating interference mutual inter- 
ference during voice announcements. 

designed to be powered from a 
1.5 -volt DC power supply with a 
500 -ohm load. This is emulated 
by resistors R15 and R17 whose 
equivalent circuit is 1.5 -volts 
DC flowing through 500 ohms. 
The DC level at the output of IC4 
is about 1.1 -volts DC with no 
signal, and 0.9 -volt DC with a 
strong signal. 

The output signal is ampli- 
fied, inverted, and filtered by 
IC3. Capacitor C14 removes any 
audio from the signal before it is 
applied to the gain control input 51 
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WWV RECEIVER FOIL PATTERN. 
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FIG. 2- PARTS -PLACEMENT DIAGRAM. The volume control is mounted on the PC 
board and adjusted before closing up the case. 

pin 5 of the Motorola MC1350P 
IF amplifier (IC2). When the volt- 
age at the output of IC4 exceeds 
the 1 -volt DC reference level set 
by R10 and R11, the gain of IC2 
starts to roll off. As a result, the 
AGC response of IC2 and IC3 
tries to maintain the signal level 
so that the DC level at the out- 
put of IC4 is 1 -volt DC. 

The gain of the Motorola 
MC34119P audio amplifier (IC5) 
is set by the ratio of R20 to R19, 

52 which equals 47 (about 16 dB). 

This audio amplifier was se- 
lected because it is a bridge am- 
plifier and does not require a 
large coupling capacitor to drive 
the speaker. 

The overall maximum gain of 
the receiver is about 144 dB. 
This is the sum of a -10 dB in 
the input filter, + 14 dB from 
ICI, -6 dB in FIL1, +60 dB 
from IC2, + 70 dB from IC3, and 
+ 16 dB from IC4. Ordinarily a 
gain of 144 dB is too much. Nor- 
mal operation can be expected 

to be with about a 120 dB max- 
imum gain, which is typical of a 
high -quality communications 
receiver. However, the gain is 
usually less than that, as set by 
the volume -control potentiome- 
ter R18 and AGC loop. 

Building the receiver 
You can build the receiver on 

a single -sided PC board that you 
make yourself from the foil pat- 
tern provided here. Alter- 
natively, partial and complete 
kits containing a finished PC 
board, as well as complete re- 
ceivers, are available from the 
source given in the Parts List. 

Figure 6 is a parts -placement 
diagram. The order of assem- 
bling the components to the cir- 
cuit board and soldering them 
is not critical. Pay particular at- 
tention to the orientation of the 
semiconductors, that is the lo- 
cation of pin 1. Mount the vol- 
ume control on the PC board. 
Keep in mind that it cannot be 
adjusted after it is installed in 
the case. 

The author designed the cir- 
cuit assuming that the receiver 
would be turned on only for 
brief periods to obtain the cor- 
rect time, and that convenient 
access to the volume control 
would not be necessary. How- 
ever, if you want an external vol- 
ume control, one can be 
mounted on the case and wired 
directly to the pads intended for 
the PCB -mounted control. 

After all the electronic compo- 
nents are inserted and soldered 
to the circuit board, wire the 
speaker, battery clip, power 
switch, and antenna. Install the 
completed circuit board in the 
case as shown in Fig. 7. Install a 
9 -volt battery. 

Circuit alignment 
To align the circuit, adjust 

transformers Tl, T2, and T3 for 
peak AGC voltage at pin 6 of IC3. 
The desired tuning is broad for 
receiving a strong signal. At- 
tach an antenna that is as short 
as practical to pick up an ex- 
tremely weak signal for the 
alignment procedure. Even 
with those precautions, the 
tuning range of the IF transfor- 
mers will appear to be quite 
broad. 
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The figure illustrates the pulse format 
for the BCD time code (100 -Hz subcar- 
rier). During the passage of a minute, 
both stations broadcast the time of year 
on a pulse -width modulated 100 -Hz 
subcarrier. Three different pulse widths 
are used: 
1. PO -P5-- position identifiers -0.8 sec- 
onds (80 cycles) 
2. Logic 1-data bit -0.5 seconds (50 
cycles) 
3. Logic 0-data bit- 0.2 seconds (20 
cycles) 

In addition there is a 1.03 second (103 
cycles) "hole" in the code for syn- 
chronization at the beginning of each 
minute signal. The minute is divided into 
six parts of 10 seconds duration. Each 
part consists of nine data bits and a 

position identifier pulse. The following 
listing is the contents of the various sec- 
tions. 
1.- Synchronization "hole" and eight 

UTI 

P5 PO 

111f 

1 1 I I 1 1 1 I i 

50 00 

logic zeros. 
2. -Four data bits encoding the unit 
minutes in binary -coded decimal (BCD), 
a logic 0, three data bits encoding the 
tens of minutes in BCD and another log- 
ic 0. 
3. -Four data bits encoding the unit 
hours in BCD, a logic 0, and two data 
bits encoding the tens of hours in BCD 
and two logic 0's. 
4. -Four data bits encoding the unit 
days in BCD, a logic 0, and four data bits 
encoding the tens of days in BCD. 
5. -Two data bits encoding the hun- 
dreds of days in BCD and seven logic 
0's. 
6. -One data bit if UT1 correction 
should be applied, four logic 0's, a data 
bit which is logic 1 if daylight saving time 
and three data bits with the UT1 correc- 
tion in tenths of a second. The UT1 cor- 
rection accounts for the Earth's rotation 
which varies slightly over time. 

FIG. 3 -THE FINAL ASSEMBLY consists of wiring the speaker, battery clip, power 

switch, and antenna. The author's prototype is shown here. 

As an alternative to "on -air 
tuning," set up a 10- megahertz 
signal source. It will make the 
task of circuit alignment easier 
by providing a constant, local, 
easy to control signal. The au- 
thor set a frequency counter at 
10- megahertz and its internal 
oscillator provided sufficient 
ambient signal leakage to act as 
an excellent signal source for 

alignment. 
The most difficult step is the 

alignment of the double -tuned 
input filter, T1 /T2. To overcome 
that obstacle, all of the transfor- 
mers that are supplied with the 
kit from the source listed in the 
Parts List are pre -aligned. Only 
slight adjustments are then 
necessary for the transformers 
after assembly. 

Antenna considerations 
The author lives near Seattle, 

Washington -about 1000 miles 
from Fort Collins, Colorado. 
Moreover, there are several 
mountain ranges between Seat- 
tle and Fort Collins. The quality 
of reception is usually excellent 
during the day with an antenna 
consisting of a 3- to 6 -foot 
length of wire. When the signal 
is particularly strong, no anten- 
na is needed. 

The prototype receiver shown 
in the photographs has a 30- 
inch telescopic rod antenna 
that works quite well, but this a 
convenience feature rather than 
a requirement. There are two 
pads on the board for the con- 
necting the antenna: one is con- 
nected to the antenna and the 
other is the ground connection. 
While a single wire on the anten- 
na terminal usually works well, 
reception can generally be im- 
proved with a simple dipole an- 
tenna formed by a second wire 
connected to ground. tt 

THERMOMETER 

continued from page 48 

perature of ice water (32 °F) and 
80 °F water be the test points. 

The temperature of the hot 
water can be determined accu- 
rately with a standard laborato- 
ry mercury thermometer, but a 
high -quality, liquid -filled con- 
fectioner's thermometer will 
also give satisfactory results. 

Measuring temperature 
Observe common sense pre- 

cautions when measuring tern - 
perature with your digital 
thermometer. If the transistor/ 
sensor is held near an open 
flame or heating coil it will be 
damaged or destroyed. 

If you put the digital ther- 
mometer in a protective case to 
protect it from dust, rain, and 
salt spray, it will work reliably 
out of doors, in boats, or even 
on camping trips. 

Keep the digital ther- 
mometer's temperature mea- 
surement limits in mind. The 
Harris ICL7106CPL has a rated 
temperature range of 0 and 70° 
Celsius. i2 53 
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ONE OF THE MOST GRATIFYING BEN - 
efits of being an electronics hob- 
byist is the opportunity to 
design and build custom proj- 
ects for a particular need or pur- 
pose. The incredible number of 
new integrated circuits that are 

PROTOTYPING 
STATION 

Build this full- featured breadboard laboratory, and add 
custom features to suit your own needs. 

introduced each year provides 
building blocks for circuits and 
fertile ground for experimenta- 
tion in electronics. 

One requirement for suc- 
cessful prototyping and experi- 
mentation is a quick, conve- 
nient way to connect and 
disconnect components. Sol - 
derless breadboards are a good 
start, but all too often one is 
likely to end up with the board 
in the center surrounded by a 
maze of wires that connect 
switches, potentiometers, 
meters, power supplies, and 
any number of other compo- 
nents that dangle in all direc- 
tions. The arrangement of 
components can be both frus- 
trating and irritating. The solu- 
tion is to combine the bread- 
board, power supply, and other 
commonly used parts into a 
self -contained unit. 

Factory -made laboratories 
like that are available, but they 

can be quite expensive. The lab 
described in this article, how- 
ever, combines economy, expan- 
sion, and easy customization - 
you can use many of the parts 
you might already have on hand 
in your junkbox. 

Design 
The prototyping station base 

consists of a 20 -inch length of 1- 
by 12 -inch pine board that is 
sanded, stained and finished. 
The various power supplies are 
located to the right; the center 
section is reserved for three 
breadboards and the main 
equipment backboard. The left 
side is left open to accommodate 
additional modular back- 
boards, or any other pe- 
ripherals such as keypads or 
data -entry terminals. The base 
can be raised to make room for 
plastic drawers, power transfor- 
mers, or other equipment. Rub- 
ber feet can be used to ensure 

FIG. 1 -BASIC PROTOTYPING LAYOUT. The base can be raised to make room for 
54 plastic drawers, power transformers, or other equipment. 

that the lab is stable on the 
bench. That basic layout is 
shown in Fig. 1. 

Power supplies 
Since the availability of power 

is always a requirement for suc- 
cessful prototyping, a variety of 
different power sources is incor- 
porated on the right -hand sec- 
tion of the station (Fig. 2 shows 
a close -up view of the power sec- 
tion). The first power supply on 
the upper left is a surplus Texas 
Instruments computer board, 
bought at a clearance sale for 
$5. With the addition of an LED 
indicator, it provides a good 
clean source of ± 5 volts and 
+ 12 volts. Being a computer - 
grade supply, the outputs are 
well -regulated, well -filtered, and 
can output about 1 ampere 
each. Power for this supply 
comes from an off -board wall - 
outlet transformer, and it is in- 
put to the supply via a two -posi- 
tion pushbutton terminal (the 
kind you might see on the back 
of a speaker). 

Since a standard dry cell is 
appropriate to power many cir- 
cuits, the second supply shown 
on the upper right of Fig. 2 con- 
sists of four AA cells and one 9- 
volt battery. The case from an 
old nickel- cadmium battery 
charger holds the AA cells, and a 
rotary switch and power indica- 
tor were added. The battery 
holder is tapped at each of the 
four positive battery pads, and 
each pad is wired to one pole of 
the rotary switch. The 9 -volt 
battery is wired to a fifth pole on 
the rotary switch. This allows 
the selection of 1.5, 3, 4.5, or 6 
volts DC from the AA pack, and 
9 volts from the 9 -volt battery. 
The LED indicator is a 0.3 -inch 
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high, seven -segment display, 
with all segments turned on to 
form an "8," which is a more 
noticeable reminder of the "on" 
status of the battery pack than a 
single LED. The output from 
this supply is connected to two 
of three binding posts for easy 
access. The third binding post 
is the negative 5 -volt supply 
from the TI computer supply. 

Another voltage source is pro- 
vided by a + 1.2- to 20 -volt DC 
variable power supply that was 
built from a kit some years ago. 

The potentiometer next to the 
battery pack allows for adjust- 
ment of the output voltage, 
which is available at another 
two -position pushbutton termi- 
nal. An analog meter indicates 
the voltage at the pushbutton 
terminals. 

Next to the variable supply is 
a 12.6 -volt, center -tapped trans- 
former, complete with a switch 
and indicator LED, that pro- 
vides 6- and 12 -volts AC. An 

111.0111111 

ir 
FIG. 2 -A VARIETY OF POWER SOURCES is incorporated into the lab. 

SPST slide switch is connected 
to one side of the 120 -volt AC 
input to the transformer pri- 
mary. The outputs are wired to 
multipurpose posts on the 
main backboard. 

AC power is made available at 
a triple -outlet AC strip, which 
gets its power via a heavy -duty 
line cord. The power inputs for 
the AC and variable supplies are 
also connected to this line cord. 

The five separate power sup- 
plies can be customized to suit 
your needs. If you decide to en- 
close the power supplies, be 
sure to provide for adequate 
ventilation to allow heat to es- 
cape. The main 120 -volt AC in- 
put should be protected against 
surges and spikes if you antici- 
pate prototyping computer cir- 
cuits. 

Breadboards 
In the center of the base board 

are three 640 -point solderless 
breadboards, laid out side -by- 
side (see Fig. 3). The top bread- 
board is a Radio Shack unit on a 
metal base with three multipur- 
pose posts. The other two 
breadboards are plug -in panels 
mounted on a plywood base. All 
three breadboards have dual 
two -connection bus lines at 
their tops and bottoms, and will 
accommodate SIPs, DIPs, dis- 55 
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j UNIVERSAL BREADBOAFN 

FIG. 3 -THREE 640 -POINT breadboards 
are laid out side -by -side. The top bread- 
board is on a metal base with three mul- 
tipurpose posts, and the other two are 
plug -in panels mounted on a plywood 
base. 

RIUMINA 
ADD 

410 
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gc 

GAIN 

L,. o,arLAYs 

UM1DUAt 

crete components, and jumper 
wires. While this breadboard ar- 
rangement has provided the au- 
thor with enough space and has 
been versatile enough for all of 
his projects to date, it is cer- 
tainly not the only arrangement 
possible. The breadboards are 
available in a variety of shapes 
and sizes, with from 250 con- 
tact points to 2500 or more. 
Some thought about the types 
of circuits you'll be working on 
will help you make a final deci- 
sion on this part of the lab. 

Backboards and modules 
The main function of the 

backboard is to support more 
cumbersome components, 
modules, and any other circuits 
that the builder wants to add - 
items such as switches, potenti- 
ometers, meters, displays. The 
main backboard occupies 
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FIG. 4 -THE MAIN BACKBOARD occupies about 10 inches across the back edge of the 
base. The backboard holds many of the accessories. 

about 10 inches across the back 
edge of the base (see Fig. 4). 

Two 19- position terminal 
strips provide access to the 
parts mounted on the back- 
board. The strips on the pro- 
totype were removed from a 
surplus alarm board. The screw 
terminals allow connections to 
be made with alligator clips, 
bare wire, and spade lugs. How- 
ever, spring -loaded terminals, 
SIP sockets, or any other con- 
nector you might have on hand 
can be used here. Each point on 
the terminal strips is wired to a 
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FIG. 5 -A BARGRAPH is mounted in the 
60 center of the backboard. 

PARTS LIST -MAIN UNIT 

Resistors 
1K panel -mount potentiometer 
10K panel -mount potentiometer 
100K panel -mount potentiometer 
1 megohm panel -mount potentiometer 
Capacitors 
4 to 55 pF variable capacitor 
Semiconductors 
One 0.3 -inch 7- segment display, com- 
mon anode 
Four 0.56 -inch 7- segment displays, 
common anode 
Four 0.56 -inch 7- segment displays, 
common cathode 
Power supplies 
Texas Instrument surplus computer 
power supply, or equivalent 
12.6 -volt AC transformer 
4 -AA battery holder 
9 -volt battery connector 
1.2 to 20 volt variable DC supply 
120 VAC power strip 
Other components 
Two spring -loaded speaker -type termi- 
nals, six binding posts, 6 -foot AC line - 
cord, plastic project cases, three 640 - 
point breadboards, two 19 -point termi- 
nal strips, heavy -duty DPDT toggle 
switch, momentary pushbutton switch, 
6- position rotary switch, 0 to 1 mA ana- 
log meter movement, small push -on 
push -off switch, 11 -pin SIP socket, 28- 
pin DIP socket, bayonet lamp socket 
with lens and bulb assortment, hookup 
wire and zip cord, hardware, seven pan- 
el knobs, TO -220 10 -watt heatsink, 4- 
contact tie point. 

PARTS LIST- BARGRAPH 

IC1- LM3914 bargraph driver and 18- 
pin DIP socket, National Semiconductor 
R1 -1000 ohms, 1/4-watt resistor 
R2 -5000 ohms, panel -mount potenti- 
ometer with switch 
T1 -audio transformer, 1K primary, B- 
ohm secondary (Radio Shack 
273 -1380) 
J1 -1/e -inch phono jack and plug 
Di- 1N4001 diode 
LED1 LED10- light- emitting diode, any 
color 
S1 -DPDT switch 

connection on the component, 
and labeled for identification. 

The row of components above 
the terminal strips consists of 
four potentiometers (1 -, 10 -, 
and 100 -kilohms and 1 

megohm) and a 4- to 55 -pF vari- 
able capacitor. To the right of 
that row is a DPDT toggle switch 
and six -position rotary switch. 
The binding posts on the ex- 
treme right output the 6- and 
12 -volts AC, previously men- 
tioned. 

On the left side are two analog 
meters (M1 and M2). Meter M1 is 
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FIG. 6 -LED BARGRAPH SCHEMATIC. The circuit consists mainly of an LM3914 
bargraph display driver IC. 
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FIG. 7-PARTS-PLACEMENT DIAGRAM for the bargraph circuit. 

rated for 0 to 1 milliampere, 
which is a useful value for many 
circuit designs. and M2 is 500 
microampere, ± center scale 
unit. This is essential when de- 
signing a circuit where the out- 
put can swing either positive or 
negative. Meter M2 is illumi- 
nated. and the small push -but- 
ton switch labeled L.O. acti- 
vates the 6 -volt lamp. 

A bank of seven -segment LED 
displays is mounted in the top 
center of the backboard. The 
first row of four is in a multi- 

LED10 

plexed arrangement, with all 
like segments tied together. 
Connection to the multiplexed 
displays is accomplished via the 
SIP socket to the right, which is 
labeled accordingly. The second 
row of seven -segment displays 
is wired as a 31/2-digit display 
that allows individual access to 
each of the 24 segments and the 
common anode. Connections to 
this display row are made via 
the DIP socket below it, which is 
marked appropriately for use 
with digital circuits having that 

type of output. 
Below the DIP socket is an in- 

candescent lamp indicator with 
a bayonet -type socket. Bulbs are 
easily changed, and they are 
available in 6 -, 12 -, 14 -, and 28- 
volt versions. 

The author installed a ten - 
step LED bargraph and a 31/2- 
digit voltmeter on the back- 
board. both as a matter of per- 
sonal preference. The bargraph 
is mounted in the center of the 
backboard as shown in Fig. 5. A 
schematic of the LED bargraph 
circuit is shown in Fig. 6. The 
circuit consists mainly of an 
LM3914 bargraph display driv- 
er IC. Switch Si allows signals 
to be input to the driver chip 
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FIG. 8 -A 31/2-DIGIT VOLTMETER oc- 
cupies the upper right hand corner of 
the backboard. 

PARTS LIST -VOLTMETER 

1C1- ICL7107CPL A/D converter /LED 
display driver, Harris 
DISP1 -two 2 -digit common -anode 7- 
segment displays source 
C1 -0.22 µF, mica capacitor 
C2 -0.047 RF, mica capacitor 
C3 -0.01 µF, mica capacitor 
C4 -0.1 µF, mica capacitor 
C1 -100 pF, ceramic disc capacitor 
R1- 470,000 ohms, 1/4-watt, 5% resistor 
R2 -1 megohm, 1/4-watt, 5% resistor 
R3- 25,000 ohms, PC -mount potenti- 
ometer 
R4- 22,000 ohms, 1/4 -watt, 5% resistor 
R5- 100,000 ohms, 1/4 -watt, 5% resistor 
S1 -SPDT toggle switch 
Miscellaneous: pushbutton switch, 3- 
position rotary switch, five banana 
jacks, green LED 
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FIG. 9 -THE SCHEMATIC DIAGRAM of the voltmeter circuit. 

PARTS LIST -BCD DECODER 

IC1- 74LS48 BCD to 7- segment de- 
coder 
IC2- C04553 3 -digit BCD counter, Har- 
ris 
01- Q3- 2N3906 PNP transistors 
R1 -R7 -220 ohms, 1 -watt, 5% resistor 
R8 -R10 -1000 ohms, 1/4 -watt, 5% re- 
sistor 
01 -0.001 CF, ceramic disc capacitor 
DISP1 -three common -cathode 7 -seg- 
ment displays 

directly, or through a matching 
transformer Tl for audio. 

Signals are input to the bar - 
graph circuit at J1, a 1/4-inch 
mini phono jack. The 5- kilohm 
potentiometer (R2) controls 
gain. The author used a potenti- 
ometer with a built -in on /off 
switch so that power to the bar - 

62 graph display could be turned 

REF OSC 
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BARGRAPH FOIL PATTERN. 

R5 
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VOLTMETER FOIL PATTERN. 

on and off independently. You Power for the bargraph circuit 
can either do the same, or use a is provided by the TI computer 
separate switch for power. supply. 

www.americanradiohistory.com

www.americanradiohistory.com


REF REF 
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ANODE 
UNITS TEN S 

1 

o a 
FIG. 10-PARTS-PLACEMENT DIAGRAM for the voltmeter circuit. 

RANGE 

AUDIO GENERATOR 

FIG. 11 -THE AUDIO MODULE consists 
of an audio generator, an amplifier, a 

speaker, and a terminal strip. 

A foil pattern is provided for 
the bargraph circuit, and the 
parts -placement diagram for it 
is shown in Fig. 7. 

The 31/2 -digit voltmeter oc- 
cupies the upper right hand cor- 
ner of the backboard, as shown 
in Fig. 8. Figure 9 is the sche- 
matic diagram of the voltmeter 
circuit. A foil pattern is pro- 
vided for this circuit, and Fig. 
10 is its parts -placement di- 
agram. This circuit can also be 
point -to- point wired. The cir- 
cuit contains a Harris ICI. 7107 

PARTS LIST 
AUDIO AMPLIFIER 

IC1 -LM386 audio amplifier, National 
Semiconductor 
R1- 10,000 ohms, panel -mount potenti- 
ometer with switch (or use separate po- 
tentiometer and switch) 

C1 -20 µF, 25 volts, electrolytic 
8- position terminal strip 
11/2-inch, 8 -ohm speaker 

PARTS LIST -METER 

M1 -4- to 6 -inch, 0 to 1 mA analog - 
meter movement 
S1-8- position rotary switch 
D1- 1N4002 diode 
R1 -10 ohms, 1/4-watt, 5% resistor 
R2 -100 ohms, 1/4-watt, 5% resistor 
R3 -1000 ohms, 1/4-watt, 5% resistor 
R4- 10,000 ohms, 1/4-watt, 5% resistor 
R5- 100,000 ohms, 1/4-watt, 5% resistor 
R6-1 megohm,' /a -watt, 5% resistor 
R6-10 megohms, 1/4-watt, 5% resistor 
Two banana jacks 

Cl 

+v 

01)1 

Ri 
1MEG 
FREO 

R2 

C2 
1 

S1 
µF 

+ 

7 

555 R3 
5K 

GAIN 

+ 

OUTPUT 

FIG. 12- SIGNAL GENERATOR. Potentiometer R1 sets the output frequency. 

3 

0 L 2 

R1 

INPUT 10K 
VOLUME 

ó 

+V 

IC1 
LM386 

OUTPUT 

o 

FIG. 13 -AUDIO AMPLIFIER. This circuit has a gain of about 20. 

analog -to- digital converter/ dis- this circuit. Switch Si allows 
play driver. A standard 2 -volt the +5 -volt source to be routed 
configuration was chosen for either to the on -board 25 -kilo- 63 
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FIG. 14 -THE AUDIO MODULE is too 
simple to call for a PC board, so point -to- 
point wiring was used. 

3 DIGIT BCD 
DECOdER /DRIVER 

HIGH ElI.OW 

ON 

sa 
OFF 

FIG. 15-3 -DIGIT BCD DECODER -driver 
is another practical function block. 

PARTS LIST -AUDIO MODULE 

IC1 -L555 timer 
R1 -1 megohm, panel -mount potenti- 
ometer with switch 
R2 -1000 ohms,.v -watt, 5% resistor 
R3 -5000 ohms, panel -mount potenti- 
ometer 
C1 -0.01 µF, Tantalum 
C2 -1 µF, Tantalum 
S1 -SPDT switch 

hm potentiometer, or to an ex- 
ternal jack, depending on the 
need. To calibrate the meter, ap- 
ply 1.2 volts from the variable 
power supply to the input, and 
adjust R3 until the display 
reads 1.200. Then, switch the 
input leads, and the display 
should read 1.200. 

PARTS LIST -LOGIC PROBE 

IC1 -7404 hex inverter 
R1 -220 ohms, 1 -watt, 5% resistor 
LED1 -green light- emitting diode 
LED2 -red light- emitting diode 
Two common -anode 7- segment dis- 
plays (optional, see text) source 

The left side of the base is re- 
served for add -on modules, 
which can have a number of dif- 
ferent functions depending on 
what is needed. The audio mod- 
ule shown in Fig. 11 consists of 
an audio signal generator, an 

Continued on page 78 
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FIG. 16-THE BCD DECODER -DRIVER circuit will interface with any standard BCD 
output to produce a digital display. 

+5V 
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TO PINS 2/3 
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O TO PIN 4 

L J 
OPTIONAL DISPLAY 

FIG. 17 -A LOGIC PROBE is also included in BCD decoder module. The red LED lights 
to indicate a logic high, and the green LED lights to indicate a logic low. 
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The PRO CAR 

SECURITY SYSTEM 
This is the second part of a 
series of articles about building 
an automobile alarm, anti- theft, 
and anti- carjacking system that 
sounds off before it disables the 
car. 

DAVID T. MIGA 

IN THE FIRST PART OF THIS ARTICLE 
k (Electronics Now, March, 1995, 

was page 35) the Pro Car 
explained and its functions 
were described. This part picks 
up with a discussion of the 

Mil Power Module and goes on to 
describe the assembly of com- 
ponents to the Main Alarm, 
Voice /Options, and Power Mod - 

o V. ule circuit boards. 
Procedures discussed in this 

part include wiring the Power 
Module board, the assembly of 
the board to the aluminum case 
and interboard wiring. Other 
subjects covered include the for- 
mation of the wiring harnesses 
and the packaging of the Logic 
Module. 
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FIG. 4- SCHEMATIC FOR THE POWER MODULE. Off-board power ICs and MOSFETs power the alarm siren and other functions. 

Power module 
The Power Module is a small, 

aluminum, two -part case con- 
taining the single -sided Power 
Module circuit board. Figure 4 
is the schematic for the Power 
Module circuit board, which in- 
cludes the siren /amplifier cir- 
cuit, the engine -stop circuits, 
and the light- flashing circuit. 

Siren circuit 
ICI and IC2 are 555 timers 

configured as astable oscillators 
whose output can closely simu- 
late a police siren. (If that kind 
of warning signal is illegal 
where you live, the omission of 
capacitor C3 will alter the out- 
put to the European police car 
and fire truck "he -haw" sound. 

A filter consisting of 15 -kil- 
ohm resistor R8 and 0.047µF 
capacitor C7 corrects the 
squarewave output. and 

66 TDA2002 power amplifiers IC3 

and IC4, configured in a bridge, 
supply up to 16 watts of output. 

Light- flashing circuit 
Oscillator IC1, which oscil- 

lates at about 1 hertz, is part of 
the siren circuit. It also acti- 
vates NPN transistor Q1 and P- 
channel depletion -mode 
MOSFET Q2 to provide up to 18 
amperes of 12 -volt power to 
flash the parking lights while 
the siren sounds. 'Ih-ansistor Q1 
also triggers transistor Q3, 
which is part of the engine -cut- 
off circuitry. 

When the lights flash and the 
siren sounds, the engine will 
temporarily stall and then re- 
start. The driver will soon real- 
ize that there is engine trouble 
and stop the vehicle. This re- 
sponse occurs only when the 
Armed line is at logic high, as 
would occur in an attempted 
carjacking. 

Engine disable 
ProCar contains two com- 

pletely unrelated engine disable 
circuits. The choice will depend 
on the builder's selection of in- 
terrupt. The simplest is the 
starter interrupt (the engine 
pulse circuit described in the 
previous paragraph), or a com- 
plete engine disable circuit that 
cuts off both fuel and ignition. 

The complete engine disable 
circuit is recommended for au- 
tomobiles with standard stick - 
shift transmissions because the 
engine will still be turning as 
long as the car is coasting, thus 
retaining both steering and 
braking power. 

However, the engine pulse 
and starter interrupt circuit 
should be selected for auto- 
mobiles with automatic trans- 
missions. Completely disabling 
the engine of an automobile 
with an automatic transmis- 
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sion and power brakes and 
steering will make steering and 
braking difficult. That part of 
the circuit including N- channel 
MOSFET Q4 will apply ground 
to lines "P" or "E" that are syn- 
chronized to the siren and light 
flasher. 

If the car has a carburetor and 
a single ignition coil, the "P" 
line is connected to the ignition 
points or negative coil, causing 
the engine to alternately stall 
and restart in short cycles when 
the siren and lights are acti- 
vated. The coil will not be 
damaged because MOSFET Q4 
has a high output impedance 
which is enhanced by diode D1 
so that the voltage drop across 
the coil is only 7 volts, rather 
than 12 volts. 

The "E" output, called the En- 
gine Sensor Defeat (ESD) line, 
should be selected for newer au- 
tomobiles with engine micro - 
controllers, fuel injection, or 
multiple -coil systems. The ESD 
(E) line is grounded through 
100 -ohm protective resistor 
R26. 

The E wire can be connected 
to the throttle position sensor 
or mass air sensor output to up- 
set the microcontroller, which 
will not be damaged because of 
the presence of resistor R26. 
The engine will not stall, but be- 
cause of the incorrect signals, 
the engine controller will make 
the engine perform erratically. 
(Some fault codes are stored in 
the computer's memory.) This 
will cause the CHECK ENGINE 
indicator to turn on. 

The alternative engine circuit 
performs in a way that is the 
exact opposite the "P -E" output 
from Q4. Where that circuit 
grounds the "P" and "E" lines, 
the interrupt circuitry that in- 
cludes P- channel depletion 
mode MOSFETs Q7 and Q8 in- 
terrupts power between the "I" 
and "C" lines. This circuit can 
power the fuel injectors or be 
wired as a simple starter- inter- 
rupt function. 

When ProCar is activated, the 
Armed line is high, saturating 
NPN transistor Q5 connected to 
NPN transistor Q6. As a result, 
the pair will not conduct. The 
pair of P- channel depletion - 
mode MOSFETs, Q7 and Q8, 
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FIG. 5 -MAIN ALARM BOARD PARTS PLACEMENT DIAGRAM. All components but 10 

capacitors are on this side of the board. All inter -board wiring starts here. 
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MAIN ALARM BOARD FOIL PATTERN 
(principal component side) 

provide backup or failsafe so 
that the owner /authorized driv- 
er will never be stranded. 

Moreover, each MOSFET is 
rated for 18 amperes so there 
will be adequate built -in capaci- 

00000 
O 

O'go o 
C o 

00 0 
o O 

Ooo 

e 
a 
o 

ty for powering high- current 
circuits such as fuel injectors or 
fuel pumps. Diode D3 protects 
MOSFETs Q7 and Q8 from in- 
ductive spikes originating at 
the starter relay, and diode D4 67 
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68 

MAIN ALARM BOARD FOIL PATTERN (10 capacitor side) 

PARTS LIST 

Power module 
All fixed resistors are 1/4-watt, 
10 %. 
R1- 180.000 ohms 
R2- 220,000 ohms 
R3 -2,700 ohms 
R4, R19 -4,700 ohms 
R5, R24, R25- 10,000 ohms 
R6-470 ohms R7- 12,000 ohms 
R8, R9- 15,000 ohms 
R10, R17 -1,000 ohms 
R11, R18 --2.2 ohms 
R12- 33,000 ohms 
R13- 390,000ohms 
R14 -390 ohms 
R15, R16-1 ohm 
R20-100,000 
R21, R22, R23- 47,000 ohms 
R26- -100 ohms 
R27- 10,000 ohms, trimmer poten- 
tiometer, PCB mount 
Capacitors 
Cl, C4 -47µF, 16 C2- 3.311F, 50 
volts, aluminum electrolytic 
C3- 100µF, 16 volts, aluminum 
electrolytic 
C5, C6, C7- 0.047µF, 50 volts, 
polyester 
C8, C9, C15, C16- 0.1µF, 50 volts, 
polyester 
010, C11- 47011F, 16 volts, alumi- 
num electrolytic 
012, C13- -220µF 16 volts, alumi- 
num electrolytic 
C14 -10µF 25 volts, aluminum 
electrolytic 
Semiconductors 
D1, D3 -6A05 silicon diode, 6 am- 
pere, 50 volts, Diodes Inc. or equiv. 
D2- 1N4148 silicon diode 

D4- 1N4007 silicon diode 
IC1, IC2 -555 timer 
103, IC34- TDA2002 power ampli- 
fier, 10 watt, National Semiconduc- 
tor or equiv. 
01, 03, 05, Q6- 2SC945 NP 
transistor, NEC or equiv. 
Q2, Q7, Q8- IRF9Z34 PN -chan- 
nel, depletion mode MOSFET Inter- 
national Rectifier or equiv. 
04- IRF740 -PN- channel, deple- 
tion mode MOSFET International 
Rectifier or equiv. 
Other components 
LED1- light- emitting diode, dual 
color, green /blinking red T13/4 
Toshiba No. 111DC or equiv. PL1- 
15 -pin plug, nylon shell, AMP A1462 
with A1440 male contacts or eqiv. 
S01-15-pin jack, nylon shell AMP 
A1463 with A1441 female contacts 
or equiv. 
Miscellaneous: main alarm circuit 
board: voice /options circuit board; 
power module circuit board; two - 
part logic module case (LMB 
Heeger No. 402, 4.0 L x 3.0 W 
x1.25 H inches, inside), plastic; 
two -part power module case (LMB 
Heeger No. J875 4.0 L x 2.25 
W x 2.25 H inches, aluminum; 
three -wire cable (red, black, and 
green), type CM, Carol or equiv., 
five feet; lengths of stranded insu- 
lated hookup wire in a range of col- 
ors suitable for the automotive 
environment; rectangular T) -220 
mica insulators (2); miscellaneous 
nuts and bolts; rubber grommet, 
0.5 -inch ID; solder. 

protects the MOSFETs if the 
system installer should acci- 
dentally interchange the input 
and output wires. 

The possibility that the car 
thief might know enough about 
the protective system to cut the 
three wires between the Logic 
module and the power module 
was considered in the design. 
The Armed line must be at logic 
high to stop the engine, and 
sufficient voltage through diode 
D2 will keep the engine cut off. 
During normal operation, the 
Armed line is grounded by the 
NPN transistor Q7 in the Main 
Alarm board (shown in Fig. 1 

last month). 

ProCar circuit boards 
If you prefer to make your own 

circuit boards. the foil patterns 
of all three boards are included 
here. The two double -sided 
boards with plated- through 
holes (Main Alarm and Voice/ 
Options) have clear -drilled 
mounting holes, and the single - 
sided Power Module board has 
clear -drilled mounting holes. 
However, completed boards can 
be purchased from the source 
given in the Parts List. 

Follow standard leaded -com- 
ponent insertion and soldering 
practice in constructing the 
electronic circuits. Before inser- 
ting components with polar- 
ities (diode cathodes and 
positive terminals of electrolytic 
capacitors), verify that they are 
correctly oriented as shown in 
the five parts placement di- 
agrams. Position all integrated 
circuits in DIP cases so that the 
notches or dots indicating the 
position of pin 1 are as shown 
on the three parts placement di- 
agrams where they are shown. 

Logic module 
The Main Alarm and Voice/ 

Options boards will both be 
mounted in a two -part "clam- 
shell" plastic case made as two 
matching covers. The Main 
Alarm board will be mounted 
sandwich -like in one cover and 
the Voice /Options board will be 
mounted in the opposing cover 
in later steps. The inter -board 
connections and external har- 
ness wiring will also be per- 
formed in later steps. 
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NOTE: ALL RADIAL- LEADED CAPACITOR LEADS ARE BENT 90° 

SO BODIES LIE FLAT AGAINST BOARD 

FIG. 6 -MAIN ALARM BOARD PARTS PLACEMENT DIAGRAM, reverse side. Leads of 
10 radial -leaded capacitors are bent so capacitors lie flat against the board. 

VOICE /OPTIONS BOARD FOIL PATTERN (principal component side) 

Main Alarm board 
Refer to the parts placement 

diagram for the component side 
of the Main Alarm board, Fig. 5. 
Start by inserting all of the di- 
odes, resistors, transistors and 
non -electrolytic capacitors on 
the top side of the board. 

NOTE: The axial- leaded re- 
sistors and diodes that are to be 
mounted vertically are indicat- 
ed with an asterisk in Fig. 5. 
Carefully bend one lead back 
about 180° with respect to the 
second lead of each of the desig- 
nated resistors and diodes so 
that they can be inserted in the 
closely spaced circuit board 
holes shown on Fig. 5. 

Then insert all of the DIP - 
packaged ICs and radial -leaded 
electrolytic capacitors. Solder 
all of these components in posi- 
tion. Place an insulating sleeve 
over jumper J1 and solder it in 
position. Do not trim any excess 
lead lengths at this time. 

ORDERING INFORMATION 
The following three complete circuit 
boards are offered: 

Main alarm board, double - 
sided- $14.00 

Voice/options board, double - 

sided- $14.00 
Power module board, single - 

sided -$8.00 
The following kits of components 
with PC boards are offered: 

Main alarm circuit, less case - 
$69.00 

Voice/options circuit, less case - 
$79.00 

Logic Module: includes alarm 
and voice'options boards, all com- 
ponents, case, indicator LED1, wir- 
ing harness, connectors, speaker 
relay RY1 -$199 

Power module: power module 
board, all components, case, wiring 
harness, connectors and hard- 
ware- $89.00 
Other system components avail- 
able are: 

Programmed ISD1016 Voice rec- 
ord /playback device -$18.00 

Radio -frequency receiver and 
two remote control (two -key) trans- 
mitters (modified and as- 
sembled)- $59.00 
Send check or money order to Elec- 
tronic Design Specialists, Inc., 
4647 Appalachian Street, Boca 
Raton, FL 33428, (407) 487 -6103 
Florida residents please include lo- 
cal sales tax. 
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70 VOICE OPTIONS BOARD FOIL PATTERN (interconnect wiring side) 

FOIL PATTERN FOR THE POWER MODULE. 

NOTE: Omit all external and 
inter -board wiring at this time. 
This wiring will be done after 
completing the component in- 
sertion and soldering on all 
three boards. 

Refer to the parts placement 
diagram Fig. 6. Mount the eight 
capacitors on the reverse side: 
C1, C2, C4, C8, C11, C13, C14, 
C20, C22 and C25. Capacitors 
C2 and C11 are 0.11.LF mono- 
lithic ceramic capacitors that 
are soldered between ICI and 
IC2 in the pads under those ICs. 
Form right -angle bends in the 
leads of all capacitors (indicated 
by the pound sign in Fig. 6) so 
that they can be positioned flat 
against the board and take up 
less space. 

After soldering all leads, verify 
that all solder joints are clean 
and shiny. Resolder any cold sol- 
der joints, indicated by their 
gray, irregular surfaces. Verify 
that there are no inadvertent 
solder bridges. Recheck the ori- 
entation of all diode and capaci- 
tor polarities. 

Voice /options board 
Insert all components of the 

Voice /Options board on the 
component side of the board, as 
shown in Fig. 7, as close as pos- 
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sible to the board. (The space 
available inside the covers of the 
case is limited.) Solder all com- 
ponents, but do not trim excess 
lead lengths. 

Figure 8 shows the locations 
of the connecting wires on the 
reverse side of the Voice /Op- 
tions board to be inserted and 
soldered later. 

Power Module board 
Refer to the Power Module 

parts placement diagram Fig. 9. 
NOTE: The schematic for the 
power module board shows two 
fuses, Fl between terminal "T" 
and C10 and F2 between termi- 
nal "T" and C11. The effective 
resistance of the narrow copper 
traces on the board will func- 
tion as fuses so that no discrete 
fuses are required. 

Start assembly by bending 
and inserting the two jumper 
wires, J1 and J2. Then insert all 
of the small resistors and capac- 
itors (including those whose 
leads are to be bent for vertical 
mounting, as indicated by the 
asterisks on Fig. 9). Position 
these components close to the 
board, and solder them in posi- 
tion. Do not trim excess compo- 
nent lead lengths at this time. 
Insert and solder the small-sig- 
nal transistors paying attention 
to polarity 

insert the DIP -packaged inte- 
grated circuits IC1 and IC2, ob- 
serving the correct orientation 
of pins. Then insert the radial - 
leaded capacitors observing 
their polarities. Solder all the 
leads of these components. 

Bend the leads of integrated 
circuits IC3 and IC4, and four 
power transistors, Q2, Q4, Q7 
and Q8, so that they stand ver- 
tically at the edges of the circuit 
board with the heatsink tabs 
facing outward. Solder them in 
position, and trim all excess 
lead lengths at this time. Verify 
that there are no inadvertant 
solder bridges and cold solder 
joints. Correct all soldering er- 
rors found before proceeding 
any further. 

The Power Module circuit 
board is to be mounted in an 
aluminum channel, one of two - 
parts of an aluminum case, in 
later steps. It will be necessary 
to insert the circuit board in the 
aluminum channel and mark 
the locations of holes in the 
power semiconductor heatsink 
tabs on the sidewalls of the case 
for drilling and fastening with 
nuts, and bolts. This procedure 
as well as all wiring between cir- 
cuit boards and the formation 
of external wire harnersses will 
be described in the next few 
paragraphs. 71 
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FIG. 10- POWER- MODULE WIRING HARNESS. Color -coded hookup wires are sol- 
dered to the circuit board, as shown. 

Power Module wiring 
Refer to Fig. 10 for the wiring 

of the Power Module board to 
form the external wiring har- 
ness. Cut lengths of No. 18 AWG 
insulated, stranded, tinned 
hookup wire in the colors 
shown to 8 -inch lengths. Follow 
the color coding shown in Fig. 
10 and strip both ends of the 
wire. Solder one end of each 
wire to the pad locations on the 
board designated by letters. Ver- 
ify that all wiring is correct, and 
make any corrections neces- 
sary. Then trim all excess com- 
ponent lead and wire lengths. 

NOTE: In a later step, the 
wires will be bundled to form a 
harness that will be passed 
through a grommet in the side - 
wall of the aluminum case op- 
posite the location of Q4. 

Power Module packaging 
Refer to the exploded view of 

the Power Module in Fig. 11. Po- 
sition the circuit board in the 
channel half of the aluminum 
case so that there is a clearance 
distance of about 'As -inch be- 

tween the solder side of the 
board and the bottom of the 
channel. Verify that the centers 
of the holes in the TO -220 pack- 
aged power semiconductors are 
about 7/8 -inch above the bottom 
of the channel. 

Mark and centerpunch the lo- 
cations of the six '/e -inch holes 
to match those in the heatsink 
tabs of power transistors Q2, 
Q7, Q8 and Q4 on one sidewall 
and IC3 and IC4 on the the op- 
posite sidewall. Mark and cen- 
terpunch the location of the " /16- 
inch grommet hole as shown in 
Fig. 11. Drill or form all holes 
and insert the 5/8-inch rubber 
grommet in the large hole. 

Position the circuit board in 
the case channel, as shown in 
Fig. 11. Align the drilled holes in 
the case with the punched holes 
in the heatsink tabs. Slight mis- 
alignment of the holes in the 
case and power MOSFET heat - 
sink tabs can be corrected by 
carefully bending the leads of 
the power semiconductors. 

Place rectangular mica tran- 
sistors under the heatsink tabs 

of power MOSFET transistors 
Q2, Q7, Q8, and Q4 and fasten 
them to the case sidewalls with 
1/4-inch long screws and nuts, as 
shown in Fig. 11. Then fasten 
power amplifiers IC3 and IC4 to 
the case sidewalls with 1/4-inch 
long screws and nuts, as shown 
in Fig. 11. NOTE: the power am- 
plifiers, IC3 and IC4, are 
grounded, so they need not be 
insulated. 

Carefully gather the 14 sol- 
dered wires together and form 
them into a bundle and pass it 
through the grommet in the 
sidewall. The bundle can be 
cabled with wire ties or a length 
of heat -shrinkable tubing to 
form a jacket. Terminate the 
bundle with the 15- position 
connector socket SO1. 

Module Interconnection 
Refer to Fig. 12, the inter - 

board wiring diagram. Place the 
two circuit boards together in 
the orientation shown in Fig. 12 
with a separation of about 1 

inch. The color -coded intercon- 
necting wires connect (reading 
from left to right and down) 
points A, L, B, M, S, K, C, U, 
GND, J, F, + 12V, and E. 

Cut color -coded No. 28 AWG 
stranded, tinned, hookup wire 
to lengths so that, when sol- 
dered in position, they will con- 
nect the labeled circuit board 
pads. The 1 -inch separation dis- 
tance provides enough slack to 
permit the boards to be opened 
out for testing and mainte- 
nance. NOTE: Excessive wire 
lengths or heavier wire will 
make it difficult close the case 
halves when the interconnected 
boards are fastened into the 
plastic case. Strip both ends of 
the wires and solder one end of 
each in position. 

External module wiring 
Refer to Fig. 13, the external 

wiring diagram. The wires that 
form the external harness are 
terminated in the Main Alarm 
board pads designated (reading 
counterclockwise) A, RD, PA, S, 
D, H, R, + DRI DOOR, + PAS 
DOOR, I, R G, and " - ". On the 
Voice /Options board, these 
wires are designated (reading 
left to right) GND, T, + 12V, SP, 
SP, and R + . 
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FIG. 11 -POWER MODULE /CASE ASSEMBLY. Drilled 'toles permit mounting the 
power semiconductor heatsink tabs to the case sidewalls. The grommet protects the 
bundled wires. 

The black, green, and red 
wires that connect to pads " - ." 
G. and R, respectively, on the 
Main Alarm board are part of a 
three -wire cable to LED1. Cut 
this cable to a length of at least 3 
feet. Cut another 10 -inch length 

of the same type of three -wire 
cable for the connection to the 
Power Module. The black and 
green wires terminate of the 
Main Alarm board, and the red 
wire on the T pad of the Voice/ 
Options board. 

The black, brown, yellow, and 
red wires (upper left side of the 
Main Alarm board) will connect 
it to the Remote RF Receiver. If 
you intend to include this unit, 
cut 12 -inch lengths in those col- 
ors from No. 28 AWG, stranded, 
tinned hookup wire. Strip both 
ends of the wires. 73 
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ARDWARE HACKER 
Low -cost TV data displays, thoughts on brain implants, digital sinewave 
generators, a stunning new radio receiver, and distortion reduction 
schemes. 

Iam going to start off by recalling 
my articles on the subject of 
television data display. Articles 

on Hacker TV data displays first ap- 
peared in the September 1973 is- 

sue Radio- Electronics with my TV 
Typewriter. This was followed by Put 
the Time on Your TV Screen in the 
September 1974 issue starting on 
page 33. These soon led to the TV 
Typewriter Cookbook, that Cheap 
Video Cookbook, and Son of 
Cheap Video. Sadly, these are long 
out of print, but I hope to reissue 
them on CD -ROM someday. 

The the fastest, cheapest, and 
simplest way to put data on a TV 
screen is with a Commodore C -64 
that you should be able to get for 
about $30 from a yard or flea mar- 
ket sale. If you want to superimpose 
data over existing video, the ob- 
vious choice is with a Video Toaster 
from NewTek, a company that, inci- 
dentally, offers some dandy free 
demo videos. 

But Philips (formerly Signetics) 
makes the SAA5252 line 21 acquisi- 
tion and display IC that sells for 
about $8. It can superimpose a full 
screen of first quality data over ex- 
isting video program material. The 
circuit shown in Fig. 1 is simple and 
can be built easily. Unfortunately, 
advanced hardware, interface and 
programming skills are required to 
perform the initial design and debug 
steps. 

For display of custom messages 
or data, an additional computer 
source or a companion micro - 
controller is needed. A PIC micro - 
controller is ideal for this. 

The SAA5252 has several 
modes: It intercepts existing red, 
green, and blue video input lines. 
Then, at your bidding it can do 
nothing, overlay data, superimpose 
standard line 21 information, or en- 
hance the line 21 information. Exam- 
ples include shadowed or rounded 
characters and several unique dis- 

DON LANCASTER 
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FIG. 1 -THIS $8 TV DATA DISPLAY doubles as a line 21 decoder. The final circuit is 
simple, but interface and programming skills are required to build and run it. 

play modes. 
Line 21 services often include 

hearing impaired or foreign lan- 
guage subtitles. Both fields are se- 
lectable when offered. The line 21 

information need not come from the 
same source as your final display. 

Full genlocking is included. This is 

done by pre- storing the data. There 
are 80 characters in its set. Note 
that "zero" and "oh" share the 
same $4F character code. Sepa- 
rate control commands give you 
seven colors, optional flashing, ital- 
ics, or an underline. A host comput- 
er or local microcontroller inputs 
data with a pair of clock and data 
buses in the usual manner. 

Internal control registers set the 
position, colors, signal polarity, 
custom data versus line 21, channel 
selection, and row address. See the 
Philips data book for the exact corn - 
mand codes to be used. 

If any of the horizontal, vertical, or 
blanking inputs are absent from your 
video source, add a National Semi- 
conductor LM1881 video sync sep- 
arator or one of the CD1881s made 
by Harris Semicondutor There is a 

separate or "stand- alone" mode 
that does not need a computer, but 
this mode is limited to the stock 
display of line 21 captions only. Be 
sure you have the data book on 
hand before you start using this de- 
vice. Give me a call if you need any 
more technical applications help. 

Thoughts on brain implants 
My tech helpline receives calls on 

a wide variety of topics. A sur- 
prisingly large number of my callers 
genuinely believe they have been 
the unwilling recipients of brain im- 
plants. It seems there are even im- 
plant support groups and networks. 
There has been a multi -billion dollar 79 
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lawsuit aimed at a big transportation 
company and a foreign government. 
The "men in black" and extrater- 
restrials are sometimes blamed - 
as are disgruntled divorcees. 

The obvious step these folks 
should take if they believe they have 
this problem is to see if extended 
time in a cave can make any dif- 
ference. Or they can take long -term 
herbal remedies such as Ginko 
Biloba or CoEnzyme Q10. 

Now, it's easy to dismiss such 
claims out of hand. But I don't like to 
discourage people calling me about 
most off -the -wall topics, regardless 
of how bizarre they seem -at least 
not until I find out what "real" sci- 
ence and "real" engineering have to 
say about the subject. If, after my 
careful research, the topic ob- 
viously becomes a "useful adjunct 
to porcine cleanliness," then so be 
it. 

Well, the amazing answer is that 
implants are routinely available as 
off -the -shelf operations at modest 
cost. But the most popular models 
only hold your net worth and Social 
Security Number. They only mea- 
sure how hot you are under the col- 

NEW FROM 
DON LANCASTER 

HARDWARE HACKING 
Incredible Secret Money Machine II 

The Case Against Patents 
Hardware Hacker Reprints II, III, or IV 
Blatant Opportunist Reprints 
Resource Bin Reprints 
Ask The Guru Reprints I, II or ill 
CMOS Cookbook 
TTL Cookbook 
Active Filter Cookbook 

18.50 
28.50 
24.50 
24.50 
24.50 
24.50 
24.50 
24.50 
24.50 

Micro Cookbook I 19.50 
Lancaster Classics Library 119.50 

POSTSCRIPT STUFF 
PostScript Secrets (Ile/Mac/PC) 29.50 
Book -on- demand resource kit 39.50 
Intro to PostScript VHS Video 29.50 
PostScript Beginner Stuff 29.50 
PostScript Show & Tell 29.50 
PostScript Cookbook (Adobe) 19.50 
PostScript Ref. Manual II (Adobe) 32.50 
PostScript Program Design (Adobe) 24.50 
Type I Font Format (Adobe) 15.50 
Acrobat Reference (Adobe) 24.50 
LaserWriter Reference (Apple) 19.50 
PostScript by Example (McGifton) 29.50 
Pgm Display PostScript with X 29.50 
PostScript Visuel Approach (Smith) 22.50 
Thinking in PostScript (Reid) 22.50 
Undst PS Pgrmmg (Holtzgang) 29.50 
The Whole Works (all PostScript) 379.50 

FREE VOICE HELPLINE VISA/MC 

SYNERGETICS 
Box 809 -RE 

Thatcher. AZ 85552 
(602) 428 -4073 

80 CIRCLE 205 ON FREE INFORMATION CARD 

NEED HELP? 

Phone or write your Hardware 
Hacker questions to: 

Don Lancaster 
Synergetics 
Box 809 -EN 
Thatcher, AZ, 85552 
(602) 428 -4073 

For fast PSRT access, modem 
(800) 638 -8369. On prompt, enter 
JOINGENIE. When asked for the 
keyword, enter DMD524. 

Internet email access link: 
SYNERGETICS@ GENIE.GEIS.COM. 

lar. And they only have a useful 
range of several inches. Most ap- 
plications are totally unlicensed and 
unregulated. 

I strongly believe that one of the 
next major hardware hacking arenas 
will involve the direct computer -to- 
brain interface. First and foremost, 
because direct access offers the 
prospect of immortality -at least as 
far as your thoughts and feelings go. 
Typical used car dealers would 
gladly pay $44.95 for a box with 
three buttons on it that is marked 
ENTER LOT. BUY, and LEAVE. 

Politicians would spring an extra 
$10 if the same box had a 100 -mile 
range. Historians would appreciate 
its "instant replay" features, as 
would crime investigators. Most 
medical professionals would defi- 
nitely welcome new routes towards 
effective cures. 

Especially for addictions. 
The more conservative elements 

of society are bound to be horrified 
at the prospect of direct personal 
access to brain pleasure centers. 
"Press one for psychedelics; two 
for sex; three for rapture; or four for 
a coconut -anchovy pizza." This ap- 
pliance would instantly obsolete 
most of the more popular forms of 
entertainment. 

Obviously the present problems 
with direct access include the input/ 
output scheme and understanding 
the brain's operating system and its 
instruction set. But there's bound to 
be a system monitor in there some- 
where. It can't be any worse than 
the Unix operating system. But the 
solutions to these problems are a 

lot closer to realization than you 
think -and clearly solvable. 

The leading manufacturer of new 

inplants is Bio Medic Data Sys- 
tems. Its DAS series is intended 
primarily for laboratory animals. The 
implants are normally located in the 
animal's back or shoulder, rather 
than its brain. These have a read, 
record, and write capability. Stock 
models can log body temperature. 
The usual range is normally only a 

few inches. One major supplier of 
implantable integrated circuits is 
Dallas Semiconductor. 

Professional and trade journals 
that report on this subject include 
Identification Journal, Automatic ID 
News, Access Control, and I.D. 
Systems. Clearly, the human brain 
is sure to become the ultimate hack. 

Another contest 
For this month's contest, just tell 

me in 175,000 words or less all the 
possibilities and consequences of 
the "real soon now" direct brain ac- 
cess that is almost certainly to oc- 
cur sooner or later. 

There are about a dozen of my 
Incredible Secret Money Machine ll 
books set aside for the better en- 
tries, with an all expense paid (FOB, 
Thatcher, AZ), tinaja quest going to 
the very best of all. Entries must be 
written and sent to me here at 
Synergetics. 

Sinewaves -old and new 
A new algorithm for generating 

digital sinewaves showed up in the 
December 1994 Byte on pages 217 
to 218. This is one of the finest ex- 
amples of elegant simplicity I have 
ever seen. Amazingly, it takes only 
two registers and six bytes of work- 
ing eight -bit code to set up the PIC 
micros! 

I have repeated Byte's algorithm 
in Fig. 2, and included some simple 
PostScript code which will let you 
interactively explore, model, ana- 
lyze, or plot this new sinewave 
scheme. This method is extremely 
attractive for use in one of many 
small microcontrollers. 

Before I explain the details, I think 
it would be a good idea to review 
some of the standard methods for 
generating sinewaves. I've long 
been both a student of and de- 
veloper of sinewave sources. 

In the bandpass filtermethod, you 
wrap an amplifier with unity loop 
gain around a resonant coil and ca- 
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pacitor. If you tap the coil for feed- 
back, you have a Hartley (or 
"hardly ") circuit for your oscillator. 
Tap the capacitor instead, and you'll 
end up with a Colpitts (or "pole- 
cats") circuit. 

A Wein Bridge includes an RC 
network that can be considered as 
overlapping highpass and lowpass 
filters. Put just enough gain around 
this one, and you get a sinewave 
out. For "just enough" gain, you will 
need some kind of amplitude sta- 
bilization scheme. This could be the 
nonlinear resistance of a pilot incan- 
descent lamp. 

Almost any repetitive waveform 
consists of a fundamental sinewave 
and several harmonics. With the 
filter method, you generate a wave- 
form and then pass the output 
through a lowpass or bandpass filter 
to extract the fundamental wave. 
Starting with symmetric waveforms 
gets rid of all the even harmonics - 
particularly that troublesome sec- 
ond harmonic. 

While square waves are an ob- 
vious starting waveform, the third 
harmonic is a horrific 0.33 of the 
fundamental. It is only 10 decibels 
down. A triangle wave's third har- 

monic is only 0.11 of the fundamen- 
tal, and it can be a lot easier to 
process. Filtering can become 
tricky very rapidly if the frequency 
shifts significantly. 

Those triangle game methods all 

start with a triangular wave that you 
play around with. If you softly clip 
the "points ", you'll get a sinewave 
out. Or, you can add a new triangle 
wave that has three times the fre- 
quency and 1/9th the amplitude to 
cancel out the original third harmon- 
ic. It will leave that easily processed 
fifth harmonic at -1 /25th down. 

The horribly obsolete 
breakpoints method is related to tri- 
angle games. It constructs an ana- 
log sinewave with straight -line 
approximations. 

The double integrator seems the 
purest form of sinewave generator. 
Start with any waveform "S," add 
up, or continuously integrate the 
area under "S" to produce a new 
waveform "C ". Then integrate "C" 
and invert it. Make this inverted and 
integrated "C" output your "S" in- 

put, and you've got yourself a pure 
sinewave. 

THE ALGORITHM: 

1. Initialize a SIZE stash to a magic value. 

2. Initialize a SPEED stash to zero. 

3. If SIZE is positive, decrement SPEED. 
If SIZE is negative, increment SPEED. 

4. Add SIZE to SPEED to get the new SIZE. 

5. Use your digitally generated sinewave. 

6. Repeat steps 3 -5 as required. 

POSTSCRIPT DEMO: 

% Draw a 48 step digital sinewave... 

200 300 translate % set position on page 

/steps 48 def 
/size 72 def 
/speed 0 def 

0 size moveto 

1 1 size { 

/val exch store 

/speed speed size 0 gt (-110-1} 
ifelse add store 
/size size speed add store 

1 0 rlineto 
val size lineto 

} for 

stroke showpage 

set steps per cycle 
% set zero to peak size 
% initialize speed 

% move to starting point 

start a for loop 

% save position 

% do the algorithm 

draw horizontal step 
draw vertical step 

% complete loop 

% draw it and print it 

FIG. 2 -AN AMAZINGLY COMPACT AND EFFICIENT digital sinewave generator. Only 
six machine language bytes are needed. When magnified, the fattened waveshape 
reveals a 4% distortion. 

Guaranteed results. 
Why does this happen? Because 

you just set up a big, old, differential 
equation whose solution is always a 

pure sinewave. And "S," stands for 
the sine. And "C" for the quad- 
rature (90° phase- shifted) cosine. 
This method is often called the 
analog computer method. 

There is more on the double inte- 
grator in my Active Filter Cookbook. 
One of the variations on this is 

known as a state variable filter. 
All of these sinewaves can be 

generated by analog or digital meth- 
ods. The advantage of digital meth- 
ods is that they offer frequencies 
that are both stable and easily 
changed. They can be instantly 
swept with ease, usually without 
any nasty transients. 

Moreover, no large, costly, and 
field- sensitive coils are needed. 
Amplitude is easily controlled and 81 

www.americanradiohistory.com

www.americanradiohistory.com


inherently stable. In addition, distor- 
tion products and phase are pre- 
cisely known. Today, digital meth- 
ods are accomplished by smaller, 
cheaper, better, and lower powered 
circuits. 

The walking ring is an example of 
an older but still rather elegant 
hybrid sinewave generator. Connect 
a walking -ring counter and some 
carefully selected summing re- 
sistors to all but one of those output 
phases. Introduce a digital clock sig- 
nal and the output is an analog sine - 
wave with surprisingly low distor- 
tion. The full details of this are in my 
CMOS Cookbook. 

Table lookup is the most popular 
"pure" digital methods in use today. 
Start with a direct input signal or an 
up -down counter and route the sig- 
nal to an EPROM or other read -only 
memory that looks up the sine of 

the counter state representing the 
present angle. This method is very 
fast, but it requires a lot of memory 
for reasonable accuracy. Certain 
symmetry and interpolation tricks 
can be used to ease the memory 
requirement. 

A frequency synthesizer can use 
a phase accumulator, which is just a 

phase adder in front of one or more 
lookup tables. 

Almost any waveform can be rep- 
resented by a power series. For in- 

stance, the cosine of x can be 
calculated by: 

1 - x2/2! + x4 /4! + ... 

For angles up to about 60 °, you 
need only the square term. But 
more terms will be needed for high- 
er angles. The power series calcula- 
tions take time and have precision 
limits. Variations on these power 
series methods are applied in most 

THE ALGORITHM: 

1. Initialize a SIZE stash to magic value #1. 

2. Initialize a SPEED stash to zero. 

3. Select a magic value #2 for CLIP. 

4. If SIZE is positive, decrement SPEED. 
If SIZE is negative, increment SPEED. 

5. Set FIX to SPEED. 
If FIX > +CLIP, then FIX = +CLIP 
If FIX < -CLIP, then FIX = -CLIP 

6. Add SIZE to FIX to get the new SIZE. 

7. Use your digitally generated sinewave. 

8. Repeat steps 4 -7 as required. 

A POSTSCRIPT UTILITY: 

% Calculate a 48 step low distortion digital sinewave... 

/steps 48 def 
/size 64 def 
/speed 0 def 
/clip 8 def 

1 1 size { 

/val exch store 

% set steps per cycle 
set zero to peak size 
initialize speed 

% initialize clip 

% start a for loop 

save position 

/speed speed size 0 gt {-11(+1) % start the algorithm 
ifelse add store 

speed dup clip gt 
{pop clip} ifelse 

speed dup clip neg It 

{pop clip neg} ifelse 

/size exch size add store 

% use your sinewave here 

} for 

% clip a copy of speed 

finish the algorithm 

% complete loop 

FIG. 3 -A LOW DISTORTION VARIATION that requires a few more bytes. The third 
82 harmonic might be eliminated completely. 

NAMES AND NUMBERS 
Access Control 
6151 Powers Ferry Rd NW 
Atlanta GA 30339 
(404) 955 -2500 

Amateur Seismologist 
2155 Verdugo Blvd #528 
Montrose CA 91020 
(818) 249 -1759 

American Laboratory 
30 Controls Drive 
Shelton CT 06484 
(203) 926 -9300 

Antique Automobile Radio 
700 Tampa Road 
Palm Harbor FL 34683 
(800) 933 -4926 

Antique Radio Classified 
PO Box 802 
Carlisle MA 01741 
(508) 371 -0512 

Automatic ID News 
7500 Old Oak Blvd 
Cleveland OH 44130 
(216) 243 -8100 

Bio Medic Data Systems 
255 W Spring Valley Avenue 
Maywood NJ 07607 
(800) 526 -2637 

Jim DuBois 
330 State Road 101 

Amherst NH 03031 
(603) 673 -3645 

GEnie 
401 N Washington St 
Rockville MD 20850 
(800) 638 -9636 

GeoSpace 
7334 N Gessner 
Houston TX 77040 
(713) 939-7093 

math coprocessor circuits. Sine - 
waves can be related to exponen- 
tials and similar functions. The 
details can become complex 
rapidly. There is also the obscure 
and slow rate multipler scheme for 
generating digital sinewaves, but it 
is no longer widely applied. 

The new method 
My reaction when I first saw the 

code was "That can't work!" There 
simply can not be any overlooked 
fundamentally new sinewave meth- 
od today. That would be about the 
same as discovering a new trig- 
onometric identity. 

However, it turned out that what I 
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Handmade Electronics 
1825 Roth Ave 
Allentown PA 18104 
(610) 432 -5732 

Horn Speaker 
PO Box 1193 
Mabank TX 75147 
(903) 848-0304 

ID Systems 
174 Concord St 
Peterborough NH 03458 
(603) 924 -9631 

Identification Journal 
2640 N Halsted St 
Chicago IL 60614 
(312) 528 -6600 

National Semiconductor Corp. 
2900 Semiconductor Rd 
Santa Clara CA 95052 
(800) 272 -9959 

NewTek 
1200 SW Executive Dr 
Topeka KS 66615 
(800) 847 -6111 

Microchip Technology 
2355 W Chandler Blvd 
Chandler AZ 85224 
(602) 963-7373 

RF Design 
6300 S Syracuse Wy #650 
Englewood CO 80111 
(303) 220 -0600 

Philips 
PO Box 3409 
Sunnyvale CA 94088 
(408) 991 -2000 

AG Tannenbaum 
PO Box 110 
E Rockaway NY 11518 
(516) 887 -0057 

really have here is an extremely fast 
and compact (but slightly flawed) 
variation on the double integrator 
method. You can view it as a 

numeric sequence generator that 
happens to trace out a waveform 
that's roughly similar to a real sine - 
wave. 

Take an eight -bit stash and call it 
size. Take a second eight -bit stash 
and call it speed. Select a magic 
initial value for size :0.72 will do. Set 
speed to zero. Now apply the follow- 
ing rules: 

If size is positive, decrement the 
speed value. 

If it is not, increment the speed 
stash. 

Finally, add speed to size to find 
the new size value. 

This method does not generate a 

true sinewave. Rather, it creates a 

"partially hydrogenated" cosine 
wave with a little extra fat on its 
leading edges. 

Out of the box, your third harmon- 
ic distortion is typically in the 4 %. 

This might or might not be accept- 
able. Four percent just barely shows 
up on a graphic plot, but its 
harshness is easily spotted when 
you listen to it as audio. Many ap- 
plications cannot tolerate this level. 

Thankfully, there are zero even 
harmonics. Often, there will be zero 
DC offset. This distortion is caused 
by the fact that speed is supposed 
to be a cosine wave, and the al- 

gorithm. 

Improving it 
I could not leave well enough 

alone. This beast is highly ob- 
sessive, like the old shop joke of 
one machinist drawing out the 
world's thinnest wire. Well, the sec- 
ond machinist then drilled the 
world's smallest hole down through 

WAVE 
GOODBYE 

TO PRICEY 
TEST EQUIPMENT 

11-=11 *ma. 
NS+ 

A .. 

;: :. F L in awl 'r 

- - 

GoldStar offers a comprehensive line of 
affordable Analog and Digital Storage Oscilloscopes 

for your diagnostic needs. 
Signal Delay Lines Variable Holdoff 
TV Sync Max. Sweep Time of 2ns/div. 

Digital Storage with CRT Analog CRT Readout 
and Cursor Control and Cursor Control 

Analog 

OS-3020 
OS-3040 

OS-3060 

20 MHz, 20 MS /s 

40 MHz, 20 MS /s 

60 MHz, 20 MS /s 

0S- 902RB: 20 MHz, 
Delayed Sweep 

OS -9020k 20MHz, Basic 

OS-90400. 40MHz, Delayed Sweep 

OS- 904RD: 40 MHz, 05- 90600: 60MHz, Delayed Sweep 

Delayed Sweep OS- 8100A: 100MHz, Delayed Sweep 

OS-9020G: 20MHz with 1MHz 
Function Generator 

Don't forget the other sensibly priced instruments available from GoldStar 
(Sweep Function Generators, Frequency and Universal- Counters, 

Bench Power Supplies, and Bench and Handheld- Digital Multimeters). 

GoldStar Precision 
The Sensible Source 

13013 East 166th St., Cerritos, CA 90701 310.404.0101 fax: 310.921.6227 

CIRCLE 199 ON FREE INFORMATION CARD 
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it. Finally, of course, the third ma- 
chinist tapped that hole. 

It turns out there is a simple way 
to dramatically reduce the distor- 
tion. You might completely eliminate 
the third while significantly reducing 
the rest of them. All those higher 
odd harmonics are usually easy to 
filter out. Of course, this might be at 
the cost of speed and code length. 
Exact details will vary with the imple- 
mentation selected. 

Once again, the cause of all the 
original distortion is the generation 
of a triangle wave, which is called a 

cosine wave. Admittedly, real cos- 
ines become difficult to deal with 
when you are only allowed to use six 
bytes worth of small integers. But if 
you chop the top and bottom off the 
triangle, you can get a lot closer to 
perfection. This is shown in Fig. 3. 

Any repetitive waveform can be 

analyzed by Fourier Series tech- 
niques. The general purpose 
PostScript language is ideal for this 
analysis. I'll discuss the details in 

another column. However, Fig. 4 re- 
veals several magic amplitude and 
distortion values for both algorithm 
versions. 

If a DC offset is present in the 
listed values, it's half a step one way 
or the other. Capacitor coupling can 
eliminate this, when permitted. 

Note that none of the 128 or high- 
er amplitude sequences can be real- 
ized as single eight -bit words. 
Because of state zero and negative 
values, 257 or more states are in- 

volved. PostScript, of course, han- 
dles those higher values with ease 
and aplomb. There are several other 
possible amplitudes. These either 
have extra DC in their outputs or 
worse distortion is present. 

steps per peak 
cycle amplitude 

clipping 
level 

dc offset 
present? 

3rd harm. 
distortion 

total harm. 
distortion 

8 2 none no 5.74% 9.76% 
12 4 2 no 0% 2.72% 
12 5 none yes 4.92% 5.32% 
16 8 3 yes 1.79% 2.18% 

16 8 none no 4.33% 4.65% 

20 10 3 yes 1.56% 2.11% 

20 12 none yes 4.09% 4.29% 

24 16 4 no 0% 1.08% 

24 20 none no 3.96% 4.12% 

28 22 5 yes 0.96% 1.25% 

28 24 none yes 3.89% 4.03% 
32 28 5 yes 0.90% 1.42% 

32 32 none no 3.84% 3.98% 

36 36 6 no 0% 0.94% 

36 40 none yes 3.8% 3.94% 

40 46 7 yes 0.67% 1.03% 

40 50 none no 3.79% 3.81% 

44 52 7 yes 0.63% 1.19% 

44 60 none yes 3.81% 3.89% 
48 64 8 no 0% 0.90% 
48 72 none no 3.77% 3.88% 

56 76 9 yes 0.51% 0.94% 

56 84 none yes 3.76% 3.87% 

56 86 9 yes 0.49% 1.08% 

56 98 none no 3.75% 3.86% 

60 100 10 no 0% 0.88% 

60 110 none yes 3.74% 3.85% 

64 116 11 yes 0.41% 0.91% 

64 128 none no 3.74% 3.84% 

68 126 11 yes 0.41% 1.02% 

68 138 none yes 3.76% 3.84% 

FIG. 4 -DATA VALUES for the more interesting and useful digital sinewave generators. 
84 Both "regular" and "low- distortion" schemes are shown. 

I am fairly certain I've shown all 
possible eight -bit steps -per -cycle 
values. These are just four times the 
maximum unclipped speed values. 
An ultralow distortion variant is 
shown in Fig. 5. It offers a low 0.24 

distortion, and most of that is 
easily filtered seventh harmonic. 

But this takes a few extra bytes of 
code and has limited sets of useful 
values. Moreover, There is an aes- 
thetically unsatisfactory wrinkle in 

the sine plot as well. In one varia- 
tion, the fifth is 62 dB down -before 
any filtering! 

A much more detailed analysis, 
full sequences, and ready -to -run 
code appears in my files FouRIER.Ps 

and NEWSINE.PS on GEnie PSRT. The 
Golly Gee Mister Science tinaja 
questing society has just an- 
nounced its award for the best data 
book rear cover. The award goes to 
Philips for the latest update of its 
Desktop Video Data Handbook. 

Philips also has the best front 
cover, by far. Moreover, the inside of 
the book ain't half bad either. This 
gem is crammed full of neat prod- 
ucts on digital TV, teletext for video 
capture, sync generators, and color 
coders. 

New tech Literature 
Also from Philips are new editions 

of its Audio /Radio, and Wireless 
data handbooks. From Analog De- 
vices, there is the incredibly fat new 
Design -In Reference Manual. 

There is a fascinating article on 
molecular computers based on 
DNA strands in the November 11, 

1994 issue of Science, pages 993 
and 1021 to 1023. One of the prob- 
lems solved by this DNA computer 
was the determination of an op- 
timum route fora traveling salesman 
between a number of cities. 

The problem was solved a thou- 
sand times faster than it could be 
solved on the the best existing su- 
percomputer. The biological com- 
puter needs only a fraction of the 
space and energy of a supercom- 
puter. The secret lies in using 
billions of parallel molecular 
coprocessors. 

A mind -boggling breakthrough in 

micropower receivers is described 
in the December, 1994 R. F. Design. 
Look for it on pages 32 to 44. These 
receivers easily extend the max- 
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Copyright c 1995 by Don Lancaster and Synergetics, Box 809, Thatcher, AZ, 
% 85552. (602) 428 -4073. All commercial and all media rights fully reserved. 

Personal use permitted so long as this header remains present and intact. 

% Variation #1 has 60 steps per cycle and a 96 peak amplitude. 
% The DC term and harmonics 2,3,4,6,8,9,10, and 12 are ZERO! 

% The fifth harmonic distortion is 0.061 %. Total distortion is 0.342 %. 

/size 96 def 
/speed 0 def 

0160{ 
/val exch def 
/speed speed size 0 gt (-1)(+1) ifelse add store 
/size size speed dup 10 eq (pop 6) if dup -10 eq (pop -6) if 
dup 10 gt (pop 10) if dup -10 It (pop -10) if add store 

use your sinewave here 

) for 

% Variation #2 has 60 steps per cycle and a 97 peak amplitude. 
% The DC term and harmonics 2,3,4,6,8,9,10, and 12 are ZERO! 

The fifth harmonic distortion is 0.162 %. Total distortion is 0.247 %. 

/size 97 def 
/speed 0 def 

0 1 60 { 
/val exch def 
/speed speed size 0 gt {- 1 } { +1} ifelse add store 
/size size speed dup 10 eq (pop 7) if dup -10 eq (pop -7) if 

dup 10 gt (pop 10) if dup -10 It (pop -10) if add store 

% use your sinewave here 

} for 

°% Variation #3 gives you 48 steps per cycle and a 62 peak amplitude. 
The DC term and harmonics 2,3,4,6,8,9,10, and 12 are ZERO! 

The fifth harmonic distortion is 0.149 %. Total distortion is 0.241 %. 

/size 62 def 
/speed 0 def 

0148{ 
/val exch def 
/speed speed size 0 gt (-1)(+1) ifelse add store 
/size size speed dup 8 eq (pop 6) if dup -8 eq (pop -6) if 
dup 8 gt (pop 8) if dup -8 It (pop -8) if add store 

use sinewave here 

} for 

FIG. 5- ULTRALOW DISTORTION digital 

imum range for legal and unlicensed 
transmitters to 1000 feet and 
beyond. 

The secret to this tuned radio fre- 
quency (TRF) variant is two cas- 
caded, high -gain, radio -frequency 
amplifiers; only one of them is 
switched on at any time! Its perfor- 
mance greatly exceeds the best of 
the superregenerative receivers or 
single conversion superhetrodyne 
receivers. Moreover, there are zero 
radiation and image problems. 

The Amateur Seismologist offers 
low -cost earthquake detectors and 
personal computer support soft- 
ware. Professional geophones are 
available from GeoSpace. 

Outstanding buys for precision 
CAD /CAM steppers, X -Y tables, 

sinewaves depend on black magic. 

and similar bits and pieces are of- 
fered by Jim DuBois, His stock is 

mostly one -of -a -kind used and sur- 
plus products. 

Here are some more antique ra- 

dio resources: The Horn Speaker is 

a new labor -of -love tabloid alter- 
native to Antique Radio Classified. 
Hard -to -find classic repair manuals 
and Photofacts are offered by A. G. 
Tannenbaum. He also stocks, won- 
der of wonders, 1945 edition 
Radiotron Designer's Handbooks at 
$15. 

Replacement automobile radio 
vibrators are offered by Antique Au- 
tomobile Radio, while audio vac- 
uum -tube components are sold by 
Handmade Electronics. 

The secrets to starting your own 

BectiúiS 

ENERGIZER i 
CRYSTAL -CONTROLLED! 5 MINUTE AS- 
SEMBLY! MONEYBACK GUARANTEE! At- 
tach 3 wires and hear every whisper up to 2 

miles away on any programmable scanner or 
VHF surveillance receiver. Pre -tested surface 
mount module uses standard 9V battery for 
100mW output! Includes battery box and 
crystal for 140MHZ. Custom frequencies 
available for Law Enforcement. Model VX -100 
only $79.95 + 2.00 S &H. VISA, MC, MO. 
COD add $5.00. DECO INDUSTRIES, BOX 
607, BEDFORD HILLS, NY 10507. 
914 -232 -3878. 

CIRCLE 127 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $1,000.00 each insertion. 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 
We typeset and layout the ad at no 

additional charge. 

Call 516- 293 -3000 to reserve space. 
Ask for Arline Fishman. Limited number 

of pages available. Mail materials to: 
mini -ADS, ELECTRONICS NOW, 500 -B 
Bi- County Blvd., Farmingdale, NY 
11735. 

FAX: 516 -293 -3115 

technical venture appear in my 
Incredible Secret Money Machine Il. 
See my nearby Synergetics ad. I've 
also accumulated a large stock of 
classic Apples computers and re- 
placement parts. They are cheap 
enough for use as dedicated con- 
trollers. Write, E -mail, or call me for 
a complete listing. 

Here is a reminder that unique 
downloads, freebie insider secrets, 
catalogs, and technical help are 
available on GEnie PSRT. A ten -hour 
free trial offer is available if you sign 
up with a credit account; see my 
Need Help? box. 

As usual, most of the resources 
I've mentioned appear in the Names 
& Numbers sidebar. Be sure to 
check this sidebar first before call- 
ing our no- charge tech helpline. 

Let's hear from you. 12 85 
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A couple of "old" circuits, and a brand new topic. 

ROBERT GROSSBLATT 

86 

DRAWING BOARD 

Ive been getting a lot of mail 
about a series of columns I did 
on video and video descram- 

bling. When the series was re- 
printed, a gates -only way of 
decoding the magic line numbers 
(24 and 257) was omitted. When I 

was doing the series, I showed how 
to decode those lines with an 
EPROM and, several months later, 
published two schematics sent in by 
readers who had done the same 
thing using gates. 

In the spirit of completeness, I'm 
going to reprint these here and, 
once again, give credit where credit 
is due. 

The first circuit, from David Siegel 
of Livonia, Michigan, is shown in Fig. 
1. It's a pretty slick design. The sec- 
ond decoder is from Chris Carson 
of Ottowa, Ontario. His design is a 

bit more complicated, as you can 
see in Fig. 2. One nice feature is that 
only one pin is used for the line 
indicator. This is handy if you want 
the rest of your descrambler to have 
the start and end of the vertical in- 

terval to be indicated on a single 
line. 

The descrambling series was 
never intended as a construction ar- 
ticle fór a working SSAVI de- 
scrambler. Instead, it was meant to 
be a starting point for experimenta- 
tion and for those who want to un- 
derstand video scrambling tech- 
niques. Different cable companies 
use different variations on the basic 
scheme. In New York City, for exam- 
ple, there are two cable companies, 
both owned by the same parent 
company Time -Warner. While the 
scrambling method for each is sim- 
ilar, they differ in how the invert the 
video. The video scrambling you en- 
counter will undoubtedly be dif- 
ferent. 

Audio 
Regular readers might remember 

that I've mentioned several times 
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FIG. 1 -THIS CIRCUIT WILL DECODE line numbers 24 and 257. 
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FIG. 2- ANOTHER LINE DECODER. This one 

that I have a house in the country. 
Now, I'm not going to say where it is, 

but I will tell you that the winters up 
there are really cold and, since we 
go up nearly every weekend, winter 
weekends are usually indoor week- 

uses only one pin for the line indicator. 

ends. I like to have some project to 
work on, and my latest one is to wire 
the house for sound. I thought this 
would be simple to do, but I should 
have known better. 

Continued on page 91 
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R7 
470K 

LINEAR 
(TREBLE) ;r 

RAY MARSTON 

THIS THIRD ARTICLE IN A SERIES ON 

active filters focuses on audio 
signal processing and ampli- 
tude control circuits. The last 
article, in the February 1995 is- 
sue of Electronics Now, page 
65, discussed popular passive 
control networks including 
high - and low -pass filtering cir- 
cuits. This article picks up 
where that article left off with a 
discussion of active tone -con- 
trol circuits, and it goes on to 
explain amplitude -regulating 
circuits. 

Active tone controls 
An active tone -control circuit 

can be made by connecting a 
passive tone -control network to 
the negative feedback loop of a 
linear amplifier, typically an op- 
erational amplifier. This circuit 
provides signal gain rather than 
attenuation. 

lone- control networks can be 
simplified versions of Fig. 15 in 
the February 1995 article. How- 
ever, they are more likely to be 
based on the alternative passive 
tone -control circuit shown here 
as Fig.1. This circuit's perfor- 
mance is comparable, but re- 
quires fewer components, and 
it includes two linear control po- 
tentiometers. 

If the input signals to the cir- 
cuit in Fig. 1 are low enough so 
that capacitors Cl and C2 act 
like open circuits, the output 
signal amplitudes are con- 
trolled entirely by resistor R5. 
This occurs because resistor R6 

R5 
100K 

LINEAR C2 
(BASS) 0.0047 

RI -R2 R3-R4 

FIG. 1- ALTERNATIVE TONE -CONTROL 
circuit that includes two potentiome- 
ters. 

ACTIVE AUDIO FILTERS 
for 

Signal Processing and Contro 

Learn about active filters in audio 
signal processing and control, and apply 
that knowledge to your circuit designs 

is isolated from the output by 
capacitor C2. 

However, at input frequencies 
that are high enough so that the 
two capacitors act like short cir- 
cuits, the output signal ampli- 
tudes are controlled entirely by 
resistor R6. In this situation, 
resistor R5 is short circuited by 
C1. 

The low- frequency (bass) cir- 
cuit cutoff is determined by the 
values of Rl and Cl, and the 
high -frequency (treble) cutoff is 
determined by C2 and the val- 
ues of Rl to R3. 

Figure 2 illustrates how the 
network in Fig. 1 network is in- 
tegrated into an active tone con- 
trol circuit that can provide up 

to 20 decibels (dB) of boost or 
cut to bass or treble signals. 

The circuit shown in Fig. 3, 
although similar to that of Fig. 
2, is more versatile. It has an 
additional filter control network 
that is centered on the 1 -kHz 
midband of the audio spec- 
trum. This network permits the 
midband to be boosted or cut by 
as much as 20 dB. 

Graphic equalizers 
The more sophisticated 

graphic equalizer tone -control 
system consists of a many paral- 
lel- connected, variable- response 
filters that overlap and have nar- 
row-passbands to cover the en- 
tire audio spectrum. This cir- 87 
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FIG. 2- ACTIVE TONE -CONTROL CIRCUIT that includes the Fig 1 circuit. 
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FIG. 3 -THREE -BAND ACTIVE TONE -CONTROL control (bass, midband, treble). 
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OP-AMP 

Cl 
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FIG. 4- TYPICAL OCTAVE (GRAPHIC) 
equalizer section. 

cuitry permits tailoring an am- 
plifier circuit's spectral re- 
sponse to suit individual needs. 
The filter center frequencies are 
typically spaced at one octave 
intervals. As a result, those sys- 

88 tems are also called octave 

equalizers. 
Figure 4 is the schematic for a 

typical octave (graphic) equal- 
izer section. It is similar to the 
active tone- control circuit 
shown in Fig. 2, except that tre- 
ble control network consisting 
of C2, R3, and R4 is fixed rather 
than variable, and the bass and 
treble cutoff frequencies are 
spaced closely. As a result, the 
two response curves overlap. 

Consequently, the circuit in 
Fig. 4 circuit acts as a narrow - 
band filter with a center fre- 
quency response that is fully 
variable between + 12 dB (full 
boost) and -- 12 dB (full cut) by 
adjusting potentiometer R5. 

Figure 5 shows how the cir- 
cuits of Figs. 3 and 4 are inter- 
connected to form a high 
quality, ten -band graphic equal- 
izer. The ten equalizer sections 

are in parallel, and their out- 
puts are summed in the output 
stage that includes the IC11 op- 
erational amplifier. 

The operational amplifiers in 
this circuit can be the industry- 
standard LM741 or comparable 
dual versions such as the 
LM747. Stereo amplifier sys- 
tems visually contain two com- 
plete circuits of the kind shown 
in Fig. 5. 

RIAA equalization 
Phonograph records are no 

longer the preferred media for 
storing and reproducing music, 
having been replaced years ago 
by tape cassettes and compact 
discs (CDs). Nevertheless, many 
people still own turntables for 
playing 33 RPM long -playing 
record (LPs) or 45 RPM records. 
The pickup arms of those record 
players include either ceramic, 
crystal, or magnetic cartridges 
and needles that are in direct 
contact with the grooves in the 
records. 

The ceramic and crystal car- 
tridges were inexpensive, but 
they produced large- amplitude 
and fairly linear outputs suit- 
able for low- priced record play- 
ers. However, magnetic car- 
tridges were preferred for high - 
performance, high -fidelity ster- 
eo systems. Although their out- 
put is low, and they have 
nonlinear frequency response 
characteristics, their corrected 
output provides more faithful 
music reproduction. 

The characteristics of any rec- 
ord playback system can be de- 
termined with a test record 
containing a three -decade span 
of sinewave tone signals with 
constant amplitude from 20 Hz 
to 20 kHz. A quality magnetic 
cartridge should generate a 
nonlinear frequency response 
that rises at a rate of 6 dB per 
octave (equal to 20 dB per de- 
cade). Thus the output signals 
would be weak at 20 Hz, but 
would be one thousand times 
greater (equal to +60 dB) at 20 
kHz. 

This nonlinear frequency re- 
sponse is an inherent charac- 
teristic of all magnetic pickups 
because their output voltage is 
directly proportional to the 
pickup needle movement rate 
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FIG. 5- TEN -OCTAVE (GRAPHIC) equalizer circuit. 
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FIG. 6-TYPICAL PHONOGRAPH record 
playback frequency response curve. 

which, in turn, is proportional 
to recording frequency. 

Phono disk recording equip- 
ment usually did not provide 
truly linear frequency response. 
To enhance the effective dynam- 
ic range and signal -to -noise 
ratio of records, frequencies be- 
low 50 Hz and those in the 500 - 
Hz to 2.12 -kHz midband range 
were recorded nonlinearly in ac- 
cordance with a standard curve 
defined by the Recording Indus- 
try Association of America 
(RIAA). 

This nonlinearity causes a 
midband drop of 12 dB when 
the record is played through lin- 
ear- response ceramic or crystal 
pickups, but this decrease was 
too small to be objectionable in 

most low -end record players. 
Figure 6 shows a plot of a typ- 

ical phonograph record play- 
back frequency response curve 
as a solid line and dotted line 
superimposed on the solid line 
that represents the ideal re- 
sponse curve. The ideal (dotted - 
line) curve is flat to 50 Hz where 
it rises at a 6 dB /octave rate to 
500 Hz. It remains flat from 500 
Hz to 2120 Hz, then rises again 
at a 6 dB /octave rate to about 20 
kHz. 

When a record is played 
through a magnetic pickup in a 
high quality hi -fi system, the 
output of the pickup is pre- 
amplified before going to the 
power amplifier. The pre- 
amplifier must have a frequency 
equalization curve that is the 
exact inverse of that shown in 
Fig. 6. so that an overall linear 
response is obtained. Figure 7 
shows the RIAA equalization 

50Hz 

.1` 

2120Hz 

1 -_, , , 
500Hz 

10Hz 100Hz 1kHz 1okHz 100kHz 

FREQUENCY - 
FIG. 7 -RIAA PLAYBACK equalization 
curve. 

curve. It is the inverse of record- 
ing curve shown in Fig. 6. 

RIAA preamplifier 
Magnetic pickup cartridges 

are low- sensitivity devices that 
give typical midband outputs of 
only a few millivolts. Con- 
sequently, their output signals 
must be preamplified by a dedi- 
cated, low -noise preamplifier in- 
tegrated circuits rather than 
general -purpose operational 
amplifiers. A schematic for a 
preamplifier with integral RIAA 
magnetic -pickup equalization 
is shown in Fig. 8. The circuit 
includes an LM381 low- noise, 
dual preamplifier IC. 89 
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FIG. 8 -LOW -NOISE MAGNETIC phono 
cartridge preamplifier that includes 
RIAA equalization. 

FIG. 9- NONLINEAR (SEMILOG) ampli- 
fier based on the 741 operational ampli- 
fier. 

aged in an 8 -pin DIP) Because 
two of these preamplifier cir- 
cuits are needed in a stereo au- 
dio system, both sections of the 
dual preamplifier ICs are used. 

The LM381 has a high. open - 
loop gain of 112 dB. and a total 
input noise rating of 0.5 micro- 
volts. Its output voltage swing 
equals the supply voltage minus 
2 volts and it has a wide power 
bandwidth of 75 kHz, 20 volts 
peak -to -peak. The LM387 is 
similar to the LM381 except that 
it has an open -loop gain of 104 
dB and a total input noise rat- 
ing of 1.0 microvolt. The ampli- 
fiers in both ICs are electrically 
independent of each other. 

The LM381 in Fig. 8 is config- 
ured as a noninverting ampli- 
fier. Negative feedback is ap- 
plied from the output to the 
inverting input terminal. The 
voltage divider consisting of re- 
sistors R3 and R4, and the net- 
work formed by resistor R6 and 
capacitor C2 determines AC sig- 
nal gain. 

At the audio frequency mid - 
band (centered on 1 kHz) capac- 
itors C2 and C3 have low 
impedances and C4 has a high 
impedance. As a result, AC gain 
is determined principally by the 
value of resistor R5 divided by 
R6, and it equals about 400. At 
lower frequencies, the imped- 
ance of C3 becomes significant 

TABLE 1 

NONLINEAR AMPLIFIER PERFORMANCE 

Millivolts R1 = 1K R1 = 10K 
(input, RMS) OUT Vow' 

mV RMS 
GAIN VOIT 

mV RMS 
VGAIN 

1.0 110 x110 21 x21 
10.0 330 x 33 170 x 17 
100.0 450 x 4.5 360 x 3.6 

1000.0 560 x 0.56 470 x 0.47 
10,000.0 600 x 0.07 560 x 0.56 

As an alternative, a National 
Semiconductor LM387, an- 
other low- noise, dual pre- 
amplifier will work in the cir- 
cuit. Both the National LM381 
and LM387 are suitable as am- 
plifiers in audio -tape playback 
preamplifiers. 

The pin numbers shown in 
Fig. 8 are those of the first half 
of the LMV1381, packaged in a 14- 

90 pin DIP (The LM387 is pack- 

and it causes AC gain to in- 
crease until, at very low fre- 
quencies, it is limited to 4000 
by the ratio of the value of re- 
sistor R3 with respect to R6. 

By contrast, at high frequen- 
cies, the impedance of C4 falls 
significantly, shunting R5. This 
causes the AC gain to decrease 
until, at very high frequencies, 
it is limited to 10 by the ration of 
the values of R4 to R6. The sig- 

nais form the magnetic pickup 
cartridge are AC coupled to the 
LM381 by Cl. 

Nonlinear amplifiers 
An operational amplifier will 

act as a nonlinear amplifier if a 
nonlinear component is in- 
cluded in its negative feedback 
network. Figure 9 shows two 
square -law response (non- 
linear) feedback elements, a 
pair of diodes connected back - 
to -back in the feedback loop. 

When small signals are ap- 
plied to this circuit, the diodes 
act as infinite resistance (open 
circuits), so circuit gain is high. 
However, when large signals are 
applied, the diodes act a low re- 
sistances, so circuit gain is low. 

The gain follows a semi -log- 
arithmic function, and circuit 
sensitivity can be varied by al- 
tering the value of resistor Rl. 
'Fable 1 summarizes the circuit 
performance with two different 
values of R1 -1 and 10 kilohms. 
For example, it can be seen that 
a 1000:1 change in input signal 
amplitude causes a change as 
small as 2:1 in output level. This 
characteristic can be put to 
practical use in single -range 
bridge -balance detectors and 
signal- strength indicators. Volt- 
age measurements can be made 
with an AC millivoltmeter. 

When a sinewave input is ap- 

TABLE 2 
CONSTANT - VOLUME 

AMPLIFIER PERFORMANCE 

R1 = 100K 

Millivolts 
(input) 

VOUT 

(volts) 
GAIN 

500 2.85 x 5 
200 2.81 x 14 
100 2.79 x 28 
50 2.60 x 52 
20 2.03 x 101 
10 1.48 x148 
5 0.89 x 180 
2 0.4 x 200 
1 0.2 x 200 

0.5 0.1 x 200 

plied to the circuit, the two di- 
odes limit the output voltage 
swing to about 1.4 volts peak -to- 
peak by clipping the waveform. 
The output approximates a 

Continued on page 93 
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DRAWING BOARD 

continued from page 86 

Running speaker cable through- 
out the house from a central loca- 
tion where I have all the audio 
equipment is certainly not a big deal 
from an electronic point of view, al- 

though keeping it hidden in the walls 
can be difficult. The complexity of 
the project was increased by a fac- 
tor of ten when I was informed that 
everybody wanted a system that 
would allow different sources to be 
routed to different speakers at the 
same time -the cassette player to 
the kitchen, CDs to the bedroom, 
the TV to the den, and so on. 

The easiest way to do this would 
be with a patch panel, but the 
thought of endless patch cable re- 

pairs wasn't too appealing. Be- 
sides. an all electronic router is a lot 
more elegant. My winter project 
now is now to build an easy -to -use 
audio router. Easy -to -use means it 

should have a minimum of controls 
and a display panel that shows ex- 
actly what audio is going where. 

k.EyBoO 

SELEC T 

1 

ov7P'T 
SEL EC T 

D/SP1.A y 

r¡o 

FIG. 3 -AUDIO ROUTER BLOCK DI- 
AGRAM. The keyboard is used to select 
the input and output channels. 

Here's my list of design criteria: 
1. The circuit shall accept eight 

stereo audio inputs (each input shall 
consist of a left and right channel). 

2. The circuit shall have four ster- 
eo audio outputs (each output shall 
consist of a left and right channel). 

3. The device shall display routing 
on LEDs. 

4. There shall be a simple way to 
clear the inputs and outputs. 

While there's no reason why I 

couldn't incorporate a power ampli- 
fier on each output channel, but for 
the moment I want to keep every- 
thing as simple as possible by deal- 
ing only with line -level signals. As 
we get into the design of the circuit, 
you'll see how easy it is to make 
changes. 

Every circuit design starts with a 

block diagram, and that's what you'll 
find in Fig. 3. The keyboard selects 
the input and output channels. That 
information is sent to the display 
which I've specified in the design 
criteria. From that point on, the con- 
trol signals are sent to the I/O sec- 
tions where the actual audio routing 
will take place. 

the gritty of 
the design, I want to explain how the 
device will be organized. The sim- 
plest way to set things up is on a 

grid system like that shown in Fig. 4. 
The inputs and outputs are arranged 
as intersecting lines, and the circuit 
I'm going to build makes the con- 
nections I want at the correspond- 
ing intersection of the desired 
column and row. Once the connec- 
tion is made, the chosen input is 

routed to the chosen output. The 
display will indicate the status of the 
output channel. 

Both the block diagram and the 
grid drawing show that there is one 
control line per channel. I'm men- 
tioning this now because it reflects a 

INPUT SELECT L /NE5 
0 0 O O 0 0 O o 

oaTPZ/ T 
FG EG T 
/J10E5 

o 

To .Z/o 

o 

o o 

o o 

o o 

FIG. 4 -THE DEVICE WILL BE ORGANIZED as a grid system. The inputs and outputs 
are arranged as intersecting lines. 

decision I made about the parts I'll 
be using. All the audio switching will 
be done in the I/O section with ana- 
log switches -I'll be using 
CD4066B -CMOS ICs, ganging 
them together as DPST switches. 

My decision about the design of 
the output stage affects the design 
of the whole circuit. The keyboard, 
for example, has to generate only a 

single -line address as opposed to 
an address with three or mow lines 
if I were using binary addressing. 
This makes the design of the key- 

board much simpler. Next month I'll 
explain the keyboard design. 12 

Rell professor. hole's the hologram experiment 
coming along.. ' 
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COMPUTER CONNECTIONS 
UberSof t uber alles. 

JEFF HOLTZMAN 

Deep underground lies the 
Command and Information 
Center, the hub of the most 

extensive computer network on 
Earth. This CIC differs from many 
corporate and military computing 
centers because it has direct, on- 
demand connectivity to many tens 
of millions of computers worldwide. 
The majority of these connections 
link private individuals to the CIC. A 
significant fraction of the remaind- 
ing connections link corporate ac- 
counts located throughout the 
developed nations of the Earth. 

The CIC is owned and operated 
by the richest, most powerful cor- 
poration on Earth: UberSoft. Uber- 
Soft is, in turn, owned and operated 
by one man: Charlie Haines. Haines 
started UberSoft on a shoestring; 
over a period of more than twenty 
years, a series of brilliant, oppor- 
tunistic moves by Haines propelled 
UberSoft to its current position. 

Today, total employment of the 
company exceeds that of any gov- 
ernment on Earth save that of 
China. Haines pays his employees 
well, and rewards performance with 
shares in the company. Everyone 
works toward a common, well- artic- 
ulated goal: UberSoft Uber Alles. 
The closer the company gets to that 
goal, the better the reward. Haines, 
nonetheless, always maintains a 
51% share in the company. 

UberSoft's early growth was 
achieved mostly by hard work and a 
healthy measure of intuition. Hain - 
es's intuition about directions in 
technology and fickle consumer 
tastes was legendary. By itself, that 
intuition was enough to build Uber- 
Soft into the mightiest corporation 
on Earth. 

But Haines was not satisfied. He 
knew that his intuition could go only 
so far. He knew that at some point 
he would need a more direct means 
of measuring consumer tastes, 

92 something that could provide feed- 

THIS GUY PLAYED HIS CARDS RIGHT from the very beginning. He knows 
everything about everything. 

back in real time. Haines also knew 
that achieving such instantaneous 
feedback could be accomplished 
only by means of instantaneous 
real -time hookups to UberSoft's 
tens of millions of customers. That 
would entail a tremendous network 
infrastructure, on the order of that 
provided by the telephone compa- 
nies. It would require tremendous 
advances in computer architecture, 
database design, transaction pro- 
cessing, and analysis software. It 
would also require extremely subtle 
software that would run on millions 
of UberSoft customer machines so 
as to provide UberSoft with the in- 
formation it needed, but not alarm 
the owners of those machines that 
anything out of the ordinary was 
happening. 

Haines knew that the scheme 
would be highly controversial. He 
knew that if even a single word ever 

leaked out about his plan, legal and 
ethical questions would be raised 
by the press, questions that could 
easily derail the plan, and possibly 
even UberSoft itself, questions that 
politicians and competitors would 
seize on to dismantle UberSoft and 
destroy Haines' empire. 

Thus no one knew of the plan. 
That is, no one knew how all the 
pieces fit together. Haines in- 
structed various marketing and 
technical groups throughout the 
company to work on various facets 
of the problem. Most people were 
content merely to be working for 
Haines and for UberSoft- content 
to be making good money; content 
to be working on interesting, chal- 
lenging problems; and content to be 
astride a winner so far ahead of the 
competition that, in essence, there 
was no competition. 

In his mind, Haines assembled a 

www.americanradiohistory.com

www.americanradiohistory.com


C3 
1.0µF - 

AUDIO FILTERS 

continued from page 64 

square waveform, and it is rich 
in odd harmonics. If this wave- 
form is amplified, it sounds like 
a clarinet. 

Constant- volume amplifier 
The nonlinear amplifier 

shown in Fig. 9 gives a near con- 
stant- amplitude output signal 
over a wide range of input signal 
levels, but it does this at the cost 
of introducing large signal dis- 
tortion. Figure 10 is a schematic 
for a constant -volume or con- 
stant- amplitude amplifier that 
amplifies without distorting the 
signal. A self- adjusting, voltage - 
controlled linear network re- 
places the nonlinear element in 
the feedback loop of Fig. 9. 

FET gate from the network con- 
sisting of D1, R5, R6 and C3. 
The FET functions as a resis- 
tance with a value of several 
hundred ohms. The voltage di- 
vider formed from R4 and Ql 
causes slight negative feedback 
that is applied to the 741, so it 
provides high voltage gain. 

By contrast, if a large signal is 
applied to the 741, its output is 
large, so a large negative bias is 
developed on the gate of FET Q1 
from the D1, R5, C3 network. As 
a result, Q1 acts like a very high 
resistance. In this condition, 
the R4 /Q1 divider applies large 
negative feedback to the 741, 
and it provides low voltage gain. 

The overall effect of this re- 
sponse characteristic is that the 
mean level of the output signal 
is self -regulated at 1.5 to 2.85 
volts over a 50:1 range of input 

wiovs 
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.0µF 

o 

INPUT R3 t 22K 

+9V 

741 

-9V 

t R2 
10K 

R4 

330K 

C2 
1.0µF` 

D1 

= IN4148 

01 
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FIG. 10- CONSTANT- VOLUME amplifier that includes a JFET. 

The operational amplifier is 
configured as an AC amplifier 
with its gain controlled by the 
ratio of the values of resistor R1 
with respect to R2 and by the AC 
voltage divider formed by R4 in 
series with the internal imped- 
ance of Ql. 

This FET functions as a volt- 
age- controlled resistor. Its con- 
trol voltage is obtained from the 
output of the operational ampli- 
fier with a network formed by 
diode D1 in series with resistor 
R5 and resistor R6 in parallel 
with capacitor C3. 

When a small signal is applied 
to the 741, its output is small. 
Consequently, very little nega- 
tive bias is developed on the 

signal level. (This is equal to 
500 to 10 millivolts.) It does this 
without generating audible sig- 
nal distortion. The circuit's per- 
formance is summarized in 
'Fable 2. 

The value of resistor R1 deter- 
mines the sensitivity of the cir- 
cuit. It is selected to accommo- 
date the maximum input signal 
amplitude that the circuit is ex- 
pected to handle. This is deter- 
mined on a basis of 200 kilohms 
per RMS volt of input signal. 

For example, to accommodate 
a maximum input of 50 volts, RI 
should have a value of 10 
megohms. Capacitor C3 deter- 
mines the automatic gain control 
time constant of the circuit. st 
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*PIC 16Cxx Programmer 5188 
- 

so k - 

ltY 

I II 

PIC 16C71 -84 TrueFlight $299 

PIC 16C5x Downloader $299 
acts as ROM emulator MRD76CSx derces 

I 
le 

. .r 
Package ncgáes everythwg necessary 
to poyram Stamps- 

To use the Pr 
Package. nee IBM PC 

or =nobble with a omelet Port. 
3.5.mch chsk dew. and DOS 2.0. 

Data Acquisition for your PC 

ADC -10 $98.00 
11- channel, 8-bit) 

ADC -12 $158.00 
11 channel, l2 -bit) \`- 

0 -5V ámaog input `ltrrr,8 
MktnPiCocope andpicolog 
osceoscopeprobe, pit. x ip 

Akizuki Denshi Co., Ltd. was established in 1944, and is currently 
engaged in the selling of electronic components and electronic 
measuring instruments in Akihabara, Tokyo. If you are interested in 

our products, please enclose payment (in $US) in the amount of 
the price indicated for and handling costs. We wit fill your order and 
send the product to you as soon as payment is received. 

Akizuki Denshi Co., Ltd. 
1st Floor. Norrrzu 81dg.,1 -8 -3 Sotokanda. Chryoda -ku. Tokyo. Japan 101 

CALL 81 -3- 3431 -6279 FAX: 81 -3- 3251 -3357 
Supervisor: Akio Tsujimoto 

Choose from 46 
Career Opportunities! 
Get Your Specialized Associate Degree 

or Career Diploma at Home in Spare Time 
Now without attending college class- 
es and with no previous experience, 
you can train for a money- making 
career...even get a Degree. Send for 
free facts and color brochure on 
employment opportunities in the field 
that interests you most See how easy 
it is to train at home for a great career, 
or advancement in your present job. 

CALL 
TOLL 
FREE 

1- 800 -595 -5505 xt. 
5E742 x 

CALL ANYTIME -24 hours a day 7 days a we x 
OR MAIL COUPON TODAY! 

r cs International Correspondence Schools Ì 
Dept. ADES25S, 925 Oak Street, 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. 
No obligation. No salesman will visit. CHECK ONE BOX ONLY! 
ASSOCIATE IN SPECIALIZED ASSOCIATE IN SPECIALIZED 
BUSINESS DEGREE PROGRAMS TECHNOLOGY DEGREE PROGRAMS 

Business Management IT Nil Engineering Technology 
Accounting Mectani(al Engineering Tech. 

Bus. Mpmt -France Option O Electrical Engineering Technology 
O Bus. Mgmt.- Marketing Option = Electronics Technology 
O Applied Computer Sconce _ Industrial Engineering Technology 

CAREER DIPLOMA COURSES 
Hqn School O Motorcycle Repair 

O Auto Mechanics O Catering/Gourmet Cooking 
O Surveying and Mapping D Computer Programming 

Drafting O Personal Computer Specialist 
O Air Condeioning 8 Refrigeration O Computer-Assisted Bookkeeping 
O Wadlilehorestry Conservation O PC Repair 
O Fashion Merchandising O Desktop Publishing A Design 
O Diesel Mechanics O Secretary with Computer 

Etectrkian O Fitness A Nutrition 
O Small Business Management O NNCR Repair 
O Gun Repair O Animal Care Specialist 
O Electronic O tog 
O Hotel/Restaurant Management O JoumalisnvPho sraphy hot Story Writing 
O Child Day Care 

D 
Florist 

O Legal Assistant O Te h rr Ade 
Interior Decorating O Medical Transcriptionist 

O Medical Mice Assistant O Professional Locksmnning 
Bookkeeping Appliance Repair 

Name Age 
Address Apt. N 

City/State Zip 

LPhone I 
t J 93 
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master plan that took more than a 

decade to put into practice. It in- 
volved insinuating UberSoft prod- 
ucts at the every level of the 
computing hierarchy. It involved ap- 
plications programs, operating sys- 
tems, and network operating 
systems. It involved alliances with 
telecommunications providers 
(telephone and cable TV compa- 
nies, and on -line service providers). 
It involved strategic influence over 
hardware designs ranging from 
CPUs to memory architectures to 
mass -storage devices to sound and 
video services. 

Early efforts involved alliances. 
Subsequent efforts involved take- 
overs. Over time, UberSoft ab- 
sorbed or destroyed every company 
with which it ever formed an al- 
liance. Gradually, UberSoft grew 
from a supplier of programming lan- 
guages and a few applications to a 

supplier of every element of hard- 
ware and software across all levels 
of the computing food chain, rang- 
ing from personal computers and 
software, to networking equipment 
and software, to wide -area commu- 
nications systems, to content pro- 
viders including a television net- 
work, a publishing conglomerate, 
and a Hollywood studio. UberSoft 
owned newspapers, television sta- 
tions, production studios, rock 
hands, libraries, movie stars, direc- 
tors, and entire multimedia produc- 
tion companies. 

During the decade when all that 
was being built, Haines innocuously 
began building his personal man- 
sion, home to his collection of ex- 
pensive sports cars. To the public, 
the mansion was ostensibly a rich 
man's plaything, a technophile's 
dream home, replete with multi- 
media computers and communica- 
tions systems in every room of the 
house. Unbeknownst to even Hain - 
es's closest associates, however, 
was a simultaneous subterranean 
construction effort, what we know 
now as the CIC, brilliantly hidden 
under the guise of being part of the 
mansion. 

Several key pieces of Haines's 
plan kicked into place in late 1994, 
when UberSoft executed three 
strategic moves: 1) Launched its 
own on -line telecommunications 

94 service, 2) Made freely available 

software for accessing it, and 3) 
Swallowed up yet another com- 
petitor, a billion -dollar firm that 
wrote software for personal and 
small- business software: OutOflt. 
OutOflt had grown steadily from 
humble beginnings in a very Haine- 
sian, yet more focused manner. The 
company held an unassailable posi- 
tion in its market segment. Hitherto, 
that segment had been one of Hain- 
es' few disappointments, but with 
the acquisition of OutOflt, all the 
pieces were in place for UberSoft 
and Haines' next move. 

In addition to being a brilliant busi- 
ness tactician and strategist. Hain- 
es was also brilliant technically. He 
did not know the detailed workings 
of every product sold by UberSoft, 
but it wasn't because he was inca- 
pable. In fact. as time passed, Hain- 
es knew progressively less and less 
about the internal workings of Uber- 
Soft products. Some thought he 
was losing interest. The truth was 
that his interests had evolved to a 

higher -level focus on systems, sys- 
tem architectures, and inter - 
operability of systems. Again, that 
was all part of his master plan. 

The war room 
Deep underground lies the Com- 

mand and Information Center, the 
hub of Haines' wide -area computer 
network. The CIC is laid out like a 

war room, with huge displays cover- 
ing every square inch of wall space 
in a circular room with a diameter of 
60 feet. Throughout the room are 
clusters of computers. One group 
serves as the hub of the on -line ser- 
vice network. Another functions as 
the primary repository for Uber- 
Soft's corporate data, including all 

technical, financial, and market in- 
formation. Yet another serves cli- 
ents of the former financial software 
company OutOflt. Others link the 
CIC to UberSoft's telephone net- 
work, communications satellites, 
and production companies. 

In the center of the CIC, raised 
above the myriad blinking lights and 
computer screens, rests a huge 
dais, on which sits a chair, some- 
thing like a convoluted, high -tech 
dentist's chair. This chair is the cen- 
ter of Haines' universe. Its elec- 
tronic tentacles spread out to cover 
vast portions of civilization. These 

tentacles pulse with information, 
the lifeblood of civilization today, in- 

formation detailing every activity 
performed by every one of the tens 
of millions of computers connected 
to UberSoft's network. 

Unbeknownst to his customers, 
indeed, to all but a select few of his 
employees, the software that con- 
nects individual customers to the 
network also serves as an on -de- 
mand two -way information pipe. 
Special hidden features of the soft- 
ware can be awakened remotely by 
the UberSoft network, automat- 
ically or on demand by whoever sits 
in the hot seat at the basin of the 
CIC. 

Those hidden software features 
allow Haines to interrogate and view 
information on his customers' corn - 
puters. He can, at any time, switch 
among any of millions of nodes in 

his network. He can view the con- 
tents of his customers' hard disks. 
He can read their E -mail. He can 
read their personal files. He can 
also read files of interest to Uber- 
Soft, files that can increase the 
company's already formidable busi- 
ness advantage. 

Actually, Haines found that after 
the initial thrill, those millions of hard 
drives were pretty boring. Most of 
the data -collection effort was 
thenceforth carried out automat- 
ically, in the background, without 
anyone's noticing. Gradually, the 
data allowed Haines to develop mar- 
ket profiles of unprecedented 
scope and accuracy. Everything in 

his database could be sorted by 
age, race, income, location, educa- 
tion, and myriad other charac- 
teristics. 

Questions 
Is that scenario far -fetched, unre- 

alistic? Not really. Much of what is 

described could be accomplished 
today -without a big, expensive 
"war room." Any computer user 
with an Internet connection and a 

little knowledge of network pro- 
tocols could easily gain similar ac- 
cess to all sorts of corporate and 
private data. 

Any telecommunications soft- 
ware -for example, the software 
you use to access CompuServe, 
America On -line, or Prodigy, or a 

generic program like Crosstalk or 
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Procomm, or a built -in program like 
the one that will appear in Windows 
95 for the purpose of connecting to 
Microsoft's new on -line service with 
a single click -any such program 
could easily be adapted to trans- 
parently upload to the host all sorts 
of information about your system. 
And you. 

That could include technical infor- 
mation, such as your CPU, hard 
disk size, or amount of memory, that 
would enable the provider to better 
tune its software to your needs. But 
it could also include any other data 
stored on your computer, or on any 
other computer to which your com- 
puter has access. In other words, 
not only is your personal and tech- 
nical data at risk, but so is your com- 
pany's. 

Many people and corporations 
fear the possible effects of comput- 
er viruses. But who considers the 
possibility of a "Trojan Horse," a 

seemingly benign piece of software 
that could easily reveal your inner- 
most secrets? 

CD redux 
My E -mail drew lots of interesting 

comments to my December col- 
umn, in which I advocated a new 
kind of software documentation 
called Conceptual Documentation. 
Conceptual Documentation is the 
antithesis of the trivia promulgated 
by the "Dummies" books. It teach- 

es you about the skeleton and the 
muscles so you can figure out how 
to walk, and maybe even run, all by 
yourself. 

S. Fingerman, a software instruc- 
tor, points out that "Unfortunately, a 

lot more people buy TV Guide than 
Electronics Now, and they still can't 
figure out how to use their VCRs." 
That's right. As I said, it's a social 
problem. As a society, we want easy 
answers. We don't want to think. 

D. Wigginton, an IBM survivor, 
has a good analogy for the typical 
process of learning a new piece of 
software: "How obvious it is that 
having an overall floor plan of the 
house would make it so much easier 
to use effectively. Instead, we 
wander throughout our software as 
if we were playing some permuta- 
tion of Myst, looking for clues and 
repeatedly drawing revised visual 
sketches in our minds of what the 
thing we're working with really is." 

Last, T. Nichols, a self- described 
RF /microwave engineer with a PhD 
in electromagnetics, states that 
"What people tend to miss, in my 
experience, is that those 'high- 
falutin' concepts' may slow down 
the solution to their problem the 
first time around. But it will greatly 
speed up the solution to their prob- 
lem the second and third and fourth. 

Please feel free to send any com- 
ments to jkh @acm.org. 

*CABLE CONVERTER Y1H 09TH 

DIAGNOSTIC MODULES 
PIONEER BOARD 3-WIRE 1 PC - 10 PC 
BA-51)0( - BA-61 X( 34.95 - 29.95 
BA-63)0( - BA-67)0( 44.95 - 39.95 
STARCOM 6- DPV -5)0XX 19.95 16.95 
STARCOM VII -DPV -7 QUICKBOARD 44.95 - 39.95 
STARCOM VII -DPBB Qznc BOARD 44.95 - 39.95 

JERROLD DIAGNOSTIC.... 
CUBE MULTI- FREQUENCYr05.5106597.5154.95 - 144.95 
NOTE: 
S/A 8536 AUTO BOARD(No swiTcH) 
S/A 8535 AUTO BOARD(No SWITCH) 

S/A 8570,8550 QUICKBOARD 
S/A 8600,8590,8580 QUICK BOARD 
S/A 8580 40 PIN PLUS + MICRO 
S/A 8570 /90 /8600 40 PIN MICRO 

I ALL QUICK BOARDS ARE WIRELESS' 

NEW NEVER RESET 
E -4 PIONEER BOARD 

pioneer diagnostic cube 
& custom cube S 154.95 

"T" STARCOM AUDIO 
BOARD FOR R1 /M1DPBB 22.95 
CFT -DPBB R/2 V/5 39.95 

CFT -DPBB R/2 V /5.. . 

49.95 

34.95 
34.95 
39.95 
39.95 
39.95 
39.95 

- 29.95 
- 29.95 
- 34.95 
- 34.95 
- 34.95 
- 34.95 

QUICK BOARD 
'ZENITH 1000 TO 2660 16.95 
TOCOM 5507 MAPPER 19.95 
TOCOM 5503 MAPPER 19.95 

ANYONE IMPLYING THEFT OF SERVICE IN ANY 
WAY SHAPE OR FORM. DO US AND YOUR SELF 
A FAVOR DON'T BOTHER CALLING US. 

AND YES WE DO MEAN YOU" 
THESE PRODUCTS ARE FOR DIAGNOSTIC 
PURPOSES ONLY PERIOD !II MIMES 

8O 
C VISUAL COMMUNICATIONS INC. 

0-GO-CABLE TECH.SUPP 718 -229 -2358 

CIRCLE 183 ON FREE INFORMATION CARD 

Nikki tectrnnic 
Ss t+ 

ÿ* .._- 
-- - . --- 
be u t ferme,. iN, 

; nu,ui es! ode 1u nu uu,,,,'.l'Y Ul\ 

Your Ticket To 

Si Trig117QQ 
Over 28,000 technicians have gained admit- 
tance worldwide as certified professionals. 
Let your ticket start opening doors for you. 

ISCET offers Journeyman certification in 
Consumer Electronics, Industrial, Medical, 
Communications, Radar, Computer and 
Video. For more information, contact the 
International Society of Certified Electro- 
nics Technicians, 2708 West Berry Street. 
Fort Worth, TX 76109; (817) 921 -9101. 

Name 

Address 

City 

State Zip 

Send material about ISCET and 
becoming certified. 

Send one "Study Guide for the 
Associate Level CET Test." En- 
closed is is $10 (inc. postage/. J 

r BECOME AN 
ELECTRICIAN! 
PROFESSIONAL -LEVEL HOME STUDY 

Train now to make 
good money work- 
ing on electrical 
systems in homes 
and businesses. 

Learn all about 
how to wire, install, 
and maintain light- 
ing, circuits, control 
panels, cables, ap- 
pliances, phone 
systems, utilities, 
and much more. 

Fascinating, fun, and easy -to-follow. 
Learn at your own pace, in the com- 
fort of your home. For free litera- 
ture, send or call 24 hours a day. 

CALL 800 -223 -4542 
Name 

Address 

City 

Stale Zip 

Age Phone ( Ì 

THE ELECTRICIAN SCHOOL 
Dept. TEC342 , 6065 Roswell Road 

PCDI, Atlanta, Georgia 30328 L 95 
CIRCLE 100 ON FREE INFORMATION CARD 
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WHAT'S NEWS 

continued from page 4 

data -communication and telecom- 
munication segments that serve the 
computer and telecommunication 
industries. Protocol analyzers, 
Equipment that finds transmission 
problem, BERTs (bit error rate test- 
ers), and BLERTs (block error rate 
testers) will show rapid sales in- 
creases. 

Hewlett -Packard continues to be 
the leading share holder in most 
product categories. Other major 
players include Anritsu, Tektronix, 
John Fluke, Marconi Instruments, 
Rhode & Schwarz, Network Gener- 
al, and Telecommunication Tech- 
niques. 

Collision warning for cars 
Three different kinds of auto- 

motive anti -collision systems have 
been announced so far -those 
based on sensors which respond to 
reflected radio frequency, micro- 
waves and infrared energy. Their 
purpose is to warn drivers about the 
presence of vehicles in their "blind 
zones" when they are about to 
change lanes.The manufacturers of 
these systems are competing to de- 
velop systems that will be accepted 
as standards by auto manufacturers 
for installation on automobiles. 

So far no automo manufacturer 
has announced a date when any 
anti- collision system will be in- 
stalled, either as standard or op- 
tional equipment on automobiles. 
This leaves an opportunity for a lu- 
crative automotive aftermarket for 
independent manufacturers of the 
systems. Car owners would be able 
to buy one of the systems available 
that they could install or let the sell- 
er install, as is now done with add - 
on acessories. 

Statistics from the U.S. Depart- 
ment of Transportation reveal that 
13% to 15% of all vehicle collisions 
occur as a result of the drivers' in- 
ability to see other vehicles in blind 
spots as they change lanes. How- 
ever, some automotive experts be- 
lieve that number is inflated and the 
true figure is nearer to 7 %. 

The latest introduction in the anti - 
collision sweepstakes is the Side - 

96 Minder system, based on infrared 

and LED technology. Developed by 
Autosense, Denver, Co., the sys- 
tem includes infrared sensors and 
detectors and an LED display de- 
veloped by Siemens Opto- 
electronics Div., Cupertino, Calif. 

Autosense expects to make 
SideMinder systems available in 
production quantities to auto man- 
ufacturers for less than $50 each. 
This figure compares with the $100 
to $500 estimates of systems 
costs for systems based on other 
technologies. 

SideMinder is activated when the 
vehicle's turn signal is activated. In- 
frared sensor modules, located be- 
hind the host vehicle's tail -light lens 
assemblies, monitor "blind" spots 
on both sides of the car for a dis- 
tance of up to 15 feet. 

When the driver wants to change 
lanes, he activates the turn signal 
which, in turn, activates the system. 
Infrared energy from the module 
that is reflected from nearby vehi- 
cles activates a circuit in the host 
vehicle to lights LED lamps located 
in either the passenger- or driver - 
side rear -view mirrors if a vehicle is 
one of the blind spots. Detection 
occurs in a fraction of a second. 

Cars equipped with prototype 
SideMinders are now being tested 
in the United States and Europe. 
Autosense reports that the sys- 
tems could be offered as optional 
equipment on passenger cars and 
vans within the next five year. 

Recently the Delco Electronics 
Corporation announced the de- 
velopment of a car radar system 
that would accomplish the same ob- 
jective. Delco, a division of General 
Motors, said it is unlikely that the 
system will be offered as an option 
on cars until about 1998 or 1999. 
However, it is expected to have a 
version for trucks available this year. 

Delco has had its collision avoid- 
ance systems on school buses for a 

year to warn bus drivers of nearby 
objects. Nissan Motor Company 
developed a laser -based warning 
systems for trucks three years ago, 
but has no plans to put them in auto- 
mobiles. 

Delco's radar system for trucks 
has four -inch square transceivers 
mounted on the sides of the truck's 
cargo box. When the driver signals 
a lane change, the system is acti- 

vated. Microwaves emitted by the 
transceivers reflect from any cars 
that are in the driver's blind spots, 
and returned signals are detected. 
An audible signal sounds and lights 
mounted on the sideview mirrors 
flash. This system also has a range 
of 12 to 15 feet. 

TRW Inc. has also developed a 

microwave radar system collision 
avoidance system but Amerigon 
Inc., Monrovia Calif., has developed 
a pulsed radio -frequency system. 
Both Chrysler Corporation and Ford 
Motor Company are reported to be 
developing their own collision avoid- 
ance systems. fl 

VIDEO NEWS 

continued from page 6 

movies are available in the Video 
CD format. 

Balance of power. At least 
two hardware manufacturers and 
one movie studio are believed to 
wield the greatest influence over the 
final selection -if, indeed, a single 
system is chosen. Matsushita Elec- 
tronic (Panasonic), the world's 
largest consumer -electronics man- 
ufacturer, originally was believed to 
be in the Sony Philips camp, but 
released a brief statement saying 
that it "considers it desirable that a 

uniform standard eventually be se- 
lected ... Rol meet the needs of the 
software industry, avoid confusion 
among consumers, and increase 
the availability of software." Mat- 
sushita said that it was "conducting 
its own study of the matter." 

The other major hardware power 
holding the balance is Thomson 
Consumer Electronics, maker of 
RCA and GE TV sets, which holds 
the biggest share of the U.S. mar- 
ket and is also a power in Europe. 
Among the Hollywood movie com- 
panies, Disney could be the biggest 
influence, since it is unaffiliated with 
a hardware manufacturer. Mat- 
sushita owns MCA, parent of Uni- 
versal Pictures, while Sony owns 
the former Columbia Pictures, and, 
of course, Toshiba is allied with 
Time Warner, parent of Warner 
Brothers. it 
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BUYER'S MART 
FOR SALE 

TUBES: "oldest ", "latest ". Parts and schematics. 
SASE for lists. STEINMETZ, 7519 Maplewood 
Ave. RE, Hammond, IN 46324. 

CB Radio Modifications! Frequencies, 10M, 
sliders, FM, amplifiers, books, kits, repairs, high - 
performance accessories. The best since 1976! 
Catalog $3.00. CBCI, Box 31500EN, Phoenix, AZ 
85046. 

CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Electronics Now Classified Ads, 500 -B Bi- County Boulevard, Farmingdale, NY 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 
special headings, there is a surcharge of $25.00. 
( ) Plans/Kits ( ) Business Opportunities ( ) For Sale 
( )) Education/Instruction ( ) Wanted ( ) Satellite Television 

Special Category: $25.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum:15 words. 

1 2 3 4 5 

6 7 8 9 10 

11 12 14 15 ($46.50) 

16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00) 

21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50) 

26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00) 

31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50) 

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 

Card Number Expiration Date 

Please Print Name Signature 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services) 
said per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6 
issues; 10% discount for same ad in 12 issues within one year; if prepaid (not applicable on credit card 
orders). NON -COMMERCIAL RATE: (for individuals who want to buy or sell a personal item) $2.50 per 
word, prepaid....no minimum. ONLY FIRST WORD AND NAME set in bold caps at no extra charge. 
Additional bold face (not available as all caps) 55e per word additional. Entire ad in boldface, $3.70 per 
word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per word. TINT SCREEN BEHIND ENTIRE AD PLUS 
ALL BOLD FACE AD: $4.50 per word. EXPANDED TYPE AD: $4.70 per word prepaid. Entire ad in 

boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD: $5.90 per word. TINT 
SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS ALL BOLD FACE AD: $6.80 per word. DISPLAY 
ADS: 1" x 2Vs "- $410.00; 2" x 21/2"-$820.00; 3" x 2W-$1230.00. General Information: Frequency 
rates and prepayment discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. 
ADVERTISEMENTS USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER 
SUPPLIES PUBLISHER WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our 
hands on the 1st of the third month preceding the date of the issue. (i.e., March issue copy must be received 
by December 1st). When normal closing date falls on Saturday, Sunday or Holiday, issue closes on preceding 
working day. Send for the classified brochure. Circle Number 49 on the Free Information Card. 

THE Case Against the Patents. Thoroughly test- , 

ed and proven alternatives that work in the real 
world $28.50. SYNERGETICS PRESS, Box 809 - 
C, Thatcher, AZ 85552. (602) 428 -4073. Visa/MC. 

CABLE descrambling, New secret manual. 
Build your own descramblers for cable and sub- 
scription TV. Instructions, schematics for SSAVI, 
gated sync, sinewave, (HBO, Cinemax, Show - 
time, UHF, Adult) $12.95, $2.00 postage. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20824. 

CABL 
EQUIPMENT 

The nationwide source 
for cable TV equipment 

"BUY WHERE THE DEALERS BUY." 

HANNELS 

, UARANTEED 

YOUR VCR TAPES MY put w wtth In00"9ist9nt 

CAN PLAY AS 
Color, Flashes and Streaking 

CLEAR AS DAY! 

Easy Connections 
Eliminates lamming' 
Copy any tape 

RC Plugs Included 
2 Year Warranty 

30 Day Money Bade Gurantee 

MEGA ELECTROAIC$ 
Yc o.. 1 -800- 676 -6342 I /000's 

21 S. Main St., Winter Garden, FL 34787 

DESCRAMBLE cable with simple circuit added to 
Radio Shack RF modulator and using VCR as 
tuner. Instructions $10.00. TELCOM, Box 832 -E2, 
Brusly, LA 70719. 

PRINTED circuit boards - etched, drilled, tin 
plated. Single sided $1.25 /sq. inch. CHELCO 
ELECTRONICS, 61 Water Street, Mayville, NY 
14757. 1 (800) 388 -8521. Fax (716) 753-3220. 

PRINTED circuit boards. Design and make PC 
boards to your requirements. Small runs OK. Fast 
turnaround. 28 years experience. Call, write or fax 
for information. SHORE PRINTED CIRCUITS, 
1658 Route 9, Toms River, NJ 08753. 1 (800) 
752 -1574, NJ (908) 505 -6363, fax 505 -6266. 

CABLE 'tq 

VV 

why 

SSree00nt? 

When you can own. 
6pm - 

Low 

865-7493. Free 
TRUE VALUE ELECTRONICCS, POIBoxa591, 
Lincoln, NH 03251. 

REAL STUFF! Surveillance, people tracking en- 
try, night vision - lowest prices. Catalog 15.00 
1(800) 805-5544. INTELLIGENCE INCORPO- 
RATED, Dept. CO, 2228 El Camino Real, San 
Mateo, CA 94403. 

F 
R 
E 
E 

* 1995 CATALOG * ó 
OF THE WORLD'S MOST FAMOUS 

CB ANTENNAS & ACCESSORIES 

-FIRESTIK: FREE CATALOG OFFER - 
2614 E. Adams Phoenix, AZ 85034 

Write or Call, 602 -273 -7151 
97 
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CABLE BOX 
WHOLESALERS, INC. 

BEST BOXES -BEST PRICES 

Immediate Shipping -COD's 
Satisfaction Guaranteed 

FREE Catalog -Call Now 

800 -841 -7835 
TUBES, new, up to 90% off, SASE, KIRBY, 298 
West Carmel Drive. Carmel. IN 46032 

CABLE test chips, Jerrold, Tocom, S.A., 
Zenith. Puts cable boxes into full service 
mode! $29.95 to $5945. 1 (800) 452 -7090 (3101 
902 -0841. 

SECRET cable descramblers! Build your own 
descrambler for less than $12.00 in seven easy 
steps! Radio Shack parts list and free descram- 
bling methods that cost nothing to try, included. 
Send $10.00 to INFORMATION FACTORY, Dept 
4, PO Box 669, Seabrook. TX 77586. For ("',OD's 
(713) 922 -3512 any time. 

300 Experimenters Circuits - Complete in 6 
practical books using diodes, relays, FET's, 
LED's, IC 555's, and IC CA3130's for building 
blocks. Only $33.00 plus $5.50 for shipping. USA 
and Canada only. US funds. ETT, INC., PO Box 
240, Massapequa Park, NY 11762 -0240. 

RESTRICTED information: surveillance, sche- 
matics, locksmithing, cable, hacking, etc. Send 
stamp: MENTOR, Box 1549 -Z, Asbury, NJ 07712. 

CABLE TV converters. Jerrold, Zenith, Pioneer, 
Oak, Scientific Atlanta, and many more. 12 years 
experience gives us the advantage. Visa /MC 
Amex COD ADVANTAGE ELECTRONICS, INC., 
1 (800) 952 -3916 1125 Riverwood Dr., Burnsville, 
MN 55337. 

CABLE TV converters & accessories. Whole- 
salers welcome! 30 day moneyback guarantee! 
Free catalog! PERFORMANCE ELECTRONICS, 
INC., 1 (800) 815 -1512. 

CABLE TV converters. Jerrold, Zenith, Oak. Sci- 
entific Atlanta, all brands available. Link yourself 
to the future. Visa Mastercard, COD accepted. 
CABLE LINX INC., 1 (800) 501 -0095. 

TV Notch filters, free brochure, MICRO THINC., 
Box 63'6025, Margate, FL 33063. (305) 
752 -9202. 

TEST Chips. Put your cable box in full test mode. 
Call (303) 731 -9400. 

Be a TV/VCR Repair Specialist 
ow you can train for a money- making career as a 
TVNCR Repair Specialist. No previous experience 

necessary. No need to quit your job or school. 
Everything is explained in easy -to- understand language 
with plenty of drawings, diagrams and photos. We 
show you how to troubleshoot and repair video cassette 
recorders and TV sets. Send for free facts about the 
exciting opportunities in TVNCR Repair and find out 
how you can start making money in this great career. 

MAIL COUPON TODAY OR CALL TOLL FREE: 

1- 800 - 595 -5505 Ext. 7248 °g 

CALL ANYTIME --24 hours a day, 7 days a week. 

C$ SCHOOL OF TVNCR REPAIR, Dept. ADE025S 1 
y 

925 Oak Street, Scranton, PA 18515 
E Please send me full information and color brochure on how I can learn 2 TVNCR Repair at home in my spare time. I understand there is no Obli- 

Ú Gabon and no salesman will visit me. 

Qa Name -- -- Age 

lJJ 
Address 

City/State Zip 

98 ch.( I 

= rv 
%ICTCH TEIRS 

FOR ELIMINATING RF INTERFERENCE 
FOR BLOCKING UNWANTED CHANNELS 

SIC NALÉiM1tiAT 

O AVAILABLE FOR VHF CHANNELS 
ICJ THRU 36 AND 95 THRU 99 

D PRICING AS LOW AS 512 EACH 

Call or write for a 
FREE brochure today! 

STAU CIUCUITS 
PO. BOX 94917 

LAS VEGAS. NV 139193 

I -600 -535 -STAR 

CABLE test -chips as low as $9.95, for testing 
cable boxes in full service mode. Jerrold' 
Starcom VI, VII & R2 V5. terrold cubes; Pioneer, 
clears E2 thru E5; Pioneer cubes: RA -5000 thru 
BA -6700: Tocom 5503 .'5507; Scientific Atlanta: 
8500 thru 8600; Zenith: all but PZ1: N.E. 
ENGINEERING, 1 (800) 926 -4030 Sales (617) 
770 -3830 tech, (617) 770 -2305 fax. 

DEALERS Only: Test chips at below wholesale 
prices Scientific Atlanta quick boards and 40 -pin 
micros. Jerrold compatible for all models starting 
with DP, DPV, DPBB & CFT, including R2 & V5. 
Pioneer 3 -wire and custom 6300's. Zenith & 
Tocom. Direct from manufacturer, we guarantee 
the lowest prices. Software and master files avail- 
able. We also have converters & descramblers 
priced to move. Visa, Mastercard, C.O.D. 1 (800) 
618 -7480 ext. 111. 

TEST equipment pre -owned now at affordable 
prices Signal generators from $50.00, os- 
cilloscopes from $50.00. Other equipment includ- 
ing manuals available. Send $2 00 U.S. for 
catalog refunded on first order. J.B. ELEC- 
TRONICS, 3446 Dempster, Skokie, IL 60076. 
(708) 982 -1973. 

PAY TV AND SATELLITE DESCRAMBLING 

ail new into VOLUME 6 all new into 

Votume 6 -our best yet -details all known fixes for all cable, wireless 
and satelihe systems. Many do- it- yoursed. Schematics included. Only $15.95 

' Pay N Volumes 1 -5 (all different) Hacker Video (VHS) 
' Wireless Cable Hacking 

. 
Build Satellite Systems (includes DOS) 

' Compleat Wivard (VC2u) all these titles 515.95 each 3/34.95 5/52.95 
" Monthly Newsletter 529.95ryr. new catalog 51 ' All our into 5129.95 

Scrambling News. 1552 Hertel Ave., #123 
Buffalo. NY. 14216. Voice /Fax /86S (716) 874 -2088 

COD 5 ARE ok ADO $e 

ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. 
Articles, Ads & Classifieds. 

6 -Month Trial: $17.95. 1 -Yr: $34.95 ($51.95.1st Class). 
A.R.C., P.O. Box 802 -L15, Carlisle, MA 01741 

Phone:(508) 371-0512 VISA/MC Fax:(508) 371-7129 

» . - ® I s 
Be a PC repair expert! 

Home study. '_eam PC repairs, troubleshoot- 
ing, installation, upgrading, servicing. For free 
career literature, call now: 800- 223 -4542. 

I Name Ace 

Address 

city Suit, Zip 

The School of PC Repair, Dept. JJC342 , PCDI 
L065 Roswell Road, Atlanta, Georgia 30328 

SATELLITE TV 
FREE catalog - Lowest prices worldwide. 
SKYVISION, 1012 Frontier, Fergus Falls. MN 
56537. 1 (800) 334 -6455. See full page ad the 
Shopper section. 

VIDEOCYPHER II descrambling manual. Sche- 
matics, video and audio. Explains DES, Eprom, 
CloneMaster, Pay -per -view (HBO, Cinemax, 
Showtime, Adult, etc.) $16.95, $2.00 postage. 
Schematics for Videocypher II Plus, $20.00. 
Schematics for Videocypher Il 032, $15.00. Soft- 
ware to copy and alter Eprom codes, $25.00. VCII 
Plus Eprom, binary and source code, $30.00. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20824. 

REPAIR your own C /KU satellite TV. SatPen 
simulates satellite signal in each stage - view 
trouble on TV. Radiates into dish to spot misalign- 
ment. Injects into any stage to detect outage. 
Cigar sized, rechargeable battery, charger, pocket 
clip /cord. Instructions. Simple to use by home- 
owner and professional. $99.00. (MC -Visa) NOVA 
LAB, (803) 539 -9200. 

SECURITY PRODUCTS 
ALARM industry equipment, huge discounts. 
Cameras. control panels, motion detectors, si- 
rens, batteries, switches, more. l (800) 335 -2296, 
fax (519) 541 -1277. 

INVENTIONS 
FREE invention package: DAVISON AND AS- 
SOCIATES offers customized development, 
patenting, and licensing for new products and 
ideas. Proven results: 1 (800) 677 -6382. 

BUSINESS OPPORTUNITIES 
EASY work! Excellent pay! Assemble products at 
home. Call toll free 1 (800) 467 -5566 Ext. 5192. 

START your own technical venture! Don Lan- 
caster's newly updated Incredible Secret Money 
Machine II tells how. We now have autographed 
copies of the Guru's underground classic for 
$18.50. SYNERGETICS PRESS, Box 809 -C. 
Thatcher, AZ 85552. (602) 428 -4073. Visa /MC. 

WANTED 
TEST equipment wanted; top prices paid! Please 
send or fax your offer to: HTB ELEKTRONIK, 
Alter Apeler Weg 5, 27619 Schiffdorf, West 
Germany. Fax: 01149- 4706 -7049. 

WANTED: Sony "superwalkman" WM -F10. Mid 
1980's, cassette box sized. (216) 543 -4372. 

CABLE TV TURN -ON CHIPS 
SUPER Cable TV "Test Chips ". Provides 
full service activation. Excellent; instructions & 
illustrations. Jerrold Starcom: 
DP(V)5..DP(V)7..DPBB7..CFT -2000 series. 
Pioneer: BA -5000 thru BA -6700. Scientific 
Atlanta: 8500 thru 8600. Tocom: 5503 - 
VIP..5507. Zenith: ST -1000 thru ST -5000. Call 
now!! MASTER COMPONENTS. 1 (800) 
233 -0570. 

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. $15.00 mini- 
mum. 

BUY BONDS 
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Learn VCR repair! 

I 

L' 

Home study. Learn high -profit repairs I 
without investing in high tech instruments. 
Free career literature: 800-223-4542. 
Name Age 

Address 

City State _ Zip 

The School of VCR Repair, Dept. VRC342 
PCDI, 6065 Roswell Rd., Atlanta, GA 30328 

Elm Ism - - 
EDUCATION & INSTRUCTION 

F.C.C. Commercial General Radiotelephone 
license. Electronics home study. Fast, 
inexpensive! "Free" details. COMMAND, D -176, 
Box 2824, San Francisco, CA 94126. 

pELECTRONIC 
engineering. 8 volumes com- 

blreochure BANNERrTEC NICALeBOOKS 1203 
Grant Avenue, Rockford, IL 61103. 

PLANS AND KITS 
60 SOLDERLESS Breadboard Projects in two 
easy -to -read pocket books. Complete with circuit 
descriptions, schematics, parts layouts, compo- 

only$111.90splus $350 orshikppnBg.USAa d Can- 
ada only. US funds. ETT, INC., PO Box 240, Mas- 
sapequa Park, NY 11762 -0240. 

SURVEILLANCE Transmitter kits, 65 to 305 
MHz. Quick & Easy Partially assembled units. 
Five minutes completion. 110 -volt duplex recepta- 
cle, room battery types, and telephone. Counter - 
surveillance. Catalog: $2.00. SHEFFIELD ELEC- 
TRONICS, PO Box 377940 -C, Chicago, IL 
60637 -7940. 

CRYSTAL set Handbook - Visit antiquity by 
building the radios your grandfather built. Assem- 
ble a "Quaker Oats" rig, wind coilsyyth$$at workpand 

10.95 make il 
$3.50 for! shipping and handling. CLAGGK INC., 
PO Box 4099, Farmingdale, NY 11735. US funds 
only! USA and Canada - no foreign orders. 

SURVEILLANCE /Countersurveillance, bugging/ 
phone tapping detector,telephone /fax encryption, 
vehicle tracking, covert video, transmitters kit, and 
more...A.B. ELECTRONICS, 1(800)U -ANTI- 
BUG. 

COUNTER -Surveillance technicians earn 
$250.00 hrl Free catalog and complete dealer 
information shows you how! 1 (800) 732 -5000. 

FIBER Optics experimenters parts, supplies 
and tools: Fiber, cable, connectors, splices, de- 
tectors, lasers, kits, plans, newsletter. Send $2.00 
for catalog. LIGHTLINE ENGINEERING, PO Box 
24, Mullica Hill, NJ 08062. 

TOP quality imported, domestic kits; computers, 
components; surplus, discount electronics, parts; 
auto, home electronics; lasers. Catalog $2.00. 
TEKTRASONIX, 740 E. Bay Avenue, 
Manahawkin, NJ 08050. 

EASY to install, low cost, home /auto alarm sys- 
tem schematic diagrams /tips. $14.95 QCDOBH, 
270 North Canon #1632H, Beverly Hills, CA 
90212 -5323. 

I 

SUPPORT 

RESEAßCH. 
It Works Wonders. 

American Heart Association 

It started in America! 

The creators are the masters 
in manufacturing the finest 
video products... 

You probably don't associate VCR's with Amer- 
ican technology. Fact is, video recording has its 

origins in America and it was 3M that brought 
video recording out of the lab and into your liv- 
ing room. Today, 3M video tape is the choice of 
all the major networks. No other tape company 
has ever won an Oscar or an Emmy. 3M Black 
Watch tape follows in this tradition -service and 

quality go hand in hand. Here are three Black 
Watch products you should be using at home! 

Clean up! With constant playing and using of de- 

grading dry or wet cleaners, the output of your 
video tapes has slowly diminished to an unac- 
ceptable level and the VCR plays as if it has a head 

cold! The culprit is most likely clogged and dirty 
video and/or audio heads. The 3M Black WatchTM 

Head Cleaner Videocassette uses a patented mag- 

netic tape -based cleaning formation to remove 
head clogging debris. No foreign substances such 

as cloth, plastics or messy liquids and no harsh 

abrasive materials are present. The cleaner's us- 

able life is 400 cleanings or more! 

It's easy to use. Place the 3M Black WatchmiHead 

Cleaner Videocassette in the VCR and press the 

Play button. A pre- recorded message will appear 

clearly on your screen and an audible tone is heard. 

telling you that the cleaning process is now com- 

pleted. No guess work; you never over clean! 
Priced at $19.95. 

For the VCR! Once your VCR's record and play- 
back heads are cured, and the unit plays like new, 

consider using the finest videocassette you can 

buy -the 3M Black WatchTM T120 Hi Pro VHS 
4410 Videocassette. The 4410 is the highest per- 

forming videocassette available today for use with 
all standard format VHS recording hardware! 

Here's what you hear and see....A sharp, clear pic- 
ture- brightest ever colors- freedom from streaks, 

flashes and snow -outstanding high -fidelity audio 

reproduction- optimum camcorder perfor- 
mance- maintains recording integrity. 3M Black 
WatchTM video tape is 100% laser inspected to 

guarantee surface smoothness and drop -out free 

performance. Priced at $8.00 

You saw it here first! 3M Black WatchTM 0900 
8mm video tape cassette loaded into your Hi Band 

camcorder delivers the finest picture and sound 

possible in the 8mm format. Extremely fine par- 

ticles of pure iron alloyed with nickel and cobalt 

deliver a video performance exceeding 400 lines of 
horizontal resolution. You get the advantage of an 

exceptional video image with superior audio re- 

Bt-ACttH 
WATC 

Pry.120 ) Higr,,.,,.a P... 

O 9 O 

For the 
clearest 
pictures 
you ever 
record! 

production. This means your Hi 8 format cam- 
corder will produce the best video and audio def- 
inition possible. With the 3M Black WatchTM 8mm 

cassette, the recording capability and performance 
of your camcorder will be significantly enhanced. 

Priced at $14.95. 

rClaggk Inc. - 3M VHS Special Offer 
P.O. Box 4099, 
Farmingdale, 
New York 11735 

1 

Yes, I like your offer and here is my order for 
3M Black WatchTM products! 

3M Black WatchTM 0900 Hi Band -120 
8mm Cassette 
($14.95 each) $ 

3M Black WatchTM T120 Hi Pro VHS 
4410 Videocassette 
($8.00 each) $ 

3M Black WatchTM Head Cleaner 
Videocassette 
($19.95 each) $ _ 

Shipping and handling per order $4.00 

Total Amount in U.S. Funds only$ 

New York residents add local sales tax. 
Canadians add $6.00 per order. No foreign 
orders. Do not send cash. 

Bill my VISA 

Card No. 

Expire Date / /_ 
Signature 

Name (Please print) 

Address 

City 

MasterCard 

State ZIP J 99 
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FAST SERVICE DISCOUNT PRICES 

7 Vdc MOTOR 
Matsushita 
# MMX- 7AC O 8A 
1.25" diameter x 1.25" high 
motor. Prepped with 1.61" 
diameter flywheel. pulley 
and fiberglass mounting 
board. 

$100 
CATI DCM -54 

100 for $80.00 

"HI -8" VIDEO 
CASSETTE (USED) 

SONY Hi -8 T -120 
Top quality, metal 
particle 120 minute 
video cassettes. 
Used for a short 
time, then bulk - 
erased, each 
cassette has its own plastic storage box. 
New, these high quality cassettes sell for 
considerably more. 
Satisfaction Guaranteed. 

CAT# VCU-8 
$3ó 

h 

10 for $28.00 100 for $250.00 I 

MINIATURE TOGGLE 

D.P.D.T. (ON -ON) 
ALCOSWITCH # MTM206NPC 
Short bat handle, 0.25" long. 
PC terminals. 25 

CAT# MTS -82PC 1 each 

125 for $25.00 100 for $90.00 I 

9 VOLT 60 MA 
SOLAR PANEL 

These 6" X 6" glass enclosed 
photovoltaic panels produce 

9 Vdc at 60 ma. Ideal for charging 
batteries and powering small devices. 

Put two or more together for more current 
and voltage. Includes 
hook -up instructions. 

CAT # SPL -960 

$525 
each 

ORDER TOLL FREE 

1 -800- 826 -5432 
CHARGE ORDERS to Visa. Mastercard or Discover 

TERMS: Minimum order $10.00 Shipping and handling for the 

48 continental U.S.A. $4.00 per order. All others including AK, 

HI, PR or Canada must pay full shipping. All orders delivered 
in CALIFORNIA must include local state sales tax. Quantities 
Limited. NO COD. Prices subject to change without notice. 

CALL, WRITE or 

FAX for a FREE 

64 Page 

CATALOG 
Outside the 

U.S.A. 

nd $2.00 Postage: 

MAIL ORDERS TO 

ALL ELECTRONICS 
CORPORATION 

P.O. Box 567 
Van Nuys, CA 91408 
FAX (818)781 -265 

CIRCLE 107 ON FREE INFORMATION CARD 

ADVERTISING INDEX 
Gernsback Publications, Inc. 
500 -B Bi- County Blvd. 
Farmingdale, NY 11735 
1 -(516) 293.3000 
Larry Steckler, EHF /CET 

Electronics Now does not assume any 
responsibility for errors that may appear 
in the index below. 

Free Information Number Page 

212 Ace Communications .. .. 117 President 
Akizuki Denshi Tsusho Ltd.... 93 

213 Alfa Electronics 110 Christina Estrada 
107 All Electronics 100 assistant to the President 

Allen Engineering 106 

325 Allison Technology 128 For Advertising ONLY 
AlphaLab 114 516 -293.3000 

217 B &S Sales 121 Fax 1- 516 -293 -3115 
284 Basic Electrical Supply 112 

198 Beige Bag 5 Larry Steckler 
291 Bel -Merit I I S publisher 
220 Blue Earth Research 107 

317 Cellsoft 118 Arline Fishman 

CLAGGK Inc 99 advertising director 

CLAGGK Video 27 Denise Mullen 
Cleveland Inst. of Electronics 31 advertising assistant 
Command Productions 91 

175 Computer Monitor Maint..... 130 Kelly Twist 
Comtrad Industries 24 credit manager 

226 Consumertronics 108 Subscriber Customer Service 
228 Cool Amp Conducto Lube 102 1- 800 -288 -0652 
230 Debco Electronics 108 

127 Deco Industries 85 Order Entry for New Subscribers 
241 Electronic Goldmine 109 

1- 800 -999 -7139 
Electronics Technology Today .10I 7:00 AM - 6:00 PM M -F MST 
Fluke Corporation CV2 

130 Fotronic 106 

199 - 
Geo -Ban Engineering 127 

Goldstar 83 

Grantham College of Eng 15 

ADVERTISING 
SALES OFFICES 

Halcyon Group 120 

319 Highlander (Gault) 104 EAST /SOUTHEAST 
ICS Computer Training 93 Stanley Levitan 
Information Unlimited 129 Eastern Advertising 

126 Interactive Image Technologies .. I 
1 Overlook Ave. 

320 Island LogiX Inc, 127 Great Neck, NY 11021 
ISCET 95 1- 516- 487 -9357 

132 ITC Instruments 113 Fax 1- 516 -487 -8402 
249 Kelvin ELectronics 125 

M &G Electronics 120 MIDWEST/Texas/Arkansas/Okla. 
252 Meredith Instruments 112 Ralph Bergen 
321 Micro 2000 103 Midwest Advertising 

197 Mini -Circuits CV4 One Northfield Plaza, Suite 300 

Mondo- tronics 128 Northfield, IL 60093 -1214 

MWK Industries 106 1- 708 -446 -1444 

257 Needham Electronics 116 Fax I-708-559-0562 

NRI Schools 11 PACIFIC COAST 
71 NTE Electronics, Inc. 17 

Oatley Electronics 119 
Blake Murphy 
Pacific Advertising 

260 Ocean State Electronics 123 Hutch Looney & Associates, Inc. 
195 Parallax CV3 6310 San Vicente Blvd. 
100 The School of VCR Repair 95 Suite 360 

Tab Books 13, 56 Los Angeles, CA 90048 
92 Tektronix, Inc. 7 

1- 213 -931 -3444 
196 Tektronix, Inc 23 Fax 1- 213 -931 -7309 
275 Timeline 132 

323 Trisys 116 Electronic Shopper 
183 Visual Communications 95 Joe Shere 
98 Wavetek Corp - 12 National Representative 
324 Weka Publishing 131 P.O. Box 169 

World College (Div. of C.I.E.).. 21 Idyllwild, CA 92549 
WPT Publications 127 1- 909 -659 -9743 

281 Xandi Electronics 118 Fax 1- 909 -659 -2469 
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SUPPLEMENT TO ELECTRONICS NOW MARCH 1995 

Paperback Books 
GREAT PAPERBACKS AT SPECIAL PRICES 

COMPUTER HOBBYISTS 

HANDBOOK- BP251- 
$8.95 

Subjects covered include 
microprocessors and their 
register sets; interfacing serial, 

paralley, monitor, games and 

MIDI ports; numbering systems, 
operating systems and computer 
graphics. While the book is 

aimed at the computer hobbyist, 
it should also prove useful to 

anyone who intends to use a 

computer to follow their 
interests. 

Further 
Practical 
Electronics 
Calculations and 
Formulae 

LI FURTHER PRACTICAL 
ELECTRONICS 

CALCULATIONS - 
BP144-$9.00 

450 pages crammed full of all the 
formulae you are likely to need. 

Covers Electricity, Electrostatics, 
Electromagnetism, Complex 
Numbers, Amplifiers, Signal 
Generation and Processing, 
Communications, Statistics, 
Reliability, Audio, Radio Systems, 
Transmission Lines, Digital Logic, 
Power Supplies. Then there's an 

appendix of Conversion Factors, 
Mathematical Formulae and 

more. 

CI INTERNATIONAL RADIO 

STATIONS GUIDE - 
BP255 -$9.95 

Provides the casual listener, 
amateur radio DXer and the 
professional radio monitor with 
an essential reference work 
designed as a guide for the 
complex radio bands. 

Includes coverage on Listening to 
Short Wave Radio, ITU Country 
Codes, Worldwide Radio 

Stations, European Long Wave 

and Medium Wave Stations, 
Broadcasts in English and more. 

Radio Statior 
Guide 

[ I WIRELESS & 
ELECTRICAL 
CYCLOPEDIA -ETTI -$5.75 

A slice of history. This early 
electronics catalog was issued in 

1918. It consists of 176 pages 
that document the early history of 
electricity, radio and electronics. 
It was the "bible" of the electrical 
experimenter of the period Take 

a look at history and see how far 
we have come. And by the way, 

don't try to order any of the 

merchandise shown, it's unlikely 
that it will be available. And if it 

is, the prices will be many times 
higher. 

ELECTRONIC TECHNOLOGY TODAY INC. 

PO. Box 240, Massapequa Park, NY 11762 -0240 

Name 

Address 

City State Zit) 

SHIPPING CHARGES IN 

USA AND CANADA 

$0.01 to $5.00 $1.50 
$5.01 to $10.00 $2.50 
$10.01 to 20.00 $3.50 
$20.01 to 30.00 ....$4.50 
$30.01 to 40.00 ....$5.50 
$40.01 to 50.00 ....$6.50 

EN395 $50.01 and above ... $8.00 

SORRY No orders accepted Number of books ordered I I 

outside of USA & Canada 

Total price of merchandise .... S 

Shipping (see chart) S 

Subtotal S 

Sales Tax (NYS only) .. S -- 
Total Enclosed ... S 

All payments must be in U.S. funds 101 

www.americanradiohistory.com

www.americanradiohistory.com


102 

In recent independent tests Cool -Amp 
is proven better than electroplating. 

(For 50 years we've said Cool -Amp is "equal to" electroplating in performance. It is better.) 

Cool -Amp Conducto -Lube 

_ 0 

É 

Elapsed Time 

From the report: 
"...compare the conducting properties of Cool -Amp silver plat- 

ing compound with factory silver elctro- plated bus and bare cop- 
per bus. 

The test results indicated that the contact resistance of the 
Cool -Amp plated bus connection was slightly lower than that of 
the electro- plated bus connection and much lower than that of the 

bare copper bus connection. The final temperature at temperature 

equilibrium of the bus connection employing Cool -Amp was slight- 
ly lower than that of the electro- plated bus connection and the bare 

copper bus connection..." 

Current in Amperes 

From the report: 
"...compare the conducting properties of Conducto -Lube lubricant 

with factory lubrication and non -lubricated connections on an air 

switch. Identical test setups and procedures were used for each test 

so that comparative data could be collected and the relative perfor- 
mance of each type of connection could be quantified. 

The test results indicated that the contact resistance of the switch 
employing Conducto -Lube was generally lower than that of the facto- 

ry lubricated switch and the switch that used no lubricant." 

Cool -Amp 
How it works: 

Applies on the job. Application is 

simple. Yet Cool -Amp adheres 
permanently. As tests show, it is 

better than electroplating. 
Minimizes overheating and 

power loss by silver plating high 

amperage connections. 
Saves time, reduces mainte- 

nance. Cool -Amp is so simple to 
apply on the job. It assures maxi- 
mum conductivity for copper, 

brass, or bronze contacts and pre- 
vents losses due to oxidation. 

COOL-AMP 

A one -pound bottle 
of Cool -Amp 

silver plating powder 
plates approximately 
6.000 square inches. 

Conductivity is demonstrated 
by inserting test prongs into 

a container of 

Conducto -Lube and 

establishing a circuit. 
Photo shows low 

voltage (115 VAC) continuity 
through container. 

Conducto -Lube 
How it works: 

This is the conductive lubricant: 
highly conductive because it con- 
tains pure silver. 

Originally developed to lubricate 
switches, to the point tension can be 

adjusted to factory specs allowing 
full rated capacity of the switch to be 

maintained at all times. 
Uses have continued to 

expland -from switches and break - 

ers-to any application where a con- 
ductive lubricant is needed. 

'Various tests were performed on both products in the 

Electro-Tesl. Inc. taciblies in Portland. Dregon during 

January-March. 1994 Evaluation of plating thickness of 

Cool -Amp was performed by Surface Science Laboratories 
of Mountain View. Calitomia. 

Cool -Amp Conducto -Lube Company 
15834 Upper Boones Ferry Road 
Lake Oswego, Oregon 97035 
Order factory direct: 
503/624 -6426, Fax 503/624 -6436 
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Featuring these 

two top- rated, 
award -winning 
diagnostic 
tools from 
MICRO 2000, Inc: 

Aew ' 

Ree37'e' Call for upgrade pricing & 

complete new features list! 

Micro»Sco s e 
UNIVERSAL DIAANOSTIC SOEIWARE 

Fully 0/S independent 
diagnostic software... 

MICRO -SCOPE Universal Computer Diagnostics 

was developed to satisfy the: aaxpanding need for 
accurate system diagnosis in the rapidly growing 
desktop computer market Patterned after super -mini 
and mainframe diagnostic. routines. MICRO -SCOPF 

runs independently of any standard operating Nvqem, 

and k therefore at home on any machine in the tote' 

world Speed, ease-of -use. and razor sharp u r n:icv 

are a few of the advantages that arise from this system 

independence. ,ogether with an impressi':., tl of 

functions includint, the :dtility to perform Io ' yel 

formatting nn o\cry drive currently manufactured. 
including all IDE drive, 

> LO1k'- LEVEL. FORMAT- Performs Low-level for- 
mat on all dricc type, including WE drives. This func- 

tion cannot hurt IDE drives. w USE CONTROLLER 

BIOS -Program will access BIOS format built into any 

hard disk controller -even Controllers yet to be 

invented. U 0/S INDEPENDENT -Does not reh on 

0/S for diagnostics. Talks to PC on hardware level. All 

tests are full function regardless of 0/S (i.e. Novell. 

UNIX, OS /2). ) TRUE HARDWARE DIAGNOS- 
TICS- Accurate testing of CPI , IRQ's, I)M,A's. memo - 

ry, hard drives, floppy drives, video cards, etc. 
>BATCH CONTROL-MI tests, even destructive, may 

he ;elected for testing. ERROR LAGGING-- .Auto- 

m.atically inputs errors during testing to an error log. 

AUTOMAPPINf -- Automatically had secto maps 

errors found on hard disks. IRQ DISPLAY --Show 
hits enabled in IRQ chip fo' finding cards that are oft - 

ware driven.. (Network, Tape Backup, etc.) 'RQ 
CHECK. -- -Talks directly !^ hardware and shows )/0 
'address and IRO of device,: that respond. MEMORY 
EXAMINE - -. Displays 'my physical hit of memory 
order I Meg. Very'tsefid for determining ,111,,,(1'y 

,onflictc Ver''ISefi't for Let rmining available mem'wv 

Dace SECTOR I:DI"I'OR- Slows the editing t 
no'('et'r''dpoppy . I I ,ul. ncdia (even n.1,1, of 

> 1 \Il MfCV MORE \r,Ionl h:n /lough pars 
her, I, iqe 111111 ihÌ nh'r ' t II(,' 

iST, R U VF A POST CARD FOR LL PCs! _. J 

1110 01119 i'0W8('41111 

Gi1a't1 1.lou M?,:i 10 mil] i>rl1/ 

t1oat1" 
This is the only card that will function in our,' sys- 

l tent on the market. The documentation is exten- 

sive, and not only covers the expected POST Codes for 

different BIOS versions, but alse includes a detailed 
reference to the bus signals monitored In the card." 
-Scott Mueller from his globally recognized book, 

'Upgrading & Repairing PL's, .Second Edition' 

Winners of these awards: 

"You name it, 
this tests it. If you 

maintain PC's, 
you'll love it." 

-Jerry Pournelle, 
BYTE Magazine, May 94 

SERVICE NFILS 
PRODUCT OF THE MONTH 

Govt. Sere. #: GS- OOX -94AGS -5396 

Includes pads for voltmeter to attach for actual volt- 

age testing under load. 4 LEDs monitor t-5vdc -5vdc 

.t12vdc -l2vdc. Monitors Hi & Lo clock and OSC 

cycles tr distinguish hetween clock chip or crystal 

fiilure. Monitors I/O Write and I/O Read to distin- 
guish between write and read errors. Monitors 
memory write/ read to distinguish between address 

line failures and memory chip failures. 4 Monitors 
LIE for proper CPU/DMA operation A Monitors Reset 

n determine if reset is occurring during POST. indicat 
u short- Monitors progress of POST without POST 

roles *Reads POST codes front any IBM or compati- 
hic than emits POST codes. ISA/EIS.A/MCA Compati- 
ble \Iith Micro Channel computers. ) Dip switch 
llow ^asv selection of I/O ports to read. ) Includes 

tri -state LOGIC PROBE to determine actual chip 
failures > Manual includes chip layouts and detailed 
rosT procedure,: for all major BIOS's. 3. AND MUCH 

MORE .. 

ialil >ìil üili:lll I)ili' On' 1.11lilJiil'3illill 

; iÍlii.' ' 1'0(j!:, ?' 

ttlICro-SCODO CLIENT: 

Tim COMPUTER CONSULTANT: 

micro -scone CENSUS: 

911 -Recover: 

Call Now for Special Pricing: 1- 800 -864 -8008 or Fax (eie) 547-0397 
1100 East Broadway, Suite 301, Glendale, California phone 818/547 -0125 Fax 818/547 -0397 

International Orders please call: MICRO - ` CRO 2000 Europe (UK): 44 -462 -483 -483 

CIRCLE 321 ON FREE INFORMATION CARO .. 

www.americanradiohistory.com

www.americanradiohistory.com


$59 
Converter only 

125 
ith built -in 

Stealth descramblers 
for all Jerrold Systems 
except Baseband 

VE WHAT YOU 

* 550 MHZ Converter 
* Wireless Remote 
* STD /HRC Switchable 
* Last Channel Recall 

I. Merlin I replaces all Pioneer 
and Scientific Atlanta, 
including Baseband 

Il. Merlin Il replaces all 
Tocom models 

Ill. Merlin III replaces all 
Zenith PZ and PM models. 

*550 MHZ 
*Volume Control 
*Parental Lock -out 
*Wireless Remote 
*Last Channel Recall 

Call for pricing 

pISCVER 

Ju 
6325 -9 Falls of t NC 27615 
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TVT -GOLD $42 

TVT -MINI $42 

FTB $39 

SIP /PURPLE $49 

.o STEALTH $50 

P10+ 

GREEN 
SA -3 

M -80 
TNT 

$65 
$65 
$43 

$65 
$65 

FACTORY EQUIPMENT 

ST 1600 

6300 

6150 

$ 239 

$ 319 

$299 

DRZ-DIC 

SB-3 

DPV-7 

$ 79 

$ 19 

$249 
All prices are for 10 pieces, subject 
to change without notice. Some 
quantities may be limited. 30 -Day 

All makes and models available!!! 

NOVAVISION 
The Novavision offers video pass- through technology 
and a host of advanced features including parental 
control, favorite channel memory, last channel recall, 
volume control. sleep timer. and channel ID. all 
controlled by a simple. user -friendly, menu -driven on- 
screen display system. While others talk about the 
future, we deliver it...now! Only with Novavision! 

Money Back Guarantee. One year 
parts and labor warranty. 

$199 

NV 56 COMBO 
Pioneer compatible. Replaces 
all models 5000 -6310. 

NV 57 COMBO 
Jerrold /GI compatible. 
Replaces all models except 
baseband. 

NV 58 COMBO 
Scientific Atlanta compatible. 
Replaces all models except 
baseband. 

TEST KITS 
For JERROLD 
Star 7 BB $13 

Star 6 BB $13 

DP-5 $10 

R2 /V5 /CFT Kit $2999 

For PIONEER 
51XX -61XX $25 
NEW!!! Pio Kit 
Never Goes E -4 $2999 

For TOCOM 
5503 $14 

5507 $14 

For ZENITH 
ST- 1000 -ST 16XX $11 

For SCIENTIFIC ATLANTA 
Motorola Micros $1999 

Quick Boards CALL 
8 Wire Spider Board $17so 

CIRCLE 319 ON FREE INFORMATION CARD 
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New and Pre -Owned 
Test Equipment 

SALES RENTALS SERVICE 
Substantial Savings on new & pre -owned Fluke, 
Hewlett Packard, Leader, Tektronix and more ... 

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 

"= 

OSCILLOSCOPES Reg. 
8020 20 MHz 2 -Ch. High Sens., TV Sync $525.00 
8060 60 MHz 3-Ch. Dlyd. Swp., TV Sync. $1,345.00 
8100 100 MHz 2-Ch. Dlyd. Swp., TV Sync. $1,595.00 

FREQUENCY COUNTERS 
LDC -822 80 MHz, 7digit, 5 ppm. .8895.00 
LDC -823S 250 MHz , 8 digit, 1 ppm $595.00 

FUNCTION & RF SIGNAL GENERATORS 
LFG -1300S 2 MHz Sweep/Function Generator .$575.00 
LFG -1310 10 MHz Sweep/Function Generator $1,095.00 

POWER SUPPIJES 
LPS -151 Trple Output , +6V/3A, +/- 25V /0.5A. $555.00 
LPS -152 Triple Output, +6A/5A, +/- 25V/1.0A. $645.00 

Full line of Oscilloscopes, & Audio Test E2uipment Power 
Supplies, Probes andAcccessories. Call for a FREE Line Catalog! 

Sale 

Call 
for 

latest 
sale 

price! 

We buy surplus 
Electronic Equipment. 

Fax us your list! M 
Pre -Owned Oscilloscope Specials * 

Tektronix 465 100 MHz $499.00 
Tektronix 465B 100 MHz $599.00 
Tektronix 475 200 MHz $679.00 

Fully refurbished and calibrated to 
original specifications 

COD] iliJ ® TOLL FREE 1- 800-99 -METER 
FOTRONIC 
CORPORATION 

For more GREAT VALUES Call, Write or FAX P.O. Box 708, Medford, MA 02155 FAX (617) 665 -0780 

CIRCLE 130 ON FREE INFORMATION CARD Tis 
H E R E 
YOUR 
N E W 

WK 

it 
LASER experiments, eX p 
books, hard -to-find items, 

prices. 
copy today ! 

8 - 0 5 6 3 

iliWK - -: 
The teoetas ear 

SONIC@ 00 
MU 41011 

< -, 
e 

ft _ l 91 ' 
sNe 

4 ;` °' 'A 
0;4 ` . 7. .. 

as 
+7 :1 - 800 3 iá6 7714 

Learn MICROCONTROLLERS 
EMBEDDED SYSTEMS and 
PROGRAMMING with 
the AES -10 ` 
The AES -10... a complete . .... aF .- 
teaming system, a complete s/ 
embedded control system. a ., 
Extensive manuals guide you through et 44 
your 8051 development project. Assembly. 

+per Re 

BASIC, and C programming. All hardware 
details, complete schematics. Learn to program the LCD, 
keypad, digital and analog I /Os for your applications. 

k 7 criTnLoo 
AVAILABLE! 

Hundreds Of LASERS 
plans, LASER light- shows, 

all at surprisingly affordable 
Call for your free 

9 0 9) 2 7 

80C32 ComputerMicrocontroller board with 

32K K ROM . 32 RAM 2 by 16 Liquid Crystal Display 4 
by 5 Keypad Di gital, A/D . D/A. and PWM, I/O Built in 
Logic Probe Power supply (can also be battery operated) 
Extended ABS BASIC and AES Monitor in ROM RS-232 
cable to connect to PC for programming 80.51 /52 DOS Cross 
Assembler Program disks with well documented examples 
User's Manual. Language Manual, and Textbook AES -20 (a 
smaller board without Keypad and LCD) 

AES -l0 $365 AES -20 $245 
Money Back Guarantee Free Brochure, M/C Visa 

714 - 744 -0981 
Fax 714 - 744 -2693 

800 - 730 -3232 A ES ALSO USE OUR FAX -ON- DEMAND CATALOG 
- ( 9 0 9) 2 7 8 1 2 2 5 

24hr catalog, call from your FAX machine. 1407 North Batavia Street, Orange, Califomia92667, USA 
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eXplore the Opportunities 
Create Your Own Automated Systems Using 
Xplor PDCs and Simple BASIC Programs 
Xplor Personal Digital Controllers can propel you into the wide open frontier of 

computerized control and monitoring with minimal effort and cost. No mere 

novelty, these "mini- sports" pack surprising power and are loaded with extras 

that make the journey from idea to working reality fun and rewarding. 

Professionals will find Xplor PDCs an efficient, economical way to add simple, 

yet reliable control capabilities to prototypes or full -scale production runs. 

Beginners and hobbyists can use PDCs to sharpen their programming skills 

while developing original concepts. Just identify a need and hit the accelerator 

- Embedded Control, Simple Robotics, PC Peripherals, Monitoring Systems, Data 

Logging - Xplor PDCs will take you to the far reaches of your imagination. 

A. lit a $0995 

Also available with 
11 channel 10 -bit A/D 
converter - 

80C32 CPU with 12 
digital I/O lines 

64K bit [EPROM for 
program /data storage 

I/O socket block for 
transistors, resistors, etc. 

Screw terminal block 

Built -in BASIC Language, Powerful Utilities, and 
Library Functions Make Programming Easy 
The example below shows how easy it is to wire -up and program the Xplor -32c 

for a simple on /off controller application. The built -in software gives you the 

power to write programs like this in just minutes. Your program is stored in 

nonvolatile memory and will automatically execute when power is applied. 

HUMIDITY CONTROLLER 
BLUE EARTH RESEARCH 
TIME 12:34:S6 
ACTUAL RH 70 
SETPOINT RH 75 

HUMIDRY SENSOR 

5V C41RASr 
ODJUST 

ALL YOU NEED 

IS A PC and a 

Terminal Program 
(Or Xplor Starter 
Package) 

No Other 

Programming 

Equipment 

Required! 

BEEP 
9V 

V 

BO) 

9V 

RELAY OUTPUT 

SV 

9V 

BAIS BITS IBIS BYTES) 

MEMORY 
1INV BASIC 
UIILITIES. 
LIBRARIE S. 

CODE/DA IA 

10 CALL 8132 

20 ONTIME 200 

30 PRINT "BLUE EARTH RESEARCH "; 

40 PRINT " \ \ ACTUAL RH ";FREQ 0; 
50 PRINT " \ \\ SETPOINT RH " ; S ; 

60 CALL 8140 

70 IF DBY 27 THEN S=S - 1 

80 IF DBY 27 =7 THEN S=S + 

100 IF FREQ 0<S THEN BIT 180=1 

110 IF FREQ 0>S THEN BIT 180=0 

120 GOTO 40 

200 PRINT " \TIME ";DBY 51; ": "; 
210 PRINT DBY 50; " : " ; DBY 49 ; :IRET 

(LIBRARY FUNC: Initialize LCD) 

(Initialize 1 second interrupt) 

(Display sign -on message) 

(Display actual sensor frequency) 

(Display desired setpoint value) 

(LIBRARY FUNC: Get keypad input) 

(Decrement setpoint if down arrow) 

(Increment setpoint if up arrow) 

(If actual < setpoint then relay on) 

(If actual > setpoint then relay off) 

(Loop back to repeat program) 

(This 1 second interrupt routine) 

( refreshes LCD with current time. ) 

CIRCLE 220 ON FREE INFORMATION CARD 

Xplor PDCs - MORE CHOICES 
FOR GREATER FLEXIBILITY 

Xplor -32 $5995 
Same features 

as the 32c less 

case and terminal 
block Board is 

on' 2.15 "x2.2 ". 

Xplor -32a $79.95 
with 11 channel 10 -bit ND converter. 

Xplor -32d $79.95 
with 24 extra digital I/O lines. 

Complete Packages from $99.95 
All Xplor PDCs are available in starter packages 

that include the Xplor board, screw terminal 
blocks, RS -232 cable, 9V power supply, users 

manual, application notes, and MSDOS format 

disk. The disk includes sample BASIC programs, 

library source code, B).A -51 and TB- QComm. 

The BXA -51 assembler can be used for making 
library changes or other assembly language pro- 

gramming. TB -QComm is a communications utility 

that allows you to load HEX files and load, edit, 

or save BASIC programs. 

SUPPORT PERIPHERALS 
To complete your projects, we offer various 
peripherals including a customizable 4x4 key- 

pad, dot matrix LCD modules, X -10 power line 

modules, pressure, temperature, and humidity 
sensors, screw terminal interface boards, etc. 

For more information on Xplor PDCs, or our 

many other Creative Microcontroller Solutions, 

call today for our free 28 page catalog. 

BLUE EARTHTM 
RESEARCH 

165 West Lind Ct., Mankato, MN 56001 

Voice: 507- 387 -4001 FAX: 507- 387 -4008 

BBS: 507-387-4007 1 

VISA 
MEW 107 
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7413192 
74LS190 
7415191 
7415195 
7415196 
7415197 
7415221 
7415224 
7413241 
7415241 
7415242 
7415242 
7415244 
743245 
7413247 
711524E 
7415249 
7415251 
7413252 
7413256 
7415257 
7415256 
7415259 
7415260 
7415261 
7415266 
7415273 
7415279 
7415280 
7415283 
7415290 
7415293 
1415295 
7415298 
7415299 
7415323 
711531E 
7415352 
7415353 
7415365 
7415366 
7415367 
7415368 
7415373 
7415374 
7415375 
7415377 
7415378 
7415379 
7413386 
7415390 
7415393 
7415395 
7415396 
1415447 
7415465 
1415490 
7415534 
7415540 
741S541 
7415573 
7415574 
741S590 
7415612 
7410623 
7415624 
7413629 
141$640 
7413641 
7415643 
7415645 
7415646 
7415669 
7415670 
7415674 
1415682 
7415683 
741S684 
7415685 
7413688 
7413783 
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el Debco Electronics 
4025 Edwards Road. Cincinnati, OH 45209 

Toll Free Order Hot Line 1 (800) 423 -4499 
Information - (513) 531 -4499 

Millions of Chips, Transistors and Components in Stock! 
71LSxx 
711500 
741501 
741302 
74303 
741501 
741505 
741506 

Tá 
741509 
741510 
741511 
741512 
741313 
741314 
741515 
741320 
741521 
741522 
741526 
741527 
741328 
741330 
741571 
741532 
741533 
741537 
741531 
74L5/0 
741512 
741547 
741348 
711549 ---269 
741551 .35 
741594 .34 
741S55 34 
741563 89 
741373 45 
741574 40 
741575 40 
741576 65 
741578 65 
741583 59 
741385 .59 
741.510 55 
741390 55 
741391 69 
741592 .65 
741593 49 
741595 .59 
741596 .75 
7415107 - - - - AS 
7415109 - - - - 48 
7415112 ---.15 
7415113 ----.99 
741.5114 ----.15 
7415122 ---.57 
7415123 --.59 
7415125 - - - - AS 
7413126 ---.45 
7115132 - - - - 55 
7415133 ---.59 
7415136 - - - 49 
7413137 ---.75 
7415138 ----.19 
741S139 --.49 
7415145 ----.69 
7415147 -- 1.59 
741.1148 ----.69 
741.5151 - - - .49 
7113153 --.49 
7415151 ---1.19 
7413155 -.59 
741S156 ----.59 
7415157 .59 
711$158 ----.40 
711S160 -.10 
741S161 ----.47 
7415162 - - - 89 
7415163 ----.55 
741S164 ----.59 
I415165 - - - - 69 
7413166 - - - - 65 
7115168 ----.99 
741S169 ----.99 
711S170 ----69 
7413173 ----45 
7113174 ----.19 
7115175 ---.15 
7413181 ---1.69 
7415189 - 3.95 
7415190 - - - 79 
741S191 -- .79 

-12.95 

1 W 

- 1.59 

... 109 

- - - 1.19 

- 425 
- - - 1.99 

- - 2.19 - - 2.19 

-- -14.95 

- - 219 

74HCTxx 
7490100 - .. .35 
7411CT02-- 35 
74HCT01--- 35 
74HCTOE--- .35 
74HCT10--- 35 
71HCT20- .35 
74HCT27 - - - 45 
71HCT30-- 49 
74HCT32 - - - 35 
74HCT74..- .45 
74HCT75-- 40 

74HCT85 -- .89 
74HCT86 - - - 49 
74HCT93 1.39 
74HCT109 - -- 49 
74HCT123 - -- 70 
74HCT125- -- .65 
74HCT132 - .59 
711101138 - - 39 
741C1139 - - 59 
74HC1151 - - 69 
741141151 -- 1.79 
74441157 - -- .59 
7414CT158 - -- .59 
749ICT161 - -- .99 
74HC716.3 - .59 
74447164 - -- .79 
74HCT165- -- 79 
7411C116 --- .79 
74HCT174 - -- .69 
74HCT175 -- 79 
74HCT191. .69 
74HCT193- -- 9 
74HCT194- 79 
74HCT195 -- .79 
74HCT237 - -- .89 
74447240 - -- .79 
74HC1241- - - 79 
74907243- - .79 
74441244 - -- 79 
7414CT245. 79 
74HCT251 - -- .69 
7414C1257 - -- .89 
71401259 - -- 79 
74441273 - - 75 
7414CT299 -- I 69 
7414C'1367 - -- 79 
74401368 - - 69 
74HCT373 -- 79 
74HCT374- - - .79 
74441377 -- 89 
74447393 .. 89 
74HCT541 - 69 
74HCT573- - .89 
74HCT574- - 89 
74HCT640. 99 
74HCT671 109 
74HC14020 -- 79 
74HCT4040 -- 9 
744474060 -- .89 

Also ex59Wv, 
listings br lee 
crew I4pet ... 

74Fxx 
74Cxx 

744493 
74HCTn 
74913x9 
74ACTxx 

11NEAR 
11435CH-- 1100 
TL061 1.19 
TL062 1.19 
11.064 .99 
11.071 75 
11.072 139 

11074 99 
11081 .79 
71082 79 
11010 .99 
TLAB/ .99 
15115015 - 4.95 
1M207 69 
1.14208 .50 
MAX231 --- 269 
MAX232 2.19 
MAX233 - - 395 
MAX238 4.95 
114301 .55 
LM301H .89 
1M307 69 
LM306 89 
LM309H- 425 
114309K 239 
LM310 - - - - 1.89 
LM311 .55 
LM311H - - - 189 
1M312H - 4.95 
111116 - - 4.00 
1A9417K - 229 
111317; - - - - .9 
TL317(T092)- .9 

159315 129 
154319 119 
194322 1 19 
114323K.--- 3.39 

T 2 
95 

Lktl24 50 
194329 .85 

1.14321 1.79 
MAX333 5.95 
1.14334 129 
114335 1.59 
LM336 1.19 
1.M3376--- 329 
1M337T-..- 1.09 
1M338K ..- 5.95 
1593387--.- 2.69 
L14339 .55 
17347 1.09 
1.14348 69 
L1.4350K--- 4./9 
LM350T--- 2.99 

LF353 79 
LF355 1.09 
LF356 1.09 
LF357 109 
LM358 

129 
LM380N-E-- 1.19 
154381 395 
LM3837- 319 
LM384 239 
L14385Z 12 1.95 
L5438681-1--.79 
1038614.3.-- .99 
1813869-4 - 129 
L1438 7 189 
181390 179 
114391 395 
LM392 1.59 
1.14393 45 
LM395K---- 195 
LF398 1.99 
LM399H - - - 600 
LF/11 109 
15412 1.19 
ZN4I4Z---- 249 
LF441 1.09 
17442 119 
LF444 1.99 
1L489 1.59 
11494 1.89 
11497 209 
NE5317- - 1.99 
LM555 45 
LM555C .. - - .89 
XR1555 90 

194556 .59 
.89 IMS5SC 

NE558 . 79 
NE561 19 
159365 1.69 
LAë66 129 
191567 .79 

ÑÉ59 
2.09 

NE602AN -- 1.95 
MAX663 339 
MAX666 - - 3.19 
144X680 - - - 3.49 
MA%690 --. 4.95 
MAX691 -- 549 
MAX692 - - - 5.95 
MAX694 --- 569 
MAX695 .. 395 
114709 .85 
1.81710 .80 
LM711 89 
LM723 .59 
LM723H -- 129 

( 7 3 2 - - - 4 6 9 1.69 
114733 .99 
114741 45 
1M74114C-- 109 
11747 79 
11A748 69 
5441027-- 6.99 
MAXI 232 -- 269 
1811310--- 139 
5 40 1 3 28 - - - 1 89 
IAC1349 - - 2.09 
MC1350 - - - . .99 
MC1358 .. - - 69 
MC1374 --- 2.00 

MC1104--- 129 
MC1408-6 1.69 
14C1408-8 1.69 
1401411---- 1.99 
LM1414---- 169 
MC1456 -- 130 
MC1458 .55 
1541488 .50 
0511C88-- 1.19 
1511189 .50 
D514C89- - - 119 
MC1496---- 1.29 
T0M1520--- 1.39 
MC1558- - 2.59 
MC1558G 2.59 
510172301 129 
MC1733CL-- 129 
1141830 --159 
1141871 ---595 
LM1872 5.95 
1551877.--- 3.95 
1941661.--- 1.95 
LM1889 395 
ULN2001----.79 
U1742003--- .79 
51512001---- 79 
X52206---- 3.99 
XR2207 - - - - 299 
XR2208-- 2.89 
X52211 239 
092240 1.49 
ULN2803--- 1.19 
L1.12877-339 
1912878--- 515 
1.142901 .69 
1.1.0903 .49 
1142907--- 189 
1112917---- 2.19 
102917-14-- 1.59 
CA304B 69 
CA3059--- 1.49 

CA30B0 290 
CA3081--- 109 
CA3082 .89 
CA3083 79 
CA30B6 79 
CA3089- - 1.59 
CA3096---- 169 
TCM3105- 6.95 
CA3126- 145 
CA3110 .79 
CA3146 99 
CA3160 1.09 
CA3161--- 199 
CA3162 - - 6.00 
CA3183--- 1.39 
MC3302 75 

MC3373- - - 1.09 
MC3/01 80 
MC3103 70 
MC3170- 1.29 
MC3479--- 1.69 

78 999 9 
SG3524---- 1.09 
1.113900 69 
1.143905-- 1.09 
LM3909---- 149 
1.113911--- 189 
1503911- - - - 2.39 
1543915-269 
1933916---- 2 69 
54C4001- -- 4.00 
14C1024---- 229 

MC/136---- 1.19 
RC4136---- 109 
RC4151---- 129 
RC4558 79 
54C45151-- 12.95 
MC45155--- 2.95 
NE5205---2.19 
NE5532--- 1.19 
NE5534 99 
NE5539 - - - 249 
CL7106-- 369 
017107---- 3.69 
C1.7109---7.95 
0M7216 -- 2500 
C147231 -- 949 
C947555---- 69 

CM7556 - - - 1.19 
CL7560 169 
CL7663---2.49 
CL7665---- 319 

018211 - -- -1.59 
1113741 .99 

7M07 - --19 
75109 88 
75110 
75138 
75150 
75154 
75160 
75174 
75175 
75178 
75182 
75183 
75188 
75189 50 
751202 - - - 4.95 
75365 
75451 
75452 
75453 
75454 
75477 
75491 
75492 

79 
.M 

129 
129 
3.19 
1.99 
1.99 
209 
129 
129 

.19 

.59 

.59 

.59 

.99 
1.19 
149 

MCI 45026 1.79 
MC145027--1.49 
MC145028 - 1.19 
MC145151 12.95 
810145406 2.09 
MC146818 - 3.69 
MC115155-- 215 

REGULATORS 

114317K----229 
LM317T .79 
71.313M 7¡¡;092) .79 
LM3 
155337T---- 1.09 
LM338K - 5.95 
LM3387 ----269 
1.14723 .59 
11.43506 ----149 
LM350T---2.99 

Posiies Output 

78/ 
78112 
7811122 

78051 

78101 
78121 
78151 
78241 
7805K 
7812K 
7815K 
7824K 
78005 
781408 
785912 
91415 
788124 
5871540 -- -2 39 

45 
45 
45 
59 
59 
59 
59 

.59 
59 
sa 

179 
1.79 
19 
179 

59 
59 
.59 

.59 
59 

Mtn output 

79112 
79115 
79057 

9908T 
9107 
79127 
79157 
7924T 
7905K 
791214 
7915K 
7924K 

50 
55 
.59 
59 
59 
59 

.59 
59 
59 

1.79 
1 79 
1 79 
1 79 

In addition to these catagoñes we have millions more components, chips, CPUs, RAMS. EPROMs 
PALs. diodes, bridges. MOVs, resistors, chokes, tormds, LEDs, displays, cables switches, tools 
rlstruments and other neW and surplus equipment in stock. Can a write for a complete listing 

Gigantic Surplus Buy -Out, PRICE BLOW -OUT! 
Glass Microwave Trays 

9x9 Iren 

11.5x115 inch 

13x13 inch 

S2.99 
-S3.99 
S4.99 

(Free thicrdweve C,cdi®aol with eat tray) 

Vinyl Notebook Bag 
black with 

nude 

pockets 

9x12x2 inches $9.99 

Large Laptop Ba 
black nylon with 

2 zippered 

mairie pockets 

12x14x6 inches S 
Tema and conditions of sale: (NO MINIMUM ORDER') - Mail all orders to Debco Electronics. Inc. 4025 Edwards Road. Cincinnati, Oho' 45209 or call, toll -free - 1 (8001423-4499 or (513) 531-4499 - We 

accept cash. checks, money orders (U.S funds only), VISA. DISCOVER and Mastercard - UPS ground 
shopping- $5.00 1st lb - 50 each additional D. - 2nd Day Am 58.50 1st lb. 150 each add - Next Day Am $ 17.00 1st lb . 2 50 each add (COD add $5.00) NOTE COD'S SHIPPED CASH ONLY - Most orders shopped wdhrn 24 hours Open accounts to qualried customers Oho residents add 5 5% Oho 

Sales Tax or submit cerdrate of exe0nhon Prices end availability subject to change without notice 
Debco Electronics, 4025 Edwards Road, Cincinnati, OH 45209 
Orders, 1 (800) 423 -4499 - Info, 1 (513) 531 4499 - FAX (513) 531 -4455 ad #9449b 

CIRCLE 230 ON FREE INFORMATION CARD 

TOi 
S Tel l' 

CON 8 U M E R T R O N I C S 
2011 Crescent Dr., P.O. Drawer 537 

Alamogordo, HM 88310 
Voice: 505) 434 -0234, 434.1 778, 
439.1 776 (orders only) BAM -6PM MST. Mon -Sal 
Fox: (505) 434.0234 Orders only: H you get 
.ote, enter '1111 911' any time) 24 -hour, 7 days/wk 
FreasectLBup art (relates directly to your 
order or prospective order Tues. and Thur.. only. 
Add 55 total 541 (US, Canada). Ail items In stock VISA, 
MCard OK. No CODs or 'bill Me's. New Catalog (150+ of- 
lens) 52 w'order. $4 vet (check or MO) - soiree catalog. 
Since 1971. As seen on N. etc. Jahn Williams - former Lock- 
heed Senior Engineer, NMSU Computer Science Professor. 
NIH Health Physicist WANTFD' 9 MAC 11,1, PC386 or better. 

STOPPING POWER METERS 
;Ile' 

eVOrled on B 60 `INUTE ow eertaln else: 

s Can s!nw down even slop wahhaur meter 
while loads draw lull ods Device 5!mply plugs 
one ou0et and normal loads Info other ou0ets. Also de- 
scribes meter creep, overload droop, etc. Flans $29. 

I.G. MANIJALLExternal magnetic ways (applied to 
the meter Itself) to slow down and stop watthour meters 
while H lull loads. 

meters work 
KWaHR 

MEIEdes flaw ANSI ndards work calandtand 
error modes (many), ANSI Standards, etc. Demand and 
Polyphase Meters. Experimental results to slow and 
sto. meters t others. 519. An 2, $38. All 3 $59. 

AUTOMATIC TELLER MACHINES 
ATM climes, abuses. vulnerabilities and deleats et- 
Vosedl 100+ methods detailed, Include: Physical, Reg. 
E, cipher, PIN compromise, card counterfeiting. mac- 
nehc stripe, false front, TEMPEST, Van Eck, tapping, 
spooling, Inside job, super -cool, vibration, pulse, high 
voltage others. Case histories, law, countermeasures, 
detailed security checklist, labeled Internal photos, fig - 
ures. ATMs contain up t0 $250,000 in cash! Recent 
$350 000 ATM cAme 5.ree still unsolved) $39. Ait software supports all IBMPC corn- 

petióls x58 systems 8088 Pentium) CREDIT CARD SCAMS 
Cardholders, merchants, banks sutler Billions in 

losses annually because of credit card fraud. Describes 
every known means of credit card fraud and scams 
Protect yourselli $29. 

Off -The -Shelf HARDWARE 
an c ystem, Dala an 'earearriter. T 

Radar Emitter, Street Sweeper (radar), Lldaro, Cariackr 
Kidnap Folter, Voice Disguiser, Hearing Asslslor, Shriek 
Module, EM Lab 6 Countermeasure, TENS, 615 Sense 
Communicator, Phone Color Box, Lineman's Handset, 
DIME Decoder. Bug & Tap Detectosólaster, Subliminal 
MlxerALmp, Rile Device, Hieronymus Machine, Neuro- 
phone. Resonant Crystal, Magnetometer, Imitator, Vor- 
lex Generator, RF 6 Microwave, Ultrasonic Jammer 6 
Receiver, Infrared Defector, Long -Range Eavesdropper, 
Noise Cancelling System, Unknown Presence Detector, 
Electronic Dowser - man more devices. See Cate! o '. 

CONS, SCAMS & SWINDLES 
ons : scams an. re ale. swin. es eece mencans o 

$100+ Billion per pearl The most comprehensive su 
viva) manual on cons 6 scams of all kends - from the 
classic to hl -tech. Details on 100s and Neil many varla- 
lions and countermeasures. Protect ourself! 539. 

HIGH VOLTAGE DEVICES 
HV devices plans: Stun Gun, laser, Prod. Cane 
Flasher. Blaster, Zapper. AudioR Radar Jammer, 
Jacob's Ladder, Plasma 6 Van de CreanGens . Fence 
Fiat Charger, )(çWin, Ozone lot Fish Stunner. 
Plant Slim., Kirlian, morel All dens for one 529 

CELLPHONE MODIFICATIONS 
ee our eta op or our in amous cellphOne mode rcauon 

guide ($69) - detailed, comprehensive. covers all makes - 

to limes more Into than competitor's "guider). (Do S.e 
dal Pro ecls below for up -to -date hardwarehottware . UNDER ATTACK! 

leclromagnetic nterterence and Electronic Weapon 
Attacks cause: Cancer, birth defects. and profound psy- 

system 
!cal, neurological, cardiovascular and Immune 

syste disorders! Destructive to people, animals, plants. 
eoq,ulgrant( Includes ACIIIAL_CA5E1_0 hmAIIACKS 
DtLPFOPlE we Investlgaled)I Includes how to verify 
and pinpoint E(I and electronic attack sources, and spe- 
dlic countermeasures. $29. EM_BRAINBLAST- 
ERs Tutorial and plans for powerful ELECTROMAG- 
NETIC WEAPONS and LAB DEVICES. Optimum circuits. 
Iregs, waveforms, duly cycles, Intensities. Thorough. 
$29. Both $49. 

SPECIAL PROJECTS 
e design, .ti ., repair, mode y, maintain an. -or consu t 

on any device, system, process or project - electrical, 
electronic, computer, phone, m optical, auto- 
motive. invention 

computer, phone. mechanical, 
ech enc lüry guaranteed. 

Describe and Include $25 pre -engineering fee (does not 
obti.ate ou Time and cost estimates In 7 -10 da S. 

VOICE MAIL HACKING 
How Voice Mail Box (VMB) systems are used and the 
specific ways they are hacked. Includes ASPEN, MES- 
SAGE CENTER, RIX, GENESIS, EZ, SYDNEY, PHONE 
MAIL, MAX, CINDY, CENTACRAM, SPERRY LINK, 
RSVP, etc. Absolutely required for all users, sysops and 
security personnel) $29. 

s s a 

While 'VOICE MAIL HACKING' details how VMS: are 
hacked for'phun' and profit Including VMS methods 
for hacking PBXs themselves - 'PBX HACKING' ad- 
dresses ALL Issues relating to PBX hacking, Including 
countermeasures! Can your business or agency afford a 

590,000 phone fraud loss (the average loss due to 
hacked PBXs)? As described Ir. Forbes Magazine. $39 

RADIONICS MANUAL 
Exciting electrical, electronic, eleceomagnelic Uierapeu 
tic, diagnostic 6 preventive devices (mostly experimen- 
tal). History, descriptions, plans (dozens), availabilities 
of Radionlcs Devices from early to modem. White drugs 
cost S Hundreds, electricity costs pennies! 529. HEAL 
THYSELF: Piano for 3 mayor electronic therapeutic 
devices of .es a.. roved b FDA. $19. Both $39. 

HARD DRIVE MANUAL 
over: all hard drive and controller Implementations (em- 

phases on PCs). How to select, Interface, Initialize, set up, 
use, maintain, troubleshoot and repair Nem. How to pro - 
lest them from mistakes, sabotage, prying eyes and sticky 
fingers. How to recover damaged and lost files. How to 
prevent crashes. Includes software reviews Loaded with 
info, advice, tips. $29. DIS1C SERV1cESSANUAL. 
Maintain, adjust, align, troubleshoot, repair floppies with - 
out special equipment or software. 3.5î5.25R'. PCs86, 
MAC, Apple, Atari, Commodore, etc systems. All floppies 
need some upkeep. $29. DISK DRIVE TUTO- 

PHREAKING CALLER ID & ANI 
Celai s on ow ley wo an..ozens o e ec ive ways 
of delealing Caller ID, ANI, '69, '57, and Call Blocking 
and '67. Also describes Caller ID, Orange, Beige, 
Cheese and CF Boxes, ESS, SS7, E -911 various 
CLASS services, CNR, NON PUB DA, CAMA, DNR, 
800 -ECR, Diverlers, LD Extenders, Centres - more $29. 

PHONE COLOR BOXES 
A5 designed .y 'hone 'hreaksi 1 phone color boxes 
described. Dozens of circuits, simulator programs. Plus 
call-forwarding, conferencing, phreak history, 50 useful 
and legal phone circuit plans -more. 529. 

RIAL: Theory, practical facts on floppy drives, disks, In- 
eluding many Ups, recommendations, formatting, Inter - 
lach., IOC, etc. $24. An 2, $49. A113. $69, 

SOFTWARE PROTECTION SYSTEM 
nique system that Ng ly discourages costly software ROBOFONE AUTODIALER 

owe u, versalue, menu -.oven 'tar ames autodi- 
aler lets you dial any quantity (up to 10K) or mix of IocaV 
long distance numbers In any order, over any length of 
time, whether busy or answered (your choice) and log 
the times, commands and results to monitor, printer 
and -or disk. Oulck -dial directory of up to 600 numbers. 
BUSY redial options. Direct modem command and con- 
trol. All Result Codes, including VOICE and RINGING. 
Optional shell to terminal prb.ram upon CONNECT. Exit 
to menu or DOS for botching . Manual + Disk* $29. 

piracy while permitting legit archival copies. No known 
way to defeat No special equipment required. Simple 
and automatic to Install on your distributed software. 
Compatible with all other copy -prevention systems. 
Manual + Disk' S59. 

STEALTH TECHNOLOGY 
'ohce radar is fascinating 1 also as error rates o 1 r- 
20 %I Every known error g I - stealth 

error 
at and i t- 

25% used to minimize radar ralcalis 
method 

- tactic and 
tenet u d fight unjust radar tickets Nat ctic and 
5100s In Insurance and risk cancellation - methods to 
detect and am Shoals -furl described! $29. COMPUTER PHREAKING 

Iescoben in .elai ow computers penetrate eac other, 
and how VIRUSES. TROJAN HORSES, WORMS, etc are 
implemented. Dozens of computer crime and abuse 
methods and countermeasures. Includes disk filled with 
hacker text files and utilities, and the legendary FLU. 
SHOT+ protection system (Ed. Choice, PC Magazine). 
BBS advice, password defeats. glossary - much morel 
manual + Disks $39. 

SECRET & SURVIVAL RADIO 
Optimum survival and security radio equipment meth- 
ods, Ire allocations and volceUata scramblin ncod q 
Ing. Includes small receivervtransmitlers, telemetry, an- 
tenna optimizations, remote monitoring and control, se- 
curry, surveillance, and ultrasonic, fiber -optic and infra- 
red comma. 70+ circuit flans, tables. $29. 

BEYOND VAN ECK PHREAKING ULTIMATE SUCCESS MANUAL 
avesdroppmg on an. computer video sigma s u505 

an ordinary NI Includes security Industry reports. Range 
up to 1 KM. Plans include both the Consumertrontcs and 
the ori.inal To. Secret Van Eck desbns! $29. 

Underpaid? Harassed or abused? ManipulatedI 
Taken for granted? Stuck In a dead -end job? Can't find a 

Pod lob? Expect to be laid off, tired or transferred soon? 
The ultimate no- holds -bared, looking- after -#1 Machia- 

and find, 
CRYPTANALYSIS TECHNIQUES 

five powerful menu- driven crypto programs (n .COM and 
their .BAS sources) to analyze, decrypt secure' cl- 
pheriexts Worked -out examples. Recommended by ores - 
ti.ious 'Cam ruters 6 Securi . Manual+ Disk' $29. 

obtain, optimize THEnd 
GAME 

OR ben 
lobs, pay and benefits. THE RULES OF THE GAME FO pay 
A GAME WITHOUT RULES! From resume to CEO. $29. 

ROCKET'S RED GLARE 
'ow to ensign an..ui . son -prope ant amateur an. 
survival rockets. Emphasis on formulation, manufacture, 
Installation of propellants, motors, Igniters, etc. Includes 
list of commonly available materials and the design of 
launch pads and lest beds and their electronics. 529. 
FIREWORKS: How firecrackers (M -80s, blockbust- 
ers. cherry bombs), small rockets, volcanos, fountains, 
sparklers and safety fuses are made and colored. 
Simple, cheap, common Ingredients. $9. Both $36. 

B an ORDER of the MAGNITUDE 
The most comprehensive, hard- hitting, hl -tech sue- 
'Mal book ever written! Topics include electronics, 
computers, energy, weapons, concealment, revenge, 
alarms, etc to survive today's dangerous world. We all 
!ace Increasingly financially and physically brutal timed 
Field- expedient use of technology In various threat and 
conflict environments and scenarios. $49. Flold for sae.e....i e,,m.s only. 

CIRCLE 226 ON FREE INFORMATION CARD 
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HIGH QUALITY 
SOLAR PANEL 

FRONT BAC( 

Brand new solar panels madelo provide the power tor 

call boxes on the California freeway system! Theseare 

glass type panels with a nice trameand a snap in heavy 

duty power connector Use it to trickle charge your car 

battery or electric boat battery Power radios. power 

transmitters, small fans, etc. Size about 12" x 61 /8 
Peak oup t power: 2 25 wad, VOC- 22.5V. ISC:170 
mA. Normal operating voltage 14.5V at 150mA. With 

2 ft long connection cable with rnnector 

G6415 
was 

$29.95 
Optional: 
Car adaptor plug and 

diode to prevent 

discharge at night. 

SALE! 
ONLY 

$1 9.95! 

$1.25 

ELECTRONIC 
SURPRISE BOX 

FbvéP 
We have a tremendous quantity of various items 
which we have too tewtoadvetise. We have packaged 

a good assortment containing various 
semiconductors, resistors, capacitors, hardware. 

coils. etc. None of these items are seconds or rejects 

- all are factory primeand the package is really worth 

the price' 

S2200 $3.00 

IF YOU CAN'T FIND WHAT YOU ARE LOOKING FOR, CALL FOR A FREE COPY OF 

OUR LATEST CATALOG. THIS CATALOG CONTAINS OUR ENTIRE PRODUCT LINE OF 

OVER 3,000 ITEMS AND IT IS STILL GROWING! 

SPORTSCAR PHONE 
Sporty phoneL-- -G O 
for the car enthusiast in your family. These 

are bright red and black sports car shape 

They are sleek with a contemporary 

design. Features redial, mute buttons! 
ringer an /off. tone /pulse switchable. Complete and 

ready lo go with instructions and cable. In sealed 

blister packs Model F40 

G6138 
WAS 

SALE! 
ONLY 

$12.00! 

2 IN 1 

PERSONAL 
& DOMESTIC 
ALARM 
This is actually 2 alarms in one. 

Hang t on any metal doorknob 
and the instant that an intruder 

touches the outside knob it 
soundsod. hallo isdesignedto 
be a great personal emergency 

alarm. Simply pull out the metal 

chain and the alarm sounds 
continuously to call for help. 

No installation or wiring 
needed. Operates on one 9V 

battery (not included). In retail 

box. 

Size 2 3/16" x 41/4" x 1" 

G6151 

$$$ 

SALE! 
ONLY 

$7.951 

HEAVY 
DUTY 
12VDC 
MOTOR 
Made by Barber 
Coleman, these high qual - -_ 

ry 12VDC motors have a separate set of 

leads that put out an AC voltage in proportion to the 

shaft speed which can be measured on a meter. The 

part/ isFYOM- 33560 -4 New, high quality with great 

torque Use in robots or hundreds of other applica- 
tions Size 17/8 "L 01 1/4" Dia. with ' long shaft 

G6539 $2.95 

UNIVERSAL 
BREAD- 
BOARD 

project 
board is very handy for 

making all types of prototype circuits. Has 126 groups 
of 5 connected terminal points The grid is alpha - 

numeric labeled for ease of use Inadditionto the man 
group of terminals, it also has 8 bus lines of 25 

connected terminals. Simply insert your components 

and jumper wires to make electronic prototypes with- 

out PC boards Overall size 612" o 1/8" 

G6042 $5.00 
MUTED JUMPER WIRES (for the above) 

3 inch long orange 4 inch long yellow 

G6043 _ G6044 
L 

YOUR CHOICE 25/$1.00 

DC TO DC 
CONVERIER 
Super efficient tiny DC. 

to DC converter 
converts lower voltage DC to 

a higher voltage DC (see table 

below) These are brand new made by 

TDK and are only t 3/8 "L x 7/8 'W z 3/8 "T 
Very efficient and latest technology using SMD and 

standard technology Power a 9V transistor radio 

from 1 AA battery, charge several M batteries from 

one solar cell, power a 9V project using 1 or 2 AA 

cells. etc Has Only 4 leads (± in and foul) With 

hookup diagram. 

Power Table 
v 
impur Or,°" ióC Current 

Output 

0.5VDC (solar) 3V 1mA 

1.5VDC 9V 1SmA 

3VDC 9V 4OmA 

G6344 $3.98 

TDK VOLTAGE 
CONVERTER,...io 
Brand new voltage á 
converter con -'" 
verts 3VDC to 
9VDC. Size only 17/8" x 

1 3/16" e 1/4". Made by TDK 

for a major manufacturer. Output current is 60 ma al 

9VDC Use 2 penlight batteries lo operate transistor 
radios, calculators, etc, or any electronic device that 

can operate on 9VDC at up to 60ma. With hookup 

diagram (only 3 leads are used) 

G6546 $2.00 

SUPER 
SENSITIVE 
SOUND 
ACTIVATED C9 pp 
2 CHANNEL -5 
COLOR i'0 6 
ORGAN 
This ultra sensitive 2 Channel Color 

Organ produces brilliant hashes sI light (from any 

incandescent lamps of your choice - up to 200W) in 

response to music or other sounds. This is probably the 

best and brightest color organ we have ever seen It 'study 

assembled (except for line cord and outlet) and features 

2 response controls, on/off switch, sensitive FET 

microphone(no hookup to stereo needed) and3 transistor, 

2 SCR circuitry Operates from standard 120VAC and 

requires only that you solder your line cord and 2 outlets 

(for your lamps) to the board. We strongly recommend that 

you install me color organ in an insulated case for safety 

reasons as it operates from the AC line. Connect up a 

couple d your brightest colodul lamps and watch the 

fireworks with each bear of the music, Great for DJ's as 

there is no connection lo the sound source Sae of board 

33/4' x4 l/C Color organ board only - you supply lamps, 

line cord, knobs, case and outlets Hurry these will sell 

very fast' 

G3319 tgii 

SMD 
1 

RED 
RI 

LED 
Very ntense clear lens tiny SMD` - 
ultrabright red LED made by Panasonic Type 

LN1261CAL,Prime -on tape and reel 

4/$1.00 G6447 

CONTROL 
PANEL 
KEYBOARD 
Keyboard vnth 6 LEDS 

and ribbon cable. 
Make take alarms as 
this is the same unit 
found on the front door 

control panels for 
many professional 
home alarms Size 4 9/16 "sq 

G2904 

slak 10/$23.00 

NO'E All sale pnces advertised are valid only through the month of the cover date 

For Phone Orders Call (602) 451 -7454 

Or Fax Your Orders To (602) 451 -9495 
pMC 

Minimum Order: $10.00 plus $4.00 Shipping and Handling. We GOLp 
accept MasterCard, Visa and Money orders. Canadians and 

orders that need US MAIL send minimum $5.00 S &H. 

PO. Box 5408 
w ;Scottsdale, AZ 85266 

HEAVY 
DUTY 
12VDC 
MOTOR 
WITH 
REGU- 
LATOR 
Predsion 17/16.' 

Dia. motor has a 3 

transistor regulator 
board attached. We don't 
have the hookup diagram on these. but they look like 

sophisticated electronic regulator boards. Size of 

board: 1 12" x 2 1/8" Size of motor. 1 7 /16 "Dia x 

1 7/8" L. The shat isa'IT type and 1/2" long. Brand 

new -no other into available except that these were 

made by Sonar Radio Corp . part / 27 -030 -008 

G6540 $1.50 

TINY TRACKBALL 

This is probably the 

tiniest trackball ever;. _ 

made! Itmeasures only 
1 1/16 "L x 13/16 "W e 3/8 "H Made by Alps for a 

major laptop computer maker that went out of 

business They are very precision made and highest 

quality The components are all SMD with an IC 

marked 3JA1 DT002/TB6012CF ands tiny positron 
connector They appear to be complete. new and 

very recent in manufacture. We have no hookup into 

or schematic. bola this price we know that you'll be 

impressed and want to experiment with them, use 

them for replacement or figure out the hookup' 

Hurry. these may not last long! 

G5514 $1.95 
10/$15.00 

COLLAPSIBLE 
ANTENNAS 

Chrome plated collapsible an- 
tennas for replacement or 

newconslruction Most 
have 8 sections. We 

have 5 different types. 

NOTE These are new 

but they may haveslphl 
marks or scratches be- 

cause they were pack- 
aged in bulk. Antennas 

only -no mounting 
hardware 

SALE! 
ONLY 

$4.951 

e 

Stoddl Collapsed Extended Price 

G6541 3 7/8" 18" $1.00 

G6542 4718" 26" $1 25 

06543 5 3/4" 38" 52.00 

G6544 612' 26 $1 25 

G6545 T 28" $1.75 

MAGIC 
SOUND 
SWITCH 
Small circuit board 
triggers a scr from a built in 

microphone circuit. Turn on low voltage 
lamps. motors, relays etc. Operates from 3VDC. 

Comes with schematic. Size only about 2 " square 

G5554 $1.00 

HI-FI AM 
RADIO 
CHASSIS 
Make a great 
sounding AM radio 
using thischasso, You'll 
be impressed by how good it 

sounds! Complete chassis features 
sensitive 7 transistor circuit with volume, lone and 

tuning controls on a fully assembled chassis -you 
only need to provide a speaker and 12VAC or DC to 

power it. You may want to build a creative antique or 
an ultra -modern style cabinet Output is 2 watts. 

Size: 2 1/2" x 5 ". With wire hookup information. 

Radio Chassis only -- adaptor and speaker sold 

S2022 
separately. 

SALE! 
ONLY 

$2.491 

TRI COLOR 
RECTANGULAR LED 
White diffused case LED can light up red, 

green or yellow (when both red and green are 

lit at the same time) Prime-made by Sharp. 

G6434 $4/$1.00 
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ALFA ELECTRONICS " ""Q`; um 'm11'4111" 
DMM 89 $199.95 
Most Advanced DMM 
All Purpose & Communication 
-80.7 to 81.4 dBm with 40 -12000 

20 reference impedances 
True RMS 
Frequency counter: 0.01 Hz -10MHz 
Capacitance l pF- 50,000µF 
Measure AC volt to 20kHz 
5000 counts, 0 1% accuracy 
Auto/manual range, fast bar graph 
Min/Max/Ave/DH/Relative/Zoom 
Auto power off 
Input warning 
Splash proof 
Volt amp, ohm, logic, diode, continuity 
Ruggerdized case 
Rubber holster included 

LCR Meter 131D 
$229.95 

Most Advanced LCR 
Dual displayL/O or CID 
Inductance: 0.1 pH -1000H 
Capacitance.0.1pF- 10,000µF 
Impedance: 1 m0 -10MO 
0.7% basic accuracy 
Auto /manual range 
Dissipation factor 8 O factor 
Serial 8 parallel mode 
Relative mode for comparison 
and to remove parasitics 

Statistics, tolerance, 
Best for design, incoming 
testing 8 production 

SMD and chip component 
test probe $25.00 

DMM 2360 
$119.95 

DMM +LCR Meter 
Very Versatile DMM 
Inductance:l1H -40H 
Capacitance: 1 pF -40µF 
Frequency 1Hz - 4MHA 
Temperature: -40 -302 F 

TTL Logic Test: 20MHz 
Diode, Continuity 
Volt, Amp, Ohm 
3999 count display 
Peak Hold 
Auto power off 
Ruggerdized case. 
Temperature probe included 
Rubber Holster $8.00 

LCR Meter 814 
$189.95 

Best Resolution LCR 
Inductance: 0.1 pH -200H 
Capacitance: 0.1 pF- 20,000µF 
Resistance: 1 m0 -20M0 
1% basic accuracy 
Dissipation factor indicates leakage 
in capacitor and O factor in inductor 
Zero adjustment to reduce parasitics 
Best for high frequency RF 
SMD and chip component test probe 
$25.00 
LIMITED QUANTITY SPECIAL 
DIGITAL LCR METER $74.95 
0.1pF, 1µH, 10mí2 resolution 

DMM 20 
$74.95 

Inductance: 1pH -40H 
Capacitance. 1 pF -200µF 
Frequency: 1Hz-20MHz 
Volt, amp, ohm, diode, 
20 Amp AC/DC current 
Transistor HFE 
Continuity, duty % 
Peak hold /Max 
Ruggerdized case 
Rubber holster $8.00 

Full line of DMMs, 
economy, compact, 
ruggerdized, solar cell 
automotive, heavy 
duty, industrial 
starts from $15 95 

20 MHz Oscilloscope with Delay 
Sweep PS -205 $429.95 
Dual Trace, Component test, 6" CRT, X -Y Operation, TV 
Sync, Z- Modulation, CH2 Output, Graticule Ilium, 2 probes 
each has x1,x10 switch. Best price with delay sweep. 
PS -200 20 MHz DUAL TRACE $339.95 
PS -400 40 MHz DUAL TRACE $494.95 
PS -405 40 MHz DELAY SWEEP $569.95 
PS -605 60 MHz DELAY SWEEP $769.95 

Scope Probe: 60MHz xl, x10 $15, 100MHz x1, x10 $22 

250MHz xl, x10 $29, 250MHz x100 $39 

Fluke Multimeter 
Fluke 12 $84.95 
Holster C -10 $10 
Fluke 70 II $67.5 
Fluke 73 II $94 
Fluke 75 II $129 
Holster C -70 $16 
Fluke 77 II $149 
Fluke 79 II $169 
Fluke 29 II $169 

Fluke 83 $225 
Fluke 85 $259 
Fluke 87 $287 

Fluke 97 
Scope Meter$1785 

Frequency Counter 
FC -1200 $129.95 
F requency. 0.1 Hz -1 25G Hz 
Display 8 digit LCD 
Period, 01 s -01s 
Records Max/Min/Average 
Data hold, relative mode 
Telescoping antenna $8.00 
Deluxe case $5.00 
Also Available: 
AC /DC clamp meter,Light meter, 
Thermometer, pH meter High 
voltage probe, Digital caliper 
Anemometer Electronic scale, 
Force gauge,Tachometer, 
Stroboscope, Humidity d EMF 
adapter, Sound level meter, 
Frequency counter SWR/feld 
strength /power meter, Dip meter 

Digital Storage Scope 
DS-203 20MHz, 10M Sample/sec $729.95 

DS-303 30MHz, 20M Sample/sec $849.96 

DS -303P with RS-232 Interface $1,049.96 
Switchable between digital and analog modes 
2 K word per channel storage 
8 bit vertical resolution (25 Lerel /div) 
Expanded Timebase 10ms/div - 0.5 s/div 
Refresh, Roll, Save all , Save CH2, Pre -Trig 

Plotter control 

DC Power Supply 
PS-303 $159.00 
0-30 VDC , 0-14 output 
Constant voltage 8 constant current mode 
0.02 %+ 2mV toe regulation 
0.02% y 3mV load regulation 
1 mVrms noise and ripple 
Short circuit and overload protected 
PS-8200 with digital voltmeter $179 00 
Also available: 30V/5A, 60V/3A, 60V/5A 

16V /10A, 30V /10A 

DC Power Supply Triple Output 
PS -8202 $499.95 

T' 
- Two 0-30 VDC , 0-3A outputs ® ++ fixed 

ixe of 
VDC, 3A output 

Oe Capable independent or tracfdng operation 
'e Constant voltage and constant current mode 

Foxy dgnal meters for volt and current display 
- Excellent regUation and low ripple 

4 Short circuit and overload protected 
Also available: 30V/5A triple output $549.95 
Dual tacking 30V /A, 30V/5A, 60V/3A, 60V/5A 
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RF SIGNAL 
GENERATOR 
SG-4160B $119.00 
100 kHz- 150MHz sinewave in 8 

ranges 
RF Output 100mVrms to 35 MHz 
Internal 1 kHz, External 50Hz -20kHz 
AM modulation 
Audio output 1 kHz, 1 Vrms 

RF SIGNAL 
GEN. /COUNTER 
SG -4162 AD $229.95 
Generates RF signal same as 
SG -4160B 
6 digit frequency counter 1Hz - 150 
MHz for internal and external 
source Sensitivity <SOmV 

AUDIO GENERATOR 
AG-2601A $119.00 
10Hz - 1 MHz in 5 ranges 
Output 0 -8Vrms sinewave 

0- 1OVp -p squarewave 
Synchronization' +3% of oscillation 

frequency per Vrms 
Output distortion: 

0.05% 500Hz - 50kHz 
0.5 % 50Hz - 500kHz 

Output impedance: 600 ohm 

AUDIO 
GEN. /COUNTER 
AG- 2603AD $229.95 
Generates audio signal same as 
AG-2601A 
6 digit frequency counter 1Hz- 
150MHz for internal and external 
sources Sensitivity <5OmV 

FUNCTION GENERATOR 
FG -2100A $169.95 
0.2 Hz -2 MHz in 7 ranges 
Sine, square, triangle, pulse and ramp 
Output 5mV- 2OVp -p 
1% distortion, DC offset + 10V 
VCF: 0 -10V control frequency to 1000.1 

FUNCTION GEN /COUNTER 
FG- 2102AD $229.95 
Generates signal same as FG -2100A 
Frequency counter 4 digits 
Feature PAL and CMOS output 

SWEEP FUNCTION 
GEN. /COUNTER $329.95 
0.5Hz to 5 MHz in 7 ranges 
Sweep: Linear 10:1 /Log 10:1 20ms to 2s 
AM Modulation 
Gated Burst, Voltage Control Generator 
Generator Control Voltage 8 6 digit counter 
1 Hz -10MHz for internal 8 external sources 

ALFAELECTRONICS (800) 526- 2532/(609) 520 -2002 15 DAY MONEY BACK GUARANTEE 1 YEAR WARRANTY 

FAX:(609) 520 -2007 
741 Alexander Rd., Princeton, NJ 08540 Visa. Master Card. American Express. COD, Purchase Order Welcome 

CALL OR WRITE FOR FREE CATALOG AND BEST OFFER. 
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; l'IS-TEK Test & Measuring Instruments ISO 9002 CERT. #934163 

100 MHz Cursor Readout Scope 
4 ch, 8 traces OS -6101 $1,499.95 

4 independent channels, 8 traces 
Time Voltage cursor measurement 
ALT triggenng function for 4 ch. 
Sweeps to 2ns7div, Delayed Sweep 
TV Sync., Ch 1 output, Z -axis input 
2 probes(xl, xl0) 

100 MHz Scope, 4ch. 8 traces 
Best value all purpose scope 
OS -6100B $1,329.95 

4 channels, 8 traces 
High sensitivity 5004V /div 
Sweeps to 2ns/div, Delayed sweep 
20 kV accelerating voltage 
TV sync., Z -axis input 
A and B gate output 
Best pPrice 100 MHz scope 
2 probes(xl, xl0) 

50 MHz Triggering Oscilloscope 
OS -653 $699.95 

Dual Channel ALT Triggering 
Hold Off Function High sensitivity 1 mV /div 
Delayed Sweep * Tngger level lock function 
Built -in Delay -Line Z -axis input, CHI output 
TV Sync 2 probes(xl, x10) 

20 MHz Oscilloscope 
OS -622B $344.95 

Dual trace, X -Y operation 
TV Sync., 7 -axis mput,CH I output 
High sensitivity 1 m-V /div 

2rerl el xÓ Proro( ) 
OS -645B - 40 MHz Cursor readout S 734.95 
OS -625B - 20 MHz Cursor readout, $ 549.95 
OS -623B - 20 MHz w/Delayed Sweep 449.95 
OS -935 - 5 MHz One channel 209.95 

DC Linear Power Supplies 
Single Output 

Constant voltage and constant current mode 
Voltage regulation <_0.01 % 
Current regulation 50.2% 
Low ripple and noise 
Overload and reverse polarity protection 
Features 2 analog or 1 digital meter(PS series) 

2 analog or 2 digital meters(PR series) 
P3- 1830 0-18V, 0-3A) $209.95 
PS -1830D Digital Display 5219.95 
PS-I850 (0- 8V 0-5A) $219.95 
PS -1850D 'Digital bisplay $244.95 
PS- 3030 (0 -30V, 0-3A) $224.95 
PS -3030D Di tal display $254.95 
PS -6010 (0-60V, 0-1A) $209.95 

PR -1810H 0-18V, 0-10A) $349.95 
PR -3060 0-30V, 0-6A) $314.95 
PR -6030 0-60V 0-3A) $299.95 
PR -6030D igital Display $399.95 

Triple Output DC Power Supplies 

* Two variable 0- 30VDC, 0-3A outputs 
One fixed 5VDC, 3A output 

* Auto tracking 
Auto serial and parallel operation 
Constant voltage and constant current mode 
Continuous/dynamic load can be selected 

* Features 4 analog or 2 digital displays 

PC -3030 : (0 -30V, 0 -3Ax2) $499.95 
PC -3030D : Digital display $549.95 
Programmable DC Power Supplies 

High stability , low drift, 4 digit display 
Front/rear output -sense switch selectable 
Auto step running w /tuner settings 
100 point programmability (PPS series) 
50 point programmability (PPT senes) 
Auto senal and arallel operation (PPT series) 
Auto tracking (PPT series), IEEE -488.2 and SCPI 
compatible command set (optional) 

PPS- 11160G 0-18V, 0-6Aí 
PPS -3635G 0-36V. 0-3. A) 
PPS -6020G 0-60V 0-2A) 

PPT- 
1830G 

0-36V, 00-- 1.SAx,00 -í6V, 0-3A) 

1099.95 
1099.95 
1099.95 
1399.95 
1399.95 

Digital Display Function Generator 
FG-8016G $239.95 

Frequency Range: 0.02Hz to 2MHz 
Three Instruments in one: Function generator, Pulse 
generator &n Frequency counter. 
Sine, Triante, Square, TTL Pulse and CMOS output 
Built -in 6 digit counter with 1Nf/EXT function 
1000:1 tuning range 
Variable DC offset control 

FG -8015 Function Generator 
0.02Hz -2MHz (No Counter) $189.95 

FC -8131 Intelligent Counter 1.3GHz $469.95 
FC -8270 Intelligent Counter 2.7GHz $629.95 
UC-2010G Universal Counter $294.95 

Digital Multimeter & C Meter 
DM- 8034(3' digits) S 179.95 

8 Function, AC/DC voltage, AC/DC current, resistance 
Built -in C met, diode test and audible continuity check 
}Si voltage 1000V and 20A range 
0.5% basic accuracy 

DM -8040 (35/. Digits, True RMS) 
Measures ACV to 50 kHz $339.95 

DM -8055 (5% Digits) $649.95 
0.006% basic accuracy 
144V, 1mO. InA resolution 
dBm measurement 
Auto range, relative mode, Max/Min 

DM-8055G(5% Digits, GPIB) $389 95 

Model DM -392 
(3% digits) $109.95 

Auto Manual noon; g(38 ranges) 
* 42 Sezment analog :bar graph 

Data Hold/Min -Max memory 
/Relative mode 
Auto power off 
Overroad protection 
Audible continuity check 
/diode test 
Capacitance: 1 F-4 sF 
Frrequency: 0.1Hz-1MHz 

Amp range 

(Douublee 
high energy fined 

0.3% DCV acc 
a AC True RMS -394 only) 

DM -351: 3% Digits w /Continuity' Auto Off $54.95 
DM -352 : 3%, Digits, Cap. Freq. liFE 20 Amp $79.95 
DM -353 : 3% Digits, Cap. Freq. Temp. hFE $84.95 
DM -391 : 3% Digits, Auto, Cap. Freq. Min/Max $99.95 
DM -392 : 3% Digits, Hold, Min/Max 20Amp $109.95 
DM -393 : 3% Digits, Peak- Logic, hFE Freq $119.95 
DM -394 : 3% Digits, TRIM, Same as í3M 392 5129.95 

ALFAELECTRONICS (800) 526- 2532/(609) 520 -2002 15 DAY MONEY BACK GUARANTEE 2 YEAR WARRANTY 

FAX:(609) 520 -2007 CALL OR WRITE FOR FREE CATALOG AND QUANTITY DISCOUNT. 
741 Alexander Rd., Princeton, NJ 08540 Visa, Master Card, American Express, COD, Purchase Order Welcome 
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Laser Pointer Kit 
$3900 
Features: 

4 mW, 670 nm 
Red Output. 

Adjustable 
Focus Lens. 

Operates for 
Hours on 2 
AAA Batteries. 

Compact Size: 
4.5" x .95" x .60" 

Easy to 
Assemble. 

ÌÌÌCRCL71 CH-* 
INSTRUMENTS 

Batteries 
Not 

Included 

Laser Diodes 
Factory NEW Units with 
Specification Sheets. 

Toshiba #TOLD -9200 
$2000 3mW,670nm 

Hitachi #HL -6411G 
3 mW, 635 nm 

Sharp #LTO -15MD 
40 mW, 830 nm 

$9900 
$7500 

Collimating Lens 
Press Fit 

Over Diode 

$1500 
FREE SHIPPING on orders over $100. 

Call or write for a FREE CATALOG on Lasers & Optics. 
5035 N. 55th AVE., #5 / P. O. BOX 1724 / GLENDALE, AZ 85301 
Phone: 602 -934 -9387 Fax: 602 -934 -9482 

CIRCLE 252 ON FREE INFORMATION CARD 
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ATTENTION CABLE VIEWERS 
CABLE VIEWERS.. .get back to your BASIC Cable Needs 

BAS C 
ELECTRICAL 
SUPPLY & 
WAREHOUSING 

Call 800- 577 -8775 
For information regarding all of your BASIC cable needs. 

5 GOOD REASONS TO BUY OUR FAR SUPERIOR PRODUCT : PRICE : EFFICIENT SALES AND SERVICE : WE SPECIALIZE IN 5, 10 LOT PRICING 

ALL FUNCTIONS (COMPATIBLE WITH ALL MAJOR BRANDS) 

: ANY SIZE ORDER FILLED WITH SAME DAY SHIPPING 

We handle NEW equipment ONLY - Don't trust last year's OBSOLETE and UNSOLD stock! 
COMPETITIVE PRICING- DEALERS WELCOME 

HOURS: Monday -Saturday 9 -5 C.S.T. 

it IS not the intent of B. F. S to defraud any pay television operator an we will not assist any company or individual in daring the same 
Refer to sales personnel for specifications. 

CORPORATION P.O. Box 81 80 Bartlett, IL 601 03 800- 577 -8775 
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500 MHz SPECTRIJM ANALYZER $895 

6"x12"x16"(HXWxD) 
(only 16 LB) 

tftlf 11 

GOMR .REOLEMCYi1M21 
,OONSE fine /111. 

SA1800C SHOWN 
$2295.00 

1 -1300 MHz In One Sweep $1895 MADE IN THE USA 
ALL NEW SPECTRUM DISPLAY MONITOR PLUS FULL FUNCTION SPECTRUM ANALYZER 

LET THE SA500A SPOT THOSE HIDDEN SIGNALS 
The SA500A easily attaches to any receiver IF output jack. Providing 
a panoramic signal display of your 1 -30 MHz and 30 to 2000 MHz 
scanner or communication receiver. The SA500A is a Professional 
Spectrum Surveillance Technology Monitor. A Full Function Spectrum 
Analyzer with +/- 5KHz Narrow Band Filter, Center Freq. Display, 50 

MHz Marker Generator. Capable of Tuning Duplexes, Amps, Filters 
Receivers, Transmitters & Perform EMI, RFI, FCC, Testing. SA500A 

First affordable Professional Spectrum Monitor /Analyzer for all 

serious Ham Radio and Radio Monitoring Operators. just $895.00 

.2- 1.3GHz SA1300B THE ULTIMATE LOW cosT ANALYZER 
Quality & Performance that's what ITC Spectrum Analyzers are 
known for. 80 dB on Screen, -110 dBm Sensitivity, Center Frequency 
Display, +/- 5KHz Narrow Band Filter (for 5KHz resolution band 
width) 50 MHz Marker. DISPERSION ZOOM, Baseline Clipper, 
Sweep Speed, Adjustable Video Filter, 40dB of Input Attenuation . 

Standard on all ADVANTAGE Spectrum Analyzer specials. The 
SA1300B and SA1800C provide Laboratory Performance at a fraction 

of the normal cost. The SA1300B $1895.00 -SA1800C .2- 1.3GHz & 

.8- 1.8GHz $2296.00. Add a 1.3GHz Tracking Generator to any unit 

1.3GHz FREQUENCY COIJNTER .001 ppm 
$479.00 

11ttOEUtroR un F E SIC 
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SOa 
3Gfs : Pi MULTIFUNCTION COUNTER FC 1300 

IS09002 CERTIFIED 
FIVE YEAR 

WARRANTEE 
REG. PRICE $599.00 

SAVE $120.00 

Laboratory Performance PROCESSOR STABILIZED OVEN OSCILLATOR .001 ppm 

ITC FC1300: the first truly Accurate low cost Frequency Counter. Accuracy is the #1 Frequency Counter 
Requirement. The $200 - $800 counters being advertised the past few years are but toys when it comes to accuracy. 

These guess -so-matic units are off 5 to 10 PPM over temperature & time (That's +/- 6,000 -13,000 Hz at 1.3 GHz) 

The FC1300 is accurate to within +/ -13 Hz at 1.3 GHz 0-40 degrees C. Sensitivity is < 5mV 1Hz to 13 GHz, 

50 Ohm & 1 Meg Ohm inputs, LP filter, lx -10x input Att. Frequency Measurement, Period Averaging, Time 

Interval, External Counter, Freq. Ratio, Hold & Reset Functions, 4 Gate times .01 to 10 Sec. Tired of guess -so-matic 

Counters: Serious About Accuracy: Ready to step up to Laboratory Performance Accuracy: Call Today & Order 

ADVANTAGE INSTRUMENTS CORP. MASTER CARD -VISA - DISCOVER - AMX 

3579 Highway 50, East -#301, Carson Cit. NV 89701 Terms: COD - Check - Money Order 
702 -885 -0234 FAX 702 -885 -7600 Call Toll Free 800 -566 -1818 - BBS 310 -549 -0321 
PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE OR OBLIGATION. F.O.B. CARSON CITY NV. NV. RESIDENTS ADD SALES TAX. 

Call 800 -566 -1818 
To Order or Info. 
Free 1995 Catalog 

ADVANTAGE 
Carries a full line of 
Scopes - Analyzers 
Frequency Counters 

Generators 
LCR Bridges & DMM'S 

CIRCLE 132 ON FREE INFORMATION CARD 
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NOW 
YOU CAN "SEE" 

INVISIBLE FIELDS 
AND AVOID THEM 

Most homes and offices 
have hot spots with strong 
artificial electro- magnetic 
fields, where chronic 
exposure may cause 
mental or physical problems. Even the EPA names these 
fields as suspected carcinogens. You can reduce your 
risk by avoiding these high -field areas. 
The TriFieldTM meter detects far more of these fields than any other 
electromagnetic pollution meter. Its the only one that independently 
reads AC electric fields, AC magnetic fields, andradio /microwaves. It also 
reads field strengths in all directions simultaneously. Every other meter 
that sells for under $500 reads only magnetic and only in one direction - 
they can entirely miss a magnetic field unless pointed correctly and are 
blind to radio /microwaves and electric fields, both of which cause biological 
effects. 

The TriFieldrr" meter reads all three types of fields numerically and with 
a SAFE /BORDERLINE /HIGH SCALE, weighted proportional to effect on 
the body. Thresholds are based on epidemiological and laboratory 
studies. (While no absolute hazard thresholds have been established, 
reduction of relative exposure is prudent.) 

The TriField"m meter comes ready -to -use with battery, instructions, and 
one -year limited warranty. The cost is $144 50 postpaid. 

AlphaLab, Inc. 1280 South Third West / Salt Lake City, UT 84101 -3049 
For literature and information, call '(503) 543 -6545 

NOTWEARING A 

SAFETY BELT CAN COST 

YOU AN ARM &A LEG. 

It's against the law. So if you don't want a ticket, buckle up. 
Or, you could become broke in more ways than one. 

YOU COULD LEARN A LOT FROM A DUMMY. . BUCKLE YOUR SAFETY BELT, 

Plant Trees for America.. 

Trees provide food, 
shelter, and nesting 

sites for songbirds. 
Trees increase property 

values, and make our 
homes and neighborhoods 
more livable. 

Trees help conserve 
energy. They cool our 
homes and entire cities in the 
summer, and slow cold winter 
winds. Shade trees and windbreaks 
can cut home utility bills 15 -35 %. 

Trees clear the air we breathe. They 
provide life -giving oxygen while they 
remove particulates from the air and 
reduce atmospheric carbon dioxide. 

America needs more trees 
The United States has lost a third of its 

forest cover in the last 200 years. 
Our towns should have twice as many 

street trees as they have today. 
We need more trees around our homes 

and throughout our communities. We 

need more trees to protect our farm fields 
and our rivers and streams. To provide 
wood for our homes and a thousand 
products we use every day. 

10 Free Trees 
Ten Colorado blue spruces, or other 

conifers selected to grow in your area, 
will be given to each person who joins 
the Arbor Day Foundation. 

Your trees will be shippec 
postpaid at the right time fo 
planting in your area, February 
through May in the spring o. 
October through mid Decem 
ber in the fall. The six to twelvc 
inch trees are guaranteed tc 
grow, or they will be replaces 
free. 

To become a member and tc 
receive your free trees, send a $1( 
membership contribution to Ter 
Blue Spruces, 
National Arbor 
Day Foundation, 
100 Arbor Avenue, 
Nebraska City, NE 
68410. 

Join today, and plant your Trees 
for America! 

The National 
Arbor Day Foundation 
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Siutkms for the Test Instriiirnit . 

POWER SUPPLY FRED. COUNTER 

SWEEP FUNCTION GENERATOR 

MT-1 00 
aeg.. $599. 

$399.00 

WARRANTY 

MONEY BACK GUARANTEE 

Four Instruments in One Instrument 
o Function Generator 

Sine, Square, Triangle, Pulse, 
Skewed Sine, Ramp, TTL 
0.2 Hz - 2MHz 

Frequency Counter 
8 Digit LED 
1 Hz - 100MHz 
x (1 Hz + 1 dgt. + Time Base Error) 

4 

Power Supply 
3 -1/2 Digit LCD 
Triple output: #1. 0 -50V, 0.5A MAX 
#2, 15V, 1A #3. 5V, 2A 

Digital Multimeter 
3 -1/2 Digit LCD 
DCV, ACV, St, DCA, ACA 
± (0.5% + 2 dgts) 

FG-1 40 2MHz Function Generator 

a,. $.249. $149.00 0.2 Hz - 2.0 MHz, 
7 Decades 
Sine, Square, 
Triangle, Pulse, 
hemp, Skewed 
Sine 
VCF, Symmetry 
Variable DC 
Offset Control 

2MHz Sweep Function Gen. wlFreq. Counter 

FG-1 50 
Ref. $399. $229.00 4 Digit LED Display 

Sine, Square, 
Triangle, TTL, 
Pulse, Ramp, 
Skewed Sine 
Linear/Logarithmic 
Sweep 
10 MHz Freq. 
Counter 

1.0GHz Frequency Counter, High Resolution 

FC -200 
Rey. $399. $209.00 

1.0 Hz - 1.0 GHz 
8 Digit LED 
Display 
Auto & Manual 
Range 
4 Selectable Gate 
Times 
1 MR & 5051 Input 
Impedance 

AG -350 Audio Generator 

aey. $199. $119.00 
10 Hz -1 MHz. 5 Ranges 

Sine Output: 10Hz - 1MHz 

Square Output:10Hz - 100KHz 

PS -500 DC Power Supply 

Rey. $249. $159.00 
0 -30VDC 

0.1 - 3A 

Short & Overload Protection 

Deluxe O'scopes w /Phillips CRT. 2 yr. Parts /Labor Warranty 

OS -3304 Rey. 5499. 

$339.00 

OS -3324 Ref. 5599. 

$399.00 

OS -3344 Rey. 099. 
$649.00 

OS -3304 25MHz, Dual Trace 

0 

l3 

4 

DC to 25 MHz. Dual Channel 
6" Rectangular CRT with 
Internal Graticule 10x8cm 
(Phillips P31) 
Uncalibration LED. 
High Sensitivity 1 mV /div to 
20V /div X -Y modes, Z Axis 
(intensity modulation) 
Rise time 14n Sec. or less. 
Full TV Trigger for N -V & TV -H 
Acceleration Potential 2kV 
60MHz (X1.X10) Probe Kit: 2 sets 
Power: 115/230V AC 

OS -3324, 3 Function 
OS -3304 

Dual Component Tester /Comparator 

Triple DC Power Supply 
5VDC, +12 VDC, -12VDC 

OS -3344, 5 Function 
+ © OS-3324 

Frequency Counter 
100MHz, 7 Digit LED Display 

Function Generator 
0.02 Hz to 2.0 MHz 

OS -3315 
40MHz, Dual Trace 

Sweep Delayed 

Al. ,t799. $549.00 

PS -540 DC Power Supply 

Reg. $399. $289.00 
0 -16VDC 
0.1 -10A 

Short & Overload Protection 

Capacitance Meter 

Ray. S". $49.00 
CM210 

3 1/2 Digit 
LCD 
0.1p- 20.004f 
9 Ranges 
0.5% basic 
Accu. 
Zero Adjust 
Knob 

Digital Clamp -On 

Reg. $89. $54.00 
DA400 

400 Amp AC 
312 Digit 

Auto 
Data Hold 
Continuity 
Over Range 
Mark 
Case Included 

Multimeter+ Extended Range Capacitance 

a'4149. $89.00 
DC to 40 MHz. Dual Channel 
Delayed Sweep 
100nS to I.O.S. 

7 decade 
6" Rectangular CRT with Internal 
Graticule 10x8cm (Phillips P31) 

Uncalibration LED. 

High Sensitivity 1 mV /div to 
20V /div X -Y modes, Z Axis 
(intensity modulation) 
Rise time 8.5nS or less. 

Full TV Trigger for TV-V & N -H 

Acceleration Potential 12kV 

Variable Hold Off 
16ns - 1.0s Time Base 

60MHz ((1.X10) Probe Kit: 2 sets 

Power: 115/230V AC 

DM5050C 
9 Function / 42 Range 
Basic DCV Accu.: ± 0.25% 
Multimeter 

Volt: AC /DC 
Amp: AC /DC 2A 
Ohm: Up to 2000MO 
Diode, 
Continuity Beeper 

Capacitance (9 Range) 
0.1pF - 20,000 pF 
Zero Adj. Knob 

Trig Lamp 
Double Insulated Jack 
Alligator Clip Test Leads 
Deluxe Holster w /Strap 

Oscilloscope Probe Kit 
Switch Selectable X1/ X10 

HP-9060, 60MHz 
Ray. 729 $17.00 

HP-9150, 150MHz 
R.y.. $49. $24.00 

HP-9250, 250MHz 
R9. 559. $32.00 

BM 

Pen -Type DMM w/Logic 

Rey. $79. $59.00 

DM150 
3 1/2 Digit 
Dual Display 
Auto & Manual 
DCV, ACV, 
ACA, DCA, Sr 

Logic 
CMOS/TTL 
Data Hold 
Diode 
Continuity 

DMM w/Holster 

a,. $59. $39.00 

2'0444 Bed Scut/zee ion. 

sicaulaaciL1eebzonict 

20 Highpoint, Dove Canyon, CA 92679 

DM2500 
3 1/2 Digit 
1.5" Big LCD 
10A AC /DC 
AC /DC V, 12 

Signal 
Injector 
Diode 
Continuity 
Holster 

Multifunction DMM 

Rey. $89. $59.00 

DM3050 
3 1/2 Digit 
1.5" Big LCD 
Heavy Duty, 
20A AC /DC 
Capacitance 
Frequency 
TR -hFE 
Diode 
Continuity 
Holster 

Wide Range Multimeter w/Logic 

Rey. $149. $89.00 
DM5100 

11 Function / 45 Range 
Basic DCV Accu.: ± 0.25% 
3 1/2 Digit Manual 
Auto Power Off 
Data Hold & Peak Hold 
Amp: Up to 20A AC /DC 
Ohm: Up to 200 MO 
Freq: Up to 20MHz 
Capacitance: 1p - 200pF 
Logic: TTL 
TR hFE, Diode 
Continuity Beeper 
Double Insulated Jack 
Alligator Clip Test Leads 
Deluxe Holster w /Strap qzeee 

800-532-3221 
(714) 586 -2310 Fax (714) 586 -3399 

VISA. 

=ID 
CIRCLE 291 ON FREE INFORMATION CARD 
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Device Programmers 
48 PIN Connects to standard 

ZIF PC parallel printer port 

912x534x114 

Easy to use software, 

on -line help, full 

sceen editor 

Fast Programming 

(EMP -20) 

27C010A, 23 seconds 

28CO20, 34 seconds 

27C040, 95 seconds 

Made in USA 

1 Year Warranty \ 2 ft. Cable 
Technical Support by phone 

30 day Money Back Guarantee 

FREE software upgrades available via BBS 

Demo SW via BBS (EM2ODEMO.EXE) (PB10DEMO.EXE) 

E(e)proms 2716 - 8 megabit, 16 bit 27210 -27240, 27C400 & 27C800, 

Flash 28F256- 28F020, (29C256-29C010 (EMP -20 only)) 

Micros 8741A, 42A, 42ÁH, 48, 49, 48H, 49H, 55, 87C51, 87C51FX, 87C751,752 

GAL, PLD from NS, Lattice, AMD -16V8, 20V8, 22V10 (EMP -20 only) 

$13995 
PB -10 Internal Card for PC 

40 PIN 
ZIF 

FOR MORE INFORMATION CALL 
4630 Beloit Drive, Suite 20 NEEDHAM'S ELECTRONICS, INC. 
Sacramento, CA 95838 r - 
(Monday- Friday, 8 am -5 pm PST) . r J C.O.D. va 

CIRCLE 257 ON FREE INFORMATION CARD 

(916) 924 -8037 
BBS (916) 972 -8042 

FAX (916) 972 -9960 

PIC 
Interactive Din clopinent Environments for the Microchip Technology, Inc. PIC famil of 
microcontrollers. Microsoft Windows 3.1 MDI Applications 

MICPOVIeW FM Simulation Environment 

._ n l».. . r.r 1.. < 1..i I+..n, 
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M 1 j 
MICROVIEW"' is a full- featured simulation environment for 
the Microchip Technology, Inc. PIC 16C5X microcontrollers. 
Other simulation engines available. 
Features: 

Integrated Programming Editor, Macro -Assembler 
Simultaneous Multiple Device Simulations 
Graphical Timing Diagrams, Input Stimulus Generation 
Step, Register, Full Break Point Capability 
Direct Download to PICSTART. Compatible with 
PICMASTER and the Parallax Downloader 

Assernble!TM Universal PIC Assembler 
-I ,.,: 
L E.. Sr.s Ma I.... r:......... 1C... tI0tY QM..LIR. NiiiiM 
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ASSEMBLE! is a universal macro assembler for the 
Microchip Technology, Inc. microcontrollers. Assemble! 
supports all of the Microchip device families. 
Features: 

Integrated Programming Editor, Macro -Assembler 
Bookmarks. Macro Key Recording, Search and Replace 
Error Report, Listings, Context Sensitive On -Line Help 
COD File Format, INHXSS, INHX8M, INHX16 
Direct Download to PICSTART, Compatible with 
PICMASTER. and the Parallax Downloader 

MicroViewTm $149,95USD VISA/MC Assemble!TM $99.9SUSD VISA/MC 
Send check or Money Order. VISA/MC Accepted, Company Purchased Orders Accepted, Shipping and Handling Included. 

TRISYS, Inc. P.O. Box 11087 Glendale, AZ 85318 -1087 USA PH: (602) 581 -1760 FAX: (602) 516 -0582 71 
[PIC, PICMASTER, and PICSTART are trademarks and uadenames of Microchip Technology, Inc. , Parallax is the tradename of Parallax, Inc 

a' ^" !E INFORMATION CARD 
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TRIDEN T GRUIIDIG 
Bc220 $219 

Turbo Scan 

wäh 80CMAz. 
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$..... -...... ... pá ...... 

...... 
459 ö'cpg 

TR4500 .469 
1mR¿ m 1.3 Gi-tz 

0:4:0N- Carid 
trr 0 

the easiest way to get Radio Active? 
Dial 1 800 445 7717 

Toll Free, 24 Hours! For orders, tech support, 
Inbound fax and Fax Facts Instant catalog 
sheet service. Computer BBS Modem & 

Fax/Modem, 317 -579 -2045. International Fax: 
en Espanol, en Francais, und auf Deutsch, or 
just fax in plain English to:317 -849 -8794 

VISA 
COMMUNICATIONS 

10707 East 106th St. Fishers, IN 46038 
CIRCLE 212 ON FREE INFORMATION CARD 

Service & Support hours: Mon.-Fri. 9AM to 6PM, 
Sat. 10-4 EST. Mastercard, Visa, Checks, 
Approved POs & COD (add $5.50) & AMEX, 
Discover. Prices, specifications and availability 
subject to change. Flat rate ground shipping and 
handling charge only S6.95 per unit. Express Air 
only $9.95 , for most units. to most locations. 

uuaalnuua 
PR 

.N 
aR 
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PROGRAM EXTENSION PHONES, ESN'S & NAMS ! 

ENJOY THE SAME ADVANTAGES AS SOME CUSTOMERS THAT SUBSCRIBE 
TO GTE MOBILNET OR BELL SOUTH MOBILTY FOR CELLULAR SERVICE ! 

CELLULAR PROGRAMMING SERVICE IS ALSO AVAILABLE ! 

FOR FREE INFO CALL !! 

MOTOROLA ABOVE 9122 

OUR SOFTWARE PROGRAMS MANY NEW CELLULAR PHONES DIRECTLY 
FROM THE DATA PORT WITHOUT OPENING THE PHONE , NO SOLDERING ! 

DON'T BE FOOLED BY CHEAP IMITATIONS. GUARANTEED & TESTED. 
SOFTWARE AVAILABLE FOR MOTOROLA, GE, ERICSSON, SONY, MITSUBISHI, NOKIA, 

PANASONIC, DIAMONDTEL, TECHNOPHONE, OTHER PRODUCTS COMING SOON. 
SOLD FOR EDUCATIONAL PURPOSES ONLY 

CELLSOFT 
609 -751 -2242 EXT # 2 FAX 609- 751 -5549 

JEM MARKETING, LLC 100 SPRINGDALE ROAD A3 SUITE 113 CHERRY HILL NJ 08003 

CIRCLE 317 ON FREE INFORMATION CARD 

SellGtlL!. rite ftLdecC .tl#r:ce 1981 

F.LF.('TR DAVIE'.S 
1270 E Broadway Rd. # 113. Tempe AZ 85282 

Tunes 88 -108 MHz. 

Powerful 2 stage audio amplifier. 

Sensitive, picks up sounds at the 
level of a whisper. 

Up e mile range. 

Requires 9V battery. (Not tort.) 01111 
SUPER-MINIATURE FIA TRANSMITTER 

Super small FM transmitter. Use with any FM broad- 
cast receiver Easy to assemble, all chip (SMT) parts 
are pre -assembled to the circuit board. 

XST500(E-1)Klt $44.95 

Dial your phone from anywhere 
and listen to the sounds 
inside your home. 

Two digit Touch Tone 
code for secure operation. 

TELEPHONE SNOOP 
The latest in home or office security Call home from any - 

vtere, enter a two digit sauriry code, and hear to sounds in 

your home Automatically turns on without ringing pre phone, 
verities code, then activates for one and a halt minutes. 

XPS -CASE KIT $13.95 

XPS1000 C KIT . 9.95 

Digital voice changing male to female. 
female to male, adult to child, child 
to adult. 

Anonymity on any call. 

Button for normal operation. 

16 levels of voice masking. 

VOICE CHANGING TELEPHONE 
STOP THOSE ANNOYING TELEPHONE CALLS! Sound 
older and tougher when you want to. Not a kit. Fully 
assembled. Single phone operation only. 

I. 

TRANSITN1N2000 $89.95 

SATISFACTION 
GUARANTEED! 

Miniature photo battery mounts 
right on circuit board. 

Tunes 88 -108 MHz. 

Up to 12 mile range. 

Sensitive 2 stage audio amplifier, picks 
up sounds at the level of a whisper.. 

ANIATURERMIRANSMII7ER 
Including the battery, this is the Worlds smallest FM 

transmitter. Use with any FM broadcast receiver. Easy 
to assemble, uses pre -assembled circuit board. 

XWB1000 E -Z KIT $49.95 

BUY WITH CONFIDENCE FROM XANDI 
30 -DAY REFUND POLICY 
TECH SUPPORT NUMBER 

(602- 894 -0992) 

Up to 1 mile range. 

Miniature photo battery mounts 
right on circuit board. (Included) 

Amazing audio sensitivity, picks up 
sounds al the level of a whisper. 

CRYSTAL CONTROLLED RN TRANSMITTER 
Including the battery, this is the Worlds smallest crystal con- 

trolled FM transmitter. Transmits to any scanner type receiver. 

Easy lo assemble, uses pre-assembled circuit board. 

Transmits a continuous beeping tone. 

Adjustable from 
88 to 108 MHz. 

Up to 1 mile range. 
gIC 

Works with any FM 
broadcast receiver. 

TRACING1RINSANTIER 
Only 0.7 by 2.4 inches, the XTR100 operates at voltages of 3 

to 18 Volta and is ideal for use in locating lost model rockets. 

bicycles. automobiles, games of hide and seek, and contests. 

XTR100 C Kit $33.95 

Digital voice changing male to fe- 
male, female to male, adult to 
child, child to adult. 

Use with any modular phone. 

16 levels of voice masking. 

Connects between handset and phone. 

VOICE CHANGING ACCESSORY 
STOP THOSE ANNOYING TELEPHONE CALLS! Sound 
older and tougher when you want to. Not a kit. Fully 
assembled. Use with single or multi -line phones. 

TRANSITION2001 $59.95 

artI 

II WE ACCEPT VISA, MC, MO, COD vis# 
SHIPPING B HANDLING EXTRA 

*Uses sensitive microwave 
transistor amplifier. 

Covers 1 to 2,000 MHz 

Compact hand held unit. 

Includes miniature loud 
speaker for audio indication of 
detects_ -d sonal 

SHISIIIVEBUGDE7ECTOR 
When the XBD200 intercepta a signal in 8e 1 H 2.000 MHz 
range it emits a grant that increases to a hill pitched squeal 

as the signal strength increases. 

XBD200 C Kit $49.95 

Uninterrupted coverage of 800 
to 950 MHz. 

Works with any scanner that 
can receive 400 to 550 MHz. 

800 -950 MHz SCANNER CONVERTER KIT 
If your scanner can receive 400 -550 MHz, just add 
the XLC900 for uninterrupted 800 -950 MHz cover- 
age. It converts all 800 -950 MHz signals down to 400- 
550 MHz so your scanner can receive them! Add our 
custom case kit for that 'Professional' look. 

XLC -CASE KIT $13.95 

XLC900 C KIT $49.95 

TOLL FREE ORDER LINE 
1 -800- 336 -7389 

ASK FOR FREE CATALOG OF OUR PRODUCTS 

*Smallest Phone transmitter 
anywhere! 

Tunes 88 -108 MHz. 
No batteries required, 

Up powered by 

range. 

line. 

Attach to phone line 
anywhere in house, even inside phone 

SU PER - MINIATURE PHONETRANSMITIER 
Worlds smallest FM phone transmitter. Use with any FM 

broadcast receiver. Easy to assemble, all chip components 
are pre -assembled to the circuit board. 

XSP250 (E-Z Kit $34.95 

Use with any FM broadcast receiver. 

Hear every sound in an 
entire house! 

410 
Up to 1 mile range rte 

Powerful 2 stage 1. 
audio amplifier. 

MINIATURE FM TRANSMITTER 
The XFM100 has a super sensitive microphone and is 

capable of picking up sounds at the level of a whisper 
and transmitting them to any FM broadcast receiver. 

XFM100 C) Kit $32.95 

Transmit high quality stereo to any FM - 

stereo receiver. 

Built -in output level monitor for 

quick and easy tuning. 

Ideal for use with personal CD 
player. 

FM STEREO TRANSMITTER 
Transmit full -bodied Hi Fi stereo to any FM stereo receiver. 

Separate left and right inputs and gain controls. Includes an 

output boaster stage for greater range. 

XFS -CASE KIT $13.95 

XFS108 C KIT $41.95 

SEND MAIL XANDI ELECTRONICS 
ORDERS TO: BOX 25647 

TEMPE AZ 85285-5647 

CIRCLE 281 ON FREE INFORMATION CARD 
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THE TOTAL COST FOR SHIPPING 
MOST MIXED ORDERS FROM THIS 

ADVERTISMENT BY FEDERAL 
EXPRESS IS $15 - $25 

ALL PRICES ARE IN US DOLLARS. 

HEAD MOUNTED IR BI \OCULARS 

These lightweight USSR made binoculars will 
produce good vision with 1/4 moonlight 
illumination, but can also be IR assisted at 
lower light levels: Work well with our $11 IR 

filter. Powered by 4 MA batteries (6V), 1 X 

magnification, angle of vision 28 deg., 
focuses from 2' to infinity. 

$380 

VISIBLE LASER DIODE KIT 

Just the basics: A 5mW / 670nM visible laser 
diode plus a collimating lens, plus an APC 

driver kit UNBELIEVABLE PRICE: 

$26 

See in the dark! Make your own night scope 
that will produce good vision in sub -starlight 
illumination! We supply a three stage fibre 
optically coupled image Intensifier tube, EHT 

power supply kit, and sufficient plastics to 
make a monocular scope. The three tubes 
are supplied already wired and bonded 
together. 

$200 for the 25mm version 
$280 for the 40mm version 

We can also supply the lens (100mm f2: $50) 
and the eyepiece ($12) which would be 
everything that is necessary to make an 

incredible viewer! 

CCD CAMERA 

Monochrome CCD Camera which is totally 
assembled on a small PCB and includes an 

Auto Iris lens. 9-12V DC operation. It can work 
with illumination of as little as 0.1Lux, and is 
IR responsive: Can be used in total darkness 
with Infra Red illumination. A suitable 
illuminator is our HIGH POWER LED IR 

ILLUMINATOR kit. Overall dimensions of 
camera are 24 X 46 X 70mm and it weighs 
less than 40 grams! Can be connected to any 
standard monitor or the video input on a 

Video cassette recorder: EIA ( US - NTSC) 

compatible. 

$145 

These US made tubes are "pulls" from 
equipment, in excellent condition. Have 25 / 
40 mm diameter, fibre - optically coupled 
input and output windows. The 25mm tube 
has an overall diameter of 57mm and is 60 
mm long, the 40mm tube has an overall 
diameter of 80mm and is 92mm long. The 

gain of these is such that they would produce 
a good image in approximately 1/2 moon 

illumination, when used with suitable "fast" 
lens, but they can also be IR assisted to see 
in total darkness. Our $11 IR filter is suitable 
for use with these tubes. Suitable for low light 
video preamplifiers, wild life observation, etc. 
Each of the tubes is supplied with an 9V - EHT 

power supply kit. REDUCED PRICES: 

$75 For the 25mm intensifier tube and 
supply kit. 

$110 For the 40mm intensifier tube and 
supply kit. 

We also have a good supply of the same 
tubes that may have a blemish which is not 
In the central viewing area!: Satisfaction 
guaranteed! !!ON SPECIAL!! $40 For a 

blemished 25 or 40mm (Specify preference) 
image intensifier tube and supply kit. 
Matching good quality eyepiece lens only, $6 
Extras That's almost a complete night 
viewer kit for $46. 

IR TUBE AND SUPPLY 

A tube and supply combination that can be 
used as the basis of making a very sensitive 
IR responsive viewer. The tube employed is 
probably the most sensitive IR responsive 
tube we ever supplied, and the EHT supply kit 
enables the tube to be operated from a small 
9V battery. Basic Instructions provided. 

$80 

MINIATURE FM TRANSMITTER 

Not a kit, but a very small ready made self 
contained FM transmitter enclosed in a small 
black metal case. It is powered by a single 
small 1.5V silver oxide battery, and has an 

inbuilt electret microphone. SPECIFICATIONS: 

Tuning range: 88 - 108MHz, Antenna: Wire 

antenna - attached, Microphone: Electret 
condenser, Battery: One1.5V silver oxide 
LR44 / G13, Battery life: 60 hours, Weight: 
15g, Dimensions: 1.3" X 0.9" X 0.4 ". 

$25 

SECOND GENERATION TUBES 

WE SHOULD HAVE A REGULAR SUPPLY OF 

SOME NEW USSR MADE 18mm 2'ND. GEN. 

FIBRE OPTICALLY COUPLED IMAGE 

INTENSIFIER TUBES @ APPROX. $500. 

INFRA RED FILTER 

Very high quality IR fitter and a RUBBER lens 

cover that would fit over most torches 
including MAGLITE's, and convert them to a 

good source of IR. Suitable for use with 

passive and active viewers. 

511 

For the filter and the rubber lens cover. 

GLASS PRISMS 

Precision 90 deg. glass prisms with a 

mirrored backing. We have a limited quantity 
of these prisms 

$10 
For the smaller prism: Approximately 18 X 18 

X 24 X 64mm. 

$20 
For the larger prism: Approximately 18 X 18 X 

24 X 127mm. 

See Electronics Now Oct. 94. This kit is 

based on a BRAND NEW passive night vision 
scope, which is completely assembled and 
has an EHT coaxial cable connected. This 
assembly employs a high gain passive tube 
which is made in Russia. It has a very high 
luminous gain, and the resultant viewer will 
produce useful pictures with starlight 
illumination. It needs an EHT power supply to 
make it functional, and we supply a suitable 
supply and it's casing in kit form. 

$220 

MISCELLANEOUS ITEMS COMPONENTS 
AND KITS 

FM TRANSMITTER KIT - MKII: $8 
SINGLE CHANNEL UHF REMOTE CONTROL 
KIT: One transmitter and one receiver: $32 
additional transmitter $11 
4 CHANNEL UHF REMOTE CONTROL KIT: Two 

transmitters and one receiver: $68 
ELECTRIC FENCE KIT: PCB and components 

$28 
GARAGE - DOOR - GATE REMOTE CONTROL 

KIT: ..Tx $13 ..Rx $56 
LASER BEAM COMMUNICATOR KIT: Tx, Rx, 

plus IR Laser $39 
PLASMA BALL KIT: PCB and components kit, 
needs any bulb $18 
HIGH POWER IR LED's - 880nM / 30mW / 
12deg. @ 100mA .10 for $6 

OATLEY ELECTRONICS 
S LANSDOWNE PDE.. OATLEY. 

SYDNEY. NSW. AUSTRALIA 2223 

PHONE ORDERS 
East Coast between 7pm and 2am 

West Coast between 4pM and 11pm 
011 61 2 579 4985 

FAX ORDERS 
011 61 2 570 7910 

MASTERCARD -VISACARD- 
AMERICAN EXPRESS CARD WITH 

TELEPHONE OR FAX ORDERS, 
INTERNATIONAL BANK DRAFTS WITH 

MAIL ORDERS 
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747 CABLE TV Universal Product -New Technology 
LowerYour Monthly Fees 

MODEL 5000 Fully Assembled $199.95 
Our fully assembled product is tested and Guaranteed 
to work on your system. We will also include an AC 
adaptor and complete hookup instructions.This unique 
product will be available for a limited time only! 

4000 And 5000 Features 
The latest in Video Amplification Technology. 
New clocking circuits to stabilize color and 
picture performance. 
The most advanced picture locking circuitry. 
Inverted Video Option is available. 
Connects easily to your VCR. 
NO converter box is necessary. 

The Halcyon Group 

1- 800 -664 -6999 

MODEL 4000 KIT $79.95 
The 4000 KIT comes with electronic 
components and Cad designed PC 
board. We provide schematic, parts 
list, wiring diagram, tutorial guide, 
and FREE in -house support. 

Model 4000A Enc Pak $44.95 
The4000A Enclosure Pak provides 
the hobbyist, a custom enclosure, AC 
adaptor and finish accessories to give 
your kit the professional look. 

Fruit: Canada Call 
1-813- 751 -3262 

Anyone implying theft ofcablesery ice will be denied assistance. 

CABLE TV DESCRAMBLER KITS 
"New & Improved Version" 

Universal Descrambler 
Includes all the parts and an 

etched & Drilled PC Board. Not 
included is AC adaptor or 
enclosure $69.00 

Tri -Mode Descrambler SB -3 Descrambler 
Includes all the parts and an Includes all the parts & an 

etched & drilled PC board & etched & drilled PC board 
AC adaptor. Not included is & AC adaptor. Not included 
the enclosure $49.00 is the enclosure $39.00 

Call Toll Free 1- 800 - 886 -8699 
Visa, MasterCard & COD. 

M & G Electronics, Inc. 2 Aborn Street, Providence, RI. 02903 

It is not the intent of M & G Electronics, Inc. to assist any individual to defraud any pay TV 
operator or to violate any state or federal laws regarding the use of the descrambler kits. You 
must understand the kits being purchased for educational and or experimental use only. 
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136c5 SALES 
CALL (810) 566 -7248 FAX (810) 566 -7258 24 hrs. 

Hours: Monday through Friday 8am to 7:30pm EST - Saturday 10am to 3pm. 
51756 Van Dyke St. #330, Shelby Township, MI 48316 

que CaIcaIaIo4 cuiíli oncQeh! 

CONVERTER 
5 10 5 10 

PANASONIC TZ -PC 145362..$68 $64 DRX -3 PJ $37 $33 
WAVEMASTER $65 $60 DRZ -3 PJ $38 $34 
DRZ-3 A & B DUAL INPUT $39 $35 8528 PJ $45 $42 

CONVERTER /DESCRAMBLERS 
5 10 

8600 $275 $265 DPV-5 
8590 $260 $250 DP-5 
8580 $195 $185 DRZ-3-DIC 
DPV-7 $225 $215 DRX-3-DIC 

5 10 

$145 $130 
$125 $110 
$95 $85 
$89 $79 

ADD -ON DESCRAMBLERS 
10 LOT SPECIAL 

PIONEER GREEN $65 J -TVT -GOLD $42 
SA -M80 $65 J -MINI TVT $42 
J -TNT $65 H -MLD 1200 -3 $35 
J- PURPLE $49 

NOTE: MENTION AD FOR THESE PRICES! 
NO MICHIGAN SALES 

We are now offering a 6 month warranty. In order for warranty to be in effect, this form must 
be signed and returned. FOR VCR, SECOND, THIRD, ETC. HOOK -UPS. 

YES, I agree all units are to be used or resold in compliance with Federal and State laws. 

Signature Date 

NAME ADDRESS 

CITY STATE ZIP PHONE 

It is not the intent of B &S Sales to defraud any pay television operator and We will not assist any company or individual in doing the same. 

CIRCLE 217 ON FREE INFORMATION CARD 
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What Do These Prestigious 
Companies Have In Common? 

Aerovox 
DC Film and RFI Suppression Capacitors, Aluminum 

Electrolytic and AC Oil Capacitors, EMI Filters 

AMP 
Electrical /Electronic Connectors. IC Sockets, 

PCB Switches 

M 
RAD Engineering, Inc. 

Motor Run Capacitors, HID Lighting Capacitors, 

Power Factor Correction Capacitors 

Miniature and Subminature Coaxial 

Connectors and Cable Assemblies. 

/AVM CORPORATION ...ou«.corw 
MLC, Tantalum and Thin Film Capacitors, Resistors, 

Networks, Integrated Passive Components, 

Trimmers, Oscillators, Resonators, Filters, Piero 

Devices, and Connectors 

BERG' 
E L E C T R O N I C S 

High Density and Industry Standard 

Connectors/Subsystems 

CAROL 
Electronic and Electrical Wire and Cable and 

Power Supply Cords 

Tubing, Conduits, H se, Sleevings, Splices, 

Insulation and Cable Harness Products, Power 

Cords and Cordsets 

IIIyInstruments, Inc. 
CH Midtex 

Relays and Solenoids 

Bussmann 
Fuses, Fuseholders, Fuse Blocks, and Fuse 

Accessories 

CORNELL 
DUBILIER 

Capacitors- Aluminum Electrolytic, Mica, 

AC Oil, film, MICA Paper and Relays 

COMPANY OF 

Dale Electronics, Inc. 

Resistors, Networks, Oscillators, Displays, 

Inductors, Thermistors, Connectors, A 

Transformers 

in v n v. 
INDUSTRIES. INC. 

Batteries: Computer, Cordless Phone, Laptop, 

Scanner, Alarm and Medical 

Antennas: Cordless Phone and Scanner 

DEARBORN 
WIRE AND CABLE L.P. 

r 

E:TN 
Eaton Corporation, Commercial 
& Military Controls Operation 

Switches, Relays, Displays and Keyboards 

ELECTRONICS 
Quartz Crystals, Clock Oscillators, Surface Mount 

Products, Programmable Devices 

4GERNSBACK 
PUBLI CATION 

i ills llanlß 
Electronics Now Magazine 

C3IIARDIAN 

Relays and Solenoids 

KEMET 
Electronics Corporation 

Multilayer Ceramic and Solid Tantalum 

Capacitors 

KM SPEER 
Resistors, SMT Tantalum Capacitors Inductors, 

Resistor Networks, SMT Thermistors 

MALLORY 
North American Capacitor Compara 

Tantalums, Aluminums, SonaltensR Ceramics, 

Films and AC's 

Mtron 
Quartz Crystal 

Hybrid Oscillators 

muRotn 
Fixed Ceramic Capacitors, Variable Capacitors and 

Resistors, Crystal Oscillators, Ceramic Filters, 

Resonators, EMI Filters, Hybrid Circuits and more. 

Panasonic 
Industrial Company 

Resistors, Resistor Networks, Ceramic, Film, 

Electrolytic, Double Layer Capacitors, 

Potentiometers, Switches, Inductors, Filters, 

Resonators, Variston, Thermistors 

Philips Components 
Philip, Electronics Nonh America Co,porar,on 

Resistors, Ferrite Components 

Alluminum Electrolytic, Film B Ceramic Capacitors 

"l'hcy sk211 

through 
distributors. 

'T'hey' belong 
to thé E.I.A. 

"l'hey belong 
on your 

. e nelOr list. 

Quam 
Loudspeakers and Commercial Sound Products 

ROHM 
Rohm Electronics Division 

Resistors, Ceramic Capacitors, 

Transistors/Diodes, Opto Components and IC's 

°0-ISEIECTA 

Switches, Relays, Terminals, Indicator /Pilot 

Lights, LED Indicators, Test nips, Test Leads, 

Cable Ties and Heat Shrinkable Tubing 

Tantalum Capacitors, Wet & Foil Capacitors, 

Resistor Networks, Resistor Capacitor 

Networks, Filters 

Swag 
A RIayeMSM Company 

Swathes, Connectors, Jacks, Plugs, Jackhelds & 

Audio Accessories, Cable Assemblies 

Leadership in electronics is not 

just a matter of designing 

products better and 

manufacturing them better, but 

also of marketing them better. 

And the sponsors of this 

message understand that better 

service to customers requires 

effectively involving distributors 

as part of their marketing 

teams. 

Distributor involvement means 

lower prices, quicker deliveries, 

better service over -all. The 

Buyer wins...the Seller wins. 

Distributors help achieve 

marketing leadership. So does 

the manufacturer's involvement 

in the Components Group of 

the Electronic Industries 

Association. EIA fosters better 

industry relations, coherent 

industry standards, and the 

sharing of ideas, which helps 

one another and serves 

customers better. 

In choosing your component 

supplier, look for the marks of 

leadership -- 

availability through distribution 

membership in E.I.A. 

Our 
70th 
Anniversary 
Year 

Electronic Industries 
Association /Components Group 
2001 Pennsylvania Avenue, N.W., 

11th Floor 
Washington, D.C. 20006 

Phone: (202) 457 -4930 
Fax (202) 457 -4985 

Committed to the competitiveness 

of th eAmerican electronics 
producer. 
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OCEAN STATE ELECTRONICS 
HOBBYIST, AMATEUR, OR COMMERCIAL - WE'RE YOUR ONE STOP ELECTRONIC SOURCE 

CALL OR WHITE FOR OUR FREE 120 PAGE CATALOG 1- 401- 596 -3080 

DELUX CODE KEY 
Adjustable, heavy duty brass base 

with ball bearing artists. 
Designed for hard usage 

3/16 plated contacts. 

$12.75 

CODE PRACTICE 
OSCILLATOR & MONITOR IN KIT 

FORM OR WIRED 
A sold -state code practice oscillator and monitor that 
uses the latest IC cncunry. It contains a 3" built-in 
speaker, headphone terminals, a volume control and a 

tone control. h is a anractvely 
packaged with a two color panel With 
the addition of a few parts, the une can 
easily be converted into CW monitor It 

can there lore be used as an operating 
aid after the code has been learned 

Kit $19.95 

Wired $24.95 

IRON 
T-25-2 
T-25-6 
T37-8 
T-37-12 
T.50-2 
T-50-3 
T50-6 
T88-0 
T88-2 
768-8 
T80-2 
T200-2 

TOROIDS 
FERRITE 

35 FT37-43 60 
35 FT37-01 60 
45 FT37-77 80 
45 FT50-43 75 
55 F750-81 75 
55 FT50-77 75 
55 FT82-43 1.00 
75 FT82-87 1.00 
75 FT82-66 1.00 
75 F7114-81 1,90 
90 FT140ß3 3.15 

5.00 FT240-61 e.00 

WE STOCK A COMPLETE UNE OF 
TOROIDS AND BEADS. 

MAKE CIRCUIT 
BOARDS THE NEW, 

EASY WAY WITH 
TEC -200 FILM 

JUST 3 EASY STEPS: 

Copy circuit pattern 
on TEC -200 film 
using any plain 
paper copier 

Iron film on to 
copper clad board 

Peel off film and etch 

Convenient B 1/2 x 11 size 

Wth Complete Instructions 

5 SHEETS 88.25 
10 SHEETS ........ $10.75 
20 SHEETS ........ $10.25 
50 SHEETS $33.50 

NEW! SOFTWARE FOR MAKING 
PRINTED CIRCUIT BOARDS ON ANY 

MS-DOS IBM COMPATIBLE PC 
Make single or double sided PC Board artwork, 
up to 30" x 30 ". 
Print your artwork on any PostScript, Laser 
Printer. 
Produces a 1X positive, ready to use with 
precoated board. No other artwork required. 
Produce industry standard solder mask and 
component layout for silkscreen art. 

The NEW PCDATAK"r software kits you create PC boards ranging 
from prototypes to hobby profeds, and on a par with the Pro's. You 
may do the complete parsed crcue board layout artwork on your own 
PC; at a fraction of the cost of other programs. Print the layout on any 
PoetScrOV' compatible printer, either on regular paper to be photo- 
graphed for a positive or negative, or on clear film to be used directly 
as a positive with other Datak products. 

PCDATAK^' wit produce soldering pads for aN standard components, including the latest in surface mount products 
Custom features- (components) may be designed easily, when needed User selectable pads and connecting trace 
widths let you do any circuit that you can imagine 

The NEW PCDATAKe' software from DATAK may be used on any MS -DOS, IBM compatible personal computer with 
a system minimum of. a hard drive, 2 megabyte free drive space, 640K RAM. a high density 3 5' dekene drive and a 
mouse is recommended. Printing does require a PostScript,. printer which can often be found at a Vocal copy center if 

you do not have your win. 
PCDATAKTM is supplied on one 3.5- diskette with a quick start manual The full users manual is larger and must be printed 
by the user (dot natrir printer old). approximately 75 pages in length 

12 -077 .... PCDATAKTTI software with quickstart manual $59.95 

ap 11 1 
War IeIV. will produce pskpnvY.a. 

Q-DOPE 
Solution of pure polystyrene e solvents Dnes 
fast and leaves a dear, protective coating on 
toriods, cois and transformers, with no or 
minimal effect on inclusive values. May also be 
used as a cement for molded or fabricated 
items made of polystyrene. 

(Bottle with Brush 2 n or 59 mg $3.75 

VERNIER DIALS 
1 -1/21 Demeter 0-10 Marking $8.25 

1 -1/7' Diameter 0 -100 Marking $9.25 
2 Diameter 0 -100 Marking $10.25 

AIRCRAFT 
RECEIVER KIT 
...puts you in the 
pilots seat!! 
Tune into the exciting world of avia- 
tion. L sten to airlines, big business 
Corporate jets, hot-shot military pi- 

lote, local private pilots, control tow- 
ers , approach and departure radar 

control and other interesting and fascinating air -band commun- 
cations. You'll hear planes up to a hundred miles away as well as 
at local traffic. 
The AR -1 features smooth varactor tuning of the entire air band 
from 118 to 136 MHz. effective AGC, superhetrodyne circuitry. 
squelch, convenient 9 volt operation and plenty of speaker 
volume. Don't forget to add our matching case and knob set for a 

line looking project you'll love to show. Our detailed instruction 
manual makes the AR -1 an ideal introduction to two Ide -long 
fascinating hobbies at once - electronics and aviation) 

AR -1 ....AIRCRAFT RADIO KIT $29.95 
C- AR .... CASE SET FOR AR -1 $14.95 

TO ORDER 

SIGNETICS NE602AN 
Balanced Mixer /OSC Popular IC among 
experimenters for budding DC and super-bat 
reCeNWS 

$2.49 

MINI -CIRCUITS SBL -1 

DIODE RING MIXER 
Double balance Murer 

LO/RF - t- SOOMHz 

RF DC - 500 MHz 

$7.75 

LINEAR IC'S TRANSISTORS 

NE555 .45 PN2222A .10 

NE564 1.75 2N2222A .32 

LM733N .65 2N3055 .69 

LM741 .40 2N3553 2.75 

UA7805 .49 2N3563 .40 

1JA7812 .49 2N3866 1.05 

UA7912 .75 2N3904 .10 

LM317T .79 2N3906 .10 

CA3126E 1.60 2N4401 .15 

C 022402E 9.95 M P F 102 .49 

LEARN COMPUTER THEORY BY BUILDING THIS KIT 
DIGITAL TRAINER MODEL MM -8000 

Starting from scratch you build a complete computer system. Our Micro-Master vainer 
teaches you to write into RAMs, ROMs and run a 9085 microprocessor You will write the 
initial instructions to tell the 8085 processor to get started and store these instructions in 

permanent memory in a 2816 E' PROM Teaches you all about input and output ports. 
computer timers. Build your own keyboard and learn how to scan keyboard and display No 
previous computer knowledge required Simple easy to understand instruction teaches you 
to write in machine language Upon completion of the course you we be proficient in 

computer technology. 

Uses the 8085 Microprocessor 

Uses the 2816 E' PROM, electrically 
erasable programmable ROM 

Uses the 81560, 2008 Bit static MOS 
RAM weh l0 pons and timer 

Memory expandable option 

Bust in SV power supply 

28 key keyboard 

Conpletewnh lesson manual. instruc- 
tions and experiments 

$119.95 

Call 1- 800 -866 -6626 ORDERS ONLY 
(Catalog requests can not be taken on toll 
free number.) 
8:30 a.m. - 5 p.m. EST 
Monday through Friday 

OR WRITE TO: 
Ocean State Electronics, 
P.O. Box 1458, Westerly, R.I. 02891 

OR FAX TO: CATALOG /ORDERS 
(401) 596 -3590 (401) 596 -3080 

If paying by CREDIT CARD include Card No. 
and Expiration Date 
Mail in orders include $4.50 shipping/handing 
ALASKA & HAWAII $11.00 
CANADA $8.50 - OVERSEAS $14.00 
Minimum order $10.00 (before shipping) 
R. I. Residents add 7% Sales Tax 

ORDERS RECEIVED BY 1:00 PM EST- SHIP 
SAME DAY! 

Catalog FREE to US Customers. 
Canada, Please send $2.00 

(American funda or US stamps). 
Overseas, Please send $3.00 

(American funds or US stamps). 

Masfl erCad\ L?! 1111 

COPPER CLAD 
PC BOARDS 

One or copper. phenolic base. 

7- x 5' SINGLE SIDED $1.50 
3 1/4" x 6 1/2- DOUBLE SIDED $1.25 

DIGITAL CAPACITANCE/ 
INDUCTANCE METER 

DIGITAL LCR METER measures inductance, ca- 
pacitance and resistance At Last, An LCR meter 
that everyone can afford. Now you can measure 
cois, transformers, chokes from ipM to 200H. Ca- 
padtors from told to 200 nad and resistors from .1 

ohms to 20 rrwg ohms. All in one handheld instru- 
ment. 

MODEL LCR -1801 $119.95 

SIGNAL INJECTOR/TRACER KIT 
This handy tester s both a signal generator and re- 

ceiver As a generator use it to check out an amplifier, 
stage by stage Also tests AM radio IF and RF stages. 
As a receiver you can pin pont where a defective part 
exists Will transmit and receive simultaneously 

$18.95 

,.a5.frs 

a14 ....4.00 
018 ....4.00 
#18 ....4.00 

MAGNET WIRE 
EMS* coated sold capper. For wining 
coil, tranetorrrers and tonsils. Prices tor 
1/4 b. spook. 

020 .... 4.00 028 .... 4.85 038 ....GM 
522 .... 4.25 030 .... 4.85 038 .... 6.95 
024 .... 4.25 032 .... 4.85 040 .... 7.85 
026 .... 4.85 034 .... 8.25 

CIRCLE 260 ON FREE INFORMATION CARD 
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Enter A World Of Excitement with a Subscription to 

Popular Electronics 
Get the latest electronic technology 

and information monthly! 
Now you can subscribe to the magazine that plugs you into the 
exciting world of electronics. With every issue of Popular Elec- 
tronics you'll find a wide variety of electronics projects you can 
build and enjoy. 

Popular Electronics brings you informative new product and lit- 
erature listings, feature articles on test equipment and tools -all 
designed to keep you tuned in to the latest developments in elec- 
tronics. So if you love to build fascinating electronics, just fill out 
the subscription form below to subscribe to Popular Electronics.... 
It's a power -house of fun for the electronics enthusiast. 

EXCITING MONTHLY FEATURES LIKE: j CONSTRUCTION -Building projects from crystal sets to 
electronic roulette 

FEATURES -Educational training on digital electronics, 
Ohm's Law, Antennas, Communications, Antique Radio, Sim- 
plified Theory 

HANDS -ON- REPORTS -User test comments on new and 
unusual consumer products 

SPECIAL COLUMNS -Think Tank, Circuit Circus, Comput- 
er Bits, DX Listening, Antique Radio, Scanner Scene, Amateur 
Radio 

PLUS: ALL OUR GREAT DEPARTMENTS! 

You'll get 12 exciting and informative issues of Popular Electron- 
ics for only $18.95. That's a savings of $23.05 off the regular sin- 
gle copy price. Subscribe to Popular Electronics today! Just fill out 
the subscription order form below. 

MODEL ROE kET LAUNCHER CES ROUND-LIP `E LECHoNE-C Fil ROUTER 

MAT 194 

TIME-DELAYED 

MODEL-ROCKET 

LAUNCHER 
*Ma food Gitlin anti witty with tits debut Inc 

CONSUMER ELECTRONI_ 

SNOW ROUND-UP 
StleNt n lAnml, neNmttita 

let 1ìl, !N tels earl aai este ms 
ieal.4sle,I.0 
hild A Distinctive 
kiwi Switch 
Xgtp{ÇwM wooktioohr 
IiipalMYdeMR 

A Relay Station For 

Yo. - a e (ontrol 

a 
ftstz 11.1.4 

FOR FASTER SERVICE CALL TODAY 

1 -800- 827 -0383 
(7:30AM- 8:30PM) EASTERN STANDARD TIME 

IV 

Ppu1ar Electronics SUBSCRIPTION ORDER FORM 
APEC5 

P.O. Box 338, Mt. Morris IL. 61054 

YES! I want to subscribe to Popular Electronics for PLEASE PRINT BELOW: 
1 Full year (12 Issues) for only $18.95. That's a savings 
of $23.05 off the newstand price. 
(Basic Subscription Rate -1 yr /$21.95) 

Payment Enclosed Bill me later 

Please charge my: Visa Mastercard 

Acct. # 1 1 1 1 1 I I I I I I I I J 

Signature Exp. Date 

NAME 

ADDRESS 

CITY STATE ZIP 

Allow 6 to 8 weeks for delivery of first issue. U.S. Funds only. 

In Canada add Eh fis I5UIdr Hic luJr. C . TI \II (piler F.Irritin .dd 57. TU l' +lagc. 
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K E L V I N ((80) 
645-212 

516) 756-19750 

milmmilliummimm 
10 HUB DRIVE, MELVILLE, NY 11747 (516) 756-1763 /FAX 

Established 1945 

M/C & VISA '20 Minimum 
Order 

KELVIN CATALOG 53 
Stock No. 650412 

150 LE - Student 200 LE - Technician 300 LE - Auto-Range 400 LE - Engineer 

KELVIN 
100 Basic 

M 990087 $1 995 
AC & DC 
VOLTAGES 
DC CURRENT 
RESISTANCE 
3 1/2 Digit LCD 
CONTINUITY TEST 
-Buzzer 
LOW BATTERY INDICATOR 

DIODE TEST BATTERY TEST 

CAPACITANCE 
KELVIN METER 
250 LE $5995 
M 990128 J 

0.5% ACCURACY 
RANGES: 20mF, 
2000uF,200uF,20uF, 
2uF, 200nF, 20nF, 
2000pF, 200pF 
Zero Adjust 
Safety Test Leads 

a Test Socket for 
Plug -in Components 

1 

DC t!5 DN YAX 11118 (MD 

AUTO I 
I I I I rant tttt I WO * wlYA dEw IMcH: 

IIIINiIUIiNIIIWIIIIIiIIIiillillUll 

4*/I10 BM/MAEiMHiMG RBATIYE OC/AC 

( LCR-Hz-dBm ) 

VS2-Hz-Cz 

Standard Features AC & DC VOLTAGES DC CURRENT 
RESISTANCE CONTINUITY TESTER - Buzzer DIODE TEST 

10M ohm INPUT IMPEDANCE ACCURACY +I- 0.5% RDG 

TRANSISTOR 
BATTERY TEST 

DC CURRENT 

10 Amp 

150 LE 
Stock # 990122 

$2995 

FREQCOUNTEP 
up to 20MHz 

CAPACJJTANCE 
from 1p to2 u 

TRANSISTOR 

AC/DC CURRENT 

10 Amp 

200 LE 
Stock* 990123 

$4995 

AUTO 
RANGE 
with 3200 counts 

AC CURRENT 

DC CURRENT 
ANALOG BAR 
10 Amp 

300 LE 
Stock # 990125 

$4995 

INDUCTANCE 
Resolution 1 uH 
FREQ COUNTER 
up to 20MHz 
CAPACITANCE 
from l pF to 200uF 
AC/OCCURRENT 
TRANSISTOR 
DUTY 
20 Amp 

400 LE 
Stock * 990124 

$7995 
Designed to meet IEC -348 & UL -1244 

safety specifications. 
Protective Cases 
For Models 100 Basic, 150LE, 200LE, 300LE 

54 .95 (ä990088) 

Case For Model 400LE 59.95 159901161 

2 Year Warranty 
(Parts & Labor) 

The Ultimate Meter 
TRUE RMS - LCR - Hz - dBm 

Popular Electronics (Reviewed - May 1993) 

"Not only does the Kelvin 94 boast aloi of features ... the features go the extra 

distance." 

"If we had to run into a burning building to do some emergency trouble- shooting and 

could carry in only one piece of equipment, the Kelvin 94 would be it!" 

12 INSTRUMENTS IN ONE - 

DC VOLTMETER, AC VOLTMETER, OHMMETER, AC CURRENT, 
DC CURRENT, DIODE TESTER, AUDIBLE CONTINUITY 
TESTER, dBm, FREQ COUNTER, CAPACITANCE METER, 
INDUCTANCE METER, LOGIC PROBE 

0.1% ACCURACY 
ON DC VOLTAGES 

TRUE RMS ON 

AC VOLTAGES & CURRENT 

FREQUENCY COUNTER 
TO 20 MHz 

LARGE EASY -TO -READ 
3 3/4 DIGIT LCD DISPLAY 

$199 95 
MODEL 94 
#990111 

COMES COMPLETE WITH 
YELLOW HOLSTER, PROBES, 

BATTERY, FUSE, STAND 

AUTO SLEEP & AUTO POWER OFF 
BUILT -IN TO SAVE BATTERY LIFE 
with Bypass 

SHOCK RESISTANT 
HEAVY DUTY CASE WITH 
YELLOW RUBBER HOLSTER 
& TILT STAND 

WATER RESISTANT SEALED CASE 

30 DAY MONEY BACK 
SATISFACTION GUARANTEE 

0.1% ACCURACY 
on DC Voltages 

Water 
Resistant 

Freq Counter to 20 MHz 

Protective Cases for Model sa 
Regular Padded Zippered $9.95 1#990116) 

Deluxe Padded Zippered $14.95 (#990115) 

Meter is designed in 
accordance with safety 
requirements specified in 
IEC -348, UL -1244 VDE-0411. 
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USE ELECTRONIC SHOPPER CLASSIFIEDS 
READ BY MORE THAN 100,000 ELECTRONICS BUYERS AND 

SELLERS AND TRADERS 
INSTRUCTION FOR PLACING YOUR AD! 

HOW TO WRITE YOUR AD 
TYPE or PRINT your classified ad copy CLEARLY (not in all 
capitals) using the form below. If you wish to place more than one 
ad, use a separate sheet for the additional ads (a photocopy of 
this form works well). Choose a category from the list below and 
write that category number into the space at the top of the order 
form. If you do not specify a category, we will place your ad under 
Miscellaneous or whatever section we deem most appropriate. 

We cannot bill for classified ads. Payment in full must accompany 
your order. We do permit repeat ad or multiple ads in the same 
issue, but in all cases, full payment must accompany your order. 

WHAT WE DO 
The first two words of each ad are set in bold caps at no extra 
charge. No special positioning, centering, dots, extra space, etc. 
can be accommodated. 

RATES 
Our classified ad rate is $1.25 per word. Minimum charge is 

$18.75 per ad per insertion (15 words). Any words that you want 
set in bold or caps are 200 each extra. Bold caps are 400 each 
extra. Indicate bold words by underlining. Words normally written 
in all caps and accepted abbreviations are not charged as all -caps 
words. State abbreviations must be Post Office 2 -letter abbrevia- 
tions. A phone number is one word. 

CONTENT 
All classified advertising in the Electronic Shopper is limited to 
electronics items only. All ads are subject to the publisher's ap- 
proval. We reserve the right to reject or edit all ads. 

DEADLINES 
Ads received by our closing date will run in the next issue. For 
example, ads received by April 1 will appear in the July,1995 issue 
that is on sale in June 1. Shopper ads will appear Jan., Mar., May 
etc. No cancellations permitted after the closing date. No copy 
changes can be made after we have typeset your ad. NO RE- 
FUNDS, advertising credit only. No phone orders. 

AD RATES: $1.25 - r word, Minimum $18.75. 

Send your ads with payment to: 
Electronic SHOPPER, 500 -B Bi- County Blvd. Farmingdale, NY 11735 

CATEGORIES 
100 - Antique Electronics 270 - Computer Equipment Wanted 450 - Ham Gear Wanted 630 - Repairs- Services 
130 - Audio -Video -Lasers 300 - Computer Hardware 480 - Miscellaneous Electronics For Sale 660 - Satellite Equipment 
160 - Business Opportunities 330 - Computer Software 510 - Miscellaneous Electronics Wanted 690 - Security 
190 - Cable TV 360 - Education 540 - Music & Accessories 710 - Telephone 
210 - CB- Scanners 390 - FAX 570 - Plans- Kits -Schematics 720 - Test Equipment 
240 - Components 420 - Ham Gear For Sale 600 - Publications 

CLASSIFIED AD COPY ORDER FORM 
Ad No. 1 -Place this ad in Category # 

i-$18.75 2 - $18.75 3 - $18.75 4 - $18.75 29 - $36.25 30 - $37.50 31 - $38.75 32 - $40.00 

5 - $18.75 6 - $18.75 7 - $18.75 8 - $18.75 33 - $41.25 34 - $42.50 35 - $43.75 36 - $45.00 

9 - $18.75 10-$18.75 11 -$18.75 12-$18.75 37 - $46.25 38 - $47.50 

Ad No 1 -Total words 

All Caps words 

Bold words 

Bold Cap words 

Card # 

39 - $48.75 40 - $50.00 

x $1.25 per word =$ 13-$18.75 14-$18.75 15 - $18.75 16 - $20.00 

x .20 per word =$ 
17-$21.25 18-$22.50 19-$23.75 20-$25.00 

x per word =$ .20 

x per word =$ 21 - $26.25 22 - $27.50 23 - $28.75 24 - $30.00 .40 

TOTAL COST OF AD No.1 $ 

25 - $31.25 26 - $32.50 27 - $33.75 28 - $35.00 

Total classified ad Payment $ 

[ ] Check [ ] Mastercard [ ] Visa 
order) 

enclosed. 

($18.75 minimum credit card 
Expiration Date - - / _ 
Signature 

Name 

126 Address 

Phone 

City State Zip 
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Powerful Integrated Digital and Analog (Berkeley Compatible Spice) 
Circuit Design and Simulation Software for Microsoft Windows (network compatible) 

Great Features For Less!! Includes 4 Integrated Modules: L igicoaeigner + WinSpica + WinScope + Symbol Editor 

Perfect For Students. Technicians and Engineers!!! 
Simply connect your circuit on the screen. enter simulation options, then kick back and watch t workli 

Comes with two Spice libraries plus 5 more libraries of Active Digital Devices CMOS. 74xx. 74xxx. 

ALUs, counters, MUX. FFs etc Plus a Passive symbol library of Microprocessors and more Use 

the Symbol Library Editor to Design your own symbols and symbols to represent Subcircuds. True 

Bussing. Buss pers can be assigned Unique Names. Parts Billing List, Legends. Nested Subclreults 
for Hierarchical Top Down or Bottom Up Design. Checks Fan Out Violation and Electronic Rules. 

Device Unit Numbers/Chip Pinouts Automatically added as per Data Books, Connectors, Spice Netlst 
Generation, Continuous ZOOM In /Out. Cut/Copy /Paste, Multiple Rotatable Fonts, Rotatable Symbols, 

Multipage Zoomed In /Out Printouts to Windows Compatible Printers. ON LINE HELP. 

LogicDesigner Digital Simulation /Schematic Capture Module 
Interactive Digital Simulation and Schematic Capture. Single Step Mode. Variable Speed Simulation, 

Programmable Digital Delays. Muth Waveform Scrolling Timing Diagram Memorizes up to 30000 

Ticks Worth Of Timing Data, Truth Table Generation, Binary to 7 Segment Displays, Hex Keypads. 

Programmable Clock Sources Logic Probes. Built in Logic Analyzer can be set up to generate Edge 

or Level Sensitive Breakpoints, or when Signals are Equal To, Greater Than. or Less Than a Certain 

Value or any AND /OR Combination. Sequential Breakpoints help Track Down and Debug Circuit Race 

Conditions Glitches, setup and Hold Violation and other Circuit Design Errors. Simulates Th State, 

Open Collector & Don't Care Logic. RAM /ROM One Shot. Carry Look Ahead, Shift reg, Pull Up/Down 

Resistors, Test Vectors 
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WinSpice Simulator & WinScope Data Analyzer Modules 
SPICE LIBRARY: MOSFET, GaSFET. BJT. FET, Diode. OpAmps. Compardors. 555 Timer, Resistor 

Cap. Inductor. Transmission Line, Controlled. Independent, Dependent, Arbitrary Source, Pulse, Sin, 

Piece Wise Linear. arid FM Sources, Current and Voltage Controlled Switches. All models Expandable 

Arid User Modifiable Imports MACRO MODELS of Your Favoraite Manufacturer Supplied Parts. 

ANALYSIS TYPES: AC, DC, TRANSIENT POLE -ZERO, NOISE. SENSMVLTY. FOURIER. 

TRANSFER FUNCTION. AND OPERATING POINT ANALYSIS 

QATA ANALYZER: Graphs Simulation Results using Multiple Plot Windows and Waveforms Plots 

Linear, Logarithmic. °olar, Smith Chart. BODE Type Plots n More ZOOM in 

and out of Plot Waveforms Plots Complex Math Expressions Using Plot 

Valables As Arguments, Calculates Derivatives. Log. Trig functions Define 

Macros of Complex Math Formulas 

$69.99 (limited time oiler) Regular Price $179.99 S&H $3.00 VISA etc 

ISLAND LOGBX INC. New Version!!! 
920 South West 95 Tenace 
Pembroke Pines, Florida 33025 U.S.A. 
PH (305)435 -7665 FAX (305)435 -7891 

i% 
' 

MIC'ROSOFia. 
WINWVYJTM 
COMPATIBLE 

CIRCLE 320 ON FREE INFORMATION CARD 

Professional Electronic 
Engineering Software 
Unbeatable Prices. Any Program just $19.99 

BMW 

4 
:4 

UNEAR AC /DC CKT ANALYSIS 
Active & Passive circuits. Up to 70 nodes, 225 
elements. Models for active devices. Cab, Plot & 
Print AC voltages & currents. Cale DC current, 
voltage & power. Plots: Lin, Log Semi, Polar, etc. 

LINEAR TRANSIENT CKT ANALYSIS 
10 Programmable Input Transients. Active, passNe 
chis Up to 70 nodes, 226 elements. Models for 
active devices. Cab, plot & print output Transient 
volta.:s. Cola dc current, yoke,: & .wer. More 

ACTIVE FILTERS DESIGN ANALYSIS 
Deswgn /Anatyze ocffve LPF, BPF 

Chaoyshev, Bessel & All pass filters. Plot response. 
HPF, Butterworth, 

CONTROL SYSTEMS 
Cab & Plot Root Locus, Nyqursf, Bode 
of any H(s) Cola Goln /Phase Margins 
& stablllfy. Add, delete poles or zeros. 

Cob, plot mag/phase of any H(s).More 

FUNCTION GRAPHICS 
Cala, plot, edit any of 88 useful Math 
functions as desired. Muftiplot. More . 

DATA GRAPHICS 
Plot up to 400 data points in 9 
formats. Lin /Log, etc. Curve fit more 

SCHEMATIC DRAW 
Cola, plot transient response of system H(s). 14 Cut, Copy, Paste, Move, Merge, Check 

Input Transients. Inverse Laplace. Edit H(s). More G11á, Label, NetLlst, Add, Change, 
Delete, Print. Line & Tea tools. 128 
symbols, Up to 100 nodes, 1000 

lc polynimiols Roots, Product & Coefficients. elements. More. Mouse Required. 

* Flexible, Powerful & Easy to use 
* Essential Tool Set for Engineers 

C 
Performance 

* Dot Matrix/Laser/Mouse Support Guaranteed J 
* User's Manual Included on Disk 

SPECIAL 9-PROGRAM INTEGRATED PACKAGE 
V3.1 WITHOUT SCHEMATIC DRAW 5,2,48Á9 579.99 

COMPLETE 12.PROGRAM INTEGRATED PACKAGE 
V3.2 WITH SCHEMATIC DRAW S33.991 5129.99 

ViSAAAC ACCEPTED, $5 95 SHIPPINO 

REO: PC AT, 640K BASE MEM. 
EO/VVOA COLOR DISPLAY WITH 268K 
RAM, 008 12 OR HIGHER M8 

B MOUSE. MM SPACE ON HARD DRIVE 

To order or info call/fax 
1(619)384 -3042 or 

CA ADO 7.25 %TAX send check or money order to 

GEOBAN ENGINEERING,PO BOX 658,RIDGECREST CA 93556 

Radiotelephone - Radiotelegraph 

FccCommercial 
License 

Why Take Chances? 1 
Discover how easy it is to pass the exams. 

I Study with the most current materials available. Our I 

I Homestudy Guides, Audio, Video or PC "Q &A" disks I 

make it so fast, easy and inexpensive. No college or 
I experience needed. The new commercial FCC exams I 

have been revised, covering updated Aviation, Marine, 
Radar, Microwave, New Rules & Regs, Digital I 

I Circuitry & more.We feature the Popular "Complete 
Electronic Career Guide ". 1000's of satisfied customers 

I Guarantee to pass or money back. Newest Q &A pools. I 

Send for FREE DETAILS or call 
1- 800 -800 -7588 

WPT Publications 
4701 N.E. 47th St. I 

Vancouver, WA 98661 I 

I Name I 

Address I 

I I 

City St. Zip _ 
I 127 
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Digital Storage 
Oscilloscope 

Digital 
Volt 
Meter 

Data 
Logger 

Frequency Spectrum 
Counter Analyzer 
Allison O -Scope Modules convert 

PC -ATs into multipurpose test 
and measuring instruments 

Features: 
Small & Portable 

Easy to Use 
Software Included 

Uses Printer Port 
AC or DC Input 

10v /div. to 50 my /div. 
Sample Rate to 100KHz 

Optional Dual Trace 
Logging to Disk 
Print Screens 
Optional Probe Sets 
Optional Ext. Trigger 
Power I2VDC, 40 ma. 
Made in U.S.A. 

Low Distortion Sine 
Wave and Spectrum 

,.rMAAv IVP`IrVvAf1,r1` 

Screen Captures of 
Actual Signals 

Uses: 
Audio /Stereo Equip. 
Automotive Diagnostics 
Analytical Instruments 
Education & Training 
Field Service 
Industrial Controls 
Laser Repair 
Medical Electronics 
Power Supplies 
Sound Systems 
Vibration Analysis 

Orders & Inquiries: 1- 800 -980 -9806 
Technical Assistance: 1- 713 -777 -0401 
Fax & BBS: 1- 713 -777 -4746 

Allison Technology Corporation 
8343 Carve!, Houston, TX 77036 

CIRCLE 325 ON FREE INFORMATION CARD 

Miniature 
Robots 

Build a real walking robot 
1 WO 

Muscle Wires Project Book & Deluxe Kit 

Create direct linear action v 1,, u;,,, h li Ires. 
They actually contract up to 5% when powered! 
For robots, planes, railroads - anything needing 
small, strong all -electric motion. Our new info 
packed 128 page Project Book has full plans for 
Boris the motorless robot and 14 other projects. 
Deluxe Kit indudes one meter each 50, 100 and 
150 pm diameter Muscle Wires. Get moving today! 

#3 -168 $59.95 

Electric Piston Deluxe 5 -Pack 
Incredible miniature cylinders 

lift 1 pound each! Just 10 cm 
long, they shorten by 23 mm 
with just 1 volt, 5 amps. Cycles 
up to 6 times per minute. Pack 
has 5 Electric Pistons, one high 
current battery and complete 

i, 

#3 -137 $39.95 

Robot Builder's Bonanza, 
99 Inexpensive Robotics Projects 

A huge collection of practical, 
ready -to-use circuits & devices. 
Sections on parts, tools, methods, 
remote control, vision, grippers, 
navigation & more! 336 pages, 
280 illus. A great value for robot 
builders of all experience levels. 

#3 -114 $17.95 

Space Wings II -now variable speed 

Sleek silver wings flap silently 
using only 5 cm of Muscle Wire. 
Perches on your PC, annoys cats! 

Flaps up to 36 times per minute. 
With circuit board, parts, detailed 
instructions. Requires soldering 
and 2 AA batteries. Makes an 
ideal introduction to electronics 
and Muscle Wires. 

#3 -001 $19.95 

R()N/)1 H1,11 DEW., BO\ANIq 
w INEYR\5ry[ 

M)K)/1(5 hnlE(11 

24 -hour Voice Order line - VISA MasterCard 

800 -314 -5164 
Request cur FREE Muscle W res Technical Brochure 

Mondo - tronics 
524 San Anselmo Ave. #107.74 

son Anselmo, CA 94960 

Questions: 415- 455 -9330 
Fax: 415- 455 -9333 

Internet: info@mondo.com 

To Order: 
Send check, MO 

or credit card info. 
All orders add 
S5.00P &H 

Calif. orders also 
add sales tax. 

International Orders Welcome! First Class P &H: S 11.00 
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AMAZIN 
Mystery 
Levitating 
Device! 
Remember War of the World? Objects float in air and move to 

the touch. Defies gravity, amazing gift, conversaban piece, magic 

trick or great science project. 

ANTI K Easy to Assemble Kit / Plans $19.50 

Laser Ray Gun 

Electro 
Scientif 

is and 
c Products 

DANGER 
RASIRIEoes 

SKIN AoieE EYE ORSIDN ExPOSU E 

TO DIRECTOR SCATTER RADIATION 

CtASSNUSERPRODUCT 

Advanced project produces a burst of light energy capable of 

burning holes in most materials. Hand -held device uses 

rechargeable batteries. 500 joules of flash energy excite either a 

neodynium glass, yag or other suitable 3' laser rod. This is a 

dangerous CLASS IV project (individual parLUassemblies 

available). LAGUNI Plans $20.00 

LAGUNIK Kit! Plans Price on Request 

Extended Play 
Telephone ®®® 
RecordingSystem 
READY TO USE! Automatically controls and records on our X-4 

extended play recorder, taping both sides of a telephone 

conversaban. Intended for order entry verification. Check your 

local laws as some states may require an alerting beeper. 

TAP2OX Ready to Use System $129.50 

Shocker Force Field/ 

A Vehicle Electrifies 
Neat libe device allows you to make hand and shock balls, shock 

wands and electrify objects, charge capacitors. Great payback 

for those wise guys who have wronged you! 

SHKI KM Easy to Assemble Electronic Kit $24.50 

NEW! 

INFINITY TRANSMITTER ++ 

Room Monitor I Phone Line Grabber 
ALL NEW! The Ultimate in Home or Office Security & Safety! 

Simple to Use! Call your home or office phone, push a secret 

tone on your telephone keypad to access either: A. On premises 

sounds and voices; or B. Exisbng telephone conversation with 

break in capability for emergency messages. CAUTION: Before 

assembly or use, check legalities with your state Attorney 

General's office as you may require 'beepers' or other 3rd party 

alerts. TELEGRABI Plans Only $10.00 

TELEGRABIK Kit / Plans $99.50 

Visible Beam Laser 
Easy to build, RED Beam, nimble for miles. Use for ligh 

shows, window bounce holography, cloud illumination and much 

more! LASIKM Kit wltmw Laser Tube, Class II. .$69.50 

LAS3KM Kit w12Smw Laser Tube, Class IIIA $99.50 

100,000V Intimidator 
Shock Wand Module 
Build an electrical device that is affective up to 20 feet. May be 

enclosed for handheld, portable field or laboratory applications. 

ITM2KM Easy -to-Assemble Electronics Kit $49.50 

ITM2 Plans only, credit -able to kit $10.00 

Ion Ray Gun 
Projects charged ions that induce shocks in people and objects 

without any connection! Great science project as well as a high 

tech party prank. 1003 Plana $8.00 

OG3K Kit/Plans $69.50 

Invisible Pain 
Field Generator s))) 
Shirt pocket size electronic 

device produces time variant 

complex shock waves of intense directional acoustic energy, 

capable of warding off aggressive animals, etc. 

IPG7 Plans $8.00 IPG7K Kit/Plans ...849.50 

IPG70 Assembled $74.50 

Blaster Pulser 
Pocket -sized wand produces 100,000 watts of power for personal 

defense, field and lab use, etc. BLS3 Plans $10.00 

BLS3K Kit / Plans $69.50 

Homing I Tracking Transmitter 
Beeper device, 3 mile range. 

HODI Plans $10.00 HOD1K Kit l Plans $49.50 

Listen Through Walls, Floors 
Highly sensitive stethoscope mike. 

STETHI Plans $8.00 STETHIK Kit/Plans $44.50 

RMATION 
UNLIMITED 

1000 Ft++ 

otato Cannon 
NOTA TOY. Uses electronic or pieno 

ignition. CAUTION REQUIRED! 

POTI Plans 
(Dangerous Product) $10.00 

FireBall Gun 
Shoots flaming ball two shot capacity 

Great for special effects and remote 

fire starting. CAUTION REQUIRED! 

FIREBALL Plans (Dangerous Product) S10.00 `- 11. 

TV & FM Joker I Jammer 
Shirt pocket device allows you to totally control and remotely 

disrupt TV or radio recepbon. Great gag to play on family or 

friends. Discretion required. 

EJKIKM Easy to Assemble Electronic Kit $24.50 

ATTENTION: .\ 
High Voltage Fans! 
4,000 volts in the palm of your hand! Experiment 

with anit -gravity, hovercraft, ion guns, force fields, 

plasma guns, shock devices, wireless energy and 

electrical pyrotechnics. Input: 9.14VDC. 

MINIMAX4 Ready to Use S 19.50 

"Laser Bounce" Listener System 
Allows you to hear sounds from an area via a lite beam reflected 

from a window or other similar objects. System uses our ready - 

to-use LATRI Laser Terminator gun site as the transmitter. The 

receiver section is supplied as an easy -to-build kit, including our 

cushioned HS10 headsets. LLIST2 Plans $20.00 

LLISTIK Kit of Both Transmitter and Receiver.... 5199.50 

LLIST20 Assemble with Laser Gun Site $299.50 

.3mw Visible Red Pocket Laser 
Utilizes our touch power control! 

VRL3KM Kit I Plana $74.50 

Electronic 

Puts subjects under control using highly effective electronic 

stimuli. Intended for parties and entertainment but must be used 

with caution, Includes valuable text book reference and plans. 

E112 Plans and Text Book $19.50 

Automotive 

NEON! 
Easy- to-Install --- 
4-Tube Kit ( 

for Cars, Trucks, Vans! 

Available in Pink, Purple, Blue or Green 

please specify color when ordering. 

RG4K (Specify Color) S 129.50 

erFlash-To-Music Option for above 

kit FMUt....._ .___._._.S 2950 

3 Mi FM 

Wireless 
Microphone 
Subminiature! Crystal clear, ultra sensitive pickup transmits 

voices and sounds to FM radio. Excellent for security, monitoring 

of children or invalids. Become the neighborhood disk jockey! 

FMV1 Plans $7.00 FMV1K Kit and Plans ....... $39.50 

Telephone Transmitter -3 MI 
Automatically transmits both sides of a telephone conversation to 

an FM radio. Tunable Frequency Undetectable on Phone 

Easy to Build and Use Up to 3 Mile Range Only transmits 

during phone use. VWPM7 Plans $7.00 

VWPM7K Kit/Plans $39.50 

Dept ENS17, Box 716, Amherst, NH 03031 

Phone: 603 -673 -4730 FAX 603 -672 -5406 
MC, VISA, COD, Checks accepted Please add $5.00 Shipping a Handling 

CATALOG 
With many 
more items) 

Free with Order 
or send SI P&H 

Order by Mall 
or by 24 Hour 

Orders -Only Phone 

800 -221 -1705 
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Invest a stamp 
Save a bundle 
For the price of a stamp, you can get the latest edition of the 
federal government's free Consumer Information Catalog . It 
lists more than 200 free or low -cost publications on federal 

benefits, jobs, health, housing, education, cars, and more, to help you 
save money, make money, and spend it a little more wisely. 
So stamp out ignorance with our free Catalog. Send your name and address to: 

Consumer Information Center, Department SB, Pueblo, Colorado 81009 

The "Checker 12" is a hand held, battery/AC operated computer color monitor pattern generator. 

The "Checker 12" fills a need in both the field service and shop maintenance areas. With the "Checker 12 ", a 

field service technician can quickly isolate display problems without having to open the computer. By simply 
connecting the monitor to the "Checker 12 ", most problems can be quickly isolated. No more swapping video 
cards or monitors. In the shop, no longer will you need to search for the correct video card, or tie up a computer 
system to test or bum in a monitor. With its support of CGA, EGA, MACII, and VGA modes 1,2,3, 300x600, 
1024x768NI, 1024x768NI with sync on Green, you can easily checkout a monitor in all of its modes. 

With the "Checker 12 ", it is easy to test those monitors in the warehouse or on a storage shelf. You can quickly 
tell if the monitor is a VGA, SVGA, or a SVGA/NI. No more guessing. With its ease of operation, anyone can 
checkout a monitor. Even a non technical person can demonstrate proper monitor operation for the customer. 

The "Checker 12" provides various test patterns for VGA monitors. With cross hatch, White screen, and Color 
bars with GRAY SCALE, monitor testing is easier than ever. The pattern and mode are selected with the single 
mode switch. Both size and position can be set with the "CHECKER 12 ". Its' colorbar /8 step gray scale pattern 
allows quick evaluation and or setting of color balance and tracking. 

The "Checker 12" is one piece of equipment that any organization that supports monitor must have. 

Price: $295.00 includes battery, AC adapter, MAC adapter, and 120 day warranty. 

We also have the "Checker VI ", a 6 port, stand -alone VGA (640x480) test pattern generator. NO computer required. only 8249.95 

MasterCard 

Computer & Monitor Maintenance 
6649 Peachtree Ind., Blvd., Suite N -1 Norcross GA 30092 

1- 800 -466 -4411, 404 -662 -5633 (Voice), 404 -840 -8814 (Fax) 

I A 

CIRCLE 175 ON FREE INFORMATION CARD 

Whaddya Say To 

A Guy Who's Had 

The Same Job 

For 50 Years, 

Has Never Called 

In Sick Or 

Showed Up Late, 

\ever Taken A 

Vacation Or A 

Holiday, Never 

Asked For A 

Raise Or Griped 

About His Bonus 

And, Believe It Or 

\ot, Has No 

Plans For 

Retirement? 

_sMÓKEr: 

Thanks. 

Remember - only you can prevent forest fires. 
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Don't Despair...REPAIR! 
Here's how to troubleshoot and 
repair your electronics successfully! 

You Can Be Your Own Repair Expert! 

For VCRs, camcorders, audio equipment, TV 

equipment, computer hardware, office equipment, 

home appliances, automobile electronics, and outdoor 
equipment. 

Pinpoint and analyze problems quickly. 

Successfully complete repairs with hands -on 

troubleshooting instructions. 
Become skilled understanding flowcharts and 

schematic diagrams. 
Confidently use test equipment such as 

oscilloscopes, frequency counters, and 

video analyzers. 
Keep your equipment in top 
condition with effective preventive 
maintenance techniques. 

Continue to Broaden Your 
Repair Expertise! 

You'll receive quarterly supplements, up to 

160 pages, with new step -by -step repair and 
maintenance instructions, valuable schematics 

and new repair techniques. Learn how to 

repair a growing variety of appliances with 

hands -on repair projects that will keep you 

up-to -date with later models and technology. 

You'll be thrilled with your ability to repair a 

growing list of electronic equipment! Supple- 

ments may be returned or cancelled 

at any time. 

SAVE $10 

Call our toll -free number, 

pay by credit card, and mention 

this ad. We'll deduct $10! 

We'll also waive 

shipping and handling. 

One Source For All Your Repair Needs! 
Better organized than a magazine, more current than a book. 

900 -page manual 

easy -to- follow, detailed instructions 

trouble analysis flowcharts 

safety precaution checklists 

comprehensive replacement parts list 

directory of manufacturers 

Electronics Repair 

Manual 
.e....+,ONO """ Morn* ta.r 

WOW o...+""' 

%C: :. i{v.2-... 
Sa 

(? 

X 

Order today for your 30 -day, no -risk 
review of The Electronics Repair Manual. ass' 

For Faster Service Call TOLL -FREE 

1- 800 -222 -WEKA 
Or Fax To: 1-800-256-5915 

CIRCLE 324 ON FREE INFORMATION CARD 0 

MONEYBACK 
GUARANTEE 

There's no risk in 

trying the 

ELECTRONICS 
REPAIR MANUAL 
to see if it's right for 

you. If you are not 
delighted, simply 
return the manual 
after the 30-day 
trial period and 

receive a 

prompt refund. 

!Cl Bridgeport Ac. 

Shelton. CT 06-18.4 

<S 

<3 

r 
YES' Please rush me a copy of the new Electronics Repair 

Manual for only $59.95 + $5.50 shipping and 

handling. I understand that if I am not satisfied I may return the 

manual within 30 days for a complete refund. Supplements are 

sent quarterly for 254 per page (never more than $30) and may be 

returned or cancelled at any time. 

O My payment is enclosed Bill me later 

Charge my Visa MasterCard 

Acct. No. Exp. Date 

Signature 

Phone ( ) 

Name 

Address 

City State Zip 

All payments must be in U.S. funds. Canada add $10. 
All other'countries add $15. CT residents add 6% sales tax. 

Mail to: WEKA Publishing, 1077 Bridgeport Ne. 

Shelton, Cr 06484 

Signature and phone 

number are required 

for all orders. 

30380 
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TIMELINE INC_ 
n 

Over 8 years and 23,000 customers and still growing. 
LIQUID CRYSTAL DISPLAYS 

160 x 128 dot LCD 
with Built -in controller. (T6963C) 

20 character x 16 line 00 2 for 
capability. 79 $149.9-2 

Mfr. Toshiba TI.X- 1013EO. 
Unit is EL backlit Dim: 5" 1/16 L x 4" 1/16 H. 

The built -in controller allows you to do text and graphics without 
adding an additional controller card. 

Alphanumeric -parallel interface 
16 x 1 3 for 525.00 16 x 2 58.00 
20 x 2 $12.00 16 x 4 S25.00 
20 x 4 $25.00 24 x 2 S12.00 
32 x 4 $20.00 40 x 2 2 for $25.00 
40 x 4 $25.00 4 x 2 $5.00 

5V power required Buie in C -MOS LCD driver 8 controller Easy Microprocessor 
interface 98 ASCII character generator Certain modela are badrhk, call for more info. 

Graphic and alphanumeric -serial Interface 
Siz Mfr. Price 

640 x 480 Epson S50.00 
640 x 400 (backlit) Panasonic $35.00 
640 x 200 Toshiba $19.00 
480x 128 Hitachi S15.00 
256 x 128 Epson $25.00 
240 x 128 (backlit) Optrex 520.00 
160 x 128 Optrex S15,00 

LASER PRODUCTS 
HcNe Laser Head (1oMwman.autpufl1F]dOO, 15.5 long MFG: NEC $99.11 

Laser Power Supply (forHeNetube) $10011 
LASER SCANNER ASSEMBLY S29.22 

Assenitly intended for a laser printer. Includes laser diode, polygon motor (6 alded) and nay. optics and knits. 

LASER DIODE (5mW) with collimator $20.21 
LASER DIODE: Sharp part #: LT022MC 

5mW at 780 rm. single hmswrao mode $10! 

NETWORK 
IRMA BOARD 8 bit $99.22 

Links 3270 monfra -ne systems to IBM PC 

Proteon ProNet -4 Model p1347 Token Ring Board $711.11 
16 bit 4 Mbps IEEE 802.2 and 802.5 compatible twisted pair interoperable 
with IBM Token Ring network 

Pos & BAR CODE 
MAGNETIC CARD READER 25.00 

Includes: 20 character dot matrix display with full alpha -numeric 
capability keypanel with full alpha- numeric entry separate 7.5 
VDC /0.5 Amp power supply standard telephone Interface 
extension cord lithium battery and flat -cone speaker. 

HP bar code wand (HBCS 2300) $35.00 
POWER SUPPLYS 

73 WATT SWITCHING $15.00 or 2 @ $25.00, (2) 4 pin power connectors 
attached 115/230 Volt, Dim: 8.5" L x 4.5- W x 2- H Output: +5V @ 2 -9.75 

A, +12V @0-1.5 A,- 5V @0- 0.4A,- 12V @0 -0.5A 
68 WATT SWITCHING $12.00 or 2 for $20.00, 115/230 Volt, 
Dim: 5.5- L x 3.2" W x 1.7- H Output: 5V @ 4 A, 12V @ 4A 

MISCELLANEOUS 
ADAPTEC 4070A (RLL) OR 4000A (MFM) 

SCSI Controller, your choice $40.0 
IBM 370 option XT and AT emulation boards $50.00 

MONITORS 

Non -Enclosed TTL Enclosed 
Cornes with pinout. 12V at 1.4 Amp Inp,°. 9" Green BNC composite I I5V, ,,,V ;ne in 
Horizontal frequency 15Khz. 12" White BNC composite 24v 
Ability to do 40 and 80 column. 
5 inch Black & White $35.00 
7 inch Amber $39.00 
9 inch Amber $29.95 
12" Green or B/W $19.95 

Mfr.: Electrhome For Very High Quality 
Medical & Industrial Applications 

5" COLOR MONITOR $69.' "' 
Flat Faceplate 320 x 200 Dot Resolution CGA 8 Hercules Compatible 
12 VDC Operation 15.75 KHz Hodz. Freq. 60 Hz Vert. Sync. Freq. 

Open Frame Construction Standard Interface Connector 
Degaussing Coil Included Mfg.: Samfron 

L 
CHARGE COUPLED DEVICES 

iirt It) 'i 

rfMATRIX TYPE 

"The Spy In 
The Sky" $49.Q2 

Sony CCD Imager - designed for black and white composite 
video cameras. Picture elements: 384 (H) x 491 (V) 
Chip size 10.7 (H) x 9.3 (V) mm2 Unit cell size 23.0 (H) x 13.4 (V) um2 
Ceramic 24 pin DIP package. Mir: Sony, Part# 016AL 

4096 element CCD $29.00 LINEAR TYPE 
1 

2048 element CCD $15.00 1728 element CCD $15.00 

HACKER CORNER 
CELI, SITE i'RANSCEIVER $99.1111 
These transceivers were designed tir operation in an AMPS (Advanced Mobile Phone Service) cell site. The 20 
MHz bandwidth of the transceiver allows it to operate on all 666 channels allocated The transmit channels are 
870.030 -889.980 MHz with the receive channels 45 MHz below those frequencies. A digital synthesizer is utilized 
to generate the selected frequency. Each unit contains two independent receivers to demodulate unite and data 
with a Receive Signal Strength Indicator (RSSI) circuit to select the one with the best signal strergth The transmit- 
ter provides a 1.5 watt modulated signal to drive an external power amplifier. Channel selection Is accomplished 
with a 10 bit binary input via a connector on the bads panel. Other interface requirements for operation are 26 VDC 
(unregulated) and an 18.990 MHz reference frequency br the digital synthesizer. The units contain independent 
boards tir receivers, exciter, synthesizer, tunable front end, and interlace assembly (which includes power supplies 
and voltage-controlled oscillator). Service manual, schematics and circuit descriptions am available. 

Proxlm - Spread Spectrum RF Modem $99.00 
The Proxlink is a small communication device that replaces the use of an RS -232 cable hook -up with 
wireless (Radio Frequency) technology. Each module combines the functions of an RS -232 
compatible modem (or any other RS -232 device) and a transmitter /receiver operating in the 902- 
928 MHz band. Indoor range of up to 500 feet possible using standard 1/4 wave antenna. Units 
support data rates up to 19.2 KBaud (full duplex) and use multiple channels to allow for non- 
interfering overlapping systems. Message format is 8 data bits, no parity, and I stop bit. Each unit 
requires 5 VDC supply at a maximum of 230 mA. A wide variety of configurations can be 
accommodated with parameters stored in non-volatile memory (EEPROM). Configuration changes 
are supported by menu driven, on -board software. Installation schematics and application details are 
available. Original cost on these units is around $600. 

Portable at Caro a;,1 GY Y.Y Y3S4Y 1 

Flip up LCD display (9 -16 VDC) Can communicate with any 
computer having RS 232 port Can communicate with 
another Microterminal Use by itself as electronic 
notebook Onboard microprocessor, data RAM (32K) 
and Video RAM (64K) Complex built in diagnostics and 
set up capabilities. Original intention for POS applications. 

display size 40x16 (256 x 128 pixels.) Dimensions: 6.3" W, 
11 "L, 2 "H. (With LCD up height is 7.1') or 2 for $149?1 

All in one 286 board $29.02 
Includes: 286-12Mhz CPU (1 wait state) Built in IDE 8 floppy controller 80287 math 
coprocessor socket FAST! on board SVGA with 256K RAM 2 serial ports, 1 printer port, 
mouse port EMS -LIM ver 4.0 memory a shadow RAM support Up to 8 mt. memory 
(256N or 1 Mb SIMMS) Comes with OK on board On board speaker REAL TIME 
CLOCK Phoenix BIOS Note: There is one long non standarg bus connector on board 

23605 TELO Ave, Torrance, CA 90505 
Order desk only: USA: (800) 872 -8878 CA: (800) 223 -9977 
L.A. 8 Technical Info: (310) 784 -5488 Fax: (310) 784 -7590 

OEM INQUIRIES WELCOME 

Minimum Order: $20.00. Minimum shipping and handling charge $5.00. We accept cashiers checks, MC 
or VISA. No personal checks or CODs. CA residents add 825`Y sales tax. We are not responsible for 
typographical errors. All merchandise subject to prior sale. Phone orders welcome. Foreign orders require 
special handling. Prices subject to change without notice. 20% restocking fee for returned orders.. 
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NEW BASIC STAMPS!® 
Stamp -Sized Modules Run BASIC 

BASIC Stamp I Module (BS1 -IC) 
8 general -purpose I/O lines 
256 -byte program space (100 instructions) 
4 -MHz clock (2400 baud serial, etc.) 
$29, $39 with carrier board* 

IIIIIIIIIIIIII 

BASIC Stamp II Module (BS2 -IC) 
16 general -purpose I/O lines 

2048 -byte program space (600 instructions) 
20 -MHz clock (9600 baud serial, etc.) 

$49, $59 with carrier board* 

They're here! These new BASIC Stamp modules are the latest 
computers. These modules are perfect for numerous applications, 
trains to monitoring factory sensors. They have 8 or 16 I/O lines, which 
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in BASIC Stamp 
1 rcnm controlling model 

can be used for a variety 
of digital and analog purposes. And like the original BASIC Stamp, these modules are programmed in BASIC. 
Our special " PBASIC" language includes familiar instructions, such as GOTO, FOR...NEXT, and IF...THEN, as 
well as SBC instructions for serial I /O, pulse measurement, and button dehounce. In the new BS2 -IC, there are 
even instructions for interfacing to popular devices from other companies, such as the Dallas Semiconductor 
"Time -In -a -Can" real -time clock. * Carrier board provides battery clips, prototype pe area and PC connector: 

The BASIC Stamp Programming Package contains everything you need to program Stamps using your I'C. The 
package includes our editor software, programming cables, manuals, application notes, and free technical 
support. The package is available for 899; Stamps must be purchased separately. 

PIC16 /17Cxx DEVELOPMENT TOOLS 
New prices make PIC development more affordable 

UNL3wFC 

t IearView 
InClrcuit Emulator for PICI6Crn 

P.9R#9L21 i ñ 
3805 Atherton Road, #102 Rocklin, CA 95765 USA 
(916) 624 -8333 Fax: 624 -8003 BBS: 624 -7101 

TM 

ClearView In- Circuit Emulators 
20 -MHz in- circuit debugging for PIC16C5x/64/71/84/... 
Set breakpoints, step through code, and modify registers. 
Friendly DOS and Windows software. 
$499 each! (separate units for "5x11 and "xx" PICs) 

PIC Programmer Hobbiest Pack 
Programmer for PIC16C5x/64/71/74/84/... 

Documentation on disk. 
User -supplied cables and power supply. 

Just $99! 

Clc,uu,5 i .1 Ir:IJcm.u6 .mJ I1:\It. ',I.mg, X Ho' l'.ir.i11.1, ,u rr,l.loroJ Ir.uloin.Ir6. .d l'.u.dl.i. In, I'll h .1 
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i . Actuai 

onl' 295 VNA Amplifiers +17.5dBm, 0.5to2.5GH z y ( qty) 

Very New Amplifiers...at a very affordable 

price, from Mini -Circuits! Yes, VNA -25 RF amplifiers are very 

small, yet incredibly powerful ( +17,5dBm typ. output at 1dB 

compression). The SOIL -8 pin surface mount units operate 3 I 6 

directly from a +3V to +5V single DC supply with 18dB typ. 

gain and cover the popular 0.50- 2.50GHz wireless band. 

These units are very easy to use because all capacitors are 

internal and RF/DC connections are separate, eliminating the 

need for both external coupling capacitors and an RF choke. You can buy these very 

new amplifiers for the low price of just $2.95 ea., gty.1000. Development gty.10, orgy 

$4.95ea.! So, call Mini -Circuits today for immediate off -the -shelf availability and 

guaranteed 1 week shipment. 

Mini -Circuits... we're redefining what VALUE is all about! 

In 

DC 
01 

2, 4, 5 7, 8 

Out 

Freq.(GHz) .5 -.8 .8 -1.0 1.0 -2.0 2.0 -2.5 

Gain (dB) typ. 14.0 17.0 18.0 16.0 

Max. Output (dBm) 
a1 dB Comp. typ. +18.0 +18.5 +17.5 +17.0 

I P 3rd Order 
(dBm) typ. +27 +27 +27 +27 

VSwR Output typ. 1.5:1 1.7:1 1.7:1 1.5:1 

VSWR Input typ. 6.4:1 2.8:1 2.0:1 1.4:1 

DC Power.: +5.0V for specified performance. 

Current,(mA): 85typ., 105 max. 
Thermal Resistance. Junction -to -case: 125° C/W 
Price ($) ea. : 2.95 (qty. 1000), 4.95 (qty.10). 

All specs at 25 °C (case temp. 35 °(. 
Available in Tape and Reel. 

M I I I- at 150 °C max. junction temp.: 3 x 107hrs.typ. 
"Case' is defined as mounting surface of leads 

t=1 Mini- Circuits 
P.O Box 350166, Brooklyn, New York 11235 -0003 (718) 934 -4500 Fax (718)332 -4661 

For detailed specs on all Mini -Circuits products refer to THOMAS REGISTER Vol. 23 MICROWAVES PRODUCTS DIRECTORY EEM MINI -CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT NEEDS ...Let Our Experience Work For You. tea Rev ot F 

e 
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